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1.1 Background

This report is part of the assignmentwigeningen Environmental ReseardfENR for the European

Topic Centre Biological Diversity (ETC/BD). The European Topic Centres (ETCs) are European consortia
brought together to support the European Environment Agency (EEA) in its mandate on
environmentalinformation. ETCs are according to the EEA regulation and in practice, an important
instrument in supporting the EEA through the execution of sizeable, continuousgeweléd tasks

with the involvement of member countries. In particular ETCs supportigtgAcentres for the issues

related to air, climate change, water, biodiversity and land use and may provide help to EEA in
supporting other data centres coordinated by Eurostat and JRC. The ETC/BD is an European
consortium working with the European Eronment Agency under a framework partnership
agreement. The main tasks of ETC/BD are to:

1. Assist the EEA in its task of reporting on Europe's environment by addressing state and trends
of biodiversity in Europe.

2. Provide the relevant information to suppothe implementation of environmental and
sustainable development policies in Europe in particular for EU nature and biodiversity
policies (DG Environment: Nature and Biodiversity).

3. Build capacity for reporting on biodiversity in Europe, mainly through theogean
Information and Observation Network (Eionet).

More information about ETC/BD can be foundHitps://www.eionet.europa.eu/etcs/etebd

1.2 Objectives

The objective of this repomvithin the specifictask 1.7.5.1 of the ETC/BD Action Fla2020is: to
enhance the spatial delineation of ecosysterhsbitats with remote sensing data, environmental
data and insitu vegdation plot datato produce actual higkresolution habitat probability maps ér
EUNIS habitat types at level 3 for the formatiomsetlands (Q) and coastal habitats (N)

In 2019all EUNIS habitat types belongingwetlands (Q) and coastal habitats (iNjve been revised

under the EEAFramework ContracEpecific Contract Na®8417/B2019/EEA.57648nd Framework
Service Contract No. EEA/NSS/17/002/Lot 1 (Schaminée et a). @t that specific framework
contract dmost all habitat types of the new categories N and Q could be crosswalked. For updating
the crosswalks of theevised EUNIS Habitat Classification for coastal habitats and wetlands with
EuroVegChecklist 2016 the latest version of the EUNIS list of habitat types at level 3 for coastal habitats
(Group B) and wetlands (Group E) was@@®oRSR o0& 99! [|During thepb@ddoh y I f A
crosswalking thifist proved to bestable andtiwas only slightly mdified (Schaminée et al. 201%)por

the coastal habitat types (N), the only extiep was habitat type N1k (Machair grasslands).
Concerning thavetlands (Q), theexceptions werdhe habitat types Q13 (Ombrotrophic percolation

mire) and Q32 (Aapa mire).

The revision resulted in an improved classification that was used to assign a large part of the European
Vegetation Archive (EVA) to EUNIS habitat tygresto enale their description This work was the
starting point for the current study for ETC/BD, Task 11A&.deliver distribution, suitability and
probability maps for the EUNIS habitat types belonging to gidugnd Q This resulted in newly
defined EUNIS haht suitability maps which were also based on much morsitin vegetation plot
data(Hennekens, 2019
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Tablel.1 Targeted EUNIS formations, their old and new codes and their number

EUNIS Formation Old code New Code Number ofhabitat suitability maps
Coastal habitats B N #19
Wetlands D Q #18
Total #37

On basif the 37EUNIS habitat suitability mapsr wetlands and coastal habitats, 3w habitat
probability maps have been procesdaylexploiting Copernicdand cover dataThe Copernicus land
cover data sets that have been exploitead the wetlands and coastal habitats were:

1. Corine land cover database 20®0 meter resolution)
2. High Resolution Layer (HRUetness and Water 20120 meter resolution)

