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Summary
This report presents the current policy needs and gaps identified in the European
Outermost Regions and Overseas Countries and Territories of the MOVE project and
selected the most appropriate tools (mapping, ecosystem services assessment methods
– biophysical, economic, socio-cultural – and decision-support) to address the policy
needs. We then developed a performance matrix to assess the effectiveness, efficiency
and sustainability of these tools and approaches to facilitate MAES implementation
depending on the local needs and possibilities in terms of data availability, mapping
support, ecosystem services assessment and decision-support.
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Preface
The MOVE project (“Facilitating MAES to support regional policy in
Overseas Europe, mobilising stakeholders and pooling resources”)
supports the implementation of Mapping and Assessment of Ecosystem
and their Services (MAES) within the participating EU Outermost Regions
(ORs) and Overseas Countries and Territories (OCTs). In response to the
requirements of Action 5, the MOVE pilot project intends to fill the gaps in
MAES implementation between continental EU Member States and their
Overseas entities. MOVE Activity 5 (“Outlining a MAES Strategic Plan for
the EU Overseas”, coordinated by University of Portsmouth - UoP) aims at
reviewing the performance of MAES tools and procedures and the major
constraints for their implementation before proposing a Strategic Plan for
MAES in EU ORs and OCTs. This report presents the policy needs regarding
MAES implementation in the European Overseas and review the tools and
approaches that address those needs. A performance matrix has been
designed to assess the tools' effectiveness, efficiency, and sustainability
according to the policy needs identified during the project.
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1. Introduction
1.1. The concept behind the tools
In the 1970s, the concept of ‘natural capital’ started to develop (Westman
1977) due to ecological concerns resulting from natural resources uses,
degradation and loss. Nature’s services could be more explicitly
incorporated in economic decision-making if expressed in monetary
terms. The term ‘ecosystem services’ (ES) was first used in 1981 (Ehrlich and
Ehrlich 1981). The sustainable development debate overtook this novel
approach in the 1980s, but ES came back in the 1990s, marked by the 1997
global assessment of the natural capital and ES (Costanza et al. 1997).
Following this study, the Millennium Ecosystem Assessment (MEA) launch in
2001 and the release of the synthesis report in 2005 (MA, 2005) constituted
another milestone that firmly placed the ES concept on the global scale
policy agenda. The work of this group initiated by the United Nations
made it possible to define a first “official” nomenclature of ES, taken up
and subsequently refined by The Economics of Environment and
Biodiversity (TEEB). This global initiative, commissioned in 2007, has
delivered study reports (TEEB 2010) that have been highly influential in
integrating environmental economics into decision-making (Chaudhary
et al. 2015; De Groot et al. 2017). In 2010, the Intergovernmental Platform
on Biodiversity and Ecosystem Services (IPBES) was established and
committed to bridging the gap between science and policy, advising
governments on how to halt further degradation. The IPBES provides a
science-policy interface where scientific information is analysed and
synthesised to inform decision-making and influence global conventions.
ES were institutionalised in international policies such as the CBD strategic
plan 2011–2020 with the adoption of the Aichi targets, some of them being
highly relevant to ES (Strategic Goal A - Targets 1 and 2; Strategic Goal D
– Targets 14, 15 and 16). The efforts to achieve these targets in Europe
coordinated by the MAES contributed much to greater awareness of
nature's many benefits and give them more weight in everyday decisionmaking. Later, the European Environment Agency revised the
classification of ES with the Common International Classification of
Ecosystem Services (CICES), first released in 2013 and thoroughly revised in
2018 (Haines-Young and Potschin 2018). The standardisation of ES allows
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for ecosystem accounting methods to be developed and comparisons to
be made.
Despite a growing scientific literature on ES and key global achievements
in integrating the concept of ES in international directives, much remains
to be done to further embed the concept in everyday policy and
practice. The concept is getting broadly accepted, however the multidisciplinarity of it has often raised various concerns (ecological,
economic, social and political), debates and criticisms. One of the major
drawbacks is the anthropocentric focus of the ES concept, excluding
nature’s intrinsic values (McCauley 2006). The monetisation of ES might
also encourage exploitative approaches (Brockington et al. 2008).
Without appropriate context and acknowledgement of limitations,
planning and conservation strategies based solely on ES could shift
conservation efforts at the expense of biodiversity (Ridder 2008). Changes
in the classification of ES and definitions, starting with MEA, then revised in
TEEB, CICES and lately Natures Contributions to People (NCPs) may also
have added some confusion within the scientific and practitioners’
communities. In a fragile science-policy interface, any doubt regarding
the reliability of the valuation or difficulty to deliver a shared vision is a
constraint to convince policy-makers.
If agreed upon, policy-makers and practitioners have to make the best
capital decision, manage risks, uncertainties and address people's needs
whilst social sciences have been under-represented in the ES valuation
approaches (Daw et al. 2011, Lakerveld 2012, BSR 2013). However, there
was no clear direction on how to integrate the ES concept into policy and
decision-making, nor was there a clear direction on how to make tradeoffs and which ES is to be prioritised over other (BSR 2013). As a result, many
efforts have been put to develop decision-supporting tools (DST) and
bridge the science-policy gap. In 2013, Bagstad et al. (2013) published the
first complete review of DST for ES assessment followed by by GrêtRegamey et al. (2017), who reviewed 68 tools used for integrating ES into
decision making, illustrating the strong development of DST.
Major advances were made recently in the science-policy interface
regarding the integration of natural capital into policy-making in practice.
For instance, the United Nations Statistical Commission (UNSC 2021)
adopted at its 52nd session in March 2021 the System of Environmental-
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Economic Accounting – Ecosystem Accounting (SEEA-EA), supported by
the use of ARIES as a global open-source tool to build the 4 ecosystem
accounts: ecosystem extent, ecosystem condition, ecosystem services
and monetary ecosystem asset. Furthermore, the Dasgupta Review
(Dasgupta 2021) advocates for complementing traditional economic
indicators such as GDP, with the Inclusive Wealth indicator, defined as the
sum of the accounting values of produced capital (tools, machines,
buildings and infrastructure), human capital (knowledge, aptitude,
education, health and skills) and natural capital (plants, animals, air,
water, soils and minerals). The Inclusive Wealth indicator acknowledges
the inclusion of Natural capital as a stock asset to assess a country's
progress towards sustainable development.

1.2. The tools behind the concept
As the concept of ES became more and more accepted and integrated
amongst researchers (Egoh et al. 2008) for its ability to bridge natural
sciences with society and policy (Drius et al. 2019), and as a result, for its
added value in spatial planning and management, the number of tools
and approaches to assess the same service increased substantially.
Remote sensing tools are the perfect example of rapid technological
improvements, giving us access to higher resolution data. The
development of specific algorithms is still increasing, along with the
possibility to include machine learning.
However, operationalisation at the local scale is still very complicated,
even more so in the Overseas territories (see MOVE project 2021,
Deliverable 5.2 - Constraints and Solutions for the implementation of MAES
in European Overseas). Furthermore, the poor involvement of stakeholders
in the design of ES assessments tends to disconnect the results from
decision-makers’ needs and current policy priorities (Dicks et al. 2014).
Therefore, assessing stakeholder needs and preferences prior to the
design of an ES study and engaging with stakeholder in an iterative way
along the development of the study are critical steps to implement further
and operationalize ES mapping methods (Beaumont et al. 2017).
Choosing from a wide possibility of assessment techniques to answer a
specific question is no easy task for researchers or practitioners that are
new to the field and choosing wisely can strengthen the message to
decision- and policy-makers as highlighted by Harrison et al. (2018).
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A simple framework in which ES assessment should be implemented
follows the one developed by Maes et al. (2014) and Burkhard et al.
(2018):
1. Identifying political needs and gaps (question and themes
identification);
2. Identifying the right ES mapping and assessment approach (i.e.,
methods, level of complexity, data requirements and
availability, cost);
3. Identifying the best approach for decision support
(dissemination and communication of results to policy-makers).
In the following sections, we will present the current policy needs and gaps
identified in the ORs and OCTs of the MOVE project, followed by a section
that reviews the MAES approaches (mapping and ES valuation methods).
The MAES approach will be followed by a review of DST to translate ES
valuation into readily available evidence for spatial planning and
decision-making.
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2. Policy needs and gaps in ORs and OCTs.

