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1. Preface

The importance of biodiversity, natural capital and healthy ecosystems and the services they
supply has increasingly been acknowledged in diverse policy initiatives (e.g., the EU nature
restoration and amending Regulation from 2024, EU Biodiversity Steat@920 and 2030,

/v EP}A Evu v3 o Wo $(}Eu }v ]} ]JA E-]3C v }eCe3 u ~ EA
Capital and Ecosystem Services Accounting (SEEA EA), Intergovernmental Panel on Climate
Change (IPCC) and Convention on Biological Diversity (CBD)).

dZ h ,}JE]i}v Z e+« €& Z v /vv}A §]}v 3§]}vasedland sugthimble] v
declsions about NAtural %0]38 o_ ~" >/E « Jue 38} % E}A] E} pes Jv(}E&u
that can be harnessed by different stakeholder groups to support transformative change in

the EU, to halt biodiversity decline, to support ecosystem restoration and to secure the
sustainabé supply and use of essential Ecosystem Services (ES) in the EU by 2030.

SELINA builds upon the Mapping and Assessment of Ecosystems and their Services (MAES)
initiative that has provided the conceptual, methodological, data and knowledge base for
comprehensive assessments on different spatial scales, including theidelUassessment

(Maes et al. 2020) and assessments in EU member states. Knowledge and data for different
ecosystem types are increasingly available

Within these overall project aims, Work Package (WP) 5} C+S u } W inlgrdtes
insights from ecosystem conditions and ecosystem services into the UN System of
Environmental Economic Accounting - EcosystemAccounting (SEEA EA) framework. It
addresses key challenges such as incorporatiegative externalities, improving the

JUVSe[ *% 3] 0 V 5 U%}E o & <}ops]lvU v A %o}E]vP Z}A
influenceESand asset values.

Task 5.2 focused on enhancing the spatial and temporal resolution of ecosystem accounts
through the integration of satellite data, remote sensing techniques, aext generation
modelling methodologiesSgnificantdata required for implementing the SEEA EA framework
can be efficiently obtained from these three sources in a-effgctive and timely manner.
Outcomes fromDeliverable D5.2” vZ v J[JvP SZ *% S] o0 Vv S u%}E& o E
}eCeS u }uvsSe pe]vP ¢ fchudg SstateoBthe-art products designed to
support ecosystem extent, condition, and carbon accounting. To demonstrate the
applicability and effectiveness of these produdatstially, three study sites were selectettie
island ofLa Réuniorepartment of Francethe island of S&o Miguel in the Azores, and the
Peloponnese Peninsula in Greece. However, the partners from the University of La Réunion
expressed their preference to contribute to othéasks as they already possess remote
sensing data for their area. Therefore, only twesTSites (TS) were ultimately selected:

x The island of Sdo Miguel in the Azores, Portugal
x The Peloponnese region in Greece
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2. Executive Summary

Context and Objectives

The increasing global emphasis on sustainable development and climate action, led by
frameworks such as the United Nations Framew@dkvention on Climate Change (UNFCCC)
and the System of Environmentatonomic AccountingEcosystem Accounting (SEEA EA),
calls for reliable and harmonized data on ecosystems. Ecosystem accounting, particularly
under the SEEA EA framework, supports #ifert by tracking the extent, condition, and
services of ecosystems in a structured and pelagvant manner.

The SELINA (Science for Eviddmeeged and sustainabLe declsions about NAtural capital)
project aims to generate robust, policglevant data and tools that empower decision
makers to tackle biodiversity loss, promote ecosystem restoration, and ensutertgéerm

supply and sustainable use of vital Ecosystem Services (ES) across the EU by 2030. Building on
the achievements of the Mapping and Assessment of Ecosystems and their Services (MAES)
initiative, SELINA extends the conceptual, methodological, atal idfrastructure required

for ecosystem assessments at multiple spatial levetsiging from Eklvide overviews to

national regional and locadcale evaluations.

Within this broader framework, Task 5.2 focuses on enhancing the spatial and temporal
resolution of ecosystem accounts by integrating available European maps and classification
systems aligned to the European ecosystem typology (ETA), cattgRemote S2nsing(RS)
techniques, and advanced spatial modelling approaches. These innovations support more
dynamic and responsive ecosystem monitoring, aligning with the SEEA EA's goals of
harmonized, scalable, and cesffective ecosystem accounting.

This report outlines innovations and applications in higholution ecosystem accounting
usingRS ad spatial modelling i2 SELINAest sites: Peloponnesus (Greece) and S&o Miguel
(Azores Portuga).

Methodology Overview

Under SELINA Ta3k.2, €osystem accounting was developed foree key components:

extent, condition, and carbon fluxes/stocks. The approaches integrated national datasets,
Copernicus Land Monitoring Service (CLMS) data, EUNIS habitat classification and RS products
(e.g., Sentinel-2, GEDI LIDAR) to generate walwall mapsaligningwith the ETA.

1. Ecosystem Extent Mapping employed two approaches
a. NationalCentric: Uses national data as a baseline, enhanced with CLMS data
to fill gaps and standardize outputs.
b. VegetationCentric: Usertificial Intelligence Al) to classify EUNIS habitats
based on R8erived features, supporting consistent, scalable mapping. These
were trained and tested on fieldalidated data to produce walb-wall 10m
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resolution habitatmaps after which a crosswalk to EU typology created
ecosystem extent maps.

2. Ecosystem Condition Accountere developed using the PEOHEA forest condition
index (FCI), combining indicators such as soil organic carbon, tree cover density,
biodiversity, and productivity. Indicators were rescaled and weighted to produce a
composite index representing forest &iéh relative to an optimal reference state.
Data harmonization was a key aspect, including the use of legacy datasets like LUCAS,
SoilGrids, and MODIS to maintain consistency across spatial and temporal scales.

3. Carbon Accounting included

a. Remotesensingbasedmethod Uses structural vegetation stratification, GEDI
canopy height data, and RS imagery to Mapve-Ground Biomass (AGB) and
infer carbon flux. The&SarSentry algorithm was used to detect deforestation
and degradation using Sentiaglradar time series.

b. GPPbased MethodEstimates Gross Primary Productivity using the Light Use
Efficiency (LUE) model, with Senti2eland meteorological data. GPP was
converted to Net Primary Productivity (NPP), and further to Aboveground NPP
(ANPP) using biormgpecific rootto-shoot ratiosderived from IPCC guidelines.

Results and Analysis

x Peloponnesus: Due to limited national data, extensive use of CLMS was required. The
National & CLMS approach improved mapping resolution and coverage, enabling 85%
crosswalk to the ETA. Forest condition was generally stable, with indices arourtd 0.55
0.60 aad minor declines attributed to known data artefacts (sensor transitions).
Carbon flux assessments revealed emissions primarily linked to fire and degradation.
Deforestation and degradation detection using SarSentry confirmed these trends,
with most changéhotspots located near forest edges and fpeone zones.

x Sao Miguel: Benefited from more comprehensive national datasets, allowing accurate
ecosystem extent and forest condition mapping. Forest condition index varied across
forest types, with natural vegetation generally in better condition than managed or
exotic plantations. Some degradation was identified in the central axis of the island,
coinciding with abiotic disturbances such as landslides. Carbon maps, validated via
canopy height estimates and IPCC data, showed biomass ranges up to 270 tons/ha.
Wetlands ad highland bogs were successfully mapped as distinct carbon sinks, thanks
to highresolution RS products and detailed land cover classifications.

Innovations and Tools

x Development of automated R$ased workflows for habitabnd Ecosystem Types
classification, integrating over 150 predictors and machine learning models (e.g.,
CatBoost).

x Integration of Al (CatBoost models, CNNSs) to claksifytatsand ecosystentypesat
10 m resolution.
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x Deployment of the ARIES for PEGEREOooI for FCI computation, enabling ygr
year condition mapping across biogeographical zones.

X Use of SarSentry algorithm for detecting forest change dynamics via radar time series,
supporting temporal change tracking in dense vegetation areas.

X Application of allometric models to convert canopy height into biomass and carbon
estimates, improving accuracy in stock and flux assessments.

x Validationaccuracies of 8287.5% were achieved in classification outputs.

Limitations include incomplete national data, challenges in validatingpaR&d forest
degradation, and generalizability constraints in remote islands like Sdo Miguel. Where field
data was lacking, IPCC biomass guidelines were applied. Validation wastedndsing
confusion matrices from highesolution satellite imagery, with overall kappa coefficients
above 0.8 for both sites. Errors were most frequent in shrubland classes, whereas forest
classifications showed strong consistency.

Policy Implications and Recommendations

X The demonstrated methods are scalable and edffctive, supportinge.g. theEU
BiodiversitySrategies, Green Deal goals, and national SEEA EA reporting.

x Continued investment in remote sensing infrastructure and data harmonization is
crucial, especially f@o farunderrepresented regions.

x Adoption of Aldriven tools will enhance the temporal and spatial resolution of
ecosystem monitoring, facilitating annual reporting.

x Strengthening linkages with local expertise is essential to validate and contextualize
automated outputs.

x Develop training and knowledegharing platforms for ecosystem accounting teams
at national and regional levels.

X Encourage inclusion of ecosystem degradation indicators into economic anddand
planning systems.

Conclusion

This report illustrates a viable path toward operational, harmonized ecosystem accounting
across Europe. By combining national and EU datasets with cettigg RS and modelling
techniques, it is possible to develop higgsolution, policyrelevant ecosystm accounts that
inform sustainable environmental and economic decisioaking. These methods offer a
foundation for expanding ecosystem monitoringdifferent scales and temporal resolutions

and integrating natural capital into planning and climate policy frameworks.

Future directions include refining Al models, expanding reference site databases, integrating
localcitizen science for validation, and scaling methodologies to continental or global levels
under initiatives like the ESA World Ecosystem Extent Dynamics project. With these tools,
ecosystem accounting can evolve into a central pillar of environmemakgement
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3. List of abbreviations
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DMP
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DP
EEA
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ESA
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EU
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IPBES
IPCC
JAXA
LULUCF
MAES
NASA
SEEA EA
SOM

TS
UNFCCC
DP
CoG

Above Ground Biomass

Below Ground Biomass

Convention on Biological Diversity

Copernicus Land Monitoring Service

Dry Matter Productivity
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Demonstration Project (of SELINA)

European Environmental Agency

EarthObservation

Ecosystem Services

European Space Agency

European Ecosystem Typology for Accounting

European Union
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Gross Dry Matter Productivity

Intergovernmental Platform oBiodiversity and Ecosystem Services
IntergovernmentaPanelon Climate Change

Japan Aerospace Exploration Agency

Land Use, Landse Change and Forestry

Mapping and assessment of Ecosystem and their Services
NationalAeronautics and Space Administration

System of Environmental Economic Accountiggosystem Accounting
Soil organic matter

Test site (of SELINA)

United Nations Framework Convention on Climate Change
Demonstrationprojects

Compendium ofGuidance
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4. Introduction

4.1. Ecosystem Accounting

The United Nations Framework Convention on Climate Change (UNFCCC) provides a global
platform to combat climate change by stabilizi@eenHouse Gas (GHG) emissions. It
emphasizes the vital role ecosystemassuch as forests, wetlands, and peatlandsplay as

E }v ¢Jvle SZ § o}E v ¢S}E Su}*%Z E] K X

To effectively integrate ecosystems into climate and environmental policy, the System of
EnvironmentalEconomic AccountingEcosystem Accounting (SEEA EA) offers a standardized
framework to measure and monitor ecosystem extent, condition, services, antktay
values. These accounts support evideAgased policymakingand help align economic
planning with environmental sustainability. The key account types include:

x Ecosystem Extent Account®lap and track the size and spatial distribution of
ecosystems over time, helping detect land cover change and habitat loss.

x Ecosystem Condition Accountéssess ecosystem health through indicators like
vegetation cover, soil quality, water availability, and biodiversity status.

X Ecosystem Services Accoun@@uantify the benefits ecosystems provide ranging
from provisioning (e.g., food, timber) to regulating (e.g., carbon storage, flood control)
and cultural (e.g., recreation, heritagsgrvices

X Monetary AccountsEstimate the economic value of ecosystem services and natural
capital for inclusion in national accounts.

x Thematic accountThematic accounts focus on a specific environmental or natural
resource topic and systematically organize data to monitor changes, understand
impacts, and support decisiemaking

There is a growing synergy between ecosystem accountindgR&wmthnologies, which offer
repeatable, consistent, and scalable data critical for spatially explicit accounting. Over the last
decades, agencies like ESA, NASA, and JAXA have launched numerous satellites equipped with
optical, radar, and LIDAR sensors, ldivey highresolution monitoring of vegetation cover,

land use, biomass, and ecosystem changes. In addiBeneral European datasets and
classification systems support the operationalizatidnrS&EEA EA hese productsanbe of

different types according to the definition and the use

Habitat MapsHabitatis aterrestrial or aquatic area distinguished by geographic, abiotic, and
biotic features, whether entirely natural or sematural. In the framework of Natura 2000,
habitats are defined as natural or sematural environments that are important for the
conservation of biodiversity, particularly for species and habitat types of European interest.
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Available products include
X Natura 2000 Protected habitat areas under EU regulation from European
environmental agency (EEA)
x EUNIS Habitat Classificatioh detailed and harmonized habitat typology developed
by the EEA, available across Europe and linking to systems like MAES, CORINE, and
IUCN.

Ecosystem Map£ynamiccomplex of plant, animal, and micgrganism communities and
their nonliving environment interacting as a functional unit. This definition follows the one
provided by the Convention on Biological Diversity (CBD) and is used throughout the EU
BiodiversityStrategy and the MAES initiative. Available products like:

x European Ecosystem Maps (MAEB)wide with basic ecosystem types by EEA

Land Use/Land Cover (LULC) m&@eospatial representations that classify and display the
%ZCe] o Vv (pv 8]}v o Z E § E]e-S]They(cabine tib3JeldtedehutE ( X
distinct conceptst.and Cover refers to the physical material on the surface of the Earth, such

as forests, grasslands, water bodies, croplands, or-bpilhireasand Land Usehat refers to

the human purpose or function associated with a particular area, such as agriculture,
residential development, industrial activity, or recreatidwvailable products are:

X Corine Land CovefCoordination of Information on the EnvironmemnE&urope)High
resolution landuse landcover (LULC) dateom Copernicu€EAsource

X Copernicus High resolution layeBetail LULC components EU widan Copernicus
source

x Copernicus Land Monitoring Service (CLNP&)vides harmonized, regularly updated
geospatial data for land cover, land use, and changes, widely used in ecosystem extent
and condition analysis.

At the heart of European ecosystem accounting is the European Ecosystem Typology (ETA),
developed by the EEA. ETA provides a hierarchical classification systBom broad
ecosystem types (e.g., forest, grassland) at Lew? tb more detailed subtypes (e.g.,
broadleaved forest, managed grasslands) at Level 3+. dbngpatible with land cover
products (e.g., CORINE) and designed to align with remote sensing data for standardizing and
comparing accounts across scales.

To use various datasets within the ETA framework, a crosswalking process is required. This
involves aligning national or thematic classification systems with the ETA typology to ensure
consistency and comparability of spatial ecosystem dalés process was explatén detalil

in Deliverable3.1 of this project.

The application of RS and advanced spatial modelling enables the creation of accurate, policy
relevant ecosystem accounts:

x Extent AccountsUse land cover/use data (e.g., CORINE, Sentinel, CLMS) to delineate
and monitor ecosystem types.

x Condition AccountsDeriveabiotic, biotic and landscapedicators using vegetation
indices (e.g., NDVI), canopy height (LIDAR), or soil/water parameters (radar/optical).
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x EcosystenServices Account€ombine RS data with climate, soil, and socioeconomic
models to quantify services such as crop vyields, flood mitigation, or carbon
sequestration.

Integrating remote sensing innovationgnd other available datasets, and modelling
techniques improves the spatial and temporal accuracy of ecosystem accounts. These
advances reduce costs, increase scalability, and enhance the relevance of SEEA EA in climate,
biodiversity, and sustainable development policiestirifitely, this integrated approach
ensures a more comprehensive understanding of ecosystem dynamics, supports regular
updates to national accounts, and strengthens the scientific and policy foiomdfatr natural

capital management and climate change response.

4.2. Aims & Objectives

Task 5.ZFigurel) aims to enhancéhe temporal and spatial resolutioof ecosystem accounts
using satellitedata to improve th& policyrelevanceand ensure their alignment with other
reporting and monitoring systems, such as those underUiNF~CCCAdditionally, this task
seeks to provideecommendationsfor improving SEEA EAy integratinghigh-resolution,
high-quality accounting datathereby strengthening its applicability for environmental and
economic decisioimaking

Task5.2 focuses on three key ecosysteamcounting componenty1) ecosystem extent, (2)
ecosystem condition, and (3) carbastocks and fluxesproviding original maps and
information based on advanced, state of the art spatial modelling and remote sensing
techniques. TWGELINA Test Sitésy were selected for the application of these innovative
methods:Sao Miguel Islandizores, Portugal, and the peninsula of Peloponnesus, Greece.

The demonstration of statef-the-art remote sensindgderived and advanced spatial
modelling products to the SEEA EA scientific community supports the implementation of
frameworks where data can be efficiently integrated in a efg@ctive and timely manne

The high costs associated with traditional land survey methods and field validation campaigns
stand in contrast to the comparatively low cost and scalability of remote setizasgd data
production. Continuousimprovements in spatial and temporal resolutioRSand spatial
modellingtechniques will enable the development of letgrm monitoring strategies for
ecosystem extent, condition, and service accouattering UpToDate information with
improved temporal and spatial resolutions. Complementarity\ailable methodsot only
enhances data accessibility but also strengthens the scientific and policy relevance of
ecosystem accounting by ensuring regular, consistent updates across spatial scales.
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Figurel: General chart ofSELINA WP5. Task 5.2 applies technologies and methodologies to create
innovative mapping products that can support the SEEA EA.

4.3. Expected outcomes

Developing highresolution and higkaccuracy spatial data serves multiple purposes. Firstly, it
helps establish a baseline to assess the complexity and condition of ecosystems, providing a
benchmark for future comparisons. Additionally, it enables theneation of biophysical
variabledike carbon stocks andarbon fluxesfacilitating the creation of monitoring schemes

and the development of policy scenarios for improved environmental decisi@king.The

main outputsdeliveredby Task 5.2 Higure2) are the following:

x Developing HigliResolution Ecosysteriiype Maps t Utilize multisource remote
sensing (RS) data, including optical (Seni)eSAR (Sentinél), multi/hyperspectral,
and LIDAR (GEDI), to produce ecosystem extent maps.

x Mapping and assessing Forest and Habitat Conditi@@snerate ecosystem condition
and habitat maps to track changes and degradation over time.

x Analyzing Deforestation and Forest DegradatioBevelop historical deforestation
and degradation maps to understand lande changesssessinfprestconditionand
their impact on carbon sikesand fluxes

X Quantifying Biomass and Carbon Stodk€reate biomass maps (202023) and
carbon stock maps (2021, 2022, 2023) to assess carbon sequestration and
emissionEstimate  Carbon Fluxes Present methodologies for carbon flux
estimations. Production of tables to track carbon gains and losses in the ecosystem.

x Linking Aboveground and Belowground Biomass (BGB)t Establish relationships
between aboveground biomass (AGB) and belowground biomass (BGB) for improved
carbon accounting models.
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Figure2: Key expected outputs proposed in the frame of Task.5.2

5. Test sites

5.1. Peloponnese, Greece

The PeloponnesdFigure 3) is the largest peninsula of Greece (21,549 km?) and the
southernmost part of the Greek mainland, with a population of around 1.2 million, including

the third-largest Greek city, Patras. It is one of the 13 floristic regions of Greece, hosting more

than 4024 plant taxa, of which 522 are Greek endemics (approximately 32% of the total Greek
endemics), and 579 have a restricted distribution. The region also includes extensive areas of

the endemic Greek forest &fbies cephalonicéGreek fir), as well as the only occurrence in

the EU of Juniperus drupacedorests, which are found exclusively in southeastern
Peloponnese, restricted to Mount Parnon. This gives additional value to this priority forest
habitat for its conservation and management, as wellasto Grge (E *%o}ve] ]0]SC S} %o E
its only occurrence in the EU.

It hosts a variety of ecosystems, ranging from coastal dunes and thermophilous Aleppo pine
forests and phrygana to orblediterranean ecosystems. Important and protected coastal,
inland, and mountainous wetlands are also present, forming a complex landttatpleas

been under human modification since ancient times. Wilderness is mainly found in the Natura
2000 areas and National Parks of the region, including all wetland ecosystems and the highest
mountains (most with peaks above 2,000 m).
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Tablel: Key characteristics of the Greek Test Site in Peloponnese.
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The lowland landscape and plains have been transformed over the last 70 years from semi
natural areas (grazing land and traditional cultivations) into intensively cultivated areas,
including wetland drainage, river management for irrigation, and the impactumerous
wildfires v including megdires, with the most extensive and severe occurring in 20GRat

oS & §Z E [* %ZCe]}PV}IuCX Byahrs} Bev@Ee stbums Znd beady
rainfall impacted the region (especially the western padestroyed cultivations and
infrastructure, leading to flooding and soil erosiomainlyin areas recenthit by forest fires.

In addition, the evegrowing tourism sector in Greece includes the Peloponnese among the
mustvisit destinations, offering not only sandy beach holidays but also hosting significant
historical sites of globamportance, such as Ancient Olympia, Sparta, and Mycenae. As a
result, the demand for tourism infrastructure is growing, especially in coastal areas.
Furthermore, wind farms and photovoltaics are being intensively developed in the region,
transforming landuse and degrading wilderness particularly due to the extensive road
networks required for largescale wind park development on mountain tops.

However, the region's strategy includes the promotion of sustainable tourism and agricultural
development (e.g. ecaand agretourism, skiing, etc.) to help distribute visitors throughout
the different seasons of the year.

The Peloponnese was selected as a case study because a vast amiousitw¥egetation

and ecosystem type data is available, which can be used to train Earth Observation (EO)
algorithms and validate results. Additionally, data on ecosystem condition are also available
via the Habitat Directive Article 17 reporting database (covestion degree at plotjHellenic
Ministry of Environment and Ener@@16and ongoing assessmengs well as from the MAES
national project (LIFE IP 4 NATURA) and the relevaEIV&R online database (ecosystem
condition at plot)(Kokkoris et al. 2021 and ongoidgtabase updatés

For these reason¢Table 1), Peloponneséhas beenconsidered a valuable case study for
implementing ecosystem extent and condition accounts, to document, capture, and record
changes for policymaking and management. The outcomes should highlight areas (hotspots)
where changes in extent and/or conditiong@@re attention, and where measures and actions
should be takenv especially in protected areas, endemic forests, pndrity habitats.
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Figure3: Orthophoto map of Peloponnese peninsula (EPSG: 3035)

5.2. Sao Miguel, Azores (Portugal)

The island of Sdo MigueFigure4) is the largest (area: ~745 Rmand most populated
(~140.000nhabitantg of the Azores archipelago, one of the outermost EU regions located in
the north-Atlantic Ocean and belonging to Portuguese territory. iiine Azorean islands are

a group of peaks of volcanic origin rising from the Mithntic Ridge, along the Azores Triple
Junction, where the North American, Eurasian, and African tectonic plates meet. Sdo Miguel
was formed from east to west, beginning with thplift of the Nordeste (northeast) volcanic
complex estimated around 4 million years ago, follovegdhe activity of the younger central

and western volcanoes, whose explosive eruptions and subsequent cdtderang collapses

Z A eZ %o 15« Alo V] E Z]8 3uE v }VP}]vP P }8Z Eu o
geological history of both destructive andnstructive (effusive lava flows) volcanic processes
established a complex landscape shaped by ongoing tectonic and volcanigeactivit

Since their humarcolonizationin the XV century, the Azores islansisffered intensive
deforestation and conversion of native habitats. The native vegetation of Sdo Miguel Island

was typical of the subtropical temperate Macaronesian biogeographic regi@dominantly

0o UE o (}E 53U Iv}Av « ~> pEJ]*]JoA _U zedSphagmumBogs, A]§Z
grasslands, and coastal scrub. Paleoecological studies (involving pollen analysis from caldera
lake sediments) further confirm that Sdo Miguel was originallyeoed by a dense, multi

layered evergreen forest, dominated by endemic and native species such as broadleaved
Laurus azoricaErica azoricallex peradoand coniferousJuniperus brevifoliaHighaltitude
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areas supported cool and humid stunted cloud forests due to persistent cover blyilayv
clouds and fog at canopy level, coupled with punishing winds, forming dense mats of
bryophytes (mosses and liverworts), lichens and ferns with rich associated bgitive
Human colonization led to rapid and widespread deforestation, primarily for agriculture,
timber, and pastureland, drastically reducing the extent of native laurel forest, natural
ungrazed grasslands and wetlands in all but the most steep or indlgleeaseas.

The widespread landse conversion was closely followed by the introduction of exotic
invasive alien species (IAS), well]s C 8Z Jeo v [e ( E3]0o A}o v]
temperate oceanic, mild and humid climate, akin to their own native locations (Australia, East
Asia or tropical/sudropical Americas), enjoying yeasund growth under the nutrientich
volcanic subtrate and lack of extreme seasonal stresses (frost or drought). Consequently,
these species were easily establishaad became dominahin many landscapes, further
pressuring the degradation of native habitats. During the XX century, a more recent logging
wave for timber production led to reforestation by largeale and fasgjrowing monoculture
plantations with the Japanese cedaCryptomeria japonicg and on a smaller scalevith
AustralianAcacia sppandEucalyptus sppplantations. Other introduced exotic species like
Pittosporum undulatum Hedychum gardnariumm Hydrangea macrophyllaor Gunnera
tinctoriabecamehighly invasive and spontaneously widespread, displacing and outcompeting
the native flora due to their aggressive plant traits: faster growth and reproductive output;
efficient dispersal; canopy liglaitering properties; allelopathic alterations of soilemistry;
thriving on shaded understory layers, quicker colonization of bare or highly artificialized lands.

Sao Miguel island is included in the Natura 2000 ecological network of the EU territory
through the implementation of protected sites preconized in Directives 79/409/EEC (Birds
Directive) and 92/43/EEC (Habitats Directive). Sdo Miguethras land andone coastal
protectedsite for the conservation of the remnants of laurel forest and its endemic Azorean
bullfinch bird Pyrrhula muringy endemic heaths, wetland bogs, crater lakes and surrounding
slopes, lava flows, and coastal cliffs. Contemporary restoranitiatives are mainly targeted

at these protected sites with both native reforestation efforts and controlling measures
againstinvadingexotic species. Sustainable and scientifically informed forest management
practices areneededfor achieving these goals while providing sufficient timber production
and optimizing the supply of other key forestlated ESsuch as carbon sequestration.

The combination of natural hazards (earthquakes, volcanic eruptions, landslides, rockfalls,
subsidence, floodxoastal erosion) and humadriven pressures affecting ecosystem extent,
condition and services supply on the islamdquire improving the spatial and temporal
resolution of data feeding into ecosystem accounts for capturing its complex angddestl
ecological dynamics. Higher spatial resolution allomme detailed mapping of finscale
habitat features, such as small remnants of native lalm@st, peat bogs, and riparian zones,
while higher temporal resolution, with frequent revisiting times, allows tracking the rapid
spread of invasive species, detecting lars® change and degradation of native habitats,
monitoring vegetation recovery inestoration areas or measuring the impacts safdden
events like storms and landslides.

For these reasong éble2), Sdo Miguel iasuitableanddistinctTS(} & ~ >/E [« gbaid i X1
representative of theunique challengesof EU outermost regions, wheranlike continental
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regions, ecological pressures are exacerbated by limited land availability, isolation and high
endemism, requiringpighlyprecise and updated assessments for increased policy relevance
and responsive action. The expected outcomes of this fiasthis TS related to developing
highly detailed carbon accounts in forests and peatlands, should provide an exemplary
demonstraton of improvedintegrated ecosystem assessments by:

x combining optical and radd&®Sdata for enhanced spatial and temporakolution.

x leveraging field validated data for increasedbustness.

x harmonizing habitat classifications towards tB&Afor increased consistency

Table2: Key characteristics ao Miguel Islandebt Site, Azores.
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Figure4: Orthophoto map ofS&o Miguelsland(EPSG: 3035)
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6. Data

ThisSection outlines thedata usedor the differentanalysisaccomplisheénd is divided into:
X The input data products until Jur®24.
X A description of how these were used

6.1. Existing data

Even though most European countries have national datasets and share data produced by the
EEA or Copernicus, there are differences in both the quality and extent of the data. Some
areas are oversampled, while others may be underrepresented due to lowagpwver the

rarity of certain features. This disparity in data availability between countries and regions can
introduce various types of bias, which may affect mapping and modeling procésdes3

shows some of thsebiasesandits consequences.

Table3: Type of bias created by data availability disparity, affecting mapping and modelling processes

Type of Bias Explanation Consequences

Skewed results toward well
documented regions;

Sampling Sites with more comprehensive data may be )
. . : underperformance in poorly
Bias overrepresented in analysis.
mapped areas may go
unnoticed.
Poor generalization to data
Model Machine learning models mapyerfit data-rich poor or structurally different
Overfitting regions. regions.

Misrepresentation of land
I Geographic or ecological regions with limited de cover or habitat distribution
Spatial Bias )
might not be accurately captured. across Europe.
Overestimated accuracy of

Validation Model validation is stronger in regions with bette o L
classification or predictions.

Bias data, leading to misleading performance metrics

Inconsistent comparisons
across sites; false trends or
stability detection.

If data are uneven not only in quantity but also i
time (e.g., recent data in some areas, old in
others).

Temporal
Bias

These ecosystems may be
undervalued or misclassified i
conservation planning.

Ecological Certain ecosystems (e.g., remote wetlands, alpi
Bias regions) may lackigh resolutionor recent data.

ForTask 5.2.national datasets were complemented with other European datasets with the
idea of improving the gality andaccuracy of the spatiahformation.
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6.1.1. National data

6.1.1.1. Peloponnese TS

For thePeloponnesgest site datasets at national level weraade availabl®y the University
of Patrag(Table4). A vectorboundary file(boundary)wasprovidedto delineae the area to
be mapped(the delineation can also be seen kigure3). A habitat datase{N2K)of the

, 18 8[+ 1E& 3]A vv £ | Z 18 §e ]vdbrmed tBeuf@ complermést of
national data available fdPeloponneseThe N2K datasemnly partially covered the extent of
Peloponnesgreiterating the need to investigate other appropriate datasetdiliogaps and
complete walto-wall mapping.

Table4: National datasets used for mapping Peloponnese ecosystems

Abbreviation Data Name Reference Data Resolution
year format

Boundary Peloponnese_coastline 2025 vector -

N2K Natura2000_Habitat_types 2016 vector -

_(Scale_1 5000)

Section7.1.1explansin more detail how these dasets were used to crosslink and map
ecosystenextentfollowingthe European Ecosystem Typology.

6.1.1.2. Sao Miguel TS

Datasets usedor S&o Migueht national level are listed ifiable5. A wallto-wall dataset at
national level for Sdo Miguel is the LU 2018 rfieigure5), a Land Cover/ Land Use map of
the Autonomous Region of the AzoréBRA, 2018) It was produced based on SPOT6 and
SPOT7 satellite imagefsom 20152016 and quality controlled using very higksolution
satellite images and additional vector data derived from official cartography.

Another layer used in the analysis is the Forest Inventory Map of @gdgdre6), focusngon
specifically mappingf forest species. As of the time of this report, the map is still under
validation by the forest services, using drone andgitu data. Thus,only a partialvalidated
dataset was availabl®r the analysiswhichincludes information on scrubs, forests, inland
waters, wetlands, and urban areas, along with detailed data on dominant and subordinate
species, as well as whether the vegetation is native or exotic, spontaneous or cultivated.
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Table5: National datasets used for mapping Sdo Miguel ecosystems

Abbreviation Name Re;z;ernce Data format Resolution
LU Land Use Map 2018 vector MMU 0.95 ha
2018 Azores MMW 20 m
Fl Forest Inventory 2024 vector MMU 0.05 ha
Map 2024 MMW 2-20 m

Figure5: Land Use 2018 map of Sdo MigBIRAAC 2018)
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Figure6: Forest Inventory 2024Iraft (partial) data used to map Sao Miguel

6.1.2. CLMS data

TheEarthObservationEQ datasets that were found to be most appropriate for this exercise
were Copernicus Land Monitoring Servic€LM$ data products CLMS provides
comprehensive, highesolution geospatial data on land cover, land use, and environmental
conditions across Europe. It delivers essential information derived from satellite imagery,
situ data andmodelling These productsre useful due to theiregular update cyclesiigh
consistency, spatial detail and free accessibility.

TheCLMSroductsthat were usedare listed undeiTable6. They wereorganizedaccording

to their relevantcomponents asfound under the CLMS portfolid’hePriority AreaViapping
(PAM) productgprovide highresolution, detailed land cover and land use data for specific
regions of interestAvailable dataseténclude: Coastal Zones (cz), Riparian Zones (rz) and
Urban Atlas (ua)dZ « }v ¢ S }( >D”™ % &} p S E& PE}u¥®and pv
Cover and Land Us® %o %0’ HighResolutionLayes such as themperviousness layer
(IMD), the Forest typelayer (FTY), CLCplusdbone(CL@lus BB)and CORINE Land Cover
(CLC)Finally, theReference and Validation Data include tBgHydro layer.
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Table6: CLMS data used for ecosystextentmapping

Reference

Data

GComponents  Abbreviation Data Name year format Resolution
o cz Coastalones 2018 vector 0.25 ha
? o £ rz Riparian Zones 2018 vector 0.25 ha
258
o g ua Urban Atlas 2018 vector 0.25/1 ha
3 IMD (LC) High Resolution 2018 raster 10m
_g Layer
S Imperviousness
; FTY (LU) High Resolution 2018 raster 10/100m
o Layer Forest Type
S Layer
o CLCplus BB (LC CLCplus Backbone 2018 raster 10m
© CLC (LC+LU) CORINE Land Cove 2018 raster 100m
[}
% e é S
3 S § g EUHydro (LU) EUHydro 2018 vector -
o ©
x >

6.2. In situ data collection

6.2.1. Peloponnese TS

Theinput datafor training point selection for the Peloponne3&consisted of 4 datasets
(Table7). These point locations were classified into habitat classes according faninex|
typology. The classes were translated into EUNIS2021 habitat classepdayknowledge
from Peloponnesd Slocalpartner.

Table7. Overview of provided input data for training point selection
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6.2.2. Sao Miguel TS

The training datdor mappingecosystem type#n the Sdo Miguel Swas compiled using a
methodical selection of the latest versions of three local reference datasets, produced by
Azorean regional authoritiegd. and 2 are the samereviously listed iTable5):

1. Land Use Map 2018eveloped by the Regional Directoratéthe Environmentnd
Climatic ActiofDRAAC 2018)

2. Forest InventoryMap 2024 (ongoing) developedby the Regional Directorate for
Forest Resources and Spatial PlanibDgRFOT 2024)

3. Field Cartography of Natura 2000 Habitats and Spe2i@®, producedwithin the
scope of the LIFE IP AZORES NATURA project &etnetary General for the
Environment ancClimatic Actiorof the Azorean GovernmeiiDias and Pereira 2022)

Habitat classes in these datasets were translated into EUNIS 2021 or EUNIS 2012 Level 3 using
expert interpretation. The process included all classes that could be confidently matched to a
EUNIS L3 equivalent, regardless of their spatial representatiombondance,to ensure
comprehensive ecological coverage.

Although training points were generally selected using a stratified sampling method, no class
was excluded a priori. Underrepresented or rare classes were sampled manually, applying a
50-meter minimum spacing rule between poin&snnex13.5.2lists all source classes, their
dataset of origin, and the number of sampling points per dasSao Miguel TS

The Natura 2000 habitat cartography waprioritized source for several reasons:

It is the only fully fieldvalidated and finalizedataset.
It uses Annex | habitat codes from the EU Habitats Directive (92/43/EBCYinsct
crosswalk to EUNISasses.

x Its mapping methodology was specifically tailored to detect and delimit habitats in
their reference, undisturbed state, aligned with Annalefinitions.

x It covers all nine islands of the Azores archipelago, unlike the forest inventory, which
is still incomplete and currently limited to S&o Miguel.

Representativity of Annex | habitats underrepresented in S&o Mjgueh as Azorean laurel
forests and endemic Macaronesian heagthgas improvedby incorporatingNatura 2000
habitat cartographydata from Pico and Terceirslands given ther ecologicakimilarity:

Theseslands belong to theameMacaronesian biogeographicagion.
They are volcanic in origin, with similar soil conditions, humid Atlantic climate, and
altitudinal ecologicatonation.

x They share a common pool of native and endemic species and show similar patterns
of habitat degradation and historical disturbance.

This ecological alignment legitimizes the inclusion of sampling points from other islands to
supplement rare or fragmentelabitats in Sao Miguel.
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A fourth dataset was introduced to address specific gaps in grassland and agricultural class
coverage: the TerceiraLandUse map. It provided additional validated points for:

x Cultivated broadleaved orchards
x Secondary sermatural mesic grasslands
x Artificial grasslands under rotational use, commonly found throughout the Azores.

These rotational grasslands are typically reseeded and rotated with maize for cattle feed, a
practicesupportingsoil fertility and weed contrglbut theyare challenging to map due to:

x Frequent cloud cover, which disrupts sateHiased multitemporalanalysis.
x Spectral confusion in remote sensing, whemerently grazed or harvested plots may
resemble fallow lanénd naize fields may appear similar to permanent crops.

Given thesdimitations, the forest inventory classified all rotational grasslands under a single
general grasslands class, provided the land's primary use was grazing. The EUNIS classification
currently lacks a specific subclass to represent this dynamic land fisecénsultation with

the EEA EUNIS team, it was deemed acceptable to map these areas to EUNIS class V31
(agriculturally improvedgrasslands), under the condition that maize cultivation does not
exceed3 monthseveryyear.

Annex | habitats were crosswalked directly from the Natura 2000 dataset to EUNIS Level 3.
When overlapping with other datasets, Natura 2000 always took precedence. Faxrmaax

Forestand heathland classes, the forest inventory was preferred due to known inaccuracies

in the land use map for example, overestimation of deciduous foregtand the availability

}( (pooC A o] & ep e 3 ]v 3§Z e EV % ES }( ~} D]JPu o Iv}A\
This area includes public forest and heathland lands esofmvhich are certified by the Forest
Stewardship Council (FSC) for responsible forestry.

For agricultural and artificial classeet capturedby Natura 2000, the forest inventory and

land use map were used interchangeably, depending on polygon precision, best EUNIS class
match (by code, description, and diagnostic species), or expert judgment. For instance, the
road network was better vectorized the forest inventory, while the land use map uniquely
distinguished between continuous and discontinuous urban fabric. All training point locations
were visually validated and corrected using God&geth imagery where vector polygons from

the source datasets were noticeably imprecise.
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7. Methodology

With the aim of developing methodologies to enable the santiomated production of SEEA
EAaccounts, Sectiod describes the methods developed for the tW& to:

x Delineate ecosystem extent accounts
x Developanecosystem conditiomccounting process
x Developa process foforest carbon accounting

The target typology is thETAfor reporting on European Environmental Economic Accounts
(Regulation (EU) No 691/2011).

7.1. Ecosystem extent mapping

Ecosystem extent accounts are the basisgioosystem accountin(EUROSTAT 2027 here
are multiple approaches for delineating ecosystem extefitse quality of the output is
dependent on several factorsuch asavailability of data, quality of dataavailability of
expertise (where crosslinking ecosystem typologies is needmmbess to spatianalysis
expertise, to name a few. Is generally accepted thatata available at national level, e.g.
habitat surveys andnonitoring programs are the besttype of information as a basis for
extent delineation However,it must be acknowledged thahis type of datais not always
available oris only partially available Deferring to additional EAide data products to
enhance nationatlata, itis oftentimes necessary tensurea consistent and reliable EWide
ecosystem accountingections/.1.1and7.1.2explore two methodologies

X A national-centric approachthat prioritizes the availability of nationally available
datasetsto be enhanced wittireely availableCLMSlata.
X Avegetation-centric approachmodeling habitat mapgo derive ecosystem extents.

7.1.1. National-centric approach

The aimof the national centric approach is to determine the feasible mapping level for an
ecosystem extent map based on tBS Ausingl) national dataonly 2) nationalcombined

with CLMS data and 3) CLMS data dMizere national data is unavailable or the crosswalked
ETA level is limited to Level 1 or 2, CLMS data can enhance the map by filling data gaps and
enabling mapping at a more detailed letiehn possible with national data alone.

Datasets compiled at national level are generpiigritizedas the best information available,
often being compiled fromin situ data, partial or complete field surveys programsand
generally verified by experts on local habitats. However, this information may be limited in
terms of not being regularly updated or only specific ecosystem typeasedon. As
continuous surveying is costly, the use of openly available data to complement national data
is an option to complete watb-wall mapping. The CL8tlata portfolioprovides a dual set of
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Europearproducts: a set of walio-wall highresolution land cover raster layers and a second
set of vector products focused on certain areas of priority interest, such as coastal zones,
riparian zones and urban areaBhese products are free to use and regularly updated, making
them an ideal solution to both facilitate crosswalkipgtweenecosystem class information

and the provision of spatial data for extent delineation.

ThisSection describethe methodology followed for developingbmplete ecosystem extent
maps to theETAfor the two TS As the methodologs differed slightly for both, due téhe
amount and quality of national data available as a starting pointy thee described
separately.

For bothTS the methodology resulted in threextentmapping outcomes

X Using national data only
X Using CLMS data only _ o cartivas %o %0 E)} Z
X Using national data enhanced with CLMS

The mappingprocessfor both TSwas undertaken in QGKRGIDevelopment Team 2024)
and RStudiwersion 2024.04.2 Build 7g®osit team 2024)or a detailedbverviewof how

the datasets were combinedhe crosswalksscripts and processing steps have been shared
and documentedfor eachTSin sections13.1 and 13.2 of the Annex of this reportThe
following methodologies focusn the crosswalkingrocessfor eachTSwhile alsoproviding
examples of how the datasets were combinélhe results andstatistics extractedare
describedfurther in Section8.1.1

7.1.1.1. Sao Miquel TS

The workflow belowon Figure7 outlines the process of mapping ecosystem extents for Sao
Miguel by integrating multiple data inputs. It begins with the collection and preprocessing of
national and CLMS datasef3uring the preprocessingtage,all datasets were rasterized

5 m and reprojected to EPSG:303Ehese inputswvere also crosswalkedto the ETAand
combined usindocal knowledge fromSao MiguelTS local partnewith S4Eexperise to
generatethe three ecosystem extent maps.
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Figure 7: The processing workflow fodeveloping wallto-wall ecosystem extent mapg$or Sdo
Miguel to the European Ecosyst Typology

Thebroad stepsof the data selection and crosgalking process for mapping Séo Migaet
described below.

a) ldentification, crosswalking and mappingf national datasetgo the ETA

An initial review of national datasets was undertaken to establish a based#@eSgection
6.1.1.2. In this stepthe two national data sets, Forest Inventory 2024 (FI 2024) and Land Use
2018 (LU 2018) wererosswalkedio the ETAand subsequentlycombined to create the

ZE S]}v o }voC u %[ (}E& ™~} D]Pun oX

The Forest Inventory 2024 compiles informationland use and land cover of Sdo Miguel. It
contains information on scrubs, forests, inland waters, wetlands and urban areas. It also
includes detailed information on dominating and dominated species, if vegetation is native or
exotic, spontaneous or cultivad. This is the most detailed forest das®t available at
national levelHowever, due to ongoing data validation at the time of mapping, only a partial
dataset could be used'he validated portions used included forest and ratabsesboth of
which wee suitable for mapping at Level 3 ETA. undertake the crosswalkll unique
column combinations were extracted from the data set and cweakked to the ETA. This was

a substantial effort, given that there are 512 unique combinations of forest clafab&8
showsexamples of the crosswalk between the unique combinations of the FI and the ETA.
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Table 8: Example of the crosswalk between the Forest Inventory 2024 towards the European
Ecosystem Typolog{table should be read from top to bottom, colurwise) Each colum
correspondgo elements for defining forest structure and composition in Fl 2024

Combination | Combination | Combination
Forest inventory 2018 Database attributes 1 2 3
Level I land use (IFUsolo_ID) Forest Forest Forest
Level 2 land use FOcSo_ID) EXO“? EXOU(.: Natlvg
vegetation vegetation vegetation
. multi- multi- multi-
Level 3 vegetation structure (IFEvert_ID) stratified stratified stratified
Level 4 nature of vegetation cover (IFNcob_ID) Spontaneous| Spontaneous| Cultivated
Level 5 fragmentation (IF_frag_ID)
Level 6 composition (IFcomp_ID) mixed pure mixed
Most dominant species (Espécie dominante) Pittosporum | - Pittosporum Prur!us
undulatum undulatum azorica
Most dominant species2nd priority (Espécie Laurus Pittosporum Frangula
dominada) azorica undulatum azorica
Auxiliary species (Eaux3) Clitine Laur_us CTYF’m“.“e”a
arborea azorica japonica
Auxiliary species (Eaux4) Cryptomerla llex azorica Quercus
japonica robur
Auxiliary species (Eaux5) Acacia Acacia llex azorica
melanoxylon | melanoxylon
. . Hedychium Not Viburnum
Overgrown dominant species - . )
garderianum | applicable treleasei
Overgrown dominated species Hedyghlum N.ot Erica azorica
garderianum | applicable
4.4.2 Mixed
Forest 4.3.6 Other 461
. dominated broadleaved | 4.6.2 Mixed -
Resulting ETC level 3 class . Monoculture
by evergreen plantations lantations
broadleaved forest P
species

The Land Use 201@U 2018data set (DRA, 2018)asalso deemedvaluable to mapthe
ecosystems of Sdo Miguel. It provides detailed classifications of lanchtesgories, such as
urban areas, pasture, agriculture, forests, water bodies and other clafbesdataset was

also used to delineate the boundary of S&o Mig&ekthe LU 2018 data sean initial visual
crosswalk was undertakgifable9) based on class labels and definitions. All classes could be
crosswalked 1:Ibut some classes were not that straightforward and required a more detailed
analysis of the class definition (inclusions, exclusions etc.) and occasionally an aggregation to

a less detailed level in the ETA. An example of this is with the level 3 Lan@dUse T1i6 ZiXiXi
V /[V(E *SEMN SUE [ A

Iv peSECU
atlevell v u o€ ZS50 u vSe

tluu E U "v E o

<u] % u vsU

AN

v }8Z E &ES3](ETA dhe @Gasen forvthe&Z
aggregation to level 1 was that the ETA requires thesdlase split up into continuous and
discontinuous aresito be mapped at a lower level.
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Table9: Crosswalk bateenSao MigueLard Use 2018&nd the European Ecosystem Typology classes
(includingthe most detailedypologylevelwhere the match could be established

Azores Land Use 201 European Ecosystem Typology (ETA)
Level 3 Level 2 Level 1
1.1.1. Continuous 1.1.1 Continuous
Urban Fabric residential area
1.1.2. Discontinuous 1.2.1 Discontinuous
Urban Fabric residential area

1.2.1. Industry,
Commerce, General
Equipment, and
Infrastructures

1.2.2. Road Networks
and Associated Space

1. Settlements
and other
artificial areas

1.3.1 Road and rail
networks and
associated land

1.2.3. Port Areas 1.3.2 Port areas
1.2.4. Airports and 1.3.3 Airports
Aerodromes

1.3.5Mineral
extraction sites
(excluding peat
extraction sites, see
7.3.1)

1.3.1. Areas of Minera
Extraction

1.3.2. Waste
Management Areas
1.3.3. Construction
Areas

1.3.6 Dump areas

1.3.7 Construction sites

1.4.1 Parks (including
Zoos andotanical
gardens)

1.4.2 Sports and
recreation sites

1.4.1. Urban Green
Spaces

1.4.2. Sports, Cultural.
Tourist, and Leisure

Facilities
2.1.1. Arable Land 2.1 Annual cropland
2.1.2. Permanent 2.3 Permanent crops
Crops

3.1 Sowrpastures and
2.1.3. fields (modified
Meadows/Pastures

grassland)

2.5 Mixed farmland

2.1.4. Heterogeneous
Agricultural Areas

3.1.1. Deciduous 4.1 Broadleaved
Forests deciduous forest
3.1.2. Coniferous

4.2 Coniferous forests
Forests

4.3.3 Macaronesian

laurophyllous forest
3.1.4. Riparian 4.1.1 Riparian forest
Galleries and woodland

3.1.3. Natural Forests
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3.1.5. Natural
Herbaceous
Vegetation

3.2 Natural and semi
natural grassland

5.2.3 Temperate and
3.1.6. Scrublands Mediterraneanlowland
shrub and heathland

3.2.1. Sparse 6. Sparsely
i vegetated
Vegetation
ecosystems
11.2 Coastal dunes,
3.2.2. Beaches beaches and sandy anc
muddy shores
3.2.4. Bare Rock 6.1 Bare rocks
4.1.1. Flooded Areas 7. Inland
wetlands
5.1.1. Watercourses 8. Rivers and
canals
5.1.2. Lakes S Lakes_and
reservoirs

After completing the crosswalks for both datasets, they wambined into a common layger

giving FI 2024 priority over LU 2018 where bioput data sets provided information for the

same locationtesulting]v $Z & S]}v }( $§Z ZE $S]}v o }va@QHisstage,}( » } D]
based on class definitions, some natiotelel classes could only be crosswalked to a higher

level in the ETA. In the next step, the availability of CLMS data allowed for the disaggregation

of these highetlevel classes, enabling mappingaamore detailed leveior the Nationaland

CLMS approach

b) Identification, crosswalking and mappinGLMS datdo the ETA

To establish the degree to which ecosystem extents can be mapped based purely on CLMS
data, ~ o vl VA ¢ %% E} Z_ A e+ § «3 X dZ |dwpstevel ofhp u % § ¢
ETAas possible (level 3).

