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Executive summary

ECOPOTENTIAL WP4 is resptnfir 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 to execute therdtigns presented here and sibling deliverables
themselves by transferring the codes to the Virtual Laboratdfty;, (WP10). This is complemented by WP5 that
supports access tthe necessary in situ data.

The Deliverable:

Deliverable D4 provides an ovenew of the modulesf the Earth Observation Data for Ecosystem Monitoring
(EODESM)ystemandnowincluded in théV/Lfor detecting changes in tfeAsconsidered within the ECOPOTENTIAL
Project.

General Approach:

Changes occurring within thelZPAsare rumerous and diverse and hence focus was on the development of a
genericsystem that would allow the detection of change to &gtomatically registered, justified and interlinked
with causality in the framework dftorylines for the ECOPOTENTRAIS At the same time this system had to be
flexible but also available to a wide range of users (e.g., scientists through to park managers).

Storylines: Forthe PAs the changes focused on the storylines developed with consideration given to the type,
spatial exent and temporal frequency of change.

Class ChangeChange was identified achangen land cover classesxdmapped using the Food and Agricultural
hNBFYAalriGA2yQa 6C! hQao [ |y Ridentdigd 8hddge reférsitéhangesirChe LGSy {
classin gentiretyaswellags 1 & O2Y LR ySy (i a® C2 NJ Slkekstlbdedcanom BOYG GIB A Y
(14-30 m) continuous broadleaved evergré&tso considered changes in thelividualcomponents (e.g., canopy
cover or heigt).

Changes in Variable€hange was also identified on the basis of changes in environmental variab¥s3, (&ith

these being continuous variables that were used directly in the classification of the LCCS classes (i.e., canopy cov:
hydro-period, water turbidity)or as additional descriptors specific to particular classes (e.g., above ground biomass,
vegetation height, wind speed or sea surface temperature). Charagealso described on the basis of variables
derived from the classifications themsek, with these including for example, forest fragmentation.

Accounting for time:Across a landscapdifferent elements change over different periods of tinthangescan be

abrupt orcontinuous over long time frames and dependent or independent of athanges in the landscape. The
EODESM system attempts to line up changes at different points and periods of time to characterise the diversity of
changes that are occurring. The detection of change is, however, dependent on the frequency of obsemstions
well as the modes of the sensors and their periods of operation.

Evidence for Change unique and novel element of the EODESM syssetne ability tocumulateevidence for
changeAs examples, a flood eventcan®&@A RSy OSR o6& | Coipogedt&hemafic) tlagseLfong S O
standing to flowing, shallow to deep and clear to turbid watehilst forest dieback can béifferentiated from
defoliation by a reduction in canopy cover but atke moisture content of woody material, as determineain,

for example l-band radar

ECOPOTENTIABC516-2014 N.641762 Page5 of 63
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Causes and Consequencés well as providing evidence for change, the EODESM systehaald® potential to
provideautomated assessments of the causes and consequences of ctiaclgeing primary, secondary et€&or
example, demand for timber (primary) results in deforestation (secondaryjtendonsequences akrosion which
results in sedimentation in rivers and also movement of material (e.g., sediments) and gases (carbon).

In summary, theeODESM system allows aElevrange of users to classify land covers and detect chavaged on
evidencefrom a combination of earth observation data and deri¥&ad/s. The system is open soureadhas been
integrated within theVL and is easy to understand and operate.

1.1  Abbreuation and acronyms

BIO_SOS project

CHM
CLC
DEM

EO
EODESM
ESA

EnVv
FAGLCCS2
GEE
MODIS
NDVI
NDWI

NP

PA

SAR

VL

Biodiversity MultiSource Monitoring System: from Space to Species
Canopy Height Model

Corine Land Cover

Digital Elevation Model

Earth Observation System

Earth Observation Data for EcosysternrMoring

European Space Agency

Environmental Variable

Food And Agriculture Land Cover Classification System, version 2
Google Earth Engine

Moderate Resolution Imaging Spectroradiometer

Normalized Difference Vegetati Index

Normalized Difference Water Index

National Park

Protected Area

Synthetic Aperture Radar

Virtual Laboratory

ECOPOTENTIABC516-2014 N.641762 Pages of 63
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2. Introduction

A key aim of the EU Horizon 2020 ECOPOTENTIAL Rrmjaetrieve environmental variable€(vs) from Earth
Observation(EO) that could be used to describe but also contribute to the classification of landscapes within and
surrounding protected areas (PPandthe assessment of change.

The land cover classification module of tBarth Observation &a for Ecosystem MonitorinEODESM) system
was described in Deliverable 42eliverable 4.3ocuses on the approach tdentify, quantify and descrichange
based on evidenc@enerated prinarily (although not exclusively) froBO data.

Thechangedetection modules within th&€ODESM systewere developed based on recognition of the following

a) Land cover change is highly variable, both spatially and temporally but also in terms of the state, condition
and functioning of landscapes.

b) Change cannot gemally be described using a single variabkeit is often a result of events and processes
that lead to multiple changes in a landscape.

¢) Change is often best described by considefiinlys that are often, but not necessarily, derived from
remote sensing ata.

d) Whilst EQderived spectral data and indices are commonly used to describe change, these are often
abstract measurements of the changes that are taking place.

e) Often, users need multiple lines of evidence to establish that a change has taken placedatermine
the magnitude and directions of such change.

2.1  Main objectives
The stated operational objectives of WR¥hd specifically Task 4 ds listed in the DOW, are:

1. Design and develop eéhange detection system for the protected areas, with tloisuking on theEarth
Observation Data foEcosystem Monitoring (EODES8ktem; andntegrate existing and develop new change
detection modules to analyse spatiemporal changes and trends in LULC and habitat maps, landscape
fragmentation, indicators anervs with focus on both key anthropic and climatic drivers.

2. Support activities in WP6, WP7, WP8 and WP9 and provide results to WP10.

A major output of WP4 is the provision of comprehensive radtirce, multiscale and multtemporal EO products
(senices) that can be readily used for ecosystem monitoring and can provide an ECOPERNICUS service (WP10).

2.2 Process for satellite EO products identification

According to Objective 2 of WP4, the -H&ived products and services to be delivered and used suleseiyu

within the modelling components of ECOPOTENTIAL were defined thtwugtorylinesfor the differentPAs For

this process, a questionnaire exposing WP4 data generation capabilities and pointing out the constraints and the
requirements for productslelivery was developed. The form was senttipartners involved in WP4, modelling

WPs (i.e., WP6, WP7, WP8, WP9) as well as those partners directly or indirectly involved in the management of th
LINE 2 BASTihe survey tried also to support the copbeal framework built within WP2 for linking EO satellite
data/products and irsitu data to the concept oErvs, by contributing to their extraction within WP4. The
questionnaire was successfudgmpletedfor all PAs.

The output of this process was a tdlar description of the products explicitly required for each PA and storyline,
including temporal and spatial resolution requirements as well as the time interval of observation and the priority
level according to the PA. The Table has been regularlytegbaéthin ECOPOTENTIAL meetings (e.g., the General
Assembly held on June 2016; the Review Meeting held on January 2017) and improved with information concernin
the partner in charge of the production, the status of the production (pending to be assigesigined/to be
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generated, in process, available on the FTP), the expected deliverable date, the link to the data repository and a ta
for metadata

The table can be found at the followingHKin
(http://twiki.ecopotential.creaf.cat/foswiki/pub/ECOPOTENTIAL WP4/ProductsAndPartners/Responsibles vs PA

Storylines.xIgx

2.3 Software and taxonomies

2.3.1 Software

Open source software (g Python, RSGISLib) hagelybeen adopted for data processingthin the EODESM
system Web Processing Services (WPS) have,mare in the process of beingvelopedin order to guarantee
open access, through théL(WP10), to modules still baseth commercial software (e.g., Matlab).

3. Approach to Change Detection

Within each of the 2 PAs a large number of changes are occurratgany time and over timeSuch changes are

the result of specific events (e.g., a flood, fire or storm) or processgs foad construction, aht growth and
seasonal cycles). An awareness and understanding of the types and nature of change was inherent and essential
the development of the EODESM system.

3.1 Events

Change events are often disruptive in nature ad typically associated withoth natural and humatinduced

events. In the former case, severe or extreme weather (e.g. floods or storms, cyclones and hurricanes) can lead t
significant and abrupt changes in land cover. Such events are typically captureiioing to historicaEOdata

prior to the event and the best available imagery acquired shortly after. However, events might not be detected for
several days or weeks because of, for example, cloud cover or smoke or a relativeiequeny of data
acquisition (e.g.,16 days in the case of LandsdEventsmight also be predicted. For example, long periods of
drought can lead to desiccation of forests, which then results in a wildfire. The accumulation of wood debris during
previous periods of higher pductivity can also increase the amount of fuel available and hence contribute to the
severity of the fire. Humainduced change events are ofterf smallerextentand may be long term, with these
including deforestation or urbanisation.

3.2 Processes

Processs typically occur over a longeme frameand can lead up to an event, as in the wildfire example presented

in Section 3.1. Other examples of processes include rises in sea level (which can lead to increased inundation), risit
land surface temperaturege.g., leading to reduced snow fall) or erosion (leadingitcreasedbare ground
exposurg. Others arise because of a previous event or process asiggeneration following deforestation or

plant succession on previously eroded surfaces. In these dasesseries of earth observation data are essential
within the respectiveperiod of timeanddepend upon the processes occurring (e.gR Years for the construction

of an urban housing estate or 30 or more years to study regeneration to a relativelyarfatest state).

3.3  Environmental variablesgnV;thematic and continuous)

The approach taletect andcharacteriseboth change events and processes within the EODESM system is to
quantify a range oEn\éretrieved largely fromEOdata. Many of these varidés have been considered essential
(e.g., the Essential Biodiversity VariablEBVspf Pereira et al., 2015) aridclude those that are thematic (e.qg.,
crop type)or continuous (e.g., above ground biomass) in nature (Tables 3.1 to 3.3). Some of thakkesaan be
used as direct input tohe LCCS classification (e.g., snow c@ezcentage or durationTable 3.1) whilst others

ECOPOTENTIABC516-2014 N.641762 Page8 of 63
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provide additional information, which is not used in the classification (e.g., land surface temperature; Table 3.2).
Other varables can be derived from the classification of land covers (e.qg., fire disturb@mftagmentation Table
3.3).

Table 3.1Environmentalnformationretrieved from EO data and used as direct input to the EODESM system.

Topic Area Description
Agricultue Crop Area
Crop Management and agricultural practices
Crop Phenology
Biodiversity Phenology (Species traits)
Physiological traits (Species traits)
Vegetation heighand cover
Climate Glaciers and ice caps (Land)
Ice sheets (Land)
Lakes (Land)
Phytoplarkton (Ocean surface)
Snow cover (Land)
Suspended particulates (POC, PON or POM) and PIC ++ labora
beam attenuation, backscatter, acidifiable, beam attenuation
(Biogeochemicalwith these being indicative ofater turbidity.
Renewable Energy Tidal (nin, max, sea surface elevation)
Urbanization
Water Water quality hydro-period.