As former work showed (Fig. 1), there seems to be a gap between MAES
implementation comparing EU mainland and its EU Overseas.

Figure 1. Temporal trend on the number of publications for mapping and assessment of ES in EU
Overseas and Mainland (Sieber et al. (2017); MOVE project (2020), Deliverable 3.1).

To examinate why these gaps exist requires in depth studies of specific ORs
and OCTs. Therefore, we assessed the current policy needs and gaps for
eight Overseas European Territories, including five ORs and three OCTs
(Fig. 2).

Figure 2. Overseas European Territories included in MOVE. In red: regional case studies that were
developed, in blue: additional territory included in the surveys (adapted from MOVE project 2021,
Deliverable 4.1.1)
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Valuable pieces of information were collected and analysed from the
various questionnaires, interviews, literature review, workshops delivered
during the MOVE project. Such information comes from a wide variety of
stakeholders
(e.g.,
Universities
and
Research
Institutions,
Local/Regional/National Administrations, Small and Medium Enterprises,
Non-Governmental Organizations, Associations), and covered the
Overseas Territories included in MOVE and more. Table 1 summarizes the
methods, target audiences and the Overseas entities covered. For more
information on the methods, we encourage reading the different reports
cited herein.
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Table 1. Summary of the activities in MOVE project that contributed to identify policy needs in EU Overseas entities.
ORs and OCTs

Methods

Target audience

References

The Azores, Canary Islands, Sint
Maarten, Martinique, French
Guiana, The Falklands Islands,
Reunion Island, NewCaledonia

Questionnaires (face to
face interview, online
surveys)

MOVE project 2019, Deliverable 2.2 Report on State of the Art of MAES in
the participating regions.

All EU Overseas

Literature review
Surveys

Local/Regional/National
Administrations
Non-Governmental Organizations
Universities and Research Institutions
Funding Bodies
Private sector
Researchers
Consortium members and
stakeholders

MOVE project 2021, Deliverable 4.1.1 Report of the development application
and participative validation of
mapping tools – CS8: Red List of
Ecosystems Feasibility Study in the
European Overseas
MOVE project 2021, Deliverable 5.2 Constraints and Solutions for the
implementation of MAES in European
Overseas.
MOVE project 2021, Deliverable - 4.1.2/3
Technical report on best practices
guidelines for mapping, assessing,
valuating and monitoring of ecosystem
services.

The Azores, Canary Islands,
Dutch Caribbean, Falkland
Islands, French Guiana,
Martinique, Reunion Island

Online questionnaires

Universities and Research Institutions
Government Entity, Local/Regional
Administrations, Private sector, Law
firm

The Azores, Canary Islands, Sint
Maarten, The Falklands Islands,
Reunion Island, NewCaledonia
The Azores, Canary Islands, Sint
Maarten, Martinique, French
Guiana, The Falklands Islands,
Réunion Island

Semi-structured interviews

Governmental departments or
agencies.

Questionnaires
Online workshops

Universities and Research Institutions
Local/Regional/National
Administrations, Small and Medium
Enterprises, Non-Governmental
Organizations, Associations.

MOVE project 2020, Deliverable 3.1 -

Scientific research on mapping and
assessment of ecosystems and their
services in the EU Overseas.
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Based on stakeholders’ perception and feedback collected and
analysed in the MOVE project, five stakeholders and policy needs
emerged from MAES such as raising awareness of the concept, mapping
support, ecosystem services assessment, policy and decision-support, and
resources. Those needs were not prioritized.
2.1. Increase awareness of the concept
Based on the first round of questionnaires (MOVE project 2019, Deliverable
2.2 - Report on State of the Art of MAES in the participating regions), the
concept of ES is, in general, still poorly used, according to the words’
diversity related to ES meaning in the relationships between stakeholders
and ecosystems. The poor use of the ES concept was confirmed by the
semi-structured interviews implemented in governmental agencies across
different ORs and OCTs (MOVE project 2021, Deliverable 5.2 - Constraints
and Solutions for the implementation of MAES in European Overseas). The
lack of knowledge and understanding of ES among politicians and
decision-makers has been reported in various European Overseas, while
scientific communication and dissemination are still relatively poor in these
areas. The relatively low awareness of the concept is not unique to the EU
Overseas. Most people, outside of scientists and some policymakers, do
not understand the term ecosystem services (Norgaard, 2010). A concept
that is even debated amongst scientists.
2.2. Mapping support
Mapping resolution is often the main drawbacks in most assessments.
However, the higher resolution has a cost that tends to rise exponentially.
The right resolution is the one relevant for the question to be answered or
to the stakeholders/decision-makers needs. In Macaronesia and the
Caribbean, the needs expressed were mainly for very high or highresolution images (from 1 to 5 m). Developing high-resolution maps of
ecosystems or species distribution is a fundamental baseline to MAES. In
the UK territories in the South Atlantic, users were more inclined towards
medium resolutions, which are, in fact, much easier to access, to analyse
and process (MOVE project 2019, Deliverable 2.2 - Report on State of the
Art of MAES in the participating regions).
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2.3. Ecosystem Services assessment
In the assessment of ES, stakeholders have highlighted the needs to
consider a broad range of ES, including socio-cultural and economic
components (MOVE project 2021, Deliverable - 4.1.2/3 Technical report on
best practices guidelines for mapping, assessing, valuating and
monitoring of ecosystem services). In that sense, MAES procedures need
to be socially and culturally framed (requiring a greater understanding of
the local context), carefully designed and implemented. The
engagement of stakeholders can be determinant and valuable to
contextualise the assessment and frame it to the local needs.
The reliability of input data was also a main consideration. Local and
reliable data are much more meaningful to policy- and decision-makers.
However, the accessibility and sharing of data between experts and
territories is a common bottleneck (MOVE project 2021, Deliverable 4.1.1 Report of the development application and participative validation of
mapping tools – CS8: Red List of Ecosystems Feasibility Study in the
European Overseas). The multi-disciplinarity inherent to MAES could
facilitate the centralization of information and resources between
different institutions and secure the availability of produced databases,
summary documents and environmental spatial information.
Finally, stakeholders also highlighted the need to consider the human
impacts on ecosystems and their services, as shown in the Martinique
Case-Study (MOVE project 2021, Deliverable 4.1.1 - Report of the
development application and participative validation of mapping tools –
CS6: Martinique Case Study Booklet). Considering the ecological
condition of an ecosystem under a gradient of human pressures over a
long time series is a more detailed, yet fundamental, knowledge to
propose future scenarios, considering management measures and the
effects of climate change and anthropogenic pressures. In that sense,
monitoring of ecosystems ecological condition and pressures are equally
important, and further efforts are needed to develop the appropriate
tools to allow constant monitoring of pressures on the environment.
2.4. Decision-support approaches for better management of
resources
The vast majority of the stakeholders surveyed (94%) believe that mapping
helps the study of ES and their use in managing natural environments and
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further into the territory (MOVE project 2019, Deliverable 2.2 - Report on
State of the Art of MAES in the participating regions). However, to translate
the mapping and assessment of ES into decision-making, most decisionmakers need support (from researchers, or appropriate tools and
software), and require new technical skills to make the most informed
decision. More recently (MOVE project 2021, Deliverable - 4.1.2/3
Technical report on best practices guidelines for mapping, assessing,
valuating and monitoring of ecosystem services), stakeholders expressed
the need for future projections to define pertinent management plans,
which would optimise the pertinence of MAES outputs.
2.5. Resources
Relying on proper funding to secure MAES application and
communication is fundamental to enhance, highlight and share its
capabilities with society (MOVE project 2021, Deliverable - 4.1.2/3
Technical report on best practices guidelines for mapping, assessing,
valuating and monitoring of ecosystem services). Financial resources were
listed as the main bottleneck to the implementation of MAES in most
territories. 22% of respondents declared the high need of additional
financial resources.
The following resources were also declared as priorities in ORs and OCTs
(MOVE project 2019, Deliverable 2.2 - Report on State of the Art of MAES
in the participating regions):