The datasets used for thimappingincluded Coastal Zones (CHhperviousness (IMD) and
CLCplus Backbon€l(Cplus BB). Due to the size of the island of S&o Miguel, the Coastal Zones
(CZ) layer covered the entire islaaslitextends as a buffer up to 1@kinland from the coast,
making it an ideal dataset to use with detailed class informafidre CZlayer served as the
primary data source and geometric framework for mapping the ecosystem extent of Sao
Miguel. When other CLMS products were more suitalifeey were integrated within the
existingCZgeometries. For instance, since evergreen forests were not mapped under the CZ
layer but are required under the ETA, tG&Cplus Biataset was employed to mdpis forest
classwithin the existing CibrestboundariesUnder the ETAsettlement andcommercial and
industrial zones are categorized into continuous and discontinuous areas at |etels3
sekcted urban classebom the CZ layewere reclassifiedutilizing the IMD data set. Al
relevant classesxistingwithin Sdo Miguel were crosswalked to the EAMl then used for
mappingwithin the boundary layer created from tHdJ 2018 data set
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The collection of these datasetisat were crosswalked to the EWere useful for the next
step, which was tccomplementthe Zational only magwith CLMS data

c) Improving national data with CLM&reating the CLM&nd National map.

The main goal of this mappirexercisewas to determinevhich CLMS data could be used to

improve or mapthe existingclasse$rom the national dataat ahigher levelBased on a visual

comparisonof the LU 2018 datasetwith aerial imagesthe mapping consistency afable

land, meadowspastures andheterogeneousagricultural areas was found inconsistent.

Consequently, these classes required improved discriminafibe.CLMS Costal Zone (CZ2)

and CLCplus BB layewere suitable to improve the mapping of these class&be High

Resolution> C E "/u% € Adr distinguish between continuous and discontinuous

industry and commerce surfaces, thus enabling @& o0 ¢+ ZiXTXiX /v HeSECU }ulL
"V E 0 <U]%u vE3U Vv JV(E eSEN SUE ETAD} A oUi %obhoee §}ZFX X1
}vS]vpulpue Juu E ]l o Vv v ueSE]o & [ v ZiXIXT ]e }vs]vy
]Jv peSE] o & [X

After identification of CLMS data sources, an eiser was undertaken to establighhichwas

the most appropriatéo use b map each typology clasgable10shows which.U2018 classes
required additional data to crosswalk and map to the higlesel ETATheFI2024 dataset
was crosswalked to level 3 of the ETA which is why it did not require additional CLMS data.

Table10: Land Use 2018 data, crosswalked to the European Ecosystem Typologafiaed with
CLMS data used fomore detailedmapping.
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Below are some examples of how CLMS datia were used to refinthe LU 2018 ational
mappingto assigningletailed leveETA classes

Example 1TheETA0 A o i 0 ¢+ Z&fAi dE ve]3]}v o A]} déEnédlatas o v
separate class undehe national data However, theCZlayer delineates and maps this at
level 3 « iA111 dE ve]3]}v o A}} o vyThuyall kUdDl8fprest classethat were
mapped under theCZdata setasZdiii dE ve]3]}v o A}} o werecrossvilked
andmapped ¢ Zdfi dE ve]3]}v o A}} o v I(}JE <5 o v [X

Example 2The national dta classifiesZP & vZ}pe o[ ETACEAS@Z T 0 ¢« [% Eu Vv V!
E } %dmdler the ETA this class is mapppd & 1(( & v oséttleméntoand *

18Z & ES3](] ] o & <[ v(evdl3) adAiAE W AE mreendusesTheCzZ

layer was able to isolate and map@E&E vZ}pe ¢ peiviPl STE A Z} chagsy

Example 3The national datalo not consistently differentiate lieveenlevel 2 cropland class

Ziii vvp o (E}%evel2drasslandsZs0 "}AvV %o sSUE e hevdl] ocoefX Zifi

Mosaic farmland[ ]+ (& «<pmappedQunder either of the latter twwLevel 2 classeslo

address this, CLCplus BBused to distinguish betwee2il0 and 350while CZwas used to

map 251Mosaic farmland (comprising cropland, grassland and @eratural components)

Once the classes that could be improved or mapped towaer level were identified, the
crosswalked CLMS data was usegubstitute SZ & =« }( SZ ZE S]}v o }voC u %[

7.1.1.2. Peloponnese TS

The workflow below(Figure 8) outlines the process of mapping ecosystem extents for
Peloponnese by integrating multiple data inpaitst will be describedbelow. It begins with
the collection and preprocessing of national and CLMS dataBetsng the preprocessing
process dldatasets wergasterizedo 10m and reprojected to EPSG:303Bese inputsvere
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then crosswalked and combindxy localknowledge from Peloponnese TS local partwéh
S4Eexpertiseto generatethree ecosystem extent maps. Due to the limitation of data at
national level, there was a need for the identification of numerous additional CLMS data
products greater than those employed for Sdo Miguel.

Figure 8: The processing workflow for developing weélb-wall ecosystem extent maps for
Peloponnesdo the European Ecosystem Typology.

To produceall the maps the Peloponnesecoastline was used as the boundary file for
Peloponnese. Thigectordata set was buffered by I and rasterized to 1@n.

The broad steps of the data selection and crosswalking process for mappiagonnese
ecosystem extenare described below.

a) ldentification, crosswalking and mapping of national datasets to tR& A
An initial review of national datasetgas doneo establish a baselinesde Sectior6.1.1).

TheGreekNatura 2000 Habitat Typdbl2K)wasthe onlydataset at national levgbroviding
information on ecosystem typeslt contairs information on the distribution of Annex |
habitats (i.e. reporting under Article 17 of the EU Habitats Directild)wever, the dataset
was limited to Natura 2000 sites, leavititte remaining areas of Peloponnesemapped.
Crosswalking the@ationalN2K data set to the ETis\not a straightforward taskThe Natura
2000 habitat typesire based on species compositiarhich containsa selected list of habitat
types for protection under the EU Habitats Directifénerefore an intermediary stepvas
needed wherebyan existing crosswalk tihe EUNIS habitat classificatiaras usedand this
was crosswalked to thETA Tablell). This step allowedlecidingwhich N2Kclasses in the
N2Kdatasetscould be crosslinked and at e level of theETAIt could be crosswalked to.
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Tablell: Examples of a-&tep aosswalkfrom national N2K via EUNIS to the European Ecosystem
Typology
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b) Identification, crosswalking and mapping CLMS data to tHEA

Due to the larger size of Peloponnesempared toSaoMiguel, more data was required to
map the whole peninsulaolely using CLMS datas(ng a'blank canvas approach"Thusall
the CLMSlatasetsexisting within the boundary of the peninsulested inTable3, were used
for mapping The classesf each data setvere crosswalked into theelevant ETA class,
sometimes combining several CLMS data setnable crosswalking

A hierarchical framework for classifying specific land use classes was created to systematically
populate a blank map of the Peloponneséh CLMS datasetd hisenabledcomplete waH

to-wall mapping The order of the hierarchy was determined based on expert knowledge and
the likelihood of a given data source class overwriting another. For example, greenhouses
were mapped separately within the ripariaones (R)and coastal zonéCZ)atasets and are

also represented individually within the ETA datasetttey are placed at the top of the
hierarchy. In contrast, therban atlas{UA)categorizes greenhouses as part of industry and
commerce, which places them lower in the hierarchy to prevent the greenhouses from being
incorrectly overwritten into the wrong ETA class extractof the mapping hierarchywhere
CLMSlJata setsarecombined and crosswatkl to the ETAis shownin Tablel2.

Tablel2: Example of the crosswalk hierarchy between CLMS data arteTthe

CrosswalkecEuropean

Hierarchy Dataset UA Cz Rz IMD
Ecosystem Typology

1.5.1 Permanent

1 Pz 2120 Greenhouses

5 7 21200 1.5.1 Permanent
Greenhouses
1.1.2 Continuous

3 ua 11300 80-100 commercial and industrial
area
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1.2.2 Discontinuous

4 ua 11300 1-79 commercial andndustrial
area
5 ua 11100 1.1.1 Continuous

residential area
1.2.1 Discontinuous

6 ua 11210 1 Dis
residential area

7 ua 11220 1.2.1 Discontinuous
residential area

8 ua 11230 1.2.1 Discontinuous

residential area

In certain cases, erosswalk from the CLMS data to the ETA was not possible. The following
are the exceptions:

Priority Area Mapping (PAM)Water

As the ETA categorizes water into level 1 classes 8. Rivers and Canals and 9. Lakes and
Reservoirs, areas mapped at § E[ uv & $Z WE]J}E]SC & D %o %0]VvP
mapped as such because they could not be further differentiated into the ETA Level 1 classes.

Imperviousness Layer

The Imperviousness Layer (IMPyovides information onsealing density expressed as a
percentage ranging fron0% to 100% In areas wherePAM (Prescribed Aggregation
Methodology)data for settlement areas wasmavailable, classificatiomsedthe IMD dataset.
These areas were delineated as eitl@yntinuous Settlemeni80t100% imperviousness) or
Discontinuous Settlemer{d t79% imperviousness), based on the sealing density values

CLCplus Backbone

In certain regions, the CLCplus Backbone was the only available dataset for mapping purposes,
due to the absence of other key sources such as PAM or FTY. As a result, it was used as a gap
filler and retained its original nomenclature, since it could not dvesswalked to the
Ecosystem Type Account (ETA). This limitation stems from the fact that CLCplus is a land cover
dataset, whereas the ETA framework is based on ecosystem typologies, making direct
alignment between the two classifications unfeasible.

¢) Improving national data with CLMS creating the CLMS & National map

The mapping approach for Peloponnese differed from that of S&o Midggbreviously
mentioned, rational mapping data (N2K) exists only for part of the peninsula, leaving gaps or
unmapped areas thatould befilled using CLM&at was crosswalked ithe step aboveln
addition, where N2K data existgithese classes were improvéchapped to a lower level e.g.,
level 2 or 3)using CLMS datdallhe N2K classes thatwere crosswalked to the ETA and
disaggregated to a lower ETA leaed shownn Tablel3.
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Tablel3: Classes crosswalked to ETA that were disaggregated to a lower level using CLMS data
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Anexampleof how CLMS data was used to map certain ETA classes at a lowes Ehain

in Tablel4. Herenational data was complemented by CLMS data to map olive groves at level
3 from the previous aggregated level 2 permanent crops (National data). Olive gvekes
mappedhereusing the Riparian zones, Coastal Zones and CORINE datasets.

Table14: Examples oflisaggregatingational data to a lower European Ecosystem Typology using
CLMS data
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7.1.2. Vegetation centric approach

7.1.2.1. Extent mapping workflow

In the Vegetation centric approach, a habitat map in EUNIS typolaggreatedto derive an
ecosystem extent map from this by using a developezsswalktable between the habitat
and ecosystem extent classédlowing the ETAIn combination with supplementargtata
sources(e.g. land use maps). The developed extent map for one specific year (8%). 2

55



« EA o o Z + E(EV [ U% V v o § E cHanging 3
hotspots. The base map is composed of three important components:

x land coverphysical characteristics, typically derived from land cover maps
X ecosystem or plant functional type characteristics, according to the EUNIS typology
X land use characteristics.

The information of these three componenigas combined to create an ecosystem extent
map at LevePR or Level3 of the ETA typologyFigure9). Once the change hotspots are
detected, a similar mapping as done for the base map &pfayto find the new ecosystem
extent class.

Figure 9: Overview workflow to generate ecosystem extent maps by the vegetation centric
approach

7.1.3. Mapping EUNIS habitats

An automated workflow was developed to generate the habitat map, consistinguof
modules, as shown iRigurel0:

1. Feature ExtractiorModule, preparing a set of predictors derived from remote sensing and
other datasets

2. Feature Selection and Training Moduylesing the field validated and classified habitat
input data as training points and generate models using the extracted features

3. Inference Module generating the full wal2-wall habitat maps at different hierarchical
levels applying the models from the previous step

4. PostProcessing Modulgselecting the best fit pixel from the hierarchical habitat maps in
combination with external data (e.g. habitat suitability maps)
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FigurelOW /oop+3E 3]A }A EA] A }( 8z ]1(( & vS§ u} po « Jv13/dK]Je
Feature ExtractiorModule, 2) Feature Selection and Training Module, 3) Inference Module and 4)
Postprocessing Module.

TheFeature Extraction Modulés responsible for preparing geospatial data (raster data) that
providesinformation on the characteristics ¢fabitats The characteristiowere categorized
into four different feature setgroviding a total of B0features (aka model predictoysA full
feature listis provided infSection13.3o0f the Annex

X

X

3 Horizontal features, derived from Digital Elevation Miod@EM)data (altitude and
slope) and LIDAR data (vegetation height);

25 Scalar features derived from climate data (snow covered days, mean temperature
during growing season, humber of growing days above 5°C, precipitation in growing
season, annual precipitation), soil data (bulk density, cation exchange capacity, coarse
fragments, organic carbon concentration, sand texture, clay texture, pH) and other
data sources (distance to inland water, inundation occurrence, population density,
vegetation phenological parameters, leaf area indices);

106 Spatiaitemporal features, capturing both spatial and temporal information from
optical (SentineR) and radar (Sentindl) earth observation data, as is the»180

and 90 percentile and interquantile range of spectral bands and a number of derived
indices using a temporal series of 1 year of input data, plus a harmonicsénes

for the Normalized Difference Vegetation Ind@&DVI)

6 Context features, capturing the spatial landscape information from the habitat
derived from optical (Sentingl) earth observation data through an Artificial
Intelligence (Conventional Neural Network or CNN) model.

TheFeature Selection and Training Moduleses reference or training data (fieldlidated
point locations with habitat classification) to train models per EUNIS level on the extracted
features (see previous section) associatéth the geolocations of the training data. For each
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hierarchical levelthe best features (to distinguish the habitatalere selected through a
Machine Learning approach using a ffelled Catboosmodel. This model is an improved
version of the wetknown Random Forest model and provides a gradient boosting framework
(Dorogush et al. 201%p solve categorical features using a permutation driven alternative
compared to classical algorithimSvery hierarchical leved represented by a specific trained
model and the best selected featur@sigure 10.

Thelnference Moduleperformsthe hierarchical habitat classification by applying the models
and will generate stacked raster files containing probability maps (pixel values between 0 and
100%) per habitat class distinguished by the model. The module then selects per pixel the
habitat class with the highest probability to create walvall maps with discrete pixatise
classes at 1én spatial resolutions

Finally, thePostprocessing Modulerevises the discrete pixel classification in the Inference
Module by applying several decision rules considering the probability maps and other
datasets (such as existing land cover maps, CLMS High Resolution Layer (HRL) maps and
habitat suitability mapps The output is again a discrete walwall habitat map with possible

pixel reclassifications and an accompanying quality layer that specifies the final decision rule
that was applied and how much confidence is attribdite that decision rule.

More information on the workflow can be found in EuropaBON Deliverable 5.2-tg?ast
present EBV modelled datasets and status indicator for selected terrestrial habitats in the
Habitats Directive), available throughhttps://riojournal.com/topical collection/145/
(Bruelheide et al. 2024 full list of habitat classes used for th&in this task and mentioned

in this report can be found isection13.40f the Annex As explained above, the workflow is
based on Atrtificial Intelligence, hence the training of the models is an, if not utmost, important
aspect to generate high accurate Habitat maps. Therefore, special attention was given to the
sampling of the training refence data, adescribedfurther ahead

7.1.4. Mapping EU extent

The habitat maps, as explained in the previ@hapter, were thereafter merged with other
data sources either to include more nomtural habitats or to confirm the quality of the
habitat maps. During thigrocess ffigurell), the transformation to the EU Extent Typology
(ETAwas done Prioritywas given to ancillary layers for neratural classes (settlements and
other artificial areas, cropland, etcyhile priority was given to EUNIS habitat maps for
natural classes (grassland, forest and woodland, etc.).
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Figurell: Overview workflow of the transformation to the EExtent Typology.

The crosswalking rules are described hereafldre first stepwas mapping aETAlevel 1,
which is closely related to land surface characteristics. Therefore, w#esbased on using
primarily land surface characteristics for neegetated classes and habitat maps for
vegetated classes.

More details on the rules for lev&lmapping are shown ihablel5, featuringthe ecosystem
extent clas, the three input sourcesthe extent ruleandthe final extent mapastervalue. It

is important to notice that the extent rules are executed in a specific order and this order
defines also the mutual exclusive class of the extent map. The order of the rules is shown with
the number in brackets before the actual extent rukepotential secondary data source
which is not included in the rule itsgiasused for the Quality flag. If both the primary source
and the secondary source have the same inforomatthen the level of the quality is raised.
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Tablel5: EU extent mapping crosswalk Vegetation Centric apprdaebel 1

EUecosystem EU/Global data sources for Raster
. Extent RULE
typology level 1 augmentation value
1. Settlements and (1) CLC+ backbone is sealed or (13)
other artificial areas CLC+ backbone (sealed=1) EUNIS =J 100C
ESA worldcovefcrop=),
2. Cropland future HRL_crop (4) ESA worldcover is cropland 200¢
3. Grassland (pastures (7) EUNIS is class R or CLC+ is peric
semknatural and grassland or (14) EUNIS=X and CLC
natural grasslands) grassland 300C
4. Forest and (5) EUNIS is class T or (16) EUNIS=>
woodlands CLC+ backbone (woody trees if X)CLC+ is forest 4000
(8) EUNIS is class S or (15) EUNIS=;
5. Heathland and shruCLC+ backbone (woody trees if X)CLC+ is woody plants 500C

CLC+ backbone is non or sparse
6. Sparsely vegetated vegetated (9) or lichen and mosse(11) CLC+ backbone is sparse or
ecosystems (20) lichen/mosses 600C
7. Inland wetlands (6) EUNIS is class Q 700C
(3) CLC+ backbone is water or
OpenStreetMap_waterways is canal,

8. Rivers and canals CLC+ backbone (water = 10) river or stream 800C

9. Lakes and reservoirCLC+ backbone (water = 10) (2) CLC+ backbone is water 9000

10. Marine inlets and

transitional waters skipped 1000C
(9) EUNIS is class N and within coas!

11. Coastal beaches, zone or (10) ET=settlement and othe

dunes and wetlands Continental coastal zone mask (1kartificial areas within coastal zone me 1100C

12. Marine ecosystem skipped 1200C

Somelimitations require particular attention:

x CLC+ backbone layer, used as input for land surface charactehsticeo cropland
class, therefore the global WorldCover map (BE&#) used. The former layer is from
2018, while the latter is for 2020vhich could cause some errors if land is converted
from/to cropland within this period.

x CLC+ backbone layer has a single class for water, so the OpenStreetMapasyer
used to distinguish rivers & canals (ecosystem type 8) to lakes and reservoirs
(ecosystem type 9). The OpenStreetMap layer is currently used to generalize the
mapping across full EuropElowever,it can be replaced by national layers.

X The EUNIS 2012 typology includes a complex class (X), which combines different
vegetation types outside the R,&\dT classes. If we would not crosswalk them, some
pixels would remain unclassified at Level 1. Therefore, specific weées added to
map these complex classes using the land cover characteristics (CLC+ backbone layer).

x The EUNIS 2021 typology includes a human-made class (V), which is typically
mapped to cropland. At level 1 this EUNIS input is not required.

After applying the rules at Levé| a set of rulesvasdefined to decompose every (except
artificial) ecosystem extent pixel to Lex&IThesaules are shown ifablel6.

60



Tablel6: EU extent mapping crosswalk Vegetation Centric apprdaekel 2

EU ecosystem typologlevel 2 EU/Global data Sources Extent RULE Raster
for augmentation value
2.1 Annual cropland CLMS_HRL_TCD (<309CLMS_HRL_TCD <30% 210C
2.2 Rice fields 2200
2.3 Permanent crops CLMS_HRL_TCD (>709CLMS_HRL_TCD (>70%) 2300
2.4 Agroeforestry areas ?? EUNIS islass V5 2400
CLMS_HRL_TCD
2.5 Mixed farmland (30%<70%) CLMS_HRL_TCD (30%<70%) 2500
2.6 Other farmland EUNIS is class VV1 260C
2.7 Hedgerows- croplandtree rows next version, test future HRL_SV 270C
3.1 Sown pastures and fields EUNIS is class R2 or (R1 if OSM
(modifiedgrasslands) meadows) 310C
3.2 Natural and semmatural EUNIS is R3 to R7 or R1 if OSM
grasslands not meadows 3200
3.3 Hedgerows grasslandree rows next version, test future HRL_SV 3300
EUNIS is class T1 minus (T1H, ~
4.1Broadleaved deciduous forest minus mixed (FTY) 410C
EUNIS is class T3 minus (T3M,1
4.2 Coniferous forests minus mixed (FTY) 4200
4.3 Broadleaved evergreen forest EUNIS is class T2 minus (T29, 1 430C
4.4 Mixed forests HRL_FTY FTY at 200m = 3 (mixed) 440C
4.5 Transitional Foresind woodland
shrub EUNIS is V6 4500
EUNIS is one of class (T1K, T29
4.6 Plantations T2A, T3M, T3N) 460C
5.1 Tundra EUNIS is S1 510C
5.2 Heathlandr (sub) alpine shrubs EUNIS is S2, S3 or S4 5200
5.3 Sclerophyllous vegetation EUNIS is S5, S6, S7 or S8 530C
6.1 Bare rocks EUNIS is H2 or H3 6100
6.2 Semidesert, desert and other
sparsely vegetated areas EUNIS is H5 6200
6.2 Semidesert, desert anather
sparsely vegetated areas EUNIS is H5 6200
6.3 Ice sheets, glaciers and perenn
snowfields 630C
7.1 Inland marshes on mineral soll EUNIS is D5 or D6 710C
7.2 Mires, bogs and fens EUNIS is D1 or D2 or D3 or D4 7200
8.1 Rivers OSM_waterways is river or stres 8100
8.2 Canals, ditches and drains OSM_waterways is canal 8200
9.1 Lakes OSM_water is not reservoir 910C
9.2 Artificial reservoirs OSM_water is reservoir 920C
9.3 Geothermal pools and wetland:
(Iceland) 9300
CLC+ Backbone (sealecCLC+ backbone is sealadd ET
11.1 Artificial shorelines Coastal mask coastal mask is true 1110C
11.2 Coastal dunes, beaches and EUNIS is N1 and ET coastal ma
sandy and muddy shores Coastal mask true 1120C
EUNIS iS N3 and ET coastal ma
11.3 Rocky shores Coastal mask True 1130C
11.4 Coastal saltmarshes and salin 1140C
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Some limitations require particular attention:

X

X

Detecting L2 classes for settlements and other artificial areas was not further
explored. To distinguish settlement areas and infrastructure areas, the HRL
impervious layer can be used following the protocol as defined in Corine. The urban
greenspace can be detected with the combination of the Copernicus VPP layers.
Rice fields were not further investigated and mapped, as they were not occurring in
our test areas.

The distinction between agroforestry and other farmland areas currently relies on the
EUNIS classification system. However, as agroforestry falls under amadn
vegetation class, it is more difficult to accurately distinguish using Earth Observation
(EO)data alone. Therefore, it is recommended to further explore the integration of
land use information to improve classification accuracy.

The detection of small linear featureachas hedgerows and tree rows in cropland or
grassland was not further tested, however Copernicus provides a small woody feature
layer that could be explored to be integrated.

Transitional forest and woodland shruere currently derived from EUNIS V6. As with
agroforestry, this is a mamadevegetationclass and further investigation is required

to potentially use other EUNIS classes for cfeliing and/or transitional woodland.
Plantationswere derived from some specific EUNISI&sses butequire further
validation to check its consistency. Complementing with {agd information could
improve its accuracy.

To distinct rivers from canals/ditches and lakes from artificial reservoirs, the Open
Street Map layer was used. This layer can be usedh®entire continent, but its
accuracy needs to be evaluated. Furthermore, the vector layas currently
rasterized at the 10n pixel level, while some further selection is required especially
for rivers and canals (some are larger while others are smaller). Adding
complementary land use (@adastej information can improvéhe results

Ice sheets, glaciers and perennial snowfields were not further explored, as they were
not occurring in our test areas.

Marine ecosystemandMarine inlets and transitional waters were not explored.

After applying the rules at Lev@| a set of rulesvasdefined to decompose the forest and
woodlands, and coastal beaches dunes and wetlands ecosystem extent t@ LEkiederules

are shown inTablel?. Further work is required to define the rules to decompose also other
ecosystem types to Leval

Tablel7: EU extent mapping crosswalk Vegetation Centric apprddekiel 3 Forest and Woodland
and Coasta¢cosystems

EU Ecosystem typology level 3 Extent RULE 5;5:3
Forest and Woodland

4.1.1 Ripariarfrorestand woodland EUNIS is T11 to T14 4101
4.1.2 Broadleaved swamp woodland on raxid and acid

peat EUNIS is T15 or T16 4104
4.1.3Fagusdominated forest EUNIS is T17 or T18 4103
4.1.4 Submediterranean and Mediterranean thermophilou

deciduous forest EUNIS is T19 or T1A 4104
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4.1.5 AcidophilousQuercu$ dominated woodland EUNIS is T1B 4105

4.1.6 Temperate and boreal and Southern EuropBatula

and Populus tremuldorest on mineral soils EUNIS is TIC or T1C 4106

4.1.7 Other broadleaved deciduous forest, excludirghly

modified plantations EUNIS is TIE to T1K 4107

4.1.8 Highlynodified broadleaved deciduous forests inclug

stands of nomative trees species that have long been

established in European ecosystems stands 410§
if EUNIS old, add envZ to split 4.2

4.2.1 Boreal and temperate fir and spruce forest and 4.2.2 4201

4.2.2 Mediterranean mountain fir and spruce forest EUNIS is T32 or T33 4207

4.2.3 Temperate subalpirlearix Pinus cembrandPinus

uncinataforest EUNIS is T34 4203

4.2.4Pine Forestexcluding mires, nethermophilous EUNIS is T35, T36, T37, T38 or T 4204

4.2.5 Mediterranean thermophilous lowland pine forest [EUNIS is T3A 4204

4.2.6 Spruce, pine and larch mire forest EUNIS is T3K or T3J 4204

4.2.7 Taiga forests EUNIS is T3F, T3G or T3H 4207

4.2.8 Other coniferous forests, excluding plantations EUNIS is T38, T3B, T3C or T3D 0 420§

4.2.9 Highly modified coniferous forests including stands

non-native trees species that have long been established

European ecosystems stands EUNIS is T3M or T3N 4209

4.3.1 Mediterranean evergreeQuercug-orest EUNIS is T21 4301

4.3.2 Mainland laurophyllous forest EUNIS is T22 4307

4.3.3 Macaronesian laurophyllous forest EUNIS is T23 4303

4.3.40lea europaedCeratoniasiliqua forest EUNIS is T24 4304

4.3.5 Palm groves EUNIS is T25 or T26 43049

4.3.6 Other broadleaved evergreen forests EUNIS is T27 or T28 4306

4.3.7 Highly modified broadleaved evergreen forests incly

stands of nomative trees species that have long been

established in European ecosystems stands EUNIS is T2A 4307
ET leveR is coniferous AND FTY i

4.4.1 Mixed forests dominated by coniferous species mixed 4401
ET leveP is deciduous AND FTY i

4.4.2 Mixed forests dominated by broadleaved species |mixed 4407

4.4.3 Other mixed forests including stands of aative treeg

species that have long been established in European ET leveP is evergreen AND FTY i

ecosystems stands mixed 4403

4.5.1 Transitional woodland/forest land including recently

felled or clearcut, burnt, replanted or newly afforested 4501

4.6.1 Monoculture plantations of nenative tree species 4601

4.6.2. Mixed plantations of a few species of Foaropean

coniferous and broadleaved trees with underdeveloped

undergrowth. Forest stands of single or mixed species

consisting of native and/or nenative trees species that ha

long been established in European ecosystems and have

diverse undergrowth typical for forest ecosystems should

classified as part of tygs 4.1 to 4.4) 4607

Coastal

11.1.1 Artificial shorelines same as Level 0

11.2.1 Coastal dunes EUNIS is N14 or N16 or N1B or N 11201

11.2.2 Beaches and sandy shores EUNIS is N12 11207

11.2.3 Muddy shores EUNIS is N1J 11203
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11.3.1 Coastathingle 11301
11.3.2 Rock cliffs, ledges and shores 11307
11.4.1 Coastal saltmarshes 11401
11.4.2 Salines 11402

Some limitations require particular attention

X

7.1.5.

EUNIS (level 3) maps provide a very high thematic detail and can be used easily to be
crosswalkedo the EU typology. This was expected since the EU typology is derived
from EUNIS at L3. Furthermore, several EUNIS classes need to be grouped for this
mapping, hence the EUNIS maps have an additional value to provide more details
compared to the EU extent mapsié hence can be positioned as complementary.
Countries could use this to further split some L3 classes according to their needs,
which is still in linevith the EU typology.

The highly modified deciduous forest class was not detected, as no training data was
available for this class. Note the highly modified coniferous and broadleaved
evergreen were classified, but further investigatiomeguired in their accuracy.

Mixed forests class is currently based on the Copernicus HRL Forest Type (FTY) dataset.
To identify mixed forest types, it is suggested to add a 'moving box' filer approach in
the workflow instead of using the 100m Copernicus HRL Forest Type (FTY) dataset.
As explained in L2 mapping, the mapping of plantations was unreliable, hence we did
not further distinct plantations into L3.

The distinction of coastal L3 classes is highly dependigatother ecosystem types)

on the availability of EUNIS training dalwas only possible to distinguisioastal

dunes, beaches and sandy and muddy shores. Special care should be taken to gather
also training data for rocky shores and coastdt marshesnd salines.

EUNIS habitat mapping for Peloponnese

7.1.5.1. Training data preparation

The MAES map was used to retrieve the area distribution of EUNIS2021 Level 1 habitat classes
over Peloponnese. The MAES nm{&wkkoris et al. 202()as its own LIFEP classification
typology(Figurel?2), which was translated into EUNIS2021 Level 1 classes. Since the current
EUNIS2021 habitat typology does not cover urban or industrial areas and inland surface

A 3

EU o0 e« ¢ \ierg addedtofn the EUNIS201BRabitat typologyto provide a waH

to-wall habitat mapping. A proportional aremise desired sample size was calculated per
EUNIS20201 habitat classaimed at a@otal amount of 20.000 sample poin¥ablel8).
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Tablel8: Specified desired sample size for each EUNIS level 1 habitat class, derived bywéeearea
proportional analysis how this class occupies the MAESIRIFEp in Peloponnese.

EUNI82021 MAES: LIFEP classes contained in Desired sample size
Level 1 habitat class EUNIS class

J 1,2,23, 24 551
C 22 111
M 21 /

N 16 50
Q 18, 19, 20 50
R 12 479
S 13,14 8803
T 56,7,8,9,6 10,11, 31 3275
U 15, 17 230
\Y 3,4,30 6538

Figurel2: MAES LIFEP map classified to EUNIS level 1 habitat tyjskkoris et al. 2020)

Thefour datasets described inTable7, were combined and counts per unigue EUNIS2021
Level 3 habitat class were extracted. Then all Level 3 classes for the same Level 1 class were
summed up and the fraction of each Level 3 habitat class in its associated Level 1 class was
calculated. Then, thifraction was multiplied with the desired sample size per EUNIS2021
Level 1 habitat class. As a result, the proportional avese amount of sample points for each
EUNIS2021 Level 3 habitat class was found. This amount was raised to a minimum amount of
20 points if the resulting amount for the Level 3 class was under 20. Next, a random sample
point selection was run to extract for each Level 3 habitat class the desired number of points,
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considering a minimum distance of 100 meters between all selected points (not only between
points within one habitat class but also between points of different habitat classes). For Level
1 classes R, S and V not enough training points were selected thedriterion of minimum
distance between the points. For classes R aitki$was not a substantial amount, so it was
decided to neglect the lack of training points. However, for class V still many points were
missing to create a representative areargae for the region. Also, thisur datasets did not
contain data on classes J a@dTherefore, the remaining necessary points for classgarndd

V were extracted from the MAES map, considering a minimum distance of 100 meters
between all selected points (also considering the previously selected training points).

The combined set of all selected training points by this described method resulted in a total
set of 17.400 training points. The originally set desired totahber of training points (i.e.,
20.000 points) was not reached, due to the minimum distaortieria. Annex13.5.1shows

how many points per habitat class were selected, as also if the training points of a particular
class were used in the hierarchical habitat mapping at Level 1, 2 or 3. For habitat mapping at
Level 1, all training points are evidently used. At Leyéiabhing points for classesQand V

are left out since they were extracted from the MAES map\aace mapped up to Level 1.
Furthermore, we did not have the intention to map classes J@fuither than Level 1. For

all \tclasses at Level 3, the training points were removed from habitat mapping at Level 3
sincethere was no intentiorto map \fclasses any further than Level 2.

Thesets of training datat level 1, level 2 and level 3 were used to train the mottetdassify
the study area of Peloponne$ar each of the EUNIS categorief\mnex13.5.1 The inference
moduleapplies tathe models on thdull study area and creates thprobability mags per class
trained in the modelfor each pixelln the first attempt to create a watb-wall habitat map,
the class with the highest probabilityas chosen for each pixdtiow a more advanced post
processingvas executed for theeUNIS level 1 habitat map described in Section.1.5.2
Afterwards,the level 2classified mapsere mergedn the level Iclassified map, and thevel
3 classified mapsvere mergedin the resulting level 2map. Note that the output of the
inference (i.e., theixelwise probabilitylayers for eacltlass that was trained by the model)
allowmany otherdecision rules to be applied in potential pgstocessingteps(for also level
2 and level 3)incase detailed referenéeomparisonmapsare available.

7.1.5.2. Post-processing steps

The postprocessing stepfor Peloponnesenere kept limitedto the EUNIS level 1 habitat
map. We used theCLMSCLC+ Backbone m#p018)to compare pixelvise the predicted
EUNIS habitat classification at level 1 with the classificaiio€LMSEEA, 2023)lrablel19
demonstrates thdranslation of EUNIS habitats at level 1 mwade to the classes by CLC+.

Tablel9: Translation of EUNIS habitats at level 1 to classes in CLC+ Backbone map
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The postprocessing followd a set-up decision rule. First, Was checked if th@riginal pixel
classification (the habitat class with the highest probabilityatchesone of the linked
categories ofCL®lus. If there is a matchthis original winning habitat classificatiomas
maintained. If not, we che&kl the habitat classification of the second winning class (habitat
with second highest probability). If this second winning classahamtch with one of the
linked CL@lusclasses, an additional cheakas carried out. Only if this second winning class
has over 40%robabilityand a difference from the first winning class smaller than 10%, we
concludel that the model had significant confusion in mapping thisepand the probability

is high that the second winning class might be also very applicable. If the cwirgamet,

we assigad the second winning class as the new habitat classification for that pixel. If not,
we keq the original classification. In the case that both the first and second winning classes
did not match one of the linked CplDsclasses, we retaed the original classification, since
we lack enough information to ensure a reclassification with high confidence.

7.1.5.3. Level 1 EUNIS Habitat map

For model training at level b5 features were selected. The top five most important features
were: 1) DEMslo-20m, 2) contextft 3 (SentineR data) 3) gdd5 4) DEMalt-20m 5) biol2

(see feature list irsection13.30f the Annex,which explains the abbreviations that are used
here and further onwards The normalized confusion matrix for the Level 1 habitat modeler
shows that the accuracy of mapping for all class@svery good, though the accuracy of
mapping peatlands and sparse vegetation is loweigyre 13). Classes Q and U were
represented in small amounts in the trainidgta; however, peatlandsid not occur largely

]Jv W 0}%}vv « v <p &8 SCE Jv]JvP & lv o0 e« h A« 0]Juls
accuracy of EUNIS2021 Level 1 habitat mapwegB3,27 %.

67

X

l



Figurel3: Normalized confusion matrix of winning Catboost model to map habitats at EUNIS level
1, for Peloponnese. The model accuracy contains 83.27%

Figurel4 presents the walto-wall habitat mapping for the Peloponnese region, classified at

Level 1 EUNIS 202According to the habitat map, the Peloponnegewith a total mapped

area of 2,234.561 hectares is predominantly covered by agricultural landigure 15).

Embedded within this agricultural matrix are large patches of forest and shrubland,
}JVEE] pus]vP 8} 8Z & P]}v[e }o}P] o ]JA E-]3CX
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Figurel4: Predicted EUNIS level 1 habitat map of Peloponneésee Annex 9.tb explain the habitat
codes in theegend.
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Figurel5: Areadistribution [ha] of EUNIS level 1 habitat classes mapped within Peloponn&se
Annex 9.4 to explain the habitat codes in the legend.

69



7.1.5.4. Level 2 EUNIS Habitat Map

At level 2, the model accuracies exhdatvery good result§Table20). We zoom in to the
normalized confusion matrix of the model for clasthat shows that clas$1 (Broadleaved
deciduous foresthad highest chances to be mistaken for other level 2 forest types T2
(Broadleaved evergreen forest) and T(iferous Foregty the mode(Figurel6).

Table 20: Model accuracies of winning
Catboostmodels generated to map EUNIS
habitat level 2 classes within overarching
EUNIS habitat level 1 class
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Figure 16: Normalized confusion matrix for mappir
EUNIS level 2 habitat classes within EUNIS lev
habitat T. The model accuracy contains 90,60%.

Table21 contains an overview of the top 10 most important featumh predictive power
in the model to differentiatethe level 2 classes within the associated level 1 class.
S§}% }PE %Z] ( SUE  Z-wkbdinjpotantZoread ppodel. Besideat level 2
the Remote Sensing derived featur@sg.BO6p90-20m, anirigr-1iu U pMayeda bigger role
compared to the level 1 modeRlso, the contextual featuresare identified totake up
relevance irclassifying coastal habitats.

Table21: Top 10 features with highest importance within the Catboost model generated for three
overarching EUNIS level 1 classes. The list displays the features from top to bottom in order of
importance with highest importance at the top
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Figurel7 illustrates the output of the habitat mapping of EUNIS habitat classes at level 2.
Looking at the natural vegetation classetasses S6Garrigue), S7 (Spiny Mediterranean
heaths (phrygana, hedgehdwgpaths and related coastal cliff vegetatiod)]l (Broadleaved
deciduous forest), T2 (Broadleaved evergreen forest) and T3 (ConifEoras) occupied
most of the area in the peninsu(&igurel8). TheQ-classes (for wetlands and peatlarvigre
absent and also the grassland habitatsre rather rare.

Figurel?: Predicted EUNIS level 2 habitat map of PeloponneSee Annex.3.4for the legends of
the habitat codes.
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Figurel8: Area distribution [ha] of EUNIS level 2 habitat classes mapp#ttiin Peloponnese

7.1.5.5. Level 3 EUNIS Habitat Map

At level 3, the model accuraciead greatresults(Table22). We zoom in to the normalized
confusion matrix of the model for cla$él showingthat clases N16(Mediterranean and
Macaronesian coastal dune grassland (grey duN&); (Mediterranean coniferous coastal
dune forest) and N1{Mediterranean and Black Sea moist and wet dune slaak) be
misclassified tdN1B (Mediterranean and Black Sea coastal dune s¢Fidmrel9).

Table 22 Model accuracies of winning
Catboost models generated to map EUNIS
habitat level 3 classes within overarching EUNIS
habitat level 2 class
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di oouUnn Figurel9: Normalized confusion matrix for mappit

EUNIS level habitat classes within EUNIS lev
habitat N1. The model accuracy contains 97.63%
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Table23 contains an overview of the top 10 most important features with predictive power
in the model to differentiate the level 3 classes within the associated level 2 Clasgpared

to the more predictive features ithe level 2 models, morBemote Sensing derived products
comeup in the top 10 most important featurefor each level 3 modeFor forest classes at
level 3 withinT2 (Broadleavedvergreen forest)the biophysical parametersaintainedtheir
important role.For coastal habitats within N(Coastal dunes and sandy shores), Sentinel
backscatter parameters (e.g. \WL0-20m)exhibit importance.

Table23: Top 10 features with highest importance within the Catboost model generated for three
overarching EUNIS level 2 classes. The list displays the features from top to bottom in order of
importance with highest importance at the top
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Figure20 exhibits thefinal habitat map of Peloponnese at EUNIS leye&Vith further zoom
ins showcaisg the level of detail mappenh coastal areasHgure21). A visual comparison
with a Google Satellite image of the same location was performed that shayoed
agreement between the modeled habitat map and the satellite im#&gdevel 3, the EUNIS
habitat classe$62 Western acidophilous garrigue)21 (Mediterranean evergregQuercus
Fores), T24 Qlea europaederatonia siliquéorest), T2B (Mediterranean evergred€puercus
Forestin Greece)and T3P (Mediterranean mountaifsbiesforest in Greece) are the most
dominant classetable 22) Where possible, th&€UNIS habitateere matchedo the IUCN
Red list of habitats status and discovered that Peloponnese corgaset of habitat types
Al§Z Z v vPVvEZduov E o [ 3 N Nd6uNTB, R61, S54 and TT4ple
24). Linking habitat types to IUCN Red List status is a signiicsicdme, providinga bridge
between mapping outputs and biodiversity policy/actiorhe proportional coveragewas
derivedby dividing thearea of the natural habitat types at level 3 B9345,57 kr (i.e.,the
total areaof the Peloponneseeninsula for which habitat mapping was carried out).
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Figure20: Predicted EUNIS level 3 habitat mapRéloponnese See AnnexL3.4for the legends of
the habitat codes

Figure21: Zoomin on area in coastal areas of Peloponnese to check visually the correspondence of
the predicted EUNIS level 3 habitat map with a Google Satellite im&geFigure20to link the color
in the habitat map to a EUNIS habitat class.
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Table24: Area distribution [ha] of EUNIS level 3 habitat classes mapped within Peloponnese
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7.1.5.6. Validation

The validation method followed the clasgbotointerpretation scheme focusing on well
known and studied natural, semitural, and anthropogenic ecosystems (cultivations,
settlements, infrastructure, etc.).

The selected area§igure22) for evaluating outcomes included sites where:
X E Vv3 }eCe3 u 3C% ] v3](] 38]}v A - u Al hw dz » «3pu
field work and analysis
x valid field data from welstudied areas via recent and ongoing botanical explorations
in the region of Peloponnese are available.

Field surveys dedicated to the project task were also conducted, focusing on less studied
areas, based on the transect method, where ecosystem documentation was maidesitia
observation. The selection of the evaluation sites covers all types of ecosystems present in
the region, from coastal to higaltitude habitats.

The information from the field identification of habitat classes was compared with the results
from the SELINA habitat map and extent map for Peloponnese. This evaluation relied on a
gualitative approach that explored how well the EO habitat models andsevalk to EU
extent typology captured redife conditions (in this case, how well extent mapping was
performed).The goal was not only to have an overview of the mapping performance, but also
to focus on areas where known issues may be present (e.g.ssameky cliffs, temporary
ponds and wetland habitats whose phenological characteristics depend on hydrological
conditions plusgrassland types that were mapped in the "grassldandclassified" category).
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Main findings showed that the classes inland marshes and wetlands, sparsely vegetated
ecosystems, beaches and sandy dunes, and coastal dunes are well captured and mapped by
the EO model. Coniferous forests (fir and pine forests) are also well capturedapyukd, as

well as sclerophyllous vegetation and riparian forests.

However, rocky cliffs are considered underestimated, and different habitat types of
PE ¢e*0ve E U %% |JvSZ P v-@& o]{]Ees*00Ve Fig¢e23 XP X
Figure24, andFigure25). In general, this evaluation confirmed the results of the accuracy
assessment (see Sectiond.5.37.1.5.47.1.5.9, although done in a qualitative way.

Furthermore the model accuracies used to map habitat classes at levels 1, 2, and 3 probably
do not represent reliable map accuracies. Underestimation of rocky cliffs and lack of detail in
grassland mapping are still limitations with origins in both the habitat ingiclataset and the
derived habitat models. Therefore, the comparison between the habitat model accuracies
and the wellknown reference areas reveals some overlooked biases.

Additional analyses with an external validation dataset could have provided more reliable
information about the actual map accuracies, which could have been useful to link to the
validation based on the photointerpretation scheme. However, the training datection for
habitat mapping left only a small number of points per habitat class that could have been
used in an external validatiott.wasthus concludedhat this set of points was too limited to
generatereliablemap accuracy, as it could be biased towards the locations of the remaining
points.
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Figure22: Photointerpretation validation areas in Peloponnese (red rectangles
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Figure24: Inland marshes and wetland (purple), sparsely vegetated ecosystems (pink), beaches and
sandy dunes (cyan) and coastal dunggellow) in the southernmost part of Peloponnese, well
captured and mapped by the EO model (see map on the right).

Figure 25. Ecosystems in the National Park of Chelr\suraikos (inside the river gorge).
Sclerophyllous vegetation, riparian forests and coniferous forests are well captured, however rocky
cliffs are underestimated.
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7.1.6. EUNIS Habitat Mapping for Sdo Miguel

7.1.6.1. Training data preparation

The generated extensive training datagaiepared by local expertsfrom Séo Miguel TS

partner contained 167.688 poistin total. Table25 shows the total initial distribution of

training points over all the EUNIS classes. To filter these points according to a proportional

area A]e c]E e+ U%O0 ]I % E Z ]5 8 0 eeU SZ Z } 8 0 ¢}v o >
(vector), Europe,6C @&ma@ pf CLMS (Copernicus Land Monitoring Service) was used. This
vector map contains delineated polygons classified into a EUNIS habitat at level 1, however

the level 1 class N (Coastal habitats) is absent and rather classified into class M (Marine
habitats). Therefore, the polygons around the coastline @ 3Miguel were manually

E o0 *+](] ]Jv8} o0 s EX JE JvP 8} 3Z A S}E u % }( >D” U o £/
is not present on & Miguel. Howeverocalexpertknowledge informed that somhabitats

can be classified into level 3 Q classes. Theretbeedesired sample size for classv@s set

to 400. The total area ofa® Miguel without the Marine habitats contains 74.050,51 ha. A

desired sample size per level 1 class (besides class Q) was estimated by deriving the fraction

of each level 1 class on the islandSio Miguel andghen multiplying that fraction with the

desired sample size of the total training datasehe desired sample size of the total training
datasetwas set t050.000 pants, as this numbewas best suitable fothis TSbased orthe

target to contain abundant training points per habitat class but consideringjthe v [¢ & U

the minimal distance between points and the computational constraints

Table25: Area distribution of EUNIS level 1 habitat classes mapped in the CLMS Coastal Zone map.
Fraction per class was calculated by dividing the area per class by the total area on the island. The
desired sample size was generated by multiplying the fractiddO00 (i.e., the desired totalimber

of training points).
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Likethe methodology for Peloponnese, all level 3 classes for the same level 1 class were
summed up and the fraction of each level 3 habitat class in its associated level 1 class was
calculated. Next, this fraction was multiplied with the desired sample g€z&pPNIS2021 level

1 habitat classhence gproportional areawise amount of sample points for each EUNIS2021
level 3 class was found. This amount was raised to a minimum of 20 points if the resulting
amount for the level 3 class was under 20. A randomp@arpoint selection was executed to

be extracted for each level 3 class the desired sample size, considering a minimum distance
of 50 meters between all selected points. During the point selection per class, points were
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selected if their dataset origin matched with the priority soudegasetlisted inAnnex13.5.2
Thepoints for class R21 originated from eitieR024 or TerceiraLandUses the latter was
used toincreasethe total number of pointsfor this class which are considered equally
trustworthy. Therefore, no prioritglata sourcevas assigned to the point selection for class
R21.Forclass Cl6only 15 points were selected despite a desired sample siaenwhimum

of 20 poins. This is most likely due to the minimum distance criterion that could not be
achieved for this class. The fimaimberof selected training point&/as52.817 points.