Only for two habitats, namely N3W! Gt F yGA O FyR . FtGAO and N8l & aSsl|
YaSRAGSNNI ySIFy yR . f,Indhbitdt @dbabilt miapsthava Been pOduded ¥ & K z
due to a lack of appropriate environmental data sdétsr those spcific classe#t meant a lack of
geomaphological maps related to sea cliffs

1.3 Content ofthe report

This reporthas5 chapterson the production of the EUNMetlands and coastdiabitat probability
maps at level 3. Chapter 1 describes the backgroundladbjectives of the project. Chapter 2 is an
introduction on the habitat modelling, starting with the distribution, followed by habitat suitability
and finally the habitat probability maps. The integration okitu vegetationplots, environmental
data layers and Remote Sensing enabled Essential Biodiversity VariablEBVYRS including
Copernicus high resolution land cover information, plays an important role in the overall
methodology. Chapter 3 explains how the EUNIS habitat suitability maps hewprioeuced Chapter

4 describes the Copernicus land cover data sour&mpters describes how the habitat probability
mapshave been processed based on the integration of therleswlution habitat suitability mapsith

the Copernicus land cover data

Appendix showsdetailed examples dhe #17 Coastal habitat (fbrmation) probability mapsSince
these habitats occur only along specific parts of the European coastline and are therefore highly
fragmented.

Appendix 5shows the # 18 etland (Qformation) probability maps, including the distribution map
(original insitu vegetation plots) and a detail of the probability maps that shows the real detail of the
maps.
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2.1 Introduction

Although it isguite rare to record or map EURIhabitat types in the field, there are many datairces

which allow mappingtheir distribuion. The most importantsource of information aren-situ
vegetation plots (also known a&ggetationrelevés)that have been translated to EUNIS habitat types

In the past few years a large number of national and regional databases with such data have been
brought together within the European Vegetation Archive projéttil//euroveqg.org/evadatabase.
EVAallowsthe productionof distribution mapof as explained beloyand forms the solid basis for the
production of the habitat suitability and probability maps.

Distributionmap ¢ map of known occurrences baseawh recordingof local insitu vegetation plots
which have beerassigned to a EUNIS habitat class. They show localities where the habitat is known
to occurand has been observddt least at the time of survey), but give an incomplete record of the
actual distributionacross Europe

Suitabilitymapsc modeling of areas where the environment is suitable for the habigd.in factti
shows more the potential suitable areas for that specific habitat.

Probabilitymaps ¢ the modelled suitability magis refined by using actual land cover informatiand
in some cases by other actual environmeritdbrmation.

2.2 Methodology

Figure 2.1 shows the various products as part of the methodology to obtain habitat probability maps.

& D @
2 ‘. :“‘ m{" .‘.
Tard S
‘ : s e
5 e : k- P e
® ». ';)ﬁ‘; 1w
»° i e° o o°
.. v " -..’:'s Y .‘; %
o ¥ Dumg;,, e - ® Dumy, s ®
Detail south of Edinburgh (Scotland) Detail south of EdinburgfBcotland) Detail south of Edinburgh (Scotland)
Distributionmap rb Suitabilitymap I_b Probabilitymap

Figure2.1 Q11 Raised bog
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The methodological processing line from individual recorded vegetation pitdsa final EUNIS
habitat probability map, roughly comprises three steps (see also figue

1. In-situ vegetation plot datatored in the European Vegetation Database (EVA) are assigned
to EUNIS classes using expert rules. An expert rule defind®otistic composition(which
species should be present and which species should be absent) of a class and is used to select
those vegetation plots relevég that meet the imposed condition. The selection is used to
create adistribution map, as far as the geographic location is tied to theorded vegetation
plots.

