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1. Executive summary

ECOPOTENTMP4 is responsible for the provisioning of Earth Observation (EO) data and derived products for the
Protected Areas (PAs) as well as to support other activities executed in WP6, WP7, WP8, WP9 and WP10. The fil
objective of the WP is to empower the PA @mecute the algorithms presented here and sibling deliverables
themselves by transferring the codes to the Virtual Laboratory (WP10). This is complemented by WP5 that provide:
the necessary in situ data.

Deliverable D4.2 conveys the activities carried within Task 4.2 and Task 4.3 (first 22 months) of the EU Horizon
2020ECOPOTENTIRtoject. The Deliverable provides an overview of the algorithms used or developed to retrieve
Environmental Variables (EVs) for the 22 PAs distributed across Eurd¢graeirand South Africa and selected for
study. For classification, the Earth Observation Data for Ecosystem Monitoring (EODESM) system stands out as
makes full use of and integrates all of the EVs retrieved for the different PAs in the classibttdimts covers and
generally used for monitoring of PAs. Its development also considered the storylines described through
ECOPOTENTI&hd outlined in Deliverable 2.2.

One of the main objectives of WP4 was to design and develop the EODESM systeabl® quantitative
descriptions of land cover for each of the 22 PAs and according to the FAO Land Cover ClassificatidnCE&ySizm (
taxonomy. An essential component is to ensure that the diverse rang©déata and derived products that are
increasimgly becoming available from Task 4.2, contributed significant input to the EODESM system. Particular focu:
is on utilising EO data provided through the European Copernicus project (and particularly Seatide? radar

and optical data).

The retriewal of EVs focused on those that were identified during the development of storylines for each PA and are
obtained locally (e.g., using established algorithms including those developed through this project) or from layers
generated at the national, European global level; from EO data acquired across a range of spatial resolutions and
temporal frequencies. For the EODESM system, these EVs are categorized according to whether they a) a
thematic classifications &fCCS2omponents (e.g., plant life fornoy continuous surfaces (e.g., of canopy cover %)
and b) provide direct input to the classification (e.g., hydersiod) or are simply additional descriptors (e.g., above
ground biomass; Mg hd). Open source software is then used to combine the individoaponents of the CCS2
system (e.g., water state, movement, inundation frequency, sediment loads and depth) into a single class (e.g.
flowing, deep and clear water for more than 9 months of the year). All pixels and objects associated with that class
are then attributed with information on the different EVs. Comprehensive and detailed land cover maps with a
consistentLCCS2axonomy are generated for the PAs for which input data are available. The accuracy of the
classifications is dependent on that thie input layers combined and is assessed against existing land cover and
habitat maps whose diverse taxonomies had beemdardized to that of th& CCSZIhe assessment of accuracy

is complex because of the integration of different layers obtained usiragnge of approaches and data and will be
further reported in Deliverable 3.

The following sections detail the concepts behind the EODESM system (Section 2) and provide a list of the key E
that are of relevance to the storylines and how these havenbebtained (Section 3) and used as input (Section 4).
Classifications for different PAs and validation techniques applied are illustrated in Section 4. The products providec
(and to be updated) to the COPOTENTI#pository as well as the modules to liekled to the Virtual Laboratory
(WP10), how and when, are summarized in Section 5. Conclusions are reported in Sesttbra8 references in
Section 7Appendix 1in SectiorB, provides thewvorkflow of some modulesAppendix 2 and 3n Sections 9 ah

10, respectively, provide ng additional information concerning theAO LCCS32xonomy & well asclass codes

and map legends used in D4.2. Appendjxirt Section 11jllustrates the methodology used tassess the
Technological Readiness Level (TRtfjeomodules discussed in previous sections.

ECOPOTENTIAL i SC5-16-2014- N.641762 Page 5 of 127
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1.1 Abbreviation and acronyms

BIO_SOS project

Biodiversity MultiSource Monitoring System: from Space to Species
(http://www.biosos.eu))

CHM Canopy Height Model

CLC CorineLand Cover

DEM Digital Elevation Model

EBONE European Biodiversity Observation Networthttp://www.wur.nl/en/Expertise-
Services/ReseahrInstitutes/EnvironmentaResearch/Projects/EBONENtM )

EEA39 European Environment AgengyVetlandsg 100 m.

EO Earth Observatioata

EODESM Earth Observation Data for Ecosystem Monitoring

ESA European Space Agency

EU BON Building the EuropeaBiodiversity Observation Netwofkttp://www.eubon.eu/)

Eunis European Nature Information System

FAQLCCS2 Food And Agriculture Land Cover Classification System, version 2

GEE Google Earth Engine

GRD Ground Rang®etected SAR products

IW-GRBHR Interferometric Wide Swath Ground Range Miltiok Detected High Resolutig
Sentinell mode

EWGRDMR Interferometric ExtraWide Swath Ground Range Mtlibok DetectedMedium
ResolutionSentinell mode

LAle effectiveLeaf Area Index

MCC Multiscale Curvature Classification

MODIS Moderate Resolution Imaging Spectroradiometer

MMW Minimum Mapping Width

MMU Minimum Mapping Unit

NDVI Normalized Difference Vegetation Index

NDWI Normalized Difference Water Index

Ms.MONINA Multi-scale Service for Monitoring NATURA 2000 Habitats of European Comr]
Interest( http://www.ms-monina.eu)

NA Not Available

PA Protected Area

SAR Synthetic Aperture Radar

SVM Support VectoMachine Classifier

TCD Tree Canopy Density

TRL Technology Readiness Level

VHR Very High Spatial resolution

VL Virtual Laboratory

WPS Web Processing Service
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2. Introduction

A key aim of the EU FP7 Horizon 2EZDOPOTENTIRLoject was to retrieve environmental variables (EVs) from
earth observation (EO) that could be used to describe but also contribute to the classification of landscapes within
and surrounding protected areas (BAand assessment of chandee study focusd on 22 PAs and their surrounds,

with these distributed across Europe and also Israel and South Africa and representing a diversity of land cover
(LC) and habitats associated with high mountain, marine and coastalridrahd semiarid ecosystemsRronding

a robust, accurate and relevant classification for this diverse range of PAs was a significant challenge but wa
addressed by designing and developing the Earth Observation Data for Ecosystem Mo(HOMESM) system.

This system was built on theéwledge driven concepts behind the Earth Observation Data for Habitat Monitoring
(EODHaM) system generated as part of the EU FPSBI® project (Lucas et al., 2014) and applied to Very High
Resolution (VHR) Worldview data. The EODESM system is simitaptedecessor in that it facilitates routine
classification of land covers accordinghe Food and Agricultural Organisations Lawode® Classification System
(FAO LCCpand can translate these to other LC as well as habitat taxonomies wititrmut the integration of

in-situ data (Tomaselli et al. 2013Jhe EODESM system can also integrate products generated by data driven
classifiers and prexiging validated thematic datal'he system facilitates routine detection of change and allows

for the generation of maps indicating the causes and consequences of change (to be reported in Deliverable 4.3)
The system has been developedTliask 4.3and uses, as input, the EVs generateddsk 4.2 The resulting maps
provide direct input to the modeltig activities being undertaken in other WPs (i.e., WP6, WP7, WP8).

The motivations behind the development of the EODESM system was the recognition that:

a) Land cover and change classification could be generated for any area using a consistent ahd global
applicable land cover taxonomy (i.e., the HXGCS?2

b) The classifications could make direct use of EVs generated Wilsik 4.2 over varying periods of time
from EO and other data sourcekhese included those that were knowleddegven (e.g., rulébased) or
data driven and using algorithms (e.g., through supervised random forest or support vector machine
algorithms) that were developed through previous FP6 and FP7 projects (e deBENE, FFBIO_SOS,
FPZMS.MONINA, FPEU BON, FPVELEIOS).

¢) The use of raster attribute tables, through the newly developed KEA format (Bunting et al., 2013), allowed
additional EVs from different GEO Societal Benefit Areas (SBAS) to be integrated and made available.

d) The classifications could be applied at angle and using input from a wide range of multipteirce earth
observation data, including from radar and optical sensors.

e) The classifications could be validated by translating existing land cover or habitat maps to the same
consistent taxonomy (i.eFAO LCC¥ar providing validated in situ information (including recent updated
data collections) that was equivalent in content to that used for classification and description within the
EODESM system.

f) The FAQ.CCS2axonomy could be largely tramded to habitat categories including those described by
Annex 1 (Habitat Directive (92/43/EEC) or the European Nature Information System (EUNIS) taxonomies o
The General Habitat Categories (GHCs from theNEEBfdid BIO_SOS projects).

g) LC and habitats argnportant elements for ecosystem monitoringn the literature, and for practical
purposes, the MAES report (Maes at al., 2014) considers an ecosystem at the scale of habitats, which ca
be mapped throgh translation from LC maps (haselli et al., 2013).

h) Open source software (mainly written in python) was available or could be advanced to undertake the
development of the EODESM system, which cthit be distributed to users.

ECOPOTENTIAL i SC5-16-2014- N.641762 Page 7 of 127
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2.1 Main objectives
The stated operational objectives of WP4, as listed inDaV, are:

1. Design and develop a paperational multimodular system named EO Data for Ecosystem Monitoring
(EODESM) for Level 1, 2, 3 and 4 Remote Sensing (RS) data to quantify Essential Biodiversity Variables (EE
and other EVs and document qualdand uncertainty. An advancement of the state of the art using both
pre-existing and new techniques will be achieved particularly when dealing with Very High spatial
Resolution (VHR) (e.g., 3rd Party missions: World3jewemporal Resolution (VHT) (e.§entinetl/2)

FYR &LISOGNYft wSazfdziazy o6+{wl0 6So®3adr 5[ wQa KeLIS

2. Optimise the selection and use of appropriate EO data, considering sensor types, spatial, temporal and
spectral resolution, and Copernicus core products for ecosystem aassif, mapping and monitoring.

3. Elaborate open source software and products.

4. Support activities in WP6, WP7, WP8 and WP9 and provide results to WP10. Provide EO product validatior
inter-comparison and visualization tools for assessing the qualityata products (e.g., land cover and
habitat maps). As output, WP4 will provide comprehensive rsoltirce, multiscale and multemporal
EO products (services) for ecosystem monitoring and will distribute them as an ECOPERNICUS servi
(WP10).

In this framework, Deliverable 4.2 describes the activities carried out within Task 4.2 and Task 4.3.

Task 4.2 focuses on the direct and indirect retrieval of terrestrial (Task 4.2.1) and marine/coastal (Task 4.2.1) bic
geophysical variables at spatiabodutions (grains) and temporal frequencies that are appropriate as input to the
activities undertaken in Task 4.3 and other modelling WPs of the project. Section 3 of this document describes the
activity carried out in Task 4.2.

Task 4.3 focuses on the BESM system for the extraction of thematic maps and indicators from mudgale EO

data (including satellite anih-situ data). Land cover and habitats classifications (Task 4.3.1 and Task 4.3.2) and
their validation (Task 4.3.5) have been mainly basedhe analysis of recent and archived Medium Resolution
(MR) and High spatial Resolution (HR) images. Knowladdalatadriven classification techniques for muditale

LC maps and LC to habitat conversion have been used. Such maps have been usdddapdaand biodiversity
indicators extraction carried out in (Task 4.3.3), and will be used in the next months for ecosystem services
indicators (Task 4.3.4).

Due to the lack of VHR satellite data from 3rd Party missions (e.g., WorldView2, WorldViQuikBird), it has

not been possible to carry out the activities related to VHR data analysis in Task 4.3.1 and Task 4.3.2. Access to
the ESA Data Warehouse was obtained at the beginning of the project but no quota for new VHR data has been
assigned to theproject so far.However, given that 10 m Sentinél data given the consistent availability across

the all protected areas at no charge to the users, attention focused on generating consistent land cover
classifications from these for the PAs.

2.2 Process fosatellite EO products identification

According to Objective 2 of WP4, the -H&ived products and services to be delivered and used subsequently
within the modelling components cECOPOTENTIAlere defined through storylines. For the process, a
questionraire exposing WP4 data generation capabilities and pointing out the constraints and the requirements
for products delivery was developed. The form was sent to partners involved in WP4, modelling WPs (i.e., WP6
WP7, WP8, WP9) as well as those partnersQlitef @ 2NJ AYRANBOGt & Ay@d2f OSR A\
Protected Areas. The survey tried also to support the conceptual framework built within WP2 for linking EO satellite
data/products and irsitu data to the concept of EVs, by contributing to ithextraction within WP4. The
questionnaire was successfully filled for all PAs.

ECOPOTENTIAL i SC5-16-2014- N.641762 Page 8 of 127
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The output of this process was a tabular description of the products explicitly required for each PA and storyline,
including temporal and spatial resolution requirementsaas| as the time interval of observation and the priority
level according to the PA. The Table has been regularly updated Wif@POTENTIkkeetings (e.g., the General
Assembly held on June 2016; the Review Meeting held on January 2017) and improvietbwitation

concerning the partner in charge of the production, the status of the production (pending to be assigned,
assigned/to be generated, in process, available on the FTP), the expected deliverable date, the link to the data
repository and a tag fametadata:

(http://twiki. ECOPOTENTI&eaf.cat/foswiki/pubECOPOTENTIAMP4/ProductsAndPartners/Responsibles vs_
PA_Stoylines.xIsX.