Annex13.5.2also shows whether the training points for a specific level 3 class were used in
the hierarchical habitat mapping at level 1, 2 or 3. At level 1, all training pesrs used. At
o Ao iU 3Z & ] }voC }v washo reedstd gehesiie aEnodel to separate
multiple S classes on level 2. At level 3, points from 'C23', 'J24', 'J32', 'J53', 'J62', 'N11', 'N21',
‘N33, 'Q21', 'Q62', 'R1T', 'R21', 'U3C', 'U62', 'V1', 'V21', 'V31' andWé&sRexcluded since
these classes are the only level 2/3 class within their associated level 2 class. The points of

0 °° ¢« ZNOA[U Z%addpn VE Z%iFE v Z E X &3gBnly Orfe IBtidGuished
classonlevel ~]X X, 2D B2 %o }]vse Al§Z]v Z"8 &[] E v} §} 0 **](]
can they be categorized into an existing EUNIS2021 level 3Thesefore, these pointsere
PSZ E& v e % E § 0 e+ Z"0O /A [MEafen@sian arsd néhulivated v} v
~ /E}8] » Z 8Z }( 8Z I}E <[U }E <]u%o0C843 henthlakii @doeo C }
u} o upes SE Jv S8} e % ® § Z"OA[ %o}]vSe (E}uUu Z70OT[X

ClassS4x was createds a placeholder teepresent norendemic, exotic heathlands found in

Sao Miguel that could not be accurately classified within the existing EUNIS typology. While
EUNIS level 0 e¢ 23 ~*d U% E & <ZEWU -1Z BEe «"dV ~3DA 0E}v ] v
Z SZe+ e« o+ (E] 9sddibipatedby Ericaceae and endemic species, the S4x areas are
composed predominantly of exotic or introduced species sucRiaesporum undulatum
Hedychium gardnerianupandHydrangea macrophyllarhese specieme not mentioned as

diagnostic or constant in any existing EUNIS classes.

The training points for S4x were derived from the regional forest inventory (IF2024) dataset,
which focuses on species presence rather than hatbéetl interpretation. Unlike habitat
4050, which correspondiirectlyto S43 and is represented by highly accurate, fieltidated

data from the LifelPNatura project, the S4x points represent a distinct type of heath with no
direct Annex ko EUNIS crosswalk. The classification of these areas was inferred based on
species composition (shrulssb m) and structwal characteristics, but with greater uncertainty

due to the lack of direct habitat mapping or validation.

Importantly, this floristic compositiom dominated by aggressive, introduced species forming
stable shrubdominated systems has emergedecause ohumandriven introduction and
spread. As such, it may constitute a novel anthropogenic vegetation type unique to the Azores
archipelago, not currently represented in existing European typologies.

Furthermore, even the level S4 definition is only partially applicable, as it presumes the
prominence ofEricaceaespecies, which are absent or rare in these exotic heaths. Thus, the
introduction of class S4x ensures ecological accuracy by avoiding the misclassification of non
endemic shrublands as S43. It also prevents the inappropriate merging of fundamentally
different vegetation types, which is crucial particulaidy conservation oendemic habitats.

80



}ve] E]JVP %}]vSe Jv ZdiA[U *Julo E & +<}Vv]VvP v %0 %o O

§ PYE]l ]Jv8} v A]+8]vP hE/*ilio Aoi oeUS38ZC E P 352
§Z Z-idwophyllous and ncaultivated (exotic) broadleaved evergredarest of the
[JE *[U }JE «Ju%oCU o0 v-EABEoade@vdd eneEEdn/Breddrareas in
which a level 1 class only contathone level 2 class, or a level 2 class comdionly one
level 3 class, the pogirocessing step eventuallysigred the correct level 2 or 3 category.

The EUNIS class T231 represents the Azorean laurisilva forests, a habitat endemic to the
Azores and well documented under habitat code 9360 in the Habitats Directive Annex |. These
laurel forests are composed primarily of native and endemic broadleavedeen species

such ad.aurus azoricaand their classification into T231 is well supported by fieltidated

data from the LifelPNatura dataset, specifically designed to map Annex | habitats and includes
detailed ecological descriptions and diagnostieaps, allowing a confident crosswalk to
EUNIS leved class T231.

However, not all broadleaved evergreen forests in S&o Miguel fall within the definition of
endemiclaurel forest. There are additional forest areasiapped using the 1F2024 regional
forest inventoryv that are composed of other broadleaved evergreen species, including both
native and introduced taxa, but which do not exhibit the ecological or floristicacheristics
required for classification as T231. These include formations lacking the endemic species
associated with Azorean laurisilva and may reflecosdary, altered, or novel forest types.

Because no existing EUNIS le¥elass adequately captures the structure and composition of

these nonlaurisilva evergreen forests, they could not be assigned to T231 or any other
subclass. While they broadly align with EUNIS ldvelo <+ di ~" &l}evergréen

A}} ov U 8Z]e 0 *¢](] 8]}v]*8}}) PV EoO v } *v}$ ]eS8]vPpu]e
forests and other evergreen forest formations. To address this Gaxplaceholder clasfts

these broadleaved evergrearmn-endemicwoodlands Aswith S4x, the floristic composition

of T2x may reflect novel or regionally uniqgue assemblages influenckdrbginintroduction

of non-native speciesThis approach ensures that endemic laurisilva habitats (T231) are not
conflated with structurally similar but ecologically different forest types, maintaining both the
ecological integrity of the classification and its relevance for conservation and popipprt.

The sets of training data at legdl, 2 and 3 were used to train the models to classify the study
area of Sdo Miguefor each of the EUNIS categoriesAinnex13.5.2 The inference module
applied the models on the full study area and credtine probability maps per class trained
in the model, for each pixel. In the first attempt to create a viadvall habitat map, the class
with the highest probabilityvas chosen for each pixefection 4.1.6.2 descriteshow some
important post-processing steps were implememteln contrast to the habitat mapping for
Peloponnesejt was necessaryo implement postprocessingin each level of the habitat
mapping pipelindgo create amore accurate mapAfter eachpostprocessng stepper level,
the modelled map at the following levahust be hierarchicallynerged into the associated
prior level (i.e., after posprocessing of level 2, the modelled level 3 map (before post
processing level 3pustbe merged into the posprocessed level 2 map).
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7.1.6.2. Post-processing steps

The first version of the habitat mapping for Sdo Miguel was revised in an intermediate step
to create final products with higher realistic accuracy. The first version exhibited some
recurring and relevant misclassifications that had to be addressed fardagion of the final
maps. The most pressing artifacts included:

x Coastal areas were mostly mapped to class J (industrial habitats) instead of N (coastal
habitats).

X A large wetland in the west of S&o Miguel was mappe@li® (inland surface waters)
instead ofQ62 (Periodically exposed shore with stable, mesotrophic sediments with
pioneer or ephemeral vegetation)

x Qass Q14Blanket bogHisappeared almost completely from the map despite being
covered by about 300 trainingpints, in comparison with classes Q11 (Raised bog) and
Q21 (Oceanic valley mire) that are rare classes (tablevith)very low amount of
training points in the first placéor which itcan be expected that the modelill not
be able to classify those correctly due to lack of training material.

X Many forest areas of Tl (Broadleaved deciduous forest) and T2 (Broadleaved
evergreen forest) were often mistaken for T3 (Coniferous Forest) since this forest type
is dominating on Sao Miguel Island.

The most common issues for these misclassifications are due to the following 3 reasons:

1. The random sampling method dinbt select enough points in a certain area (this was
applicable to the misclassification between C13 and Q62, and the disappearance of
class Q12 as most of these training points were collected from Telskral.

2. The areawise proportional method to select the amount of training points per class
assigned a sample size to some dominating habitat classes that was too high relatively
to other underrepresented habitat classes. This happened with T3M (dominating) and
some T1/T2 rare classes, since the probability of T3M was almost alwayshighe.

3. The predicted class (on the resulting habitat meyasrepresented by a very similar
feature set compared to the true class.

Thefirst two issues are technical mistakes that could have been easily prevented with an
adjusted sampling strategy that ensures the following:

x Verifying that the selected training points cover the entire stadya.
X Assigning a higher sampling size for training points of rare classes while avoiding an
overfitting of the classifier through overspilled sample sizes for dominating classes.

Unfortunately, due to time limitations, it was not possible to make a second run of the whole
process of training data collection, feature extraction, features selection, model generation
and inference. However, the moseriousmisclassifications described above were addressed
with some postprocessing steps, which included:

82



X The wetlandswhose training pointsvere accidentally skippetbr sampling on the
west, were reclassified to EUNIS class Q at level 1. Then, the probability maps for the
Q classes (at leve? and 3) were further used to assign the ultimate classification.

X The peatland bogs (Q11, Q12, Q21) that were excluded throughout the mapping due
to low amount of training points or training point selection elsewhereT@rceira
Island were imprinted on the level 3 habitat map by prioritizing their classification
within delineated polygons (drawn based on the fully validated Natura 2000 dataset).

X The confusion between forest types at EUNIS level 2 and the overestimation of the T3
coverage was addressed by comparing the habitat map at level 2 to the CLC+

I }v. u % Ti7i }( >D~AX dZ > = u % 0 *¢](Qonif¢iolds «S E -
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waschecked which pixels on the habitat map responded to the condition: classified as
T3 on the habitat map but not classified as T3 on the CLC+ map. For these conflicting
pixels,it waschecked if the probability map indicated a higher probability for T1 than
T2 in pixels which CLC+ classified as T1. If so, these pixels were reclassified to T1. If
not, these pixels were kept at their original classification of T3. A similar method was
applied for classifyingl2. Then, the probability maps for the T classes at level 3 were
further used to assign the ultimate classificatidnversionwas also createth which
the probability condition (probs(T1)>probs(T2) or other way around) was not
considered. However, posterior evaluation based on expert opinion decided that this
method introduced too many positive errors, meaning that pixels were reclassified to
T1 (or: T2) whereas they should rather be T2 or T3 (or: T1 or T3).

Lastly, a major artifact in the first version of the habitat magsthe misclassification of J
(urban area¥or N (coastal habitatstlose to the coast. This is most likely due to the third
reason listed above, that is, some classes can have very similar feature sets (pavement in class
J vs. bare rocks in class N). This shows the importance of identifying exclusive features that
can efectively distinguish similar classes from each other, especially at level 1 (considering
our hierarchical merge process). Therefore, future studiesrasdarchefforts should focus

on the identification of exclusive features still lacking in the currig@ture pool. The
misclassifications-N were compensated by using the CLMS coastal zone map in vector
format. By overlaying this map over Google Aerial imagery in QGIS, pobmoesponding

to coastal habitats were selected. Afterwards, four scenarios were created:

1. all pixels within the polygons classified as J were reclassified to N;

2. all pixels within the polygons classified as J were reclassified to N if the probability of
N was higher or equal to 1%;

3. all pixels within the polygons classified as J were reclassified to N if the probability of
N was higher or equal to 10%;

4. all pixels within the polygons classified as J were reclassified to N if the probability of
N was higher or equal to 35%.

Review by expert opinioimom S&ao Miguel TS partneoncluded that the scenario (1) in which

all J pixels are reclassified to N regardless of the probability of N was the most accurate and
best alternative mapping to the original versidrhis methodology could serve as a blueprint

for correcting E@lerived habitat maps in other regions.
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7.1.6.3. Level 1 EUNIS Habitat map

For model training at level 1, 91 features were selected. The most important features were:

1) Distance to inland water; 2) Climate annual precipitation; 3) Altitude from DBEN&idber

of growing days with $5°C;and5) Deep contextual Feature #6 (Senti@elata). The model
performed well for all classes with an
accuracy of 87,01% (Figure 26). The
normalized confusion matrix include
class U(sparsely vegetated habitats)
while this L1 habitat class is missing on
the habitat map of S&o Miguel (no area),
since the model considers all training
points listed inAnnex13.5.2 thus itis
trained to classify each class of the
training points. However, when the
model is applied and the classification
model cannot identify any pixels over
the mapping area for which U is the best
suiting classjt can be eventually lost.

Figure26: Normalized confusion matrix of winnir T his matches the reality of S&o Miguel
Catboost model to map habitats at EUNIS L1 for Where few areas fit the habitat description
Miguel. The model accuracy contains 87.01%. }( "% Ee oC APSS _

temperate climate and fertile volcanic
soils promoting thequickgrowth ofdensevegetation.

Figure27: Predicted EUNIRvel 1 habitat map of Sdo MiguebeeAnnex13.4for the legends of the
habitat codes
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LikePeloponneseSéao Miguel Island majorly covered by class V (i.e., Vegetated maade
habitats) which includes most of the agricultural clasgegure28). The natural classes are
locatedmore towards the central axis of the island, and the Constructed, industrial and other
artificial habitats (class J) cover mostly the boundaries at the coastal @geigese27).
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Figure28: Area distribution [ha] of EUNIS level 1 habitat classes mapped within Sdo Mi@ex
Annex 9.4 to explain the habitat codes in the legend.

7.1.6.4. Level 2 EUNIS Habitat Map

At level 2, the modedhccuracy hd satisfactoryresults(Table26). Zooming in the normalized
confusion matrix of the model for class N shows that N1 (Coastal dunes and sandy shores) is
most difficult tobe mappedcorrectly and often mistaken for other classes N2 (Coastal shingle)
and N3 (Rock cliffs, ledges and shores, including the supralit(ergl)re29).

Table 26: Model accuracies of winning
Catboostmodels generated to map EUNIS
habitat level 2 classes within overarching
EUNIS habitat level 1 class
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habitat N. The model accuracy contains 83.93%.



Table27 gives anoverview of the 10 most important features with predictive power in the
model to differentiate level 2 classes within thssociated level 1 clagsgain, the contextual
featuresareimportant to classify coastal habitatandthe RSderived products (e.d303p50-
10m,ndvits2-iiu U play abigger rolethan in level 1 habitamodelling.

Table27: Top 10 features with highest importance within the Catboost model generated for three
overarching EUNIS level 1 classes. The list displays the features from top to bottom in order of
importance with highest importance at the top
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Figure30illustrates the output of the habitat mapping of EUNIS habitat classes at level 2. The
map, as well as the bar chart displayedrigure31, showsthat, within the natural vegetation

habitat classes, mostly coniferous forest (T3), broadleaved evergreen forest (T2) and
temperate shrub heathland (S4) dominate the land cover. The area distribution shows that
N2 (Coastal shingle), Q2 (Valley mires, geas and transition mires), R1 (natural ungrazed

dry grasslands) and T1 (Broadleaved deciduous forest) can be considered as rare classes,
whicharein accordance with their limited sampling size of training data points.
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Figure30: Predicted EUNIS level 2 habitat map of Sdo Mig8ee Annex 9.4 to explain the habitat
codes in the legend.
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Figure31: Area distribution [ha] of the natural vegetation EUNIS L2 habitat classes&o Miguel
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7.1.6.5. Level 3 EUNIS Habitat Map

At level 3, the model accuracies exhittisfactoryresults (Table 28). Zooming in the
normalized confusion matrix of the model for class T2 shows that class T29 (Broadleaved
evergreen plantation of nosite-native trees) is most difficult to be mapped correctly and
often mistaken for the other classes like T2x (ti@urophylous and norcultivated [exotic]
broadleaved evergreen forest not fitting in T23 and not further differentiated to level 3)
(Figure32). This confusion wasxpected as these two classes share the same vegetation
characteristics, with the main difference being that T29 is cultivatednaturallyoccurring

Table 28 Model accuracies of winning
Catboost models generated to map EUNIS
habitat L3 classes within overarching EUNIS
habitat L2 class
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Figure32: Normalized confusion matrix for mappir
EUNIS level habitat classes within EUNIS level 2 he
T2. The model accuracy contains 97.63%.

Table29 showsan overview of the 10 most important features with predictive power in the
model to differentiate the level 3 classes within the associated level 2 Eladsvel 3 classes
within clases Q1 (Raised and blanket bogand T2(Broadleaved evergreen foresthe top

10 are acombination of contextual features and biophysical parameters. For level 3 classes
within T1 (Deduous broadleaved forestpentinell backscatter products aienportant.

Table29: Top 10 features with highest importance within the Catboost model generated for three
overarching EUNIS level 2 clas$eaturesorderedfrom top to bottom in order oimportance
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Figure33 showsthe final habitat map o5ao Migueht EUNIS level 3, with further zoeims
showcased inFigure 34. At level 3, the EUNIS habitat classes S4x (all temperate shrub
heathland not further differentiated to level 3), T2x (all broadleaved evergreen forest not
further differentiated to level 3) and T3M (Coniferous plantation of 4site native trees)

were the most prominent(Figure 35). R21 (Mesic permanent pasture of lowlands and
mountains) follows with 2305,15 ha and is classified by the IUCN Red list of habitats as

ZApov (@anssefi and Rodwell 2016)

Figure33: Predicted EUNIS level 3 habitat map of Sdo Mig&ele Annex 9.4 to explain the habitat
codes in the legend.
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Figure34: Zoomin on area in East of@® Miguel to visually check the correspondence of the
predicted EUNIS level 3 habitat map with Google Aerial imag&se Figure 33 to link the colours in
the habitat map to a EUNIS habitat class.
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Figure35: Areadistribution [ha] of the natural vegetation EUNIS L3 habitat classes in S&o Miguel
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7.1.6.6. Validation

The analyses described above show that some classes, for which training data was collected
and used in the training dataset, were not mapped in the final habitat maps for Sdo Miguel.
These include: T1J, U3C and U62. @dmsbeconsidered an expected result. T1J and U3C only
contained the minimum of 20 training points each in the final training dataset. Therefore, the
classes might not be very easily distinguished from others since the low amount of training
points is associatewvith less distinctive poweand the trained model does not recognize
them easily. T1J is a subclass of broadleaved deciduous forgstkict) is known to be much

less abundant than broadleaved evergreen (T2) and coniferous forests (T3). Meanwhile, U3C
and U62 were only sourced within the Natura 2000 areas and not for the whole island, hence
their training point datasets were boosted wigioints from Pico and Terceira Island, where
these habitats cover larger extents than Sao Miguel.

Since the training data for executing the habitat mapping in S&o Miguel originally consisted
of a much larger original datasetvhich was filtered to obtain the training dataset, the
remaining points not used for trainirgpuldbe used as an external validation set.

Map accuracy (rather than model accuracy) was cheblyecbmparinghe originalvalidated
classificatiorof the external validatiorsetwith the predicted classification in the EUNIS level

1 habitat map(Figure 36, left). This map accuracy was 78,44%. The same approach was
performed to check how the original classifications of the points compared tdetd 1
classifications on the CLMS Coastal Zone ffragure 36, right). This map accuracy was
66,67%. Thus, at EUNIE the habitat map performs better than the existing CLMS product.

Figure36: Normalized confusion matrix for [left] Original classification of external validation points

vs. the predicted classification in the habitat map at level 1. Class U was not mapped on the
modelled habitat map. The map accuracy based on these validagioimts is 78,44%. [Right] Original
classification of external validation points vs. the classification on the Coastal Zone map of CLMS
(2018) at level 1. Class Q is not mapped on the CLMS Coastal Zone map. The map accuracy is 66,67%.
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Map accuracy for EUNIS habitat levela@s also checked by comparing the original validated
classification of the external validation set with the predicted classification in the habitat map
(Figure37). Zooming in thesameforest and heath classes (T1, T2, T3 and S4) that are used
for creating the forest condition accounts, the normalized confusion matrix shows that the
habitat map mistakes T1 often for S¥lso,misclassifications to T2 or T3 occur. T2 is mostly
misclassified for T&nd V3. T3 is mapped with the best accuracy relative to the other forest
types. Sometimes, confusion with V3 occurs. S&me applieso S4.

Figure37: Normalized confusion matrix for theriginal classification of external validation points
vs. the predicted classification in the habitat map at level 2

In a second validation check, the HRL Forest Type Layer (FTY) of CLMS (2018) which classifies
the forest areas was compared to the external validation points that indicate forest area (EEA,
2020a)(Figure38, right). The CLMS FTY map afifferentiated Broadleaved Forest (BF) from

IVI( E}pe &}E 3 ~ &+U SZpeU ]88 } » v}S o0 «](C Z E} o A
Z E} o A ] utpe (JE 8[ ~die » % E § 0oCX dZ E (}JE U §Z
were merged onclassBF and then a normalized confusion matrix was created. The map
accuracy for mapping the forest classes BF and CF by the CLMS FTY layer based on the external
validation points is 69,48%. Similarly, the mapped forest classes on the level 2 habitat map
weretranslated to BF and CF, then a confusion matrix was created with the validation points
as well(Figure38, left). When only BF and CF are considered, the map accuracy is 76,58%.
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When class S4 is also considered, the map accuoacfprest classes used in the forest
condition account is 70,58%. Thus, the level 2 habitat map performs better than the CLMS
FTY layer in predicting the distribution of broadleaved and coniferous forest in Sado Miguel.

Figure38: Normalized confusion matrix for [left] original classification of external validation points

for Broadleaved forest (BF, i.e., T1 and T2 merged), Coniferous forest (CF) and S4 points vs. the
predicted classification of the forest classes in the levelh2bitat map, and [right] original
classification of external validation points for Broadleaved forest (BF, i.e., T1 and T2 merged), CF
and S4 points (map accuracy considering only BF and CF: 76,58%, map accuracy including all classes:
70,58%) vs. the chsification on the CLMS FTY layer (2018) (map accuracy: 69,48%).

Aspreviouslymentioned, improving habitat mapping accuraeguiresidentifying exclusive
featuresor indicatorsthat can effectively distinguish similar classes from each offiais first
run of the EUNIS habitat mappingresented in this chapterdays the groundworkior
succeeding effortby highlightingvhich classes are most often misclassified, guiding further
research for finding or developing more decisivel contextdependentfeatures to separate
them. In addition to those described Bection7.1.6.2and which were addressed during the
post-processing stepsTable 30 summarizes some other relevant misclassifications that
occurred for Sdo Miguel at the differehterarchicalevels.

Table30: Relevant nisclassifications identified in the habitat mapping of Sdo Miguel

Misclassification Description

Jvs N Built-up pavement in classngar the coasimistaken forcoastal clifbare rocks
in class N

012 vR/ S Q12 bogsresembleungrazed grasslandsr shrubsnearby, possibly due to

infiltration by exotic shrubs.

Narrow greams/creeksaredifficult to map at 10 m, usually hidden by riparii
C23vs J4.2 vegetationand sometimes ephemeralhus resemblinghe dirt/pavement of
narrow roads through vegetation.

Ungrazed grasslands in altitude with low frequency of moving events n
grow herbaceous shrulresemblingS vegetation

Seminatural grasslands at medium altitude and artificially impros
grasslands lookimilarwhen the latter are not under crop rotation.

R1T vs S4x

R21 vs V31
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Active and inactive extractive sites were combined to increase sampling
but inactive siteswill havevegetationregrowthsoon after
Secondaryarrowroadssidelined by grass, shrubs or tre@nopiesan induce
misclassifications at 10 m resolution.

Many V31 areasrotate maize crops from Magpeptemberand during this
periodlook like Sregetation.

J3.2 vs S4x / V31,

JA2vsSITIV

V31 vs S4x

V31 vs V21 /V52 When rotating cropsy3lresemblesornamental / plantatiors.

Same species can simultaneously form T2 Forests or S4 Heaths depent
potential growth size and stunting influence of strong winds in altitude
surveyed by the forest inventory).

Forest Inventory classification is based on species dominance. In many
the mixture of vegetation from both classes is unavoidablec{dss tree

SvsT canopies with $lassshrubs in the understory)
Most S vegetation is aggregated in S4x at level 3, potentially creati
heterogenous grouping of a broad range of exotic or altered heathland t
resembling habitats from other EUNIS classes. More accurate field vali
data is needed for further dérentiation within this virtual class.
Sunted coniferous plantations might resemble T2. Further differentiatiol
T2x vs T3M s .
needed within the heterogenous T2x virtual class.
C16 vs V3l Temporary lakesare few, small and ephemerdipoking blended into the
grasslands when dry
Jlsubclasses Stricter criteria needed to discriminate continuous/discontinuous urban ar
Q62 vs C13 Q62 and C13 are both largarfacebodies of water, except C13 are eutropt

while Q62 are mesotrophic.

Many aable lands with permanent cultureare inbuilt-up farms orhouse
V1vs J1.284x backyards resembing areas of discontinuous urban fabric (J4.2Yheir
vegetationmaylook like class S shrubs.

Tree orchards ifarms andoackyardsesemblediscontinuous urban fabric an
their vegetation may look like class S shrubs.

Forest reserves havaany of thesame speciesaturally occurringn the wild,

except they are planted anthanagedoy human intervention.

V6a vs J1.2S4x

VebvsT/S

It is important to acknowledge the challenge posbkg unique and locally relevarEUNIS
classesvhosemapping and classificatida very hard due ttheir limited spatial extent. Two
notorious examplesn the currenthabitat map for Sdo Miguehcludethe fumarolic fields
(under class U62) dhe only Europeartea plantations (under class V5Z)lass U6k absent
from the level 3 habitat map, while class V52 was prone to misclassification with other shrub
vegetation or marmade cultivations. These are unique, differentiatemtologically and
culturally importantclassesrepresented within the EUNIS classificatio@t, due to their
limited spatial exent and subtle spectral or structural signatusethese habitats are
challenging to sample systematicadlpd to detect through remote sensing. Consequently,
despite their confirmed presence on the ground, thémsbitats are often underrepresented

or omitted in spatial datasets. Thigghlightsthe need to reconcile the ecological importance
of rare and spatially marginal habitat types with the constraints of automated classification,
especially in diverse and heterogeneous landscajy@seanic islands
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7.2. Ecosystem condition mapping

7.2.1. PEOPLE-EA approach for forest condition index

EU legislation requires ecosystem condition accounts to be produced every three years
(European Commission 202Fpr forest and woodland this requires reporting the mandatory
}eCe3 u }v ]8]}v A E] o el]lv ] 8}@kzZZe v AZEE~]VIA E Vve]5C]|
%). There are some other recommended variables/indicators to report on, which include soll
organic carbon content, forest productivity and several mobBuring the PEOPIEA
(https://esa-people-ea.org/er) project, a methodvasestablishedo create a forest condition
index. This workfollows up previous studiesn forest condition monitoringconducted in
Europe(Bruzonet al., 2023 Maes et al., 2023)but with a higher focus on the use of Earth
Observation datasources Besides, thisection is closely linked tSELINAVP3(Ecosystem
condition mapping and assessmentyP3 subtasksaim to develop a minimal standardized
set of indicatorsper ecosystem typend create a structured methodology for reference
condition selection

Although a projectwide methodology for variable and reference condition selection
multiple ecosystem typeis being developed collaboratively within SELIN#&e context of
WP3,since it iscurrently in progressat the time of this reportthis work in Task 5.2as
performedan exploratory analysifor forest ecosystemsvith application of thedeveloped
PEOPLEA method onhetwo TS Peloponnese an@ao Migel.

The PEOPLEA methodfollows the SEEEA framework, which proposes a stepwise
approach:

1. Definition and selection of ecosystem condition variables with intention to cover each
class of the Ecosystem Condition Typology (ECT) (overvigguire39).

2. Definition of the reference conditions and rescaling of the variables to ecosystem
condition indicators which range between 0 and 1.

3. Aggregation of the partial indicators into a single overarching ecosystem condition
index using specific indicator weights.
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https://esa-people-ea.org/en

Figure39: SEEA EBcosystem Condition Typology per group (abiotic, biotic and landscape level) and
per associated classes explain@dallecillo Rodriguez et al. 2022)

ThisSection explanshow this approach was applied to create forest condition accounts for
Peloponnes¢20182022)and S8o Miguel(20182023)

Table31 showsa list of proposed forest condition variabldsring PEOPLEA,covering all

ECT classé€Bruelheide et al. 2024First, forest condition variable® be used to create the

final forest condition index (FChre identified from this list. Theariablescomposing the
index aim to represent comprehensively all the components of ecosystems. The index is
usually composed of a singlariablefor each ECT class, since the variables belonging to the
same ECT class are usually highly correlated.v@hablesare selected considering their
relevance, their direct relationship to forest conditioasd theavailability of data for their
measurement. The table below gives an overview of these proposed variables, the associated
ECT class and their temporal covera@e. generate long time series for some variaples
multiple datasets hada be used. In that case, the datasets were alwagisnonized,and a
resampling was applied if needed (to have consistency in spatial resolution and extent)

Table31: Overview of forest condition variables

Forest Condition ECT class Dataset origin /A Temporal coverage
Variable applied algorithm & spatial resolution
Normalized Difference Al Abiotic: GEE Landsat 7 & € 20002021, 30m
Water Index (NDWI) Physical state  (harmonization)
Water content index Collection 1 Tier 1 3Ray
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NDWI composite (U.S.
Geological Survey 2021
2022) - aggregation to
three-annual average

A2 Abiotic:
Chemical state

Soil Organic Carbon
content (SOC)

Organic carbon content it
the first 30 cm of the soil
(topsoil)

2003 OCTOP: Topst
Organic Carbon Conter
for Europe (Jones et al
2005)

2014 LUCAS: Topsoail S
Organic Carbon (LUCA
for EU25(de Brogniez el
al. 2014Y0CTOP fa2000-
2013 &LUCAS from 201
onwards

2003,1km
2014, 500m

Threatened Forest Bird Bl Biotic:
Species Diversity (TFBSI Compositional

Population trend of bird
species: datasets fron

2000 & 20185 km

Assessment of bird state Article 12, BirdDirective

population status 2009/147/EC  reporting

(population sizes, trends (20082012)(EEA 2021b)

for breeding and original dataset used

wintering populations, 2008 values for 2000

pressures, and threats fo 2011, 2012 for 201

Special Protection Area onwards

trigger species)

AGB (Above Ground B2 Biotic: N oJu § . 2010,100m,
Biomass) Structural state Initiative Biomass 2017-2021, 20m
The stock in living or dea (Santoro and Cartus 202:

biomass aboveground ESA Forest carbo

(plant stem, leaves, head monitoring (Forest

spike, seeds and foliage) Carbon Monitoring

Consortium 2021)- ESA
CCl dataset for 200C
2020, ESA FCM from 20z
onwards

Leaf Area Index (LAI) B2 Biotic:
The ratio of onesided leaf Structural state
is per unit ground area

Copernicus Leaf Are
Index (European
Commission Directorate
General Joint Researc
Centre (a) 201 &uropean
Commission Directorate
General Joint Researc
Centre (b) 2017) -
aggregation to annua
average

19992014, 1 km,
2015present 300m

B2 Biotic:
Structural state

Plant Phenology Index
(PPI)

Copernicus Plant
Phenology Index Season
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Index is linearly related tc
green leaf area index, is
used to track canopy
green foliage dynamics
(plant phenology)

Trajectories(EEA 2021&a)
aggregation to annua
average

Tree Cover Density (TCLC
Proportional canopy
coverage pesatellite
pixel in a range of O to
100%

B2 Biotic:
Structural state

Copernicus HRL tree cov
density laye(EEA 2020b)
year 2012 for 2002014,
year 2015 for 2012017,
year 2018 for 201¢
onwards

2012, 2015, 2018100
m

Net PrimaryProductivity
(NPP)

The rate of accumulation
of biomass or energy

B3 Biotic:
Functional state

Copernicus Dry Matte

Productivity and Nel
Primary Production
(European  Commissio

DirectorateGeneral Joini
Research Centre (c) 201
European Commission
DirectorateGeneral Joini
Research Centre (d) 201
- aggregation of annua
sum, transfer of GDMP tc
NPP

199-2014 1 km
2015present 300m

Fraction of Green
Vegetation Cover
(FCOVER)

The fraction of ground
covered by green
vegetation

B3 Biotic:
Functional state

Copernicus Fraction ¢
green Vegetation Cove
(European  Commissio
DirectorateGeneral Joint
Research Centre (e) 201
European Commissio
DirectorateGeneral Joint
Research Centre (f) 201
- aggregation to annua
average

19992014, 1 km
2015present, 300m

Fraction of Absorbed B3 Biotic: Terrascope Sentinel2 2016present
Photosynthetic Active Functional state fAPAR (VITO 2024) -

Radiation (FAPAR) derived from ESA L2

The fraction of incoming products fAPAR

solar radiation in the generation aggregation

spectrum 406700 nm to annual average

that is absorbed by

vegetation canopy

Drought Severity (SD) B3 Biotic: European Drough 20122024

Consecutive occurrences
of water deficiency

Functional state

Observatory t Drought
Indicator v3 (European
Commission Join
Research Center: Drougl|
Team 2024) - transfer
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from  categorical to

guantitative unit,

aggregation to annua

average
Normalized Difference B3 Biotic: Copernicus  Normalizer 2000-2020, 1 km
Vegetation Index (NDVI) Functional state Difference Vegetatior 2021-present 300m
A measure of the amount Index (European
and vigor of vegetation Commission Directorate
on the land surface General Joint Researc

Centre (g) 2016, Europee
Commission Directorate
General Joint Researc
Centre (h) 202%1)
aggregation to annua

average
Forest Connectivity Cl Landscape CORINHand Covel(EEA 2000, 2006, 2012
Percentage (FCP) and seascape al 2020a)- GUIDOS Toolbo 2018

The percentage of coarse scale algorithm for connectivity 100m

connected forest patches for selected classeg¢Vogt

and Riitters 2017)

Landscape Naturalness C1 Landscape CORINE Land CoyBEA 2000, 2006, 2012,

(LN) and seascape al 2020a)- GUIDOS Toolbo> 2018
The degree of natural coarse scale algorithm for naturalness 100m
characteristics in the for selected classg¥/ogt
landscape (i.e., not and Riitters 2017)

humanmade structures)

Forest Fragmentation (FF C1 Landscape GEO BON Relative 19922020
The division of forest into and seascape al Magnitude of 300m
smaller patches coarse scale Fragmentation (RMF)

(Naimi and Kissling 2022

As can be derived froriable31, the Ecosystem Condition Typology (ECT) classes contain
variables that are not restricted to describing productivity but also cover biodiversity (e.g.
Threatened Forest Bird Species Diversity) and ecosystem integrity (e.g. Forest Connectivity
Percentage)Under the SEEA EA framework, ecosystem condition is defined as the quality of
an ecosystem measured in terms of its abiotic and biotic characteristics. It reflects the
ecological state of the ecosystem and is not defined as the optimal condition for riedjve

the maximum capacity of ecosystem services.

NDW , SOC, YFBSD ‘AGB, NPW and FCP_were selectedas forest condition
variableqTable32). We aimed aselecting these variablde cover eactECT class$o involve
Earth Observation datasets in timeethodologyandto have data availabilithoth on spatial
and temporaldomain for the two test sites. Besidesg tried to avoid redundancy in the
selected forest condition variabldsy selecting variables with differentataset origin(i.e.,
different satellites, different algorithms, etc.)This is importantin order to ensure the
interpretability of the final forest condition indexdowever, as the ECT classes itself do
overlap to a certain extent, total avoidance of redundancy could not be achieved.
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Inthe PEOPLEA %% E} ZU $Z A E] Carbd@rgQ6)sKh&E éhlywproposedZ 1

13181 W Z u] wariebleSand is derivefom the OCTOP (Topsoil Organic Carbon
Content for Europe, 2003) and LUCAS (Topsoil Soil Organic Carbon for EU25, 2014) archive.
Unfortunately, these datasets do not covéioMiguel,soit wasaimed to find an alternative
dataset. Datasets describing the chemical state of forests at high spatial and temporal
resolution are very scarcé.he best option was to extractO& data from ISRIC Soids
Databaseat 250m spatial resolutiorfSoilGrids 2025)This data is not annual, in fact no
temporal extent is given for the data. Howevéne same datger forest typeavailable in
SoilGrids online database for each year can be usethis will still influence the magnitude
of the final forest condition index and is therefore useful.

Recently, an issue with the CLMS NPP dataset has been discovered. The product is derived
from the CLMS GDMP (300 m) dataset, created by PRQE#a from 2014 until June 2020,

and from July 2020 onwards based upon Send81€ILCI data. The transition froRROBA/

to Sentinel3 in mid2020 has introduced artefacts in the data and has not yet been resolved.
Therefore, further work has proceeded with the NPP dataset from MODIS at 500 m resolution
(Running and Zhao 2021).

Each variablevasrescaled to an indicator ranging from 0 to 1, with values getting closer to 1

as the forest condition improves. The method of rescaling variables to indicators requires
identifying the 98" % & v3]o ~]X XU h%% E Z ( E v « }( 3Z A E]
with ideal condition (i.e., the reference area) and tHé @ercentile (i.e., Lower Reference) of

§Z A E&] o [* A op e+ u}vP 3ZardEndthé aiearof (jt@estSThe reference

areas should contain the desired statetbé variable and represent forests in good health
Generally primary forest or protected forest areas are takaareference areas since they

have very little signs of humampactandremain highlytree-covered throughout time series.
However some if not many areas lapkimary forest or protected areas. In that case, it is best

to leave theselection of reference sitagp to local expert knowledge.

These upper and lower reference valdesrescaling the variables to indicataage obtained

from the reference year which is normally the first year the data was avail@fien the year
2000is takensince this is far enough in tinfand thereforewith higher probability that the
forests will have experiendefewer human impactspnd many datasets are available from
this year onwardsHowever, it is important thatlacondition variables shouldave the same
reference year. In the case that for omariable the reference year is only availafstem more
recent datasetsthat year should be used as reference year for all condition variables used
for creating the index.

Rescaling of variables to indicators was done by the following calculation (B@ure
Xi= (szerved t )Q_owerReferenc)s/ (X.JpperReferencet X_owerReferenc}e
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Figure40: Visualization of extraction of 98(i.e., Upper Reference) and 2nd percentile (i.e., Lower
Reference) per condition variable for rescaling variables to indicat@suelheide et al. 2024)

TheForest Condition Index (FCI) quantifies forest health by summarizing the information of
several indicators, each representing a different aspect (abiotic, biotic and landscape
characteristics) of the forest condition. The weights for indicators are determined according
to the following criteria:

their spatial resolutior{referring to pixel size in meters)

their temporalextent (referring tothe rangeof yearscovered by the dataset)

their temporalresolution(referring tothe number ofobservationger year)

and thelevel in which the dataset is up date (referring to the proximity of the latest
year to the present).

X X X X

Indicators are ranked according to each of thesieria based on expert opinion (i.e., a
common understanding and not just used in this project only). Larger values of these criteria
are associated with a betteeliability in realisticepresentation of the ecological conditions
and rank in a higher positio §ble32).
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Table32: Forest condition indicators ranked on 4 criteria (spatial resolution, temporal resolution,
temporal frequency, and dataset quality). Whdata from more than one indicator is considered
equal in one criterion, each indicator is attributed to the average of the positions they would represent
(e.g. for spatial resolution NDWI, AGB and FCP in the table below).

Variable Spatial Temporal Temporal Dataset Total Final
resolution resolution  frequency quality weight

Normalized Difference Water 5 6 6 5.5 225 0.27

Index (NDWI)

Soil Organic Carbon (SOC) 2 1 1 2 6 0.07

Threatened Forest Bird 1 3.5 3 1 85 0.10

Species Diversity (TFBSD)

AboveGround Biomass (AGB 5 3.5 3 4 155 0.18

Net Primary Productivity (NPF 3 5 5 5.5 185 0.22

Forest Connectivity 5 2 3 3 13 0.15
Percentage (FCP)

84

The overall Forest Condition Index (FCI) is derived by calculating the arithmetic average
other words, by multiplying each condition indicator with its assigned weight and summing
up the weighted indicatorso get the FCIFCI NDWI x 0.27) + (SOC x 0.07) + (TFBSD x 0.10)
+ (AGB x 0.18) + (NPP x 0.22) + (FCP x 0.15).

7.2.2. Peloponnese +ARIES for PEOPLE-EA

During the PEOPIHA project, the ARIES for PEGBREoo| was developeg@BC3 VITO 2025)
https://peopleea.integratedmodelling.org/modeler/#/loginThe toolis now available for all
users providingan automatic approach to calculate the forest condition index specified
map boundaries or administrative regions (encoded in the toatcording to the above
described method Besides, variable and indicator accounts can also be derived and
visualizedWithin the tool,forest condition indices can be calculatedr forest type and per
biogeographical regiofEEA 2024)The forest types are classified based the CLMS
(Copernicus Land Monitoring Servide@DRINHE.and Covetayer (2018) (EEA 2020a)The
selected forest types of CORINE include Broadlekoeelst GniferousForest MixedForest
and Transitional woodland & shrubhe European biogeographical regions are divided by the
EEA classificatigfrigure41).
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Figure41: European biogeographical regions classified by the European Environmental AGERZy
2024)

According to the classification of the EEA Biogeographical regr@igponnese is situated
within the Mediterranean zoneReference siteare automatically derived bgombining the
classified forest areas, the biogeographical zone and the indication of area of interest. More
specifically,in the PEOPLEA approach the reference sites per forest type and per
biogeographical region are selected within the study area basetbmbininghesedatasets:

x European Primary Forest Database (EPFD)(82ifatini et al. 2021)

x World Database on Protected Are@¥DPAYUN WCMC 202%nd

x CLMS HRL Tree Cover Den(&tyA 2020b)

The selected forest condition variables to compute the forest condition index for Peloponnese
are the ones describe@able32. NDWI, SOCFBSD, NPP, AGB and H®e.OCTOP and

LUCAS databases cover Peloponesse so the SOC data could be derived from these databases.

In the ARIES for PEORAEXplorer this full proces®of rescaling the variables to indicators
and calculating the forest condition inde&n beexecuted under the hoo(.e., computation
is performed irnthe back endautomatically wherthe userfills out the desiregpbarameters in
the front-end). In practice users can choos® retrieve themean condition variable account
per forest type (per biogeographical zone), as weltasulate the mean condition indicator
values orderive the mean forest condition indicéBigure4?2). This can be done per year or
for a fullperiod.
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Figure42: Examples of output ARIES for PEOEIEEXxplorer Net Primary Productivity variable
condition account [above] and Net Primaiiyroductivity Indicator account [below]

Figure43illustrates how the forest condition indexasgenerated per forest type for 2022 in

Peloponnese. The output iSGeoTIFF with forest condition index calculated per 100100
m pixel and a table collecting the mean forest condition index per forest type per year.
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Figure43: Example of output ARIES for PEOBIAEXxplorer, showing the spatial raster map of forest
condition index for 2018 [above] and the tabular forest condition account for 2EA@2 per forest
type [below].

7.2.3. S&o Miguel xForest condition assessment

ForS& Miguel, the forest condition indexCfor the period 2018023 was notcalculated by

use of the ARIES for PEOBIAEtool. This is becauset all input maps foARIES currently
cover the extent of the Azores islands. Therefarbgtter optionwasto perform the PEOPLE

EA approach offline. Besides, the offline method providesdpgon to specify our own
reference sites per forest type and to delineate our own accounting area. The accounting area
wasderived bythe useof the EUNIS habitat levelr@ap, generatedas describedn Section
4.1.2.From this mapthe accounting area was delineated as all pixels classified to either T1
(broadleaveddeciduous forest) T2(broadleaved evergreen forest 3(coniferous forestpr
S4(temperate shrub heathland)'he reference sites per forest typee locatedwithin each

forest type on the habitat map andere selected based on expegview (Figure44).

Theselection of reference areas per forest class and for temperate shrub heathland was done
by conjugating the most trustworthy fietdalidated source datasets, namely the Natura 2000
habitats dataset and the forest perimeter sdlataset, to narrow down the dbitat level 2

areas in the most ideal condition. The current version of the general islaohel forest
inventory is highly incompleten the validation ofmost of the attributes related to forest
condition, most notably missing the status of degradation by abiotic factors (strong winds,
landslides or tree cutting). From the outset, this limitatigvhich also limited the national
centric approachas mentioned irgection7.1.1.]) greatly reduced the pool of reference areas

to the central and eastern sections of the islaRty(red44), where most of the N2000 habitats

and forest perimeter areas are located. Since this forest condition assessment was derived
from the habitat map L2, created only for S&o Miguel, no reference areas were selected from
N2000 areas of other islands like &&nd Terceira to avoid error propagation, even though
these islands have larger extents of potentially pristine Macaronesian endemic heaths (S43)
and Macaronesian laurophyllous forest (T23) than Sdo Miguel.

Whenever overlapping occurred between the two datasets, priority was given to selection of
reference areas from thelFE IRatura 2000 over the forest perimeter for the same reasons
listed in sectiorb.2.2 although any overlapping areas with clearly contradicting classifications
were discarded. One additional reason for such predilection is that the forest perimeter
dataset classifies any areas with over 10% of trees (over 5 m height) as a forest rathar th
heathland, which neglects arborized bogs and arborized heaths with a relatively low % of tree
cover but otherwise dominated by typical bogland and heathland species, respectively.
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Initially, all vectorized areas of the forest perimeter were considered, while for the Natura
2000 dataset, only the habitats matching EUNIS T2 and S4 classes were considered. The
former were filtered by species composition to isolate the areas better magceach of the
desired classes: all areas classified as heathlands and dominated by heath species were
ee]Pv S} "8V 00 E - 0 °*°](] e N&}E ¢S v }u]v § C &}
*% ] * A E e¢]Pv 8} diV 00 E+3 ovee]l]v ® "&EE} o A
A EPE vVSEE <% ]+ A E <]Pv &} diV 0o E + 0 *](] .
coniferous tree species were assigned to T3. All areas not fitting these groups or already
covered by Natura 2000 S4 and T2 amease excluded. From the remaining forest perimeter
& U }voC §Z}- §S§ E o0 <°](] e N(}E 8 ¢S Vv _Jv §Z "NE |
selected (over 0.5 ha of area and 20 m of width).

On a second step, the filtered polygons according to the criteria above were intersected with
a standalone vectorized fielblidated dataset of the areas influenced by abiotic factors to
subtract the overlaps. The remaining polygons not affected by abitdctors were
intersected with the corresponding polygons of the same class in the habitat map level 2 to
exclude areas with high likelihood of habitat misclassifications. At last, the remaining polygons
were cleared of cropping artifacts and invalid gezirres. A final visual confirmation with
Google Earth Historic Imagery was done to remove any areas where the vegetation may have
been disturbed very recently by tree cutting or slope movements.

Some pitfalls were unavoidable in this selection process. Due to the shortage of forest areas
dominated by broadleaved deciduous species in Sdo Miguel, almost no T1 areas became
selectable, which would prevent the calculation of the FCI for this classefole all T1 areas

from the general islanavide but incomplete and not fully validated forest inventory were
included, if they were at least consistent with the habitat L2 map and free from abiotic factors.
Likewise, due to the incompleteness of the imglavide forest inventory, both spontaneous
(naturally occurring) and cultivated forests were considered alike without distinction because
most of the forest within the perimeter dataset is cultivated. Furthermore, due to the
widespread presence of invasiegotic species in the understory layers, it was not possible

to only select reference areas representative of pure composition with autochthonous
vegetation, as very few remain intact. Hence, the proposed FCI could not account for the
aspects of forest dgradation related to competition with exotic species in Sado Miguel.
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Figure44: Locations of theforest reference sites per forest type and heathland in Sdo Miguel

The HigHResolution Layer Tree Cover Density (IRD) of CLMS (2018, m) was used to
filter the provided reference sites and aim for a more homogeneous set of reference sites per
forest type consideringheir tree cover densityEEA 2020k(Figure45).

Figure45: Distributions of tree cover density (TCD) within the provided forest reference sites per
forest types: T1 (Broadleaved deciduous forest) [tgdft], T2 (Broadleaved evergreen forest) [tep
right], T3 (Coniferous-ores) [bottom-left] and S4 (Temperate shrub heathland) [bottomnight].

For classes T1, T2 and (EBBJNIShabitats classified as forestpixels within the provided
reference sites were retained if thelilCD was highehan or equalto 50% and lower than or
equal to 100%. For class ®dference sites witla broader range of TCDewe decided to be
allowed asreferencesitessinceS4 classifies under EUNIS habitats for stmubeathland.