Table 3.2 Environmental Informatioretrieved from EO data that provide additional descriptions of land cover

Topic Area  Description Topic Area Description
Climate Aboveground biomass (Land) Agriculture Crop Type
Albedo (Land) Biodiversity Net primary productivity (Ecosystem
function)
FAPAR (Land) Population structure by age/size clas
(Species populations)
LAI (Land) Ocean Chlorophyll (Biology and Ecosystem:s
Ocean colour (Ocean surface) Coral Cover (Biology and Ecosystem
Permafrost (Land) Large marine vertebrates:
abundance/distribution (Biology and
Ecosystems)
Phytoplankton (Ocean surface) Zooplankton, Krill biomass/abundanc
(Biology and Ecosystems)
Precipitation (Atmosphere surface) Renewable Elevation, Orography
Sea ice (Ocean surface) energy Land surface temperature
Sea level (Ocean surface). Ocean bathymetry
Sea state (Ocean surface) Wave, height, direction, period

Seasurface temperture (Ocean surface)
Soil moisture (Land)

Surface current (Ocean surface)

Wind speed and direction (Atmosphere
surface)
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Table 33. Environmental Informatiomhat can be derived from the EODESM system

Topic Area Description

Biodiversity Disturbance regime (Ecosystem function)
Ecosystem composition by functional type (Ecosystem structure)
Ecosystem extent and fragmentation (Ecosystem structure)
Habitat structure (Ecosystem structure)
Population structure by age/size class (Species popuisti
Secondary productivity (Ecosystem function)
Species distribution (Species populations)
Species interactions (Community composition)

Climate Fire disturbance (Land)
Land cover, including vegetation type (Land)
River discharge (Land)
Water use (Land)

Ocean Mangrove Area (Biology and Ecosystems)
Salt Marsh Area (Biology and Ecosystems)
Seagrass Area (Biology and Ecosystems

Renewable Land use, Land cover, including urbanization, hydrology, grid descript
energy Urbanization
Health Famine early warnip

Short term forecastings inputof communicating diseases

4.  Storylines

The following sections outline the storylines associated with each ofPtee and focuses particularly on the
changes that are of greatest interest to the protected area managemsoverview of the data layers that are
available for eaclPAis also indicated.

4.1 PelagosSanctuary, Mediterranean Sea

Changes in fishing fleet and shipping behaviour within the Pelagos Sanctuary of the Mediterranean Sea (betweel
Italy, Monaco and Francejeaimpacting upon the distribution of marine mammals. The impacts on these mammals
needs to be evaluated in relation to changes in sea conditions, including sea surface tempE&tyeand also
chlorophylta, and bathymetry.

Main concerns Biophysicatonditions of the sea.
CausesChanges in bdsship movement, climate change amdaritime use.
Consequence<Lhanges in therimary productivity of the Pelagos.

Focus:Sea Surface Temperature (SST), Chlorephasid bathymetry.

4.2 Wadden SeaThe Netherlads

Water flows from rivers entering the North Sea are producing elevated levels of nutrients, which are leading to
changes in primary productivitgnd subsequentlhyeutrophication. These changes are leading to declines in
breedingopportunities and numbex of migratory birds Overfishingis also contributing.The impacts on wildlife

need to be evaluated in relation to changes in biophysical conditions of the sea, including SST, chirophyll
turbidity and bathymetry.
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Main concerns Biophysical conditionsf the sea.

CausesChanges in nutrient loadings, particularly from terrestrial environments, and fishing activity.
ConsequencedDeclines in wildlife (particularly birdsd shellfish

FocusSea Surface Temgure (SST), Chlorophw] turbidity, bathymetry.

4.3 The Camargue, France

Within the Camargue, about 400 millior? of water istransferredfrom the Rhone to agrsystems dominated by

rice (including pasture meadows) but also to support ecotourism, wildlife hunting and reed hdnastased

salinty in the Rhone and changes in rice or biofuel mark&tht impact on the management and hence functioning

of the wetlands and their associated biodiversity. Changes in rainfall associated with climatic fluctuation might also
impact on the wetbeing ofthe wetlands and proximal ecosystems.

Main concerns Extent and conditions of wetlands in terms of water quality and vegetation.
Causeslnfrastructure development associated with agggstems, market and climate change.
Consequence<hanges in thddw, distribution and condition of water.

FocusHydroperiod, water depth, vater turbidity and depth, extent of aquatic life formzop types

4.4  Curonian Lagoon, Lithuania

Alterations in the tidal regime are leading to a loss of intertidal wetlands, imgutie coastal lagoonsnd also in
fish and invertebrate dynamics

Main concerns Variations in tidal regime.
CausesConstruction of embankments and dams and increases in agricultural area
Consequence<Lhanges in vegetation productivity, aquatiddivie and productivity.

FocusHydroperiod and tidal period, lifeform of aquatic vegetation.

4.5 Danube DeltaRomania and Ukraine

The construction of dams also led to alterations of river flows and changaspth and suspended solids, with
associated irmacts of biodiversityLosses in primary and secondary production and changes from lakes that had
clear water and macrophytes to those that were turbid and dominated by phytoplankton also occurred.

Main concerns Water quality and extent and condition afjuatic vegetation.
CausesConstruction of embankments and dams and increases in agricultural area
Consequence<Lhanges in vegetation productivity, aquatic wildlife and productivity.

FocusHydroperiod, water depth and turbidity, extent of lifefons, cultivated area.

4.6 Dofiana NP, Spain

Dofiana National Park in Spain is a large wetland complex area of fresh water seasonal marshes, temporary pond
shrub and pine forest on sand dunes. The high ihtgf y dz £ @I NA I 0Af A& Ay ot yI Q
YEAYOGFAYAYy3a LXFyGdG O2YYdzyAUASAQ RAGSNEAGES |yR LINBa
the dominance of a few species and creating opportunities for rare species (Seliasti#éez et al. 2016).

Main concernsMaintenance of ecosystem services and habitats (particularly wetlands), Preservation of waterbird
biodiversity.
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CausesClimate Change, Disruption of environmental (water) flows, Huindaced pressures (pollution, water
diversion).

Consequenced:osses of biodivsity and ecosystem services.

FocusHydroperiod, water extent, water depth, water turbidity, aquatic lifeforms.

4.7  Lakes Ohrid and PrespBprmer Yugoslav Republic dMacedonia

Agricultural development is leading to changes in water quality within the Lak#sh house a diverse range of
flora and fauna.

Main concerrs; Impact of agriculture on lake condition and its biodiversity.
CausesAgriculture.
Consequenced:osses of fish, invertebrates and birds.

FocusWater turbidity, cultivated area

4.8 Northern Limestone, Austria

Changes in the disturbance regimes of forestsehaccurred as a consequence of increases in disease but also
fluctuations in climate.

Main concerns Change in vegetation state and condition.
CausesClimate change
Consequenced:ossand degradation of forest ecosystems.

Focus:Canopy coverganopy heightphenology, above ground biomass, net primary productivésf type.

4.9 Bavarian Forest NP, Germany

Changes irlimate have resulted in outbreaks of bark beetle and declines estdrealth.Nitrogen deposition is
also driving inertia in ecosystem succession in mountainous areas.

Main concerns Change in vegetation state and condition.
CausesClimate change and pollution (namely nitrogen deposition).
Consequenced:oss and deg@dation of forest ecosystems and disruption of forest succession.

FocusCanopy cover, phenology, net primary productivity, leaf type.

4.10 Gran Paradiso NP, Italy

The ecosystems within the Gran Paradiso National Park are subject to modifications of theaexteimstribution

of alpine and sulalpine habitats as well as their functioning (e.g. provisioning of fodder fordiighde animals).
Increasing temperatures and changing precipitation pattern strongly affect snow phenology (considerably snow
cover duation and timing of snow melt), which is one of the key drivers of plant phenology (e.g. timing of green

up).

Main concerns Change in ecosystem health and condition
CausesClimate change

Consequencedviovement of ecosystems and changes in functioning.

FocusLife form, snow cover duration, vegetation phenology.
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4.11 Hardangervidda NP, Norway

The main purpose of Hardangerviddational ParkHNP)s to protect a section of a valuable high mountain plateau
and its cultural environment, whilsecuring living aas or the stock of Wild Reinded6trand, Bevanger et al.
2006 Skogland 1978; Odland et 2D14). Climate change is also expectedalter both the onset and the duration
of springand comprise reindeer calving time and green{igalther et al., 2002Post, Bgving, Pedersen, &
MacArthur, 2003; Skogland, 1989)

Main concerns Lichen extent and biomasextent and available biomass in summer grazing pastures
Causes Changes in grazing regime, climate change, human disturbance
ConsequencesChangesn summer and winter grazing pastures

Focus areasExtent of lichen, snow coveGPP/ onset of greenirand elevatio

4.12 High Tatra Mountains, Poland and Slovakia

Subsantial damage to the Slovakian forests occurred following a windstorm in November 2004, with many trees
experiencing dieback and subsequently bark beetle infestations. The loss of foreshawdelt resulted in
flooding and landslides. However, the diekdacilitated the regeneration of forests that were of mixed species
composition.

Main concerrs. Recovery of damaged forests and management to increase resilience of existing forests.
CausesWeather extremes
Consequenced:oss of forest cover in the stiderm but restoration towards more mixed species forest.

Focus aread:ife form, Canopy cover

4.13 La Palma, Spain

Invasive specieare impacting upon the functioning and services of protected areas on the island and climate
change may be influencing the ammt of cloud cover and hence those ecosystems that degemithis.

Main concerrs: Invasive species and changes in the physical environment
Causeslntroductions of flora and fauna and climate change
ConsequencesReplacement of or competition with natiapecies.

FocusLife form, cloud cover, plant species.

4.14 Sierra Nevada NP, Spain

Changes in climate have impacted upon the functioning of ecosysteitts altitudinal changes in vegetation
compromisingspecies distributions and abundance.

Main concerns Change in ecosystem health and condition
CausesClimate change
Consequencedviovement of ecosystems and changes in functioning.

FocusLife form, canopy cover, phenology, net primary productivity, leaf type.
4.15 Swiss National Park and Landshaft Davos

Land abandonment and increasing temperatures are leading to changes in the extent and distributions of
ecosystems, with this including an increase in trees at higher altitudes (i.e., an upward movement of the tree line)
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and densification of forestsThis isncreasing the homogeneity of landscapes but also impacting on high mountain
species, including ungulates such as lthex

Main concerns Extent and condition of vegetation cover (particularly woody)
Causest.and abandonment and climatelated increasef temperature
Consequenceddpward movement of the tree line and increases in forest density

FocusExtent of lifeforms and canopy cover as a function of altitude.

4.16 Har HaNegeyv, Israel.

Farming activities (including grazing) and urban expansion have tietbao the Har HaNegev arde leading to
changes in the water flow and productivity of the landscape.

Main concerns Changes in vegetation extent and productivity
CausesSettlement development and agriculture over periods of centuries.
Consequence<Lhanges in the flow, distribution and condition of water and vegetation.

FocusLifeform, Phenology, Net Primary Production

4.17 Kruger NP, South Africa.

Shrub encroachment is impacting on the availability of herbaceous vegetation for grazing animals, with these
including both wildlife andivestock.Fuelwood gathering as well as elephant pushovers are also resulting in a
decline in the density and cover wées, whichis impacting on carbon budgets and future fuel availability.