2.3 Software and taxonomies

2.3.1 Software

Open source software (e.g. Python, RSGISLib) has been mainly adopted for data processing. Web Process;
Services (WPS) have been developed or are in progress in order to guarantee open access, througlathe V
Laboratory (WP10), to modules still based on commercial software (e.g., Matlab).

As many organisations may not be in a position to provide their modules ©A@POTENTIpvoject, all products
provided by such modules f#@BCOPOTENTIRASs have ben and will be (updating) uploaded on the project ftp

site for access from the Virtual Laboratory. In Appendix 1, most of the modules used are described using a data
flow diagram. In Section 3, for each product generated in WP4, the use of commeprapoetary software has

been indicated as well as the use of existing Copernicus services. Section 5 summarizes the preliminary list ¢
modules that the Virtual Laboratory will access, how and when. Such list will be updated by the end of WP4 (M40).

2.3.2 Taxanomies of Land Cover, Habitats and Ecosystems

In the previous FP7 BIO_SOS project, ateth analysis and comparison of LC and habitat taxonomies was carried
out (Tomaselli et al., 2013). As a result, RGO LCCS2axonomy proved to be the most usefurf LC map
production and subsequent LC to habitatnslation with the latter requiring additional thematic and-#itu data

(in some cases; e.g., water salinity, lithology; Tomaselli et al., 2013; Kosmidqi2é1.8; Adamo et al., 2014).

LC and habidits are important elements for ecosystem monitoring. As well known, for practical mapping and
assessment purposes, the MAES report (Maes at al., 2014) considers an ecosystem at the scale of habitats, whi
can be mapped through translation from LC mapsr(@selli et al., 2013). To this purpose, the EODESM system
provides a general framework for ecosystem monitoring.

2.3.3 Overview of Study Areas

TheECOPOTENTIpoject focuses on 22 protected areas that are associated with 11 biogeographic regions across
Europe but also including the Caribbean, the Canary Islands, Kruger Nationah@®& Reunion (Figure 2. A).

full description of the protected areas, the@systems and habitats occurring and the particular pressures placed
on ecosystem services is given Htp://www. ECOPOTENTHAtoject.eu/201605-24-14-52-12/protected-areas

and reported also in Deliverable 2.2.
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Figure 2.1 Protected areas considered by the ECOPOTENTIAL project
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3. Retrieval of biegeophysical variables (Task 4.2)

For all PAs, a number of environmental (primarily-@pgmphysical) variables have been generated through
ECOPOTENTIBWLt existing global and European datasets (Egpernicushave been also considereBoth sets
of variables have been used input to he EODESM systeifhe following sections give a detailed perspective of
those that have been produced BYCOPOTENTIMP4 partners, with focus on a) Terrestrial fg@ophysical

variables retrieval (Task 4.2.1) and marine, coastal and transitional watdtaring (Task 4.2.2).

Variable Code |Year Example Reference
Tree canopy cover CC |2000 Hanseret al. (2013)
Tree cover density TCD |2012 Hanseret al. (2013)
Vegetation Continuous Fields (VCF) tree cover CC |20002010 Sextonet al. (2013)
Forest/nonforestcover FN |2010 Shimadeet al. (2014
Canopy height HT 20042008 Lefsky (2010)
Canopy height HT (2005 Simardet al. (2011)
Leaf type LT (2012 Langanke (2013)
Forest fragmentation FF 2013 Potapovet al. (2008)
Boreal forest biomass AGB [2000s Santoroet al. (2015)
Bare ground BG |2010 Hanseret al. (2013)
Urban and settlement map UR ]20102013 Copernicu$
Impervious surface IM ]2011-2012 Langanke (2013)
Hydroperiod HY (20092014 Pekelet al. (2016)
Surface water SW 20002012 Hanseret al. (2013)
Surfacewater SW (20062012 Pekelet al. (2016)
Inland water SW (2000 Fenget al, (2016)
Water SW 20002002 Carrollet al. (2009)
Inland water bodies SW |2014present Gondet al,, (2004)
Glaciers GL |1850present GLIMS and NSIDC (2005)
Snow and ice covér SC [1966present Hallet al. (2016)

http://land.copernicus.eu/pareuropean/GHSL/view

2http://nsidc.org/data/search/#keywords=snow/sortKeys=score,,desc/facetFilters=%257B%2522facet_parameter%2522

%253A%255B%2522Snow%2520Cover%2522%255D%257D/pageNumber=1/itemsPerPage=25

Table 3.1 Summary of variables provided for use in EODESM and derived from global and European laye

3.1 Terrestrial biegeophysical variables retrieval (Task 4.2.1)

This sectiorincludes a detailed product card for each of the terrestrial geophysical variables generated in the

context of ECOPOTENTIRAS requests The card includes

1 the Technology Readiness Level (TRibeafodule used to retrieveachspecificvariable TheTRL follows
the accepted metrics for HORIZON2020 projects (See Section 11). Not Applicable (NA) indicates variable

retrieved as open access services (e.g., Copernicus service or MODIS products);

= =

(in WP10will not accestaccesghe module

ECOPOTENTIAL T SC5-16-2014- N.641762

the type of software used (Open Access, Commercial or Rtapyi(C/P))
the labelBackground/Foreground knowledge (Bi$-adoptedto indicate whetherthe Mrtual Laboratory
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D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules

The list of the biegeophysical variables described in subsequentsediions is reportechi Table 3.2.

Life Forms: woody, herbaceous, cryptograms

UNSW, UPS, EVS, EURAC, CREAF, UAB, UiB

Life Form*: semnatural and natural grassland EURAC, CNR

Tree Cover Density (%)* UPS

Leaf Type* UPS

Vegetation height (m.) UPSCSIR, TdV, ESL
Leaf Aredndex (n¥ m?) UPS

Vegetation Phenologyl UAB, CREAF, CERD, UFZ, CSIR
Vegetation Phenology?2 CERTH, CSIC
Invasive Plant Species CNRJCETANBIO
Above Ground Biomass (Mg Ha UPS, CSIR
Herbaceous Biomass (g3n CSIR

DEM (m.) UPS

Soilmoisture (%): Time series approach CNR

Soil Moisture: Data driven approach EURAC

Vegetation moisture content UPSUAB, CREAF
Land Surface Temp. FORTH

Albedo FORTH

Water State CSICCERTH

Water Extent CERTHZSIC

Water Hydreperiod CSICCERTH, UIBURAC
Hydroperiod and seasonality maps estimation CERTH

Water turbidity and sediment loads UNSW, CSIC (EBD), CREAF
Water depth CSIGEBD)

Snow cover from optical data EURAC

Snow cover from SAR data STARLAB

Ocean Color Products (CHLCDOM, TSM) ISPRA

Wind fields CNR

Sea Surface Temperature ISPRA

ChlorophyHa ISPRA, CREAF, HIO
Shoreline delineation STARLAB
Bathymetry ISPRA

Cloudiness CNR

" Data from ¥ parties.

Table 3.2List of biegeophysical variables retrieved.

ECOPOTENTIAL T SC5-16-2014- N.641762
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D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules

3.1.1 Vegetation

LifeForns

Algorithms/Methods: For vegetated areds a random forests
classificatiorhas been applied to differentiate lifeforms (e.g., for Northe |
Limestone),with these including woody (trees or shrubs), herbacec
(grasses or forbs) and grpphytes (mosses or lichens).

Woody: As an alternative, the extent of woody vegetation can [B%
extracted from maps of canopy covéér 20 %), heigh(> 2 m) and above | w
ground biomas$ (e.g. > 5 Mg hd), with shrubs and trees als

differentiated using these layers (e.g., based on threshofdsm). |

Herbaceous: Associated with vegetation not mapped as woo <
particularly in areas where cryptograms have limited distributiord ¢ [*
extent (e.g., in serrarid areas). For the Camarguehanges in the exten =
of reedbeds were mapped usimtpssification®f Sentinell SAR. For the Life form classification for Northern Limestone
EEA39 area, Copernicus High Resolution European Layers (namely L generated using a random forest algorithm
sensor data from 2006, 2009 an@12) were used to map the extent ¢

. 2 CTV Herbaceous
seminatural and natural grassland. A subset was extracted for 3 CTV Graminoids
Paradisé, 5 NTV Trees

. ; 7 ; . & MTV Shrubs
Cryptograms: For the Hardangervidd4’, the extent of lichens wat 2 NIV Gramingkds

mapped using 66 Landsat 5, 7 and 8 sensor data acquired in 2000, 5 NTV Herbaceous
2006, 2010 and 2015 (with less than < 50 % cloud cover), the Norme | o nay Trees
Difference Lichen Index (NDLI) and Normalized Difference Moisture |

(NDMI) were used in a regression algorithm with three normal distribu

parameters) to estimate lichen volumea(feorf et al. 2014, Falldorf et a

2015).

Validation: For random forest classifications of lifeforms, validation | &
been undertaken with reference tbCCSehaps generatedrom existing §
land cover maps-or NDLI and NDMI indices in HardangerviddaN@BBls §
and 66 NDMIs, 2003 to 2016) an uncertainty product at pixel level, b
on error propagation, has been desigiéd For lichen maps ir §
Hardangerviddj validation was based on esmt knowledge and field
data. The grassland maps generated for the BE#vere validated usin¢ g
more than 20,000 sample pdmstratified across the are&amples with a
disagreement of more than 25 % (more than 6,000) were reinterprete
part of a plausibility check. The overall accuracy was 80 %. No S ;
regionaldiscrepancies in accuracies were observed among the diffe ) ) )
biogeographical zones, countries and group ofirddes larger than EXtentof lichens (white) for 1990 Hardangervidda
90,000 km2.For more information see http://land.copernicus.eu/user
corner/technicallibrary/hrl-ngr-2012-validationreport.

Technological readiness level:(BNSW)
Open source (Y/N): Y

Commercial or proprietary (C/P):
Background or Foregrounkinowledge B/F). F

Partners: UNSW UP$, EVS§ EURAE CREATUAB, UiB

E(@0) ECOPOTENTIAL T SC5-16-2014- N.641762 Page 13 of 127
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Life Form: semmatural and natural grassland

Algorithms/Methods: Occurrence of sematural and natural grassland as binary product (1: presefic@bsence)was
provided by EURA@nd CNRfor Gran Paradiso and Murgia Alta PAs, respectivEigproduction workflow was based o
initial image segmentation. Information derived from the biophysical parameter layers is added to the objects fromdhe
segmentation. Then a serautomated classification of multispectral satellite data (derived from Image -2008-2006) is
applied, followed by manual editing (aided by individual country assessments). Spatial resolution: 20m.

(@)

[] natural grassland

(] all none-

grassland areas

1:250.000

(b)

Seminatural and natural grassland derived from VHR imagefg)iGran Paradiso National Paakd
(b) Murgia AltaData provided by Copernicus High Resolution European layers.

Validation: (1) Qualitative assessment: review of taeailable datasets and the existing documentation prepared as pa
the semantic checks p®rmed during the production(2) Quantitative assessment: blind interpretation of more than 20,
sample points stratified across the EEA39 area that were coedpagainst different reference data. Samples with
disagreement of more than 25 % (more than 6,000) were reinterpreted as part of a plausibility check. Overall accurg
%. No specific regional discrepancies in accuracies among biogeographicataangses and group of countries larger tha
90,000 km For more information see http://land.copernicus.eu/useicorner/technicallibrary/hrl-ngr-2012validationreport.

Source: High Resolution Layer: Natural Grasslands (NGR) 2012, Copernicus Land Monitoring Service.

Technological readiness leveltA

Open source (Y/N): YAccess to data is based on a principle of full, open and free access as established by the Coper
data and information policy Regulation (EU) No 1159/2013 of 12 July 2013)

Commercial or proprietary (C/P):

Background or Foregrounkinowledge B/F):

Partner:EURAE CNR

ECOPOTENTIAL i SC5-16-2014- N.641762 Page 14 of 127
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D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules

Tree Cover Density (%)

Algorithms/Methods: Tree cover density was estimated (Copernicus Land Services) for all protected areas with
vegetation using a serasiutomated classification and computarded visual refinement baseon high resolution satellite
imagery provided by ESA (DWH_M62_CORE_01), mainly IRS RS2 and SPOT 4/5 (COV 1) and RapidEye (COV2) at|
spdial resolution respectivelyStepwisewise enhancement was achieved using the Corine Land Cover (CLOpm2(E6
and 2012, within this allowing adjustment for cloud covered areas and where gaps in the data occurred. Addition
observation (EO) data were also used to refine the mapping for the 39 member states and affiliated countries to thark
Environment Agency (EEA39)he resulting estimates were then combahinto a European mosaithe minimum mapping
width (MMW) was 20 m. For each PA, a subset edsacted and reprojected (UPS) to the corresponding UTM zone.
100 » ofs ~ AT, ‘ < . TGRS . Y

’

Tree covedensity map, Northern Limestone National Park.