Provided reference sites of 84th a TCD lower than 20% were filtered ¢btgure46).
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Figure46: lllustration of the filtering process: filtering out areas from the provided forest reference
sites where tree cover density is lowahan 50% for T1, T2 and T3, and where tree cover density is
lower than 20% for S4

Table 33: Number of pixels within the provided forest reference sites after the filtering process
illustrated in Figure 43
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The pxelsindicated inTable33, after filtering based on TCere used forderiving the
UpperReferencdi.e., the 98 percentile of their distribution)for rescaling the condition
variables to indicatorsThe EUNIS habitat magevelopedat level 2 was used tandicateall
area predicted to besither T1, T2, T3 or S4. Alka for these classes thdid not contain the
reference sites (after filtering for their TGJere used toderive the LowerReference (i.e.,
the 29 percentile of their distributionfor rescalingThen, allareaused for UpperReference
and LowerReference (i.e., the reference sites and all surrounding favest) combined to
create the accounting area, for which a forest condition indeasgenerated Figure4?).
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Figure47: lllustration of all accounting aremper forest type: all area on Sao Miguel for which a
forest condition index will be generated, comprising the areas used as forest reference sites and all
remaining forest
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of the forest condition variables are rescaled to retrieve forest condition indicator values.
However, many datasets that qualify for the forest condition dalculation lack coverage
or good mapping quality over the Azores. The AGB data only shows good quality starting from
2017. Therefore, 201wWas useds the reference year for all datasets.

Thecondition variablesvere resaled to condition indicators based time formula inFigure

40. The followingtables(Table34-Table37) contain the yearlymeanindicators per variable
and per forest typeTheevolution of condition indicator values should be approached with
caution.lt is important to understand thathe evolution can only banalyzedoer forest type
and the value indicates the proximity towards the ideal condition (i.e., the closer to 1, the
closer to the ideal conditionthat was established in the year 2017. This means that if the
condition variable in the reference year (i.e., 2017) wetuially a very good referenca,low
condition indicator value would suggest thae forest type has experienced a decreaséts
conditionrelative to 2017considering that variable. However, if the conditionighte in the
reference year was not goodreference, ahigh condition indicator valuwvill indicate that

the situation has not changed a Idthus,the raw forest conditionvariable accours thatare
listedin section13.60f the Annexshould be considereoh analyzinghe indicator accounts.

Theyearly Net Primary ProductivityNPP)indicator shows that in 202Q each forest type
performed bestTable34). After 202Q eachforestdrifts further away fromreferenceNPP

Table34: Net primaryproductivity (NPP) condition indicator account per forest type for 20083
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The Aboveground Biomass (AGB) indicattmes not follow a similar pattern as the NPP
indicator. This is because the NRRlicated the yearly net primary productivity (above and
belowground) while the AGBrigins from SAR data which measures the aboveground
biomass stock, hence, not the yeadgcumulation For each forest type, the AGB indicator
seems to remain quite stable through tinfEable35). It increases slightly between 2018 and
2023 with the bestrend detected for Coniferousorest(T3).

Table35: Aboveground biomass (AGB) condition indicator account per forest type forZPI8
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The Normalized Difference Water Index (NDWI) is sensitive to changes in liquid water content
of vegetation canopiesThe NDWI indicator lthsmallfluctuations overtime, but these are

quite negligiblgTable36). Note that the NDWI variable values wereeraged peset of three

years (e.g. NDWI of 2018 averaged over 2017, 2018 and 201®9wash done temooth out
seasonal effects throughout the years. Therefore, the NDWI will mostly become quite low
when there are consecutive years with low water availabistyceforests arenot affected

to a very high extent if there is only one year with drought events.

Table36: Normalized difference water index (NDWI) condition indicator account per forest type for
20182023
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Forest Connectivitgata origins fromCORINEand Cover dataset, which is generated egery
years(2000, 2006, 2012, 2018 and yet to be published 20Zherefore the FC indicator
showedsimilar values per forest typ@é years in a rowfrom 208 onwards(Table37). The
broadleaved deciduous fore¢T1)is closest to the optimal condition for forest connectivity
compare to the state in 2017The other forest typeshowed a lessdesiredstate for forest
connectivily compared to their reference condition.

Table37: Forest connectivity (FC) condition indicator account per forest type for-2028
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Threatened Forest Bird Species Diverd#tahasbeen published only for 2008 and 20The
data for 2012 is usedrbm 2012 onwards.Therefore,the indicator values shoed similar
responses fothe years between 2018 and 2023 per forest typable38). For T2, T3 and S4,
the TFBSxondition during 2018023performedonly half as good compared to 20{7.,
same valuess 2012)Forest type Ttemainedmore stablein proximity to its ideal state.

Table38: Threatened Forest Bird Species Diversity (TFBSD) condition indicator account per forest type
for 20182023
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As explained earlier, the only available spasiail organic carbon (SOf2ster data for %o
Miguelwas retrievable from ISRIC SoilGrids, which does not contain annual maps but rather
a continuously updated dataset. Hence, the SOC condition indicator rexhaisingle value
through time per forest typéTable39) but still influences the magnitude of the final forest
condition index The values show thdbrest types T2 and T&ntain related SOC values far
away from their reference condition.

Table39: Soil organic carbon (SOC) condition indicator account per forest type for222B3
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The condition indicators in Table 34 to 39 weiged in thearithmetic averagecalculation
described in sectioii.2.1to derive theyearly forest condition indefClymapsaggregating
all selected indicators. This integration step is essential to:

X Provide a single, interpretable metric of overall forest condition per forest.type

x Aligningwith the SEEA EA reporting structure

x Enable meaningful comparisons across forest tygres different years.

111



7.3. Forest Carbon Accounting

Forests are essential to the global carbon balance, functioning as both carbon sinks and
carbon sources. While forests have long been studied for commercial use andidand
planning, carbon accounting is a relatively recent focus, driven by the urgedttoegiantify
carbon stocks, emissions, and removals to support climate change mitigation and meet
greenhouse gas (GHG) reporting requiremdtalvo Buendia et al. 201®)eforestation and
forest degradation currently contribute approximately 2% of gdbal anthropogenic
emissiongIPCC 2007At the same time, the forestry sector is recognized as having over 50%
of the global mitigation potential among natuEased solutiongGriscom et al. 2017)his
underscores the critical role of carbon accounting in forest ecosystems for understanding and
managing their contributions t&Sand climate regulation.

Accurate carbon accounting is not only essential for integrating forests into climate policies
at local, national, and global levels, it enhances transparency in climate commitments and
helps ensure that vital ecosystem servicesuch as biodiversity, water regulation, and soil
health v are properly valued in environmental and economic planning.

Carbon accounting should be approached from different perspectives:

X Stock accounting Establishing the terrestrial carbon stock of a given area as an
average carbon stock per unit area &pecificland use, cover type, or forest type at
a certain time.

x Carbon Fluxes accountingyleasuring the amount of carbon emittext sequestrated
due to land or forest management practices, deforestation, or degradation. This is
necessary to assess the scale of emissions from the forestry sector relative to other
sectors.

In recent years, significant advancements have been made in carbon accounting methods;
however,despite these improvements, the influence of intrinsic forest dynamics on carbon
accounting is still not fully understood. Variables such as spatial forest heterogeneity, thinning
practices, cleacutting, deforestation, forest degradation, habitat resttiom, harvest
rotation cycles, and natural forest growth all have significant impacts on the estimation of
carbon stocks and emissions over time (Fargione. &l8, Lutz et al. 2018, Pugh et al. 2019).
Addressing these complexities is crucial for improving the reliability of carbon accounting
frameworks and their role in climate change mitigation strategies

In thisSection, two distinct approachesare presentedor assessing carbon stocks and carbon
fluxes. The first approach is based®8§ usingadvanced methodologigstegratingmultiple
satellite data sources to capture the spatial variability of carbon stocks and to directly
estimate emissions from spatial datasets. The second approach involves estimating biomass
changes over time by calculating Gross Primary Productivity (fBRRIgh the Light Use
Efficiency (LUE) model. This method provides insighdscarbon fluxes by linking vegetation
productivity with environmental conditions. For boll§ examplesare givenof carbon stock
mapping and carbon flux accounting using these complementary methodologies, highlighting
their strengths and applications in ecosystem carbon assessments
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7.3.1. Carbon stock maps using remote sensing derived products

Carbon pools are ecosystem components that eiteequester,store or release carbon,
traditionally categorized into five main types: living abareund biomass (AGB), living
belowground biomass (BGB), dead organic matter (DOM) in wood, DOM in litter, and soil
organic matter (SOM). Stock accounting sums carbotspi@a single point in time, decisions

on which pools to include depending on data availability, measurement costs, and the
required level of accuradMacDicken 1997 5omekey definitionsare neededto clarify the
methodology(Brown 1997, Watson 2009)

x Forest AboveGround Biomass (AGB)Organic matter resulting from primary
production through photosynthesis, minus consumption through respiration and
harvest. The AGB carbon pool includes all living vegetation above the soil, such as
stems, stumps, branches, bark, seeds, and foliage. Bisnagsessments provide
insights into forest structure and function, helping estimate timber, fuel, and fodder
guantities (Brown 1997) Since approximately 50% of dry forest biomass is carbon
(Westlake 1966)these assessments also serve as indicatorsrbboastocks.

x Below-Ground Biomass (BGB)fhe BGB carbon pool consists of the biomass
contained within live roots.

x Carbon Flux AccountingA primary approach to emissions accounting, which
estimates the net balance of carbon additions to and removals from a carbon pool.

x Emissions Accountingissesses the net greenhouse gas emissions to the atmosphere
resulting from forest activities.

x Stock AccountingMeasures the amount of carbon stored in forest ecosystems at a
single point in time.

X Carbon SinkA carbon pool where more carbon flows in than out, such as forests that
sequester carbon through tree growth and biological processes.

x Carbon SourceA carbon pool where more carbon flows out than Farests can act
as a net source of carbon due to processes like decay, combustion, and respiration.

This Sction presents themethods used for carbon stock and emissions accounting using
remote sensinglerived products. We propose an unsupervised approach requiring little to
no field data for calibration. This approach integrates various sources of optical and radar
satellite daf, primarily from space agency repositories, with most datasets available free of
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The methodology used by SarVision for carbon accounting encompasses both carbon stock
mapping and carborilux calculations over time, considering structural changes in forest
ecosystems. The process involves five key steps:

1. Stratification of the landscapénto major structural vegetation structures/types.

2. Analysis of forest structural changescurring during the emission calculation perjod
mainly Deforestation and degradation.

Mapping of aboveground biomass (AGBbr the stratified vegetation cover types.
Carbon estimatiorderived from the AGB map.

Calculation of carbon flubetween two dates for each vegetation type.

a s
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Table40 summarizes the steps and data used during the carbon flux mapping prddess
approach(Figure48) ensures a comprehensive assessment of forest carbon dynasinices,

it combines information on vegetation structure and forest change into the calculation of
both the carbon stock and the carbon flux

Table 40: Summary of products, remote sensing data, map resolutions and reference dates.
Information applies for both study sites
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Figure48: SarVision methodology for the unsupervised carbon stock and emission mapping.
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The first step in carbon stock mapping is the stratification of the landscape into distinct
vegetation structural types, which ardbrectly correlated with abowground biomass (AGB)
levels The High Carbon Stock (HCS) Vegetation Classification S{sgeme49) illustrates

how accuratelydelineaton of high/low density forests, open canopy forests, woodlands,
shrublands, grasslandsetlandsand agricultural areass cruciafor AGB mapping.

Figure49: Biomass stratification system proposed by the High Carl#tock (HCS) classification
system (https://highcarbonstock.org/what-is-the-high-carbon-stock-approach/)

The structural classification of vegetation into different structural types folloaanabination

of supervised and unsupervised classificatminremote sensing images. This approach
integratesoptical and radar imageryincorporatingfield data when availabléo enhance
accuracy. Additionallhighresolution datais utilized for bothimage classification and final
map validation Theflowchart in Figure50 outlines the sequential steps, includimgage
preprocessing, image processing, classification,-plastsification refinement, and validation
(Hoekman et al. 2010b, 20108)th for the SioMigueland PeloponnesTS forest structural
mapswere createdpne for 2021 and for 2023.
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Figure50: Flowchart of the forest structure mapping methodology

The second step in carbon stock mapping is the evaluatidorest changes in the study area.

This step is crucial for assessing forest structural changes caused by deforestation and forest
degradation, which lead to variations in carbon stock over tifteés analysis is conducted
using the SarSentry algorithm, a staikthe-art deforestation and forest degradation
detection system based on the analysis of Sentineddar timeseries(Hoekman et al. 2020)
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The output of this algorithm is a thematic map that identifies areas affected by deforestation
and degradationThe SarSentry process involEgure51):

x Downloading and preprocessing all available Sentineddar images for the study
period (in this case, 2012023).
Processing the radar data to generate thematic deforestation and degradation maps.
Evaluating and refining these thematic products into final deforestation and
degradation maps.

In some cases, applying the SarSentry algorithm is not straightforwarticularly in regions

with strong seasonal vegetation changes. In such instances, the algorithm is applied to yearly
radar composites, which help average out seasonal variations and focus solely on significant
structural forest changes, such as deforeista or other types of forest loss.

Figure51: Main steps involved in the processing of Sentiflefadar images during the creation of
thematical deforestation and forest degradation data using the SarSentry system

The thirdstagein the carbon stock mapping process is the creation of biomass maps for each
period. This process is complex and requires multiple data sources and several integration
steps including:

1. Input Data Sources:
o Forest structural map (from Step 1).
o Remote sensing images:
f Optical vegetation index images (for areas with steep slopes).
f L-Band ALOS PALSAR radar images (for flat terrain).
o GEDI LIiDAR vegetation canopy height data (dmased vegetation height
measurements).
2. Data Integration Using the SarCarbon Algoritlfam inhouse biomass mapping
algorithm used internally in SarVision)
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o The @rCarbon algorithm integrates the poivased GEDI LIDAR data with
rasterbased remote sensing images, generating an intermediate rdsteed
canopy height map.

o This height map is then converted into biomass data using allometric equations
that relate canopy height to biomas@dansen2012)

3. Validation:

o The final biomass map is validated using field data collected for the

corresponding year.

This approach ensures an accurate spatial representation of biomass distribution across the
landscape. A visual representation of these steps can be sdagune52.

Figure52: Steps for biomass mapping

For bothTS field data on vegetation heights, reference biomass estimates, and allometric
equatiors, which are essential for calibrating the SarCarbon system in the biomass mapping
processwere not availableTo address this limitation, defaubovegroundbiomass values

from the IPCC Guidelines (Volume 4, Chapter 4, Talld4.8) were utilized Eggleston et al.
2006) Specifically, biomass values for Temperate OcemrdccontinentaEuropean Natural

and Planted Forests were applied to estimate fot@etmass in the study areashis approach
provides standardized biomass estimates based on internationally recognized methodologies,
ensuring comparability and consistency in the carbon accounting process.

The final biomass maps are rastéf float mapsat 10m resolution(grayscale), where each
pixel value represents the calculated AbgBeound Biomass (AGB) in tons per hectare for
that specific locationlf the actual biomass value for a pixededs to be retrieved, the data
must be normalized to the pixel resolution. In cases where the biomass stock for an entire
forest structural type needs to be calculated, the biomass values from all pixels within that
class should be summed and correctedadingly to ensure accurate estimates.
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Carbon data can be easily derived from the biomass maps by multiplying each rttzg by
conversion factoffor the correspondingover types(Table 4.3, IPCC Volume 4, Chapter 4)
(Matthews 1993, Andreae and Merlet 2001, Gayoso et al. 2002, McGroddy et al. 2004,
Eggleston et aR006) After generating the biomass maps for both 2021 and 2023 at €&8ch

the carbon maps werdone. The finakarbonmaps are float raster maps (grayscale), where
each pixel value represents the estimated tons of carbon per he¢fameC/ha) for that area
Vdues should be normalized by pixel area to ensure aayura

Finally, for estimating carbon emissions by carbon stock changespfahe IPC@pproved
methodologies forflux accountingis the inventory approactfPenman et al. 2003)This
method measures the difference in carbon stocks between two points in time, also known as
periodic accounting or the stoadifference approachaccording to the following formula

e%L A %PF %(t2-11)

C = carbon stock change, tonnes C per year
Ctl = carbon stock at time t1, tonnes C
Ct2 = carbon stock at time t2, tonnes C

By measuring stock changes over time, this approach allows for the assessment of carbon
fluxes across large areas with diverse species compositions and site conditions. It is a widely
used method for estimating forest carbon dynamics, particularly in natigreenhouse gas
inventories and landise change assessmenEorthe two TS the estimated carbon map

from 2021 vere subtracted from the mapof 2023

7.3.2. Carbon Flux mapping using GPP

Themethod applied bySarVisiorcanestimate thecarbonsequestration bysubtracting the
biomass stock at the end of 2021 from the biomass stock at the end of ¥0PG adopts an
alternative approach to defining carbon sequestration by estimating Gross Primary
Productivity (GPP) usirtge Light Use Efficiency.UE)concept This methodology haalso
beenimplementedin the operationalCopernicus Land Monitoring Serv{€LM$ where GPP

is derivedat a 300 m resolution using Sentingldata (EC directorategeneral JRCFor this
specific use casdhe approach has been adopted ®entinel2 to allow providing10 m
resolution information on GPRdditionally the LUE term ithe GPP estimation formulgee
Section"Calculation of GDMP/DMPhas beerre-calibrated for specific land cover types.

Sincethe exact methodology of the operational CLMS service was apjlidts approach,

we could not integrate the classified habitat maps of PeloponneseSandMiguel Trus, the
classificatiorof land cover typedollowed the method of CLM&nd not the classification of
the habitat mapsUnfortunately,this implies thathe results of the carbomaccounts cannot

be brought in direct relationship with the results of the habitat maps, the extent maps and
the forest conditionaccounts for the twolr'S$. The calculatiorof annual GPP was only done
for wetland, broadleaf forest, coniferous forestyergreen forest and low woody vegetation.
Table41 highlights from which data source the corresponding classes were retrieved
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Table41: Overview of datasets used to map the corresponding ecosystem type class

Ecosystem Typ€lass Data source

Wetland Corine Land Qover (CLC)classification(EEA 2020ag HRL water &
wetness layeR018(EEA 2020c)

Broad leaforest HRL foresP021(EEA 2025)

Coniferous forest HRL foresP021(EEA 2025)

Evergreen forest CLC+ backbone 20PHEA, 2025)

Low woody vegetation CLC+ backbone 20PHEA, 2024)

Theforest and wetlandnaps for the two study areasanbe seen irFigure53.

Figure53: Ecosystem types for which the carbon sequestration between end of 2021 and end of
2023 are to be generated in Sdo Miguel [above] and Peloponnese [be(salirces inTable41l).

The method below is usedo go from annual GPP maps towards annprdduced ANPP
(aboveground carboraccumulation)maps demonstraing how the carbon sequestration
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between end of 2021 andend of 2023 can be estimated with direct growth information
instead ofcarbonstock data

The Gross Dry Matter Productivity (GDMP) can be calculated according to the following
Penman Monteith equatioffSwinnen et al. 2021yhere:

)&/2 L ATt?TB#2#%t.7'?2Tt6Tt%t
)&/2 L B#2#Ft.7'?2T4Tt:6801;
)&/2 L B#2#Ft.7'?2T)&/21=T

R the total shortwave incoming radiation (0.2 8.0 um)

t ?the fraction of PAR (photosynthetic absorbed radiation, 0.4 {007 pum)

fAPAR the PARaction absorbed (PA) by green vegetation

t. 7 ' ?the maximum light uses efficiency (DM = dry matter) under optimal conditions
(land cover specific)

t 6the normalized temperature effect antd% 1normalized CO2 fertilization effect

X X X X

x

DryMatter Productivity (DMP) can be calculated witie formula:
&I2L)&I2T%7'

where CUE (carbon use efficiency) taken as 0.5 as a constant factor specifiedlén3 in
ATBD bySwinnen et al. 2021)

In practice, meteorological inputs (R and T) are required and retrieved from AgGERA5 based on
ECMWEF reanalysi@oogaard et al. 2020)The meteorological inputs combined with the
variable C@level are input for the reduced Penmdwonteith model, with LUE of 1 to
generate max GDM@.an and Keeling 2025)

)&/21=TLATt:6&01;L4Tt?Tt6Tt% 1

Daily GDMPmax values are averaged to get the mean dekada{lior different for last
dekad depending on thiength of the month GDMPmax, and this image is resampled (with
bilinear interpolation) to the same resolution and extent of the fAPAR image, derived from
Sentinef2 (10m)(VITO 2024)Cloud masking and Whittaker smoothing have been applied to
the fAPAR data to ensure continuous dekad information.

The biomespecific t.7"'? (Light Use Efficiency coefficient) is calibrated specifically for
wetland and forest types. This was done by retrieving the data for the flux tower Eddy
Covariance (EC) data per land cover class within Europe. Since too little flux tower data was
availabé for low woody vegetation and evergreen forests, the LUE term calibrated for
coniferous forests was applied, as this land cover class is expected to exhibit the most similar
productivity characteristics in these regions. In tast, wetlands and broad&vedforests

were assigned distinct LUE terms. In this method, the flux data is considered as a ground truth
measurement of GPP. The.7'? % & 0 s¢ A ¢ }%3S]u]l C o] & 8]vP &z
output () &/2:sr; L B#2#4r, Tt.7'?T)&/21=T:sr;) against the flux tower GPP
measurementsTable42 shows tte optimizedt . 7 ' ?for the different land cover classes
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Table42: Calibrated Light Use Efficiency coefficient per ecosystem type class

Ecosystem typelass t X * g %o
Wetlands 1.80
Broadleaf forest 2.28
Coniferous forest 2.58
Evergreen forest 2.58
Low woody vegetation 2.58

When the optimizedt . 7' ?is found, the GDMPmax can be multiplied with the LUE per land
coverclassand the 10daily fAPARhat results in dekadal GDMP resuli® get annual GDMP
maps,the dekadal GDMRPaluesmustbe multiplied by the number of days in each deleu
summed. fien, the GDMP values contaihe unit of kgDM/ha/yearThe annual GPP map is
created by formula:

)22L)&/2 Tr&Tr& L &/2Tr&

with 0.1 the conversion factor to go from kgDM/ha/yeargG/nt/year for GPPAnnual GPP
maps for Sdo Miguelnd Peloponnese are givenhingure54 and Figureb5, respectively.

Figure54: Annual Total GPP for 2022 and 2023 in S&o Miguel for classes: wetland, broadleaf forest,
coniferous forest, low woody and evergreen forest
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Figureb5: Annual Total GPP for 2022 and 2023 in Peloponnese for classes: wetland, broadleaf forest,
coniferous forest, low woody and evergreen forest

Next, the Net Primary Produetty (NPPnet increment in carbon accumulatian)
022L)22Trav

Aboveground net primary productivity (ANPP, net accumulation of carbon aboveground) and
belowground net primary productivity (BNPP, net accumulation of carbon belowgrauad)
derived by(IPCC Task Force on National Greenhouse Gas Inventoriea):2003

#022L 022
SE4

$022L 022F#022

with R the rootto-shoot (R:S)ratio, specific for the vegetation type under environmental

conditions (IPCC Task Force on National Greenhouse Gas Inventories POO3PChas

listed R values by broad categorigstable 3A.1.8&f Annex3A.1 for the IPCC Good Practice

Guidance for LULUCFhecategories by IPCC in the table do not correspondtorgne with

the land cover classes for which the GPP was generatesl/ W S P}YEC ZtahEpY o0 Vv |

S$1v (JE ov }A E o «Fdests dijifle@ [ntdPCC § PYE] » ZKSZ E

E} o ( (}E S[ Faresh %] (v SESThevRR valuesan be retrieved following a

decision rule depending on theboveground biomass (AGB in ton/ha) for the vegetation in

guestion. The generated AGB map$afVisionwereused to choose thbest suitableR value

per pixel.> «SoCU SZ /W § 0o }voC }vS Jve Zd] o u EeZ[ - RS

Zt 30 v [ 0 *2d]]Jw u E+Z[ ]+ A EC *% ](] whlahd evosystemr U v §7Z

types in either & Miguel or Peloponnese resemble rather wetlands wighny little rooting

system (e.gSphagnumpeatsin blanketbogs 32 Z A op (}E $Z ov }JA E o0 e-

was decided on based on expegtinion. Table43 shows R:S8alues per land cover class
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Table43: Rootto-shoot ratio values used to derive aboveground carbon accumulation (ANPP) from
net primary productivity (NPP) per ecosystem type class

/W § P}YC >v }JA E 'OESIVIZ . ~u ve Z

Diii iXd0
vi( €& NPT NG
- <« tVv]( E}pe &}YE AiriAid I X1

. [ \
(}E *S1% 0 Vv§ Eifi] LY
K&Z E G o &)} o A &} g‘r’m,”m :i?o'
(}E -3 A EPE v &}d Eifi X185
NZEW 0V >1A t}} C I TX0i
I t So v I TXTi

In practice,the NPP raster maps of 2022 and 2023 weoaverted into ANPR& BNPPhy
overlaying them with theecosystem typeclassesand applying the decision rules f& by
comparing to the AGEaster maps of 2021 and 202@spectively perland cover clasdastly,
the ANPP and BNPP maps still contajiyC/nt/year units, were converted to tonC/ha by
multiplying by 0.01. Once the ANPP map of 2022 and 2023 are created, their valags
summed pixelvise to create theotal accumulation of aboveground carbon in the biomass
for period between end of 2021 and end of 20Zis resulting mawas compared to the
carbonsequestration map of SarVision
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8. Results

8.1. Ecosystem extent mapping

Ecosystem extent mapping is essential for understanding and managing ecosystem services,
as it provides a spatial representation of different ecosystems and their distribution. By
accurately mapping ecosystem extents, policymakers, conservationists, rehanianagers

can assesand monitor ecosystem conditiochanges ovetime andidentify areas of high
ecological value. This information is crucial for sustainable-lesdplanning, biodiversity
conservationecosystem restorationglimate change adaptation, and carbon sequestration
efforts. Additionally, ecosystem extent mappifdigrms the base for ecosystem service
accountssuch as water regulation, soil fertility, and carbon storage, ensuring their protection
and sustainable use for future generations.

8.1.1. National-Centric Approach

Both TSadhered to anationally focusednethodological framework. The primary distinction
lays in the availability of nationdevel data for each site, which in turn influenced the
integration of additional CLMS datasets. T8stion presents the results derived from the
methodology outlined irBection7.1.1

8.1.1.1. Peloponnese

The availability of national data for the Peloponnese was limited, with only a single dataset
(N2K) partially covering the peninsula. Given this constraint, along with the region's
comparably largesize, multiple CLMS datasets were integrated to enhance the existing
national data, ensuring the creation of a comprehensive ecosystem extent map aligned with
the European Ecosystem Typology. To assess how each approach contributed to mapping
towards the HA, statistics were extracted at Level 1, as presentdcbied4.

By mappingthe ecosystem extenbnly usingnational data most of the area remained
unmapped asseenu & SZ Zv} § [TheX&Rip&I©nlymap cannot be directly
compared to the other twanapping approachedue to its partial coverage.

The Level 1 ecosystem extemiaps show similar overall results between the two mapping
approaches,E S]}v o ©~ >D~[ v Z >D” }voCX[ dZ]es ¢]Ju]Jo E]SC &E]-* -
ZE 8]}v o~ >D* u % A +«P v E § C *U% %0 u VE]VP §Z v §]}v
}JVOC[ u % Jv E +« AZ E v sl]}jvo 8§ Ae «v3 }JE C pe]vP
datasets to further refine and disaggregate national data into lower ETA claBsés
mapping approaches contain areas classified as "no crosswalk,” whicHilesrevith CLMS
data that could not be directly linked to the E{entioned in Sectio 4.1.1.2section b. This

§ PYEC ] u}&E /£S5 ve]A Jv 8Z Z >D” }voC[ %% E} ZU -« §:
allows for the allocation of these areas to an ETA class. The inability to assign these classes to
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the ETA stems from the fact that they originate from land cover datasets whose classifications
do not align with the land use categoridsfined by the ETA.

Overall,the National & CLMS and CLMS only mapsw very similarLevel 1 ecosystem
extents However,class5. Heathlands and shrupare more expansivaunder the former
approach.The National mapping classifies large areas as sclerophyllous vegetation, whereas
CLMS designates these same areas as forest. This difference stems from variations in
classification definitions, creating challenges in direct comparisbims N2K map follows the
EUNIS classification, which categorizes habitats, while CLMS dasedamu land use. As a
result, mapping EUNIS classes to the ETA is not suitable for certain categories, making CLMS
a better fit for these definitions.

Table44: Results of the ecosystem extent delineation at level 1 of the European Ecosystem Typology
using three mapping approaches for the PeloponngSe

European ecosystem National & CLMS

National only (ha) CLMS only (ha)

typology (level 1) (ha)
1. lement an her
2. Cropland 33 750 416 001 399 959
3. Grassland 435 117 322 133 401
4. Forest and woodland 149 130 821 407 835 387
5. Heathlands and shruk 111912 368 869 298 570
géfs'oy"’gtse?"}ys"egﬁatec’ 2934 6 387 5 297
7. Inland wetlands 1403 2 153 2018
8. Rivers and canals 11 3385 3733
9. Lakes and reservoirs 446 2 894 2 650
10. Marine inl n
trgnsifilongl waett(jrz1 ‘ 1483 1647 2078
11. I h
dunes and wetiands. 3722 5784 4825
No data 1825 313 - -
No crosswalk - 313532 371052
Total 2 134 085 2134 085 2134 085

Looking closely at the hierarchical levels that couldri@pped Table45), the National only
approach is obviously restricted spatiadly mentioned beforewith most area mapped to No

data (85.5%). However, of the area mapped, most could be mapped down to level 3. The use
of CLMS greatly improves the level of detail that can be crosslinked and mapped. The National
& CLMS approach resulted in a higher prajoor of classes mapped to level 3 (34%) than the
CLMS only approach (24%he CLMS & National approach also allowedafbit more area

to be crosswalked to the ET854 in comparison to the CLMS only approé&88%).
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Table45: Results of ecosystem extent delineation to all levels of the European Ecosystem Typology
using three mapping approaches for the PeloponngSe

> A o Z W E& vsS P
i T 670X0 I X1
Ax o 7 61 61TX1 TXn
. YS}V‘"’O '} i 171 116X3 (X0
E} S ioTn 1TiTX0 onXn
'& v S} T 170 161 il
i it 0i6 X1 iX0
NS %o i T i 1017 o1 X1 nix1
E Ylv o i 6id 6iiX0 TTX A
>Dn" E} &E}ee. T ATTXI ioXo
"E v &) 1115 16A i
i T 016X0 iXo
Ax o T i 7116 100 X1 AnoXi
>§/"}"V'O i Al 66AX0 17X 6
E} E}e-. 161 TATXI (6X3
'& v S} T {16 161 il

The mapping outcomes for each of ttieee approachesliscussed abovare shownbelow.

dZ ZE 3]}v o }voC[ uFlutelFGyra56, piowsareas mapped using the N2K
dataset and crosswalked to the ETA, while the black areas represent regions with no available
data.Figure57 Joop+*3E & « §Z ZE 3]}v o = >D"[ uméppedAaeasivere ES |v E
further refined using CLMS data for example, class 2.3 (Permanent Crops) was
disaggregated into 2.3.1 (Olives). However, sinuest N2kmapped areas were already
crosswalked to Level 3, only minimal additional CLMS data was required for further
refinement. Instead, CLMS data proved particularly valuable in filling previously unmapped
areasFigures8presents theZLMS}voC[ u % AZ] Z A « A 0}%o « lvoC }v
The legends of each of the figursilsow the ETA classes that were crosswalke&igure57
andFigure58, the classes that could not be crosslinked to the ETA have been subdivided into
CLCplus Backbone, Priority Area Mapping and IMD, reflecting the datasets from which these
classes were derived.
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Figure56: The European Ecosystem Typology ecosystem extent map for Peloponngsesing
National data only(EPSG:3035)
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Figure57. The European Ecosystem Typology ecosystem extent map for Peloponhgsesing
National data enhanced with CLMS daBPSG:3035)
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Figureb8: The European Ecosystem Typology ecosystem extent map for Peloporrseng CLMS
data only(EPSG:3035)
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8.1.1.2. Séao Miguel

Thenationalreferencedata for Sdo Miguelas of good qualityproviding a reliable baseline
for mapping requiringless CLMS data thdPeloponnese To assess how each approach
contributed to mappingowards the ETA, statistics were extracted at Lev@lable46).

All three mapping approaches produced notably different class values at Level 1. The key
1(( Ev « 8A v §Z ZE 3]}v o }voC[ v ZE 8]}v o~ >D"[ % % @

the cropland and grassland classes. These classes were not accuratelyteelureter the

national mapping as highlighted by local expertise and visual assessments of satellite

imagery. The integration of the CLCplus BB layer significantly improved their classification.

Additionally, the CLMS data improved the classificationatibnal data crosswalked to Level

1, particularly in the 6. Sparsely Vegetated Ecosystem| 26.1 Bare RocksThis class was

further refined by distinguishing 6.1 Bare Rocks from 11.3.2 Rocks, Cliffs, and Shores, resulting

in a more detailed and accurate representation.

tZ v }u% E&]vP S$Z ZE S]}v o[ v classyDilahsa\Wéllpnds fcoklystem

is absent in the latter. This group was mapped as a mix of heathlands and forests (both exotic
and planted, as well as native and spontaneous) using CLMS data sources. A national expert
confirmed it as an inland wetland, despite its appearance resemhi@aihland based on

visual assessment. Additionally, many areas mapped/Egéathlands and Shrulin the CLMS

only map were classified as #rassland or 4 Forest and Woodlands likely due to
differences in the definitions used byedtwo typologies. The CLMS only map also provided
more detailed mapping of urban areas, as several roads and buildings were omitted in the
national mapping.

Table46: Showshe results othe ecosystem extent delineatiort kevel 1 of theEuropean Ecosystem
Typologyusing three mapping approaches for th@oMiguel TS

E?;ggﬁg; %Z?/g%em National only (ha) Natlon(arl]lj CLMS CLMS only (ha)
1. Settlement and other 4554 4621 6306
artificial areas

2.Cropland 8831 15526 11475
3. Grassland 35883 29120 29274
4. Forest and woodland 21919 21919 20153
5. Heathlands and shrul 466 466 5119
6. Sparsely vegetated 871 626 309
ecosystems

7. Inland wetlands 1054 1054 -
8. Rivers and canals 23 23 20
9. Lakes and reservoirs 831 831 852
11. Coastal beaches, 78 323 513
dunes and wetlands

No data - - 90
No crosswalk - - 399
Total 74510 74510 74510
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An in-depth analysis of thecosystenextent delineation outcomes at the three levels of the
European Ecosystem Typology is seeiadhle47. The aimof the delineation process is to
map to a levelas detailedas possible irthe typology structure; level 3 in the case of the
European Ecosystem Typologhyhe National & CLMS approacbsulted in 28% ofrea
mapped to level 3, wherthe National level approacteached 24%Both these approaches
map>96% otlassedo acombined level 2 and 3’he CLMS only approach resulted @186
areamapped at levels 2 and 81 comparison to the Peloponnesgampleonly a small area
(0.66%) could not be crosswalked to the ETA using the CLMS only approach.

Table47: Results of ecosystem extent delineation to all levels of the European Ecosystem Typology
using three mapping approaches for the Sao Migigl

Approaches Level Mapped aea (a) Mapped area(%)
1 2794.35 3.75
Step 1 2 53535.31 71.85
National only 3 18180.21 24.40
Grand total 74509.87 100
Step 2 1 2211.09 2.97
National + CLMS 2 51687.68 69.37
3 20611.10 27.66
Grand total 74509.87 100
1 3665.3 8.14
Step 3 2 27223.4 78.52
CLMS only 3 60666.9 12.68
No crosswalk 1455.9 0.66
Grand total 74509.87 100

The mapping outcomes for each of the thr@@ppingapproachegshat have beerdiscussed

E % E * V3 0}AX dZzZ (FBEeS93V|w }ue [E ]} vNAtichZl & LMD
(Figure60) mapclearly shows more detailed information on the level 2 class annual cropland
Figure61 shows the mapping resultsingCLMS onlyin comparison to the othemaps,more
areas havéeen mapped akeathlands and shrum the centerand aroundthe easten part
of the island. These are mapped mostlff@®st or wetland under the national mapping
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Figure59: TheETAecosystem extent map foB&o MiguelT Susing National data onl{EPSG:3035)

Figure60: TheETAecosystem extent map foBao Miguell Senhancedwith CLMS datdEPSG:3035)
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Figure61: TheETAecosystem extent map foB&o MiguelT Susing CLMS data on(fEPSG:3035)

8.1.2. Vegetation-centric approach

8.1.2.1. Peloponnese extent account

An ecosystem extent map for Peloponnese for the year 2020 was gendFagenle62, Table

48) based on the EUNIS maps and according tanieéhodology as described beforas the
crosswalking from EUNIS to Ecosystem Extent Typology is done according to the EU
guidelinesthe available EUNIS habitefiasses and their mappimigfine largely the limitations

of the ecosystem extent map\o further efforts were pursuedjiven the limited resources
available, to map th@nthropogenicclasses (e.gettlements and artificial areas) toragher
ecosystem type level.
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Figure62. Ecosystem extent map 2020 for Peloponnese using the Sentinel / Vegetation centric
approach (EPSG:3035)

Table48: The Ecosystem Extent Account for Peloponnese for the year 2020.

112l 13 Ecosystem type closing area|share o
(ha) area
1 Settlements and other artificial areas 34707.30 1.6%
2 Cropland 78416.64 3.7%
2.1 Annual cropland 75605.83 3.5%
2.3 Permanent crops 112.22 0.0%
2.5 Mixed farmland 2698.59 0.1%
3 Grassland 419845.67 19.6%
3 Grassland L2 unallocated 419440.56 19.6%
3.2 Natural and seminatural grassland 405.11 0.0%
4 Forest and woodland 950681.22 44.4%
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4.0 Forest and woodlanelL2 unallocated 265441.25 12.4%

4.1 Broadleaved deciduous forest 97927.40 4.6%
41.1 Riparian forest and woodland 41505.06 1.9%

414 Temperate, Submgditerrangamd Mediterranean 56422 34 2 6%

thermophilous deciduous fores

4.2 Coniferous forest 248229.71 11.6%
4.2.0 Coniferous forest L2 unallocated 141651.80 6.6%

424 Pine forest (excluding mires, nd@hermophilous) 42758.90 2.0%

4.2.5 Mediterranean thermophilous lowland pine forest 59340.46 2.8%

4.2.8 Other coniferous forests, excluding plantations 1689.76 0.1%

429 Highly modified c;gi;gggigorests, in particular 2788.79 01%

4.3 Broadleaved evergreeiorest 339082.86 15.8%
4.3.0 Broadleaved evergreen forest.2 unallocated 101245.62 4.7%

4.3.1 Mediterranean evergreen Quercus forest 122530.44 5.7%

4.3.4 Olea europaed&eratonia siliqua forest 115306.80 5.4%

5 Heatland and shrub 580278.40 27.1%
5.0 Heatland and shrubL2 unallocated 91769.62 4.3%

5.3 Sclerophyllous vegetation 488508.78 22.8%

6 Sparsely vegetated ecosystems 41729.98 1.9%
6.0 Sparsely vegetated ecosystenls?2 unallocated 10008.70 0.5%

6.1 Barerocks 29529.21 1.4%

6.2 Semidesert, desert and other sparsely vegetated are 2192.07 0.1%

7 Inland wetlands 1742.02 0.1%
7.1 Inland marshes and other wetlands on mineral soil 1683.10 0.1%

7.2 Mires, bogs and fens 58.92 0.0%

8 Rivers andCanals 5436.49 0.3%
8.0 Rivers- L2 unallocated 4209.41 0.2%

8.1 Rivers 203.04 0.0%

8.2 Canals, ditches and drains 1024.04 0.0%

9 Lakes and Reservoirs 11822.36 0.6%
11 Coastal beaches, dunes and wetlands 17623.75 0.8%
11.1 Artificial shorelines 8964.69 0.4%
11.2 Coastal dunes, beaches and sandy and muddy sho 7452.00 0.3%
11.2.0 Coastal dunesL2 unallocated 629.62 0.0%

11.2.1 Coastal dunes 4545.52 0.2%

11.2.4 Beaches and sandy shores 1069.80 0.0%

11.2.3 Muddy shores 1207.06 0.1%

Totals 2142283 ha
21422 km?
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8.1.2.2. Sao Miguel Extent account

Mapping &o Miguel (Figure 63, Table 49) is very challenging from a remote sensing
perspectiveparticularly indistinguishing the managed versus natural sites. Most of the island

is managed and hence additional land use layers are required to distinguish some specific
classes as well as mapping them into the EU ecosystem typaslogly as

x T3M (coniferous plantation dfite-native trees) or T3N (coniferous plantation of site
native trees) are mapped to EU class 4.2.9 (highly modified coniferous forests, in
particular plantations). They could potentially also be mapped to ETA 4.6.1
(monoculture or mixed plantations) but thigould require additional land use
information which was not available in the OpenStreetMap dataset.

x Mixed farmland (ETA 2.5.1) descrilleterogeneoudandscapesvithout one single
dominant land cover that covers more than 50% of the Minimum Mapping. Unit
typicallyis a mix of arable land, permanent crops, pasture/grassland interspersed with
areas suctas hedges, ponds, etdherefore, in our mapmost likely the grassland is
over-estimated andthe cropland is undeestimated.

It should also be noted that the Settlements and other Artificial areas (Edéréhot further
decomposedsince itwas primarily focusing on mapping the (sematural ecosystem types.

Figure63: The European Ecosystem Typology ecosystem extent map for Sado Mi§using Sentinel
data / vegetation centric approach (EPSG:3035)
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Figure 64 shows a confidence of the extent mapor Sdo Miguellt is based on the
methodological rules as described above, with the definition that if both the EUNIS habitat
map and the Land Cover/Land Use maps confirm the ecosystem type the confidence is highest
(depicted with match_ALL labelf only one of the two maps confirm the ecosystem type, the
one that prevailed for the selectiofin our case mostly EUNIS depicted.

Figure64: The European Ecosystem Typology ecosystem extent Quality Flag for Sdo Nifgushg
Sentinel data / vegetation centric approach (EPSG:3035)

Table49: The Ecosystem Extent Account for Sdo Miguel for the3@20

L1 L2 L3 EcosystemType closing arey share
(ha) |of ared

Settlements and other artificial areas 1303.44 1.8%

2 Cropland 4205.85 5.7%
2.1 Annual cropland 525.18 0.7%

2.3 Permanent crops 2.70 0.0%

25 Mixed farmland 3677.97 4.9%

3 Grassland 36324.18 | 48.8%
3 Grassland L2 unallocated 34022.48 | 45.7%

3.1 Sown pastures and other grass (modified grasslan{ 2301.70 3.1%
4 Forest and woodland 19604.89 | 26.3%
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4.0 Forest and woodlandL?2 unallocated 1835.18 2.5%

4.1 Broadleaved deciduous forest 27.07 0.0%

4.1.2 | Broadleaved swamp woodland on nawid and acid ped 23.10 0.0%

417 Other broadleaved Q¢ciduous fc_Jrest, excluding high 3.97 0.0%
modified plantations

4.2 Coniferous forest 11762.57 | 15.8%

428 Other coniferous forests, excluding plantations 0.61 0.0%

Highly modified coniferous forests including stands
4.2.9 | non-native trees species that have long been establis] 11761.96 | 15.8%
in European ecosystems stands

4.3 Broadleaved evergreen forest 5980.07 8.0%
4.3.0 Broadleaved evergreen forest 2 unallocated 5918.81 8.0%
4.3.3 Macaronesian laurophyllous forest 35.39 0.0%

Highly modified broadleaved evergreen forests includ
4.3.7 | stands ofnon-native trees species that have long beq 25.87 0.0%
established in European ecosystems stands

5 Heatland and shrub 7221.47 9.7%
5.0 Heatland and shrubL2 unallocated 387.65 0.5%

5.2 Heatland and (subalpine shrubs 6833.82 9.2%

6 Sparsely vegetated ecosystems 702.12 0.9%
Inland wetlands 1013.87 1.4%

7.0 Inland wetlands L2 unallocated 991.16 1.3%

7.1 Inland marshes on mineral soils 20.99 0.0%

7.2 Mires, bogs and fens 1.72 0.0%

8 Rivers and Canals 608.74 0.8%
8.0 Rivers and Canaid 2 unallocated 606.57 0.8%

8.1 Rivers 0.24 0.0%

8.2 Canals, ditches and drains 1.93 0.0%

9 Lakes and Reservoirs 1046.15 1.4%
11 Coastal beaches, dunes and wetlands 2381.59 3.2%
11.0 L2 unallocated 573.13 0.8%

111 Artificial shorelines 1697.03 2.3%

11.2 Coastal dunes, beaches and sandy and muddy sho] 111.43 0.1%

Totals 74412.30 ha

744.123 km?

Within the limited time availableit was possible t@reate an ecosystem extent account up

to Leve 3 using the EUNIS habitat maps as an underlying dataset. The approach is scalable
across the entire European continent, despiegjuiring further workto be conducted. The
results of this experiment are a very valuable input for other projects to continue the work as
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is the ESA World Ecosystem Extent Dynamics prdjépis(//esa-worldecosystems.org/en
which targets to create extent accounts at full European scale using this approach.

8.2. Ecosystem condition mapping

8.2.1. Peloponnese Forest Condition Index

There is not a lot of differentiation in how close the different forest types on Peloponnese ar
to their ideal condition.Thar mean forest condition indices fluctuate around 0.55 or 0.60
between 2018 and 202 able50).

Table 50: Forest condition account (mean forest condition indices per class) for forest types in
Peloponnese for 2013022
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The graph$elowshow that the mean forest condition index for each vegetation type seems
to find aminimum in 2021(Figure65). Aspreviouslyexplained the transition from PROBX

to Sentinel3/OLCI has introduced artefacts for products that are used to generate the CLMS
NPP data. The ARIES for PEEHA Explorer still extracts NPP from this data source.
Therefore, the forest condition indices were caételd with the CLMS NPP data. Hence, the
drop in mean FCI in 2021 is most likely not a representation of reality but rather introduced
by artefacts in the NPP data for period between 2020 and 2022.
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Figure65: Evolution of mean forest condition index through time (202822) per forest type in
Peloponnese for Transitional woodland shrub, broadleaf forest, coniferous forest and mixed forest

TheFClof 2022is dispayed inFigure66 (other years behave similarlyfhe FCI is highest, or
the forest condition is closest to its ideal/reference stagund thecenterof the peninsula.

Figure66: Spatial map of the forest condition index in 2022 for Peloponnese

The net change in Fdetween 2018 and 2025 very slightly negativand the negative
hotspots are mostly found at the edges of the forested ar@l@gure67). In general, the
condition remains quite stable through time.
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Figure67: Net change map of forest condition index between 2018 and 2022 for Peloponnese. The
redder the pixels arecolored, the more a decline in forest condition index was observed. The
greener the pixels are colored, the more an increase in forest condition

The change maps per two consecutive years within #pecified periodindicate quite
precisdy where and to which extent the forest condition index increased or decreased in
PeloponnesgFigure68). There isquite a negative change between 2020 and 2@R&r
almost all forest area, but this decrease contains a maximum value of 0.15 Afte€2021,
almostthe entire region experiences an increase in forest condition.
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Figure68: Change maps of forest condition index in pairs of consecutive years between 2018 and
2022 for Peloponnese

The forest condition produced in the PEOPLE EA project was evaluated using field data from
forest management studies (where available and spatially explieipitat Directive
monitoring (local conservation degree) sampling plots, MAES national project (LIFE IP 4
NATURA) field surveys and the relevant results for ecosystem condition, expert judgment on
well-studied forests, and information from local authorities regagiforests and their status.
Similar condition results are identified among tREOPLEA outcomesand the LIFE IP 4
NATURA (ecosystem condition) as well as theHabitat Diretive monitoring (local
conservation degreagsults
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8.2.2. Sao Miguel Forest Condition Index

Forest conditiorfor Sio Miguel comprised theeriodfrom 2018until 2023(Table51). Forest
types T1, T2 and T8e fluctuatingbetween0.42 and0.56 for 20182022. Forest type S4 a
bit further away fromits ideal conditiorfor the sameperiod.