Main concerns Change®f vegetatio structure and health
CausesOverpopulation and changes in wildlife populations
ConsequencesSustainability of agriculture, loss of fuel and declines in carbon.

Focus:Canopy cover/density, extent of lifeforms, above ground biomass, net primary proitycti

4.18 Montado, Portugal

Increases in grazing pressure have led to compaction of the soil but also reduced regeneration of the native
woodlands, with this exacerbated by cutting of trees. This has led to a loss of vegetation cover and fragmentation
of habitats. Soil degradation has also resulted in lower infiltration of water and, together with shifts in precipitation
patterns and more frequent droughts, the ailability of water has reduced (Figure 4.1).

Main concerns Changes in vegetation state and cdiah and soil functioning.

CausesAgricultural policy and market pressures leading to increases in cattle density, shrub control and destructive
soil tillage.

ConsequencesLoss of habitat for biodiversity, nesustainable use of forests, declines in aglocrops and
ecosystem functioning. .

FocusLifeform, canopy cover, presence and composition of understory layers, soil moisture.
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Figure 4.1. Changes in the Montado PA in Portugal. The causes and consequences of change, inc
ecosystem serges, are also indicated.

4.19 Murgia Alta, Italy

Agricultural intensification and expansion of cultivated lands are leading to loss and degradation of natural

grasslands. Thednsformation of natural grasslands and sematural pastures into agricultural amstakes place
by stone (rock) grainingndudng soil erosion and contamination in aquifeystems Habitat degradation is
exacerbated by the invasion of norative species, illegal mining and toxic mud dumpirige &ntire grassland
ecosystenis threatenal in terms of biodiversity loséabitat extent and condition.

Main concerrs. Conservation of extent and conditiortd natural ecosystems and particularlgf the natural

grasslands.

CausesConversion of grasslands and natural pastures in extensiveediatis, legal and illegal mining and toxic
mud dumpingintroduction of alien species

ConsequencesHabitat degradation, loss anfdagmentation, biodiversity losssoil erosion and hydrogeological
instability, contamination of sa@land of aquifer sysems.

Focus:Lifeforms, particularly grassland extent and fragmentatiotanopy cover, bare ground and materials,
cultivated and artificial (urban) areaalien plant species

ﬁ ECOPOTENTIABC516-2014 N.641762

Pagel5of 63



Cofunded by the
European Union

D43 EO change detection Modules

4.20 PenedaGeres NP, Portugal

As with much of Portugal, a decline in traditionaia@pgastoral systems has led to widespread scrub encroachment,
with these causing changes to fire regimes. Many areas of natural and-rs&tmial vegetation hee also
experiencel invasion by nomative species, includingcaciaand Eucalyptus.

Main concerns Extent and health of vegetation cover (particularly woody).
CausesLand abandonment
ConsequencesShrub encroachment, invasive species.

FocusExtent of life forms and canopy cover.

421 Samaria NP, Crete

Fragmentation of the vegetation as well as desetdifion induced by overgrazing and wildfires has resulted in a
loss of biodiversity with this exacertsal by tourism, poaching and infrastructure development and modifications
to surface and ground water.

Main concern Loss of biodiversity
CausesExpansiorof human populations, locally and through tourism.
Consequenced:oss of vegetation cover

FocusTerrestrial life forms, bare ground and associated material

5. Describing Change

51 Overview

Within the EODESM system, the detection of change is based orabdtange in the component codes of the
LCC® classes but alsBnVs which are either used to define the land cover classes or are independent of the
classification. Observed changes in both land coverEaM$are then accumulatedo provide evidence thatan

be considered when assigning a change cateddrg.following sections describe the appch to change and also
provideexamples from the differerfPAs The classification and change software has been develtpeoh through

9/ ht h¢ 9 b ¢therefy Qraviditg the capacity for a wide range of users, incluBiAghanagersto generate
their own land cover and change classifications.

5.2 Changes itomponent class codes

To support the classification of land covers according to the LCCS taxontesyoa2 NJ WY I a4 SNRU 3
created with each celcontaining one or more odach of the major input layers to the classificati@mable 5.).

The input name refers to the file name associated with the layers uploaded to the VL. Each inpig dser
associated with a number range, indicating different component classes. For example, pixels associated with water
snow and iceare assigned the code valuekl, 2 and 3 respectively. These codes are given in Deliveralded .2

have been distributed asnaLCCS code guidehe software for generating the LCCS categangf these layers

is applied to the grid, with an example of the classification output (for Level 4 categories) provided in Figures 5.1.
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Figure 5.1. Main LCd@S&ategories.
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Table 5.10verview of the main data layers used in the EODESM System.

Input description Input name Input description Code Input description Code
LEVEL 3 CLASSES LEVEL 4 CLASSES Vegetation

Cultivated area L3Cultman Lifeform LLifeform  Plant species Bplantsp
Urban area L3Urbanis  Leaf type LLeafType Above ground biomass BAGB
Impervious surfaces L3Impervs  Phenology LPhenolog Chlorophyll a Bchla

Bare ground L3Baregrd  Urban vegetation LUrbanveg Nitrogen Bnitrogen
Orchards L3Orchard  Crop combinations LCropcomb Lignin Blignin
Plantations L3Plantat Crop sequences LCropsequ Vegetation moisture Bvegmos
Artificial surfaces L3Artsurf Crop water supply LWatersup Leaf area index BLAI
Artificial water L3Artwatr Crop time factor LTimefact NPP BNPP
Aquatic L3Aquatic  Daly water variations LWaterday GPP BGPP
CLASS MODIFIERS Seasonal water variations LWatersea FPAR BFPAR
Lifeform MLifeform  Spatial size Lspatsize  Burn severity Bburnsev
Phenology MPhenolog Spatial distribution Lspatdist ~ Start of green up Bgreenup
Linearsurfaces Mlinearis Number of layers Lstratznd  Start of senescence Bgreendown
Non built up areas MNonbuilt  Lifeform of the 2nd layer Llifef2nd Growing season length Bseaslength
Bare material Mbarematr  Cover of the 2nd layer Lcover2nd Hydrology

Hardpans Mhardpans Height of the 2nd layer Lheigh2nd  Soil moisture Bsoilmos
Surface material Munstones  Artificial surfaces Lartisurf Snow cover fraction Bsnowcfr
Water movement Mwatermvt  Noninear surfaces Lnolinear  Snow grain size Bsnowgrainsz
Substrate mateal Msubstrat ~ Bare surfaces Lbaresurf ~ Snow wetness Bsnowmos
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Derived measures Macropattern Lmacropat Snow water equivalent Bsnowweq
Canopy cover DCanopyco Water state Lwaterstt ~ Snow depth Bsnowdep
Canopy height DCanopyht Water depth Lwaterdpt  Physical ad bare
Water persistence Dwaterper  Water sediment layers Lwsedload Land surface temp. BLSTemp
Urban density Durbanden ENVIRONMENTAL VARIABLES Terrestrial grain size Bterragrainsz
Snow persistence DSnowper  Terrain Frost days Bfrostdays
Bare surface Dbaresurf  Elevation BDEM Soil moisture Bsoilmos
Impervious surface Dimpervi Slope Bslope Soil acidity Bsoilacid
Aspect Baspect Albedo Balbedo
Agriculture Marine
Crop type Bcroptype Sea surface temp. BmarineSST
Crop yields Bcropprod Marine chlorophyll Bmarinechl
Marine CDOM BmarineCDOM

Total suspended matter BmarineTSM
Marine Sea Level Press BmarineSLP

Bathymetry BBathym
Sea level pressure BmarineSLP
Atmosphere

Cloudiness Bcloudiness
Precipitaion Bprecip
Humidity Bhumidity
Atmospheric temp. Batmostemp
Wind velocity Bwindvel
Wind direction Bwinddir

Examples of the LCCS Level 3 and Level 4 classifications for the first (Period 1) butalsbadservation period
(Period 2) are given in Figure 5These periods can be separated by hours, days, weeks, months, years or decades
(as examples)in this fgure, and with reference to the labels in Figure Sthere is a loss in the extent of All
(cultivated and managed terrestrial vegetation) and a gain in A12 (Natural anehatunal terrestrial vegetation).

The areaof A23 (cultivated and managed aquatic vegetation) remains stable but A24 is lost because of expansion
of artificial surfaces (B15However the extent of artificial surfaces &so reduced because of replacementiaye

ground (B16)Artificial water (B27) increases at the expense of natural water (B28). Although dhnesfecused
changes are simuted, the figures show how thesie represented in actual temporal imagery.

Similar but more detailed changes are also illustrated for LCCS Level 4. In this case, the components of these clas:
are comparednd all possible (and feasible) changes within the FAO LCCS component dédeswitS | OK [ / /
(e.g., lifeform, canopy cover) are documented. As an example, for the layer representing urban vegetation, four
categories are defined, namely Urban Vegetated (A18), Parks (All), Parkland (A12) and Lawns (Al13) and tl
possible changeare listed in Table 5.1.

a) b)
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Figure 5.2LCCS Level 3 and 4 classifications for per{accland 2(b,d).

Table 5.1. Changes possible within the urban vegetated layer.

Change condition Change condition

Remained as Urban Veigted (A18) Parks (A11) to Parkland (A12)
Remained as Parks (A11) Parks (A11) to Lawns (A13)

Remained as Parkland (A12) Parkland/A12) to Urban Vegetated (A18)
Remained as Lawns (A13) Parkland (A12) to Lawns (A13)

Urban Vegetated (A18) to Parks (A11) Parkland (A12) to Parks (A11)

Urban Vegetated (A18) to Parkland (A12) Lawns (A13) to Urban Vegetated (A18)
Urban Vegetated (A18) to Lawns (A13) Lawns (A13) to Parkland (A12)

Parks (A11) to Urban Vegetated (A18) Lawns (A13) to Parks (A11)

An illustrdion of the change detection pross is illustrated in Figure 5.&hich highlights both increases and
decreases in the hydeperiod forthe Ddiana PAwith this using the global water layers generatedtwo different
periodsby the Joint Research Centffeekel et al., 2016). The classes themselves are generated from the continuous
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surfaces (based on months that were inundated) and this information is retained within the objedtas
attributes. This has been ateved by using kea file formatwhich dlows for raster attribute tables.

— ; F" o > 4 v
4 . ‘.‘." . -N “ B1 Perennal (> 9 months)
\ 4‘\' N s ) AN 82 Perennial (7-9 months)
:{“gé M o (P B7 Perennal (4-6 months)
y A _ 4 . B3 Perennal (1-3 months)
e ‘-_ B, 1"--. | ] 89 (Non-perennal

ths ) to BS (4.6 months)
42 t0 182 days)

B8 (4-6 months] to Bll>9m’ =
faversqe 14540 220 daysl

Figure 53. The changes in LCCS hyplesiod class components between 2014 and 2015 in a subsection ¢
DonanaNational ParkThe original (baseline) class is compared with that obtained in the comparative ye:
the continuous information is also retained.