Computer equipment (computers and software – 8%)
Technical expertise (19 %) and access to images (15%)
User network and training (11%)

Therefore, according to the main constraints and needs, MAES tools and
approaches must be cost-effective, easy to implement and increase at
the same time awareness around the concept of ES. Easy interpretability
of MAES outputs is key to expand the capabilities of these tools to reach
policy-makers. A key element to consider before engaging with the public
and policy- decision-makers is the outputs' reliability. Validation of the
results with ground-truthing (especially for mapping) or assessing the
uncertainty can build trust between scientists and policy-makers.
The next section reviews MAES tools and approaches that fit the most with
European overseas entities’ needs.
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3. Selection of MAES tools and approaches to facilitate the
uptake of ES in EU Overseas
In this section, we proposed a selection of MAES tools and approaches to
facilitate the uptake of ES in the EU Overseas. To do so, we classified MAES
tools and approaches in three sections, corresponding to the main steps
associated with an ES assessment, namely, the mapping of ecosystems,
the quantification and monetary valuation of ES, and DST to facilitate the
integration of ES assessment into spatial planning and management. Note
that further consideration and actions should be taken before
implementing those steps to facilitate the uptake of MAES, namely
identifying the questions stakeholders have, identifying the relevant
stakeholders and building a network for future engagement. The selection
of tools and approaches were made based on their popularity across the
EU Overseas (number of published papers), and their ability to address
stakeholders and policy needs, meaning it can help raising awareness on
the concept of ES, can address different spatial resolution and multiple ES,
facilitate decision-support and be time and cost effective.
3.1. Mapping tools
The first step in the assessment of ES is to identify the ecosystems providing
a service. In a second step, those ecosystems should be mapped to know
their extent and eventually their conditions, which ultimately will inform us
of the quantity of services provided. Only when ecosystems and services
are mapped can they eventually be integrated into natural resources and
spatial planning management. The quality of mapping is determinant to
provide the most accurate information to decision-making.
Over the last decades, the technological evolution of mapping tools has
considerably facilitated Geographic Information Systems' (GIS)
democratisation, along with the development of freeware to process and
analyse mapping information (e.g., Quantum GIS, Open Jump, SAGA).
Mapping tools include, among others, primary data collection on the
field, airborne and fixed camera photography, radiometric reception with
satellite images, radar and Lidar, collection of pre-existing databases, to
the production of maps and GIS using the information provided by users
through interviews, questionnaires and focus groups. The range of
methods has been used almost completely in all EU overseas territories
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surveyed in the MOVE Project (MOVE project 2019, Deliverable 2.2 - Report
on State of the Art of MAES in the participating regions; MOVE project
2021, Deliverable 4.1.1 - Report of the development application and
participative validation of mapping tools).
In case the targeted ecosystem has not been mapped yet, field
measurements are almost inevitable to collect primary data or validate
the classification using remote sensing tools. Ground truthing techniques
can be very specific to each ecosystem, obviously different between
terrestrial and marine ecosystems, and different between coral reefs and
seagrass beds, for instance, if we go beyond the absence/presence
classification. Other alternatives exist in data-scarce territories by
engaging local stakeholders and local community into participatory GIS,
where spatial information is provided by end-users (see the next section
on the valuation of ES).
Satellite imagery can retrieve optical images, radar and Lidar, at different
resolution and free to use. Therefore, we have reviewed remote sensing
sensors that provide free to use satellite images (Table 2). The basic
geometry and main classes can be derived directly from satellite images
or from existing land cover and land use maps in the appropriate
resolution. Sources of satellite images that were used in the different casestudies implemented in the MOVE project (MOVE project 2021,
Deliverable 4.1.1 - Report of the development application and
participative validation of mapping tools) are indicated in Table 2.
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Table 2. Remote sensing tools for MAES implementation in European Overseas entities. Tools that were used in MOVE project case studies (CS) are
indicated under the sensors’ names.

Sensor
Sentinel2 (EU)
High
(10m)
CS1: The
Azores,
CS2:
Falkland
Islands
Landsat8 (USA)
Medium
(30m)
CS2:
Falkland
Islands
CBERS
(China /
Brazil)
Medium
(20m)
ASTER
(USA/Jap
an)

Multi
spec
tral

Multispectral

Multispectral

Multispectral

Type

Intended use
Agriculture, land ecosystems
monitoring, forests
management, inland and
coastal water quality
monitoring, disaster mapping

Strengths
- Free, Open, Global
- Worldwide coverage
- Short revisit time (up to 5
days)

Weaknesses

Agriculture, Forestry, land use
and mapping, geology,
hydrology, coastal resources
and environmental
monitoring

- Open availability
- Landsat 1 launched in 1972
(long term data series)
- Revisit time (16 days)

Cartography, natural
resource management,
thematic mapping,
environmental management,
detection of natural disasters
and deforestation monitoring,
crop forecasts etc.
Vegetation and ecosystem
dynamics, hazard monitoring,
geology and soils, land

- Revisit time (26 days)
- Global coverage since 2010
- Alternative source to
LANDSAT in case of data gap

- Creation of Digital Elevation
Models

Data access
https://scihub.c
opernicus.eu

References
ESA Sentinel-2
User Guide
(available
online at
https://sentinel.
esa.int/web/sen
tinel/userguides/sentinel2-msi)

- Medium resolution
- Saturation of the optical
signal at high biomass density
and cloud cover
- Known issues:
https://www.usgs.gov/coresciencesystems/nli/landsat/landsatknown-issues
- Some inconsistencies in data
quality and availability.

http://earthexp
lorer.usgs.gov

USGS
Ridwan et al.
(2018)

http://www.dgi
.inpe.br/CDSR

Ambinakudige
et al. (2010)

- Short Wave Infrared (SWIR)
sensor is not operational.

https://asterwe
b.jpl.nasa.gov/
data.asp

ASTER User
Guide
(available

- Tiles may be cloud covered
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Type

Sensor
Medium
(15m)

SAR*

Sentinel1
High (up
to 10m)

Intended use
surface climatology, land
cover change, digital
elevation models

Strengths
- Free and relatively easy to
process.
- Because of its limited duty
cycle, data are acquired to
fulfil on-demand data
acquisition requests

Weaknesses
- Only Visible and Near Infrared
(VNIR) and Thermal Infrared
(TIR) data are available.

Data access

Sea-ice levels and conditions,
ocean oil spills, marine winds,
Agriculture, forestry,
Subsidence, Flooding,
landslide,

Operate day and night,
performing SAR imaging,
enabling them to acquire
images regardless of the
weather. Ideal for maritime
and Arctic monitoring
- Shor revisit time (6 days).
- Rapid data dissemination

- Areas covered with
vegetation cannot be
monitored very efficiently with
Sentinel-1 images.
- Resolution can be a
constraint for smaller-scale
studies where more detailed
monitoring is required.

https://scihub.c
opernicus.eu

Forest and water resource
management, carbon cycle
science and weather
prediction

- Highest resolution and
densest sampling of any lidar
ever put in orbit.
- The height and vertical
distribution are direct
measurements than can be
compared to field
observations.