Validation: Undertaken based on a dedicated stratified systematic sampling design based on two levels (strata):
greater than 90,000km2 and b) omission and comraisgirobability (high and lowYhematic accuracy assessments perform
through independent visual interpretation of higher resolution imagery by trained interpreters leading to an overall ac
of 60 % For more information see http://land.copernicus.eu/useicorner/technicallibrary/hrl-forest-2012validationreport-
1

Technological readiness leveltA

Open source (Y/N):

Commercial or proprietary (C/P):
Background or Foregrounknowledge B/F):

Partner: UPS

~(@[) ECOPOTENTIALT SC5-16-2014- N.641762 Page 15 of 127
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D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules

Leaf Type

Algorithms/Methods: For all protected areausing the same data used to retrieve Tree Canopy Density (TCD), and f
@t dzSa xmn FyR fwmnam:3 | @édleaved feanierols) fargsts @&k gehexdiet! (R 6p&rhicdsS
Services) for Europe with a Minimum Mapping Unit (MMU) at 0.5 ha with a MMW of E@meach PA, a subset wadracted
and reprojected (UPS) to the corresponding UTM zone.

T 2 N _
v :"\‘ : U kL'I% *
e b ST M AT 3 700 'y ‘!v s "A(\

Leaftype classification, Northern Limestone National Park- Broadleaved forest

- Coniferous forest

Validation: The overall accuracy was assessed using the same stratified sampling design as for TCD, giving an overg
of 82%, with the greatest confusion occumgi between the forest types.For more information see
http://land.copernicus.eu/useicorner/technicallibrary/hrl-forest-201 2-validationreport-1.

I:l All non-tree areas

Technological readiness leveltA

Open source (Y/N):

Commercial or proprietary (C/P):
Background or Foregrounkinowledge B8/F):

Partner: UPS
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Vegetation Height (m

Algorithms/Method s: LIDAR data have been used to retrieve canopy height models (CHM) for a) the mountainous PA
Northern Limestone, Sierra Nevada/Sierra de Baza and Swiss National ParképavblKruger NPIn each case, the data
were examined for extent, consistency, owegs orgapsh S NI | LILIA Y 3 LR AY G A IngdRp filngvasa g
undertaken.A ground/nonground classification was also undertaken, if considered to be too coarse, usingeheource
Multiscale Curvature I&ssification (MCC) algorithepending on the flight characteristics, the point density and
topography parameters were determined for each ALS flight through iterative testing. Following classification, digital
elevationmodels (DEMs) were interpolated at various spatial resolutions and used to compute the normalizaditeigh
height above ground)The normalised point cloud was used subsequently to produce generic-bE¥&R metrics, including
canopy closure, canopensity and percentiles of returns at different height levels, with these representing proxies sf f
structural characteristicsThese data were then used within parametric (e.g., linear regression) epa@metric (e.g.,
random forest, support vectomachines) models to map forest structural characteristics of inteFestCamargu¥, green
reed height Phragmites australisn cm) was mapped using SRBdata based on the algorithm of Poulin et al. (2010).

28
- | Hydrological units
o
!7940@
L J 109-129
130-146
147-164
B 165181
B 182199
B 200-221
I 222248
B 249310
[ Canopy height moeleived from Green reed height (cm) estimated from SPQikta,
I LIDAR, Northern Limestone Camargue
Om

Validation: Product validation was carried out for PAs watveilable insitu data. Details regarding validation are available
the productaccompanying ReadMe files.

Technological readiness leveltA

Open source (Y/N)Y

Commercial or proprietary (C/PP
Background or Foregrounknowledge 8/F). B

Partner: UPS, CSIR TdV, ESt

f‘ ECOPOTENTIAL i SC5-16-2014- N.641762 Page 17 of 127
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Leaf Area Index (fim™)

resolution LA¢ was produced buthe higher number of saturatedetls restrained its usability.

Algorithms/Methods: Using the full point cloud LIDAR data processed for Sierra Nevada, Sierra de Baza and La P
effective leaf area index (LAle) was computed from the gap probability (BAlasin(P), with this being the ratio of groun
returns to the totalnumber Eieber et al., 2014 he aggregation cell was set at 20 m in consideration of saturated cellg
those with no ground returns because of the high density of the canopy andehlow point cloud densitypA 10 m spatia

e

Effective LAl derived from LIDAR, Sierra Nevada

al. 2016, Morsdorf et al. 2006).

Technological readiness leveltA

Open source (Y/N)Y

Commercial or proprietary (C/PP
Background or Foregrounknowledge B8/F). B

Partner: UPS

Validation: The lack of reference data (March 2017) prevents validation activities. Other authors showed that LAle o
from the gap probability is closely related with reference data from hemispherical photographs (Fieber et al., 2014, F

ECOPOTENTIAL T SC5-16-2014- N.641762

Page 18 of 127



Cofunded by the

D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules European Union

Vegetation Phenology 1

Algorithms/Methods: Measures of vegetation phenology were determined by considering temporal and annual variati
the Normalized Difference Vegetation Index (NDVI) or Enhanced Vegetation Index (EVI) derived from Landsat? $el
MODIS data (EVI computed as in Jieingl., 2008). NDVI timgeries were generatéd for Northern Limestone (21 NDVIs a
21 EVIs, 2002 to 2014), La Palma (93 NDVIs, 1988 to 2016), Hardangervidda (66 NDVIs, 2003 to 2016), Sierra N
NDVIs, 1984 to 2011), Kruger (67 NDVIs, 1987 tot 2016), Montado (15*2 NDAdsnes for each date1984 to 2015)
Bayerisher Wald (86 NDVI, 1985 to 2016) and DofiaAatotal of 541 phenology indices (520 NDVIs and 21 EVI) have
computed??d |  LINP OS&aaAy3ad OKIFIAYy GKI G dzaSa “frenSdervingyghefojogicalSnets
from MODIS AQUA and TERRA and Sergidata. Theseproducts were generatetfor Abisko, Bayerischer Wald, Camarg
Curonian Lagoon, Danube Delta, Donana, Gran Paradiso, Hardangervidda, High Tatra, Montado Alentejo, Northern L
Ohrid Prespa, @éheda Geres, Samaria, Sierra Nevada and Wadden Sea, for the years 2002 to 2016. For Kruger, leaf
(LAI) time series data (20@D15) derived from MODIS and Gaussian modelling was’ usesstimate various phenometric
including start and peak @frowing season, maximum senescent rate, end of growing seasons

Phenological metrics [example]
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GPP [gC m™%)

el 1 ] 1)

;‘\ o

(@) Senescence measures for Northémmestone (2003)b) phenologybased GPP proxy (dimension less value) from
Northern Limestone (2002); (c) example NDVI time series, filtered values and modelled NDVI curve as well as phe
metrics (greerup and senescence date, GPP proxy; (d) BDY/GPP time series from validation site "Hohes Holz" {201
2016). GPP derived by Corinna Rebmann and colleagues (UNDMEgorresponding to Kruger NP (L8 15/11/2013

Validation: For NDVI and EVI indices, an uncertainty product at pixel level lbasedor propagation has been desigrieebr
forest and pasture sites in Northern Germany ("Hohes Holz" and "Grosses Bruch" respectively), validation data were
collected at suldaily resolution (2012016).

Technological readiness level:(WAB)

Open source (Y/N):

Commercial or proprietary (C/P):
Background or Foregrounkinowledge B/F). F

Partner: UAB, CREAF-CSIEBD, UFZ, CSIR
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Vegetation Phenology 2

Algorithms/ Methods: An algorithm for generating phenology curves relying on antins series of &ntinel 2 data was
implemented.Sixindices provided information for phenology estimation for the calculation of the phenology curve
NDVI index, (b) Water content Index, (c) Maturity Index, (d) Biomass Index 1, and (e) Biomass Index 2. The
information provided by the indiceother than the commonly applied NDVI, is used to fine tune the phenology depi
through the annual vegetative cycle. In order to estimate a curve point for a specific index, date and habitat clas&eh
values of pixels belonging to polygongtué class are averaged, while at the same time the standard deviation of the \
is estimated as the uncertainty associated with the average value. In the phenology caris,ixdicates the date and
axis indicates the average index value. Aroeadh curve point there is a bar showing the standard deviation of the i
values across the polygons of the specific class. The final phenology curve is generated by fitting a smoothing spl
initial curve points, which may be noisy. The workvfis shown in Appendix 1, secti8.

Class ID: 210

=}
=
[}

+  data
fitted curve

=
=

=}
e
&

r 104

NDVI Index
=)
A =
o f
,_._&

-]
na

I’l |
I 1
015} II_I_II . } }
0.05—L

L s s s s s s
0 50 100 150 200 250 300 350
Day from the beginning of 2016

r 0.2

-0.4

-0.6

Phenology curve for Class with 1D:210 (Marshl:
area in Donana PA) relying on NDVI Index (e
blue point show the average NDVI index value i
class for a date and its blue bar is the stand:
deviation of thandex values across the polygons
the specific class)

-0.8

(©) (d)

Series of NDVI maps (a) 17/02/2016, (b) 06/06/2016
(c) 05/08/2016 and (d) 14/10/2016. The legend shows tt
NDVI value corresponding to eaatiourin the map.

Validation: The phenology curves of 66 classes containing vegetation have been sentiéo€8&¥&luation and selectiol
of best correlatedt Y RA 0Sa 6A0GK (KS OflaasSaqQ LKSy2f23e0e

Technological readiness level:(€ERTH
Open source (Y/N): N

Commercial or proprietary (C/PBome components of the software are to be executed via commercial software, beg
of the availability of resourcedt. is intended to convert the algorithm to an open source for the Virtual Laboratory
Platform.

Background or Foregrounkinowledge B/F). F

Partner: CERTHCSIE
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InvasivePlant Species

Algorithms/Methods: For Murgia Altd, a two-stage classifier was used to differentiate the invasive speédlaathus altissima
First,a knowledge driven classifietas applied tanalyse 4 multtemporal WorldView2 images (Adamo et al. 2015). Then,
original winter and summer image pixels belonging to the deciduous layer, in the first stage LC map, were used as &
seconddata drivenclassification stage. However, orpixels characterised by NDVI values greater than 0,4 in the sun
image were analysed. A set of training reference data was used to tradathalriventwo-classes classifieAt Peneda Gerés
the combination of machine learning classifier (random $tsg feed by WorldVies2 data and species distribution modellir
quantified spatiallyexplicitly at finescale invasion extent (2m) and invasion success (200m) of Acacia s
(http://www.mdpi.com/1424-2818/9/1/6).

(a) (b)

The invasive species Ailanthus altissima [} ot Hertaceoms Gamieos it *

(&) The invasive species Ailanthus altissiifa land
cover map, Murgia Alta National Park, Italy. The lay
of deciduous vegetation was used for subsequent
classification of Ailanthus altissima, shown(a).

1:250.000

Classification of Ailanthus altissima
Validation: The LC map overall accuraA) was 92.77 % + 0.04%; b) Invasive species map. The OA was 97.07
Validation data provided by the LIFE Alta MugidFE12 BIO/IT/000218t(p://lifealtamurgia.eu/). For Peneda Gerésield
validation based on 60 locations estimated an OA of 91.3% and kappa coefficient of 0.81% of invasion map

Technological readiness level: (ENR)

Open source (Y/N): N

Commercial or proprietary (C/PP
Background or Foregrounknowledge B8/F):F

Partner: CNRICETANBICG
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Above Ground Biomass (Mg1a

Algorithms/Methods: For Kruger NF and Montado NP, above ground biomass (AGB) was retrieved for relatively flg
gently undulating terrain from Advanced Land Observing Satellite (ALOS) Phased AdbayeldSynthetic Aperture Rad:
(SAR) using wat@toud semiempirical modelsln mountainous areas ddorthern Limestone and Swiss National Park/D&v:
AGB was estimated by applying a Amarametric support vector regression to LiDd&ived metricswith field based
measurements.AGB maps will also be generated for Sierra Nevada and Sierra de Bazandplamguisition of field
measurements in 2017.

370

0

Mg hal
Validation: Based on comparisons with in situ data (when available) with cross validation achieved using ae itenatbm
splitting of samplesMeasures included models’,Rhe Root Mean Square Error (RMSE180 Mg ha), RMSE (%); 360%),
bias and r for observed versus predicted ¢0.8).More details regarding validation are available in the product accompan
ReadMe files.

Technological readiness leveltA

Open source (Y/N):

Commercial or proprietary (C/P):
Backgroundor Foregroundknowledge B/F). B

Partner: UP§CSIR
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Herbaceous Biomass (g2n

Algorithms/Methods: For Kruger NP, herbaceous biomass paslicted for 2001 to 2016 using estimates of leaf area in
(LAI) inverted from the PROSAIL radiative transfer model and 5Qgatialsresolution MODIS dat&emiempirical models|
were then used to relate LAI to herbaceous biomass, with these basedldmiéita collected in 2009, 2013 and 2014.

Validation: The LAI explained 50 to 80 % of herbaceous biomass and, using bootstrappirgatidaon, the relative erroi
of the models range from 24 30 % of the observed mean.

Technological readiness leveitA

Open source (Y/N)Y

Commercial or proprietary (C/PP
Background or Foregrounknowledge 8/F). B

Partner: CSIR
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3.1.2 Digital Elevation ModelSoil and Vegetation Moisture,dnd Qurface Temperatureand Qurface
Albedo

Digital Elevation Models (I

Algorithms/Methods: As a product of airborne LIDAR data processing, high resolution (5 to 20 m) digital elevation
(DEMSs) have been produced for Northern Limestone, Swiss National Park/Davos, Sierra Nevadie$ara and La Paln
island. The ground terrain was interpolated from ground returns classified using the open source Multiscale Cu
Classification (MCC) algorithm. Depending on flight characteristics, point density and topography MCC paranmetg
determined for each ALS flight through iterative testing.