2. The distribution, by means of geographic locations of teeorded vegetation plotssee
Figure2.1, is used in the second step, theitabilitymodel. The habitat suitabilitynoddling
is not only based on the distribution data but also based on climate, topogragtilc,
NBY2GSte aSyaSR 9aaSyiAandotheran2ildrim@rfaNdata thakis + | NR | ¢
stored in 1km resolutiongrid maps at a European scale. The mauiglsoftware Maxent
(Phillips et al., 2006) calculates which environmental layers have the largest contribution to
the model, in other wordsexplains the distribution of theecordedvegetationplot datathe
best. The major outcomef the MAXENT model ihe suitability map (see Figure.1). This
map indicates how suitable, in terms of climate and soil conditions an area is fepéugic
EUNISabitat classThisis expressean a scale of 0 to.1

3. Whilestep 1 and 2 are bottorup approaches, the third step b topdown approach, where
spaceborne observations su@s satellite derivedand cover datais used to refinethe
potential habitatsuitability mapinto an actualprobability map, seealsoFigure2.1. As such
the probability map is a refinement of the suitability mapith a more targeted and limited
extend

While the suitability map can be considered as a potential distribution map, the probability map
presents more the actual distribution ofdéthabitat type. Although the probably map still represents
a modelled distribution anthe probablyoverestimates the actual distribution.

All three steps are gtained more in detail intheJdzo f A 8 KSR NBLR2 NI Wa2RSffAy3
of9! bL{ F2NBald KIoAGFId GeLlSaqQ o0& aNOKSNE Si Ff o ¢

Classification of in-situ vegetation relevés to
EUNIS habitat types

Distribution maps
& environmental

data | .
SRS Modelling Habitat

with Suitability
RS-enabled MAXENT Maps (1km)
EBV’s, e.g.
phenology

Actual
Copernicus
Land Cover

Habitat
Probability
Maps (20m
or 100 m)

Figure2.2 Newly adjusted general workflow for the processing of refined EUNIS forest habitat
probability maps (adjusted from Mucher et al., 2015)
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Forhabitat suitability modelling, the latest version of the widely used software Mafentmaximum

entropy modelling of species geographic distributions was used. Maxent is a gpogvake
machinelearning method with a simple and precise mathematicahfolation, and has a number of
aspects that make it wedluited for species distribution modelling when only presence (occurrence)
data but not absence data are available (Philips et al. 2006). Because EUNIS habitats have a particular
species compositionhey are assumed to respond to specific ecological requirements, allowing us to
generate correlative estimates of geographic distributions. Modelling habitats that have been
floristically defined is a weknown procedure for ecological modelling at loazdles, and a promising
technique to be applied also at the continental level.

The Maxent modelling procedure considers presence data (known observations of a given entity) and

the socalled background data. Background data comprise a set of points usddstoibe the
environmental variation of the study area according to the available environmental layers. It is
assumed that these layers represent well the most important ecological gradients on a European scale.

The layers were selected from meaningfuvganmental predictors commonly used for modelling
non-tropical plant and vegetation diversity, and are not mutually strongly correlated. In addition to

what was selected as predictors in previous years (Hennekens 2016, 2017) -eddleddR ®nabled

EBRa owSY2(iS {SyaSR 9aaSyidalft .A2RAQOSNBAGE £ NJ
such as LAl, phenology, land cover, chlorophyll content, inundation, vegetation height have now been
applied (Skidmore et al, 201Bettorelli et al., 2016)

It is assumed that by using additional meaningful predictors such as tle.RE Q&> G KS Y2 RSt f
result in more realistic suitability maps with less outliers (prediction in areas where the habitat is not
expected to be present).

As a side effectof uginthe R® . { Q&4 G KS &aiddzReé | NS y2g SEOf dzRS&
Ukraine in the east part of Europe. This also has led to better predictions because the very eastern
part of Europe is currently not well represented in EVA.