- A lack of colour and texture
means it can be difficult to
interpret LiDAR data without
training or additional pictures
overlaid on the data.
- LiDAR data is very complex.
- Outsourcing data analysis
can lead to inaccurate data.

https://gedi.um
d.edu/data/do
wnload/

CS2:
Falkland
Islands,
CS7:
French
Guiana
GEDI

LiDAR**
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High
(9m)
CS7:
French
Guiana

References
online at
https://www.uni
cen.edu.ar/cre
cic/docs/lecs/a
ster_user_guide
_v2.pdf
Abrams et al.
(2002)
ESA Sentinel-1
User Guide
(available
online at
https://sentinel.
esa.int/web/sen
tinel/userguides/sentinel1-sar)

NASA GEDI User
Guide
(available
online at
https://lpdaac.
usgs.gov/docu
ments/650/GEDI
02_UserGuide_V
1.pdf)

*SAR: Synthetic Aperture Radar
**LiDAR: Light Detection and Ranging - is a remote sensing method that uses light in the form of a pulsed laser to measure ranges
(variable distances) to the Earth.
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In the frame of the MOVE Project, terrestrial ecosystems were mapped
using different products. Land-use and land cover (LULC) maps can be a
powerful tool in understanding the cause and effects of climate change
in hydrology, biodiversity, carbon dynamics, population, migration and
urbanisation. The LULC maps can demonstrate visual data effectively that
help mobilise the decision-makers towards more sustainable use of
resources. For many developing countries that are new to using Earth
Observation data, LULC mapping can serve as a baseline and a good
starting point for building remote sensing capacity.
As such, LULC were used in the Martinique case study to assess, among
other parameters, land-based pressure on the marine coastal
environment (MOVE project 2021, Deliverable 4.1.1 - Report of the
development application and participative validation of mapping tools –
CS6: Martinique Case Study Booklet). In French Guiana, LULC were used
to assess changes in land cover (MOVE project 2021, Deliverable 4.1.1 Report of the development application and participative validation of
mapping tools – CS7: Land Use changes and ecosystem services in French
Guiana). However, high-resolution Sentinel-1 products were used to assess
deforestation (Ballère et al. 2021). In the Azores case study, the authors
compared the impact of selecting different Corine Land Cover,
local/Azores LULC, and Sentinel-2 products for ES modelling (Sieber et al.
2021, submitted; MOVE project 2021, Deliverable 4.1.1 - Report of the
development application and participative validation of mapping tools –
CS1: Modelling ecosystem services – Terceira, The Azores, Portugal).
Marine ecosystem mapping is particularly challenging and concerns all
overseas territories. Although ocean floor data have been collected for
centuries and, with the introduction of new and improved sounding
techniques in recent decades, the depth of the ocean has been
determined over less than 18% of the seafloor using echo sounders at a
resolution of about 1 km (Mayer et al. 2018). Recent advances in
technology have increased the array of available tools and the accuracy
and speed at which the physical aspects of marine and coastal areas can
be mapped. Sea bottom geomorphology and habitat information can
be gained through hydrographic surveys with single beam and multibeam
eco-sounders and side-scan sonar mounted on boats, submersibles, or
remotely operated vehicles (ROVs).
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Satellite-based remote sensors (e.g., Landsat, QuickBird, and IKONOS) and
aircraft-mounted sensors (e.g., LiDAR) have also been successfully used
for seafloor mapping. Water column properties (e.g., salinity, temperature,
current speed and direction, chlorophyll content, turbidity, nutrients) can
be measured directly with boat-based or in-situ instruments or remotely
with satellite-based sensors (e.g., Aqua, Terra, SeaWiFS, and Modis).
Despite these advances, challenges in mapping marine ES are related to
the dynamic three-dimensional nature of the marine environment,
especially in the pelagic zone, posing difficulties to produce twodimensional maps. In addition, the temporal and spatial aspect, often
requiring averaging for certain periods can lead to a low level of spatial
accuracy. Furthermore, the ecological functions and processes behind
many ES, such as biological regulation, are not known or not easily
quantified, posing difficulties for their mapping (Drakou et al. 2017).
There are large disparities in the mapping of coastal marine ecosystems
between ORs and OCTS. We provide a few examples of techniques used
to map marine benthic communities in the different case studies of MOVE
project:


Martinique: aerial photography (0-7 m) along with interferometric
side-scan sonar and multibeam echosounder (7-50 m) to map
coral, algae, sand, sponges and gorgonians communities and
seagrass beds, validated with ground-truthing points (Legrand
2010). The mapping of marine biocenosis all around Martinique is a
key step for any ES valuation (MOVE project 2021, Deliverable 4.1.1
- Report of the development application and participative
validation of mapping tools – CS6: Martinique Case study booklet).



Falklands: Kelp forests were mapped using multiple sources of
images (Bayley et al. (2021), MOVE project 2021, Deliverable 4.1.1 Report of the development application and participative validation
of mapping tools – CS2: Ecosystem service value of Kelp in the
Falkland Islands). Broadscale habitat layers for kelp forests and 15
other habitat classes were created using Sentinel-1(band 1) and
Sentinel-2 (all 10 m bands) satellite imagery; Shuttle Radar
Topography Mission (SRTM) data; and Landsat 8, (band 1) inputs,
validated with ground-truthing points (Golding et al. 2019).



Réunion Island: Visual interpretation on Pleiade (2013) and
Hyperspectral (2009) images (Nicet 2017) were used to produce

www.moveproject.eu

21

MOVE

MAPPING AND ASSESSING THE STATE OF ECOSYSTEMS AND THEIR
SERVICES IN THE OUTERMOST REGIONS AND OVERSEAS COUNTRIES AND
TERRITORIES: ESTABLISHING LINKS AND POOLING RESOURCES

maps of coral, algae and sand communities. Seagrass meadows
were mapped using high-resolution aerial photographs (set to 0.5 m
by pixel) to assess seagrass seascape changes (Cuvillier 2016). See
MOVE project 2021, Deliverable 4.1.1 - Report of the development
application and participative validation of mapping tools – CS5:
Réunion Island Case Study Booklet.


Canary Islands: Habitat Suitability Maps (HSM) were constructed
with a set of environmental variables and presence and
background records extracted from historical cartographies to
map seagrass beds of Cymodocea nodosa (MOVE project 2021,
Deliverable 4.1.1 - Report of the development application and
participative validation of mapping tools – CS3: Mapping and
assessment of ecosystem services related to Cymodocea nodosa
meadows)



Sint Maarten: Google Earth images were used to create polygons
of mangroves, coral reefs and seagrass beds, though there is a high
risk of confusion for coral reefs and seagrass beds (MOVE project
2021, Deliverable 4.1.1 - Report of the development application and
participative validation of mapping tools – CS4: Mapping the
Economic Value of Marine Ecosystem Services on Sint Maarten).
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3.2. Ecosystem services valuation tools
The ES classification has changed over time, starting with MEA, then
revised in TEEB and CICES and lately, through the introduction of NCPS by
the IPBES Platform. However, the categories have remained roughly the
same: 1) provisioning services, 2) regulation and maintenance services,
and 3) cultural services.
In CICES v5.1 classification, there are 59 biotic services and 31 abiotic
services. Knowing that one must choose between multiple methods for
one ES, and no standard protocol exists for each method, it can be quickly
overwhelming to implement an ES assessment in a given territory if not
already familiar with the concept.
From the list of methods (biophysical, economic and cultural) described
in the MAES methods Explorer tools (www.maes-explorer.eu), we have
reviewed the ones that have been the most used for ES valuation in ORs
and OCTs according to the extensive literature review made in the project
MOVE (Sieber et al. 2018; MOVE project 2020, Deliverable 3.1 - Scientific
research on mapping and assessment of ecosystems and their services in
the EU Overseas). We assumed that the best tools are the ones that have
been the most frequently used. It means they are both effective, efficient
and sustainable (see next section). Note that many of those tools were
used in the different case-studies implemented in the MOVE project
(MOVE project 2021, Deliverable 4.1.1 - Report of the development
application and participative validation of mapping tools). Those that
were used in the MOVE project have been indicated in the following
tables (Table 3).


Biophysical methods are used to quantify ecosystems’ capacity to
deliver ecosystem services (Maes et al. 2013). They are often used
as input data to economic valuation methods. We selected the
following methods:
1. Spatial proxy methods
2. Process-based methods
3. Statistical models
4. Integrated modelling.