265 m N 3475

Digital Elevation model (5 i Sierra Nevada National Park, Spain.

Validation: ALS data precision (horizontal and vertical) allows for accurate estimates of land surface Heigtuntal and
vertical precision better than + 50 cm and + 20 cm respectively are generally expected from commercial ALS flightdtAl
the precision of the interpolated surfaces (e.g., DEM, DSM) is significantly higher when compared to DEMI$rderigptical
stereo imagery or interferometric radars.

Technological readiness leveltA

Open source (Y/N):

Commercial or proprietary (C/P):
Background or Foregrounknowledge B8/F). B

Partner:UPS
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Soil Moisture (%): Time series based approach

Algorithms/Methods: Surface soil moisture is considered an essential variable in many GEO Societal Bese{iEBAS), sud
as climate Soil moisture has been retrieved using two different techniques based on: a) the analysis of denseri@aof
Sentnel-1 SAR data and b) the application of a dataeir neural network algorithmor Murgia Altad) and Har HaNeget),

soil moisture in the upper-8 cm of the profile was retrieved from tirsgeries of Sentinel SAR using the SMOSAR algorit
of Balerzano et al. (2011; 2013). The retrieval was based on the assumption thattihadChbackscatter change (observ
every 612 days) between dense tirrseries of and SAR data was related to the temporal change of soil moisture (mv
not that of vegetatbn or surface roughness changes (which occur over periods exceeding 12 days).

(a) (b)

' - sy - - o™ ne- - - Israel-Egypt
A = e g " o border (see Qin et
€ i ' - g .. JAE 2006,
— { Rozenstein et al.,
1 = - ~ JAEOG 2016)
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SMM product from SentindlA: (a) Murgia Alta, Italy, andb) Har HaNegev, Israel

Validation: Monthly measurements of soil moisture from July to October 2016 for Murgia Alta.

Technological readiness leves:

Open source (Y/N)N

Commercial or proprietary (C/PP
Background or Foregrounknowledge 8/F). B

Partner: CNR
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D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules

Soil moistureData driven approach

Algorithms/ Methods: The algorithm of Pasolli et al (2015) for retrieving soil moisture is being appleal/eral protected
areas, including Sierra Nevada, Pen@faes Har Halegevand Gran Paradisdhe algorithm requires thestablishment of
an empirical Support Vector Regression (SVR) model (Drucker et al., 1997) betheeth £/nthetic Aperture Radar (SA
backscatter intensity and surface soil moisture. Instead of using in situ data, a coarse resolution surface sod moil
(SMAP L4 SM; Reichle et al., 2016pedwduring the learning phas&he algorithm requires timseries of Sentinal A data,
the SMAP L4 reference soil moisture and, ideatlysitudata as inputAlgorithms have been developed to remote thern|
noise, filter, radiometrically calibrate and geometrically correct each Sentiledcene. For the selected protected areas,
available Sentinel A 1W GRDH timeeries data (October 2014ctober 2015) have been corrected and from these, sev
temporal parameters have been derived as a fisgtp in the estimation of SSMsuch parameters have been used
compensate for the influence of different surface roughness conditions, land cover classes and topographic dis
thereby leading to impreements in the SSM estimatiokiVhere available, a subset of in situ data have been used to trair
algorithm whilst the remainder havieeen reserved for validatiorsuch data have already been obtained for Sierra Ney
(up to 2014 and from autumn 2016) afénedaGéres (Junduly 2016). For Gran Paradiso, soil moisture measurement
be collected in2017. The training dataset, combined with the soil moisture reference, is used to establish the SVR m
soil moisture is then estimated at the spatiakplution (sampling of 10 m from the nominal 20 m resolution) of the Sent
1A GRDH data. Accuracy is assessed by first using the test data to show how well the reference datasets can be prg
demonstrate the validity of the model. Following adjugnts, the in situ test data are used to provide the final validation

-3.5 -3.0
I I
Sierra Nevada National Park
Sentinel-1 Soil Moisture Map: 2015-05-09
N oN
N =1~
™ o
| |
-3.5 -3.0
i i 0,
%MO'St“re [%] 3 0 10 20 30 40 k
I e

<5 20 > 40

Soil moisture (%) retrieved from Sierra Nevada National Park usingéinses of SentinelA data.

Validation: It is ongoing and based on the collection okitu data.

Technological readiness leves:

Open source (Y/N)Y

Commercial or proprietary (C/PP
Background or Foregrounknowledge B/F). B

Partner. EURAC

ECOPOTENTIAL i SC5-16-2014- N.641762 Page 26 of 127



Cofunded by the

D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules European Union

Vegetation moisture content

Algorithms/Methods: Vegetation moisture content is to be generated using tisegies of Sentinel backscatter intensity
data for Peneda Gerés and Montado, with calibration from grebaged measurements taken during a dedicated fi
campaign (2012017). The field campaiga still ongoing and empirical statistical modelling will be performed to estim
vegetation moisture content. Preliminary results may become available during the first half of 2017. For La Pal
Normalized Difference Water Index (NDWI) (Gao, 19883 used as a proxy for changes in water content of leaves, NDW
been computed-3for atotal of 93 images 1988 to 2018 he same is scheduled to be undertaken for the following PAs:
Paradiso, Sierra Nevada, Bayerischer Wald, Lake Ohrid aspgbPHigh Tatra Mountains, Samaria, Danube Delta.

NDWI x 1000
w High : 1000

B Low:-578

Normalized Difference Water Index for La Palma, Canary Island (L8 10/01/2014)

Validation: For Peneda Gerés and Montado, ground validation data were collected. Product development in Santseént
cancelled upon agreement with the collaborating partners (PA support for field data collection was not possible du
period of interest). For NDWI validation, in situ data has to be collected. Discussions and collaboration with local ipg
expected.

Technological readiness level:(BIPS)

Open source (Y/N)Y

Commercial or proprietary (C/P):
Background or Foregrounkinowledge B8/F). F

Partner: UPS, UAB?, CREAF
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Land Surface Temperature

Algorithms/Methods: Land Surface Temperature (LST) is one of the key variables for studying the Earth surface
processes and surfaagatmosphere interactions. Satellite thermal sensors measure the thermal radiation emitted fron
9 NIIKQa adz2NFI OS echiguesNiow 2ha Sstin@t®y” &f xhg AST.GMODIS (Moderate Resolution 1
Spectroradiometer) measures the thermal radiation four times per day with two satellites in orbit, Terra and Aqua, sin
and 2002 respectively, in 1 km spatial resolutiomerdges from the daily MODIS LST products for the entire globe are avg
to visualize and download All computations are performed in the Google Earth Engine (GEE).

and Surface Temperature

Map

e

Mean Land Surface Temperature (LST), Gran Paradiso NP.

Validation: Not available

Technological readiness leved:

Open source (Y/N)Y (Google Earth Engipe

Commercial or proprietary (C/PP (The product is provided by rslab.gr for free us€@OPOTENTIAS well as in any other
person/institute needs this informatign

Background or Foregrounknowledge B/F): F

Partner: FORTH
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Albedo

Algorithms/Methods: For Gran Paradiso, yearly (26R015) and monthly means and trends in bislkey albedo have bee
generated using the Google Earth Engine cloud platform.bfb&d-band surface albedo is defined as the ratio ofwplling
to downwelling radiation fluxes in a given wavelength range. It is not a true surface property, but rather a characteristi
coupled surfaceatmosphere system, therefore defined as Bltky Albedo (BSA). The BSA is a critical physical variable,
AYyFtdzSyO0Sa GKS 9 NIKQa Of AYIFGS o6& I F Fafrdsphere Iystank I8 rofe y6 St
significant in both global and local scales; hence, BSAureragnts provide a quantitative means for better constrain
global and regional scale climate modelling efforts. The Moderate Resolution Imaging Spectroradiometer (MODIS) s
02FNR b! {! Q& ¢SNNI | yR ! ljdzZ LX I {hededvpltation SNBSS anRu&Riy teingosal
scale 500 x 500 m spatial resolution. Here, the evaluation of BSA is based on albedo model parameters available
MODIS Bidirectional Reflectance Distribution Function (BRDF) product (product code: BAG[@3an &lay basis at 500
500 m on a global basis. These parameters are derived from-amgtilar reflectance observations, through the inversion
a BRDF model, after atmospheric correction and cloud screening. The algorithm makes use of-drikemelinear BRD
model, whereby kernel weights are derived from a best fitting procedure to observational data. For each 500 x 500
these weights are included in the MCD43A1 product at seven wavelengths in the visible, near infrared and shoftarad.
Using these weights, and after applying the corresponding quality flags, the broadband (@26 > Y 0 -ReiniNghéidal
surface reflectance (Blaekky Albedo: BSA) for all possible solar zenith angles (in hourly basis) antieéh@dprerical surface
reflectance (WhiteSky Albedo: WSA) are computed. Then, the true BSA is estimated using a linear relationship of
WSA, depending on the fraction of diffuse radiation, which is a function of the Aerosol Optical Thickness (AOTBEA
computation, AOT data came from the MODIS Level 3 product; among other parameters, this product includes AOT a|
onan8RIF& | @SNI IS orlara dGKFG GSYLRNIrtte O2AyOARSa 6AlKFK
performedin the Google Earth Engine (GEE).

0.09

0.182 BIe Sky Albedo (2000), Gran Paradiso National Park

Validation: Not available

Technological readiness level
Opensource (Y/N): YGoogle Earth Engihe

Commercial or ProprietaryC/P): A(The product is provided by rslab.gr for free usE@OPOTENTIA4 well as in any other
person/institute needs this informatign

Background or Foregrounknowledge B/F). F

Partner: FORTH
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3.13 Inland water and snow

Water State

Algorithms/Methods:
Liquid water: For Donana National ParkDelgado et al. (2016) used a Landsat TM and ETM+ shortwave infrared (b
threshold2 ¥ 0.186rto delineated flooded area. A joint TMSS acquisition was used to identify the MSS band 4 (
infrared) threshold. Using Landsat OLS data for DonafdaadBmiautomated histogram thresholding methadas applied to
map flooding extent in the Plr Areas (segments) with a high percentage of pixels associated with water are identifie
patches around the segment centroids are selected. From these histograms of the combined data are generated an
define the optimal (mean) thresholds foeparating water and nomvater. The algorithm has been tested using differg
datasets, including the polarization channels of Sertin@nd their algebraic combinations) and Sentiadlands (and indice
derived from these). Combinations of data (e.@ntthell and SentineR) have also been evaluated to establish whetl
improvements can be made when using each singularly or in combination. For the Wadden Sea, coastal water
separation has been achieved using Sentih8IAR data.

Snow: For Haréingervidda, maps of snow extent wespatially extrapolatedusing snow models that use interpolations
precipitation and air temperate and Bayesian methods, from daily snow depth data provided by the Norwegian
Resources and Energy DirectordldVE). The snow maps were generated using V1.1.1 of the snow model but witl
precipitation and air temperature and revised correction factors for precipitation. For Gran Paradiso and Northern Lin
National Parks snow maps were generated usingethlgorithm developed Notarnicola et al., (2013a, 2013b). In contra
the 500 m resolution MODIS snow products of NASA (MOD10 and MYD10), this algorithm provides map at the high
spatial resolution using the red (B1) and infrared (B2) wavebandstee NDVI to allow for a more accurate detection of sn¢
covered area (SCA). Clouds are classified using also bands at 500 m and 1 km resolution. This is especially in
mountainous regions characterized by extreme landscape heterogeneity angrmphy. MODIS AQUA and TERRA datz
also combined to mask clouds and increase the number of usable pixels for mapping SCA.
Ice:For Gran Paradiso and Northern Limestone National Pariaps of glacier extent were extracted from the GLIMS Gl
databease. GLIMS is generating areas of glacial area, geometry, surface velocity and snow line elevation, primarily
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) and the Landsat Enhanced Thematic
(ETM+) as well as hisical information derived from maps and aerial photographs.
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Glacier extent, Gran Paradiso NP, Italy.

Validation: Not completed

Technological readiness leved:(CSI€)

Open source (Y/N):

Commercial or proprietary (C/P):
Background or Foregrounkinowledge B/F). B

Partner: CSIECERTH
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Water Extent

Algorithms/ Method: For Donana (SpailY) a supervised and unsupervised approach for mappiater extent from both
Sentinell SAR and/or Sentin€loptical data. In the supervised approashlected pixels representing water identified and,
each, a vector of attributes (based on Sentinel bands and indices) was computed. These were then used as input to 1
Data Mining Software to train a range of classification algorithms. The seggprdach, which is more transferable betwe
sites, applied an unsupervised thresholding to either Sentiné/ and VH data or Sentirzbpectral data and derived indice
An initial threshold Tinit) was used to separate inundated from romundated aeas and then segments with a high percente
of pixels exceeding or below this threshold (depending on the data inputs) were selected. Patches around the centroi
selected segments were established and thresholds that effectively split the histedma each of these were estimated. T
final threshold derived from the splittindigar) was then used to separate inundated and Finandated areas. The work flo
of both approaches is shown in Appendix 1, section A1.7, work flows (a) and (b).