5.3 Examples of EODESM classifications

The following sections provide examples from the ECOPOTERAd AL changes in the component codes of the
LCCS classifications between taomore timeseparated periods andsing the EODESM software (following
testing on the master gridJ.heseexampledocused on hydrological changes (water extent, hypdeoiod and snow
cover distributions) and lifeform (e.dichens, grasslands amegbody vegetation).

5.3.1 Changes in ater extent

Water extent can be mappefdom optical and SAR datsing a range of algorithms, such as those outlined by Diaz
Delgado et al. (2016). For the flama NP, CERTH used an unsupervised algorithautimmatically classify
radiometricallycorrected SentineRA data (see Deliverable 4.2), with the extent of water extracted as a single class
(Figure 5.4 and B). These data were acquired on an approximately fortnightly basis over the period ffom 1
December 2015 to 20August 2017, and the resulting layersHiight the variability in the inundated area pattern
within the PAFigure 5.4aisualizesvater extent maps forigccessivelates, while Figure 5.4b presents these maps
with the focus on the marshland ardgach map can be used as input to the EODESNMhsysiieh this contributing
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a componat to the full classification of both artificial and natural watSpecifically, each object is associated with
the class water in the input layer of watextent (see Table 5.1; with a code value of 1 for liquid water).

a) 022015 b)19M12/2015 ch 17/02/2016 d) 06/06/2016

e} 16072016 f)26/07/2016 g)25/08/2016 Ry 04M10/2016

i) 23122016 jyranzm;mT k) 02/04/2017 [} 12/042017

my 22042017 ny 02052017 o) 01/06/2017 py11/06/2017

qy 11072017 ry 2072017 5) 31072017 1) 200082017
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Figure 5.4. Maps of water extentDofiana, generated from eachvailable cloud fre@bservation of Sentine?

data.
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Figure 5.4b. Maps of water extent withibofianaNP, with focus on the marshland area. The maps w
generated from each availabtdoud freeobservation of Sentine2 data.

5.3.2 Changes in Hydrperiod

Changes in the hydrperiod from year to yeacan be compared to determine whether a net drying or wetting of
the landscape is occurring or whether inundation remains relatively stableg tleDofianaNational Park as an
example, the annual hydrperiods for the epochs of$1ISeptember 2015 to 31August 2016 ands1September
2016 to 3% August 2017 were generated froafassifications of water inundatidior the Donana NRPFigure 5.5)
and the marshland area (Figure 5d9nerated fromLandsat sensor arSenthall SARdata.
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Figure 5.8 a) Hydreperiodimages generated for the periods 202616 and 2016 and 2017 using Sential
and Landsbsensor data.
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Figure 5.8. a) Hydreperiod images, with focus on the marshland area, generated for the periodsZi%
and 2016 and 2017 from Sentir@A and Landsat sensor data.
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These were then translatedtthe LC&2 hydroperiod classes that describe inundation frequency (e.g.,
month, 1-4 months, 47, 7-9 and > 9 month) and comparethe same translation for th@anarguePAis provided
in Figures 5.7 a and b usinga hydroperiod layerfrom 2015 (RCGlobal Inundation Layersk input (see Figur:
5.8). A continuous canopy cover layabtained from the World Resources Institute (WRI) Global Forest W
(GFW) analsoderived from Landsat sensor dat@assimilarlytranslated to discrete thematic categes.Again,
these inputs provide evidence for hydrological changes across the landscape, but at a different te
frequency compared to the changes in water state.

e A10 A10 Closed cover (> 70 %)

Al12 A12 Open cover (>40 to 70 %)
Al3 A13 Open cover (>10 to 40 %)

1 month A15 A15 Sparse cover (> 4 to 10 %)

— Al6 A16 Sparse cover (< 1 %)

B1 B1 Perennial water (> 9 months)
B7 B7 Perennial water (> 7 - @ months)
B8 B8 Perennial water (> 4-7 months)
BS BS Perennial water (>= 1 - 4 months)

12 months_ 100 %

Figure 57. The translation o&) the hydroperiod continuous layerso b) thematicLCCS categorie€amargue.
France

5.3.3 Changes in Snow Cover

As in the case of the water hydperiod, snow cover maps from moderate (e.g., Landsat or Sef#tfkleand coarse
(e.g., MODISesolutiondata can be accumulated to provid@nual sow hydroperiod mapqFigure 3) as well

as information on the snow phenology (Figurel®. Examples have been generated fBAs including
Hardangervidda and Gran Paradiso National P@Ylks Figure 511), for which annualsnow cover hydreperiod
mapsfrom 2000 to 2015%re availableThe snow cover duration maps are provided in days but can be translated
to any other desired time interval (e.g., monthas with the water hydrgeriod, the more detailed information

on snow cover duration is translated tiscrete classes defined in the L&38xonomy. Other datasets can also

be generated including the last date of snow occurreimcterm of day of year (Figure 5.8uch mapping can be
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used n conjunction with otheratasets, including the extent athen cover (see Section 5.3.4), to understand
change.
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:] Jamais inondé

:] Hydropériode de 1-3 mois
- Hydropériode de 4-6 mois
- Hydropériode de 7-9 mois
- Hydropériode de 10-12 mois

\
Figure 53. LCCS hydro period classes, Camargue, generated by Tour du Valet from 2006 SPOT data.
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-

Figure 59. Maps of annual snow cover duration (days) for the Gran Paradiso NP derived fignM@DIS
imagesNumbers indicate the days per year.
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Value

- High : 365

--Low:O

Figure 510. Maps ofthe time of last snow cover presence (day of ydar the Gran Paradiso NP derived frc
daily MODIS image$he maps are provided in day of year (DOY) and have been filteader to eliminate
erroneous values (e.g. where first and last days of snow presence are the same).

~(@) ECOPOTENTIABCS16-2014 N.641762 Page28 of 63



Cofunded by the

D43 EO change detection Modules European Union

Show cover duration anthe time of the last snovpresenceare key variables representing snow phenologkiese
variablesare continuously mappedrom MODIS datdor the entire alpine range in a standardized way by an
automatic thresholding technique. Each of the snow variables representatefall season starting from October
to September in the following yeatvhen combined, these can give an indica of the interchange between snow
and vegetation.

a)

Remained Perennial (1-3 mo) (B3) Figure 511. Changes in snow cover hyeperiod
Remained Perennial (4-6 mo) (BE)

Remained Perennial (7-8 mo) €7) between a) 2000 and 2003 b) 2003 and 2006 c) 2
Nan-Perennial (4-6 mo) (B8) to Nan-Perennial (1-3 mo) (B9) and 2010 d) 2010 and 2015, as generated from MC
MNon-Perennial (7-2 mo) (B7) to Non-Perennial (4-6 mo) (B&8)

Non Serennial (4-6 mo) (B8) to Non-Perennial (7-8 mo) (B7) data. These maps have_ beeuanslate_d t(_) th_e LCC
Non-Perennial (7-5 mo) (B7) to Perennial (>3 ma) (B1) component classes relating to water distribution acrc

the landscape.
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5.3.4 Changes in Vegetation Lifeform and Associated Variables

Across many landscapes, changes in lifeform (i.e., trees, shrubs, Graminoidsnfodses and lichex) are
commorplace and are captured by considering changes in classifications of Hhmsever, there are also changes

in the biophysical properties of vegetation, including those used in their classifitatiba LCC8 taxanomy (e.qg.,
phenology, leatype) but also those that provide quantitative descriptors of state (e.g., leaf area index, above
ground biomass, foliar chemistry). Exampledatictingchanges in lifeform and vegetation biophysical parameters
are described in the following sections.

Lichers

In the Hardangervidda NP, changes in reindeer densities are impactthg mlative distribution and productivity

of lichen and other low vegetation in the uplands. An algorithm for detediogn volumewas applied to time

series of Landsat sear data, with the resulting continuous layers then thresholded to determineettient of
lichensas a lifeformBoth the lichen extent and volume layer information were retained within the EODESM system
(i.e., in the raster attribute table associated wieach objectiand used in the LC&Sclassification. Whilst the
EODESM approach was robust, the estimates of lichen volume (and hence extent) require further development ir
order to better identify and quantify the changé¢hat are occurring (Figurel®). Additional information able to be
included was the time of green up and the gross primary productivity (GPP) obtained automatically fram time
series of MODIS vegetation index data for Hardangerviddenal Park as well as other ECOPOTENPASL.

Decrease

Increase ﬁi

Figure 512. Changes in lichen volume between aY Beptember, 2002 and"@ugust, 2003, b) 29September
2010 and 18 September, 2011 and c) #&eptember 2011 and 7August 2013.

Grasslands

Forseveral protected areas, timgeries compasons of the herbaceous (grassland and/or forb) classibica can

be used to indicate the changing extent of associated habitats. As an examplufgia AltaNP and the
surrounding landscape, the extent of senatural grasslands was mapped in 2015 @816 by applying an
unsupervised classification tmne series of Sentine2A data.Comparison of the two images (Figuré3.indicates

small losse#n grasslands, with conversion typically being for cultivation. These translate to a change in both the
LCCS Level 3 (sematural/natural terrestrial vegetation to cultivated terrestrial vegetation) and LCCS Level 4
categories (if a forb crop is grown)
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Figure 513. Theextent of herbaceous vegetation (green) between 2006 and 281ta Murga NP, Italy
Woody vegetation

For many of the ECOPOTENTIAL protected areas, changes within the woody lifeform (trees to sivicbyvarsh

and between other lifeforms (herbaceous graminoid and forbs and also cryptogrdictseens and mosses) are
commmplace and can be captured by comparing tiseries ofthematic lifeform classifications. However,
continuousvariables can also be quantified, including phenology, above ground biomass and canopy height and
cover fromEOdata. Changes in both these thenatnd continuous variables can then be used collectively to
provide evidence of change. An example is provided for the Swiss/Davos National Park wheseriamef LIDAR

data (from 2003 and 2012have been used to quantify changes in the landscape tmat provide evidence for
deforestation or regeneratio(Figure 5.4).