Economic methods for mapping and assessing ecosystem services
involve measuring the economic value representing the quantity
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and quality of service. They rely strongly on the biophysical data
and methods but can also be used in combination with sociocultural methods. We selected the following methods:
1. Choice modelling
2. Market price
3. Travel cost
4. Contingent valuation
5. Participatory valuation,
6. Replacement cost
7. Value transfer


Cultural or social methods are distinguished from economic ones
because they are not expressed in monetary terms (de Groot et al.
2010) and demonstrate human well-being's multi-dimensional
nature. However, they can be used in combination with economic
methods to convert it into monetary terms. We selected the
following methods:
1. Participatory GIS
2. Participatory scenario planning
3. Preference assessment
4. Photo-elicitation surveys

Based on the method factsheets developed in previous work (e.g.,
ESMERALDA method application cards, OpenNESS methods factsheets),
the following table summarizes each method's intended use, strengths,
and weaknesses and gives a quick overview of the amount of data
required, time/economics resources. We consider that the strength and
weaknesses identified for each method in previous works remain valid for
EU Overseas entities. However, we acknowledge that each method could
be implemented slightly differently; therefore, some degree of flexibility
should be considered interpreting the analysis. A few references have
been provided, either to source the method factsheet if available, or to
provide a few examples of studies that used those methods. The
references list is not meant to be exhaustive.
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Table 3. Ecosystem Services valuation methods. Summary of the most used methods in European Overseas entities (Methods implemented in MOVE
project 2021, Deliverable 4.1.1, are indicated into brackets under the methods’ name).

Methods

Intended use

Strength

Weaknesses

Spatial proxy methods

Provisioning

(CS6: Martinique)

Regulation and
maintenance

- A simple methodology
that provides a quick
output in a spatially
explicit manner and
can involve different
stakeholder/expert
perceptions.
- Can be used in datascarce areas.

- These values need
further interpretation or
data processing, rely
upon certain
assumptions, or need to
be combined in a
model with other
sources of
environmental
information before they
can be used to measure
ES.
- Model configuration
and calibration are timeconsuming (weeks).
- Require high-level
expertise to run and
validate the model.
- Requires existing
monitoring data or the
collection of data.

Cultural

Process-based models

Regulation and
maintenance

- Model runs are fast
once the model is
setup.

Statistical models

Provisioning

(CS6: Martinique)

Regulation and
maintenance

Integrated modelling

Provisioning

- Robustness of the
results based on
mathematical models
and statistics to support.
- Can be the base of
scenario planning.
- Integrate biophysical,
social and economic
methods.
- Design to help
researchers in ES

Regulation and
maintenance

Requires high technical
skills and lots of preexisting data

Data
required
Low to
High

Time/Cost

References

Medium

Guitet et al.
(2015);
Galparsoro
et al. (2014);
van Zanten
and van
Beukering
(2012

High

Medium

Van der Lely
et al. (2013)

Low to
High

MediumHigh

Molto (2012);
Pikitch et al.
(2014)

High

MediumHigh

Deas et al.
(2014); van
der Lely et
al. (2013)
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Methods

Intended use

Strength

Cultural

assessment and enable
decision-makers to
assess quantified
tradeoffs associated
with alternative
management choices.
Economic methods
Can be applied to all ES Expensive and
technically difficult to
implement. Risk of biases
in design and analysis
- Easy to implement.
- Data can be difficult to
Unit value to be
obtain depending on
multiplied by the
the valuation’s precision
quantity (visitors,
(e.g., fish’s market price
landings of fish, crop
is different among
yield) etc.).
species, locations, and
- This method can be
period).
applied at the various
- Market prices can be
scales of application
distorted, e.g. by
(local to national).
subsidies. Most ES are
not traded in markets.
- Travel cost is a
- It requires large data
recognised and
sets on recreational
established approach.
activities; It requires
- It draws on revealed
extensive GIS predata (often stated as
processing of travel cost
an advantage as
data and site
hypothetical biases
characteristics (multiple
from using stated
site
preference methods
approach).
are avoided).

Choice experiment
modelling

Non-use values

Market price

Provisioning

(CS2: Falklands Islands,
CS5: Reunion Island,
CS6: Martinique)

Cultural
(recreational)

Travel cost

Cultural

(Sint Maarten)

Weaknesses

Data
required

Time/Cost

References

Medium

Medium

Marre (2014);
Failler et al.
(2014)

Medium

Low-Medium

Failler et al.
(2014)

High

Medium

Grant et al.
(2013);
Tieskens et
al. (2014)
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Methods

Contingent valuation

Intended use

Provisioning
Regulation and
maintenance
Cultural

Participatory valuation

Cultural

Strength

Weaknesses

- The method can be
used to provide a
public policy rationale
for providing green
spaces for recreational
activities.
- It can be used to study
designs of recreational
site quality.

- The method is specific
to the estimation of
recreational services
and cannot be
generalised to
estimate a range of
other services.
- Results are highly
sensitive to assumptions
about the cost of time.
- Design of scenarios
and survey are timeconsuming.
- Difficulties in
communicating multiple
ecosystem functions in
valuation scenarios.
- Respondent may be
unwilling to accept
tradeoffs between ES
and money.
- Usually overestimated
value with willingness-topay.
- Operates with small
samples which are not
statistically
representative.
- A timely process
requiring professional
skills (participants
availability, fatigue).

- Cover a wide range of
ES, use and non-use
values.
- Representative
sampling of
populations.
- Highly flexible for
management and
policy scenarios.

- Integrates various
knowledge forms.
- Allows social learning
among the participants
and the general public
Increases the
legitimacy of decisions
that build on the

Data
required

Time/Cost

References

High

Medium
/High

Vatn (2005);
Marre (2014).

Requires
licensed
econometric
software
packages

See
OpenNESS
method
factsheet for
further
information

Medium

Failler et al.
(2014);
Kenter et al.
(2011)

Medium

See
OpenNESS
method
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Methods

Intended use

Replacement cost

Provisioning

(CS2: Falklands Islands,
CS6: Martinique)

Regulation and
Maintenance

Value Transfer

Provisioning

(CS3: Canary Islands
CS4: Sint Maarten, CS5:
Reunion Island)

Regulation and
maintenance
Cultural

Strength

Weaknesses

outcomes of
deliberation.

- Must be combined with
other approaches to
reach quantitative
results.
- No direct relation to ES
benefits.
- Overestimates value if
society is not prepared
to pay for artificial
replacement.
- Under-estimates value
if the artificial
replacement does not
provide the full range of
benefits of the original
ecosystem.
- Unlikely to account for
all factors that
determine differences in
values between study
and policy sites.
- Value information for
highly similar sites is rarely
available.
- Requires detailed
information on the
characteristics of policy
sites. Analytically
complex (Metaanalytic).

- It can be easily
applied and
understood by policymakers.

- Rapid ES valuation at
any scale.
- Quick, simple and at
low cost.
- Ideal for rapid
decision-making.
- Unit value transfer:
Simple
- Value function
transfer: allows
differences between
study and policy sites to
be controlled for.
- Meta-analytic function
transfer: allows
differences between

Data
required

Time/Cost

References
factsheet for
further
information

Medium

Low

Cruz et al.
(2011); Failler
et al. (2014) ;
Trégarot et
al. (2021);
See
Esmeralda
5.4 Method
application
card

Low

Low

Esmeralda
D3.2
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Methods

Intended use

Participatory GIS

Provisioning

(CS7: French Guiana)

Regulation and
maintenance
Cultural (++)

Participatory scenario
planning

Provisioning
Regulation and
maintenance
Cultural

Strength

Weaknesses

study and policy sites to
be controlled for.
Practical for consistently
valuing a large number
of policy sites.
Socio-Cultural methods
- Integrates stakeholder - Mostly applied at local
perceptions,
scales, the integration of
knowledge and values
results into decisionregarding ES
making at larger scales
(methodological and
has been elusive
operational
- Comparability among
advantage)
studies is usually low
- Creates awareness
- Spatial resolution of the
and foster social
results and accuracy
learning
might be lower
- Fit well for cultural
services
- Allows mapping of ES
in areas where spatial
data is lacking
- Addresses complexity
- Quality control
and uncertainty in a
mechanisms must
transparent and
guarantee the
creative way
robustness and internal
- Facilitates learning
consistency of scenarios.
and allows for the
- Quantification and
integration of diverse
modelling of narrative
knowledge forms
scenarios are often
- Well established
highly demanding in
approach, with global
expertise, time and other
and regional scenarios
resources.