(@) (b) ©)

Water extent mapped for the Donana PA(ah 19" December 2015b) 8" March 2016 andc) 6" June 2016 (a) 19/12/2015
(b) 08/03/2016 andc) 06/06/2016 relying on the unsupervised approach and S2 input data. Water covered ardanatesl
with blue.

Validation: Inundation maps generated from Landsat and validated through field observations (provided by CSIC) a
ONNRBNE | NB NBLINB&ASYGISR o6& || O2yFdzaAizy Yl (i NX EapdrogdR and ésg
Sentinel2 and both Sentinel/2 was 94.6 % and 93.4 % respectively. The performance of the unsupervised approach wa
when SentineR data were used as input. Accuracies can be increased when a digital elevation model anel/taradhcover
classifications are included.

Technological readiness level:(BERTH

Open source (Y/N): N

Commercial or proprietary (C/PBome components of the software are to be executed via commercial software, becau
the availability ofesources. The algorithm will be converted to an open source module for the Virtual Laboratory Platfo
Background or Foregrounknowledge B/F). F

Partner: CERTHCSI&
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Water Hydreperiod

Algorithms/Methods:

Water: For Dofiana N, and for most years between 1974 and 2014, maps of inundation were generated from indi
Landsat scenes and combined to generate hydroperiod maps (Dekgadly 2017). Similar mapsvere generated using
combinations of Sentinel and-2.

Snow:ForHardangerviddg annual snow cover maps showing the number of days where the snow depth was above 1
each month were generated by summarising daily maps. Two measures of snow cover per year were generated; the
of days with snow cover per calgar year and per season (i.e., September of the previous year to August of the present
The spatial resolution of the data was the native resolution of Norwegian weather data; 1 x 1 km. For Gran Paradis
Northern Limestong hydroperiods fosnow were generated for 2002 to 2014.

@

number of days *
1-30
31-60

B 61-90

B 91-120

| 121-150

B 151180

I 181-210

I 211240

I 241270

B 271-300

B 301-330

I 331365 o 5 10

‘ ———————— Snow hydroperiod (in days), Gran Paradiso NP.

100

Water hydroperiod (in days), Donana NP

Validation: For the Landsabased classificatidi(Delgadcet al., 2017), the Kappa for flooded areas was OF&&. Donang
field-based, airborne (including drone) and satellite (Landsat) measures of open water were used.

Technological readiness level: NA

Open source (Y/N)For water, raster algebra is used and hence the algorithm is open source.
Commercial omproprietary (C/P):The flooding layers are WMS availabléntip://venus.ebd.csic.es/imgs
Background or Foregrounknowledge B/F): F

Partner: CSIECERTH UIB, EURAE
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Hydroperiod and Seasonality magstimation

Algorithms/ Methods: For Doflana, the hydroperiod has been mapped using water masks generated for different date
two dates (herein referred to as A and B) tiseparated by X days, the occurrence of water is compared. If a pixel is inun
on both dates, then it imssumed inundated for-days but X/2 days otherwise (e.g., A and not B or B and not A). The
number of days of inundation is determined by accumulating the water masks throughout the year. The resulting hydr
maps indicate the seasons wheniagqd is flooded, changes in inundation relative to previous seasons (i.e., the number of
per year) and the periodicity of flooding (number of dry periods). The workflow behind the hydroperiod and seas
estimation is provided in Appendix 1, SeatAl.6.
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Hydroperiod seasonality map of Donana PA in 2016(wh2@tp(fall). The
legend shows the colors that correspond to the cases summarized or|
right table

Validation: No ground truth data are yet available for assessing hydroperiods and associated seasonal variations.

Technological readiness level: 4
Open source (Y/N): N
Commercial or proprietary (C/PBome components of the software aebe executed via commercial software, because |
the availability of resources. It is intended to convert the algorithm to an open source module for the Virtual Laboratory
Platform.

Background or Foregrounkinowledge B/F). F

Partner:CERTH
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Water Turbidity and Sediment Loads

Algorithms/Methods: For protected areas, including th
Camargué areas of clear and turbid water were discriminat Wo® TG mhom o w0 dwe 7o awom
from Sentinel2 data by applying a random forest algoritht :
For Donana, an empirical model relating waterbidity to |# .
Landsat 5 Thematic Mapper (TM) and Lands&nhanced TV | - *
(ETM+) radiometrically normalised images was used |: ‘igl

discriminating turbidity classes. Initially, areas of flooding w |
identified using a red (R; band 5) and short wave infrared (S' |
band 5) reflectances lower than 30 % and 9 % reflects |’
respectively (Diabelgado et al., 2006). Nefelometric Turbid
Units (NTU) were then determined by including the n¢
infrared (NIR; band 4) and using:

0 ¢ WYY 18 p
Y
DCOPRHP P & ¢ PO OV p FTey, ;

For pixels that were not within the areas defined by the R
SWIR thresholds, the following was used:

0 & WYY 8 p Tipccpon&)ppZTm.Y ‘

o

OO

B 150-150 NTU

B - 500 NTU

Estimates of Nefelometric Turbidity Units (NTU
Dofiana marshes.

Validation: To be undertaken.

Technological readiness leved (UNSW)

Open source (Y/N)Y; algebraic equations

Commercial or proprietary (C/P)fhe NTU products are availabletdtp://venus.ebd.csic.es/imgs
Background or Foregrounknowledge B/F). F

Partner: UNSW, CSIC (EBD)CREAF

ECOPOTENTIAL i SC5-16-2014- N.641762 Page 34 of 127


http://venus.ebd.csic.es/imgs

D4.2 EO Biophysical Parameters, Land Use and Habitats Extraction Modules

Water Depth

Algorithms/Methods: For Dofiana marshes, the water depth (cm) was estimated using Landsat 5 Thematic Mapper (1
Landsat7 Enhanced TM (ETM+) radiometrically normalised images and for pixels identified as floodedeg|Déio et al.
2006; with a blue (B, band 1) reflectance of < 12 % and where the green (G) and near infrared (NIR) ratio was less
For retrieval, tle following relationship was used:

b ¢ "QQ M0 T8 p

Ot
T8t 0 WY T8t ¢ Y'Y OY 18t 32 Uér"Y

0
P8t ¢ Ui)_"O'Y P8I T £OT L8 WO X

where B4S represents the reflectance of the soil surface (when dry), which was obtained from a September3_ail
image.

m
10,000

Estimated water depth (cm), Dofiana marshes
Validation: Basedon in situ data, with water turbidity (in NTU) measured for samples collected at points 60 m apart al
walked transects, each of ~3 km. The model explained 75.42% of the variance. More information in (Bustamigr2809).

Technologicateadiness level: 3

Open source (Y/N)Y; algebraic equatits.
Commercial or proprietary (C/P):
Background or Foregrounkinowledge 8/F):B

Partner:CSIGEBD)
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Snow covefrom optical data

Algorithms/ Methods: For Gran Paradiso, Northern Limestone &idrra Nevada as well as Hardangervidda National P
snow cover area has been mapped over using an existing algorithm developed by Notarnicola et al. (2013a, b). The
exploits the MODIS AQUA and TERRA 250 m red (B1) and near infrared (B2)aegicell as the Normalized Differen
Vegetation Index (NDVI). Clouds are classified using these but also other bands at 500 m and 1 km resolution. Snoy
mapped for the entire period of the MODIS operation (since 2000). In the Hardangerviddaed® of snow and ice and al;
free of both water states have also been separated. The maps are of finer resolution that the 500 m resolution MOLC
products generated by NASA (MOD10 and MYD10).

|:| clouds

Technological readiness level: 7

Open source (Y/N): N

Commercial or proprietary (C/P): P
Background or Foregrounknowledge B/F). B

Partner: EURAC
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Snow Covefrom SAR data

Algorithms/Methods: Sentinell Interferometric Wide (IW) Ground Range Detected (GRD) SAR products (~20x20m
resolution, 250 km swath) are used to generate snow cover maps in Sierra Nevada (Spain), Hardangervidda (Nol
Tatra Mountains (Poland) national parks. SAR acquisitie suitable to identify wet snow covered areas through a chg
detection approach. However, in order to classify the snow wetness (i.e. wet or dry snow), temperature maps ant
elevation model (DEM) are needed. The implemented algorithm reqaires+free reference images of the area of intere
generally taken in summer. Both summer and winter images undergo -prpeessing phase including calibration, terrg
correction, geolocation (Small et al. 2008). Areas affected by layover and shadafmhgffects cannot provide any relial
information and therefore are masked out. A single reference image is then generated by temporally averaging the-s
snow images, with a consequent reduction of the speckle noise. A spatial speckle filstealiapplied to each winte
acquisition, achieving a better image quality, at the cost of slightly degraded spatial resolution. The identificatiatsc
covered in wet snow is made by carrying out a comparison between the ratio between the backegattethe reference
acquisition and of each winter image, and an empirical threshold. Pixel values larger than the threshold and characts
a temperature below an empirical threshold which is slightly higher than the freezing temperature, anéyinidasified as
wet snow. Digital elevation model (DEM) and temperature maps related to the same date as the winter image are ne
identify dry snow covered areas. To this purpose, pixels affected by a significant variation in the backscatiegingre:
further analysed together with their neighbours (75x75 window size). When the pixel is located at higher altitude th
average altitude of the surrounding snow covered area, and exhibits a temperature lower than the freezing poil
classiied as dry snow. The final snow cover maps are thematic maps labelled as: Layover/Shads@ying=snow =0, We
Snow= 50, Dry Snow= 200. The implemented algorithm based on the method presented in (Nagler et al., 2000) ne|
adapted to the charactgstics of each observed area by setting proper backscattering ratio and temperature threshol
using ground truth data during the calibration phase.

(b)

Preprocessed and despeckled reference (a) and winter (b) SehtiielGRMR images of the Sierra Nevada National Pg
(Spain) (c)example of snow cover map derived from the Sentinatquisition taken on 28December 2016(black:
layover/shadowing; blue: no snow; green: wet snow; white: dry snow).

Validation: To carry out as soon as the ground truth will be available for all sites. Liquid Water Content maps (1000x
grid) are available for thelardangervidda National Park and can be used for the validation activity.

Technological readiness level:The algorithm is currently implemented. However, temperature maps are still not
Open source (Y/N): ¥Python

Commercial or proprietary (C/P): P

Background or Foregrounknowledge B/F). F

Partner: SARLAB
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3.2 Marine, coastal and transitional water monitoring (Task 4.2.2)

This section includes a detailed product card for each of the marine, coastal and transition water monitoring
variables generated in the context BEOPOTENTIRAS requests.

Ocean Color ProductsHta, cboMm, Tsm) @

Algorithms/Methods: Optically speaking, waters can be genere
divided into two different classes (Morel and Prieur, 197#&se 1
waters, those dominated by phytoplankton (e.g. open oceatese 2
waters, optically deep and complex waters that contain not o
phytoplankton but also other constituents such as suspens
sediments, dissolved organic matters, and anthropogenic substan
The variety withincase 2waters, generally related to the coas
domain, is large because concentrations as well as specific Inh
Optical Properties (IOPs) of Chloroptayl{CHta), Total Suspende:
Matter (TSM) and Colored Dissolved Organic Matter (CD
concentrations are subject to potentially large and indegent
variations (Odermatt et al., 2012). Universally applicable algorithm:
the retrieval of water constituents fromase 2waters are not known
(IOCCG, 2006). Odermatt et al. (2012) provided a comprehel
overview of water constituent retrieval algthms and models for
optically deep and complesase2 waters using Remote Sensing dati (b)

Colored Dissolved Organic Matter 01/10/2011

Currently, the empirical model is still the most widely used tool to ir Chlorophyll-a 01/10/2011
water constituents from Remote Sensing data, even if the accurac
semiempirical modelsis better than that of empirical algorithm
(Bukata et al., 1995), and these models are more applicable
different water types with the capability to account for the effects
water depth, particle size, and wateair interface. Spectral inversio
procedures match spectral measurements with -biatical forward
models by means of inversion techniques, in order to genei
standard Ocean Color products. The spectral IOPs of all t
constituents are thereby retrieved at once from one spectral A
Amongthe several inversion techniques applied for this procedure, |2
CoastColour algorithm (Brockmann et al., 2012) was selecte
estimate water constituents concentrations of the Wadden Sea Dt
Delta site from MERIS data.

The CoastColour algorithm is freely available as a plugin of the E
VISAT software (http://www.brockmanconsult.de/cms/web/beam;
http://www.coastcolour.org.

55N

S54'N

S3'N

0 25 50 75 100 km
—— )
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Validation:

Technological readiness leveNA
The Brockmann Consult algorithm was used.

Open source (Y/N): Y
Cammercial or proprietary (C/P):
Background or Foreground knowledge (B/F):

-
0 25 50 75 100km
—

Partner: ISPRA

3E 4E SE 3 TE

Products forWadden Sea (Dutch Delta)
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Wind Fields

Algorithms/Methods: High resolution offshore and coastal sea surface winds (directions and speeds) have been retrieyv|
co-polarisedvV and HH Sentin@l SAR data for the Mediterranean Sea, south of the Camargue, and the Wadden Sea u
SARWIND L®od (Rana et al2016). Validation has been achieved through cross comparison with numerical weath
analyses and or predictions (e.g., ECMWF and SKIRON wind data; (Kallos, 1997)). The wind direction component we
directly from Sentinell data and then usedsainput to the backscattering Geophysical Model Functions (GMFs) for retri
the wind speed component by (Li and Lehner, 2014). SSW fields derived from Skmtatalseem to better reproduce th
spatial characteristics of local winds at both high anedium output resolutions, compared to the ones obtained from {
weather models considered, i.e. SKIRON (Kallos, 1997) and ECMWEF. More details in the paper (Rana et. al, 201}
under revision. The algorithm work flow is shown in Appendix 1.