Table51: Forest condition account (mean forest condition indices per class) for forest types (according
to mapped EUNIS habitat level 2 classes on the habitat map) in Sao Miguel for perie2D23181:
Broadleaved deciduous forest, T2: Broadleaved evergreeestforT3: Coniferous Forest & S4:
Temperate shrub heathland.
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All forest types experiencka maximum forest conditiom 202 (Figure69). For T2, T3 and
S4it is followed bya mild decrease, while T1 undergaesteeper decreasen 2021

Figure69: Evolution of mean forest condition index through time (202823) per forest type in S&o
Miguel: T1 Broadleaved deciduous forest, T2 Broadleaved evergreen fores€orferous Forest
and S4 Temperate shrub heathland
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The net change in forest condition index map (between 2018 and 2023) showbéhaiost
decreases in forest condition index are located towards the central axis dbdleeMiguel
(Figure70). The maximum decrease in forest condition index contains an index of 0.35.

Figure70: Net change map of forest condition index between 2018 and 2023 for Sao Miguel. The
redder the pixels are colored, the more a decline in forest condition index was observed. The
greener thepixels are colored, the more an increase in forest condition index was observed

The yearlychange mapslisclose thafjuite extensive areas have experien@dharp decline
in forest condition index, mostly in the transition to 2021 and 2(2gure71).
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Figure71: Change maps of forest condition index in consecutive years between 2018 and 2023 for
Séo Miguel
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8.3. Forest Carbon Accounting

Here the resultsof carbon accounting using methodsare presented The first methods
basedon the combination oRSderivedproducts Section7.3.1), while the second method is
based on Gross Primary Productivity (GPP) estimates and maps (Sé&t@nThe first
method provides carbon emission estimates directly derived from biomass maps, created
using an unsupervised approach that integrates data on forest structure (from forest
structural maps), vegetation canopy height (obtained from GEDI LiDAR), and
deforestation/degradation maps produceday the SarSentry change analysis. Carbon maps
derived from these biomass maps are then used to calculate differences between two years,
allowing for quantification otarbon fluxesThe second method utilizes GPP maps, which are
converted into annual Net Primary Production (NPP), Aboveground Net Primary Production
(ANPP), and Belowground Net Primary Production (BNPP) maps. The aboveground carbon
sequestration for 2022 and 2023dalculated by summing the ANPP valt@sboth years.

8.3.1. Carbon stock maps using remote sensing-derived products

8.3.1.1. Results and validation of Forest structural maps

The process of carbon mapping begins with the creation of a-dugltity Forest Structural
Map (FSM)as a foundational stepkigure72 presentsthe FSMcreated for Sdo Miguel
covering 2017, 2021 and 202Bustrating the spatial distribution of forest structure.

Figure72: Forest structural maps of S&o Miguel for 2017, 2021 and 2@28 whole island (on the
left), a detail over the easvolcanicarea where the Peatland bogs were mappéoh the righ).
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All maps were created using the same legend to facilitate easy comparison of changes
between years. Most of these changes are linked to deforestation and forest degradation
activities, although in some cases, landslides slope movementdriggered by sudden

rains, strong winds and seismic actiyitave also contributed to the removal gégetation

from mountainousforested areascreating temporary bare soil areda Sao Miguel, forests

can be classified as coniferous or broadked and they may be naral or planted. The maps
identify four distinct forest types, which appear to be influenced by management practices
(natural vs. planted) and exhibit different density levels and structural characteristics.
Additionally, high and low shrublandsid areas with tree cover below 10#&re detected.

A significant portion of the island is covered by agricultural crops and grasslands, alongside
areas designated for infrastructure and water bodies. One of the key improvements in this
mapping effort is the detection and classification of highland peatamdbogs, which play a
crucial role in local water retention and belowground carbon accumulagod could
otherwise bestructurallymistaken for bare areasr low shrubland areas

Figure73: Confusion matrix presenting the validation results for the FSM 2023 in S&o Miduap
presents thelocation of randomly selected points used for map validation using high resolution
Planet dataas a referenceOverall accuracy was estimated in 87.5% with a calculated kappa
coefficient of 0.8.
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The validation of the 2023 map was conducted by inspectingtagblution images over a

set of randomly generated points, stratified across all map classes. A confusion matrix was
created to show the proportion (in percentages) of correctly and incoryasttissified points

for each class. The overall accuracy was calculated to be 87.5%, with a corresponding kappa
coefficient of 0.8, indicating strong agreement between the classification and reference data.
(Figure73). 689 out of 767 points were confirmed to be classified corredigditionally, two

types of classification errors were analysed:

x Errors of Commission (False Positivesjcurwhen a value is incorrectly classified into
a class to which it does not belongpresented in the rows of the confusion matrix
These errors are relatedotuser accuracy, which indicates the likelihood that a
classified poinbelongsto the assigned class.

x Errors of Omission (False Negativesgcurringwhen a value belongs to a class but is
incorrectly assigned to another claggpresented in the columns of the confusion
matrix. These errors are related to producer accuracy, which measures how well class
members were correctly classified.

Higher errors of commission and omissieare observed in theshrubland classesvhich is
expected, as validating these structural classes using-regpblution images is inherently
challengingDifferences between high or low shrublands are not always easy to differentiate.
In contrast, bothproducer and user accuraciegre found to behigh for forest ecosystems
indicating greater reliability in their classification
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Figure74: Forest Structural Maps of Peloponnesus 262023. Structural differences can be seen
specially thetransformation of forest (green)into shrubland classegorange).Thisforest loss and
forest degradationwere mainly attributedto fires, the whole area (at the top) andietail over an
area of changéetween the two yeargat the bottom).

For Peloponnesus, FSM were created 2021 and 2023Higure74). The forest structural

types and ecosystems of Peloponnesus were more complex than those found in Sdo Miguel.
In this region, distinctions between forest types were primarily based on forest density, with
classifications into high medium, and lowdensity forests. Other natural vegetation
structures included open woodlands and shrublari8isie areas were identified at mountain
peaks, which are occasionally covered by snow in winter, as well as in regions near mining
activities and coastal areas. Additionally, tree plantations, particularly olive groves, were
detected alongside extensive agultural lands. Wetland areas were also identified in the
northwest of the islandThe mapping of Peloponnesus was more challenging, as reflected in
the validation accuacy and confusion matrix. The overall accuracy was 82%, with a
corresponding Kappa coefficient of 0.8. Out of 1827 randomly generated points, 1512 were
correctly classifiedHigher producer and usexccuracywere observed, particularly for high

and mediumdensity forests. However, the highest classification errors were found in the
shrubland and forest plantation classes. In contrast, classification accuracies for bare areas
and low shrublands were high, iating distinct vegetation density for these egbries. On

the other hand, woodlands, high shrublands, and forest plantations showed greater confusion
with one another, suggesting lower mapping resolution for these clagsgsré75).
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Figure75: Confusion matrix presenting the validation results for the FSM 2023 in Peloponridse.
presents the location of randomly selected points used for map validation using high resolution
Planet data as a referenc®verall accuracy was estimated in 82% with a kappa coefficient of 0.8

8.3.1.2. SarSentry Deforestation and degradation time series

The second step in carbon accounting is the accurate detection of vegetation structural
changes in forest ecosystems. This is of great importance, as changes in forest cover represent
a high potential for carbon emissions due to the high carbon levelsistocls.

Forest change detection in this study was conducted using the SarSentry System, developed
by SarVisior{Hoekman et al. 2020)This system processes Sentifieladar time seriesv
acquired every 12 days globally, and every 6 days in European countriesgenerate
thematic maps that display deforestation and forest degradation within a predefined baseline
forest mask.

For nonseasonal ecosystems, analyses are carried out every 12 days, while for seasonal
ecosystems, they are performed on an annual basis to account for natural variations such as
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leaf fading, which can influence radar signal respong&eslardata enables detection of
seasonal effects and forest structural changes, producing a sequence of maps showing forest
areasremainingunchangedandthose affected by deforestation, degradation, or regrowth.

Each annual map includes a legend that classifies detected changes, with implications for
carbon dynamics:

x Deforestation and degradation: Indicate a losbiomasdinked to carbon emissions.
X Regrowth: Indicates a gain in biomass, corresponding to carbon sequestration.

Deforestation detection involves temporal confirmatioiine system identifie8 classes:

x Early Deforestation (Reditial detections that require confirmation in future time.

x Deforestation (Yellow): Areas where deforestation has been confirmed.

x Deforestation 2 (dark Yellow): Areas previously deforested and confirmed, which may
now show signs of regrowth.

Forest Degradation is detected through texture change analysis in radar imagery and is
mapped at a coarser resolution (150 compared to deforestation (1M). The 4levels of
degradationare:

X Levels 13: Represent canopy structure changes without converting the land to a non
forest class.

X Level 4: Reflects deeper impacts, such as internal structural degradation and biomass
reduction.

Regrowthshowsareas where the radar backscatter increases, often more visible in formerly

non-forest areas. In established forest areas, a minimum increase of 2 dB in radar backscatter
is generally required to indicate biomass gain in mature forests (i.e., forestdimax state).
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Figure76: SarSentry results for S&o Miguel. Observation periods correspond to ZWP7 and 2017
2023. SarSentry thematic products show thgearly forest change detections(deforestation,
degradationand regrowth); the whole island (at the top) andletail over the east volcanic area
where changes in the forest cover were detectéak the bottom).

The results for S&o Miguel are shownFigure76. An analysi©of changes that occurred
between the time periods 2012021 and 20172023 is presented. This data allows for
tracking forest changes that can be associated with carbon fluxes. The use of detailed
deforestation information over time helps with carbon accounting between two periods
where biomass is mapped. In the case of deforestation, the assumption is that all carbon
contained in the deforested area is being emitteBstimating the gains or losse$rom
degradation and regrowth depemsdn the development ofocally calibratedmodels and
requires input from field measurements and other local observati@mhanges ithe forest
cover detected as deforestation can be associatgith management and rotation practices

or landslideson very steep slopes. Degradation processes might also be related to selective
logging or other management practices.
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Figure 77: SarSentry thematic results for Peloponnesus for the 22021 and the 2012023
periods SarSentry thematic products show the yearly forest change detections (deforestation,
degradation and regrowth); the whole peninsula (at the top) and detail over the central area where
changes in the forest cover were detected (at the bottom).

For Peloponnesus, the SarSentry changes were also calculated for the period between 2017
2021 and 2012023.Figure77 shows the results for the entire region, with a detailed view

of an area where many changes were detected. In Peloponnesus, the changes in forest cover
can be attributed to forest management, but most of the time they are associated with forest
fires occuring during the summer.
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8.3.1.3. Biomass Maps

The next step in carbon mapping is the production of biomass maps. This mapping process is
carried out using th&arCarbomlgorithm, developed by SarVisidhis a complex system that
integrates raster data from thelerived Shadow Index3ATV), calculated using Sentin2l

optical data for the year of mapping, the FSM map for the same year, and the SarSentry results
for the same year, with canopy height elevation point data derived from the LIDAR GEDI
system

Figure78: Location of GEDI footprintacquireover the area of Sdo Miguel during years 202021
and 2022 In total, 57200 pointswith canopy height data(h100)were used for the SarCarbon
analysis coveringmost of the Island Histograms showing the distribution of canopy heigthta for
each of the forest structural classes of the structural mage shown

Figure78illustrates the distribution of all GEPAanopy height datdownloaded for the island

of S&o Miguel for the years 2020 and 2021. After data screening, a totaR&5goints were

used for analysis. The H100 variable from the GEDI database was utilized for canopy height
calculation. Canopy height daa meterswas extracted for all forest structural classes, and

the distributions of canopy heights for each class were visualized using histogliapiaying

the distribution of vegetation height ranging from 0 to 50 meter$he canopy height
distributionsper classare related to the Sl index value and the correlation is useckeate

the intermediate raster canopy height map.

A pixelbased biomass classification model integrates reflectance data from the Sebtinel
Optical Index with height distributions for each forest structural class. This process generates
a temporal raster file of vegetation height, which is converted bitonass data using general
allometric equationgAsner et al. 2012}-igure79 showsthe Sdo Miguebiomass map
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Figure79: Final biomass maps for Sdo MiguBlataper pixel is expressed in tons /ha. The legend is
aggregating the biomass values of a float map into classes. Values range from 5 ton/ha to a
maximum of 270 ton/ha the whole island (at the top) ana@ detail from the mountainouseastemn
sections are showrat the bottom).

Biomass maps for 2021 and 2023 were calculated separately using different remote sensing
data sources, including Sentirglimages and forest structural maps. However, the canopy
heightderived data for each structural type is shatggboth maps. The biomass maps are in
float raster format each pixel represents an estimated biomass value in tons/ha. Any
calculations involving these maps should account for a correction factor due to the actual 10
m resolution. The estimated biomass values for Sdo Migugledrom 0 to 270 tons/ha.
Unfortunately, no field Aboveground Biomass (AGB) desa available to validate these
maps. However, carbon estimates conducted on the island of Madssa inMacaronesia
andsharing similar forest typeproduced comparable resul{#lasseti and Gil 2020)
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Figure80: Location of GEDI footprints acquired over Peloponnese in 2019, 2020 and 2021. In total,
908.000 pointswith canopy height data (h100)ere used for the SarCarbon analysvering most

of the peninsula. Histograms showing the distribution of canopy height data for each of the forest
structural classes of the structural mage shown

Figure80 shows the GEDI coverage oRaloponnesufeninsulaAfter data screening, a total

of 908000 points were used. Canopy height data (in meters) was calculated from the H100
variable and extracted for all vegetation structural types. Histograms were generated to
illustrate canopy height distributions for eawkgetation structural typeThese distributions
serve as inputs for the SarCarbon algorithm in defining biomass leyetgetation type.

Biomass maps were produced for 2021 and 2023, showing estimated biomass levels across
the region(Figure81). Biomass values in Peloponnesus range from 0 ta@¥Oper hectare,

with the highest values observed in forested areas. Although no-lhatdd AGB (Above
Ground Biomass) data is available for validation, the estimates align with values published in
the 2006 IPCC Guidelines (Volume 4, Tables 4.7 an(E¢@pston et al. 2006)
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Figure81: Final biomass maps estimated for Peloponnese. Data per pixel is expressed in tons/ha.
The legend is aggregating the biomass values of a float mapriatges Values range from 5 ton/ha

to 270 ton/ha; the whole area (at the top) andletail of areas were the biomass changes between
the yeargat the bottom).

The proper validation of these maps should be done using field measured biomass estimated
for the same study period. Unfortunately, this data was not available forTtBeFor that
reason,data published byPCds usedas bestpractice guidelines for carbon estimates in
different ecosystems around the globe. (IPCC guidelines, Vol 4, 2006 andE2@d/@ston et

al. 2006, Calvo Buendia et al. 2019)

The first step in using this guideline is to define the ecosystem in question. For Peloponnesus
and Sao Miguetemperate continental forest antemperate oceanic forestespectivelyfor
European ecosystems atsed asa reference, based orachTSgeographical location and
climatic classificatiorftable 4.1 of the IPCC guideline, Vol. A3 a validation proxy for the
biomass map estimations in this project, we used published data from the same guidelines.
For both temperate continental andoceanic natural forests, the reference biomass is
approximately 120 tons per hectare-or temperate oceanic forest plantations, values are
given for broadleaved (200 ton/ha) and coniferous ((P5D ton/ha) forest. For temperate
continental forest values range form 30 to 200 tonl/lfeable 4.7 of the IPCC guideline, Vol. 4
and table 4.8 of the IPCC guideline, Val. 4)
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8.3.1.4. Carbon Maps

The carbon mapping process follows biomass mapping, as carbon is a fraction of the
estimated AGB. Conversion fractions for different ecosystems are provided in the IPCC
Guidelinegtable 4.3 of the IPCC guideline, Vol.(20Q06t2019, Table 4.3)Eggleston et al.
2006, Calvo Buendia et al. 2018cording to the IPCC table, average conversion factors for
various forest types in temperate ocearaod continentalecosystems range between 0.47

and 0.51 Aconversion factor of 0.4&as usedor both TS

Final carbon maps are shover S&do MiguelRigure82) and PeloponneseRigure83). Carbon
estimates foreachTSrange from 0100 tons of carbon per hectare (ton C/ha). The maps are
rasterbased floatingpoint data, allowing carbon values (ton C/ha) to be rpadpixel. When
extracting data for carbon accounting, correctiare applied based on the data resolution

Figure82: Final carbon maps for Sdo Migu®ata per pixel is expressed in tons C/ha. The legend is
aggregating the carbons values of a float map into classes. Values range from &/lanto a
maximum of 100 tonC’ha; the whole island (at the top) andietail overa mountainousregion of
the island(at the bottom).
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Additional carbon reference data was found fddaderra Island also belonging in
Macaronesia anwhereforest typesoccurlikethose from Sdo MigueReported carbon levels
for Madeira were of the same magnitug@®lasseti and Gil 2020)

Figure83: Final carbon maps for Peloponnese. Data per pixel is expressed in tons C/ha. The legend
is aggregating the carbons values of a float map into classes. Values range from Gharto 100

ton Cha; the whole area (at the top) andletails over the central regiorwhere changes were
observed(at the bottom).

8.3.1.5. Carbon emissions by carbon stock changes

For the calculation of carbon emissions, we used the equation presented in Se&ibnfor

both TS which calculates the difference between the carbon maps from the two available
dates. The difference maps can be seen kigure 84 for Sio Migud and Figure 85 for
PeloponneseThe carbon difference maps aexpressedn tons of carbon per hectare (ton
C/ha). The legend aggregates the carbon values from a fleptimg raster map into distinct
carbon classes. The estimated carbon differences between the 2023 and 2021 maps show
both positive and negative values. Negativalues indicate areas where carbon emissions
were detected, while positive values suggest regions where carbon sequestration occurred.
This informationserves the calculation of thetal carbon in ton ha emitted or sequestered

for each pixel. Fomstance, in the case of the areas where deforestation was detected
between the two years, it is expected thidere is loss of biomass andsabsequentcarbon
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emissiondue to the forest change. In the case @3SViguel Figure84) it is possible to see
the red pxelswhere thereare carbonemissionshetween 30 to 136 tons/ha in a period of
two years.Most of the area appears in black where very small changes were detdéted.
the rest, pixels in orange and blue show fluxes (carbon emission or uptat@sgsponding
to the published data for both ecosystems.

Figure84: Carbon differencéflux) map for SGo Miguel expressing data in tons of carbon per hectare
(ton C/ha). The legend aggregates the carbon values from a floagiaopt raster map into distinct
carbon classesthe whole island (at the top) andletail at the east end showing red areas where
carbon emissions are due tdeforestation (at the bottom). This calculation represents the change
detected in two years.

In the case of Sdo Miguel, most of the high emission values (red) correspond to areas where
deforestation was detected. In Peloponnesus, the areas with the highest carbon differences
or highest emissionare primarily located in regions affected by reported forest fires.

161



Figure85: Carbon difference (flux) map for Peloponesse expressing data in tons of carbon per
hectare (ton C/ha). The legend aggregates the carbon values from a flogioigt raster map into
distinct carbon classes; the whole peninsula (at the top) and detail a tientral region showing red
areas where carbon emissions are dueftorest change(at the bottom). This calculation represents
the change detected in two years.

There is no specific data available to validate carbon emissions per ecosystem foiT&8ther
However, Table 4.9 from the IPCC guidelipesvidesa reference(table 4.9 of the IPCC
guideline, Vol 4)For temperate oceanic forests, estimated biomass accumulation per year is
approximately 23 tons per hectar@and 4.07.5 for continental forestThis range aligns with

the accumulated carbon values calculated from @difference magor both TS
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8.3.2. Carbon Flux mapping using GPP

Thetotal aboveand belowground carbon sequestratioANPP and BNPP respectivahthin
2022 and 2023 for&@® Miguel(Figure86) and Peloponnes@-igure87) are shownThetotal
aboveground carbon sequestratios much highein Sio Miguel than in Peloponnes@he
hotspots of belowground carbon sequestration &3/iguel seem to be oriented around the
habitats classified t&UNIS level Q classcorresponding mainly to the blanket bogs

Figure86: Total aboveground and belowground carbon sequestration for Sdo Miguel by summing
the aboveground carbon accumulation (ANPP) in 2e223 and belowground carbon accumulation
(BNPP) in 2022023, respectively
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Figure87: Total aboveground and belowground carbon sequestration for Peloponnese by summing
the aboveground carbon accumulation (ANPP) in 2€223 and belowground carbon accumulation
(BNPP) in 2022023, respectively

Table52 showsthe mean totalANPP and BNFHor 2022 and 2023 summedhe table does
v}§ ]*%0 C A op (}E 37 adMi§uelvagthelane dovef map that was used
to generatethe GPP maps did notcontaiftE ¢ 0 <] (] « Zt S0 v [ A]8Z]v §Z -

Table52: Overview of the mean total aboveground and belowground carbon sequestration (ANPP and
BNPP respectively) for 2022 and 2023 summed, per ecosystem type clas Midaiel and
Peloponnese
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9. Discussion

In thisSection, the nationalcentric approach foimprovingecosystenextent mappingusing
CLMS datas addressed, followed byighlightinghow S&o MiguelTSdemonstrated the
complementarity oforest structure mappingvith the vegetationcentrichabitat mapping to
enhance classification accurace results of the forest condition index for Sdo Miguiél

and its limitationsfor future improvementare alsofurther explored.Also, he differences
between biomassand flux-based carbon accounting are discusselighlighting how the
approaches can be complementary and potentially lead to improved accuracy when
integrated. Finallysome remarks orthe potential of usingRSproducts alone(particularly
through unsupervised metho(l$o produce coseffective datasets that support scalable and
consistent carbon accounting efforts.

9.1. Ecosystem extent £National-centric approach

The aim of nationatentric approach was to assess the potential of European Copernicus Land
Monitoring Service data and products for the mapping of ecosystem extents. In the two test
areas two different starting situations existed:
X S0 Miguel, with a rather complete coverage of the island with two national databases
(land use and forest inventory) as well as a complete coverage with CLMS data
X Peloponnesuswith a much more limited amount of national data (only related to
protected area, no full coverage) and with a mix of different CLMS data sets, none of
them providefull coverage of the territory.

Some key lessons can be drawn fréms work Seamless, walb-wall data should be the

basis for any extent mapping. A wailwall coverage of the data is needed to ensure a
homogeneous coverage and quality of the information and to avoid patches with different
levels of information depth. The reks of Peloponnesus are an example of such patchiness,
as the resulting extent data has been sourced from national protected area data and various
CLMS data covering different parts of the territory. At the sdimee, the combination of
CLMS data and national data can provide additional value, for example by reaching a greater
depth for individual classes of the extent typology, as demonstrated in the case of Sao Miguel.

However, land use data, which is mainly needed for assessing ecosystem extents, is not
available from CLMS in a walwall manner. The soalled CLMS Priority Area Monitoring
data offers some datasetssuch as Urban Atlas, Coastal Zones, or Riparian Zdhast
provide land use information, but not in a seamless manner. In contrast, the highest potential
of land cover data, that is, the smalled CLMS High Resolution Layers, is provided for forested
areas, where at least a differentiation by leaf typesasgible, and by the new crop type layer,
which allows for the differentiation of several crop types. This last layer is particularly useful,
as even many national datasets do not provide such information.
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Overall,in Europe CLMS data can provide a first approximation of ecosystem extent based
on open and freely available data, but with limitations regarding the biological background
and actual use of most habitats or ecosystem®viding information mainly oETAevel 1

9.2. Ecosystem extent £Complementing the vegetation-centric
approach with forest structure mapping

Misclassifications between EUNIS habitat classes that share floristic (species compaosition)
and physiognomic (structure and form) similarities were shown as a limitation of the
automated habitat mapping, especially when relying predominantly on spectaahiation
derived from optical remote sensin@everal systematic misclassifications remain, despite
post-processing corrections. A notorioagampleisthe misclassification between Heathlands

(S) and (T) Forests. This issue is especially relevant inotitext of the Azores, where
vegetation types occur icomplexand intermingledmosaic formationswith overlapping
species composition and structural variability driven by environmental gradients such as
elevation and wind exposure. The same dominant woody species can form T2 forests under
favorable growth conditions or S4 heathlands when stunted by harsh climatic or edaphic
factors, such as strong wind regimes at higher altitudes. This overlap complicates the
classification process, as it challenges theliability of spectral reflectanebased
differentiation between classes, especially in transitmoneswhere vegetation occurs in
early successional stagdsius, leveraging structurahd compositionahpproachesnay help
particularly in such places where the same plant communities express themselves differently
due to topographic, climatic, or disturbancelated gradients.

Even though the forest structure map is primarily concerned with quantifying canopy height
and density, assigning classeased on vertical structure alone, while the EUNIS habitat
classification encompasses a broader ecological scope, integrating species composition,
habitat functions, and environmental conditions; complementargdarbased forest
structure mapping, capable of capturing vertical vegetation structure, is a statitegyfor
addressing these classification ambiguities in vegetated habitat claBgassing structural
features like tree height and canopy densitykey ecological criteria in forest inventoriesc

the EUNIS classification, such as thedéer height threshold that separates forests from
lower vegetation like heathlandy radarbased forest structure mapping strengthens the
vegetationbased approach applied to both TS.

This was empirically observed by overlapping SarVision forest structure mapdWilBUNIS
habitat maps in Sdo Miguel. These demonstratedoad level of spatialand boundary
agreementwith each other particularly ithe mountainousand forestedareas of S&o Miguel,
where vegetation is more structurally stratifieHowever, the forest structure maps clearly
improved the delineation between loygrowing shrublandand true woodlard (Figure88),
while also discriminating he areas showing cultivation patterns from those occurring
naturally, providing a mora nuancedmapping at the same spatial resolution
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Figure88: Side comparison of the forest structure map [left] and tlEJNIShabitat map [right] in
the same mountainous and forested area of Sdo Miguel.

Sructural mapping also enhances the temporal resolution of ecosystem monitoring by
capturing shortterm vegetation dynamics influencing the current biophysical extent
conditionand carbon stocks and fluxeBaditional land use or forest inventory datasetsy
}v8lvp S8} o0 ¢¢](C v Ebased oh(lp@germ management intentions or
planned reforestationwhile failing to capture abrupaind immediatechangesin canopy
height and tree density caused Histurbances such as tree harvesting, ttegs due to strong
winds or slope movementshus missing théransientstages obarenessdelayed replanting
or early successional regrowtn this perspective, complementing habitat mapping with
forest structural mappingcan further avoid misclassificationscaused bythe confusion
between currenttransient statesand long term intendedand use.

This complementary approachlso highlights the broader methodological poinbf the
importance of identifying and integrating exclusive features that are capable of separating
classes with overlapping spectral or compositional characteriskies.first iteration of the
EUNIS habitat mapping presented here serves as a baseline diagnostic, identifying which
classes are most frequently confused and where additional or alternative features could
contribute to more effective differentiation, whileemforcing hat accurate anaonsistent

field validation remains critical to improvinigis process.

9.3. Ecosystem condition mapping *Forest Condition Index

A more detailed discussion is dooa the forest condition account created fod&Miguel,
since the forest condition account for Peloponnese indicated that only little fluctuatithrein
forest condition index was preseresides, the main dip in forest condition index per forest
type that was observed in 2021 v&th high probability due to an artefact in the NPP data by
the transition from PROBX to SentineB/OLCI.

The condition indicatorsisedfor creating the forest condition accounts féorest types in
S0 Miguelshow thatthe most fluctuatingcondition indicator is théNet Primary Productivity
(NPP)Aboveground biomassAGB and Normalized Difference Water IndeXDW) remain
quite stable through time andiorest connectivity EG and threatened forest bird species
diversity TBSD remairsthe samefor the periodbecause they daot have updated data for
after 2018 and 2012respectively Besides, theanking of the condition indicators based on
the specified criteria and expert knowledge aéssigrthe second highest weight to the NPP
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condition indicatorto be used in the calculation of the forest condition inddence the NPP
indicator has a high influence on the final FCI.

The graphs ifrigure89 showthe evolution of themeanNPP indicator and themean FCper
forest type through time For each forest typéT1, T2, T3) as well & temperate shrub
heathland (S4)the NPPindicator decreases with index values betwe8rd7 and0.17from
2020 to 2021Similarly to Peloponnese, a diptive forest condition indexn 2021 is observed.
However,n contrast to Peloponnes#)e forest condition account ford® Miguel was created
with the MODIS NPP dataset, @void theknownissueof the CLMS NPP datas&herefore,
this decreaseannotsimplybe assigmed to satellite sensor artefds.

Figure89: Evolution of the mean Net Primary Productivity (NPP) condition indicator plotted with
the evolution of the mean forest condition index through time per forest type in Sao Miguel for T1
Broadleaved deciduous forest, T2 Broadleaved evergreen forest, T3if€@ons forest and S4
Temperate shrub heathland

Net Primary Productivity in forests much influenced by climatevariables and elevation
(Mehmood et al. 2024) Elewation gradents alter microclimatic conditions such as
temperature and moisture availabilitythus, affecting the NPPRprofiles over short
geographical rangg€hen and Zhang 202R8pwer elevations generally would suppbitgher
NPPsince they are relatetb higher temperatures andvater availability(Tao et al. 2022)At
higher elevationsgooler temperatureccur,and the atmospheric pressure is lowe&rhich
leadsto reduced NPRXu et al. 2024 Besides, at high altituddgke increased wind exposure
can have strong effects on the vegetatipn % E} paridiide]l&r@iforms(Zianis et al. 2005)
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European drests have experienced recoelaeaking dry conditionsluring summer periods
within the last decadeMore specifically, th20182020 drought and the summer drought in
2022stand out.In 2018, insufficient precipitation and heatwaves were record@dcheischler
and Fischer 2020%tudiesoundthat this led towide-spread premature leaf s&scencewith
consequencesf unprecedented droughinduced tree mortality across various specisl
reduced tree growth(Bose et al. 2020, Schnabel et al. 2020ring 2019 and 202Qhe
exceptionally dry conditions even persistaddthe tree stress responses 2019were even
more pronounced compared to 201&chnabel et al. 2024This emphasizes theffect of
consecutive and compound dry years comparedsmwated dry yeargSachsenmaier et al.
2024) While the20182020 drought was more pronounced in Northern and Central Europe,
the summer drought of 2022 affected the southern regions of Europemeptionally
pronounced atmospheric and soil drynegsstudy by(Gharun et al. 2024fpund that the
negative impact on forestsf the 2022 summer droughindicated by declined GOSttopal
OCQG2 solarinduced fluorescenceyas significantly greater than in 2018, despite the
atmospheric and soil drought scores belogierin 2018.

Regionameteorologicabnd udometriadatafurther confirmsthe trend towardsdrier (Figure

90) andhotter (Figure91) summersn the North Atlantic regiomn recent yearsreflecting the

rise of air temperature and change in rainfall patterns driven by climate change20ltg&
summerstands out asthe driestsince at least 201,@ausing ahort-term summer™ E}uPZS _
that wasstill remarkablyimpactful for agricultual cropsand livestock due to theurface
water shortagecausingmajor financial losses for producers

Figure90: Average accumulated precipitation in summer months from 2016 to 2024 in Sao Miguel
Island. Data gathered from the Hydrometeorological Network of the Azores
(https://redehidro.ambiente.azores.gov.pt/)
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Figure91: Average monthly temperatures in summer months from 2016 to 2024 in Sdo Miguel
Island. Data gathered from the Hydrometeorological Network of the Azores
(https://redehidro.ambiente.azores.gov.pt/)

Thissuggests thatonsecutive der years from 2018 to 2020 might have affected the forest
conditionto decrease abruptlyn 2021, due to a loss in forest stability and resilienEgure

92 showsthat the decrease in forest condition indévom 2020 to 2021 was highest at high
elevationsfollowing the mountain ridgesThe summer drought in 2022ad persisted the
negative impacts on forest growtBespite increasing precipitation rates in 2023, it is evident
that forest need more time to recovaeandto be able toshow positive responses in growth
rates. Hence, the forest condition index will remain low in 2023.

Figure 92 [Left] Forest condition index change map for 202021 (bottom left) overlaid on
orthographic relief image (ESRdottom top)) for S&o Miguel. [RightZoomin on area in the East of
Séao Miguel that demonstrates that most of the decline in forest condition index from 2020 to 2021
happened on higher elevations, following the mountain ridges

It is essential tgoint out some limitationsn the appoach tocalculatingthe forest condition
accounts, based on the approach that was established in PEE®LE

First, obtaining highesolution (both spatial and temporabjatasets that cover alECT

(Ecosystem Condition Typology) clagsesdifficult taskTo create a fukcosystentondition
account, there is a need for spatial and temporal mdjpese mapsften, if not mostly, origin
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from models or remote sensing datources, whicthave their own typical limitations in
accuracy.The maps will have different coordinate referemgyestems spatial resolution and
temporal extent which mustbe harmonized. Within this process of harmonization, error
propagationoccurswhich is quite hard to account for.

Forthe short period 020182023 some datasets do not offer revised versions and therefore

the most recent mapsnust be reused for the following years to be able to generate a

condition accountThis is the case foZ &} E ¢35 }vv ZIAECI v &}E 3 ]JE "%o
]JA E-]8CE" }]o KEP v]TherefBre}thgse indicators cannot have a significant

influence on the evolution of the forest condition index through time as their values do not

change over time. Howevethey impact thdevel of magnitude in which the F@icurs.

Besides limitatios of data availability, there is also thesue withaccuracyof existing
datasets. As described before, the commonly uS&P dataset of CLM&s found tacontain
sensorartefactsdue to the transition ofPROBA/ to SentineB/OLQ in 20262021. It is
important to considerthe complexitiesof satellitederived datasets antbe cautious when
interpreting the results.

Secondin the forest condition account f@&o Miguel S the generated EUNIS level 2 habitat
map was used to extract all forest area per forest typbe validation othe habitat map
indicated that at level 2someforest areas aremisclassified in their forest type. Generally,
the distribution of coniferoudorestsis overestimated, and broadleaved deciduous forest is
hard to map since iis less predominanbn the island.Thus, it is important to acknowledge
that the misclassificationin habitat mapping of the EUNIS level 2 forggies may ause
error propagation in theforest condition accounts per forest typelespite matching the
reference areas per typto the map based on field validateamreas.More specificallythis
means thatwe might haverescaled variablesvithin forest type Ato indicatorsbased on
UpperReferenceand LowerReference data from forest type B, sificeest type B was
misclassified for forest type A in our habitat m&pwever, a smaknalysisvas performed
to compae mapping of the forest types with the mapping by existing CLMS pradliots
map accuracy of the level 2 habitat mggmputed by use of the external validation points)
was better than the map accuracy of tii MS FTY laydrmus,it may be concludedhat by
usingthe level 2 habitat map as a base tdentify the areas for which forest condition
accounts would be generatethe error propagation isnferior to the CLMS-TY.

Thirdly, the selection of reference sites is the main bottleneck within the condition accounting
approach. The rescaling of the variables to indicators depends on the UpperReference and
LowerReferencewhich are subjected to the criteria underlying the choice of whiclaase

}ve] & e ZE (E v (JEVIESX dZAZQNVZ %S }( ZE ( E v (}E +5§
VLV ¢ v §Z pv E+S v JvP }( ]S v ZIPZoC ep i S]A X Ypu «§]
only consider pristine or primary forestasréte v (}& *SM[U Z/*s % EJu EC (}E&
Z & oM pan Forest }vs Jv]vP /E}S] JVA «]A % ] o Jve] & .« E (
The latter question was a particularly interesting one in the context of Sdo Mi@ekually,
invaded forests are considered disturbed and in worse condition by deviating from the typical
composition of preexisting native forests. Although undesirable from a conservation
standpoint, under climate change projections, maintaining foregelet and integrity may
require a transition to accepting exotic species better suited to irregular climatic conditions.
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This process of compositional shift is clearly at a very advanced stage in the case of Sao Miguel
U 8} Z]*8}E] o Zpu v  38]}vU AZ] Z ]* AZC ]38 A « v}5 %}ee] O

areas free of exotic invasion in Sao Miguel or assign a wegheir influence as a variable

in the overall FCI. We recommend this topic to be further explored to improve future forest

condition assessments.

Lasty, the PEOPLEAmMethod is experimentaland is not yetfine-tuned to local scalesln
principle, it isa decent method to create comparable accounts within Eurdyoe Eiropean
biogeographical zonesay contain a lot of variatiorthat needs to be accounted for when
identifying the appropriate variables to be used in the forest condition accountifegrefer
to the Algorithm Theoretical Baseline DocumeATBD of the Ecosystem Forest Conditioh
PEOPLEA(Deliverable 7jor further information(Bruelheide et al. 2024)

9.4. Carbon flux mapping

For estimating the aboveground carbon sequestration on Peloponnese&@nMiguel, this
task appliedwo different approachesOnthe one hand, SarVision generated aboveground
biomassmaps withradar data, from whichaboveground carbon stoslcan be derivedoy
multiplying with a factor of 0.48 and then theboveground carbon sequestration can be
calculated by subtracting the carbon stock at the end of2266@m the carbon stock at the
end of 20230n the other handYITOgeneratedannual GPP maps, which can be transferred
into annual NPP, ANPPABNPP maplsy formulas and roeto-shoot ratios per ecosystem
type class, then summing the RR values of 2022 and 2023 to derive the aboveground
carbon sequestration.

Figure 93 shows a generated difference map to check how well the two approaches
correspond to calculate aboveground carbon sequestration for Peloponnese and S&o Miguel.
The difference map is generated by subtracting the carbon sequestration results of SarVision
from the carbon sequestration results of VITO. The greener the pixelscdmeed the better

the results of VITO match with the results of SarVision. The redder the pixelslared the

bigger the difference in their results.
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Figure93: Carbon sequestration difference map between VITO &utVision approaches

The difference between thetwo approachesseemsvery pronounced irsome locations
Figure94 zoomsin to one of these locationis Sdo Miguel.

173



Figure94: Zoomin to an area in Sao Miguel where the difference map indicated high divergence for
carbonsequestration between SarVision and VITO approaches

Figure95shows that annual ANPP calculated by METasitive in 2022 and 2028uggesting
that each yearmore aboveground carbon isequestrated.Meanwhile, inthe SarVision
aboveground carbon stock maps (calculatedtiie end of 2021 and end of 2023he carbon
stock decreasesabruptly between 2021 and 2023 matching a deforestation event
somewhereduring this period.
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Figure95s: Example of divergence in carbon sequestration results between SarVision and VITO. [Top]
VITO ANPP results show aboveground increment in 2022 and 2023. [Middle] SarVision carbon stock
maps showing arabrupt stock decrease. [BottomForestdegradationmaps attribute thisabrupt
decline in carbon stock is due to (old) deforestations events.

This divergence in carbon sequestration stems from the fundamental methodological
differences between the VITO and SarVigipproachesnamely, a flisbased vs. stockased
representation of terrestrial carbon dynamics. The VITO ANPP estimates are derived from a
modified light use efficiency (LUE) model, where Gross Dry Matter Productivity (GDMP) is
calculated as a function of incominglar radiation (R), absorbed photosynthetically active
radiation (fAPAR), and biome%. ](] >h } ((] ] v3§ ertherYmodulated py

us }E}o}P] oA E] o0° ~3 u% E SUE U K ( ES8]o]l 8]}ve v -p
Sentinef2 observations. This method does not directly reference existing bigntags
instead models carbon fluxes as a function of photosynthetic activity. As such, even sparse or
early successionalegrowth (e.g., grasses, herbs, or low shrubs), such as following a
deforestation event, can produce significant flux values, particularly in years like 2023, which
experienced increased precipitati@ndfavorablegrowing conditions, leading to a modelled
increase in carbon sequestration despite minimal structural biomass recovery.

Any deforestation events causing abrupt loss in biomass in late 2021, prior to the start of the
ANPP time series, might cause the fhased VITO model to not incorporate the {#@22
carbon stock baselines and not account for the ensuing biomass lotsadng primarily
guantifies the productivity of vegetation present from 2022 onward. Validation using
historical highresolution aerial imagery from Google Earth further confirms significant forest
removal occurringduring 2021 in the example of Figur@ and other conflicting areas
supporting the interpretation of a prexisting carbon stock loss not visible in the fhased
estimates. Moreover, because the model uses land covéo ](] Y>h } ((] ] vse §Z
were originally calibrated for forest types such as coniferous foydisésapplication of these
coefficients to areas that, posteforestation, are dominated by grasses or shrubs may lead
to overestimation of productivity. In effect, the model assumes foti&t photosynthetic
efficiency even though the vegetation struckurand physiology no longer match those
assumptions, akin to a land use change that is not reflected in the LUE parameterization.
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In contrast, the SarVision approach estimates carbon stocks directly by quantifying standing
aboveground biomass (AGB) using remote sensing techniques and allometric models, then
converts these into carbon stocks using a fixed coeffici@di8) Carbon loss is inferred from
observed reductions in biomasssociated withdeforestation or degradation. The SarVision
stockbased maps show a pronounced decrease in carbon between 2021 and 2022, attributed
to forest clearanceresulting inpermanent loss of woodypiomass. Since this approach
integrates past structural losses and does not assume regrowth until biomass accumulation
is observable, the carbon stock remains low paisturbance, even if photosynthetic activity

(as measured by the flux model) temporaiigreases.

Thus, the discrepanayan be attributed to lhe VITO model interpretgincreased fAPAR and
favorableclimatic conditions as enhanced productivity (ANPP) for biomass increment, while
the SarVision method registers a continued deficit in carbon stock due to limited regrowth. In
other words, the VITO flugased model reflects potential carbon uptake capaditiven by
current vegetation activity and environmental drivers, whereas the SarVision model reflects
actual storage of carbon in biomass. Thelagation of high ANPP and low carbon stock in
2023 highlights the distinction between carbon flux and stock, emphasizing the importance
of interpreting these datasets in the context of disturbance history and land cover transitions.

9.5. Carbon stock mapping using remote sensing-derived products

For bothTS asequentialseries of mapsvere created forcarbonflux accounting Figure96).
Each of thesantermediatemaps plays a key role in estimatiogrbon stocks andarbonflux
through different methods.

x The first map in the series is the forest structural map, which serves as the base for
delineating different forest structures or, when possible, forest types.

x The second map provides information on forest cover changes caused by
deforestation and degradation processes.

x The third map presents biomass estimations in tons per hectare, stratified using
canopy height data derived from GEDI LIiDAR for different structural classes.

x Finally, the carbowlerived map, created as a fraction of the biomass map, enables the
calculation of carbon emissions by comparing data between two dates.
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Figure96: Details of theseries of maps using remote sensing derive products created fw8iguel
[above and for Peloponnesugbelow]., necessary for thearbon stock and carbon flux accounting
for a certain area.

These maps were created without the direct use of field reference data for calibration
validation Instead, they rely primarily on unsupervised methods designed to integrate
diverse types (optical, radar and Lidafhighresolution remote sensing data, which is freely
available to the public, to generate the best possible spatial datasupport carbon
accounting.Even so, these maps showgodod correspondence with published reference
data. Therefore, a remote sensHbgsed approach should be considéra viable method for
carbon accountingn areas where field data is unavailable or rastent This has significant
implications for carbon accounting methods, particularly in terms of ithestments and
resources required to meet reporting objectives. Carbon estim#tashighly rey on field
data are extremely expensive and often fail to captgpatial and temporalariations in
biomass and carbon levels within a singt®system.

In this approach, the different data products support one another by beorgelated and

linked at the landscape or forest structural class le@anopy height distributionglerived
from LIDAR datde.g., GEDI), are used as a proxy for vegetation structure in the field. By
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applyingprobability density functionso describe and link both the canopy height data and
remote sensing variables (such as spectral indices or vegetation indices) within each structural
vegetation type, it becomes possible to map fs@le variations within each class. This
approach alsodcilitatesconsistent monitoring of forest changesuch as deforestation and
degradation, enabling reliable carbon accounting on an annual basis over a defined
monitoring period. Additionally,updating baseline data(e.g., every five years) is
straightforward and coseffective, making this method suitable for lotgrm ecosystem
monitoring, carbon flux accounting and reporting

9.6. Links with other SELINA work packages

9.6.1. SELINA WP3

There is a close connection between the work ongoing in WP3 (Ecosystem condition mapping
and assessment) and the work presented in this deliverable for task 2 in WP5, considering the
forest condition account (see section 7.2). In WP3 the tasks aim to afe\eelminimal
standardized set of indicators per ecosystem type and to create a structured methodology for
reference condition selection. As previously stated, although a prey&® methodology for
variable and reference condition selection for multipleosystem types is being developed
collaboratively within SELINA in the context of WP3, the work in T5.2 focused on forest, which
has attempted to create forest condition accounts based on the PEGRIapproach for TS.

The created forest condition accountan serve as prototypes that can be further analyzed
and optimized in future efforts and developments

For instancein the context of S&o MigudlS,according to the gap identified in secti@n3.,
there is a demand for developingforest condition indicators primarily based on
compositional state characteristics, able to integraibe compositionalimpact of invasive
alien species ovehe condition ofnative habitats In regions like the Azores, it is usual for
invaded forests to perform just as well or even outperform native forests in the most
frequently used and mandatory reporting indicators, weakening their informative power.
Thiswas alsdacking in the PEOPIHAapproachand could not befurther exploreddue to
time and methodologicatonstraintsand the need fo groundtruthing field surveyssince
compositional characteristics usually require much more field input and localized expertise.

Nevertheless, Task 5.2. work on S&o Miguel TS and the expertise of the local partner has been
feeding intoTask 3.2. by contributing to thgrocess ofelection of the minimum set of key
indicators for forest ecosystemsaiding in the literature review and subsequently
collaborating on scoring and selecting a minimum set of key forest condition indicators within
the forest ET group. U2 to asynchronization between the progress of Task 3.2 and 5.2.,
coupled withthe limitations in dataset availability for 8aliguel, explained in section2.3

it was not possible to apply the same setwhimumindicators chosenby Taslk3.2. ETgroup,

to the integratedFClapplied in thisreport, or evaluate whether this minimum setould be
suitable specifically in the context of this. T&ill, the authors maintain that accounting for
invasivenesf the Azoresemainsan issudor both PEOPLEAand SELINA minimum set
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9.6.2. SELINA WP4

The work of Task 5.2. has interconnected with WP4 particularly thr8aghMiguel T.Svhich
is also amongst the T®ntributing to the Air Quality and Climate Regulatie® group formed
within WP4.S80 Miguel T8 represented in D4.Diagnostic of ES model decisisumpport
capabilitiedy beingselected as destcasepractice forthe work carried out tonodel carbon
sequestrationin the context of Task 5,although Peloponnese W&as also included in the
ongoing discussionsThe D4.1 checklist questionsof the Terms of Reference foES
assessment werappliedon theactual ES model applicationgthe case studyf S&o Miguel
TSfor the various designatediagnostic topis.

Both Peloponnese an®ao Miguel T&re also contributing towards D4.3Guidance on
enabling ES models for decisisapport by co-designingthe Terms of Referencéor Air
quality and carbon sequestratioBSAssessmentThis is beinglone through testing the
various templatedor each ofthe modules(Frame & Scopindviethodology and Evaluation
criteria) meant to provide guidance talecisionmakers commissioning ecosystem services
assessment by supporting the writing of the Terms of Reference underlying a call for tender.
Sé&o Miguel TS will likewise be the exemplary case study for testing the final versioriuif the
Terms of Referencemplate in the Air quality & Climate regulation ES grdujs. relevant to

note that this guidance is aligned with the stages of tBELINAramework forintegrated
ecosystem assessment (FIEA) under development by WP6.

9.7. Uptake by SELINA Demonstration Projects and Compendium of
Guidance (CoG)

As T5.2 has shown potential in calculating yearly forest condition indices spatially over a study
area, it would be useful to test this approach in different areas and at different scales.
Currently, there is an intention to apply the method on a SELINWodstration project (DP)

in Belgium, namely Bosland national park. Here, the aim is to evaluate different methods of
forest condition accounting that are described in this document. First, the ARIES for PEOPLE
EA tool will be used to do a preliminary studyence, the reference areas are not chosen
based on expert knowledge but by the ones encoded in the tool. In a second run, the offline
method will be applied in which we use the same forest condition variables as in the ARIES
tool, but choosing the referce areas based on expert knowledge. Lastly, a final round will
explore possibilities of integrating different forest condition variables in the method, based
on stakeholder involvement. Note that these plans are still under discussion and have not yet
completely been set in stone.