Data
required

Time/Cost

References

Low

Medium

SantosMartín et al.
(2018)
García-Nieto
et al. (2014)

Medium

High

SantosMartín et al.
(2018)
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Methods

Preference assessment

Intended use

Provisioning (+)
Regulation and
maintenance
Cultural (++)

Photo-elicitation surveys

Provisioning
Cultural

Strength

Weaknesses

Data
required

Time/Cost

References

available in the
literature (e.g., IPCC,
MEA, IPBES)
- Active engagement of
stakeholders, creating a
science-policy interface
- possible to consider a
range of policy or
response options
- assess a range of ES at
the same time, and
could be used for all
different service
categories
- It can provide robust
quantitative information
- It can avoid
incommensurability
issues resulting from the
assignation of monetary
value
- Standardisation of the
questions could
promote comparability
with other case studies
- Easy to understand
and very dynamic
- Can be used to assess
a range of landscape
views at the same time
- Suitable to assess
cultural services across

- Require good
facilitation skills and
resources.
- Time-consuming for
local stakeholders.

- Capture a point in
time, not a trend.
- Qualitative information
is needed to understand
the reasons behind the
responses given.
- Key stakeholders can
be ignored depending
on the focus of the
study.
- Might fail to consider
shared and social values
of ES (different from
individual well-being).

High

Medium

Martin-López
et al. (2012)
SantosMartín et al.
(2018)

- Some ES are not easily
linked to the landscape
view (e.g. some
regulating services).
- Photos only show a
limited and framed view
of the surrounding.

Medium

See
OpenNESS
method
factsheet for
further
information

Medium

SantosMartín et al.
(2018)
GarcíaLlorente et
al. (2012)
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Intended use

Strength

Weaknesses

a range of value type
(e.g. spiritual, heritage,
aesthetic)
- Results can help to
identify potential
conflicts between social
groups through
exploring the
differences between
stakeholders coming
from different
environments

- When participants
learn about ES during
the interview, it must be
accounted for in
interpreting the results.
- Problems of
generalisation with
scale.

Data
required

Time/Cost

References
See
OpenNESS
method
factsheet for
further
information
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From this table, few ES valuation methods stand out by their
appropriateness to different contexts and objectives:
-

Some methods are more time consuming than others (therefore
costly) but allow assessing multiple ES at once (contingent
valuation, integrated modelling, choice modelling, preference
assessment). Therefore, those methods might be cost-effective and
worth considering (in resources limited ORs/OCTs) for a large ES
assessment.

-

Some methods are better than others in increasing awareness of
the concept of ES (participatory valuation, contingent valuation,
etc.). We have seen that most Overseas territories suffer from low
stakeholders’ awareness, those methods are, therefore, very much
appropriate. Those methods are also interesting in mediating
conflicting interests.

-

Some methods are easy to implement in a time-effective manner
(Value transfer, market price). Value transfer methods are a
relatively expeditious and inexpensive means of obtaining ES value
estimates and can be applied at any geographic scales. Those
methods can be interesting in Environmental Impact Assessments,
or to have a preliminary overview of nature’s contribution to
people. Value transfer are mostly used for regulation and
maintenance services, which generally requires high level in situ
data (carbon sequestration rates, denitrification rates, fish biomass,
wave attenuation rate etc.)

-

Some methods are particularly suitable in data-scarce regions
(Participatory GIS, value transfer). For instance, in the French Guiana
case study (MOVE project 2021, Deliverable 4.1.1 - Report of the
development application and participative validation of mapping
tools – CS7: Land Use Changes and Ecosystem Services in French
Guiana), they were able to assess 22 ES for marine, aquatic, forest,
agricultural, urban and largely modified land cover using
participatory GIS. This would have a required much more time, data
and resources otherwise.
Some methods are preferred to enhance capacity building and
social learning and integrate stakeholders in a democratic processoriented approach to decision-making (Participatory GIS,
Participatory Scenario Planning).

-
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Some methods are by themselves, already decision-support
methods (Participatory scenario planning). Indeed, most
stakeholders are involved and actively engaged in the process,
stimulating a science-policy interface, with the possibility to consider
a range of policy or response options. As a result, this approach
does not necessarily need to be complemented by additional DST
as described in the following section. Given the vulnerability of
overseas entities to the effects of climate change (i.e., sea level rise,
extreme weather events, drought – Petit and Prudent, 2008)
participatory scenario planning is highly encouraged.

3.3. Decision-supporting tools
The integration of ES into everyday decision-making is still in its infancy in
European overseas due to cognitive, political and organisational
difficulties (see MOVE project 2021, Deliverable 5.2 - Constraints and
Solutions for the implementation of MAES in European Overseas). One of
the main bottlenecks is in the Science-Policy interface because of poor
communication between the two. The science-policy interface can be
bridged only when scientists understand this policy process and work with
policy-makers to reduce political and policy risk, rather than simply
providing scientific facts (Perrings et al. 2011).
Decision-supporting methods, such as cost-benefit analysis, multi-criteria
analysis, scenario analysis etc., can pave the way toward a stronger
science-policy interface, through the engagement of policy- and
decision-makers into the process of ES mapping and assessment, but also
through a shared platform where scientists and policy-makers meet and
work toward a common objective.
With the growing popularity of ES, a variety of “ecosystem-based
management tools” have emerged; for example, the Ecosystem-Based
Management (EBM) Tools database contained 183 tools as of November
2012 (Ecosystem-Based Management Tools Database, 2012, Bagstad et
al. 2013). Grêt-Regamey et al. (2017) reviewed 68 decision support tools
to operationalize the ecosystem services concept. An additional selection
of DSTs was made specifically for ORs and OCTs as to 1) be quantitative
and spatially explicit, 2) involve low time requirements (for non-expert
users), 3) be in the public domain, or with a purchasable low-cost software
license, 4) have a good level of development and documentation, 5) fit
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for use at a local scale, 6) be generic (“one tool fits all”), 7) provide
information that incorporates multiple valuation systems and 8) be
affordable by institutions (MOVE project 2021, Deliverable 4.2.2 - Technical
Report on Best Practice Guidelines for casting and profiling Ecosystem
Services management tools in European OCTs and ORs). DSTs have also
been selected to cover relevant sectors to ORs and OCTs such as
agriculture and rural development, marine and coastal areas, spatial
planning and conservation and protected areas. DSTs have been
selected to cover different steps in the MAES procedure, namely the
screening (e.g., to evaluate ES of importance), mapping and assessment,
valuation (monetary or not) and planning and management (including
stakeholder participation). Some complementarity exists between tools,
which suggests that multiple tools could be used together to fill different
ES assessment needs.
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Table 4. Decision-Supporting Tools selected for the European Overseas entities (MOVE project 2021, Deliverable 4.2.2).

DST tool
Daisy

CropSyst

Intended use
Agriculture and
Rural
Development

Agriculture and
Rural
Development

Strengths
- DAISY model performance is
robust across environments,
and model comparisons have
proven its superiority over
other models.
- Requires minimum texture
information for the soil profile,
daily weather data, and daily
management information to
be provided by the user.
- Processes may be described
with different sub-models of
varying complexity,
depending on available data
and user requirements.
- Addresses pesticides.
- Hybrid model (radiation and
water-driven model)
- User-friendly, conceptually
simple but sound multi-year
multi-crop simulation model
with a daily time step
- Has been applied to several
crops (corn, wheat, barley,
soybean, sorghum, and lupins)
and regions (Western US,
Southern France, Northern and
Southern Italy, Northern Syria,
Northern Spain, and Western
Australia), generally with good
result.