As environmental prdictors (and their sources) the following climate and soil layers have been used:
Climate

1 Potential Evapotranspiration
http://www.cgiar-csi.org/data/globalaridity-and-pet-database

1 Solar radiation
http://www.worldgrids.org/doku.php?id=wiki:inmsre3

I Temperature Seasonality (standard deviation *100)
http://www.worldclim.org/bioclim

1 Mean Temperature of Wettest Quarter
http://www.worldclim.org/bioclim

1 Annual Precipitation
http://www.worldclim.org/bioclim

1 Maxent version 3.4.1 was usédtp://biodiversityinformatics.amnh.org/open_source/maxent/
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http://www.worldgrids.org/doku.php?id=wiki:inmsre3
http://www.worldclim.org/bioclim
http://www.worldclim.org/bioclim
http://www.worldclim.org/bioclim
http://biodiversityinformatics.amnh.org/open_source/maxent/

9 Precipitation Seasonality (Coefficient of Variation)
http://www.worldclim.org/bioclim

9 Precipitation of Warmest Quarter
http://www.worldclim.org/bioclim
Topography
9 Distance to water (rivers, lakes, sea)
RSNAODGSR FTNRBY (KS akKlFLISFAES WLYytFyRYp2F iSNARDPAKI
1 Digital Elevation Map (DEM)

Soll

1 Bulk density of the soil (kg/m3)
Hengl et al. 2014

9 Cation Exchange Capacity of the soll
Hend et al. 2014

T Weight in % of clay particles (<0.0002 mm)
Hengl et al. 2014

1 Volume % of coarse fragments (> 2 mm)
Hengl et al. 2014

T {2Af 2NBIFIYAO OFNb2y O2yiaSyid o6::0
Hengl et al. 2014

1 Soil pH (water)
Hengl et al. 2014

1 Weight in % of silt particlg®.00020.05 mm)
Hengl et al. 2014

1 Weight in % of sand particles (0-25mm)
Hengl et al. 2014

RS9 . £ Qa

9 Inundation; occurrence
Global Surface Water Explorer, 198d15, 30m, resampled to 1km (resampling methods:
average resampling and mode resampling (Ssléhe value which appears most often of all
the sampled points))

1 Phenology; End of Season (day number)
End of Season, defined as the point in time where the NDVI drops below the NDVI at the start
of the growing season

1 Phenology; Length of season (days)
Length of season, number of days between EoS and Sos [days]

1 Phenology; Low of season (day number)
Phenology; Low of season (day number with lowest NDVI )

1 Phenology; NDVI mean
Mean NDVI

9 Producing European habitat probability maps for wetlands and coastal hab#aési on irsitu vegetation plots,
environmental data an€opernicus land cove


http://www.worldclim.org/bioclim
http://www.worldclim.org/bioclim

1 Phenology; NDVI ssanality
Minimum NDVI

1 Phenology; Peak of seas(day number)
Phenology; Peak of season (day number with highest NDVI)

1 Phenology; Start of Season (day number)
Start of Season, defined as the point in the year with the largest positive rate of change
(maximum of 1st derivative) [day of year 1..365]

1 Vegetdion height (m)
3D Global Vegetation Map, 2000, 1km

More information on predictors and particularly on BS { Qa Oty 0S F2dzyt
https://www.synbiosys.alterra.nl/nextgeoss/docs/Description_Abiotic_ and RSEBVSs.pdf

3.1 Suitability modelling

Maxent is expected to perform well for estimating the geographic distribution of EUNIS habitats in
Europe. However, as with any other modelling teicfues this method is sensitive to sampling bias,

i.e. when the spatial distribution of presence data is reflecting an unequal sampling effort in different
geographic regions. In Maxent, it has been proposed that the best way to account for sampling bias
(when bias is known or expected to occur) is to generate background data reflecting the same bias of
the presence data. When a complete set of presence data is available, a general recommendation is
to generate background points from the occurrences of oigecies/communities that were sampled

in a similar way (Elith et al. 2011).

Two different approaches have therefore been followed for the selection of a maximum of 5,000
locations for the background data, assuming biased andlnased presence data. Fdine first
approach, 5,000 locations were randomly selected by Maxent from the study area, whereas the
second approach concerns a random stratified (one sample per 1x1 km grid) selection of 5,000
background locations of plots present in the EVA databasecérning the observed occurrences of

the EUNIS types also a random stratified selection has been applied with a maximum of 5000
observations.