5.3.5 Vegetation Phenology.

Phenologydescribes the temporal development of vegetation and holds important information about-tont

and longterm vegetation changes. For Gran Paradiso atiaual phenology information was derived from daily
MODIS NDVI images covering the period from 2002 to 2015 and applying the TIMESAT algorithm. TIMESAT i
software package for analysing time series of satellite sensor data and allows the seasonatéljitaf sme-series

data and their relationship with dynamic properties of vegetation to be investigated. Among the variety of
seasonality parameters that can used to explain phenology, the start of season (SOS) parameter was chosen 1
mirror vegetation onditions in the growth season (Figure 5).IThe phenological information provides direct input

to the EODESM as it can be used to describe phenological variantd 6f@ffeform category but also cgprovide
information such as the SOS, end of seamth length of season, with these included as additional attributes.
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b)

Figure 5.4. Changes in lifeform for Swiss National Park, Switzerland.
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Remained as Shrubs {< 0.5 m){B10)
Remained as Shrubs {5-0.5 m){B14)
Remained as Trees (7-3 m){E7)

Remained as Trees (14-7 m)(B&)

Remained as Trees (= 14 m){B5)

Bare to Shrubs (< 0.5m)(B10)

Bare to Shrubs (5-0.5m)(B14)

Bare to Trees (7-3m)(B7)

Bare to Trees (14-7 m){B&)

Bare to Trees (>14m)(B5)

Shrubs (< 0.5 m)(B10) to Bare

Shrubs (5-0.5m)(B14) to Bare

Shrubs (< 0.5m)(B10) to Shrubs (5-0.5 m){B14)
Shrubs (5-0.5m)(B14) to Shrubs {< 0.5 m){E10)
Shrubs (< 0.5 m){B10) to Trees (7-3 m){E7)
Shrubs (5-0.5m)(B14) to Trees (7-3 m){B7)
Shrubs (5-0.5m)(B14) to Trees (14-7 m){B6)
Trees (7-3 m)(B7) to Bare

Trees (14-7 m){B&) to Bare

Trees (=14 m)(B5) to Bare

Trees (7-3m)(B7) to Shrubs (5-0.5 m){B14)
Trees (14-7 m){B6) to Shrubs {5-0.5 m){B14)
Trees (=14m)(B5) to Shrubs (5-0.5m)(B14)
Trees (7-3 m)(B7) to Trees (14-7 m)(B6)
Trees (7-3m)(B7) to Trees (=14 m)(B5)
Trees (14-7 m){B6) to Trees (7-3 m)(B7)
Trees (14-7 m){B6) to Trees {>14 m){B5)
Trees (=14 m)(B5) to Trees (7-3m)(B7)
Trees (>14m)(E5) to Trees (14-7 m)(B&)

>100% incr
90-100%0 incr
B0-90% incr
70-80% incr
B0-70% incr
50-60% incr
40-50% incr
30-40% incr
20-30% incr
10-20% incr
1-10% incr
1-10% decr
10-20%: decr
20-30% decr
30-40% decr
40-50% decr
50-60% decr
60-70% decr
70-80% decr
80-90% decr
90-100% decr
>100% decr

Deforestation
Regrowth
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Figure 515. Maps of annuaktart of season greeninfpr the Gran Paradiso NP rieed from daily MODI¢
Normalized Difference Vegetation Index (NDVI) da@tee numbers refer to the number of days for each y
(from 1st January)
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6.

Changes in Variables
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A number ofthangevariables relatel to the sborylines outlined in Section 4 havedn provided by ECOPOTENTIAL
partners forthe differentprotected areas that are located in coastal and marine (Téllg high mountain (Table

6.2) and semirid (Tableés.3) areasin terms of detecting change, key layers thah be obtained from ime series

include marine biophysical properti€s.g., sea surface temperature, chloropkglliturbidity) and hydreperiod.
However, a number of layers acarrentlyonly available for one point in time includingnegy cover and lifeform,

partly because theSentinel-2 data have only become recently availabldowever, these variables are being
continually updated during the course of the ECOPOTENTIAL project and hence improvements in the classificatic
and also the detection and description of change articgrated.

Table6.1 Variables for change detection coastal and marine PAs.

Site Desirable Available (on ftp) Additional
1. Pelagos Sea Surface Temperature Sea Surface Temperatuf2009
ChlorophyHa 2015)
Turbidity ChlorophyHa (19982015)
Bathymetry N/A
Bathymetry
2. Wadden Sea Sea Surface Temperature Sea Surface Temperatuf2013 Wind fields (2014015)
2016) Ocean colour (2002012)
ChlorophyHa ChlorophyHa (19982014) Shoreline (Ja®ct 2016)
Turbidity Coloured Dissolved Organicalfier
(19982014)
Bathymetry N/A
3. Camargue Hydroperiod Hydroperiod (2006) Wind fields (2014015)
Water fasonality Water fasonality(1984-2015) Suface water extent (200@012)
Water turbidity N/A ChlorophyHa (19982014)
Water depth N/A Phenology start/end seasol
Lifeforms Lifeforms (S2; 2016) (20002016)

4.Curonian Lagoon

5. Danube Delta

6. Doflana NP

7. Lakes Ohrid ant

Prespa

Cropvegetationtypes

Lifeform (in¢. aquatic)
Water fasonality
Tidal period

Lifeform (in¢. aquatic)
Water seasonality
Water depth

Water turbidity
Crop/vegetation types
Lifeform (in¢. aquatic)
Hydro-period
Inundation

Water seasonality
Water depth

Water turbidity

Water turbidity

Water seasonality
Lifeform

Soil moisture

LCmaps (2006, 2011)

Lifeforms (S2; 2016)
Water seasonality(1984-2015)
N/A

Lifeforms (S2; 216)

Water seasonality1984-2015)
N/A

N/A

LC maps (2006, 2012)
Lifeforms (S2; 2016)
Hydro-period £009-2014)
Inundation maps (201:2016)
Water seasonality19842015
Water bodies delineation

N/A

Water seasonality (1982015)
Lifeforms (S2; 2016)

Soil moisture (2002015)

Tree cover density

Sea Surface temperature (200
2015)

Surface water
2012)

Sea Surface Temperature
Sea Ice thickness
Shoreline (201€017)
Tree cover density

NDWI

Surface water
2012)

extent (2000

extent (2000

Phenology indices from S2 da
(20152016)

Surface water extent (2068012)
GPP (2002016)

Tree cover density

Surface water extent (2002012)
GPP (2002017)

Landscape fragmentation

Tree cover density

Surface Soil moisture

@
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Site Desirable Available (on ftp) Additional
8.Northern Limestone  Canopy cover Tree cover density (2@) Elevation
Canopy height LIDAR (2012) Snow area

9. Bavarian Forest NP

10. Gran Paradiso NP

11.Hardangervidda NF

12. High Tatra Mts. NP

13. La Palma

14. Sierra Nevada NP

Phenology

Leaf type

Above ground biomass
Net Primary Production
Crop/vegetation types

Canopy cover
Phenology

Leaf type

Net Primary Production
Lifeform

Habitats

Insect outbreaks

Windthrows
Lifeform
Canopy cover
Snow cover
Grassland

Lifeform
Lichens

Snow cover

Elevation
Lifeform
Canopy cover

Lifeform
Cloud cover

Plant species

Cultivated

Lifeform

Canopy cover
Phenology

Leaf type

Net Primary Production
Crop/vegetation types

ECOPOTENTIABC516-2014 N.641762

Landsat NDVI/EVI (20@D14)
Landsat (2012)

N/A

LC maps (2014)

Tree cover density (2012)
Landsat NDVINDWI(19852016)
Landsat (2012)

N/A

Lifeforms (S2; 2016)

Habitats (1989, 2003, 2008, 2012)

Insect outbreaks (2652010
2007

Forest disturbance
Lifeforms (S2; 2016)

Tree cover density (2012)
Snowcover

Grassland (2012016)
NDVI/NDWI

Lifeforms (S2; 2016)
Phenology start/end season
Tree cover density

NDLI (1982016)

Snow cover (2000 onwards)
Snow area (S2)

Digital elevation data
Lifeforms (S2; 2016)

Tree cwer density (2012)
NDVI / NDWI

Tree cover density

Snow cover maps

Lifeforms (S2; 2016)

Cloud cove(LS/S2; 208-2016)
Existing mapping (2063015)
Forest disturbances

GPP (2002017)

Landscape fragmentation
LAl

Tree cover density
Vegetation height and structure
Lifeforms (S2; 2016)

Tree cover density (2012)
Landsat NDVI (1982011)
Landsat (2012)

N/A

LC maps (2005, 2011)
Forest disturbances

GPP (2002017)

LAI

Vegetation height and structure

Water seasonality (1982015)
Surface water extent (2060
2012)

Forest disturbances

GPP (2002017)

Surface soil moisture (201<
2019)

Bare ground (2010)

Water seasonality (1982015)
Surface water extent (2000
2012)

Land surface temperature

Albedo (200e2015)

Bare ground (2010)

Land surface temperature
Surface Soil Moisture

Bare ground (2010)

NDMI (20@-2016)

Water seasonality (1982015)
Surface water extent (2000
2012)

Bare ground (2010)

Water seasonality (1982015)
Surface water extent (2000
2012)

Landsat NDVI (B®-2016)

Landsat NDWI (198¢
2016)Climate variables
(monthly averages)

Elevation

Water sesonality (1984015)
Surface water extent (2000
2012)

Land surface temperature
Elevation

Albedo (200€2015)
Biodiversity indicators (1956
2007)

Water seasonality (1982015)
Surface water extent (2000
2012)
Landscapé&ragmentation
Snow cover maps
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15. Swiss NP and Davt Lifeform
Canopy cover
Elevation
Canopy height
Above ground biomass
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Land surface temperature

Surface Albedo

Surface Soil Moisutre
Lifeforms (S2; 2016) Roads
Tree cover density (2012) Water seasonality (1982015)
Elevation Surface water extent (2060
CHM (2003, 2012 2012)

Above ground biomass (2003, 201 Vegetation height and structure
GPP (200@017)
NDVI
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Table6.3. Variables for change detection semiarid PAs

Site Desirable Available (on ftp Additional
16. Har Hanegev Lifeform Lifeforms [8/S2; 2016) Bare ground (2010)
Phenology Phenology start /end season (20Q017) Water seasonality (1982015)
Net Primary Production GPP (200Q017) GPP (2002017)
Surface Soil moisture
17. Kruger NP Lifeforms Lifeforms (S2; 2016) Landsat NBRL987%2004)
Canopy cover Tree cover density (2012) Bare ground (2010)
Above Ground Biomass AGB (Trees) LandsatNDVI {987-2013)
AGB (Herbaceous) Roads, railways
Net Primary Production N/A Elevation
Tree density Tree cover density (2012) Water seasonality (1982015)
Land cover LC maps (1990, 2000, 2015) Surface water extent(2000
Forest disturbances 2012)
Fires Fires(20052015) Surface soil moisture

Landscape fragmentation
Phenology start /end season (20Q017)
Vegetation height and structure

18. Montado NP  Lifeform Lifeforms (S2; 2016) LandsaNDVI (1984015)
Canopy Cover Tree cover density (2012) AGB
Understory layers Phenology start /end season (20Q017) Water seasonality19842015)
Soil moisture Surface soil moisture Surface water extent (2000
Crop/vegetation types  Forest disturbances 2012)
Forest cover Vegetation height and structure

Biodiversity indicators
Landscape fragmentation

Burnt areas N/A
LC map (2007)
Forest maps (2000, 2006)
Biodiversity indicators (2007, 2012)
Burnt areas (1992014)

19. Murgia Alta Lifeform Lifeforms (S2; 2016)
Canopy Cover Tree cover density (2012) Soil moisturg20142016)
Infrastructure Impervious surfaces Water seasonality (1982015)
Bare ground Bare ground (2010) Surface water extent (2000
Bare surface material N/A 2012)
Crop/vegetation types  LC maps (2006, 2011)
Grassland Existing mapping (2008014, 2012
2015)
20. PenedaGeres Lifeform Lifeforms (S2; 2016) Elevation
Canopy Cover Tree cover density (2012) Surface Soil moisture
21. Samaria NP Lifeform Lifeforms (S2; 2016)
Bare ground Tree cover density Water seasonality (1982015)
Bare surface material Bare ground (2010) Surface water extent (2060
Habitats N/A 2012)
Habitat maps (1985, 1995, 2000, 20C Land surface temperature
Landscape measures 2010, 2015) Albedo

Landscape fragmentation measures
(1985 1995, 2000, 2005, 2010, 2015)
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7. Accounting for time

Across landscapes, numerous changes are occurring and for decades, quantifying such changes usimiyame or o
few satellite images a year has proved a significant challekgyan example, Figure 7.1 highlights that, within any
singleimage, changes are occurring at different rates amdgnitudes For example, daily variations in tidal
inundation might occuat the same time as changes in snow cover (which are often described on a daily to weekly
timeframe), vegetation phenology (intra and intennual) and accumating biomass (continual but often assessed

on a 15 year time fram& The EODESM system hasrbdesigned such that changes occurrinvgr different time
frames are detected but also considered in unison.