Weaknesses
- Strictly for Agricultural
purposes
- Radiation-driven model
only

Data
Moderate
to High

- Strictly for Agricultural
purposes.
- Limited users: Technical
specialist, Scientific advisor,
Modeller.
- Users must exert caution
when applying the model
for conditions that are not
currently simulated (e.g.,
cracking vertisols and fields
impacted by pest and
diseases)

Moderate
to High

Time/Cost
Moderate
to High

References
Ghaley and
Porter (2014)
https://daisy.k
u.dk

High

Stöckle et al.
(2003)
http://www.fa
o.org/landwater/land/la
ndgovernance/l
andresourcesplanningtoolbox/categ
ory/details/en
/c/1236450/
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Intended use
Marine and
Coastal

(tested in
Reunion
Island and
the Azores)

MARXAN

TELSA
(Tool for
Exploratory
Landscape

Conservation and
protected areas

Conservation and
protected areas

Strengths
- Enable participatory marine
spatial planning processes
- Fast, user-friendly design tools
- Encourages iterative design
to meet planning objectives
- Allows engaging stakeholders
with face-to-face and online
meetings.
- Supports agreement building
by helping to clarify key
preferences, potential
conflicts, and tradeoffs for
negotiation.

- The most widely used
conservation planning tool
supporting the design of
marine and terrestrial reserves
- Support multiple-use zoning
plans that balance the varied
interests of stakeholders
- Identify tradeoffs between
conservation and socioeconomic objectives
- Include data on ecological
processes, threats and
condition
- support adaptive
management by projecting
the consequences of
alternative scenarios at the
scale of landscape units over

Weaknesses
- Not all working group
members are equally skilled
with the use of computers
and the tool; care should
be taken to ensure that
individual voices are not lost
- Dependent on the quality
of the data contained in
the data layers and the
analytics used to evaluate
plans
- Primary focus on spatial
information, not local
knowledge, traditional
ecological knowledge etc.).
- Does not consider
uncertainty.
- Data preparation can take
several months, depending
on the availability and
quality of the data
- Terminology can be
counterintuitive or confusing
- Can be misused and
therefore misinterpreted

Data
Moderate

Time/Cost
Low

References
https://www.s
easketch.org/
home.html
https://s3.ama
zonaws.com/S
eaSketch/140
822+SeaSketc
h+Training+Ma
nual.pdf

High

High

http://marxan.
org/about.ht
ml
https://www.ip
bes.net/policy
-support/toolsinstruments/m
arxan
Ardron et al.
(2010)

- Only terrestrial ecosystems
(vegetation succession)

High

High

Kurz et al.
(2000)
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Scenario
Analyses)
InVEST
(Integrated
Valuation of
Ecosystem
Services and
Tradeoffs)
(CS1: The
Azores)
ARIES
(Artificial
Intelligence
for
Environment
&
Sustainability)

MIMES
(Multi-scale
Integrated
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Intended use

Multiple

Multiple

Multiple

Strengths
time frames of decades to
centuries
- Enables decision-makers to
assess quantified tradeoffs
associated with alternative
management choices
- High generalizability

Weaknesses

Data

Time/Cost

References

- Cannot assess all ES
- Difficult in data-scarce
region

High

Moderate
to High,
depending
on data
availability
to support
modelling

Sharp et al.
(2018)

- ARIES allows improved
access to sustainability models
through a technical modelling
interface and a web explorer
suitable for novice users.
- More realistic view of
sustainability, including
accounting for ecosystem
services flows, the connection
of multiple models from
different paradigms, machine
learning, and multi-criteria
analysis.
- stronger knowledge
management by encoding
scientific and stakeholder
knowledge in modelling
decision rules that support
context-aware modelling.
-Land-use change and Marine
Spatial Planning

- Global models and web
tool under development
- Low generalizability until
global models are
completed
- Some methods and
concepts - semantic web,
Bayesian models, machine
learning - may be unfamiliar
to some users.
- Technical support is
typically required for model
development.
- Training may be necessary
to use advanced features.

High

High (for
developing
new casestudy)

Bagstad et al.
(2013)

- Need access to SIMILE
Software.

High

High to
develop
and apply

Bagstad et al.
2013

https://www.ip
bes.net/policy
-support/toolsinstruments/art
ificialintelligenceecosystemservices-aries
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DST tool
Models of
Ecosystem
Services)

Intended use

SolVES
(Social
Values for
Ecosystem
Services)

Multiple

Strengths
- Can be run at global,
regional, and local levels
- Simulate ecosystem
component under different
scenarios defined by
stakeholder input
- Assess, map, and quantify
the perceived social values of
ES: cultural services (aesthetic,
recreation, spiritual,
education, and cultural
heritage) and non-use values
(option, existence, and
bequest value)
- Facilitate discussions among
diverse stakeholders regarding
the tradeoffs among different
ES.
- Can be applied to all
ecosystems (e.g., forest,
mountain, coastal, urban,
agricultural)

Weaknesses
- Time-consuming to
develop and run.

Data

Time/Cost
new case
studies

References
http://www.m
esmacentrale
xchange.eu/t
ools/tool/54/m
imes.html

- Need access to ArcGIS
(licence).
- Low generalizability until
value transfer can be shown
to estimate values at new
sites successfully.
- Time-consuming for new
studies but cost-effective for
value transfer.

High

High if
primary
surveys are
required,
low if
function
transfer
approach is
used

Bagstad et al.
(2013)
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To be powerful and reliable, DSTs are often highly demanding in terms of
data to develop ‘what-if’ scenario. Generally, they require robust
modelling, GIS skills and specific training to use those tools. However, if
implemented properly, they provide evidence-based spatial planning to
optimise the benefits provided by ecosystems. Once those models have
been developed locally (by a tierce organisation if needed), it becomes
easier to adjust the scenarios, management strategies or climate change
predictions.
Note that previous approaches, like Participatory Scenario planning, are,
in essence, a decision-support tool. Mapping ES is also a representation
aid while monetisation of ES allows to quantify them in a unit understood
by all, and which is the most likely to convey the relative importance and
contribution of ecosystems to human well-being to decision-makers (de
Groot et al., 2012; Costanza et al., 2014). Coupled with a cost-benefit
analysis, monetisation can help to make informed decisions. In general,
participatory processes for mapping and ES valuation are a great way to
engage local stakeholders to better uptake and understand the results.
They have been shown to enhance the quality of decisions if well
designed (Reed 2008).
In the frame of the MOVE project, InVEST has been used in the Azores and
French Guiana for terrestrial ES, while SeaSketch is to be presented to local
stakeholders in the Azores and Reunion Island.
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4. Effectiveness, Efficiency and Sustainability of MAES tools and
approaches
This section presents the effectiveness, efficiency and sustainability of the
tools according to the needs identified in the previous section (section 2).
Definitions of effectiveness, efficiency and sustainability and the criteria
selected to assess them are given in table 4 (adapting the Organisation
for Economic Co-operation and Development – OECD – valuation
criteria)1.
Table 5. Definitions and criteria retained to assess the effectiveness, efficiency and sustainability
of MAES tools and approaches.

Meaning

Effort oriented
Process oriented
Goal oriented
Time oriented

Effectiveness
The extent to
which the tools
contribute to
reach the
objectives and
planed results.
No
No
Yes
No

Efficiency
The extent to which the
tools allow to deliver
results in timely and
economic way.

Sustainability
The extent to which the
net benefit of the tools
continues, or are likely to
continue.