The two modelling approaches (assuming biased andniased data) were evaluated for each of the
EUNIS habitatypes in order to estimate which assumption is more likely. Surprisingly the current
study showed that all maps using background data that was randomly selected by Maxent were far
more better (by visual inspection) than the maps produced using backgramabmly derived from

the EVA database. FiguBel clearly shows on overestimation of habitat type F1.6a (Fagus forest on
non-acid soils) in a large part of Europe, wherfigare 3.2 presensa more realistic picture.
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Figure3.1 EUNIS type F1.6a; background data Figure3.2: EUNIS type F1.6a; background d:
based on locations from randomly randomly selected from the stud
selected plotsin the EVA database area by Maxent

Another test that was performed was running all modeldwand withoutthe RS . + Q&4 LINBRA Ou 2 1
figure3.3 and3.4itis shown that leavingout RB. { Qa R2Sa y2i4 I FFSOG GKS RA
it also shown thatincluding RB. { Q& G KS &dzh G 6 A fcanmpare figuie 3% aNEB6 RATFS

Figure3.3: model without RS9 . + Qa Figure3.4: model withRS9 . + Q&
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Figure3.5: Detail of model without R® . = Q Figure3.6. Detail of model withR®® . £+ Qa

Table3.1shows the 35 habitat types for which the EUNIS habitat suitability maps have been refined
by using the 1percentile thresholds that were a result of the MAXENT models. It is assumed that
suitability percentages lower that the dfercentile threshold areot valid.

Table3.1 List of 37 EUNIS habitat suitability types at level 3 and the associateget@entile
thresholds that has been used as an input for the processing of the habitat
probability maps based on actual land cover information

# New Old 10-perc New name
code code threshold
Coastal habitats (#19)
1 N11 Bl.1a 0.4461 Atlantic, Baltic and Arctic sand beach
2 N12 Bl.1b 0.5747 Mediterranean and Black Sea sand beach
3 N13 Bl.3a 0.3901 Atlantic and Baltic shifting coastal dune
4 N14 B1.3b 0.3996 Mediterranean, Macaronesian and Black Sea shifting coastal dune
5 N15 Bl.4a 0.3743 Atlantic and Baltic coastal dune grassland (grey dune)
6 N16 B1.4b 0.4509 Mediterranean and Macaronesian coastal dune grassland (grey dur
7 N17 Bl.4c 0.4932 Black Sea coastal dune grassland (grey dune)
8 N18 Bl.5a | 0.5599 Atlantic and Baltic coastal Empetrum heath
9 N19 B1.5b 0.6223 Atlantic coastal Calluna and Ulex heath
10 N1A Bl.6a 0.4451 Atlantic and Baltic coastal dune scrub
11 N1B B1.6b 0.5568 Mediterranean and Black Sea coastal dune scrub
12 N1D Bl.7a 0.4552 Atlantic and Baltic broatkaved coastal dune forest
13 N1F B1.7c 0.5928 Baltic coniferous coastal dune forest
14 N1G B1.7d 0.4473 Mediterranean coniferous coastal dune forest
15 N1H B1.8a 0.4378 Atlantic and Baltic moist and wet dune slack
16 N1J B1.8b 0.7972 Mediterranean and Black Sea moist and wet dune slack
17 N21 B2.1a 0.2989 Atlantic, Baltic and Arctic coastal shingle beach
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18 N31 B3.1a 0.3172 Atlantic and Balticocky sea cliff and shore