(@)

SSW und direction and speed components at SSW products fothe Wadden Sea at 12.5 km spatial
12,5km(a) and 5km spatial resolutidib) retrieved resolution from ascending (c) and descendi)dW/-
offshore from the Camargue by stendinglW- GRDBHRSentinell data

GRDHRSentinell data

Validation: Details are provided irSectiord.7.6

Technologicateadiness level: 4
Open source (Y/N): N
Commercial or proprietary (C/PY Some components of the software are to be executed via commercial software by
intention is toprovide WP Sor the Virtual Laboratory Platform.
Background or Foregrounknowledge (B/F): F

Partner: CNR
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Sea Surface Temperature

Algorithms/Methods: Sea Surface Temperature (SST) has been mapped from both weather and earth observation
thermal infrared data, initially using algorithms developed by, for example, by Andling and Kauth (1970) an
improvements of these (e.g., Merchant et,a2008). For European seas, the Copernicus Marine Environment Monit
Service (CMEMS) currently employs operational processing chains for SST retrieval (known as the Level 4 product) feo
thermal infrared sensors (referred to as L2P) includitgAATSR (ENVISAT), AVHRR (METOP_AINOMBAAL8), MODIS
(TERRA, AQUA) and SEVIRI (MSG) (Buongiorno Nardelli et al., 2013; Pisano et al., 2016). The highest quality
acquired between 9 pm and 6 am local (pixel) time. For each pixel@pdsition time, SST are first extracted and spati
correlated errors are then removed using a bias adjustment procedure. Successive supercollating algorithms are the
to generate Level 3 muildensor SST (Buongiorno Nardetlial., 2013). Fially, interpolation procedures are optimized

generate the gap filled SST Level 4 dataset on a daily basis and at 1/100° spatial resolution. For the protected are
Wadden Sea (Dutch Delta) and the Mediterranean Sea (Large Marine Area), SSTdataelere extracted from CMEM
following application of offset and scale factor values.

gt aoe

Sea Surface Temperature for the Mediterranean SeaS2ptember, 2008.

Validation:

Technological readiness leveltA- CMES product source
Open source (Y/N):

Commercial or proprietary (C/P):

Background or Foreground knowledge (B/F):

Partner: ISPRA
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ChlorophyHa (open waters and inland waters)

Algorithms/Methods: Optical oceanography aim to operate accurate estimation concentrations of the water constituents
optical measurements. Absorption and scattering properties of sea water are described by its inherent optical pro
(IOPs). Based on the IOPs, watesn be classified in two main classes: Case 2 waters, vertically mixed coastal waters do
either by suspended inorganic material or biogenic particulate material, and Case 1 waters, influenced by biogenic r
only. Depending on the concentiahs of the constituents, the water changes its color from blue to green to light br
Different bands from optical multispectral sensors are used to estimate surface concentration of photosynthetic p
chlorophylta, yellow substance and suspendeatbriganic sedimentary particles. Algorithms are applied to derive
concentrations of the three different groups of substances in Case 2 waters from the-iwatémg radiance, and of Cal
concentration in Case 1 waters, after an atmospheric correctioperformed (Doerffer, 2009). The Copernicus Mar
Environment Monitoring Service (CMEMS) employs operational processing chains for the production, validat
dissemination of the muktsensor Ché Level 3 (L3) products covering the European Seagh&dviediterranean Sea, th
combination of MedOC4 (Case 1; Volpe et al., 2007) and AD4 (Case 2; Berthon and Zibordi, 2004) algorithms al
generate and distribute the L3 ESA G8&ags and monthly average composites of Chloropayglbncentration dta. Input TOA
radiance data are collected from SeaWiFS (R2010.0), MODIS (R2013.1) and MERIS L1B (3rd reprocessing). MedO(
algorithm matching the requirement of unbiased satellite chlorophyll estimates for the Mediterranean Sea (Volp20&74l.
For Lake Ohrid and Lake Prespra (inland watérs)onthly means of Chlorophyll A product derived from MERIS, at a 3
spatial resolution from 2002 to 2012 have been computed in collaboration of Brockmann Geomatics Sweden AB froi
SWOS Prog.

Ehiomphys-a (2008 B—— Chl a (ug/l) - Lake Ohrid & Lake Prespa

Monthly means, Jan-Dec 2003, 300 meter resolution

By . ‘ . i
e . i ™ . .

Chlorophyll a concentrations obtained for the Mediterranean Sea. Chlorophyll a for Lake Ohrid and Prespra
(SWOS Collaboration product)

\& %

Validation: Chl a Product for Lake Ohrid and Prespa is being validated throtgifin idata for several years, comparing it
monthly MERIS based estimates.

Technological readiness level: NCMEMS product source
Open source (Y/N):

Commercial or proprietary (C/P

Background or Foreground knowledge (B/F):

Partner: ISPRACREAFE HIO®
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Shoreline delineation

Algorithms/Methods: Sentinetl Interferometric Wide (IW) Ground Range Detected (GRD)
(https://sentinel.esa.int/web/sentinel/usemuides/sentinell-sar products are usedbr the shoreline delineation of the
Wadden Sea area. The frequent availability of such products with a spatial resolution of ~20x20m (10x10m pixel sp
make them particularly suitable to the coastline detection. The default dual polarisation VV-8éstofell IW is used.
However, while VH (HV) polarisation provides high {s@a contrast, VV polarisation is more sensitive to sea surface
roughness, providing higher sea backscattering values (especially in presence of strong wind) comparabledo the la
backscattering values. The chain of processing starts with a typicarpcessing phase including SAR calibration, terrai
correction and geolocatio(Small et al., 2008)Afterwards, each band of the Sentirielproduct is processed separately tc
gererate the shoreline map. To this aim, the images are firstly enhanced to increase the land/sea contrast through tt
scaling of SAR backscattering values. The resulting images are then converted to gray&E@levithout loss of significan
information, but with a gain in next algorithm steps computational effort. A further improvement of the images is achi
by applying a despeckle filter to reduce typical noise affecting SAR acquisitions. Afileatiag (21x21 pixels kernel)
approach has been selted for this application. Land/sea discrimination is carried out through an image binarisation
approach based on the pixel intensity values which are assumed being characterised by a bimodal probability densi
Fdzy OliA2y ® ! yRSNI & dzOrkthod @wWT5is Appligdto dutkindatichllyi dedv@the optimum threshol
allowing the discrimination between land and sea pixels. The output binary images may present artefacts due to the
presence of ships or to SAR noise, resulting in small isolated ar in gaps which can be removed by applying
morphological filters (i.e. opening and closing operations). The Canny edge ddteatory, 1986 finally applied to the
binary water masks (land=0, sea=1) to generate the correspondent shoreline irkagbsdual polarisation Sentirkl
product will provide one water mask and one shoreline image. These results are also combined through logical opel
a third pair of products. If the water mask outputs obtained from both the polarisations agregjxbkvalues are set to 0
(land) or to 255 (sea) in the combined water mask image, otherwise the uncertainty areas are highlighted by pixels v
values are set to 127. The correspondent combined shoreline result is derived from only the common ouictiraes
combined water mask image.

(@) (b) (©) (d)

Sentinell IW GRDH images (Y&); VH(b)) after preprocessing and despeckle filterjiig combined water mask (White: se:
Black: land; Grey: uncertainty area$dl) shoreline image derived froffc).

Validation: To be carried out as soon as the ground truth will be available. Difficulties may arise due to the need of
reference datarelated to the same date and time as the Sentihedcquisition, and therefore to the same moment of t|
tidal cycle.

Technological readiness leves:

Open source (Y/N): Yin Python

Commercial or proprietary (C/P): P
Background or Foreground knowledge (B/IF):

Partner: SARLAB
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3.3 Other: bathymetry and cloud cover

Bathymetry

Algorithms/ Methods: The bathymetry of the Mediterranean basin was collected from the EMODnet bathymetry
(EMODnet Bathymetry Consortium, 2016). It represents the elevation in meters of the sea bottom and with refere
Lowest Astronomical Tide (LAT). EMODnet Didigakain Model (DTM) is generated for European sea region
harmonizing more than 7700 bathymetric survey datasets collated from public and research organizations. Batl|
survey data are derived from either high resolution datasets from siagie nulti-beam surveys or bathymetric databa:
of National Hydrographic Offices based on historic surveys. Sea bottom elevation was smoothed by means of
function and areas with no survey data coverage are completed by integrating the GEBCO 201RBdihgitaétry at 30 se
spatial resolution.

Elovation
=

[Em " | |

EMODnet bathymetry

45N

40°N

35N

Tiles of the EMODnet Digital Terrain Model (DTM) were mosaicked after applying offset and scale factor.

Technological readiness level: NAEMODnet product source
Open source (Y/N):

Commercial oproprietary (C/P):

Background or Foreground knowledge (B/F):

Partner: ISPRA
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Cloudiness

Algorithms/Methods: For La Palma, the-fRask algorithm of Zhu et al., (2015) has been used to map cloud cover in
Landsat8 Operational Land Imager (OLI) data acquired between August and December 2015. By combining the clo
over the timeseries, maps of cloud péssence and periodicity have been generated for the island and convey the gr
frequency of occurrence on the miglestern section.

@) (b)

9 August, 2015 25 August, 2015 10 September, 2015 26 September, 2015 12 October, 2015

y F .~

28 October, 2015 13 November, 2015 29 November, 2015 15 December, 2015 31 December, 2015

W '&,, & ¥
T
=

(a) The 10 Landsat imagesnsideredor La Palma and (b) the cloud cover frequency.

SN W N e

= D
o

Technological readiness level:

Open source (Y/N)Y available as an algebraic formulation.
Commercial or proprietary (C/PX

Background or Foreground knowledge (B/F)through WPS

Partner: CNR
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4. The EODESM system: a new approach to Land Cover and Change classification
(Task 4.3)

4.1 Land Cover/Land Use (Task 4.3.1)

The EODESM developed througGOPOTENTIBWilds on the previous EODHAM system developed through the
FP7 BIGSOS project (www.biosos.eu; Lucas et al., 2014). The system consists of several modules that focus on
the classification of land covers from thematic (e.g., leaf type, water state)cantinuous layers (e.g., hydro
period, canopy cover) and b) the detection of change basedL.G&SZategories, component codes and
environmental variables. The classification of land cover is based mainly on the knowledge driven hierarchica
implementatiofy 2F (GKS C22R FyR ! 3NX Odz GdzNJ £ h NBI YyoCswhidh2 y Q
was developed usingCCS¥ersion 2 and can be modified to integrate the more recent Land Cover Macro Language
(LCML). An overview of tha&CCSZaxonomyis given in Figure 4.1. However, land cover maps produced by other
data driven classifiers (e.g., Support Vector Machine, Random Forest) from both optical and Radar data e.g.
Sentinell) can be integrated into the system.

EODESM is based on open sowctware (i.e., python) and the Virtual Laboratory will access the system by an
http web interface.

The following sections describe the EODESM system and then present the output classifications according to th
LCCStaxonomy. The approach to validatioraiso described, with this making reference to both in situ and existing
habitat (thematic) classifications. The overall approach is discussed in relation to previous efforts at land cover

mapping.
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Figure 4.1The FAO LCCS Taxonomy

The LCC3 taxonomy (see also Deliverable 2.2) is hierarchical and allows for the progressive classification of ¢
comprehensive range of land covers at the ground level but also from Earth Observation (EO) dat&C$he
system has been used as the Isafsir EGbased classifications in many studies but the approach has typically been
G2 SadrotAakK GNIAYAYy3 FNBFa F2N G6KS WSyR OflaasSaqQ
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EODESM (Figure 2) takes a different approach in that it follows the sequences of classifications through the
hierarchy using directly EO images or derived products from EO data but also other ancillary spatial information,
such as cadastral and urban maps, models (efchydrology) and knowledge. This is the unique advantage of
EODESM, in that the classification algorithm does not require modification by the user; rather, the user has the
opportunity to develop or obtain their own input layers by whatever means theysicer best. The EODESM
system is particularly attuned to ingest biophysical information obtained from remote sensing data (Task 4.2).

EO DATA INPUTS PROCESSINGA  STATES PROCESSING B

Numerical

Optical Thematic

{Sentinel-2/ Lond cover AUTOMATED CHANGE
Landsat, MODIS) DESCRIPTION
Radar Existing STATE CHANGES
(Sentinel-1/ Glociers SNy . Causes and Consequences
ALOS-2 PALSAR-2) igph m e
— = | = v m

T — . W— T —

ECOSYSTEM SERVICES

LIDAR

Thermal Temporal

Figure4.2. An overview of the EODESM system.

4.2 Environmental Variables (EVs)

The EODESM system has been designed such that it maximises uses and also sets out the requir&\estsl for
other biophysical parameters. A summary of how variables are integrated within the EODESM system is providec
in Figure 4.3.