Variations in Environmental Variables Over Time

P AV VAV AV AV AV AVaVAVAVAYAYA
_

Figure 7.1 Diagrammatic representation of thw&rying changes across a landscafiee letters of day, month
year etc. are rasterised in thimage.

The ability to detect change has improved significantly as the availability of sensors operatiffigrémt modes

has increasedrhis has not only led to a greater number of observations but also a better understanding of temporal
signatures as function of change events and processes. A greater numtgnsican alsde retrieved and these
collectively can provide a large amount of new and often corroborating information on the state and dynamics of
landscapes. This is illustrated in Figar2 which highlights, using the Camargue in southern France as an example,
the requirements for change information and how this can be addressed by exploiting the diversity of available
Sensors.

ECOPOTENTIABCS16-2014 N.641762 Page38of 63



Cofunded by the
European Union

D43 EO change detection Modules

-

.,
| Fortnightly in -
growing season (20) -
Hydroperiods Y
-

s

-] Weekly in growing
% | season (30)
== Forest phenology |

! . >

SN
S| Annually (1)
b Biomasschange |
- | — —

~r= S e

Annually (1)
Sand or mud

A

erosion & —-

deposition S - b7 Weekly (504) -
‘ ¥ @ | Hydroperiods |8

Monthly (12)
Industrial or
commercial
use of aquatic
areas

DLandsat/SentineI DSAR/ LIDAR DWorIdview/SAR

Figure 7.2 Examples of changes occurring in the Camamauer different time frames, the requirement for
observations and the types of sensors that can be used collectivetietaify and quantifychange.The image
depicts the depth of information that can be obtained over time, with this depicted by the nunfbevels within
the 3D representation.

Despite the availabilitpf EOdata, most haveen acquired at different timesnd so establishing links between, for
example, plant productivity over time amkt biomass accumulation, can be difficult. A furttigritation is that

the same diversity of sensors and modee often notavaihble early in the timeseries (e.g., the red edge bands
currently on the RapidEye and Sentinel optical sensdi®. EODESM system attempts to align observations and
derived prodicts andthere is also potential capacity to interpolate between observations, particularly if knowledge
of temporal trends from later dates in the tinseries can be exploitedConsideration needs to be given to the
various data sources and resolutionsrdbrmation needed to ensure that these are-cegistered and meaningful

in time; but also that uncertainties are addressed and accountedoioverview of the sensors that are available
to retrieve selected BVs is provided in Tables 7.1 to 7.4.
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Tale 7.1.Variables relevant to all high mountain protected areas.

RS variable Period Frequency Spatial resolution Satellite Referent expert
Phenologyand productivit i i i i

gyanad p y From 1984 16 day images (if availabl 30¢ 250 km Lardsat/Sentinel UAB/CREABEZ
(derived from NDWA) and no clouds) 2/MODIS
Snow cover 20022016 32%5)("‘ avallable and n 5o, MODIS TERRA/AQUZ EURAC
Snow cover duration 20022016 yearly 250 m MODIS TERRA/AQU# EURAC
Land surface temperature 20002017 Daily averages 1 km MODIS TERRRAQUA FORTH
Soil - moisture  High 543155016 12 days (6dayswhen S1Aa o 56 119 100m Sentinel 1Aand 1B EURAC
resolution S1B are both available)
Soil -~ moisture  Low 54475015 Daily 12.5 km ASCAT EURAC
resolution

lincludes derived metrics such as stéength and end of season, leaf area index (LAI)

Table7.2. Variables relevant to all coastal (wetland) and marine areas
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RS variable Period Frequency Spatial resolution Satellite Referent expert
Several @icluding

Chlorophyll a 19982015 monthly 4 km MERIS) ISPRA
Sea Surface Temperature 19862016 Daily 2-4 km Several ISPRA
Total_ _suspended solid From 1984 16 day images (if availabl 30m Landsat /Sentinel 2 EBDCSIC
[Turbidity and no clouds)

Landsat

(From 1984: JRC) About 10 da_lys (delineatiol

accuracy varies based on t Landsat JRC

Hydroperiod Sentinel: 2015/2016 available SAR (lowe 10-30m _

(based on 8 and & accuracy) and optical (highe Sentinel 1 & 2 CERTH

data availability for the accuracy) data takes)

area)
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Table7.3. Variables relevant to all serarid areas
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RS variable Period Frequency Spatial resolution Satellite Referent expert
Phenologyand productivit i i i

noeANEP Y From 1984 16 day images (if availabl 4, Landsat/ Sentinel 2 UAB/CREAF
(derived from NDVI) and no clouds)
Soil - moisture  High 54155016 12 days (6dayswhen S1Aa o o6 119 100m Sentinel 1Aand 1B EURAC
resolution S1B are both available)
Soil ~ ~moisture  Low 55475015 daily 12.5 km ASCAT EURAC
resolution
Albedo 20002015 Yearly 500 m MODIS FORTH
Land suface temperature 20002017 Daily averages 1 km MODIS TERRA/AQU# FORTH

Table 7.4 Variables relevant to all protected areas

RS variable Period Frequency Spatial resolution Satellite Referent expert

Land Cover From 1984 Yearly 10-30 m Primarily Landsaand UNSW/CNR
Sentinell/2

GPP 20022016 Yearly 250 m MODIS UFZ

Landscape fragmentation From 1984 Yearly 10-30 m Primarily Landsat ant UNSW
Sentinetl/2

Phenology 20022016 Yearly 250 m MODIS UFZ
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8. Assessing errors in change classifications

A major limtation in the estimation of change accuracy is the lack of information on the process of change itself. If
GKS OKIFy3aS Aa NI}ILARTZ GKSYy W6SF2NB FyR [ FGSND 26aSN
term observations aressential Thefollowing sections outline some of the types of changes that are occurring and
how these might be addressed terms of uncertainties

8.1 Changes in classes

The accuracy in the assessment of changes in class can be determined through reference tebgsedind
observations of LCCS components (e.g., canopy height, lifefardévelopment that has occurred alongside the
ECOPOTENTAL project has been the establishment of mobile applications for recording land cover information an
also change in near real timeu@ timely information is essential for validation and provides an opportunity to
generate, as an example, error matrices for the different components of the land covers being described. As an
example, information on canopy cover and height categoriestmamecorded and used to validate the layers
derived from, for example, LiDAR data.

8.2 Changes in variables

Determining the accuracy of changes in variables is more straightforward as accuracies depend upon the mode
used to generateéhesefrom earth observatn data. For example, if a forest has a median canopy height of 10 m

in one year and 15 m in five ysathe change in height (5 rdgtected(e.g.,by LIDARWill be dependent upon the
accuracy of the retrieval algorithm assuming that the same is appiidabth occasions.

For a more accurate quantification of the change overall accuracy the protocol descridémfsson et al. (2013;
2014) has beeadopted with a more informative presentation of the change error matrix with the advantage that
change aagracy and changed area é@wtites can be computed directffarantino et al., 2016 Examples are
provided below for Murgia Alta and Gran Paradiso.

To validate the classification of change in grasslamddurgia Alta and Gran Paradibetween two periodsa set

of 673and 208change/no changeeferencepolygonsrespectively distributed on scenewere selectedhrough
visual inspection ofSentinel2 imagey, orthophotos and iffield knowledge Stratified random sampling was
applied. The change detection mdtes (Tables 8.1 and 8.3 indicated a high degree of correspondence in the
change from grasslands to other categories.

Table 8.1.Change detection matrix obtained fronnaSsCorrelation Approach (CCApr Murgia Alta PA. Producer's
and overall accuraes are based on stratified estimation, & the mapped changed area.

Transitionfrom NaturalGrasslands t®ther

Change  Change No Change NO Change' Overall An(ha) Stratified changec

' ASND ¢ NP Rdz ) @SNt NP R dz . area estimate with

Acc.% Ace.% Acc.% Acc.% Acc.% 95% conf. interv(ha)
94.21+0.1

94.64+0.23 70.68+0.33 94.14+0.10 99.16%0.04 0 3456.16 4628.19+51.03
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Table 8.2.Change detection matrix obtained from CCAGoan Paradis®A. Producer's and overall accuracies are
based on stratifieégstimation. Ay is the mapped changed area.

Transitionfrom NaturalGrasslands t®@ther

Change  Change No Change NO Change' Overall Am(ha) Stratified  changec

| ASND t NP Rdz | @SNt NP R dz . area estimate with

Acc.% ACC.% Acc.% ACC.% Acc.% 95% conf.riterv. (ha)
89.75+0.1

76.93+0.65 57.04+0.53 91.60+0.15 96.48+0.07 6 3947.32 5323.40+97.66

8.3 Change events and processes

The type of ground data required for assessing the accuracy of change will vary depending upon the change that |
occurring. For changevents, both a change in class and variable should be considered but whergeiong
processes occur (e.g., within a forest stand), then greater weight might be given to the change in the variable. The
accuracy of the change classification would considecbmponentclass changes where, for example, the canopy
cover transitions fromone clasgo another (e.g., open to closed) fore$thechangesn the individual and separate
componentscan then bentegratedto give an overall class accuracy.
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9. Identifying and describing change.

In many approaches, change is often detected by comparing the spectral values or derived measures (e.qg.
vegetation or water indices) fronEO databetween two timeseparated periodqT1 and T2) Often, such
approaches indicatehiat a change has taken place lgénerallydo not describe the transition from one class to
another. This approach differs frothat adopted in theEODESMystem wherebychange is both detected and
described based on changeshnvs(whether continuous othematic), with examples being hydgeriod, canopy

cover and lifeformHowever, the former approach to change detectcan be integrated within the EODESM
system as it allowilentification ofchange events which might not necessary be detected thraaghparison of

class codes dmVsalone. More significantly, it focesattention ona particulardate or dates or a period or periods
during which change is occurrif@nce identified, the transitions from one LCCS class to another or charkipssin
canbe better utilised.