Yes
No
Yes
Yes

Yes
Yes
Yes
Yes

Based on those definitions, we developed a performance matrix for the
tools and approaches selected in section 3.
We considered the effectiveness as a function of input ‘data’ (quantity
and quality) and ‘robustness’ such as:
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 =

𝐷𝑎𝑡𝑎 + 𝑅𝑜𝑏𝑢𝑠𝑡𝑛𝑒𝑠𝑠
2

We considered the efficiency as a function of ‘time’ (low) and
‘broadness’, meaning one approach can be used to assess multiple ES or
to cover multiple domains (terrestrial, coastal, urban etc.) such as:
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

𝑇𝑖𝑚𝑒 + 𝐵𝑟𝑜𝑎𝑑𝑛𝑒𝑠𝑠
2

Finally, we considered sustainability as a function of ‘process’ in the form
of capacity of the tool to be integrated into the current decision-making
1

See: https://www.oecd.org/dac/evaluation/daccriteriaforevaluatingdevelopmentassistance.htm
40
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process, and ‘stakeholder engagement’, considering that for a tool to be
sustainable, it needs to engage local actors, practitioners and decisionmakers to keep the use and implementation of MAES in the long term,
such as:
𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 + 𝑆𝐻 𝐸𝑛𝑔𝑎𝑔𝑒𝑚𝑒𝑛𝑡
2

Each component has been given a score, from 1 to 3, 1 being the lowest,
3 being the highest. The scoring was provided by the authors, based on
the analysis of the methods (Section 3), considering the time required, the
amount and quality of data, the SH engagement process and the
intended use. We acknowledge that the scoring is a subjective
interpretation from feedbacks given on methods by different authors.
Details of the scoring is given in Annexe 1 for transparency.
The mapping tools were not included in the performance matrix since they
all provide the relevant information (either multispectral, Radar or Lidar).
The resolution is not determinant since it is dependent on the scale of the
assessment. As for durability of such tools, satellites have been replaced,
or are most likely to be replaced by new ones, of higher performance. The
efficiency and effectiveness would depend on the type of analysis
performed on the images, but it is out of our scope.
For ES valuation tools and DST, a performance matrix is given in Fig. 2 and
Table 5.

www.moveproject.eu

41

MOVE

MAPPING AND ASSESSING THE STATE OF ECOSYSTEMS AND THEIR
SERVICES IN THE OUTERMOST REGIONS AND OVERSEAS COUNTRIES AND
TERRITORIES: ESTABLISHING LINKS AND POOLING RESOURCES

Figure 3. Performance matrix of MAES tools in terms of effectiveness, efficiency and sustainability.

The performance matrix reveals how effective and accurate processbased models, integrated modelling and most DSTs can be, having the
highest scores. Other approaches are quite effective, such as a market
price, travel cost, or participatory scenario planning.
Value transfer is probably one of the less effective methods because of
the low amounts of locally collected data, which results in less accurate
results or less defendable results. However, it is certainly one of the most
efficient ones, along with spatial proxy methods, replacement cost and
preference assessment. Seasketch appears as the most user-friendly DST
and is therefore considered the most efficient.
In addition, the ability of Seasketch to be integrated in decision-making
process through the involvement of stakeholders reflects its high
sustainability potential. Most DSTs tools are quite complex to use, timeconsuming, and data demanding. For them to be used in the long-term
in European Overseas entities, specific and regular training needs to be
implemented locally. Decision-support methods such as cost-benefit
analysis, multi-criteria analysis, scenario analysis etc., can pave the way
toward a stronger science-policy interface, through the engagement of
policy- and decision-makers into the process of ES mapping and
assessment. Participative approaches are well suited for sustainability as
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they allow the assessment of multiple ES with local stakeholders'
contribution, including an awareness raising dimension. Ultimately, every
methods or approaches could be integrated into decision-making and
be part of stakeholders’ engagement, at least during the restitution of the
results locally with the relevant actors, decision- and policy-makers. This
step is often oversighted, and ES valuation remains to the scientific domain
since few scientists invest in local initiatives, training, or engage with media
and produce educational materials (Shanley and López, 2009).

Biophysical

Table 6. Performance matrix of MAES tools and approaches.

Tools
Spatial proxy methods

Effectiveness

Efficiency

Sustainability

Process-based models
Statistical models
Integrated modelling
Choice modelling

Economic

Market price
Travel cost
Contingent valuation
Participatory valuation
Replacement cost

Socio-Cultural

Value Transfer
Participatory GIS
Participatory scenario
planning
Preference assessment
Photo-elicitation surveys
Daisy
Decision-Support

CropSyst
SeaSketch
MARXAN
TELSA
InVEST
ARIES
MIMES
SolVES
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5. Discussion

The selection of suitable methods is driven by the available data in the
different ORs and OCTs. The frequent use of secondary data (e.g., value
transfer) and simple modelling techniques is often explained by its data
availability. These methods are easier to apply when there are restrictions
in time, data, or budget availability. Nevertheless, care must be taken to
interpret those results, as over-simplification sometimes obscure complex
processes and interactions between human pressure and ecosystem
functioning, for instance, that can mislead the decision-making process
(Seppelt et al. 2011). Making the right tradeoff between effectiveness and
efficiency in choosing tools and approaches is key for its implementation
and its uptake to decision-makers.
In our attempt to guide the process of selecting remote sensing,
biophysical, economic, socio-cultural and DST for MAES implementation
in the European Overseas according to policy needs identified, we
recognize that methods are not completely independent of each other
and that there may be advantages from combining methods to address
a case study purpose, such as in a multitiered approach (Gret-Regamey
et al. 2015). This is especially true if a user has complex policy questions
guiding the ES mapping process or wants to cover a full range of plural
values attributed to ES, as most individual methods cannot grasp multiple
value types without combining them with others (Harrisson et al. 2018;
Jacobs et al., 2018). Furthermore, multiple approaches could be applied
within a single case study to better capture uncertainties associated with
particular methods. The method itself is not important, but the reliability of
the methods and the uncertainty associated can be an important factor
when communicating the results to decision-makers. Indeed, different
methods could provide similar outputs. For instance, the monetary value
of coastal protection provided by mangroves forests in Martinique has
been assessed, ranging from 10 to 26 M€ yr−1 (Trégarot et al. 2021), using
a combination of statistical and process-based models, mapping, and
replacement cost for monetization. On the other hand, using value
transfer methods, the same service was estimated at 16 M€ and 16.6 M€
by Failler et al. (2010) and Giry et al. (2017), respectively. As Costanza et
al. (2014) mentioned to defend their first valuation of the world’s
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ecosystem services and natural capital, “there is one right way to value
ES. But there is a wrong way and that is not to do it at all”.
Our study aimed to display the most appropriate methods and tools to
address the policy needs expressed by local stakeholders. Those needs
are certainly not exhaustive, and other tools and approaches might be
more appropriate in a given context regarding data availability, technical
skills, time, and budget. A detailed decision-tree that includes both ES
valuation tools and DSTs have been provided by Harrison et al. (2018).
Additional methods can be found in the MAES methods Explorer tools
(www.maes-explorer.eu) with concrete examples, also from the EU
Overseas, to refer to.

6. Conclusion
Despite significant advances in the development of the ES concept across
the science and policy arenas, the valuation of ES to guide sustainable
development remains challenging, especially at a local scale and in
data-scarce regions (Pandeya et al. 2016). European Overseas
biodiversity is exceptionally rich and is recognized as being of international
importance. In fact, most of the EU’s biodiversity is located in these
overseas countries and territories, which make the ORs and OCTs key
actors for the implementation of international and regional conservation
targets. Their insularity, however, brings challenges associated to their
remoteness, with collecting data in marine and terrestrial environments,
access to financial and trained human resources (Haase and Maier 2021).
No tool can fit all policy needs. Rather, there is a need for flexible,
guidance-based ES mapping and assessment approaches in the EU
Overseas. To provide a comprehensive overview of the status of
biodiversity, the ecosystems, and the services they provide, we selected a
few tools that are cost-effective, increase awareness, cover the
biophysical, economic, and social-cultural components of the
assessment. Those tools can be used in modelling and multi-tiered
approaches, that cover marine and terrestrial ecosystems, and include
stakeholders from multiple disciplines and sectors. Nonetheless, the
methods should be adapted for scenario analysis and decision-support,
for which there are plenty of options to choose from to facilitate MAES
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implementation in European Overseas. Such an overview will help to
safeguard biodiversity, healthy ecosystems, a continuous supply of
ecosystem services, to improve human well-being and to ensure an
effective and timely implementation of Action 5 of Target 2 of the EU
Biodiversity Strategy.
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Annexe 1. Effectiveness, Efficiency and Sustainability scoring of MAES tools and approaches
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