In the first instane, EODESM uses some EVs as direct input to the classification, with these relating to agriculture
(e.g., crop area and phenology, biodiversity (e.g., phenology, vegetation height), climate (e.g., glacial and lake
extent and snow cover), renewable energyg(etidal areas) and water (turbidity). In the second case, EVs and
biophysical variables are not used in the classification but are nevertheless included as attributes to provide fuller
descriptions of land covers and change. Examples are crop types gbownd biomass (AGB; Mg-hp Leaf Area

Index (LAI, m2 ) and ocean colour. In the third case, the EODESM system actually generates the EVs, includin
disturbance regime, habitat structure, fire disturbance, land cover and water use.
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Figure 4.3.How EODESM fits in with EBVs and ECVs: the latter are used, in some cases, to drive the inputs for th
classification; the results of which are used in modelling change scenarios.

X Anificial surface aspect
X  Urbandensity I

4.2.1 Variables used directly in the EODE$Mssification

From the storylines and process described in Section 2.2, for each of the PAs a number of variables (including son
EBVSs) were identified as being important, with some able to be retrieved from EO data, including optical, radar and
LiDAR imgery. The sources for each of the variables differed and was specified within EODESM as being derived :
local (L), Regional (R; or European if applicable; E) and/or Global (G) scales and from data from satellite sensors
including Landsat (LS) and Seat (SN) optical (O) or radar (R)), airborne sensors(A; including LIDAR (LD)), existing
thematic layer (including habitat and land cover maps; Gl) or a combination (hybrid) of these (HY).

The EODESM system accepts up to 45 inputs (e.g., relating toplyidich leaf type, cadastral informationif
updated, with these provided as thematic and continuous (typically biophysical) layers. The EODESM system ca
ingest locally derived layers (e.g., by the user through supervised classifications or spectsahginori those
SEGNI OGSR FNRY 9dzNRBLISFY 2NJ 3f20lf RIFEGFasSia o6So3o:
European Commissions (EC) Joint Research Centre (JRC) global hydroperiod;Tedfler 301)A time-series of
vegetation indicesmay provide information on phenology and cropping combinations. Polygons representing
cultivated lands can be attributed with geometric features (e.g., field dimensions and area) and thresholds applied
to generate layers of field size and distributionséme cases, user knowledge comes into play, for example, when
defining cultural practices (e.g., water supply and time factor). Natural vegetation can be described on the basis of
stratification (including height and cover of strata), however, these &ager subject to availability of, for example,
LiDAR data. Existing layers representing artificial surfaces (e.g., roads, urbamyjilharp) can be used, or
alternatively generated through classification where spectrally distinct (e.g., white roofsludtiial buildings).
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Proportions can be used to designate urban density classes. Both global and European data sources representir
surface water, persistence and seasonality exist, and can complement local data sources (e.g., satellite derive
hydroperbd and inundation maps). Turbidity can be retrieved using a combination of reflectance and spectral

indices, and water dynamics (whether flowing or standing) can be identified by whether water bodies are entirely

or partially enclosed by land.

Thematiclayers are recoded to achieve appropriate input to the EODESM system, whilst continuous layers are
summarised into different categories within the system (e.g., relating to canopy cover or hydroperiod). Once
entered, the system automatically translates tinputs to individuaLCCSR2odes (e.g., A4 for shrubs, A5 for forbs),
combines these to form a string (e.g., A3.A10.B2.C1.D1.E1.F1.F9.G7) and then translates the string to a descripti
name (in this case, Trees closed canopy &7 0) tall (1480 m) cotinuous broadleaved evergreen with 2nd layer
supporting open canopy-3 m in height). An example is given in Figure 4.4.

A12: A- Life form of the

[natural /semi-natural)

A12: F-Stratification

A12: G-Cover (Second
12: H-Height-second

Second layer)

A12: E-Phenclogy

D2 closed (> 70-69%) £8 [(>14m) G5
A4 |open (70-60 to 40 %) F3 | open (70-60% to 20- | F9 |(14-7 m) G6
10%)
A2 |open (40-20 to 10 %) (14-7 m) B6 semi-deciduous F10 [ (7-3 m) G7
A6 |closed to open (100-40 %) |A21 B3 F4 52m G8
A7 Al4 |(5-0.05m) B14 mixed (2-0.5m) G9
herbaceous
(Annual)
A8 [sparse (<20-10 - 4%) (5-2m) B8 mixed E7 (<0.5m) G10
herbaceous
Perennial)
Mosses AD |scattered (4-1%) (2-0.5) B9 G4
(<0.5m) B10 (3-0.3m) G11
B4 (0.3-0.03m) G12
(3-0.3m) B15
(3-0.8m) B11
(0.8-0.3m) B12
(0.03-0.03m) | B13

Figure 4.4.LCCS codes for natural terrestrial vegetation.

4.2.2 Variables as attributes to the classification

For many regions, a diverse range of other variables can be obtained from EO data but these cannot be used t
establish theLCCS2ategories. Nevertheless, they can be included as attributes within the EODESM system and
used to provide additional descript® of land covers and also changes. Vegetation attributes may include, for
example, Leaf Area Index (LAI), moisture content, species and Above Ground Biomass (AGB). Land descriptors n
include topographic data (DEMs, slope and aspect), soil moisture, darfdce temperature and albedo.
Atmospheric attributes of cloudiness, wind speed and direction may be included. Marine attributes may include
sea surface temperature, chlorophyll and coloured dissolved organic matter (CDOM). In some cases, these dat
hawe been requested by the PA to fulfil a particular mapping objective.

4.2.3 Variables resulting from the classification

A number of variables are generated from the change classification including deforested and disturbed areas anc
these will be discussed in Dadrable 43.
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@ 2| 3 S| 5| & 815|228 c| g 2] g £ T
5| o 8| S| o gl 2|2 E| S| 2|2 ¢t o 8l 5| S| 8|8l &|o|s|l2|E
S| O 5| 2| N &8 S 211812 3 3 sl s| 8| 2| 3| 8| & 2| 3|
S| ol c| & 5| ® °Cltle|EeElE|LEL = S| 8|l &8|lg|>|> 8|9 &
clclo|lwl = =] E| E| | | 2| 8 < S| | 3| 2 12| Z| o| o] E| o
sl o|=| 8| B B|s|=s| &l gl Sl 5|32 0|88 =|=|=| =
el 28| 22| 5L/ 2|8|=|5|¢|c|c|o|l2|F|c|2|o|l5|e|l5|E|2 L8288
sl o2 3|38 38|22 || 8 S @ @z E|lc|lo|lo|lz| 8| c|S|3| |8 8| 8|S
Olw|E|0|lw|wn|I|3|lojlo|3|la|l3| 3|3 S|l<|3|z|a|la|lS|a|I|d<|[2]2|2|=2

Arid/semi-arid

Har HaNegev L |L

Kruger NP L |L

Montado L E E E G

Murgia Alta L E E B E | L G GL

*Layer Type: 'T' Thematic, 'M' Modifier, 'D' Derivative
Table 4.2 Summary of variables used in the classification &fa/semiarid PAs). Notation indicedor the scale of the input data source: 'G' Global, 'E' European, 'L' L
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Layer Category CROPS VEGETATION URBAN BARE WATER
Layer Type T\t 7|7 |T|T|T|M/D|D|T|T|T|T /DD T MM M|T|M|M|D|T |T|T |T|T]|T
c — -
gl 2 = S| E @ 2| g c| 2
: £l 2 HEE: 5|5 5l2l 8 el |88 1
2| 8| S| o g z|2 | Elol 2|2 s o 81512888 o]l 2lE
1 8| | &35 Sl 3|l <c|lo| B 2|E|I88IElD 2 1282 | S| 8|3 2|37
5|5/ S| 8| g|ws|E|lElza & & Slel e el el -5 2388w/l 2 E?2
E| S| B| S|=|S|S|l&|lolo|l&|lc|s|5 0|58 82|30 ol S|ol S| |l ala|ls
S| 812|558 &|225 582 =775/ 2|5 5 5 85228 ¢8c¢8¢
wl=El0lololIlIlololalal IS 3]83|<|lSlzlalals|lalfldlgd3]2[23]=2
Wetland/marine
Camargue L |L E E E
CuronianLagoon L |L E E E
Danube Delta L E |L E |L E E |L G |L E |L |L L G G |L
L L E
L
Dofana L |L L |[L E E |L G |L |L L G|L |G|IL |L |G
L L L L

*Layer Type: 'T' Thematic, 'M' Modifier, 'D' Derivative
Table 4.3 Summary of variables used in the classification\{fetland/marinePAs). Notation indicedor the scale of the input data source: 'G' Global, 'E' European, 'L' Lt

Caribbean LME

Mediterranean
LME

*Layer Type: 'T' Thematic, 'M' Modifier, 'D' Derivative
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Layer Category VEGETATION LAND ATMOS. MARINE

Layer Type S a
> € QE_, £
()] Q +— c ]
T | g o ® e °
< | S > | 8 e |8 |8 |8 |=
© © D = @ o} @ I 2
9 Q n % i) > 8 o = © o
< |2 |2 |¢g 0ol | 218 |3 |2 |2 |3 |2 |2
Y— [} S E S - © o S © © o @)
S |c | & |8 |3 | S|l |2 |£€ |£€ |8 | |8
3]s ) m al n Jl < @) = = ) @) 8)

Mountain

Austrian Alps

Barvarian Forest . . NR . . . NR | NR

Gran Paradiso . . NR NR . . . . NR

Hardangervidda NR| NR | NR . NR | - NR | NR

High Tatra Mountains . . NR . : : NR | NR

La Palma . . NR . . . . NR

Northern Limestone NI NR | NR . . . . NR | NR

Ohrid and Prespa NR : NR . . . NR | NR

PenedaGerés NR . NR . . . NR | NR

Samaria . . NR NR . . . . NR

Sierra Nevada . . NR NR . . . . NR

Swiss National Park . NR | NR . . NR | - NR | NR

Table 4.4 Summary of attributes not used for the LCCS classificatompuntainPA) (NR= not requested)
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Layer Category VEGETATION LAND ATMOS. MARINE
Layer Type P
© ) 1) _5
£ 5 |8 2 1313 |8 |
S leda |3 Z |5 s |2 |2 |8 £
< [2HE |8 |22 |88 s |2 S |ajg |z
S |2928 | |L|3 |&§|l=2 |2 |£|S |88 |a
3 = g0 o al n J| < @) = = n Y90 @)
Arid/semi-arid
Har HaNegev NR | NR | NR NR | NR
Kruger NP NR | NR NR NR | NR
Montado NR NR | NR
Murgia Alta
Wetland/marine
Camargue NR | NR
Curonian Lagoon NR | NR NI
Danube Delta NR [ NR |NR | NR |NR | NR | NR
Doflana NR [ NR | NR | NR NR NR NR
Wadden Sea NR | NR
Oceanic
Caribbean LME
Mediterranean LME NR | NR NR

Table 4.5 Summary of attributes not usefdr the LCCS classificatidor(arid/semiarid, wetland and oceanic PANR= not requested)
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4.3 Implementation of LandCover Classifications and output maps

The knowledge driven classification is implemented in a tiate@ process, comprising segmentation, calculation

of object statistics and translation taCCSglassesThe algorithm of Shepherd et al. (2015) is appledivide the
landscape into units that are spectrally homogeneous. The segmentation procedure uses just the -entinel
reflectance data (e.g., two images representing the-pard peakvegetation flush periods), although it can
integrate ancillary dataalyers such as those representing field (cadastral) boundaries and urban areas, if frequently
updated, as in UK or the NL. Following segmentation, statistics are calculated for objects based on available dat
layers and used as input to the classificatibhe majority class and proportion are calculated for every object and
using available thematic layers. The mean value of objects is calculated from continuous layers such as canog;
cover, urban density and bare ground. Object statistics are stored inter i@tribute table (RAT), with one row

per object and one column for each class.

The classification ot CCSZategories comprises three main stagascording to the LCCS2 hierarchyhe
classification can be based either on spectral reflectance valuesanidxtrelated features or the integration of
available updated layers (e.g., from Task 4.2, Copernicus layers, updated ancillary laytbes)irst step, the
classification of Level 1 categories is performed, with the main focus being the separfatieggated and non
vegetated areasThis is achieved usirgther image spectral values segetated areas derived fromn existing

data layer generated in an external classification process @atn,drivenrandom forests SVM. Nonvegetated
areas ae assigned by way of an exclusion rule, so if they are not classified as vegetated, tharetbegsidered
non-vegetated.Similarly in the second step, aquatic and terrestrial environments are separated usinmeddef
mask for aquatic areakevel Xlasses are assigned on the basis of whether they are cultivated/managed or natural,
artificial or natural/seminatural. Beyond Level 3, the Level 4 classes are classified using any number of separate
layers relating to key descriptorsithin the LCCSZlassification. Rules are applied to generate the codes
representing theLCCS2ategories.For example, woody shrubs are assigned a code of 'A4' if the supercategory
(from the Level 3 classification) is 'A12' and the integer value in the lifeforms layesponds to woody shrubs.

lifeForm = numpy.where(((supercategory == "A12") | (supercategory == "A24")) &dqbmit== 4), "A4dlifeForm)

Canopy cover is classified into categories such as 'closed to opd®@40), 'open (780 - 40%)', ‘open (420 -
10%)'and so on, and assigd the appropriatd CCS2ode.An existing layer, e.g., UMD global tree canopy cover,
can be used for this purpose. Similarly, canopy height is categorised if the data layer (e.g., a LIDAR depyed ca
height model, CHM) existsdividualLCCSRodes are applied to each layer and combined to form a summary class
code (e.g., A11.A1.B4.C1.D9.D1) and an associated descriptor (e.g., Single crop Permanently cropped area w
Rainfed Tree crops). A pdefined colour scheme is applied the result. Thé.CCSg2lassification has the capacity

to significantly increase the information content by describing each habitat with species, biophysical and
environment information as availabldt allows for direct comparison between sites and regidy applying a
standardised and consistent classification scheinf@CS2 codes are described in Appendix 2, Sectidined.
translation from to LCCS2 categories and habitats defined byt@pae LC to habitat relation (Tomaselli et al.,
2013) are reportedn Appendix 3, Section 10.