To illustratedifferences in the approache&igured.1 conveys a timseries of Normalised Difference Vegetation
Index (NDVI) dattor the nominal period 2000 to 2017 for a forested site, with a relatively predictable interannual
variability. However, achange even{in this casec¢learance of dry tropical foresfer shiftingcultivation) leads to
achange in the class codes (from closed canopy continuous broadleaved evergreen trees to a cultivated herbaceou
crop) and also eeduction in the NDVI (which effectively is the breakpoint) followed by an NDVI of lower magnitude
and amplitude in subsequent yeatdowever, ifthe cleared area is abandoned,change procesgin this case,
regrowth) may ensue with thiassociated with a chandeom forest to bare ground and its subsequent colonisation

by graminoids and forbs and then shrubs, with ghiegressiely increasing the NDVI and dgnamical rangeln

the first case, the change event can be described by simply comparing an images¢anéted classification and
derived variables) froril and T2However, a change process needs to refer to the alterations in classes but also
EnVsthat have taken place over a longer period of time.

ik}

0.6

0.4

NDVI

Natural Vegetation: Trees closed canopy (>70-60 %) tall (14-30 m) continuous broadleaved evergreen

2000 2001 2002 2008 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017

\i\ Qultivated: Herbaceous single crop rainfed

Deforestation Qultivation
(Breakpoint) (Sable Change)

) NANANANANANNANN

2000 2001 2002 2003 2004 2005 2006 2008 2010 2011 2014 2015 2018 2017
Sates ee Bare Natural Natural Veg: Shrubs/ Trees
Uncon. Vegetation: Cover and height variables

1.2 Graminoids continuous broadleaved evergreen
Regrowth (Process)

NDVI

1 open canopy

(40-20-20-10 %)

short (0.8-03 m)
mixed with forbs

NDVI

Vi

24
4

2000 2001 2002 2003 2004 2005 2008 008 2009 2010 2011 2012 4 2015 2016 2017
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Figure9.1.! Wi & LIA O I-skri@s obserelfromiséa¥oSal forests (top), which is disregby a change ever
(middle; deforestation). The change may lead to a {mrgn alteration in land cover but can also change 1
trajectory of a change process such as regeneration (bottom).

The descriptiorof change alsdbhasedupon accumulated evidencéAs illustration, evidence that the event

deforestation includes a transition from trees to bare ground and a reduction in the NDVI, with crop ¢
indicated by an increase in canopy cover and a trarsiitb graminoids(Figure 9.2)In the postevent period, a
continually lower NDVI provides the additional evidence that cropping has occurred. By contrast, there

evidence to suggest that the process following deforestation is regrowth, with tigdimg a change from tree
to bare ground and a reduction in the NDVI and, as well as a transitigraminoids, shrubs and trees, &
increase in plant height and above ground biomass.

1
08
0.6

0.4

NDVI

0.z

i}

-0z
2000 2001 2002 2008 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017

Identifying abrupt change in LOCS
component codes and
o8 environmental variables

TreesC Bare Canopy coveré Bare C graminoids
NDVI D NDVI remains relatively stable

NDVI

2000 2001 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012 2013 2014 2045 2016 2017

_ TreesC Bare Canopy cover¢ Canopy height¢ AGBE -
Trends Graminoids C Shrubs NDM &

NDVI D Bare C graminoids

12 Annual € Perennial || THEN ShrubsC Trees
2000 2001 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012 2043 2014 2015 2016 2017

03 Monitoring more subtle changesin
LOCScomponent codes and
environmental variables

NDVI

& 2
T L4

Figure9.2. Thetrends in thematic classifications and\is associated with the change events and processes
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10. Complementary approaches to change detection

A number of approaches have been developed through ECOPOTENTIAL to detect change events or, if ima
acquisitions are timeaeparated by a long period, indi® change processes. These include @mess Correlation
Analysis CCAapproach(described below) and the Breaks for Additive Season and Trend (BFAST or DBEST), whic
is described in Deliverable 4.5.

10.1 CCA

TheCCA algorithm is described in Koeln anddBistte (2000) and Tarantino et aRq16)and the approach ha:
beenapplied to detect changes in natural grasslands in Murgia Alta, Gran Paradibtoatatio national parks
(Figures 6.1 to 6.3)jnce they were mapped in 20i2the development of th€openicus High Resolution Laye
(i.e., for natural grasslanjidn all casesthe CCA detected loss of grasslands, both within and outsidete
protected areas with this typicallgssociated witlhclearance for agriculture and also shrub encroachmémni
each case though, the class resulting from the change is not indicated.

— PA Boundary e Analysed Aren . Natural Grasslands +

FigurelO.1 g The extent of natural grasslanq%26615 fa ) in the Murgia Alta Protected Area (green), as map
for 2012 in theCopernicus Natural Grasslands Laysib) aSentinel2A image (Bands 4, 8 and 2 in RGB) acqu
on the 7 August 2015 (time = T2).

c)
— PA Boundary — Aralysed Area
D Changes from Natural No Charges/Not
Grasslands to Other

considered area

Figure 10.2Areas where natural grasslands have changed to other categories between 2012 and 2016
Murgia Alta A. More detailed subsets of the Copernicus grassland layer, a Se@#nwhage and change arei
are provided in b) and c).
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C)

PA Soundary

D Changes from Natural No Charges/Not
Grasslands to Other
considered area
. \ d)
- 1:1.000.000
e)

Figure 10.3Areas where natural grasslands have changed to other caesgbetween 2012 and 2016 foresrs
inside (b and c) and outside (d and e) tMergia Alta Protected Ared&efer to Figure 6.2 for more detaile
information on the subsets.
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a) b)

— PA Boundary

Arabysed Area . Natural Grasstands

Figure 10.4) The extent of natural grasslands in Gran Paradiso National Park, Itely)(@®emapped for 201
in the Copernicus Natural Grasslands Lagtd b) aSentinel2A mage (Bands 4, 8 and 2 in RGB) acquired or
13 August 2016 (time = T1).

a)

— PA Soundary

c)
D Changes from Natural No Charges/Not
|
Grasslands to Other s ol i
. 1:350.000

Figure 1(6. a)Areas where natural grasslands have changel)toare rocks/gravel and c) shrubs insi@dean
Paradiso NRand b) to cultivated areas outside of the Protected Area. Refer to Figure 6.2 for more de
information on the subsets.

a) b)
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= PABoundary . aralysed Area . Natural Grassiands - 1:500.00C

Figure 10.8) The extent of natural grasslands in GRamadiso National Park, Italy (green), as mapped for Z
in the Copernicus Natural Grasslands Lagmed b) aSentinel2A mage (Bands 4, 8 and 2 in RGB) acquired or
18 August 2016 (time = T1).
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11. Evidence for Change

For describing changes, threages were considered with these focusing on a) identifying all possible combinations
of change, b) associating each change with a description and also a cause and a consequence and c¢) combining
observed changes to provide evidence of changes acaptalithe broad types describeid b).

11.1 Combinations of change

In the first stage, all combinations of change that would be encountbetdieen the differem LCCS components

were listed and integrated into a single python script (module). Each chawget or processwas described
according to the observed transitions in component clas§es exanple, with reference to Figure.®, the
deforestation event, at LCCS Level 3, resulted in a change from natural to cultivated terrestrial vegetation and, a
Level 3from a closed canopy (>4360 %) tall (1480 m) continuous broadleaved evergreen trees to a herbaceous
rainfed single (as opposed to multiple) crop. In the case where the deforestation event was followed by land
abandonment and then regeneration, a charfgem natural terrestrial vegetation to bare ground and then back

to natural terrestrial vegetation took place with this involving transitions to open cab@20 to 4620 %cover)

short (0.30.8 m) grasslands mixed with forbs to shrubs and then to tre#s an associated increase in canopy
cover and heightin each case, the transitions could be described in terms of changes in the LCCS component
classesHowever,additional information on changes in other biophysical attributes (e.g., tree densitweabo
ground biomass, leaf area index, dominant plant species) could also have been integrated. Whilst spectral date
(e.g., near infrared or shortwave infrared reflectance) or derived indices (e.g., NDVI or the Plant Senescenc
Reflectance Index; PSRI) coaldgo be included, these ideally need to be converted to biophysical measures such
as vegetation productivity or the amount of dead or senescence material.

11.2 Types of change

In the second stagé¢he types of changes that were likely to be observed in ang gaad which weralsorelevant
at the global level) were listed, with these based on a review of potefaial feasiblerhanges. Thessere listed
first for events or processes that lead to a chartptweenthe broader LCCS Level 3 categories (Thhle e.q.,
from seminatural natural vegeation to cultivated vegetation).

Tablell.1 Types of change in between LCCS Level 3 categories

Change Categories Code Potential @uses/drivers

Vegetation clearance VvC Expansion of agricultural production
Agricutural expansion AG Market pressures

Agricultural practices AQ Market pressures
Agriculturalreclamation AR Government policy (e.gsetting aside land as fallow)
Agroforestry AG Market pressures

Dam burst DB Climate change, poor dam construction
Damcreation DM Water supply, hydroelectricity

Dieback DI Climate change, flooding

Drainageor reclamation DR Land access, crop preferences

Land abandonment LA Low productivity

Plantation Establishment PL Expansion of wood industry
Succession (natural) X Land abandonment

Tillage/ploughing Tl Soil preparation to increase production
Lava flows VO Volcanic activity

Wind erosion WE Strong and/or persistent winds
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Changes in Level 4 categories that might ogdgthin areas that areultivated or managedl@able 9.2, were naural

or seminatural (Table 9.3), urbanised (Table)%4 artificial or natural water (Table 9.5vere then considered.
Codes were assigned against each of these as reference for subsequently programming the change within thy
EODESM stem.

Tablell.2. Types of change in cultivated areas and potential causes.

Change Code Potential causedrivers

Agricultural homogenisation AH Increased agricultural production

Agricultural practices AP Increased production or crop preferences
Coppiang CP Increased wood production, charcoal

Crop changes CcC Market pressures/trends

Crop growth CG Natural growth of trees

Cultural practices CX Local conditions or introduction of new methods
Field size enlargement FE Removal of boundaries to increasgrultural efficiency
Field size reduction FR Introduction of boundaries (e.g., hobby farming)
Forest management FM Increased forest production

Forest restoration FR Conservation activities

Garden clearance GC Development of cooperatives in farming
Herbaceous cropping HC Harvesting of crops

Herbaceous reclamation HR Agricultural policies (e.g., set aside)

Irrigation IR Increased water supply to enhance crop production
Irrigation practice change IP Changes in watering to increase crop production
Multi-cropping  (Trees  tc MC Changes in crop types over time.

herbaceous)

Orchard creation OR Market pressures

Park creation PC Local/regional government policies

Park planning PP Local/regional government planning

Permanent cropping SPC Market forces anaonfidence in crop selection
Plantations PL Producton of timber and timber products
Planting (of herbaceous crops PG Market forces, preferences

Relay intercropping SRI Increased efficiencies in agricultural production.
Sequential cropping SQC Increased efficiencies in agricultural production.
Shift to fallow system SFS Increased efficiencies in agricultural production.
Shift to permanent cultivation SPC Increased efficiencies in agricultural production.
Shift to shifting cultivation SSC Increasedcefficiencies in agricultural production.
Shrubland restoration SR Conservation, land abandonment

Thickening TK Reduced fire activities

Thinning (trees or shrubs) TH Increased woody production

Tree cropping TC Market forces and preferences

Urban develpment ub Demand for housing, industry and infrastructure
Watered WT Increased production through increased water provision
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Tablell.3 Types of change imatural or semnaturalterrestrial and aquatic systems and potential causes.