Parallelly, SarSentry is an algorithm ready to be implemented for the analysis of Sehtinel
radar time series. In Europe, Sentiietlata is available every six days, making it suitable for
both the analysis of historical deforestation (starting from 2016) and rikar realtime
monitoring of changes in closed, dense foreSise outputs from this algorithm provide
valuable information on forest condition and can significantly refine estimates of carbon
emissions resulting from deforestation and degradatiéor this reason, SarSentry could be
of interest for implementation in one of the SELINA demonstrapimsjects inSpain, where
there is interest; however, the partner in question has requested implementation at the
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national scale, which would require more resources than are currently available within the
SELINA project budgegincethese algorithms are nabpensourcein the presentand must
be executed by experienced professionals to ensure reliable and accurate results.

Regarding the contribution to the CoGask 5.2 has demonstrated innovations that should
certainly be considered as potential candidates for inclusion in the CoG. However, this will
require further discussion within the SELIbxsortium

In addition, Task 5.2 hatemonstrated how remote sensiAgased products and advanced
modelling techniques can be effectively applied to Copernicus data, including imagery
acquired by ESA satellites and made available through the Copernicus platform. This approach
fosters independece in data production from nceEuropean sensors and empowers
European countries to design and implement their own monitoring strategies using EU
developed technology. For example, the use of Sentireid SentineR imagery for mapping
ecosystem extentrad condition directly supports the EU Biodiversity Strategy for 2030, the
Nature Restoration Law, and SEEA EA reporting. These capabilities are critical for generating
high-resolution, harmonized datasets that inform evideAz@sed environmental policy and
enable effectivdongterm ecosystenmonitoring at both national and EU scales.

The specific case of Sdo Miguel TS. wheglk-resolution Sentinell and Sentine data were

used to map ecosystem extent and forest condition, dedlprecise carbon stock and
degradation assessments. These methods directly support national obligations under the
LULUCF Regulation, as well as broader goals of the EU Biodiversity Strategy for 2030 and the
Nature Restoration Law. Such applications provetmlable tools for evidendeased
environmental decisionu [JvP v «8E& vPSZ v §Z h [ eg-ter?t, sd&eteignt E o}v
ecosystem monitoring.

9.8. Contribution to policy making aligning with the SELINA Framework

The D5.2 report, "Enhancing the spatial and tempogablution of ecosystem accounts using
satellite data,” directly supports and advances several core objectives of European
environmental policy, particularly in the context of the EU Biodiversity Strategy for 2030, the
European Green Deal, and the implernsion of the System of Environment&iconomic
Accounting Ecosystem Accounting (SEEA EA) framework.

By integrating remote sensing technologiesd state of the art spatial modelling with
ecosystem accounting prac#ic this report contributes to building harmonized, high
resolution data systems that are essential for tracking ecosystem extent, condition, and
services across Europe. These innovations align closely with the goals of the MAES (Mapping
and Assessment of Ecesgms and their Services) initiative and provide foundational tools

for reporting on natural capital and ecosystem degradation

For instance, by integrating over 150 environmental predictors and deploying advanced
machine learning models such as CatBoost and Convolutional Neural Networks (CNNSs), these
workflows enable higiiesolution (10 m), scalable, and repeatable mapping of habitats and
ecosysem types. This technological advancement is critical for operationalizing the European
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Ecosystem Typology (ETA) and delivering consistent, harmonized data across Member States,
which is essential for implementing the System of EnvironmeBtanomic Accounting
Ecosystem Accounting (SEEA EA).

Furthermore, the deployment of the ARIES for PEEHA o0l for Forest Condition Index (FCI)
mapping allows yeay-year tracking of ecosystem health across biogeographical zones. This
dynamic monitoring capability provides the granularity and frequen@ded for responsive
policymaking ensuring that degradation trends, restoration outcomes, and clinnatated
impacts can be quickly identified and addressed.

Updated deforestation and degradatiatata likethe one produced by the SarSentry System
significantly enhance the effectiveness and policy relevance of the SBBA EA

Improving Accuracy of Ecosystem Extent and Condition Accounts
Deforestation and degradation directly affect the size, structure, and health of ecosystems.
Regularly updated data fromadarsatellite monitoring:
X Provides neareaktime tracking of forest cover changes.
X Helps detect subtle forms of degradation (e.g., thinning, selective logging, fires).
x Enhances spatial resolution and temporal consistency, enabling more precise
ecosystem extent and condition assessments.

Enabing Timely Policy Response
With frequent updates (e.gbimonthly, annual or seasonal), policymakers can:
X Identify hotspots of forest loss and degradation.
X Prioritize restoration or protection efforts.
x Adapt land use planning and conservation strategies in line with EU policies like the
Nature Restoration Law and the Biodiversity Strategy for 2030.

Enhaning CarbonSequestratiomrAccounting
Degradation and deforestation significantly impact carbon stocks and flikedated data
improves:

x Carbon stock maps by showing where biomass has been lost or gained.

x Carbon flux estimates, which are critical for climate policy

Supporing Ecosystem Service Valuation
Changes in forest conditicaffect ES and accuratkegradation data allows for more realistic
valuation of lost or diminisheBS

Increasng Integration and Comparability
x Up-to-date, geospatial deforestation/degradation data (e.g., from Sentiiz| GEDI,
or SarSentry) ensures:
x Consistency with international datasets and standards.
x Easier integration with national accounts, enabling harmonized SEEA EA
implementation across EU Member States.

Unsupervised biomass mapping allows for scalable;efbsttive, and regular monitoring of
biomass across diverse landscapes without the need for extensive field calibration, which is
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especially valuable for remote or undsampled areas in the EU. This supports the
development of comprehensive, BAdde carbon accounts, aligned with the SEEA EA.

Allometric models using canopy height (e.g., from GEDI LIDAR, Sentinel data) improve the
accuracy of biomass and carbon stock assessments by linking structural vegetation
characteristics with carbon content. This precision is crucial for:

x Greenhouse gas inventories

x Evaluating the effectiveness of natdoased climate solutions

X Monitoring progress towards carbon neutrality goals under the European Green Deal

dZ « ]Jvv}A §]}ve }oo 38]A oC vZv 38Z h[e ]0]35C 8} u § ]38+
conservation, ecosystem restoration, and integration of natural capital into economic
decisionmaking support the transition toward evidenekasedsustainable decisions about

the natural capitglofferingenhancednsightswith increased spatial and temporal resolution

into the state and dynamics of European ecosystems
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10. Recommendations

This Section offers recommendations for general readers interested in the application of
remote sensing and advanced modelling products for the System of Environrisaiabmic
Accounting t Ecosystem Accounting (SEEA EA) and carbon accounts. The focus is on
identifying costeffective methods to supporecosystem extent accountingecosystem
condition accountingind @rbon flux accounting

The choice of methods should consider the availability of national datasets and field validation
data, which may lead to variations in results across regionsappkcability of the methods
developed in this project will also depend on user requirements, particularly regarding spatial
resolution, temporal monitoring frequency, data updating needs and available resources.

AsRStechnologies and advanced spatial modelling methodologies continue to evolve, these
innovations will lead to improved resolution, accuracy, and monitoring capabilities.
Furthermore, the integration of Artificial Intelligence (Al) is expected to playniisant role

in enhancing data integration and automation, making ecosystem and carbon accounting
more efficient and scalable.

Establishing an accurate SEEA EA baseline for a country may initially be costly. However, by
combining this effort with appropriate analysis, advance spatial modelling, and- semi
automated remote sensinderived spatial products, the accounting process can eventually
become more coseffective andmore efficient. The key question then becomes: How can
users effectively integrate these methods to maximize benefits while minimizing costs?

To support technicakcommendationsthis Sectionpresents theecommendations from the

user'spoint of view Authors from Sio Miguel andPeloponnesud Ssharetheir perspective
on data useand how it contributes to improve their ecosystem accountiegds
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10.1. Ecosystem extent accounts

Table 53 displays a comparison between the nationaéntric and vegetatiotentric
approaches used for creating the ecosystem extent accousitst, direct validation or
evaluation of which approach works most successfully is not possible as there is no validation
data. However, it is possible to set up recommendations guiding the choice on which
approach is best suitable considering the available resolandghe intention.

Table53: Comparison betweethe nationalcentric and vegetatioitentric approaches for ecosystem
extent accounts
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The nationakentric approach is highlyependent on the datasets that are freedyailable
national datasets andseful CLMS layers for the study area. Besides, it is important that these
datasetscoverthe study area in a watb-wall manner,otherwise this approach might lead

to a patchy structure in mapping.he addition ofopen and freely available CLMS dats
shown to add additional value to certain ecosystem extent classes.

CLMS data alone can provide a first approximation of ecosystem extent based on open and
freely available data, but with limitations to the biological background and use of most
habitats or ecosystemsThe mappingmethods in the nationalcentric appoach also
potentially }v§ Jv u vC ~v} (E}+e-wWherd CLMBlata is not directly linked to the
ETABesidesthe crosswalk can beestricted to leves 1 or 2 of ETAThe vegetatiorcentric
approach is based on crosswalking the EUNIS habitat migipgdditional layers (e.g. Land

use datasets) t@cosystem extent maps in ET@incethe ETA is derived from EUNIS at level

3, the crosswalkis easier and the intermediate habitat mapprovide additional useful
information next to the extent maps. Howevethe input requirement to execute the
vegetatiorrcentric approacttan be significantly highdnan in the nationakentric approach.
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The creation of EUNIS habitat maps demarety precisenformation on eactpossible EUNIS
habitat type occurring in the study area arehch class should contamset of geolocated
classified training pointd.he habitat modelling approach is highly dependent onitipeit of
the training data the input features that are use@nd how advancedoost-processing is
executed As described earliethe identification offeatures missing in the current feature set
that can be useful to differentiate certain habitat classes from each other, isTkesshows
that there is a huge link between field expertise aR8analystslt is important thatexperts
fromthese two fields work closely with each other and learn frauleother. For field experts
it is important to knowwhat kind of information is required from thigeld, for RSanalysts it
is important to knowvhichadjustments in the model can increase the predictive pobased
on the ecdogical background of the habitat classes.

As the vegetatiorcentric approactfocuses mostly on the natural vegetation classes within
the EUNIS typologyhe level of refinement within thenon-natural or nonvegetated areas
(e.g. urban area, water) is often lower than in the natieoahtric approachHowever, the
vegetatiorrcentric approach is a very flexible approach as it is based on machine learning and
Alalgorithmsthat require as input simply &aining dataset of point locations with their
habitat classification, a feature set and a habitat typoloblyerefore one can provide input

to the model containing anglasseghat need to be mapped enough poins per class are
provided, containing & accurate geolocationminimum distance between pointand
confidence in classificatiolit is also important to note that the current EUNIS2021 typology
is still under revision and therefore not yet complefes seen earlier, it can often be hard to
classify all habitat types in a study alda@ Peloponnese ddao Miguel to aiscrete habitat
category in EUNIS\National authorities often have their own classification systeand a
direct crosswalk is not always easmysome important habitat information can be lost in the
crosswalkThis is something toonsiderwhen validating théhabitat maps.

In general, thevegetationcentric approach requires the set up aedecution of an intensive
field campaign to collect training data if not yet availalblence, enougfinancial budget and
available time is neededlhe nationakentric approach has proven teerform well with
existing and freely available datasegfiwen the data is highly dependent on kepiots (which
worked well for Sao Miguelind focuses onnon-natural classes tooHowever, with the
nationakcentric approach it will be more difficulbtreach more detailed leveis ETA for the
natural classedBesides, the nationalentric approach is limiteth the extent on which it can

be appliedsince a new crosswaltith the national data has to be established. The vegetation
centric approach is scalabdencethe integration oftraining data for each EUNIS habitat class
can fill up a database on which models &igned, and these models can be applied on areas
within similar environmental and biogeographical conditions (e.g. biogeographical zones of
EEA)The habitat mps, asan intermediateresultfor ecosystem extent mapping, are linked

to species information and can serve as additional information for authorities considering
conservation or restoration interventions.

The current habitat mapping and extent mapping pipeline by Il a work in progress
Ongoing workmust address current limitations such &etter selection of training points
within the collected fielevalidated set, the addition of missing input featuresore advanced
post-processing steps, etdn the ESAVEED projecthttps://esa-worldecosystems.org/en)
this will be explored andnproved
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10.2. Forest Condition Accounts

The applied method for forest condition accounting is an experimental method established in
the PEOPL-EAproject Further work should explorenprovementssuch as betterchoice of
reference areas anthe choice of condition variablgser ECT clas®ne could argue that the
choice should not be the same for each country or study area. Howdvére set of
ecosystentondition variablesvould not be consistertbetween study areas, the comparative
potential would be lost. Another important factor is the integration oinvasive or exotic
species as a factor in the forest condition accounting and how this exactly should be
integrated.

It is important toemphasize again that the forest condition index is @aot indicator of
productivity only andit goes beyondhe detection of forest change (deforestation or forest
degradation) Sincat aims toconsidervariables for each ECT class, it looks further than only
productivityor biomassTherefore, it should be interpreted &®wthe conditionof the forest

is relative to a reference and desired statleoking atfactors such as biodiversity, landscape
connectivity,soil statusandproductivity all together.

10.3. Carbon accounts

Table54 displays a comparison between the methods of SarVision (left) and VITO (right) to
derivethe aboveground carbon sequestration

Table54: Comparison between annual carbon stock maps and annual carbon sequestration (uptake
maps).
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The two methods are compared in the table abosgll they are inherently very different
methods and should rather be looked at complementrgn excluding anotherThe results
have shown clearly thaan annual accurate land cover type map is important to generate
more reliable carbon account$he method of SarVisidntegratesradar data andherefore
provides a lot ofstructural information of the land cover type3he deforestation and
degradation time series provide information about the land cover type changes.land
cover type change is takemplicitly into account in the VITO approach and therefame
overestimation of theaboveground carbon sequestration is maddowever, with the
integration of annual land cover type mafesg. annual habitat map#&) the VITO approach,
this limitation can be easily addressed. Besides,dbaeration of the GPP maps alsitows

to derive belowground carbon sequestration which is a very important factor within carbon
accounts that should not be forgotten.

10.4. Recommendation on the use of new remote sensing technology

As remote sensing systems continue to evolvereducing errors and enhancing spatial
resolution and accuracyw the potential to develop robust, spatially explicit, and policy
relevant ecosystem accoungrow significantly. The high costs typically associated with
traditional land survey methods and field validation campaigns contrast sharply with the cost
effectiveness and scalability of remote sensbaged data production.

Optical, radar, and LIiDAR systems complement each other in observing the Earth by capturing
radiometric and structural differences. These technologies allow for improved differentiation
of land cover classes and provide valuable biophysical informatidnasigegetation density

and height. Together, they enable the creation of biomass and carbon maps, often in
unsupervised or sergupervised ways, reducing the need for extensive field resources while
increasing data production efficiency for reporting poses.

The integration of forest structural change products also supports improved monitoring of
carbon fluxes, enhancing the overall efficiency and effectiveness of carbon accounting and
reporting systemsHowever, further research and development are needed in remote
sensing to calibrate inversion models and adapt methodologies to local environmental
conditions. Combining remote sensing with advanced modelling techniques, such as Gross
Primary ProductivityGPP) estimation, can lead to more accurate and regi&eific results.

Ongoing advancements in spatial and temporal resolution, together with innovations in
remote sensing and spatial modelling, are paving the way forierrg monitoring strategies.
These strategies support the consistent tracking of ecosystem extent, cmamdind services,
making ecosystem accounts more accessible, reliable, and relevambldost, evidence
basedscientific analysifeeding intopolicymaking
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10.5. Recommendation Regarding the use of ETA typology

The use of multiple datasets for ecosystem extent mapping requires a significant effort in the
crosswalking process to align classifications with the European Ecosystem Typology (ETA).
Despite the complexity, this step is essential to ensure the integrati@xisting datasets and

their harmonization with new remote sensitgerived products that offer enhanced
structural and biophysical information.

The ETA serves as a robust framework for organizing spatially explicit data from remote
sensing, particularly in the following applications:

x Land cover and land use maps are used to classify or monitor changes in ecosystem
types over time.

x Biophysical characteristicy such as vegetation height, density, and biomass
derived from LiDAR, radar, and optical sensors can be linked to structural indicators
for each ecosystem class.

x Carbon accounting and ecosystem condition assessments can be calculated per
ecosystem type, for example by using radarived forest degradation within the
ANYE 8 0 s e o (Jv Jv d > A o iX

Through this integration, the ETA supports a standardized and peleyant approach to
ecosystem accounting, enabling better alignment between remote sensing innovations and
the SEEA EA framework.

10.6. Recommendations from Peloponnese test site (UPATRAS)

For the TSof Peloponnese, thapplied methodology, revealed that complex and diverse
ecosystem types, as the ones present in the region {@and marshesfens different types

of evergreen forestan) can be adequately captured and mapped in a standartised evaey
with quite limited reference dataMoreover, mapping ecosystem conditioevealed that
monitoring of ecosystemhealthis possible via EO data and technics and can support local
and regional conservation and management neestgnething that was missing from Greece
until now. For instance,le intraannualdocumentation ¢ deforestationand regrowthis a
novel input that can be further developed and supported via field documentdtmm local
authorities[data andcan be integrated into earlyarning system$or ecosystem degradation
or for identifyingillegallogging(especially for firewoopor clear cuttingissues intie daily
practice ofthe Forest and Nature Protection authorities.

The proposed methodological framewaocknbe alsotestedfor large scale (locabtudies to
supportapplied practice, especialfgr monitoring ecosystems and their services at the local
level, with focus on areas thdtave been already identified as vulnerable via the outcomes of
the present study (e.cat areas with fragile ecosystems or sites with severe degradation or
reforestation, that need special measurasd action for their protection, in order tproperly
recover, e.gprotect natural regeneratiorafter a wildfres).

Regarding the models, integration of tip-date climatedata from local meteorological
stations is als@rucial and can better support thiemporal scale of habitat type mapping
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howeverapplicable in practice only for the local or regional sc@lther data that can be
integrated into the models includevegetationdiseases and inseahfestations thataffect
phenologyin extensive areage.g.for the TSregion, riparian vegetation withPlatanus
orientalisis currently affectedby the fungusCeratocystis platarthat grows in the wood of
trees and attacks the roots, trunk and the branchds).achieve this;losecooperation with
local authorities and scientific institutienis required something thathas already been
achievedand supported byusing the results of tis study as eigh-quality material to
communicatethat sciencebaseddecisions are feasibley using already available national
and opensource datasets (filed data and E@&)d with quite limited time and human
resources This study can be also suggested to be integrated in the regroaitoring
framework for forests andcombine/ compareoutcomes with the ongoingational forest
inventory project as well as to th&atura 2000 documentatioand surveyschemeof the
Natural Environment andlithate Change Agegc

10.7. Recommendation from S&o Miguel test site (FGF)

'JA' v ~} D]Pu o[* pv]<pproperieg Rdmpbex laneise dynamics and highly
vulnerableecological conditions shaped by both natural and anthropogenic pressures, the
integration of biomas$ased and flwbased carbon accounting approaches provides a critical
improvement in the capacity to deliver robust, responsive, and poétgvant ecosgtem
accountswith high degree of transferability to the whole Azores archipelago atir

similarly affected Macaronesia archipelagoé dZ ]Jeo v [+ (E Pu v$§ v E %] o(
forestedlandscaps, where exotic plantations, degraded laurel remnaneg;avering forests,

and highly invasive species coexmesents considerable challenges &mcurate andturrent
monitoring of their extent, condition and capacity for carbon sequestration

Biomassbased carbon accounting, rooted in structural attributes such as canopy height and
cover derived from radar and LIiDAR, providesobustestimate of carbon stock. This is
essential in Sdo Miguel, whestatic classifications frorforest inventories and habitat maps
whose updating is traditionallgostly and timeconsuming fail to capturewith enough
timeliness the rapidly changingnatural and humarmediated vegetation dynamics
Meanwhile, fluxbased carbon accountingpmplements this by capturirghort-term carbon
uptake of even lowstature, early successionalegetation whose associated biomass
regrowth and respective carbon stocks may take significantly longer to become detectable
through structural or stockased approachesdecreasingthe lag betweendisturbances
occurringand observingheir effects on forests and heathlands

This dual approach is especially importémt application on theorest managed areas and

the Natura 2000 sites of Sado Miguiel thecontext offorest managed areagarticularly those
certified for sustainable forestry practices, integrating fhased and biomassased carbon
accounting allows forest managers to track not only the structural development of tree stands
over time, but also the immediate carbon uptattgnamics during early replanting phases or
post-harvest rotations.This also supportsmeaningful comparisors of the performanceand
productivityof native vsexotic forestsn terms of their carbon sequestration potentighus
enablingthe assessment of tradeffs betweentimber forestry andecologicakestorationof
native forests While exotic plantations are often favored for their fast growth and timber
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yield, native forestausually provide a broader array of ecosystem serviegsl enriched
biodiversity The combined use of biomass steblased and flwbased carbon accounting
allowsa more accurate comparison bbw closelynative forestamatch exotic plantations in
terms of carbon sequestrationpotentially strengtheningthe casefor prioritizing their
restoration. This evidenebased comparison reinforces lotgrm sustainability promoting
a shifttowards forest management strategies that favor ecosgst@ultifunctionality over
singleservice optimizatiotypicallysought inmonoculture plantationsin parallel, for Natura
2000 protected aregsnhile structural and stoclbasedcarbon accountingeveak longterm
changes in forest structure and habitat exteorucial for assessing degradation or recgver
flux-based modelsaid in detectingshort-term vegetation responses following restoration
interventions orremoval ofexotic species removal.

The combined application of biomass stdzksed and carbon flulsased carbon accounting

in Sado Miguel has effectively tackled the initially expected outcomes of SELINA Task 5.2 by
delivering an exemplary demonstration @nhancement of the spatial and temporal
resolution of forest carbon accounts using satellite dat@apturevegetation dynamicand
detect changes imear real time.The robustness of carbon estimates was strengthened
through integration with fielevalidated datain intermediary forest stucture, habitat
mapping ecosystem extent and forest condition assessmenadl while following
standardization andlignment with the ETAThis is of particular importance for addressing
the challenges faced by EU outermost regions, requiring higgssiution, temporally
updated assessments to support adaptive forest management and biodiversity conservation
consistentwith EU policy goal$iowever, transferability of the methodologiepplied in this

TS to moreextensiveEU continental contextswith signficant biogeographical differences
should continue to be tested and assessediew of theencouraging outputs in this report
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13.1. Peloponnese Crosswalk

13.1.1. Peloponnese CLMS to ETA crosswalk

Overview of the datasets that were used to map the Peninsula of Peloponnese using only Copernicus Land Monitoring (CGlrbt4Syvdditad towards the
European Ecosystem Typology (ERSupporting document with detailed descriptioosdata sets can be provided upon request to the authors.

Subsection Description of Subsection Columns Description

To map each of the ETA classes that occur in the peninsula of
Peloponnese a hierarchical framework for classifying specific classe
hierarchy was developed to systematically populate a blank map of Peloponn
with various CLMS datasets. The first class mapped diogoto the
hierarchy would be 1 and the last 170.

This column lists all the datasets used to map Peloponnese based
on CLMS data. Some datasets are either combinations or extractio

Thissubsectiorprovides an overview of those marked in columns C to J and were exported as separate daf|

the mapping hierarchy and combinatiof as further detailed in the script "01_datpre_processing".
Al1.1.CLMSrosswalk . ; . .

of CLMS data sets to map the peninsul dataset The hierarchy of these datasets was determined based on their

of Peloponnese towards the ETA. relevance. For instance, the Urban Atlas is expected to map urban

most accurately since this is its primary focus. In contrast, Riparian
Zones and Coastal Zones may lsslprecise in these areas, as their
focus is on riparian and coastal regions, respectively.

ua See description of data set in support document
cz See description in support document

rz See description of data set in support document
clc See description of data set in support document
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clcbb

See description of data set in support document

IMD See description of data set in support document
FTY_10m See description of data set in support document
FTY_100m Seedescription of data set in support document
EUHydro See description of data set in support document

crosswalked_code

These are the codes used for the exported TIF files. The codes are
to the crosswalked ETA class

crosswalked_eta_clas

These are the ETA class names linked to the crosswalked_code. M
data could be crosswalked to the ETA with the exception of
crosswalked_codes 1 to 10 which were filled by clcbb data if no oth
suitable data was available, 11 filled by the priority amegpping class
"water" which cannot be crosswalked to any ETA class and 13 and
which are areas that are continuously or discontinuously sealed bas
on the IMD layer.

Al1.2.CLMSTypologies

Thissubsectiorprovides an overview of

dataset Input data set
The thematic class level of each of the data sets (if they are split up
class_level .
- different levels)
class_name The names of each of the classes

the typologies and their class names o
each of the used CLMS data sets alon(
with their class codes (at different level

column_name

The column names given to each class at different levels (only rele
for the vector data sets)

class_code

The class code as numbered in the original dataset

original_data_format

The original format of the data that was downloaded from the CLMS
portal.

Al.3.EuropearEcosystenTypology

Thissubsectiorprovides aroverview of
the European Ecosystem Typology at &
levels of mapping

eta_code Code used for the European Typology
The thematic class level of each of the data sets (if they are split up)
class_level .
- different levels)
class_name The names ofach of the classes
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13.1.1.1. CLMS Crosswalk

hierarchy dataset ua cz rz clc | clcbb | IMD E-(I)—:; 1':(;2)\;; HS(:LiJro cros;\;v(?;ked_ crosswalked_eta_class
1 rpz 2120 29 1.5.1 Permanent Greenhouses
2 cz 21200 29 1.5.1 PermanenGreenhouses
3 ua 11300 80-100 16 1.1.2 Continuous commercial and industrial area
4 ua 11300 1-79 18 1.2.2 Discontinuous commercial and industrial area
5 ua 11100 15 1.1.1 Continuous residential area
6 ua 11210 17 1.2.1 Discontinuous residential area
7 ua 11220 17 1.2.1 Discontinuous residential area
8 ua 11230 17 1.2.1 Discontinuous residential area
9 ua 11240 17 1.2.1 Discontinuous residential area
10 ua 11300 17 1.2.1Discontinuous residential area
11 ua 12210 20 1.3.1 Road and rail networks and associated land
12 ua 12220 20 1.3.1 Road and rail networks and associated land
13 ua 12230 20 1.3.1 Road and rail networks and associated land
14 ua 12300 21 1.3.2 Port areas
15 ua 12400 22 1.3.3 Airports
16 ua 13100 19 1.3 Infrastructure
17 ua 13300 25 1.3.7 Construction sites
18 ua 14100 27 1.4.1 Parks (including Zoos and botanical gardens)
19 ua 14200 28 1.4.2 Sports and recreation sites
20 rpz 1111 15 1.1.1 Continuous residential area
21 rpz 1112 17 1.2.1 Discontinuous residential area
22 rpz 1113 17 1.2.1 Discontinuous residential area
23 rpz_ll\g(l?_so_l 1120 80-100 16 1.1.2 Continuous commercial and industrial area
24 rpz_IMD_0_79 1120 1-79 18 1.2.2 Discontinuous commercial and industrial area
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25 rpz 1210 20 1.3.1 Road and rail networks and associated land

26 rpz 1220 20 1.3.1 Road and rail networks and associated land

27 rpz 1230 21 1.3.2 Port areas

28 rpz 1240 22 1.3.3 Airports

29 rpz 1310 19 1.3 Infrastructure

30 rpz 1400 26 1.4 Urban greenspace

31 cz 11110 15 1.1.1 Continuous residential area

32 cz 11120 17 1.2.1 Discontinuous residential area

33 cz 11130 17 1.2.1 Discontinuous residential area

34 cz 12100 80-100 16 1.1.2 Continuous commercial and industrial area

35 cz 122 18 1.2.2 Discontinuous commercial and industrial area

36 cz 12100 20 1.3.1 Road and rail networks and associated land

37 cz 12200 20 1.3.1 Road and rail networks and associated land

38 cz 12310 21 1.3.2 Port areas

39 cz 12320 21 1.3.2 Port areas

40 cz 12330 21 1.3.2 Port areas

41 cz 12350 21 1.3.2 Port areas

42 cz 12360 21 1.3.2 Port areas

43 cz 12370 21 1.3.2 Port areas

44 cz 12400 22 1.3.3 Airports

45 oz 13110 23 i.e3e.57ll\él.|2)eral extraction sites (excluding peat extraction sitg
46 cz 13120 24 1.3.6 Dump areas

47 cz 13130 25 1.3.7 Construction sites

48 cz 13200 25 1.3.7 Construction sites

49 cz 14000 26 1.4Urban greenspace

50 Pz 8240 23 i.e3;57ll\él.|2)eral extraction sites (excluding peat extraction sitg
51 z 82400 23 1.3.5 Mineral extraction sites (excluding peat extraction sitq

see 7.3.1)
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52 clc_imd 1,2 80-100 15 1.1.1 Continuous residential area
53 clc_imd 1,2 1-79 17 1.2.1 Discontinuous residential area
54 clc_imd 3 80-100 16 1.1.2 Continuous commercial and industrial area
55 clc_imd 3 1-79 18 1.2.2 Discontinuous commercial amiustrial area
56 clc_imd_clchb 4 1 1-100 20 1.3.1 Road and rail networks and associated land
57 clc 5 21 1.3.2 Port areas
58 clc 6 22 1.3.3 Airports
59 cle 7 23 :SL.e3e.57.|\éI.i2;aral extraction sites (excluding peatraction sites,
60 clc 24 1.3.6 Dump areas
61 clc 25 1.3.7 Construction sites
62 clc 11 28 1.4.2 Sports and recreation sites
63 IMD_1 79 1-79 14 Discontinuous sealed
64 IMD_80_100 80-100 13 Continuous sealed
65 rpz 1320 12 1. Settlements and other artificial areas
66 ua 13400 12 1. Settlements and other artificial areas
67 clcbb 1 12 1. Settlements and other artificial areas
68 rpz 8110 56 8.1.1Rivers
69 rpz 8120 57 8.2.1 Canals, ditches and drains
70 rpz 82200 | 8130 56 8.1.1 Rivers
71 rpz 82300 | 8210 60 9.1.1 Lakes
72 rpz 8220 61 9.2.1 Artificial reservoirs
73 rpz 8230 61 9.2.1 Artificiakreservoirs
74 rpz 8310 62 10.1 Coastal lagoons
75 rpz 8320 63 10.2.1 Estuaries and bays
76 rpz 7110 54 7.1 Inland marshes on mineral soil
77 rpz 7210 68 11.4.1 Coastal saltmarshes
78 rpz 7220 69 11.4.2 Salines
79 | P2CLC river 6220 10 56 8.1.1 Rivers
bank
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80 cz 71100 54 7.1 Inland marshes on mineral soil
81 cz 72100 68 11.4.1 Coastal saltmarshes
82 cz 72200 69 11.4.2 Salines
83 cz 72300 64 10.3.1 Intertidal flats (e.g., Wadden Sea)
84 cz 81100 56 8.1.1 Rivers
85 cz 81200 57 8.2.1 Canals, ditches and drains
86 cz 81300 56 8.1.1 Rivers
87 cz 82100 60 9.1.1 Lakes
88 cz 82200 61 9.2.1 Artificiakeservoirs
89 cz 82300 61 9.2.1 Artificial reservoirs
90 cz 83100 62 10.1 Coastal lagoons
91 cz 83200 63 10.2.1 Estuaries and bays
92 | C2-CLC.river 62200 10 56 8.1.1 Rivers
bank
93 clc 35 54 7.1 Inlandmarshes on mineral soil
94 clc 37 68 11.4.1 Coastal saltmarshes
95 cle 38 69 11.4.2 Salines
96 clc 42 62 10.1 Coastal lagoons
97 rpz 7000 53 7. Inland wetlands
98 EUHydro 1 59 9.1 Lakes
99 clc_clcbb 40 10 55 8. Rivers and canals
100 clc_clcbb 41 10 58 9. Lakes and reservoirs
101 rpz 8000 11 Water
102 ua 50000 11 Water
103 rpz 2200 32 2.3 Permanent crops
104 rpz 2210 32 2.3 Permanent crops
105 rpz 2220 33 2.3.1 Olives (01000)
106 cz 22100 32 2.3 Permanent crops
107 cz 22200 33 2.3.1 Olives (01000)
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108 clc 14 31 2.2.1 Rice fields (C2000)

109 clc_clcbb 15 5 34 2.3.2 Grapes (W1000)

110 clc_clcbb 16 3,45 32 2.3 Permanent crops

111 clc_clcbb 17 4 33 2.3.1 Olives (01000)

112 cz 34000 45 4.5.1 Transitional woodland/forest land

113 rpz 3400 45 4.5.1 Transitional woodland/forest land

114 cz 36000 45 4.5.1Transitional woodland/forest land

126 f:é?;l‘nci?o?gsetv 4 1,2 43 4.3 Broadleaved evergreen forest

130 rpz 5300 48 5.3 Sclerophyllous vegetation

115 FTY_clcbb 5 g £ 1,2 45 4.5.1 Transitionalvoodland/forest land

127 fty 1 41 4.1 Broadleaved deciduous forest

128 fty 2 42 4.2 Coniferous forests

131 cz 53000 48 5.3 Sclerophyllous vegetation

116 clc_clcbb 29 |5,6,7,9 45 4.5.1 Transitionalvoodland/forest land

129 rpz 3000 40 4. Forest and woodlands

132 clc_clcbb 27 a7 5.2 Heathland and (supalpine shrub

133 clc_clcbb 28 48 5.3 Sclerophyllous vegetation

117 rpz 3310 44 4.4 Mixed forests

134 rpz 5000 46 5. Heathlands and shrub

118 cz 33100 44 4.4 Mixed forests

135 cz 52000 46 5. Heathlands and shrub

136 z 23100 35 (25.2;;;\22?5:;fgcr)rrnlsgge(r(::sr)npnsmg cropland, grassland ang
137 7 23200 35 (23.2;_};\22;3:;fg(r)mlsgrc]ie(r?tc;r)nprmng cropland, grassland ang
138 7 23300 35 (Zs.z;;;\:l]gfﬁ:;f?;mlsgge(ﬁngrISIng cropland, grassland ang
119 FTYaéggm—C' 3 44 4.4Mixed forests

139 rpz 2310 35 2.5.1 Mosaic farmland (comprising cropland, grassland and
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(semi)natural components)

2.5.1 Mosaic farmland (comprising cropland, grassland ang

140 rpz 2320 35 .
(semi)natural components)
141 pz 2330 35 2.5.1_Mosa|c farmland (comprising cropland, grassland ang
(semi)natural components)
120 cz_CLCBB_fo 31100, 41 4.1 Broadleaved deciduous forest
st 32100
cz_CLCBB_fo 31100, .
121 st 32100 42 4.2 Coniferous forests
cz_CLCBB_fo 31100,
122 st 32100 43 4.3 Broadleaved evergreen forest
123 rpz_CLCBB_fd 31100, 41 4.1 Broadleaved deciduous forest
est 32100
rpz_CLCBB_fq 31100, .
124 ost 32100 42 4.2 Coniferous forests
rpz_CLCBB_fc 31100,
125 ost 32100 43 4.3 Broadleaved evergreen forest
cz_CLCBB_a 21100, ) o
142 b_grass 41000 37 3.1 Sown pastures and fields (modified grassland)
cz_CLCBB_a 21100,
143 b_grass 41000 30 2.1 Annual cropland
rpz_CLCBB_a 21100, ' -
144 b_grass 21000 37 3.1 Sown pastures and fields (modified grassland)
rpz_CLCBB_al 21100,
145 b_grass 21000 30 2.1 Annual cropland
146 clc_clcbb 12,13 30 2.1 Annual cropland
147 cz 42100 38 3.2Natural and semnatural grassland
148 cz 42200 39 3.2.3 Alpine and subalpine grasslands
149 rpz 4210 38 3.2 Natural and sermatural grassland
150 clc_clcbb 26 38 3.2 Natural and sermatural grassland
151 rpz 4000 36 3. Grassland (pastures, senatural and natural grasslands)
152 cz 62111 65 11.2 Coastal dunes, beaches and sandy and muddy shore
153 cz 62112 66 11.3.1 Coastal shingle
154 cz 62120 52 6.2.3 Other sparselyegetated areas
155 cz 62200 51 6.2 Semdesert, desert and other sparsely vegetated areas
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156 cz 63110 50 6.1.1 Rocky pavements, outcrops, and screes

157 cz 63120 67 11.3.2 Rockliffs, ledges and shores

158 rpz 6210 65 11.2 Coastal dunes, beaches and sandy and muddy shore
159 rpz 6220 51 6.2 Semdesert, desert and other sparsely vegetated areas
160 rpz 6320 49 6.1 Bare rocks

161 clcbb 1 1 1: Sealed

162 clcbb 2 2 2: Woody t needle leaved trees

163 clcbb 3 3 3: Woody t Broadleaved deciduous trees

164 clcbb 4 4 4: Woody t Broadleaved evergreen trees

165 clcbb 5 5 5: Lowgrowing woody plants (busheshrubs)

166 clcbb 6 6 6: Permanent herbaceous

167 clcbb 7 7 7: Periodically herbaceous

168 clcbb 8 8 8: Lichens and mosses

169 clcbb 9 9 9: Non and sparsehvegetated

170 clcbb 10 10 10: Water
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13.1.1.2. CLMS Typologies

dataset | class_leve class_name column_name| class_code original_data_format
ua 3 Continuous Urban fabric (S.L. > 80%) code 2018 11100 vector
ua 4 Discontinuous Dense Urban Fabric (S.L.: 580%0) code 2018 11210 vector
ua 4 Discontinuous Medium Density Urban Fabric (S.L.:-30%0) code 2018 11220 vector
ua 4 Discontinuous Low Density Urban Fabric (S.L.:-130%) code 2018 11230 vector
ua 4 Discontinuous very low density urban fabric (S.L. < 10%) code_2018 11240 vector
ua 3 Isolated Structures code 2018 11300 vector
ua 3 Industrial, commercial, public, military and private units code_2018 12100 vector
ua 4 Fast transit roads anassociated land code 2018 12210 vector
ua 4 Other roads and associated land code_2018 12220 vector
ua 4 Railways and associated land code_2018 12230 vector
ua 3 Port areas code 2018 12300 vector
ua 3 Airports code 2018 12400 vector
ua 3 Mineral extraction and dump sites code 2018 13100 vector
ua 3 Construction sites code 2018 13300 vector
ua 3 Land without current use code 2018 13400 vector
ua 3 Green urban areas code 2018 14100 vector
ua 3 Sports and leisure facilities code_2018 14200 vector
ua 2 Arable land (annual crops) code 2018 21000 vector
ua 2 Permanent crops code 2018 22000 vector
ua 2 Pastures code 2018 23000 vector
ua 2 Complex and mixed cultivation patterns code_2018 24000 vector
ua 2 Forests code 2018 31000 vector
ua 2 Herbaceous vegetation associations code 2018 32000 vector
ua 2 Open spaces with little or no vegetations code 2018 33000 vector
ua 1 Wetlands code 2018 40000 vector
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ua 1 Water code 2018 50000 vector
rpz 1 1 Urban CODE_1_18 |1000 vector
rpz 1 2 Cropland CODE_1_18 |2000 vector
rpz 1 3 Woodland and forest CODE_1 18 |3000 vector
rpz 1 4 Grassland CODE_1_18 |4000 vector
rpz 1 5 Heathland and scrub CODE_1_18 |5000 vector
rpz 1 6 Open spaces with little or no vegetation CODE_1_18 |6000 vector
rpz 1 7 Wetland CODE_1 18 |7000 vector
rpz 1 8 Water CODE_1 18 |8000 vector
rpz 2 1.1 Urban fabric, industrial, commercial, public, military and private units CODE_2 18 1100 vector
pz 2 1.2 Transport infrastructure CODE_2 18 |1200 vector
rpz 2 1.3 Mineral extraction, dump and construction sites, land without current use CODE_2 18 |1300 vector
pz 2 1.4 Green urban, sports and leisure facilities CODE_2 18 |1400 vector
rpz 2 2.1 Arable land CODE_2_18 |2100 vector
rpz 2 2.2 Permanent crops CODE_2 18 |2200 vector
rpz 2 2.3 Heterogeneous agricultural area CODE_2_18 |2300 vector
rpz 2 3.1 Broadleaved forest CODE_2 18 |3100 vector
rpz 2 3.2 Coniferous forest CODE_2 18 |3200 vector
rpz 2 3.3 Mixed forest CODE_2 18 |3300 vector
rpz 2 3.4 Transitional woodland and scrub CODE_2 18 |3400 vector
rpz 2 3.5 Lines of trees and scrub CODE_2 18 |3500 vector
pz 2 3.6 Damaged forest CODE_2 18 |3600 vector
rpz 2 4.1 Managed grassland CODE_2_18 |4100 vector
rpz 2 4.2 Natural & semnatural grassland CODE_2 18 |4200 vector
rpz 2 5.1 Heathland and moorland CODE 2 18 |5100 vector
rpz 2 5.2 Alpine scrub land CODE_2 18 |5200 vector
rpz 2 5.3 Sclerophyllous scrubs CODE_2 18 |5300 vector
rpz 2 6.1 Sparsely vegetated areas CODE_2_18 |6100 vector
rpz 2 6.2 Beaches, dunes, river banks CODE_2 18 |6200 vector
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rpz 2 6.3 Bare rocks, burnt areas, glaciers and perpetual snow CODE_2_18 |6300 vector
rpz 2 7.1 Inland wetlands CODE_2 18 |7100 vector
rpz 2 7.2 Coastal wetlands CODE_2_18 |7200 vector
rpz 2 8.1 Water courses CODE_2_18 |8100 vector
rpz 2 8.2 Lakes and reservoirs CODE_2_18 |8200 vector
rpz 2 8.3 Transitional waters CODE_2 18 |8300 vector
rpz 2 8.4 Sea and ocean CODE_2_18 |8400 vector
rpz 3 1.1.1 Urban fabric (predominantly public and private units) CODE_3 18 |1110 vector
pz 3 1.1.2 Industrial, commercial and military units CODE_3 18 |1120 vector
rpz 3 1.2.1 Road networks and associated land CODE_3 18 |1210 vector
pz 3 1.2.2 Railways and associated land CODE_3 18 |1220 vector
rpz 3 1.2.3 Port areas and associated land CODE_3 18 |1230 vector
pz 3 1.2.4 Airports and associated land CODE_3 18 |1240 vector
rpz 3 1.3.1 Mineral extraction, dump and construction sites CODE_3 18 |1310 vector
rpz 3 1.3.2 Land without current use CODE_3 18 |1320 vector
rpz 3 2.1.1 Arable irrigated and neirrigated land CODE_3_18 |2110 vector
rpz 3 2.1.2 Greenhouses CODE_3 18 |2120 vector
rpz 3 2.2.1 Vineyards, fruit trees and berry plantations CODE_3_18 |2210 vector
rpz 3 2.2.2 Olive groves CODE_3 18 |2220 vector
rpz 3 2.3.1 Annual crops associated with permanent crops CODE_3 18 |2310 vector
rpz 3 2.3.2 Complex cultivation patterns CODE_3_18 |2320 vector
rpz 3 2.3.3 Land principally occupied by agriculture with significant areas of natural vegetation CODE_3 18 |2330 vector
rpz 3 2.3.4 Agreforestry CODE_3_18 |2340 vector
rpz 3 3.1.1 Natural & seminatural broadleaved forest CODE_3 18 |3110 vector
rpz 3 3.1.2 Highly artificial broadleaved plantations CODE_3_18 |3120 vector
pz 3 3.2.1 Natural & seminatural coniferous forest CODE_3 18 |3210 vector
rpz 3 3.2.2 Highly artificial coniferous plantations CODE_3 18 |3220 vector
pz 3 3.3.1 Natural & seminatural mixed forest CODE_3 18 |3310 vector
rpz 3 3.3.2 Highly artificial mixed plantations CODE_3 18 |3320 vector
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rpz 3 4.2.1 Semnatural grassland CODE_3 18 |4210 vector
rpz 3 4.2.2 Alpine and suhlpine natural grassland CODE_3 18 |4220 vector
rpz 3 6.2.1 Beaches and dunes CODE_3_18 |6210 vector
rpz 3 6.2.2 River banks CODE_3_18 |6220 vector
rpz 3 6.3.1 Bare rocks, outcrops, cliffs CODE_3_ 18 |6310 vector
rpz 3 6.3.2 Burnt areas (except burnt forest) CODE_3 18 |6320 vector
rpz 3 6.3.3 Glaciers and perpetual snow CODE_3_18 |6330 vector
rpz 3 7.1.1 Inland marshes CODE_3 18 |[7110 vector
rpz 3 7.1.2 Peat bogs CODE_3_18 |7120 vector
rpz 3 7.2.1 Salt marshes CODE_3 18 |7210 vector
rpz 3 7.2.2 Salines CODE_3_18 |7220 vector
rpz 3 7.2.3 Intertidal flats CODE_3 18 |7230 vector
pz 3 8.1.1 Natural & seminatural water courses CODE_3 18 |8110 vector
rpz 3 8.1.2 Highly modified water courses and canals CODE_3_18 |8120 vector
rpz 3 8.1.3 Seasonally connected water courses (oxbows) CODE_3 18 |8130 vector
pz 3 8.2.1 Natural lakes CODE_3 18 |8210 vector
rpz 3 8.2.2 Reservoirs CODE_3 18 8220 vector
rpz 3 8.2.3 Aquaculture ponds CODE_3_18 |8230 vector
rpz 3 8.2.4 Standing water bodies of extractive industrial sites CODE_3 18 |8240 vector
pz 3 8.3.1 Lagoons CODE_3 18 8310 vector
pz 3 8.3.2 Estuaries CODE_3 18 |8320 vector
rpz 4 iXi{XiXi }v3]vu}pe hE v & &E] ~/DX H 819 CODE 4 18 |1111 vector
rpz 4 iXiXiXT ve hE v & @0%)y-/DX H ii CODE_4 18 1112 vector
rpz 4 1.1.1.3 Low Density Urban Fabric (IM.D < 30%) CODE_4 18 |[1113 vector
rpz 4 7.1.2.1 Exploited peat bogs CODE_4 18 |7121 vector
rpz 4 7.1.2.2 Unexploited peat bogs CODE_4 18 |7122 vector
cz 1 1 Urban CODE_1 18 {10000 vector
cz 1 2 Cropland CODE_1 18 | 20000 vector
¢z 1 3 Woodland and forest CODE_1_18 |30000 vector
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cz 1 4 Grassland CODE_1 18 |40000 vector
¢z 1 5 Heathland and scrub CODE_1 18 |50000 vector
cz 1 6 Open spaces with little or no vegetation CODE_1 18 |60000 vector
cz 1 7 Wetland CODE_1 18 |70000 vector
cz 1 8 Water CODE_1_18 |80000 vector
¢z 2 1.1 Urban fabric, industrial, commercial, public, military and private units CODE_2 18 |11000 vector
cz 2 1.2 Transport infrastructure CODE_2 18 |12000 vector
Ccz 2 1.3 Mineral extraction, dump and construction sites, land without current use CODE_2 18 13000 vector
cz 2 1.4 Green urban, sports and leisure facilities CODE_2 18 |14000 vector
cz 2 2.1 Arable land CODE_2_18 |21000 vector
cz 2 2.2 Permanent crops CODE_2 18 |22000 vector
cz 2 2.3 Heterogeneous agricultural area CODE_2_18 |23000 vector
cz 2 3.1 Broadleaved forest CODE_2 18 |31000 vector
cz 2 3.2 Coniferous forest CODE_2 18 |32000 vector
¢z 2 3.3 Mixed forest CODE_2 18 |33000 vector
¢z 2 3.4 Transitional woodland and scrub CODE_2 18 |34000 vector
¢z 2 3.5 Lines of trees and scrub CODE_2 18 |35000 vector
¢z 2 3.6 Damaged forest CODE_2 18 |36000 vector
¢z 2 4.1 Managed grassland CODE_2_18 |41000 vector
Cz 2 4.2 Natural & semnatural grassland CODE_2 18 |42000 vector
¢z 2 5.1 Heathland and moorland CODE_2 18 |51000 vector
¢z 2 5.2 Alpine scrub land CODE_2 18 |52000 vector
¢z 2 5.3 Sclerophyllous scrubs CODE_2 18 |53000 vector
¢z 2 6.1 Sparsely vegetated areas CODE_2_18 |61000 vector
Cz 2 6.2 Beaches, dunes, river banks CODE_2 18 62000 vector
cz 2 6.3 Bare rocks, burnt areas, glaciers and perpetual snow CODE_2 18 |63000 vector
cz 2 7.1 Inland wetlands CODE_2 18 |71000 vector
cz 2 7.2 Coastal wetlands CODE_2 18 | 72000 vector
¢z 2 8.1 Water courses CODE_2 18 |81000 vector
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cz 2 8.2 Lakes and reservoirs CODE_2 18 |82000 vector
¢z 2 8.3 Transitional waters CODE_2 18 |83000 vector
cz 2 8.4 Sea and ocean CODE_2_ 18 | 84000 vector
cz 3 1.1.1 Urban fabric CODE_3 18 |[11100 vector
cz 3 1.1.2 Industrial, commercial, public and military units CODE_3 18 |11200 vector
¢z 3 1.2.1 Road networks and associated land CODE_3 18 |12100 vector
cz 3 1.2.2 Railways and associated land CODE_3 18 |12200 vector
cz 3 1.2.3 Port areas and associated land CODE_3 18 |12300 vector
cz 3 1.2.4 Airports and associated land CODE_3 18 |12400 vector
¢z 3 1.3.1 Mineral extraction, dump and construction sites CODE_3 18 |13100 vector
cz 3 1.3.2 Land without current use CODE_3 18 |13200 vector
cz 3 2.1.1 Arable irrigated and nerrigated land CODE_3_18 |21100 vector
cz 3 2.1.2 Greenhouses CODE_3 18 |21200 vector
¢z 3 2.2.1 Vineyards, fruit trees and berry plantations CODE_3_18 |22100 vector
¢z 3 2.2.2 Olive groves CODE_3 18 |22200 vector
¢z 3 2.3.1 Annual crops associated with permanent crops CODE_3 18 |23100 vector
¢z 3 2.3.2 Complex cultivation patterns CODE_3_18 |23200 vector
¢z 3 2.3.3 Land principally occupied by agriculture with significant areas of natural vegetation CODE_3 18 |23300 vector
¢z 3 2.3.4 Agreforestry CODE_3_18 |23400 vector
Cz 3 3.1.1 Natural & sermmatural broadleaved forest CODE_3 18 |31100 vector
¢z 3 3.1.2 Highly artificial broadleaved plantations CODE_3 18 |31200 vector
¢z 3 3.2.1 Natural & semmatural coniferous forest CODE_3 18 |32100 vector
¢z 3 3.2.2 Highly artificial coniferous plantations CODE_3 18 |32200 vector
¢z 3 3.3.1 Natural & semmatural mixed forest CODE_3 18 |33100 vector
cz 3 3.3.2 Highly artificial mixed plantations CODE_3 18 |33200 vector
cz 3 4.2.1 Semnatural grassland CODE_3 18 |42100 vector
¢z 3 4.2.2 Alpine and suhblpine natural grassland CODE_3_18 |42200 vector
cz 3 6.1.1 Sparse vegetation on sands CODE_3 18 |61100 vector
¢z 3 6.1.2 Sparse vegetation on rocks CODE_3_18 |61200 vector
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cz 3 6.2.1 Beaches and dunes CODE_3 18 |62100 vector
¢z 3 6.2.2 River banks CODE_3 18 |62200 vector
cz 3 6.3.1 Bare rocks, outcrops, cliffs CODE_3 18 |63100 vector
cz 3 6.3.2 Burnt areas (except burnt forest) CODE_3 18 |63200 vector
cz 3 6.3.3 Glaciers and perpetual snow CODE_3 18 |63300 vector
¢z 3 7.1.1 Inland marshes CODE_3 18 |71100 vector
cz 3 7.1.2 Peat bogs CODE_3 18 | 71200 vector
cz 3 7.2.1 Salt marshes CODE_3 18 |72100 vector
cz 3 7.2.2 Salines CODE_3 18 |72200 vector
cz 3 7.2.3 Intertidal flats CODE_3 18 |72300 vector
cz 3 8.1.1 Natural & semmatural water courses CODE_3 18 |81100 vector
cz 3 8.1.2 Highly modified water courses and canals CODE_3_18 |81200 vector
¢z 3 8.1.3 Seasonally connected water courses (oxbows) CODE_3 18 |81300 vector
cz 3 8.2.1 Natural lakes CODE_3 18 |82100 vector
¢z 3 8.2.2 Reservoirs CODE_3 18 |82200 vector
¢z 3 8.2.3 Aquaculture ponds CODE_3 18 |82300 vector
¢z 3 8.2.4 Standing water bodies of extractive industrial sites CODE_3 18 |82400 vector
¢z 3 8.3.1 Lagoons CODE_3 18 |83100 vector
¢z 3 8.3.2 Estuaries CODE_3 18 |83200 vector
Cz 3 8.3.3 Marine inlets and fjords CODE_3 18 |83300 vector
¢z 3 8.4.1 Open sea CODE_3 18 |84100 vector
¢z 3 8.4.2 Coastal waters CODE_3 18 |84200 vector
¢z 4 IXIXiXi }vS§]vulue pyE& v ( E] ~/D HO6I9e CODE_4 18 |11110 vector
cz 4 IXIXiXT ve pE v ( @W)~/D HIi CODE_4 18 |11120 vector
cz 4 1.1.1.3 Low density fabric (IMD <30%) CODE_4 18 |11130 vector
cz 4 1.1.2.1 Industrial, commercial, public and military units (other) CODE_4_18 |11210 vector
¢z 4 1.1.2.2 Nuclear energy plants and associated land CODE_4_18 |11220 vector
cz 4 1.2.3.1 Cargo port CODE_4 18 |12310 vector
cz 4 1.2.3.2 Passenger port CODE_4 18 |12320 vector
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cz 4 1.2.3.3 Fishing port CODE_4 18 |[12330 vector
¢z 4 1.2.3.4 Naval port CODE_4 18 |12340 vector
cz 4 1.2.3.5 Marinas CODE_4 18 |12350 vector
cz 4 1.2.3.6 Local muHiunctional harbours CODE_4 18 |12360 vector
cz 4 1.2.3.7 Shipyards CODE_4 18 |12370 vector
¢z 4 1.3.1.1 Mineral extraction sites CODE_4 18 |13110 vector
cz 4 1.3.1.2 Dump sites CODE_4 18 |13120 vector
cz 4 1.3.1.3 Construction sites CODE_4 18 |13130 vector
cz 4 6.2.1.1 Beaches CODE_4 18 |62110 vector
cz 4 6.2.1.2 Dunes CODE_4 18 |62120 vector
cz 4 6.3.1.1 Bare rocks and outcrops CODE_4 18 |63110 vector
¢z 4 6.3.1.2 Coastal cliffs CODE_4 18 |63120 vector
¢z 4 7.1.2.1 Exploited peat bogs CODE_4 18 |71210 vector
cz 4 7.1.2.2 Unexploited peat bogs CODE_4 18 |71220 vector
¢z 5 6.2.1.1.1 Sandy beaches CODE 5 18 |62111 vector
¢z 5 6.2.1.1.2 Shingle beaches CODE_5 18 |62112 vector
cle 3 1.1.1 Continuous urban fabric 1 raster
cle 3 1.1.2 Discontinuous urban fabric 2 raster
cle 3 1.2.1 Industrial or commercial units 3 raster
cle 3 1.2.2 Road and rail networks aadsociated land 4 raster
cle 3 1.2.3 Port areas 5 raster
cle 3 1.2.4 Airports 6 raster
cle 3 1.3.1 Mineral extraction sites 7 raster
cle 3 1.3.2 Dump sites 8 raster
cle 3 1.3.3 Construction sites 9 raster
cle 3 1.4.1 Green urban areas 10 raster
cle 3 1.4.2 Sport and leisure facilities 11 raster
cle 3 2.1.1 Nonirrigated arable land 12 raster
cle 3 2.1.2 Permanently irrigated land 13 raster
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cle 3 2.1.3 Rice fields 14 raster
clc 3 2.2.1 Vineyards 15 raster
cle 3 2.2.2 Fruitrees and berry plantations 16 raster
cle 3 2.2.3 Olive groves 17 raster
cle 3 2.3.1 Pastures 18 raster
cle 3 2.4.1 Annual crops associated with permanent crops 19 raster
cle 3 2.4.2 Complex cultivation patterns 20 raster
cle 3 2.4.3 Landgrincipally occupied by agriculture, with significant areas of natural vegetation 21 raster
cle 3 2.4.4 Agreforestry areas 22 raster
cle 3 3.1.1 Broadeaved forest 23 raster
cle 3 3.1.2 Coniferous forest 24 raster
cle 3 3.1.3 Mixed forest 25 raster
cle 3 3.2.1 Natural grasslands 26 raster
cle 3 3.2.2 Moors and heathland 27 raster
cle 3 3.2.3 Sclerophyllous vegetation 28 raster
cle 3 3.2.4 Transitional woodlanshrub 29 raster
cle 3 3.3.1 Beaches, dunes, sands 30 raster
cle 3 3.3.2 Bare rocks 31 raster
cle 3 3.3.3 Sparsely vegetated areas 32 raster
cle 3 3.3.4 Burnt areas 33 raster
cle 3 3.3.5 Glaciers and perpetual snow 34 raster
cle 3 4.1.1 Inland marshes 35 raster
cle 3 4.1.2 Peat bogs 36 raster
cle 3 4.2.1Salt marshes 37 raster
cle 3 4.2.2 Salines 38 raster
cle 3 4.2.3 Intertidal flats 39 raster
cle 3 5.1.1 Water courses 40 raster
cle 3 5.1.2 Water bodies 41 raster
cle 3 5.2.1 Coastal lagoons 42 raster
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cle