The following sections present examples of H@&CS8utput maps. The legend is detailed and comprehensive and
will be available with each of theath products (on the ftp siteHowever, the maps can be broadly interpreted as
water (blue), snow and ice (white), cultivation (yellow), herbaceous vegetation (including in cultivated areas; light
green), woody vegetation (darker greens), urban (grey), bare ground (browns to orange).

Figure 45 shows the colour legend for the LCC&fegories used for all the LC maps presented in the following
subsections.
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Figue 4.5. An example of the LCCS2 categories generated by the EODESM sizsteim.
classification is associated with between 50 and 200 classes depesrdihg complexity of the
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4.3.1 Curonian Lagoon, Lithuania

Coastal lagoons are important contributors to core ecosystem functions (e.g., habitat, biodiversity, productivity)
and services (e.g., provisioning, regulatamgl mantenance and cultural)Anthropogenic activities that interfere

with the natural state are leading to a loss of intertidal wetlands and altered tidal re¢i@@S2lassifications for
Curonian lagoon subject can be used to study habitat availability following disturbance -péyrd information

and the distribution of aquatic vegetation biophysical characteristics are required to understand and quantify such
changes.

Figure 46. LCCS Level 4 classification of the Curonian Lagoon, Lithuania (for the nominal year of 201¢

ECOPOTENTIAL i SC5-16-2014- N.641762 Page 56 of 127



Cofunded by the

D4.2 EO Biophysical Parameters, Land Use and Habitats ExtMotiotes European Union

4.3.2 Camargue, France

The Camargue Biosphere Reserve in the Rhone delta covers an area of 193,000 ha, largely dominated by lagool
brackish/freshwater marshes with emergent or aquatic vegetation, as well as halophilous scrubs and steppes.
These systems are intermingled witbra-systems dominated by irrigated rice crops. Wetlands of the Camargue
are important for a range of regulating ecosystem services, provisioning and cultural services, but are under threat
from agricultural land use and changes in hydrological conditiw@®CS2evel 3 and 4 classifications have been
produced using a timeeries of Sentinek images (5 February and 7 July 2016; Figuteathd external data layers

and provide useful information for studies exploring the evolution in the state of wetlandsservices.

Figure 4.7 LCCS Level 4 classification of the Camargue National Park (for the nominal year of 2016).
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4.3.3 Danube Delta

The Danube River delta is an area of approximately 5,16@Hanhconsists of complex alluvial systems, dominated

by wetland ecosystems of great so@oological and economic importance. The area is under threat from human
activity, including, for example, drainage for agricultural and urban development, hydalogiration
(channelization, embankments, dikes etc.), habitat fragmentation, climate change, nutrient and setiment

and invasive specie# timeseries of Sentine? imagery (28 April and 16 August 2016) and various data layers
including globald.g., surface water, hydroperiod), European (e.g., forest type, canopy cover, settlements) and
derived (e.g., lifeforms, water dynamics, bare materials) layers were combined to producE@®Pevel 3 and 4
classifications (Figure8). TheLCCS@rovides a baseline for tracking and understanding the processes and impacts
of change on intertidal wetland ecosystems.

Figure 4.8 LCCS Level 4 classification of the Danube Delta Biosphere (for the nominal year of 2016).
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4.3.4 DoianaNational Park, Spain.

Dofana is dominated by a diverse array of wetland ecosystems. The area was declared a national park in the 196
to assist the protection of waterbirds after twthirds of the original are was drained for agriculturéultiple
stressors are affecting the vitality of the wetlands, including, for example, water diversion and extraction, pollution,
overgrazing, introduction of exotic species and climate change. Adimes of Sentine?2 imagery (8 March and 5
August 2016) and varioexternal data layers, including an existing habitat map (Organismo Auténomo de Parques
Nacionales, 2013) were available, from whisbCSPevel 3 and 4 classifications were generated (Fig@e #he
LCCShaps provide baseline information on habitat daddscape diversity and agricultural use.

Figure 4.9 LCCS Level 4 classification of the Dofiana National Park (for the nominal year of 2016).
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4.3.5 Gran Paradiso National Park, Italy.

The progressive abandonment of certairanagement practices has resulted in modifications to grassland that
affect its forage value for wild herbivores such as alpine ibex and chamois in high altitude mountainous areas sucl
as Gran Paradiso National Park. Changes in plant species and riagth&sgymentation of semnatural grasslands

are alsoobserved.Climate change is another risk factor in these environments, with changes in community
composition, soil moisture, vegetation structuamd productivity anticipatedThe LCCSZ2lassification fo Gran
Paradiso (Figure #0) was generated using Sentifebata and external data layers and attributed with information

on, for example, blue sky albedo and snow cover period. Such maps provide a baseline against which to quantif
the diversity ofchanges occurring in the PA and surrounds.

Figure 4.10 LCCS Level 4 classification of Gran Paradiso National Park (for the nominal year of 2016
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4.3.6 The HarHaNegev Reserve, Israel.

Located in the central Negev Highlands of Israel, theH#hlegev Reserve is threst by human settlement and
infrastructure development, ming, hunting and agricultur&.he area also contains many natural springs and water
holes, which are vital to the flora and fauna but also are used for human recreation. Grazing is also undertaken by
the Bedouins that are living in small settlements close to the reserve, which plaessue on the natural
vegetation. ThdCCSZlassification of the HaraNegev Reserve was undertaken using a single RapidEye scene
(approximately 6 m spatial resolution).

Figure 4.11 LCC3Level 4 classification of a subset of the Har Negev Reserve, Israel, generated from Rap
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4.3.7 Hardangervidda National Park, Norway

Hardangervidda National Park is Norway's largest national park and is an imparéanfor conservation and
human use. Wild reindeer, a keystone species in the Park, are sensitive to human disturbance and modification
climatic variation and stability of winter pasturesBlack grouse in the area are also under threat for similar
reaons. Monitoring of factors relating to pasture quality, lichen biomass and health and habitat heterogeneity are
key to conservation of these specielsCCSRevel 3 and 4 classifications (Figuré2thave been produced using
available Sentine2 imagery(18 September 2016) and other environmental variables (e.g., lichen index and snow
cover maps). TheCCSautputs provide a baseline map for 2016 against which to quantify past and future changes
in ecosystem state and dynamics and faunal (e.g., reindesements).
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Figure 4.12 LCC3Level 4 classification of Hardangervidda National Park (nominal year of 2016).
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4.3.8 High Tatra Mountains, Poland, Slovakia

The High Tatra Mountains National Park has protected many of the regiansal habitats, with a clear
demarcation between areas influenced by human activities (e.g., agriculturahsixpn and urban development).

A windstorm in November 2004 led to substantial damage to the forests on the Slovak side, resulting in a large
scde forests loss across a large area. In the years following, the frequency of landslides and flooding increasec
which were exacerbated during periods of snowmelt, and massive bark beetle infestationsdaosiihin the area

of dieback Whilst considerednitially to be a major setback, the storm has provided an opportunity festablish

forests of more mixed species composition. TIECSehaps provide a baseline against which the past impacts on
and recovery of the forests in the yedodlowing can bequantified.

Figure 4.13 LCC3Level 4 classification, High Tatra Mountains NP, Poland/Slovakia (nominal year of 201
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4.3.9 Lake Orhid and Prespa National Park, Balkans region

Despite Lake Ohrid being the most diverse lake in the world, with 212 known endemic species, it is facing e
biodiversity crisis. The increasing pressure on the lake ecosystem from competing uses (tourist/recreation, water
supply, rapid urbanization) is mdering the biodiversity particularly sensitive to environmental and climate
changes. Catchment scale information on, for example, land cover, land use, water quality and vegetation status
is needed to better understand the links between current and fetstate and adoption of appropriate
management strategies. Th&CSelassifications being produced through a combination of Senfirighe-series

and external data layers allow issues relevant to land use change and loss of habitat and habitay divérsit
National Park and surrounds to addressed.

Figure 4.14 LCC3Level 4 classification of Lakeh@ and Prespa National PaBalkans region (nominal year of 2016).

~(@[) ECOPOTENTIALT SC5-16-2014- N.641762 Page 64 of 127



Cofunded by the

D4.2 EO Biophysical Parameters, Land Use and Habitats ExtMotiotes European Union

4.3.10 La Palma, Canary Islands, Spain

La Palma, as one of the Canary Islands, hosts a high diversity of taxa of aesthetic and commercial importance. NC
native herbivory and invasive species are having an adverse impact on vegetation richness, with losses ©
biodiversity, ecosystem functiomj and services observetlCCSRevel 3 and 4 classifications have been produced
using available Sentin@limagery and existing data layers (see Figurg)ahd can be used to better understand

the spatialtemporal distribution in natural and semiatural ecosystems in response to change.

Figure 4.15 LCC3Level 4 classification of La Palma, Canary Island (nominal year of 2016).
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4.3.11 Montado National Park, Portugal

Montados (or dehesas in Spanish) are traditional wpadture systems with a savanna type structure that are
characteristic of the Mediterranean Basin The main threats are the higher frequency and duration of water stress
periods, soil degradation caused lovergrazing and tillage (for purposes of crop seeding and shrub control),
increased tree vulnerability to pests and diseases, low tree recruitment for stand regeneration, and increased fire
risk due to warmer summer temperatures. More specifically, dewitrends in stand density, caused by adult tree
mortality and the lack of recruitment, are alarming and may lead to an eventual loss of Montado and their
replacement by shrublands. Th€CS2lasses of most important for Montado are canopy cover defblim and
information on the structural composition of the understorey (where present).

Figure 4.16 LCC3Level 3 classification of Montado, Portugal (nominal year of 2016).
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4.3.12 Murgia Alta Natura 2000 site, Italy

The Site of Community Importance Murgia Alta IT9120007 is located in Puglia, Italy, and it has an area of 1258,8
km2. The most important habitat types in this site, according to 42/93/EEC directive are 6210(¥)abaral dry
grasslands and scrubland fas on calcareous substrates (FestiBrometalia) (*important orchid sites) and 6220*
Pseudesteppe with grasses and annuals of the ThBrachypodietea. The main impacts associated with human
activity have been habitat fragmentation and contaminationtbetithin what is now the Natura 2000 site and at

its borders by a number of combined pressures including transformation of grassland pastures into agricultural
(cereal) crops with this involving graining (clearance) of rock and lead to soil erosiondimersedeposition in

the aquifers. lllegal waste and toxic mud dumping caused heavy contamination of the soils and aquifers and lega
and illegal mining activities also contributed to pollution. Wind farms have also increased the precipitation has
beenbelow average for many years. TheCSthap for 2016 provides considerably more detail on the distribution

of land covers compared to previous studies and provide atotgate baseline against which to quantify change.

1

Figure 4.17 LCC3Level 3 classification of Murgia Alta, Italy (hominal year of 2016).
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4.3.13 Northern Limestone National Park, Austria

Alpine forests provide a wealth of ecosystem services, including carbon storage and sequestration, biodiversity
hotspots and landscape stabilityhe integrity of these services is continually compromised however by human
exploitation, with largescale clear cutting and planting of monoculture conifer forests, and natural disturbances
such as drought,terms and insectinfestations.LCCS2.evel 3 and 4 classifications have been produced for
Northern Limestone using a combination of satellite imagery and dlaildata layers (Figure 8]l TheLCCS2

maps provide useful information on habitat suitability and biodiveraitg can contribute to understanding the
impacts of disturbance and links with forest management.

Figure 4.18 LCC3Level 4 classification of NorthreLimestone Alps National Pariominal year of 2016).
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4.3.14 Peneda Geréblational Park, Portugal

The decline of traditional agfpastoral systems changed vegetation characteristics and dynamics as well as social
expectations to Portuguese mountains. The introduction of new dimensions (ecosystem services), concepts
(rewilding ofmountain areas) and societal expectations (hature conservation) to mountain protected areas makes
the comparison of multiple management scenarios an essential tagietfuture of mountain areasit Peneda

Gerés, main societal expectations rely on twougs of benefits: conservation of natural heritage, and supply of
regulating and cultural ecosystem services. The rteittiporal (1987, 2002 and 2016) classificatioh GCSPevel

3 and 4 performed using available Landsat, Senfin@hd external data lays provide a baseline for land cover

and grassland habitat, their change in time and for the development of future land cover scenarios under different
management options to be used in the modelling stage.

Figure 4.19 LCC3Level 3 classificatioof Peneda Gerés National Pénlominal year of 2016).
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