Change Code Potential causes/drivers

Increased pasture production PPP Fertilisation

Deforestation DF Agricultural expansion, mining, urban/infrastructure development

Degradation DG Climate change, repeated fires, fuelwood gathering

Dieback DB Climate change (increased nperatures, flooding, sea level ris
insect infestation)

Drying DR Climate changdrfcreased temperatures, reded rainfall), drainage

Encroachment e.g., shrub EN Nitrogen fixation

grasses)

Flooding FL Climate change increased flooding thorugh inses in storm
frequency and intensity)

Pasture degradation PDG  Overgrazing, removal of biomass

Plantation establishment PL Wood production

Poor recruitment PR Overgrazing, fire

Regrowth RG Land abandonment

Replanting RP Conservation, REDD+, coastaltpobion

Sedimentation SD Flooding

Selective logging SL Timber production, sustainable management

Waterlogging WL Dam, levee constructignpurposeful land transformation (e.g
marshland to rice)

Drying DR Purposeful land transformation (e.gice to marshland

Woody thickening TK Changes in fire regimes, removal of stock

Tablell.4. Types of change in urban (artificial) areas @sgotential causes.

Change Code Potential @auses/drivers

Communicationgoss CA Better/alternative technologies, subgace placement
Communicationgjain Cl Population demand/requirements

Drainage DR Land reclamation

Flooding FL Increased rainfall

Greening GR  Government policies, urban initiatives

Industrialisation IN Job creation, production

Rail abandonment RA Alternative transport modes oreduced demand

Rail construction RW  Demand for more efficient movements of populations
Road abandonment RA Creation of wilderness areas, rural depopulation

Road construction RC Requirement for increased access or efficienci

Road improvement RI Requirement for better surfaces and faster movements
Urban development ub Population increases and preferences

Urban improvement Ul Planning for better environments (e.g., in cities)

Urban rezoning uz population dynamics and irdstructure development
Urbanisation UR Population increases and preferences

Urbanisation to high density UH Overpopulationhousingclose to places of work

Urban. tomedium density UM Population increases (e.g., in perban areas)

Waste dump restorgon WO  Planning for better environments (e.g., gravel pit lakes)
Water release WR  Water level maintenance in reservoirs, flood control
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Tablell.5. Types of change Bguaticsystemsandits potential causes.

Change Code Causes/drivers

Dam burst DB Weak dam walls, flooding

Damming DM  Water supply, hydroelectricity

Rainfall RF Climate change, local weather regimes.

Flushing FU Clean water flows taking away pollutants or sediment
Freezing Fz Temperatures below®

Glacial flow GF Snow accumulation,hanges in basal conditions

Ice melt IM Temperatures above®0

Pollution PL Industrial or agricultural discharge

Sea level drop SD Shifts in atmospheric pressure, ocean circulation
Sea level rise SR Thermal expansion, ice melt

Sediment intake Sl Floodirg, erosion (e.g., from agriculturdeforestatior)
Snowfall SF Precipitation, changes in weather patterns
Snowmelt SM  Temperatures above zero, enhanced by rainfall.

11.3 Accumulating evidence

In the third stage, all the observed changes in component coddsmeach of the LCCS 3 and 4 layars
considered in combinatio and also with BVs to cumulate evidence for changeAs an example, shrub
encroachment would be associated withchange in lifeform, canopy cover or canopy hei@ffable11.6), with
thesedetermined independently (e.g., from classifications of Seri@ddta, retrievals from these same data based
on empirical relationships and froliDAR These three elements combined provide strong evidence of a change
event compared to if only one piecd evidence was available.g., a change in cover from scattered to op&s.

a further example, a flooding event might be associated with a change from standing to flowing, shaliespto
and clear to turbid water with the combination of these provigligreater evidence compared to if each were
treated separately.

12. Mapping change based on evidence

12.1 Overview

Using the tesbr mastergrid, different change inputs (component classes) and Eisswere used to develop the

code for evidencédased change detéion, withthe output indicated in Figure 11. Each of the grid cells represents

the changes that might be associated with the categories listddbles 11.2 to 1%. Changes in the environment
which might be considered, by the user, as positivéhe terrestrial environmentare indicated in green, whilst
negative changes are in red, with this establishing the context for near real time detection as well as monitoring.
However, care needs to be taken in assigning a change as being negative or pasi§ogmemight considera
change from semmatural deciduous shrubland to a managed coniferous plantdiesa positive impact in terms

of carbon but an adverse negative effect on biodiverditydrological changes are iedted in blue, with these
consideing changes in water, ice and snow and associated attributes.
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Tablell.6. Evidence for shrub encroachment (based on types of combinations of change observed within the layers of lifeform, canapy eegetation

canopy height).

Changes in Liflorm Changes in Canopy Cover

Changes in VegetatidbanopyHeight

Herbaceous (A2) to Woody (A1) Scattered (4L %)(A16) to Sparse (<20 - 4%)(A15)

Herbaceous (A2) to Trees (A3) Scattered4-1 %)(A16) to Open (420 to 10 %JA13)
Herbaceous (A2) to Shrubs (A4 Scattered (4L %)(A16) to Open (780 to 40 %JA12)

Shrubs (A4) to Trees (A3) Scattered (41 %)(A16) to Closed to open (300 %)
(A11)

Forbs (A5) to Woody (Al) Sparse (<200- 4%)(A15) to Open (420 to 10 %JA13)

Forbs (A5) to Trees (A3) Sparse (<200- 4%)(A15) to Open (760 to 40 %JA12)

Forbs (A5) to Shrubs (A4) Sparse (<200 - 4%)(A15) to Closed to open (180 %)
(A11)

Graminoids (A6) to Woody (A1) Open (4620 to 10 %)(A13) to Closed to open (4ID%)
(A11)

Graminoids (A6) to Trees (A3) Open (7660 to 40 %)(A12) to &ed to open (10@0 %)
(A11)

Graminoids (A6) to Shrubs (A4)
Lichens/mosses (A7) to Wooc
(A1)

Lichens/mosses (A®) Trees (A3)
Lichens/mosses (A7) to Shru
(A4)

Lichens (A8) to Woody (A1)
Lichens (A8) to Shrubs (A4)
Mosses (A9) to Woody (Al)
Mosses (A9) to Trees (A3)
Mosses (A9) to Shrubs (A4)

Forbs and/or graminoids {3.8 m)(B11) to Shrubs (< 0.5 n
(B10)

Forbs and/or graminoids {3.8 m)(B11) to Shrubs (3.5)(B9)
Forbs and/or graminoids {3.8 m)(B11) to Shrubs (8 m)(B8)
Forbs and/or graminoids {3.8 m)(B11) to Trees (3 m)(B7)

Forbs and/or graminoids {3.8 m)(B11) to Trees (4 m)(B6)
Forbs and/or graminoids {3.8 m)(B11) to Trees (>14 n35)
Shrubs (< 0.5 m(B10) to Shrubs (8.5)(B9)

Shrubs (< 0.5 n(B10) to Shrubs (8 m)(B8)
Shrubs (< 0.5 n(B10) to Trees (3 m)(B7)

Shrubs (< 0.5 m(B10) to Trees (24 m)(B6)
Shrubs (< 0.5 m(B10) to Trees (>14 n(B5)

Shrubs (3.5)(B9) to Shrubs (6.5 m)(B14)
Shrubs (3.5)(B9) to Shrubs (3 m)(B8)

Shrubs (3.5)(B9) to Trees (8 m)(B7)
Shrubs (3.5)(B9) to Trees (X4 m)(B6)
Shrubs (3.5)(B9) to Trees (>14 niB5)
Shrubs (83 m)(B8) to Trees (8 m)(B7)
Shrubs (83 m)(B8) to Trees (34 m)(B6)
Shrubs (83 m) (B8) to Trees (>14 n(iB5)
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Using the same code, the change detection was run through the ECOPOTENTIAL VL for different ECOPOTEN
PAswith the legend being the same as the grid shown in Figure 11.1 and based on the LCCS combined codes.

12.1.1 Example:Donana NP, Spain

Dofiana NP was declared aRAinthe19608 T2 NJ G KS LINRPGSOGA2Y 2F 41 4SNDAN.
spatial distribution is the result of spatial habitat diversity and temporal changes of wetland feature (e.g., different
waterbird species show preference for wetland habitats with particular characteristics, including the duration of
flooding period, etc) and at different times of year (breeding, stopr, wintering) As described earlier, Landsat

and SentineR time series hAve were used to map water inundation for each year Dof@iazDelgado et al.
2016). In the marshland area, these data provide information on the spatiwporal dynamics of biomass
production,which are aimed at adjusting stocking rates for domestidbiveres to balance the nesting needs of

the water birds.Therefore, by combining thg dzii Lddzia 2 F GKS 9h59{ aVLFiguePldA K 9
with in situ bird monitoring data, a better understanding of how bird occurrence is relate@tiand featues can

be obtained.This will allow also the vegetation resportseadifferent flooding regimes and grazing pressuiege
determinedin order to calculate optimal and sustainable livestock stocking rates compatible with highhirater
biodiversity.

12.1.2 Exanple: Camargue NP, France

Within the Camargue, maintaining the seasonal variations is water level is crucial for ensuring that emerged and
submerged macrophytes and associated flora are maintaindthe changes in hydroperiod mapped using

9/ ht h¢9 b GHow dn@éreasefin inundation arkatween 2006 an@015 but also some areas of loss (Figure
11.3).Similar changes can be mapped for any two tseparated periods and evidence can be built up to support
these changes.

12.1.3 Example:Gran Paradiso

The mountan ecosystemsf Gran Paradiso N&e fragile environments and sensitive to climate change. The
analysis of the relationship between snow and plant phenology and their changes over time is essential to
understand the impact of climate change on ecosystencfioning. For two years in the mid 200s, the annual
duration of snow cover, the last day of snow cover presence and the green up time for the same period were
compared based on changes in the thematic LCCS classification (Figlwr&Hel snow cover dation changed at

the margins from B months to 67 months during this period. There was an increase in snow cover duration
averaging 10 days but also the green up peri@d brought forward by an average of 5 days. Likewise, the time of
the last snow covepresence shifted to a later point in time. The evidence accumuletétle EODESM system
indicated that there hadbeen an increase of snow cover between the two ygatgchimpactson the productivity

of highalpine grasslands

These examples illustrathe capacity of the ECOPOTENTIAL VL to combine a diverse range of environmental layer
that are available globally, regionally or locally to produce land cover classifications fesepaeated periods and
change maps based on evidengewide range oinput layers and almost all of these generated or collated through
WP3,are considereénd predefined change categories amapped based on evidenc®f significance, is that the
EODESM within the VL can be used for anyisiteurope and indee@orldwide and by any potential user to
generate information that can be actively used for conservatiofPAgin a timely mannerFurthermore, the
EODESM system has the potential to consider both the causes and consequences of change with Tables 12.1 a
12.2 indcating how changes detected and mapped using the EODESM system can be used to support the
development of storylines that can then support nature conservation.
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Figure 112. Change ilydro period
between 2015/16 and 2016/17 a
generated throughthe VL. The
legend conveys the variou
transitions between periods o
inundation. Blue represent an
increase in  hydroperiod an
yellows a decrease.
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