5.2.2 Estuaries 43 raster

cle 5.2.3 Sea and ocean 44 raster
FTY_10m 1 Broadleaved forest 1 raster
FTY_10m 2 Coniferous forest 2 raster
FTY_100n 3 Mixed forest 3 raster
clcbb 1: Sealed 1 raster
clcbb 2: Woody t needle leaved trees 2 raster
clcbb 3: Woody t Broadleaved deciduous trees 3 raster
clcbb 4: Woody t Broadleaved evergreen trees 4 raster
clcbb 5: Lowgrowing woody plants (bushes, shrubs) 5 raster
clcbb 6: Permanent herbaceous 6 raster
clcbb 7: Periodically herbaceous 7 raster
clcbb 8: Lichens and mosses 8 raster
clcbb 9: Non and sparselyvegetated 9 raster
clcbb 10: Water 10 raster
clcbb 11: Snow and ice 11 raster
EUHydro InlandWater - vector
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13.1.1.3. European Ecosystem Typology

eta_code| class_level class_name
100 1 1. Settlements and other artificial areas
110 2 1.1 Continuous settlement area
111 3 1.1.1 Continuous residential area
112 3 1.1.2 Continuous commercial and industrial area
120 2 1.2 Discontinuous settlement area
121 3 1.2.1 Discontinuous residential area
122 3 1.2.2 Discontinuous commercial and industrial area
130 2 1.3 Infrastructure
131 3 1.3.1 Road and rail networks and associated land
132 3 1.3.2 Port areas
133 3 1.3.3 Airports
134 3 1.3.4 Otheiinfrastructure
135 3 1.3.5 Mineral extraction sites (excluding peat extraction sites, see 7.3.1)
136 3 1.3.6 Dump areas
137 3 1.3.7 Construction sites
140 2 1.4 Urban greenspace
141 3 1.4.1 Parks (including Zoos and botanical gardens)
142 3 1.4.2 Sports and recreation sites
143 3 1.4.3 Other urban green
150 2 1.5 Other artificial areas
151 3 1.5.1 Permanent Greenhouses
152 3 1.5.2 Cemeteries
153 3 1.5.3 Archaeological sites
154 3 1.5.4 Urban blue
200 1 2. Cropland
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210 2 2.1Annual cropland

211 3 2.1.1 Cereals excluding rice (C1000) excluding maize (C1500)
212 3 2.1.2 Maize (C1500 + G3000)

213 3 2.1.3 Dry pulses and protein crops (P0000)

214 3 2.1.4 Root crops, like sugar beet and potatoes (R0O000)

215 3 2.1.5Vegetables (including melons) and strawberries (V0000_S0000)
216 3 2.1.6 Industrial crops including annual bioenergy crops (10000)
217 3 2.1.7 Flowers and ornamental plants (NO0OO)

218 3 2.1.8 Fallow land (Q0000)

219 3 2.1.9 Temporary grasses agrhzing areas (G1000)

220 2 2.2 Rice fields

221 3 2.2.1 Rice fields (C2000)

230 2 2.3 Permanent crops

231 3 2.3.1 Olives (01000)

232 3 2.3.2 Grapes (W1000)

233 3 2.3.3 Pome fruits (F1100)

234 3 2.3.4 Stone fruits (F1200)

235 3 2.3.5 Berriegxcluding strawberries (F3000)

236 3 2.3.6 Citrus fruits (T1000)

237 3 2.3.7 Nuts (F4000)

238 3 2.3.8 Hazelnut

239 3 2.3.9 Chestnut

240 2 2.4 Agreforestry areas

241 3 2.4.1 Holm and cork oak forests

242 3 2.4.2 Other agrdorestry area

250 2 2.5 Mixed farmland

251 3 2.5.1 Mosaic farmland (comprising cropland, grassland and {sehiral components)
260 2 2.6 Other farmland

261 3 2.6.1 Nurseries
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262 3 2.6.2 Christmas tree plantations

263 3 2.6.3 Perennial bioenergy crops

264 3 2.6.4Field margins

300 1 3. Grassland (pastures, sendtural and natural grasslands)

310 2 3.1 Sown pastures and fields (modified grassland)

311 3 3.1.1 Sown pastures used for grazing

312 3 3.1.2 Sown grassland mown frequently for fodder or silage

320 2 3.2 Natural and sermatural grassland

321 3 3.2.1 Dry grassland

322 3 3.2.2 Seasonally wet and wet grassland

323 3 3.2.3 Alpine and subalpine grasslands

324 3 3.2.4 Woodland fringes and clearings and tall forb stands

325 3 3.2.5 Inland salsteppes

326 3 3.2.6 Sparsely wooded grasslands

327 3 3.2.7 Mesophilous extensive grassland

400 1 4. Forest and woodlands

410 2 4.1 Broadleaved deciduous forest

411 3 4.1.1 Riparian forest and woodland

412 3 4.1.2 Broadleaved swamp, woodland mon-acid and acid peat

413 3 4.1.3 Fagus dominated forest

414 3 4.1.4 Temperate, Submediterranean and Mediterranean thermophilous deciduous forest

415 3 4.1.5 Acidophilous [Quercugpminated woodland

416 3 4.1.6 Temperate and boreal a@buthern European Betula and Populus tremula forest on mineral soils

417 3 4.1.7 Other broadleaved deciduous forest, excluding highly modified plantations

418 3 4.1.8 Highly modified broadleaved deciduous forests, in particular plantations including standsrdtiventrees species that have long been established i
European ecosystems stands

420 2 4.2 Coniferous forests

421 3 4.2.1 Boreal and temperate fir and spruce forest

422 3 4.2.2 Mediterranean mountain fir and spruce forest

246




423 3 4.2.3 Temperate subalpine Larix, Pinus cembra and Pinus uncinata forest

424 3 4.2.4 Pine forest (excluding mires, nathrermophilous)

425 3 4.2.5 Mediterranean thermophilous lowland pine forest

426 3 4.2.6 Spruce, pine and larch mire forests

427 3 4.2.7 Taiga forests

428 3 4.2.8 Other coniferous forests, excluding plantations

429 3 4.2.9 Highly modified coniferous forests, in particular plantations

430 2 4.3 Broadleaved evergreen forest

431 3 4.3.1 Mediterranean evergreen Quercus forest

432 3 4.3.2 Mainland laurophyllous forest

433 3 4.3.3 Macaronesian laurophyllous forest

434 3 4.3.4 Olea europaeg€eratonia siliqua forest

435 3 4.3.5 Palm groves

436 3 4.3.6 Other broadleaved evergeen forests

437 3 4.3.7 Highly mod_ified b_roadleaved evergreen forests, in particular plantations (in particular Eucalyptus) including standstife trees species that have
long been established in European ecosystems stands

440 2 4.4 Mixed forests

441 3 4.4.1 Mixed forests dominated by coniferous species

442 3 4.4.2 Mixed forests dominated by broadleaved species

443 3 4.4.3 Other mixed forests including stands of srative trees species that have long besstablished in European ecosystems stands

450 2 4.5 Transitional forest and woodland shrub

451 3 4.5.1 Transitional woodland/forest land

460 2 4.6 Plantations

461 3 4.6.1 Monoculture plantations

462 3 4.6.2 Mixed plantations

500 1 5. Heathlands and shrub

510 2 5.1 Tundra

511 3 5.1.1 Tundra

520 2 5.2 Heathland and (supalpine shrub
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521 3 5.2.1 Arctic alpine, subalpine and lowland shrub and heathland

522 3 5.2.2 Temperate and Mediterranean montane and hilly shrubfeathland
523 3 5.2.3 Temperate and Mediterranean lowland shrub and heathland
530 2 5.3 Sclerophyllous vegetation

531 3 5.3.1 Maquis, arborescent matorral and therAviediterranean shrub
532 3 5.3.2 Garrigue

533 3 5.3.3 Spiny Mediterranean heatlishrygana, hedgehebpeaths & coastal cliff vegetation)
534 3 5.3.4 ThermeAtlantic xerophytic shrub (Madeira and Canary Islands)
600 1 6. Sparsely vegetated ecosystems

610 2 6.1 Bare rocks

611 3 6.1.1 Rocky pavements, outcrops, and screes

612 3 6.1.2 Lava flows

620 2 6.2 Semdesert, desert and other sparsely vegetated areas

621 3 6.2.1 Semdesert steppes

622 3 6.2.2 Cool deserts and sexghesert steppes

623 3 6.2.3 Other sparsely vegetated areas

630 2 6.3 Ice sheets, glaciers apdrennial snowfields

631 3 6.3.1 Ice sheets, glaciers and perennial snowfields

700 1 7. Inland wetlands

710 2 7.1 Inland marshes on mineral soil

711 3 7.1.1 Reedbeds

712 3 7.1.2 Inland salt marshes

713 3 7.1.3 Other marshland angater-fringing ecosystems

720 2 7.2 Mires, bogs and fens

721 3 7.2.1 Raised bogs

722 3 7.2.2 Blanket bogs

723 3 7.2.3 Valley mires, poor fens and transition mires

724 3 7.2.4 Aapa, palsa and polygon mires

725 3 7.2.5 Baseich fens andtalcareous spring mires
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726 3 7.2.6 Peat extraction sites

800 1 8. Rivers and canals

810 2 8.1 Rivers

811 3 8.1.1 Rivers

820 2 8.2 Canals, ditches and drains

821 3 8.2.1 Canals, ditches and drains

900 1 9. Lakes and reservoirs

910 2 9.1 Lakes

911 3 9.1.1 Lakes

920 2 9.2 Artificial reservoirs

921 3 9.2.1 Artificial reservoirs

930 2 9.3 Geothermal pools and wetlands (Iceland)
931 3 9.3.1 Geothermal pools and wetlands (Iceland)
1000 1 10 Marineinlets and transitional waters (lagoons, fjords)
1010 2 10.1 Coastal lagoons

1011 3 10.1.1 Coastal lagoons

1020 2 10.2 Estuaries and bays

1021 3 10.2.1 Estuaries and bays

1030 2 10.3 Intertidal flats

1031 3 10.3.1 Intertidaflats (e.g., Wadden Sea)

1040 2 10.4 Deepwater coastal inlets (fjords)

1041 3 10.4.1 Deepwater coastal inlets (fjords)

1100 1 11 Coastal beaches, dunes and wetlands
1110 2 11.1 Artificial shorelines

1111 3 11.1.1 Artificial shorelines

1120 2 11.2 Coastal dunes, beaches and sandy and muddy shores
1121 3 11.2.1 Coastal dunes

1122 3 11.2.2 Beaches and sandy shores

1123 3 11.2.3 Muddy shores
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1130 2 11.3 Rocky shores

1131 3 11.3.1 Coastal shingle

1132 3 11.3.2 Rockliffs, ledges and shores

1140 2 11.4 Coastal saltmarshes and salines

1141 3 11.4.1 Coastal saltmarshes

1142 3 11.4.2 Salines

1200 1 12 Marine ecosystems

1210 2 12.1 Marine macrophyte habitats

1211 3 12.1.1 Kelp forests

1212 3 12.1.2 Seagrass meadows

1220 2 12.2 Coral reefs

1221 3 12.2.1 Coral reefs

1230 2 12.3 Shellfish beds and reefs

1231 3 12.3.1 Shellfish beds and reefs

1241 3 12.4.1 Subtidal sand beds and mud plains

1250 2 12.5 Subtidal sand beds and mud plains

1251 3 12.5.1 Subtidal rocky substrates

1260 2 12.6 Continental and island slopes

1261 3 12.6.1 Continental and island slopes

1270 2 12.7 Deepwater benthic and pelagic ecosystems
1271 3 12.7.1 Deepwatebenthic and pelagic ecosystems
1280 2 12.8 Seaice

1281 3 12.8.1 Seaice

2110 3 2.1.10 Othecrops (further categories may be added by Member States, depending upon nationally important crop types).
238 3 2.3.8 Other perennial crops and orchards
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13.1.2. Peloponnese National to ETA crosswalk

Overview of the dataset that was used to map teninsuleof Peloponnese using only Copernicus Land Monitoring (CLMS) data crosswalked towards the
European Ecosystem Typology (ETA).

Subsection Description of Subsection Columns Description
HABITATA This is the habitat code extracted from the N2K
This subsection provides an dataset provided by University of Patras
. overview of the Natura 2000 (N2K
NationalQrosswalk
classes oPeloponneserosswalked| eta_code Code used foEuropeariTypology
towards the ETA.
class_name The names of each of the classes
raster_code Code used for the European Typology
13.1.2.1. National Crosswalk
HABITAT4 eta_code crosswalked_eta class raster_code
1010 100 1. Settlements and other artificial areas 12
1011 100 1. Settlements and other artificial areas 12
1012 100 1. Settlements and other artificial areas 12
1013 100 1. Settlements and other artificial areas 12
1020 100 1. Settlements and other artificial areas 12
1021 151 1.5.1 PermanenGreenhouses 29
1022 131 1.3.1 Road and rail networks and associated land 20
1023 131 1.3.1 Road and rail networks and associated land 20
1024 131 1.3.1 Road and rail networks and associated land 20
1025 131 1.3.1 Road and rail networks aadsociated land 20
1028 131 1.3.1 Road and rail networks and associated land 20
1029 132 1.3.2 Port areas 21
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1030 130 1.3 Infrastructure 19
1032 130 1.3 Infrastructure 19
1040 143 1.4.3 Other urban green 28
1041 142 1.4.2 Sports andecreation sites 28
1050 211 2.1.1 Cereals excluding rice (C1000) excluding maize (C1500) 30
1051 251 2.5.1 Mosaic farmland (comprising cropland, grassland and {setiral components) 35
1056 210 2.1 Annual cropland 30
1057 251 2.5.1 Mosaidarmland (comprising cropland, grassland and (spratural components) 35
1058 221 2.2.1 Rice fields (C2000) 31
1060 232 2.3.2 Grapes (W1000) 34
1061 251 2.5.1 Mosaic farmland (comprising cropland, grassland and {s&tiral components) 35
1062 451 4.5.1 Transitional woodland/forest land 45
1063 238 8.1.1 Rivers 34
1065 429 4.2.9 Highly modified coniferous forests, in particular plantations 42
1066 230 2.3 Permanent crops 32
1067 251 2.5.1 Mosaic farmland (comprising croplagdassland and (serRhatural components) 35
1130 238 8.1.1 Rivers 34
1150 154 10.1.1 Coastal lagoons 29
1160 154 10.2.1 Estuarieand bays 29
1210 154 11.2.2 Beacheand sandy shores 29
2110 154 11.2.1 Coastalunes 29
1310 325 3.2.5 Inland salsteppes 39
1410 154 11.4 Coastal saltmarshes and salines 29
1420 154 11.4 Coastal saltmarshes and salines 29
2120 154 11.2.1 Coastalunes 29
2220 154 11.2.1 Coastalunes 29
2230 154 11.2.1 Coastalunes 29
21B0 154 11.2.2 Beacheand sandy shores 29
2240 154 11.2.1 Coastalunes 29
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2250 154 11.2.1 Coastalunes 29
2260 154 11.2.1 Coastalunes 29
2270 154 11.2.1 Coastalunes 29
3150 238 9. Lakes and reservoirs 34
2190 154 11.2 Coastal dunes, beaches and sandy and mskdses 29
2210 154 11.2 Coastal dunes, beaches and sandy and muddy shores 29
6420 154 11.2 Coastal dunes, beaches and sandy and muddy shores 29
3170 154 11.4 Coastal saltmarshes and salines 29
3190 238 9.1.1 Lakes 34
3280 623 6.2.3 Othersparsely vegetated areas 52
4090 533 5.3.3 Spiny Mediterranean heaths (phrygana, hedgemeaths & coastal cliff vegetation) 48
5150 451 4.5.1 Transitional woodland/forest land 45
5210 531 5.3.1 Maquis, arborescent matorral atftermo-Mediterranean shrub 48
5330 531 5.3.1 Maquis, arborescent matorral and therAvtediterranean shrub 48
5340 530 5.3 Sclerophyllous vegetation 48
5420 533 5.3.3 Spiny Mediterranean heaths (phrygana, hedgemeaths & coastal cliffegetation) 48
5430 533 5.3.3 Spiny Mediterranean heaths (phrygana, hedgemeaths & coastal cliff vegetation) 48
6220 320 3.2 Natural and sermatural grassland 38
6230 320 3.2 Natural and sermatural grassland 38
6290 451 4.5.1Transitional woodland/forest land 45
1240 154 11.3.2 Rockliffs, ledges and shores 29
7210 238 7.2.5 Bassich fens and calcareous spring mires 34
7230 238 7.2 Mires, bogs and fens 34
72A0 238 7. Inland wetlands 34
72B0 238 7. Inland wetlands 34
8140 611 6.1.1 Rocky pavements, outcrops, and screes 50
8210 610 6.1 Bare rocks 49
8250 610 6.1 Bare rocks 49
8310 600 6. Sparsely vegetated ecosystems 48
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91MO0 414 4.1.4 Temperate, Submediterranean and Mediterranean thermophittmesduous forest 41
9260 414 4.1.4 Temperate, Submediterranean and Mediterranean thermophilous deciduous forest 41
92A0 411 4.1.1 Riparian forest and woodland 41
92CO0 411 4.1.1 Riparian forest and woodland 41
92D0 500 5. Heathlands and shrub 46
9320 434 4.3.4 Olea europaegeratonia siliqua forest 43
9340 431 4.3.1 Mediterranean evergreen Quercus forest 43
934A 431 4.3.1 Mediterranean evergreen Quercus forest 43
9350 414 4.1.4 Temperate, Submediterranean and Mediterrandarmophilous deciduous forest 41
951B 422 4.2.2 Mediterranean mountain fir and spruce forest 42
9530 424 4.2.4Pine Foresfexcluding mires, nothermophilous) 42
9540 425 4.2.5 Mediterranean thermophilous lowland pine forest 42
9560 428 4.2.80ther coniferous forests, excluding plantations 42
9620 623 6.2.3 Other sparsely vegetated areas 52
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13.2. S&o Miguel Crosswalk

13.2.1. Sao Miguel CLMS to ETA Crosswalk

Overview of the datasets used to map Sao Miguel using only Copernicus Land Monitoring (CLMS) data cros&uatkezhn Ecosystem Typology (ERA).
supporting document with detailed descriptions of data sets can be provided upon request to the authors.

Subsections Description of subsections Columns Description
cz See description in support document
clcbb See description isupport document
This sheet provides an overview of the IMD See description in support document
CLMSCrosswalk combination of CLMS data sets to maio $iguel These are the codes used for the exported TIF files. The co
towards the ETA. crosswalked_code are linked to the crosswalked ETA class

crosswalked_eta_class | These are the ETA class names linked to the crosswalked_

dataset Input data set
The thematic class level of each of the data sets (if they are
class_level . .
up into different levels)
This sheet provides an overview of the typologif class_name The names of each of the classes

and their class names of each of the used CLM
data sets along with their class codes (at differg column name
levels) B

CLMSTypologies The column names given to each class at different levels (o

relevant for the vector data sets)

class_code The class code as numbered in the original dataset

The original format of the data that was downloaded from th

original_data_format CLMS portal

code Code used for the European Typology

This sheet provides awverview of the European
Ecosystem Typology at all levels of mapping

The thematic class level of each of the data sets (if they are

Europea EcosystenTypology up into different levels)

class_level

class_name The names ogach of the classes
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13.2.1.1. CLMS Crosswalk

cz clcbb IMD crosswalked code crosswalked_eta_class
11110 76-100 111 1.1.1 Continuous residential area
11110 0-75 121 1.2.1 Discontinuous residential area
11120 76-100 111 1.1.1 Continuous residential area
11120 0-75 121 1.2.1 Discontinuous residential area
11130 76-100 111 1.1.1 Continuous residential area
11130 0-75 121 1.2.1 Discontinuous residential area
11210 76-100 112 1.1.2 Continuous commercial and industrial area
11210 0-75 122 1.2.2Discontinuous commercial and industrial area
12100 131 1.3.1 Road and rail networks and associated land
12310 132 1.3.2 Port areas
12350 132 1.3.2 Port areas
12360 132 1.3.2 Port areas
12400 133 1.3.3 Airports
13110 135 1.3.5Mineral extraction sites (excluding peat extraction sites, see 7.3.1)
13120 136 1.3.6 Dump areas
13130 137 1.3.7 Construction sites
13200 137 1.3.7 Construction sites
14000 140 1.4 Urban greenspace
21100 310 3.1 Sown pastures arfeéélds (modified grassland)
21100 210 2.1 Annual cropland
21200 151 1.5.1 Permanent Greenhouses
22100 230 2.3 Permanent crops
23100 251 2.5.1 Mosaic farmland (comprising cropland, grassland and {s&hiral components)
23200 251 2.5.1 Mosaic farmland (comprising cropland, grassland and {sehiral components)
23300 251 2.5.1 Mosaic farmland (comprising cropland, grassland and {sehiral components)
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23400 240 2.4 Agreforestry areas

31100 2 420 4.2 Coniferous forests

31100 3 410 4.1 Broadleaved deciduous forest
31100 4 430 4.3 Broadleaved evergreen forest
32100 2 420 4.2 Coniferous forests

32100 3 410 4.1 Broadleaved deciduous forest
32100 4 430 4.3 Broadleaved evergreen forest
33100 440 4.4 Mixed forests

34000 451 4.5.1 Transitional woodland/forest land
41000 310 3.1 Sown pastures and fields (modified grassland)
41000 210 2.1 Annual cropland

42100 320 3.2 Natural and sermatural grassland
51000 500 5. Heathlands and shrub

61200 9 600 6. Sparsely vegetated ecosystems
62111 1122 11.2.2 Beacheand sandy shores
62112 1131 11.3.1 Coastahingle

63110 610 6.1 Bare rocks

63120 1132 11.3.2 Rockliffs, ledges and shores
81100 810 8.1Rivers

82100 910 9.1 Lakes

82200 921 9.2.1 Artificial reservoirs
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13.2.1.2. CLMS Typologies

dataset | class_leve class_name column_name| class_codgq original_data_format
cz 1 1 Urban CODE_1_18 10000 vector
cz 1 2 Cropland CODE_1_18 20000 vector
cz 1 3 Woodland and forest CODE_1_18 30000 vector
cz 1 4 Grassland CODE_1_18 40000 vector
cz 1 5 Heathland and scrub CODE_1_18 50000 vector
cz 1 6 Open spaces with little or no vegetation CODE_1_18 60000 vector
cz 1 7 Wetland CODE_1_18 70000 vector
cz 1 8 Water CODE_1_18 80000 vector
cz 2 1.1 Urban fabric, industrial, commercial, pubfiulitary and private units CODE_2 18 11000 vector
cz 2 1.2 Transport infrastructure CODE_2 18 12000 vector
cz 2 1.3 Mineral extraction, dump and construction sites, land without current use CODE_2_18 13000 vector
cz 2 1.4 Green urban, sports aneisure facilities CODE_2 18 14000 vector
cz 2 2.1 Arable land CODE_2_18 21000 vector
cz 2 2.2 Permanent crops CODE_2 18 22000 vector
cz 2 2.3 Heterogeneous agricultural area CODE_2_18 23000 vector
cz 2 3.1 Broadleaved forest CODE_2_18 31000 vector
cz 2 3.2 Coniferous forest CODE_2 18 32000 vector
cz 2 3.3 Mixed forest CODE_2_18 33000 vector
cz 2 3.4 Transitional woodland and scrub CODE_2 18 34000 vector
cz 2 3.5 Lines of trees and scrub CODE_2_18 35000 vector
cz 2 3.6 Damagedorest CODE_2 18 36000 vector
cz 2 4.1 Managed grassland CODE_2_18 41000 vector
cz 2 4.2 Natural & semnatural grassland CODE_2_18 42000 vector
cz 2 5.1 Heathland and moorland CODE_2 18 51000 vector
cz 2 5.2 Alpine scrub land CODE_2_18 52000 vector
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cz 2 5.3 Sclerophyllous scrubs CODE_2_18 53000 vector
cz 2 6.1 Sparsely vegetated areas CODE_2_18 61000 vector
cz 2 6.2 Beaches, dunes, river banks CODE_2 18 62000 vector
cz 2 6.3 Bare rocks, burnt areas, glaciers and perpetual snow CODE_2_18 63000 vector
cz 2 7.1 Inland wetlands CODE_2 18 71000 vector
cz 2 7.2 Coastal wetlands CODE_2_18 72000 vector
cz 2 8.1 Water courses CODE_2_18 81000 vector
cz 2 8.2 Lakes and reservoirs CODE_2 18 82000 vector
cz 2 8.3 Transitional waters CODE_2_18 83000 vector
cz 2 8.4 Sea and ocean CODE_2 18 84000 vector
cz 3 1.1.1 Urban fabric CODE_3_18 11100 vector
cz 3 1.1.2 Industrial, commercial, public and military units CODE_3 18 11200 vector
cz 3 1.2.1 Road networks arabsociated land CODE_3 18 12100 vector
cz 3 1.2.2 Railways and associated land CODE_3 18 12200 vector
cz 3 1.2.3 Port areas and associated land CODE_3 18 12300 vector
cz 3 1.2.4 Airports and associated land CODE_3 18 12400 vector
cz 3 1.3.1Mineral extraction, dump and construction sites CODE_3 18 13100 vector
cz 3 1.3.2 Land without current use CODE_3 18 13200 vector
cz 3 2.1.1 Arable irrigated and nerrigated land CODE_3_18 21100 vector
cz 3 2.1.2 Greenhouses CODE_3 18 21200 vector
cz 3 2.2.1 Vineyards, fruit trees and berry plantations CODE_3_18 22100 vector
cz 3 2.2.2 Olive groves CODE_3 18 22200 vector
cz 3 2.3.1 Annual crops associated with permanent crops CODE_3 18 23100 vector
cz 3 2.3.2 Complexultivation patterns CODE_3 18 23200 vector
cz 3 2.3.3 Land principally occupied by agriculture with significant areas of natural vegetation CODE_3 18 23300 vector
cz 3 2.3.4 Agreforestry CODE_3 18 23400 vector
cz 3 3.1.1 Natural &eminatural broadleaved forest CODE_3 18 31100 vector
cz 3 3.1.2 Highly artificial broadleaved plantations CODE_3 18 31200 vector
cz 3 3.2.1 Natural & semmatural coniferous forest CODE_3 18 32100 vector
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cz 3 3.2.2 Highly artificiatoniferous plantations CODE_3 18 32200 vector
cz 3 3.3.1 Natural & semmatural mixed forest CODE_3 18 33100 vector
cz 3 3.3.2 Highly artificial mixed plantations CODE_3 18 33200 vector
cz 3 4.2.1 Semnatural grassland CODE_3 18 42100 vector
cz 3 4.2.2 Alpine and suhblpine natural grassland CODE_3 18 42200 vector
cz 3 6.1.1 Sparse vegetation on sands CODE_3 18 61100 vector
cz 3 6.1.2 Sparse vegetation on rocks CODE_3 18 61200 vector
cz 3 6.2.1 Beaches and dunes CODE_3 18 62100 vector
cz 3 6.2.2 River banks CODE_3_18 62200 vector
cz 3 6.3.1 Bare rocks, outcrops, cliffs CODE_3 18 63100 vector
cz 3 6.3.2 Burnt areas (except burnt forest) CODE_3_18 63200 vector
cz 3 6.3.3 Glaciers and perpetual snow CODE_3 18 63300 vector
cz 3 7.1.1Inland marshes CODE_3_18 71100 vector
cz 3 7.1.2 Peat bogs CODE_3_18 71200 vector
cz 3 7.2.1 Salt marshes CODE_3 18 72100 vector
cz 3 7.2.2 Salines CODE_3 18 72200 vector
cz 3 7.2.3 Intertidal flats CODE_3 18 72300 vector
cz 3 8.1.1 Natural &eminatural water courses CODE_3 18 81100 vector
cz 3 8.1.2 Highly modified water courses and canals CODE_3_18 81200 vector
cz 3 8.1.3 Seasonally connected water courses (oxbows) CODE_3_18 81300 vector
cz 3 8.2.1 Natural lakes CODE_3 18 82100 vector
cz 3 8.2.2 Reservoirs CODE_3 18 82200 vector
cz 3 8.2.3 Aquaculture ponds CODE_3_18 82300 vector
cz 3 8.2.4 Standing water bodies of extractive industrial sites CODE_3 18 82400 vector
cz 3 8.3.1 Lagoons CODE_3_18 83100 vector
cz 3 8.3.2Estuaries CODE_3 18 83200 vector
cz 3 8.3.3 Marine inlets and fjords CODE_3 18 83300 vector
cz 3 8.4.1 Open sea CODE_3_18 84100 vector
cz 3 8.4.2 Coastal waters CODE_3 18 84200 vector
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cz 4 i XiXiXi }vS]vu}lpue pE& v ( E] ~/D HOI9- CODE_4_18 11110 vector
cz 4 I XiXiXT ve pE v ( @pW)~/D HIi CODE_4_18 11120 vector
cz 4 1.1.1.3 Low density fabric (IMD <30%) CODE_4 18 11130 vector
cz 4 1.1.2.1 Industrial, commercial, public and military units (other) CODE_4 18 11210 vector
cz 4 1.1.2.2 Nuclear energy plants and associated land CODE_4 18 11220 vector
cz 4 1.2.3.1 Cargo port CODE_4_18 12310 vector
cz 4 1.2.3.2 Passenger port CODE_4 18 12320 vector
cz 4 1.2.3.3 Fishing port CODE_4 18 12330 vector
cz 4 1.2.3.4 Naval port CODE_4_18 12340 vector
cz 4 1.2.3.5 Marinas CODE_4 18 12350 vector
cz 4 1.2.3.6 Local muHfunctional harbours CODE_4 18 12360 vector
cz 4 1.2.3.7 Shipyards CODE_4 18 12370 vector
cz 4 1.3.1.1 Mineral extraction sites CODE_4 18 13110 vector
cz 4 1.3.1.2 Dump sites CODE_4 18 13120 vector
cz 4 1.3.1.3 Construction sites CODE_4 18 13130 vector
cz 4 6.2.1.1 Beaches CODE_4 18 62110 vector
cz 4 6.2.1.2 Dunes CODE_4 18 62120 vector
cz 4 6.3.1.1 Bare rocks and outcrops CODE_4 18 63110 vector
cz 4 6.3.1.2 Coastal cliffs CODE_4 18 63120 vector
cz 4 7.1.2.1 Exploited peat bogs CODE_4 18 71210 vector
cz 4 7.1.2.2 Unexploited peat bogs CODE_4_18 71220 vector
cz 5 6.2.1.1.1 Sandy beaches CODE_5 18 62111 vector
cz 5 6.2.1.1.2 Shinglbeaches CODE_5_18 62112 vector
clcbb - 1: Sealed 1 raster
clcbb - 2: Woodyt needle leaved trees 2 raster
clcbb - 3: Woody t Broadleaved deciduous trees 3 raster
clcbb - 4: Woody t Broadleaved evergreen trees 4 raster
clcbb - 5: Lowgrowing woody plants (bushes, shrubs) 5 raster
clcbb - 6: Permanent herbaceous 6 raster
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clcbb - 7: Periodically herbaceous raster
clcbb - 8: Lichens and mosses raster
clcbb - 9: Nont and sparsehvegetated raster
clcbb - 10: Water 10 raster
clcbb - 11: Snow and ice 11 raster

13.2.1.3. European Ecosystem Typology

Code class_level class_name
100 1 1. Settlements and other artificial areas
110 2 1.1 Continuous settlement area
111 3 1.1.1 Continuous residential area
112 3 1.1.2Continuous commercial and industrial area
120 2 1.2 Discontinuous settlement area
121 3 1.2.1 Discontinuous residential area
122 3 1.2.2 Discontinuous commercial and industrial area
130 2 1.3 Infrastructure
131 3 1.3.1 Road and rail networks aadsociated land
132 3 1.3.2 Port areas
133 3 1.3.3 Airports
134 3 1.3.4 Other infrastructure
135 3 1.3.5 Mineral extraction sites (excluding peat extraction sites, see 7.3.1)
136 3 1.3.6 Dump areas
137 3 1.3.7 Construction sites
140 2 1.4 Urbargreenspace
141 3 1.4.1 Parks (including Zoos and botanical gardens)
142 3 1.4.2 Sports and recreation sites
143 3 1.4.3 Other urban green
150 2 1.5 Other artificial areas
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151 3 1.5.1 Permanent Greenhouses

152 3 1.5.2 Cemeteries

153 3 1.5.3Archaeological sites

154 3 1.5.4 Urban blue

200 1 2. Cropland

210 2 2.1 Annual cropland

211 3 2.1.1 Cereals excluding rice (C1000) excluding maize (C1500)
212 3 2.1.2 Maize (C1500 + G3000)

213 3 2.1.3 Dry pulses and protein crops (P0000)

214 3 2.1.4 Root crops, like sugar beet and potatoes (R0000)

215 3 2.1.5 Vegetables (including melons) and strawberries (V0O000_S0000)
216 3 2.1.6 Industrial crops including annual bioenergy crops (I0000)
217 3 2.1.7 Flowers and ornamental plar{ts0000)

218 3 2.1.8 Fallow land (Q0000)

219 3 2.1.9 Temporary grasses and grazing areas (G1000)

220 2 2.2 Rice fields

221 3 2.2.1 Rice fields (C2000)

230 2 2.3 Permanent crops

231 3 2.3.1 Olives (01000)

232 3 2.3.2 Grapes (W1000)

233 3 2.3.3Pome fruits (F1100)

234 3 2.3.4 Stone fruits (F1200)

235 3 2.3.5 Berries excluding strawberries (F3000)

236 3 2.3.6 Citrus fruits (T1000)

237 3 2.3.7 Nuts (F4000)

238 3 2.3.8 Hazelnut

238 3 2.3.8 Other perennial crops and orchards

239 3 2.3.9Chestnut

240 2 2.4 Agreforestry areas

241 3 2.4.1 Holm and cork oak forests
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242 3 2.4.2 Other agrdorestry area

250 2 2.5 Mixed farmland

251 3 2.5.1 Mosaic farmland (comprising cropland, grassland and {g&hiral components)

260 2 2.6 Otherfarmland

261 3 2.6.1 Nurseries

262 3 2.6.2 Christmas tree plantations

263 3 2.6.3 Perennial bioenergy crops

264 3 2.6.4 Field margins

300 1 3. Grassland (pastures, senatural and natural grasslands)

310 2 3.1 Sown pastures and fiel@®odified grassland)

311 3 3.1.1 Sown pastures used for grazing

312 3 3.1.2 Sown grassland mown frequently for fodder or silage

320 2 3.2 Natural and sermatural grassland

321 3 3.2.1 Dry grassland

322 3 3.2.2 Seasonally wet and wegtassland

323 3 3.2.3 Alpine and subalpine grasslands

324 3 3.2.4 Woodland fringes and clearings and tall forb stands

325 3 3.2.5 Inland salt steppes

326 3 3.2.6 Sparsely wooded grasslands

327 3 3.2.7 Mesophilougxtensive grassland

400 1 4. Forest and woodlands

410 2 4.1 Broadleaved deciduous forest

411 3 4.1.1 Riparian forest and woodland

412 3 4.1.2 Broadleaved swamp, woodland on rexid and acid peat

413 3 4.1.3 Fagus dominated forest

414 3 4.1.4 Temperate, Submediterranean and Mediterranean thermophilous deciduous forest
415 3 4.1.5 AcidophilousQuercu$-dominated woodland

416 3 4.1.6 Temperate and boreal and Southern European Betula and Populus tremula forest on mineral soils
417 3 4.1.7 Other broadleaved deciduous forest, excluding highly modified plantations

218 3 4.1.8 Highly modified broadleaved deciduous forests, in particular plantations including standsrdtiventrees species that have long been established

European ecosystems stands
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420 2 4.2 Coniferous forests

421 3 4.2.1 Boreal and temperate fir and spruce forest

422 3 4.2.2 Mediterranean mountain fir and spruce forest

423 3 4.2.3 Temperate subalpine Larix, Pinus cembra and Pinus uncinata forest

424 3 4.2.4 Pine forest (excluding mires, ntirermophilous)

425 3 4.2.5 Mediterranean thermophilous lowland pine forest

426 3 4.2.6 Spruce, pine and larch mire forests

427 3 4.2.7 Taiga forests

428 3 4.2.8 Other coniferous forests, excluding plantations

429 3 4.2.9 Highly modified coniferous forests, in particular plantations

430 2 4.3 Broadleaved evergreen forest

431 3 4.3.1 Mediterranean evergreeQuercud-orest

432 3 4.3.2 Mainland laurophyllous forest

433 3 4.3.3 Macaronesian laurophyllous forest

434 3 4.3.4 Olea europae@eratonia siliqua forest

435 3 4.3.5 Palm groves

436 3 4.3.6 Other broadleaved evergeen forests

437 3 4.3.7 Highly mod_ified proadleaved evergreen forests, in particular plantations (in partidatyptuyincluding stands of nenative trees species that have
long been established in European ecosystems stands

440 2 4.4 Mixed forests

441 3 4.4.1 Mixed forests dominated by coniferous species

442 3 4.4.2 Mixed forests dominated by broadleaved species

443 3 4.4.3 Other mixed forests including stands of fative trees species that have long besstablished in European ecosystems stands

450 2 4.5 Transitionalorest and woodland shrub

451 3 4.5.1 Transitional woodland/forest land

460 2 4.6 Plantations

461 3 4.6.1 Monoculture plantations

462 3 4.6.2 Mixed plantations

500 1 5. Heathlands and shrub

510 2 5.1 Tundra

511 3 5.1.1 Tundra
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520 2 5.2 Heathland and (supalpine shrub

521 3 5.2.1 Arctic alpine, subalpine and lowland shrub and heathland

522 3 5.2.2 Temperate and Mediterranean montane and hilly shrublaathland
523 3 5.2.3 Temperate and Mediterranean lowland shrub and heathland
530 2 5.3 Sclerophyllous vegetation

531 3 5.3.1 Maquis, arborescent matorral and therfiviediterranean shrub
532 3 5.3.2 Garrigue

533 3 5.3.3 Spiny Mediterranean heatfhrygana, hedgehoebeaths & coastal cliff vegetation)
534 3 5.3.4 ThermeAtlantic xerophytic shrub (Madeira and Canary Islands)
600 1 6. Sparsely vegetated ecosystems

610 2 6.1 Bare rocks

611 3 6.1.1 Rocky pavements, outcrops, and screes

612 3 6.1.2 Lava flows

620 2 6.2 Semdesert, desert and other sparsely vegetated areas

621 3 6.2.1 Semiesert steppes

622 3 6.2.2 Cool deserts and seuesert steppes

623 3 6.2.3 Other sparsely vegetated areas

630 2 6.3 Ice sheets, glaciers apdrennial snowfields

631 3 6.3.1 Ice sheets, glaciers and perennial snowfields

700 1 7. Inland wetlands

710 2 7.1 Inland marshes on mineral soil

711 3 7.1.1 Reedbeds

712 3 7.1.2 Inland salt marshes

713 3 7.1.3 Other marshland andater-fringing ecosystems

720 2 7.2 Mires, bogs and fens

721 3 7.2.1 Raised bogs

722 3 7.2.2 Blanket bogs

723 3 7.2.3 Valley mires, poor fens and transition mires

724 3 7.2.4 Aapa, palsa and polygon mires

725 3 7.2.5 Baseich fens anctalcareous spring mires
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726 3 7.2.6 Peat extraction sites

800 1 8. Rivers and canals

810 2 8.1 Rivers

811 3 8.1.1 Rivers

820 2 8.2 Canals, ditches and drains

821 3 8.2.1 Canals, ditches and drains

900 1 9. Lakes and reservoirs

910 2 9.1 Lakes

911 3 9.1.1 Lakes

920 2 9.2 Artificial reservoirs

921 3 9.2.1 Artificial reservoirs

930 2 9.3 Geothermal pools and wetlands (Iceland)
931 3 9.3.1 Geothermal pools and wetlands (Iceland)
1000 1 10 Marineinlets and transitional waters (lagoons, fjords)
1010 2 10.0 Coastal lagoons

1011 3 10.1.1 Coastal lagoons

1020 2 10.2 Estuaries and bays

1021 3 10.2.1 Estuarieand bays

1030 2 10.3 Intertidal flats

1031 3 10.3.1 Intertidaflats (e.g., Wadden Sea)

1040 2 10.4 Deepwater coastal inlets (fjords)

1041 3 10.4.1 Deepwatecoastal inlets (fjords)

1100 1 11 Coastabeaches, duneand wetlands

1110 2 11.1 Artificial shorelines

1111 3 11.1.1 Artificiakhorelines

1120 2 11.2 Coastal dunes, beaches and sandy and muddy shores
1121 3 11.2.1 Coastalunes

1122 3 11.2.2 Beacheand sandy shores

1123 3 11.2.3 Muddyshores

1130 2 11.3 Rocky shores
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1131 3 11.3.1 Coastahingle

1132 3 11.3.2 Rockliffs, ledges and shores

1140 2 11.4 Coastal saltmarshes and salines

1141 3 11.4.1 Coastaaltmarshes

1142 3 11.4.2 Salines

1200 1 12 Marineecosystems

1210 2 12.1 Marine macrophyte habitats

1211 3 12.1.1 Kelgdorests

1212 3 12.1.2Seagrasmeadows

1220 2 12.2 Coral reefs

1221 3 12.2.1 Corateefs

1230 2 12.3 Shellfish beds and reefs

1231 3 12.3.1 Shellfisheds and reefs

1241 3 12.4.1 Subtidatand beds and mud plains

1250 2 12.5 Subtidal sand beds and mud plains

1251 3 12.5.1 Subtidalocky substrates

1260 2 12.6 Continental and island slopes

1261 3 12.6.1 Continentadnd island slopes

1270 2 12.7 Deepwater benthic and pelagic ecosystems
1271 3 12.7.1 Deepwatebenthic and pelagic ecosystems
1280 2 12.8 Seaice

1281 3 12.8.1 Seidce

2110 3 2.1.10 Othercrops (further categories may be added by Member States, depending upon nationally important crop types).
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13.2.2. Sao Miguel National to ETA Crosswalk

Overview of the datasets used to map Sao Miguel using only Land Use 2018 (LU) data crosswalked to the European Ecoggst€EiTR)po

13.2.2.1. Land Use to ETA

Subsections

Description of Subsections

Columns

Description

Land UseCrosswalk

codigo

Code of the LU data set

Thissectionprovides an overview of thg

designacao_translation

Translation of the class name of the LU data

Land Use 2018 (LU) classesaf S
Miguel crosswalked towards the ETA.

eta_code

This is the crosswalke€iTA code

crosswalked_eta_class

This is the crosswalked ETA name

Land Usd&ranslation

codigo

Code of the LU data set

The National Land Use 2018 (LU) dat
set was translated from Portuguese to

designacao

Class name of the LU data set

English

designacao_translation

Translation of the class name of the LU data

EuropearEcosystenTypology

Thissectionprovides an overview of thg
European Ecosystem Typology at all
levels of mapping

Code Code used for the European Typology
class level The thematic class level of each of the data {
- (if they are split up into different levels)
class_name The names of each of the classes
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13.2.2.2. Land Use Crosswalk

codigo designacao_translation eta_code crosswalked_eta_class
111 Continuous urban fabric 111 1.1.1 Continuous residential area
112 Discontinuous urban fabric 121 1.2.1 Discontinuous residential area
121 Industry, commerce, general equipment and infrastructure 100 1. Settlements andther artificial areas
122 Road networks and associated spaces 131 1.3.1 Road and rail networks and associated land
123 Port areas 132 1.3.2 Port areas
124 Airports and aerodromes 133 1.3.3 Airports
131 Areas of Mineral Extraction 135 1.3.5Mineral extraction sites (excluding peat extraction sites, see 7.3.1)
132 Waste management areas 136 1.3.6 Dump areas
133 Construction areas 137 1.3.7 Construction sites
141 Urban green spaces 141 1.4.1 Parks (including Zoos and botangzaidens)
142 Sports, cultural, tourist and leisure facilities 142 1.4.2 Sports and recreation sites
211 Arable land 210 2.1 Annual cropland
212 Permanent crops 230 2.3 Permanent crops
213 Meadows/pastures 310 3.1 Sown pastures and fiel@imodified grassland)
214 Heterogeneous agricultural areas 250 2.5 Mixed farmland
311 Deciduous Forests 410 4.1 Broadleaved deciduous forest
312 Coniferous forests 420 4.2 Coniferous forests
313 Natural forests 433 4.3.3 Macaronesiataurophyllous forest
314 Riparian galleries 411 4.1.1 Riparian forest and woodland
315 Natural herbaceous vegetation 320 3.2 Natural and sermatural grassland
316 Scrublands 523 5.2.3 Temperate and Mediterranean lowland shrub and heathland
321 Sparse vegetation 600 6. Sparsely vegetated ecosystems
322 Beaches 1120 11.2 Coastal dunes, beaches and sandy and muddy shores
324 Bare rock 610 6.1 Bare rocks
411 Flooded areas 700 7. Inland wetlands
511 Watercourses 800 8. Rivers and canals
512 Lakes 900 9. Lakes and reservoirs
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13.2.2.3. Land Use Translation

codigo designacao designacao_translation
111 | Tecido urbano continuo Continuous urban fabric
112 | Tecido urbano descontinuo Discontinuous urban fabric
121 |Inddstria, comérciogquipamentos gerais e infraestruturas | Industry, commerce, general equipment and infrastructur
122 | Redes viarias e espagos associados Road networks and associated spaces
123 | Areas portuéarias Port areas
124 | Aeroportos e aer6dromos Airports andaerodromes
131 | Areasde extracdode massas minerais Areas of Mineral Extraction
132 | Areas de gestdo de residuos Waste management areas
133 | Areas em construcdo Construction areas
141 | Espacos verdes urbanos Urban green spaces
142 | Equipamentos desportivos, culturais, turisticos e de lazer | Sports, cultural, tourist and leisure facilities
211 |Terrasaraveis Arable land
212 | Culturas permanentes Permanent crops
213 |Prados/pastagens Meadows/pastures
214 | Areas agricolaseterogéneas Heterogeneous agricultural areas
311 |Florestas de folhosas Deciduous Forests
312 |Florestas de resinosas Coniferous forests
313 |Florestas naturais Natural forests
314 | Galeriagipicolas Riparian galleries
315 |Vegetacadierbaceanatural Natural herbaceous vegetation
316 |Matos Scrublands
321 |Vegetagaeesparsa Sparse vegetation
322 |Praias Beaches
324 |Rocha nua Bare rock
411 |Zonas apauladas Flooded areas
511 |Cursos dégua Watercourses
512 |Lagoas Lakes
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13.2.2.4. European Ecosystem Typology

Code| class_level class_name
100 1 1. Settlements and other artificial areas
110 2 1.1 Continuous settlement area
111 3 1.1.1 Continuous residential area
112 3 1.1.2 Continuous commercial and industrial area
120 2 1.2Discontinuous settlement area
121 3 1.2.1 Discontinuous residential area
122 3 1.2.2 Discontinuous commercial and industrial area
130 2 1.3 Infrastructure
131 3 1.3.1 Road and rail networks and associated land
132 3 1.3.2 Port areas
133 3 1.3.3Airports
134 3 1.3.4 Other infrastructure
135 3 1.3.5 Mineral extraction sites (excluding peat extraction sites, see 7.3.1)
136 3 1.3.6 Dump areas
137 3 1.3.7 Construction sites
140 2 1.4 Urban greenspace
141 3 1.4.1 Parks (including Zoos anatanical gardens)
142 3 1.4.2 Sports and recreation sites
143 3 1.4.3 Other urban green
150 2 1.5 Other artificial areas
151 3 1.5.1 Permanent Greenhouses
152 3 1.5.2 Cemeteries
153 3 1.5.3 Archaeological sites
154 3 1.5.4 Urban blue
200 1 2.Cropland
210 2 2.1 Annual cropland
211 3 2.1.1 Cereals excluding rice (C1000) excluding maize (C1500)
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212 3 2.1.2 Maize (C1500 + G3000)

213 3 2.1.3 Dry pulses and protein crops (P0000)

214 3 2.1.4 Root crops, like sugar beet and potat(@6000)

215 3 2.1.5 Vegetables (including melons) and strawberries (VO000_S0000)
216 3 2.1.6 Industrial crops including annual bioenergy crops (I0000)
217 3 2.1.7 Flowers and ornamental plants (NO00O)

218 3 2.1.8 Fallow land (Q0000)

219 3 2.1.9Temporary grasses and grazing areas (G1000)

220 2 2.2 Rice fields

221 3 2.2.1 Rice fields (C2000)

230 2 2.3 Permanent crops

231 3 2.3.1 Olives (01000)

232 3 2.3.2 Grapes (W1000)

233 3 2.3.3 Pome fruits (F1100)

234 3 2.3.4 Stone fruits (F1200)

235 3 2.3.5 Berries excluding strawberries (F3000)

236 3 2.3.6 Citrus fruits (T1000)

237 3 2.3.7 Nuts (F4000)

238 3 2.3.8 Hazelnut

239 3 2.3.9 Chestnut

240 2 2.4 Agreforestry areas

241 3 2.4.1 Holm and cork oak forests

242 3 2.4.2 Other agrdorestry area

250 2 2.5 Mixed farmland

251 3 2.5.1 Mosaic farmland (comprising cropland, grassland and {g&hiral components)
260 2 2.6 Other farmland

261 3 2.6.1 Nurseries

262 3 2.6.2 Christmas tree plantations

263 3 2.6.3Perennial bioenergy crops

264 3 2.6.4 Field margins
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300 1 3. Grassland (pastures, senatural and natural grasslands)

310 2 3.1 Sown pastures and fields (modified grassland)

311 3 3.1.1 Sown pastures used for grazing

312 3 3.1.2 Sowrgrassland mown frequently for fodder or silage

320 2 3.2 Natural and sermatural grassland

321 3 3.2.1 Dry grassland

322 3 3.2.2 Seasonally wet and wet grassland

323 3 3.2.3 Alpine and subalpine grasslands

324 3 3.2.4 Woodland fringes araearings and tall forb stands

325 3 3.2.5 Inland salt steppes

326 3 3.2.6 Sparsely wooded grasslands

327 3 3.2.7 Mesophilous extensive grassland

400 1 4. Forest and woodlands

410 2 4.1 Broadleaved deciduous forest

411 3 4.1.1Riparian Foresind woodland

412 3 4.1.2 Broadleaved swamp, woodland on rexid and acid peat

413 3 4.1.3 Fagus dominated forest

414 3 4.1.4 Temperate, Submediterranean and Mediterranean thermophilous deciduous forest

415 3 4.1.5 AcidophiloufQuercusjdominated woodland

416 3 4.1.6 Temperate and boreal and Southern European Betula and Populus tremula forest on mineral soils

417 3 4.1.7 Other broadleaved deciduous forest, excluding highly modified plantations

418 3 4.1.8 Highly modified broadleaved deciduous forests, in particular plantations including standsrwdtiventrees species that have long been established in
European ecosystems stands

420 2 4.2 Coniferous forests

421 3 4.2.1 Boreal and temperate fir and spruce forest

422 3 4.2.2 Mediterranean mountain fir and spruce forest

423 3 4.2.3 Temperate subalpine Larix, Pinus cembra and Pinus uncinata forest

424 3 4.2.4Pine Foresfexcluding mires, nothermophilous)

425 3 4.2.5 Mediterranean thermophilouswland pine forest

426 3 4.2.6 Spruce, pine and larch mire forests

427 3 4.2.7 Taiga forests
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428 3 4.2.8 Other coniferous forests, excluding plantations

429 3 4.2.9 Highly modified coniferous forests, in particular plantations

430 2 4.3Broadleaved evergreen forest

431 3 4.3.1 Mediterranean evergreeQuercus Forest

432 3 4.3.2 Mainland laurophyllous forest

433 3 4.3.3 Macaronesian laurophyllous forest

434 3 4.3.4 Olea europae@eratonia siliqua forest

435 3 4.3.5 Palm groves

436 3 4.3.6 Other broadleaved evergeen forests

437 3 4.3.7 Highly_ modif_ied broadleaved evergreen forests, in particular plantations (in partawatyptuyincluding stands of nenative trees species that have long
been established in European ecosystems stands

440 2 4.4 Mixed forests

441 3 4.4.1 Mixed forests dominated by coniferous species

442 3 4.4.2 Mixed forests dominated by broadleaved species

443 3 4.4.3 Other mixed forests including stands of #rative trees species that have long besstablished in European ecosystems stands

450 2 4.5Transitional Foresind woodland shrub

451 3 4.5.1 Transitional woodland/forest land

460 2 4.6 Plantations

461 3 4.6.1 Monoculture plantations

462 3 4.6.2 Mixed plantations

500 1 5. Heathlands and shrub

510 2 5.1 Tundra

511 3 5.1.1 Tundra

520 2 5.2 Heathland and (supalpine shrub

521 3 5.2.1 Arctic alpine, subalpine and lowland shrub and heathland

522 3 5.2.2 Temperate and Mediterranean montane and hilly shrubteesthland

523 3 5.2.3 Temperate and Mediterranean lowland shrub and heathland

530 2 5.3 Sclerophyllous vegetation

531 3 5.3.1 Maquis, arborescent matorral and therAvtediterranean shrub

532 3 5.3.2 Garrigue

533 3 5.3.3 Spiny Mediterranean heatlishrygana, hedgehebeaths & coastal cliff vegetation)
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534 3 5.3.4 ThermeAtlantic xerophytic shrub (Madeira and Canary Islands)
600 1 6. Sparsely vegetated ecosystems

610 2 6.1 Bare rocks

611 3 6.1.1 Rocky pavements, outcrops, and screes

612 3 6.1.2 Lava flows

620 2 6.2 Semidesert, desert and other sparsely vegetated areas
621 3 6.2.1 Semiesert steppes

622 3 6.2.2 Cool deserts and seqhesert steppes

623 3 6.2.3 Other sparsely vegetated areas

630 2 6.3 Ice sheets, glaciers apdrennial snowfields

631 3 6.3.1 Ice sheets, glaciers and perennial snowfields
700 1 7. Inland wetlands

710 2 7.1 Inland marshes on mineral soil

711 3 7.1.1 Reedbeds

712 3 7.1.2 Inland salt marshes

713 3 7.1.3 Other marshland andater-fringing ecosystems
720 2 7.2 Mires, bogs and fens

721 3 7.2.1 Raised bogs

722 3 7.2.2 Blanket bogs

723 3 7.2.3 Valley mires, poor fens and transition mires
724 3 7.2.4 Aapa, palsa and polygon mires

725 3 7.2.5 Baseich fens anctalcareous spring mires

726 3 7.2.6 Peat extraction sites

800 1 8. Rivers and canals

810 2 8.1 Rivers

811 3 8.1.1 Rivers

820 2 8.2 Canals, ditches and drains

821 3 8.2.1 Canals, ditches and drains

900 1 9. Lakes and reservoirs

910 2 9.1 Lakes
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911 3 9.1.1 Lakes

920 2 9.2 Artificial reservoirs

921 3 9.2.1 Artificial reservoirs

930 2 9.3 Geothermal pools and wetlands (Iceland)
931 3 9.3.1 Geothermal pools and wetlands (Iceland)
1000 1 10 Marineinlets and transitional waters (lagoons, fjords)
1010 2 10.1 Coastal lagoons

1011 3 10.1.1 Coastal lagoons

1020 2 10.2 Estuaries and bays

1021 3 10.2.1 Estuarieand bays

1030 2 10.3 Intertidal flats

1031 3 10.3.1 Intertidaflats (e.g., Wadden Sea)

1040 2 10.4 Deepwater coastal inlets (fjords)

1041 3 10.4.1 Deepwatecoastal inlets (fjords)

1100 1 11 Coastabeaches, duneand wetlands

1110 2 11.1 Artificial shorelines

1111 3 11.1.1 Artificiakhorelines

1120 2 11.2 Coastal dunes, beaches and sandy and muddy shores
1121 3 11.2.1 Coastalunes

1122 3 11.2.2 Beacheand sandy shores

1123 3 11.2.3 Muddyshores

1130 2 11.3 Rocky shores

1131 3 11.3.1 Coastahingle

1132 3 11.3.2 Rockliffs, ledges and shores

1140 2 11.4 Coastal saltmarshes and salines

1141 3 11.4.1 Coastadaltmarshes

1142 3 11.4.2 Salines

1200 1 12 Marineecosystems

1210 2 12.1 Marine macrophyte habitats

1211 3 12.1.1 Keldorests
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1212 3 12.1.2Seagrasmeadows

1220 2 12.2 Coral reefs

1221 3 12.2.1 Corateefs

1230 2 12.3 Shellfish beds and reefs

1231 3 12.3.1 Shellfisbheds and reefs

1241 3 12.4.1 Subtidasand beds and mud plains

1250 2 12.5 Subtidal sand beds and mud plains

1251 3 12.5.1 Subtidalocky substrates

1260 2 12.6 Continental and island slopes

1261 3 12.6.1 Continentadnd island slopes

1270 2 12.7 Deepwater benthic and pelagic ecosystems
1271 3 12.7.1 Deepwatebenthic and pelagic ecosystems
1280 2 12.8 Seaice

1281 3 12.8.1 Seice

2110 3 2.1.10 Othercrops (further categories may be added by Member States, depending upon nationally important crop types).
238 3 2.3.8 Other perennial crops and orchards
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13.2.3. Séo Miguel Forest Inventory (2024) to ETA

Overview of the crosswalk between the S&o Miguel Forest Inventonypéted as of 202tbwards the European Ecosystem Typology (ETA).

described in the Forest Inventory document.

Subsections Description ofSubsections Columns Description
ETAIL This is the level 1 ETA class
A crosswalk was undertaken between the Forest Inventor .
. ETAI2 Th the level 2 ETA cla
(FI) and the European Ecosystem Typology (ETA) using { 518 v sS
unique combinations of plant species occurring under the
broader forest class (IFUsolo_ID). Under the broader Urb .
Forestinventory to ETArosswalk (IFUsolo_ID) class all theads and related areas were also ETAI3 This is the level 3 ETA class
crosswalked to the relevant ETA. All columns taken from This is a short comment reasoning why
FI ilih lai in furth il h S
data set wilhot be explained in further detail as they are COMMENT the class combination was crosswalked

a certain ETA

Definition from Fl doc

This is the definitiomelevant to the
species taken from the FI document

Forest Inventory Translation

This is the column under Fl dataset

The FI dataset was delivered in Portuguese and was
internally translated to English. Thrnslationis shown
under thissubsection

Forest Inventory ID Crosswalked

Each unique ID of the FI dataset that was mapped as eith
forest (IFUsolo_ID) or roads and related areas (IFOcSo_|

wascrosswalked to the ETA (as seen under the FI_Cross
sheet) and given a code to the level it could be crosswalk
to. For example, 441 would represent the level 3 ETA cla
4.4.1 Mixed forests dominated lgpniferousspecies.

Column translated from Portuguese to English
Portuguese Portuguese name
English English name
D This is the ID extracted from the ID
column in the FI dataset
This is the ETA code (without full stops
ETA code that each polygon has been crosswalke

to linked to its respective ID
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13.2.3.1. Forest Inventory to ETA Crosswalk

This table is too large tieasonablyfit within thisreport. It is available upon request to the authors.

13.2.3.2. Forest Inventory Translation

Column Portuguese English
IFUsolo_ID Floresta Forest
IFUsolo_ID Urbano Urban
IFOcSo_ID Vegetacao exotica Exotic vegetation
IFOcSo_ID Vegetacao autéctone Nativevegetation
IFOcSo_ID Vias de comunicacao e areas conexas Road and related areas
IFEvert_ID Multi-estratificada multi-stratified
IFEvert_ID Uni-estratificada Unistratified
IFNcob_ID Espontanea Spontaneous
IFNcob_ID Cultivada Cultivated
IFcomp_ID Misto mixed
IFcomp_ID Puro pure

13.2.3.3. Forest Inventory ID Crosswalked

This table is too large to reasonably fit within this report. It is available upon request to the authors.
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13.3. Feature list for habitat mapping

Input layer Feature
Abbreviation Name spatial Original dataset
: category
resolution

scd Climate snow covered days 100m Biophysical | CHELSA Climate, 198010

gst Climate mean temperature of the growing season CHELSA Climate, 198010

gdd5 Climate number of growing daygth T>5°C CHELSA Climate, 198010

gsp Climate precipitation in growing season CHELSA Climate, 198010

bio12 Climate annual precipitation CHELSA Climate, 198010

bdod Soil bulk density in topsoil {80 cm) ISRIC Soilgrids

cec Cation exchange capacity in topsoil ISRIC Soilgrids

cfvo Soil coarse fragments in topsoil ISRIC Soilgrids

soC Soil organic carbon concentration in topsoil ISRIC Soilgrids

sand Soil texture sand fraction in topsoil ISRIC Soilgrids

clay Soil texture clay fraction in topsoil ISRIC Soilgrids

phh20 Soil pH in topsoil measured in water ISRIC Soilgrids

dist Distance to inland water Additional Copernicus Ellydro River Network Database 202612 (vector),

features Europe

popl8 Population density in 2018 Biophysical | EUROSTAT

occur Inundation occurrence features EUROSTAT

vppamp HRVPP: Season amplitude 10m Copernicus: Vegetationt Vegetation Phenology and Productivi
Parameters 201-present (raster 10m), Europgearly

vpplen HRVPP: Length of season Copernicus: Vegetationt Vegetation Phenology and Productivi
Parameters 201-present (raster 10m), Europe, yearly

vppgup HRVPP: Slope of the greenup period Copernicus: Vegetationt Vegetation Phenology andProductivity
Parameters 201-present (raster 10m), Europe, yearly

vppmax HRVPP: Vegetation index value at MAXD Copernicus: Vegetationt Vegetation Phenology and Productivi
Parameters 201-present (raster 10m), Europe, yearly

vpptpr HRVPP: Totakroductivity Copernicus: Vegetationt Vegetation Phenology and Productivi
Parameters 201-present (raster 10m), Europe, yearly

vppmin HRVPP: Average vegetation index value of minima on left Copernicus: Vegetationt Vegetation Phenology and Productivi

right sides of each season Parameters 201-present (raster 10m), Europe, yearly

laiOl Leaf area index January 100m Copernicus Leaf Area Index 2@dsent (raster 300m), global, 4(
daily tversion 1 (norclouded image)

laio4 Leaf area index April Copernicus Leaf Area Index 2@dsent (raster 300m), global, 4(

daily tversion 1 (norclouded image)
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lai07 Leaf area indeduly Copernicus Leaf Area Index 2@drsent (raster 300m), global, 4(
daily tversion 1 (norclouded image)
lail0 Leaf area index October Copernicus Leaf Area Index 2@dsent (raster 300m), global, 4(
daily tversion 1 (norclouded image)
vegheight Vegetation height 10m Additional ETH Zirich: Research Collectip@®lobal Canopy Height, 10m, 202
features version 1
B02p10-10m Reflection of 18 percentile in Sentine? Band 2 (Blue) Worldcover | ESA WorldCover (Terrascope)
B02p50-10m Reflection of 50 percentile in Sentine?2 Band 2 (Blue) features
B02p90-10m Reflection of 90 percentile in Sentine?2 Band 2 (Blue)
BO2igr-10m Reflection of interquartile range (IQR) in SentigdBand 2
(Blue)
B0O3p10-10m Reflection of 10 percentile in Sentine?2 Band 3 (Green)
B0O3p50-10m Reflection of 50 percentile in Sentine?2 Band 3 (Green)
BO3p90-10m Reflection of 90 percentile in Sentine? Band 3 (Green)
BO3igr-10m Reflection ofinterquartile range (IQR) in Sentir2lBand 3
(Green)
B04p10-10m Reflection of 10 percentile in Sentine?2 Band 4 (Red)
B04p50-10m Reflection of 50 percentile in Sentine?2 Band 4 (Red)
B04p90-10m Reflection of 90 percentile in Sentine?2 Band 4 (Red)
BO4igr-10m Reflection of interquartile range (IQR) in SentiadBand 4
(Red)
B0O8p10-10m Reflection of 18 percentile in Sentine? Band 8 (NIR)
B0O8p50-10m Reflection of 50 percentile in Sentine? Band 8 (NIR)
BO8p90-10m Reflection of 99 percentile in Sentine? Band 8 (NIR)
BO8iqgr-10m Reflection of interquartile range (IQR) in SentiadBand 8
(NIR)
ndvi-p10-10m 10h percentile in Sentine2 NDVI (Normalized Differeng
Vegetation Index)
ndvi-p50-10m 500 percentile in Sentine2 NDVI
ndvi-p90-10m 90" percentile in Sentine? NDVI
ndviigr-10m Interquartile range in Sentinél NDVI
ndvits0-10m NDVI time series 0
ndvits1-10m NDVI time series 1
ndvits2-10m NDVI time series 2
ndvits3-10m NDVI time series 3
ndvits4-10m NDVI time series 4
ndvits5-10m NDVI timeseries 5
evipl0-10m 10h percentile in Sentine? EVI (Enhanced Vegetation Inde
evi-p50-10m 50 percentile in Sentine? EVI
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evip90-10m 90" percentile in Sentine? EVI

evrigr-10m Interquartile range in Sentiné EVI

nirv-p10-10m Reflection of 10 percentile in Sentine? NearInfrared

nirv-p50-10m Reflection of 50 percentile in Sentine? NearInfrared

nirv-p90-10m Reflection of 990 percentile in Sentine? NearInfrared

nirv-iqr-10m Reflectance of Interquartile range in Senti2elNearInfrared

ndwi-p10-10m 10h percentile in Sentine2 NDWI (Normalized Differenc
Water Index)

ndwi-p50-10m 50 percentile in Sentine2 NDWI

ndwi-p90-10m 90 percentile in Sentine2 NDWI

ndwi-iqr-10m Interquartile range in Sentinéd NDWI

ndgipl10-10m 100 percentile in Sentine2 NDGI (Normalized Differeng
Greenness Index)

ndgip50-10m 50" percentile in Sentine? NDGI

ndgip90-10m 90" percentile in Sentine?2 NDGI

ndgkigr-10m Interquartile range in Sentingl NDGI

ndmi-p10-20m 10h percentile in Sentine2 NDMI (Normalized Differenc| 20m
Moisture Index)

ndmi-p50-20m 50 percentile in Sentine? NDMI

ndmi-p90-20m 90 percentile in Sentine? NDMI

ndmi-igqr-20m Interquartile range in Sentinél NDMI

nbr-p10-20m 10h percentile in Sentine?2 NBR (Normalized Burn Ratio)

nbr-p50-20m 500 percentile in Sentine2 NBR

nbr-p90-20m 90" percentile in Sentine2 NBR

nbr-iqr-20m Interquartile range in Sentinél NBR

nbr2-p10-20m 10h percentile in Sentine2 NBR (with water sensitivity i

vegetation)

nbr2-p50-20m

500 percentile in Sentine2 NBR (with water sensitivity il
vegetation)

nbr2-p90-20m

90" percentile in Sentine2 NBR (with water sensitivity il
vegetation)

nbr2-iqr-20m Interquartile range in Sentinél NBR (with water sensitivit]
in vegetation)

rep-p10-20m Sentinel2 RedEdge Position at 0percentile

rep-p50-20m Sentinel2 RedEdge Position at 30percentile

rep-p90-20m Sentinel2 RedEdge Position at 90percentile

rep-iqr-20m Sentinel2 RedEdge Position at Interquartile range

anir-p10-20m Sentinei2 angle at NIR at ¥percentile

anir-p50-20m Sentinel2 angle at NIR at 8Qpercentile
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anir-p90-20m Sentinel2 angle at NIR at 90percentile

anir-igr-20m Sentinel2 angle at NIR at interquartile range
ndre2-p10-20m Normalized Difference Red Edge Index v2 &tfdé€rcentile
ndre2-p50-20m Normalized Difference Red Edge Index v2 &t€rcentile
ndre2-p90-20m NormalizedDifference Red Edge Index v2 at'3i@rcentile

ndre2-iqr-20m

Normalized Difference Red Edge Index v2 at interqua
range

ndre3-p10-20m Normalized Difference Red Edge Index v3 &tgd€rcentile
ndre3-p50-20m Normalized Difference Reidge Index v3 at S0percentile
ndre3-p90-20m Normalized Difference Red Edge Index v3 &t @rcentile

ndre3iqr-20m

Normalized Difference Red Edge Index v3 at interqual
range

BO5p10-10m Reflection of 10 percentile in Sentine2 Band 5 (Red edge
0,705 pum)

BO5p50-20m Reflection of 58 percentile in Sentine? Band 5 (Red edge
0,705 pm)

BO5p90-20m Reflection of 9% percentile in Sentine? Band 5 (Red edge
0,705 pum)

BO5igr-20m Reflection of interquartile range (IQR) in SentidBand 5
(Red edge: 0,705 pm)

B0O6p10-20m Reflection of 1® percentile in Sentine? Band 6 (Red edge
0,740 pm)

B0O6p50-20m Reflection of 58 percentile in Sentine2 Band 6 (Red edge
0,740 pum)

B0O6p90-20m Reflection of 90 percentile in Sentine2 Band 6 (Red edge
0,740 pm)

BO6Giqr-20m Reflection of interquartile range (IQR) in SentidBand 6
(Red edge: 0,740 um)

BO7p10-20m Reflection of 18 percentile in Sentine? Band 7 (Red edge
0,783 um)

BO7p50-20m Reflection of 58 percentile in Sentine? Band 6 (Red edge
0,740 pm)

BO7p90-20m Reflection of 9% percentile in Sentine? Band 6 (Red edge
0,740 um)

BO7igr-20m Reflection of interquartile range (IQR) in SentiaeéBand 6
(Red edge: 0,740 um)

B11-p10-20m Reflection of 10 percentile in Sentine?2 Band 11 (SWIR

1,610 pum)
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B11-p50-20m Reflection of 50 percentile in Sentine2 Band 11 (SWIR
1,610 um)

B11-p90-20m Reflection of 9® percentile in Sentine?2 Band 11 (SWIR
1,610 um)

B12iqr-20m Reflection of interquartile range (IQR) in SentideBand 11
(SWIR: 1,610 pm)

B12p10-20m Reflection of 10 percentile in Sentine2 Band 12 (SWIR
2,190 pm)

B12p50-20m Reflection of 50 percentile in Sentine?2 Band 12 (SWIR
2,190 pum)

B12p90-20m Reflection of 90 percentile in Sentine?2 Band 12 (SWIR
2,190 pm)

B12igr-20m Reflection of interquartile range (IQR) in SentideéBand 12
(SWIR: 2,190 pm)

VHp10-20m Sentinel 1 verticahorizontal backscatter at ¥0percentile

VHp50-20m Sentinel lverticathorizontal backscatter at 30percentile

VHp90-20m Sentinel 1 verticahorizontal backscatter at 90percentile

VHigr-20m Sentinel 1 verticahorizontal backscatter at interquartilg
range

V\:p10-20m Sentinel lverticatvertical backscatter at ¥0percentile

V\:p50-20m Sentinel 1 verticabertical backscatter at 30percentile

V\:p90-20m Sentinel 1 verticalertical backscatter at 90percentile

V\£igr-20m Sentinel lverticalvertical backscatter at interquartile range

vh_vvp10-20m

Sentinel 1 VH to VV backscatter at"fercentile

vh_vwp50-20m

Sentinel 1 VH to VV backscatter at"5ercentile

vh_vvp90-20m

Sentinel 1 VH to VV backscatter at"3ercentile

vh_vvigr-20m Sentinel 1 VH to VV backscatter at interquartile range

rvi-p10-20m Sentinel 1 Radar Vegetation Index at'i&rcentile

rvi-p50-20m Sentinel 1 Radar Vegetation Index at'rcentile

rvi-p90-20m Sentinel IRadar Vegetation Index at 8@ercentile

rvi-igr-20m Sentinel 1 Radar Vegetation Index at interquartile range

DEMalt-20m Digital Elevation Modet Altitude Additional Copernicus DEM Global and European Digital Elevation Model / g
features WorldCover (Terrascope)

DEMslo-20m Digital Elevation Modet Slope (but Copernicus DEM Global and European Digital Elevation Model /
extracted as| Worldcover (Terrascope)
Worldcover
features)

contextft 1 DeepContextual Feature #1 10m Contextual | Derived from RGB median images of the year

contextft 2 Deep Contextual Feature #2 features
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contextft 3

Deep Contextual Feature #3

contextft 4 Deep Contextual Feature #4
contextft 5 Deep ContextudFeature #5

contextft 6 Deep Contextual Feature #6
contextft 7 Deep Contextual Feature #7
contextft 8 Deep Contextual Feature #8
contextft 9 Deep Contextual Feature #9

contexttt 10

Deep Contextual Feature #10

contextft 11

DeepContextual Feature #11

contextft 12

Deep Contextual Feature #12

contextft 13

Deep Contextual Feature #13

contextft 14

Deep Contextual Feature #14

contextft_15

Deep Contextual Feature #15

contextft_16

Deep Contextual Feature #16
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13.4. EUNIS habitat classes used in this report

E}§ $Z & §Z o0 &

ZuE

V%[)@--o

S
A

hE/A" §C%}0}PC Z hE/MITi[ ]+ PEE vioC pv E E A] AX dZ]® (} & IUELE ]-As&] 0]

&

(Elu §Z % @E A]lpe hE/” §C%1}0}PC Z hE/ATTiT[ lecd Bxgerts from:S30 Miglel «U ]v ]v

TS partnersome personalized habitat classes were defined (e.g. S4x, T2X,6¥pdo improve thérabitat mapdetail.

[6}64 ("blcUeé: ("bl<U2i106

12+12TU\jX [@6Uied X\

P <jX TedU\leli27 2 Ueieod X\

PR ,0X1i262eUbjeX:U eU+i'6\aluU:21\UI2TUU::+\

PU “01U:XIX...U+i"6\alu:21\Ui2T0U::+\

Q (jX 1TedoUXj22 2 Usied X\

QR ,OX1i262ef@2iiaraU\T:e 2 UeledXe:jX\0\

Vv 2\eXjéeodial 27j\eX liX@izeUte WX ele)

VP j +1 2 \U: Ue e 6\aUe:«2\UI27U} ++1 8\

VPP t6\ 162e I+Uej +7 2 \U: 8@2edXAi21Ue:e2U

VPQ 16\ 762e i+Uej +1 2 \U: U} ++1 6\Ui27UjXaei20U6X U 86X 8\

VPS "Xel2Ui2TU\jejXeei2U 27jleX (+Ui27Ueldd gRaB AU\ ed\U\e ++U 2U
VPU “Xeael2Ul2iU\jejXaei2Ue:2\eXjée :2012707161:+ e :2U\ €6\

VQ [:eU762\ e...Uej +1 2 \

VQSs X eéj+ejXi+Ue:2\eXjee :2\

V R (,eXiee }6U 2Tj\eX I+U\ €6\

VRQ ge }oU:UB2ei\eUl 26XI+Ub,eXiee :2U\ edlal 2e+jT 2 UWjIXX 6\
VS “Xi2\U:XeU206e+:X"\Ui21U:e 06 XWjex 2AedN | Biexadiill X1

VSQ f:iTU26es: X"\

VSS XU:XeUXj2el..\UI21UTUX:2\

VST FIXajX 1e6iUIXol\U: UU:Xe\

VT F +..UiXe #eif604ioX\UI2TUI\\:& TediU\eXjeejXod\

VTR F +..UiXz:Aé+i20U\ei27 2 Usied X\

VU ®i\edUToU:\ e\

VUQ F:j\6 :+1Ui\eoUi27U+i27+++U\ ed\

b ‘ei+U lee ele)

bP :M\el+U7j26\UI270\T27...U\ : X6\

bPQ a6l edXXi20i2Ui27U0 +ie'U«diUNi2iUaxo6ie

bPS adl edoXXi26l2aUaldi2éizaNid20«6iU\ e 2 Ue:l\el+Uij2

puppirelnviprirelvivelpvipvpiielprielprirelvpvppiielmvlipritelsvlvire] vl e

bPU adl ed6XXi26l2Ui2i0aleix:26\ 12Ue:l\el+U1j26U XI\\+I2700G X6...U1j26y

316



Fole +i27aU\eXjeUi27Uej2TXI

R bP adl edXXi26i200270 +ie'UdiUe:i\ei+UTj26U\eXja

R bP@ a0l ed6XXi26i2Ue:2 o6X:j\Ue:i\ei+UTj26U :Xb\e

R bPV adl edoXXli26l20027U +Yeld2636eUlj2o6U\+1e"

Q bQ civel+U\ 2 +6

R bQP e+i2e ¢aU i+e eUI21U Xeée eUe:i\el+U\ 2 +d6Uaxobie

Q bR t:e'Ueé+ \aU+067 6\UI2TU\ :X6\aU 2e+jT 2 Ue 6U\jUXI+ ee:XI+
R bRR aleiXx:26\ i20Xx:e'...U\61U&+ "UI270\ : X0

R bRT a6l edoXXi26l2Ui270:+dB\BIORG —

P T ®de+i217\

Q TP i \oiUI2TUae+i2'6eUe: \

R tPP i \6TUe:

R TPQ +i2'6eUe:

Q 1 Q «l++6..U1 X6\aUU::XU 62\Ul2iUeXI2\ e :2U1 X\

R tQP ie6l2 eU}I++6..U1 Xo

R TQR t6+ eeUl Xo6U: Uadi edXXi2612U1:j2el 2\

Q TT Fo+:U ...edUa61\

R TTR “T+#407 0Uee o1

Q tU LOX 11 el++..U6,U:\67U\ : X6\

R tUQ LOX 1T el++...U6,U:\07U\ :X6Ue e Uleiee+6aU16\:eX:U eU\dT 162e\Ues e UU :266XU:XUBU 6108 XI+|
R tUR L,O0X 11 el++..U6,U:\01U\I+ 26U\ :X6Us e UU :266XU:XUBU 6106XI+U}06 dele :2
P 1 @XI\WW+i271\UT2TU+12T\U7:1 21ediUe ..U :Xa@\aU1:\\6\U: XU+ & 62\
Q tP "X U XT\W+127)\

R tPS LO0X022 [+UX:e'...U XI\\+127U: Ue 6Ulel+ 120,62 2\j+I

R tp" a6l ed6XXi26i2Ue+:\6+...U Xi«6iUIX..U XiI\\+i27

R TP X i+'12001270 2ie:+ 12U:XU161T edXXIi2612UTX...U XiI\\+i21

R R «:X612U:UB62aU1TX...,.aUie TUe:U26jeXi+U XI\\+i27

Q 1Q ad\ eU XI\W+127\

R tQP ad\ eUU6X1i262eUUIl\ejXoU: U+:e+i21\UI27U1:j2el 2\

R 1QQ [:«Ul27U161 j1Ul+e ejioU [..U1617:.

Q iR <6l\:21++..UebeUi2iUs6eU XI\\+127\

R tRT a: \eU:XU+bdeUlod\:@peXrUe @& 0...ULH61017:

R tRU a: \eU:XU+deU16\:eX:U eéUe:UbjeX:U eUUI\ejXd

R tRV “01U6XTedUi21Uee:X0i+U1: \eU:XU+b6eU:+ :eX:U eU Xi\\+i27
Q tS +U 20Ui270\jaei+U 26U Xi\\+i27\

R tSR “01UbBXiedUieé T:U +:j\Ui+U 26U Xi\\+i27

R tSS Xedl&€U 264RIX06:j)\U XI\\+121

Q tU 12+1270\I+eUledUUB\UI2TU\I+eU1iX\ 6\

R tUP a0l ed6XXi2612U 2+127U\I+eU\edUUDH

P

317



Q <Q Xee eéaUi+U 26UI21U\jei+U 206U\eXjee

R <QS <jeel+U 26U 02 \e: TU\eXj&IX: lBee X4l U: 2

Q <S “01U6XIedU\ XjeeU 6ie +i217

R <SR aleix:26\ 12U die

R <S, ++Ued61Ub6XiedU\ XjaeU 6ie +i27U2:eU jXe 6XUe+i\\ £61Ue:U+06}6+UR
Q <T alWjlaUiXe:X0\é62eUlle:api+ed2xirod XW)eX|jae

R <TP a6l edXXI2612U11Wj \Ui2iUIXae:X6\é62eUlie: XXI+

R <TQ <jaldl edXXIi26120U\6jT:1TWj \

R <TS “ 9X1:161 ed6XXI2612U1X TU\eXjae

Q <u @IXX jo

R <UQ ®6\edX2Ule 1:U +:j\U IXX jb

Q <V <U 2..Uadl ed6XXI2612U 6le \UuloXe. \LRII20W %o HiediUe:I\el+Ueé+ U}d dele :2y
R <VQ (ed6XdU edXXI2612U0\U 2...U dle UGU X.. 21y

R <VR ®06\ed6X2Uadl edXXi26(2U1:jAéie2U 61 06 :

R VT (Ned6X2Uadl edXXI2612U1:jnedli@U 61 6 :

Q <X t }6X 26UI21U 62U\eXjee)

R <XR adl edXXI2612UX UIX T2U\éXjee

P “ >:X06\eUi27U:e 6XUe::76TU+I217

Q “P "6& 1j:j\UaX:it+61}61U :Xb\e

R “PS adl edXXi26i2012TU0aleélX:26\ 12UX UIX 12U :Xd\e

R “PU X:11+61}671U1 X6U :X6\eU:2Ule TUUbIe

R “P X “61Ub6XIedUI21U\jee 16T edXXi26i2Ue 6X1:U +:j\UT6e 1j:j\U :Xb\e
R “p adl e6XXi2612Ue 6X1:U +:j\Uide Tj:j\U :Xod\e

R “PF X:11+61}67UT6e 1j:j\UU+I2eie@2& JaNPeXBD\eo

R “PV "6e Tj:j\U\6+ U\:e2U :X06\RUe P2URNMO @O

Q “Q X:11+61}6TUB8}6X X6062U :Xd\e

R “QP adl edXXI120612U o6fjodOXX &id &2 Ue

R “QR aleiX:26\ 12U0+1jX:U ...++:j\U :Xob\e

R “QS i+0IROjX:¥bodle:2 IR\ Ut XW)é

R “QX X:i1+61}6TUB}6X X662UU+12é& ke :pdlleXDRAU\ ed

R “Q X:iT+061}67U6}6X X662UU +HR2e ipd tPaX60\ €06

R “Q adl edXXIi2612U o6fjodX XjaR 2H@\¥006e0y

R “Q, ++UeX: 116p0poNHO2U :Xo6\eU2:eU jXe dXU&+I\\ £67Ue:U+6}6+UR
Q “R (2 0X:j\U :Xo6\e

R “RU “01Ub6XIedUl21U\jae161T eb X X[ 20 ARU.1L 2)e\2XB\2 UXI6\ e

R “R adl edXXI2612U+:«+127U0e;WD\j2XbAei26U

R “R" adl ed X XIZqeear\ieak&o\le

R “RJ (2 0X:j\U\6+ U\:e2U :XoRd&:}@2eXBBed

R “Ra 12 0X:j\UU+i2ele :2i2ielpaDEX &d\

318




“Rb

(2 0X:j\UU+i2ele®pd)}aleed 6\

R

R “R, a0l eoXXi20i2U1g2aNx0leUi@X00e0Y

P - 12+127U Tae eie\Ue e U2:U: XU+ ee+0U\: +Ui21U1:\e+..Us e U\UIX\6U}06 delie :2
Q “Q <@X00\

Q "R I2+i27Ueé+ \aUX:e'UUI}6162e\Ui27U:jeeX: U\

R "R alelX:26\ 12U 2+i27Ueé+ —

Q T a \e6++i206:j\U 2+127U0 fee ele\Uj\ji++.. U+ e U}6X..U\UIX\6U:XU2:U}6 deie :2

Q “U t6e62eU}:+ei2 eU 6iejXd\

R “UQ a0l ed6XXi2d6i2aUaleixX:26\ i2U0i27U0Ued1Ub6XiedU}:+ei2 eU+6+1

Q Y “2}6 6eledTU:XU\UIX\6+..U}6 deiediU Xi}o+UaiX\

P « «0 6eledidliayU fe eie\

Q «P Xiee+oU+i27U00127U11X'6eU IX162\

Q «Q j+e }ledTUIX6I\U: U IXT62\UI270UIX"\

R «QP [IX Bel+MPI162el+U IXT162U1X61\

Q «R Xe & [+U XI\W+i27T\U127U 6XaeUi:1 2iedilU i ele\

R «RP X ej+ejXiUX:}o1mANOTUI2TU 61} +...U 6Xe + \6TU Xi\\+i27aU 2e+je2  U\U:Xe\Ux6+1\UI2TU XI\\
Q «T « XjmUU+i2ele :2\

Q «U “X6601:1 206U jee eiel

R «UTl j+e }iediUaX:(i+0l}0oTUGI0E Tj:j]\UI2T1UB8}6X X062yUeXb606U:Xe IXI\B

R «Ueae L,+12e6TU127U 2e62\ }6+..U1I21 67U« :T+12T\UU>:Xb6\eUF6\06X}0\U: Ucd:Ua jOo+yR

319




13.5. Overview of training data for habitat mapping

13.5.1. Overview of training data for habitat mapping of Peloponnese TS

Thenumber of training points per habitat class and the indication of this point were used for training a model at EUNIS$ 2e\3els 1

EUNIHHabitat Chss Number of Sampled Points Used in Level Used in Leve? Used in LeveB
J 551 True False False
C 96 True False False

N12 20 True True True
N14 50 True True True
N16 20 True True True
N1B 20 True True True
N1G 15 True True True
N1J 20 True True True
N35 20 True True False
Q23 15 True True False
Q53 43 True True False
Q63 12 True True False
R1D 85 True True True
R1E 15 True True True
R1K 73 True True True
R61 28 True True False
S24 13 True True False
SH1 564 True True True
S52 10 True True True
S54 45 True True True
S62 3378 True True False
S72 816 True True True
S75 1234 True True True
S93 92 True True False
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T14
T19
T1A
T21
T24
T2B
T36
T3A
T3D
T3N
T3P
u29
u38
us
ur2

V11
V13
V16
V17
V31l
V54
V55
V61l
V62
V67
V68
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231
23
259
285
254
317
273
83
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1320
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169
19
11
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11
344
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True
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True
True
True
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False
False
False
False
False
False
False
False
False
False
False
False
False
False
False

321



13.5.2. Overview of training data for habitat mapping of Sdo Miguel TS

The numbeiof training points per habitat class and the indication of this point was used for training a model at EUNIS level 1, 2 or 3.
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13.6. Raw Forest Condition variable accounts for Sdo Miguel 2017-2023

X T1: Broadleaved deciduous forest
x T2: Broadleaved evergreen forest

Net Primary Productivity (NPP)

X T3: Coniferous forest
X S4: Temperate shrub heathland

EWW €IP |Z - di di di )
iiio i8106Xii i0ofdXadi ii6iAX00 ii0diXAl
iiid ii0diXii i0io06Xi1d iin66Xdd iiiiiX70
iid ii606fXin i0idiXid (i1 X7i ii16fXif
Pl i5816Xid i8i68X060 i101iXio iin6iXio
T iToRiXio ii60iX00 i1id0Xio i10iiXon
Pl i1008X06d iidRNdXdd iT6006Xii iT0idXAi
P ii61iXal (iTAIX0l i18006Xi0 iTTAAXd0

Abovegroundbiomass (AGB)

' E8}vIZ . di di di NG
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Normalized Difference Water Index (NDWI
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Forest Connectivity (FC)

& €9 di di di o)
) T18Xio P11Xio i1X30 BXOi
iiio T8Xid 11Xio i1Xd0 BXOi
iid T18Xid 11Xi06 i1Xd0 BXOi
Pl T8Xid 11Xio i1Xd0 BXOi
P T13Xi6 P11Xio i1X30 X4
it T18Xio P11Xio i1X30 5X0oi
i T8Xi6 T11Xio i1X30 BXOi
Threatened Forest Bird Species Diversity (TFBSD
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