19 N32 B3.1b 0.2913 Mediterranean and Black Sea rocky sea cliff and shore
Wetlands (#18)

20 Q11 D1.1 0.4119 Raised bog

21 Q12 D1.2 0.4977 Blanket bog

22 Q21 D2.1 0.3077 Oceanic valley mire

23 Q22 D2.2a 0.3651 Poor fen

24 Q23 D2.2b 0.4248 Relict mire of Mediterranean mountains

25 Q24 D2.2c 0.4059 Intermediate fen and softvater spring mire

26 Q25 D2.3a | 0.416 Nortcalcareous quaking mire

27 Q3132 | D3.1 0.5261 Palsa and polygon mires

28 Q41 D4.1a | 0.3412 Alkaline,calcareous, carbonatgch smalsedge spring fen

29 Q42 D4.1a | 0.3995 Extremely rich mossedge fen

30 Q43 D4.1b | 0.2982 Tallsedge baseich fen

31 Q44 D4.1c 0.3511 Calcareous quaking mire

32 Q45 D4.2 0.3597 Arcticalpine rich fen

33 Q46 - 0.507 Carpathian travertine fen with halophytes

34 Q51 C5.1a | 0.4318 Talthelophyte bed

35 Q52 C5.1b 0.4376 Smalkthelophyte bed

36 Q53 C5.2 0.3955 Tallsedge bed

37 Q54 C5.4 0.2941 Inland saline or brackish helophyte bed

In a next step, actual land cover information plays a key role tetfine the habitat suitability maps
into habitat probability maps, and the land cover sources and processing are discussed in Chapter 4,
while the methodology for the habitat probabilipaps is discussed in Chapter 5
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The European land cover databases with the highest spatial resolution are the Copernicus HRLs (High
Resolution Layers with a 20 meter spatial resolutionttuey havespecific themes: 1) imperviousness

2) forests; 3) permanent waterbodies; 4: grasslands and 5) wetlands (see also
https://land.copernicus.euy.

TheCopernicus HRbat seems in the first instance to be thest affiliated with wetlands and coastal
habitats is the Water and Wetness (WAW) prod(icanganke, 2018)The 2015 reference year
wetness and water product is a new baseline product, which fully replaces the previous 2012 separate
GLISNXY I ySy G 6 GifSINERE Iy IENR Ra®adEernicds.eu/pareuropean/high
resolutionlayers/waterwetnesg. The combined Water and Wetness product is a thematic product
showirg the occurrence of water and wet surfaces over the period from 2009 to ACdriganke,
2018) This layer is based on mtgimporal and multiseasonal optical highesolution satellite
imagery. In addition, this layer is albased on radar informatiofSentinell data) with a geometric
resolution of 10m on a pakuropean basis. A multitude of optical and SAR imagery is used, covering
a prolonged time series of 7 years, which aim at capturing the -gmraual dynamics as much as
possible within a givenraa and lead to one image composite per season (each season covered by 3
months) and year during the observation perifichnganke, 2018)hey form the basis of the main
Water and Wetness (WAW) product with defined classes@figanke, 2018)

(1) permanent waer

(2) temporary water

(3) permanent wetness and
(4) temporary wetness.

The products show the occurrence of water and indicate the degree of wetness in a physical sense,
assessed independently of the actual vegetation cover and are thus not limited to a spediioler

class and their relative frequencie@dore detailed product specification in the technical documeht
Langanke (2018)
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Figure 4.1. Copernicus> Higﬁ Résolﬂtion Layer (HRL) Water ad Wetness 2015. Source: EEA
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Figure 4.2 Detail of theCamargue and surroundings from the Copernicus High Resolution Layer
(HRL) Water and Wetness 2015. Source: EEA

Table 4.1 Definitions of the Water and Wetnesclasses (from Langanke, 2018)
Code |Wetness/Water layer Explanation Examples
0 No water / no wefalways dry(dry in
area at least 75% of all
observations)
1 Permanent water | always water w t SNXYIFySyd A yt YR
(waterinatleast (@ ! NOIAFAOAL € R2YRE&
80% of reservoir)
all observations) |w b I { dzNJ f L2 Yy Ra aiet
surfaces of inland or coastal wetlands
w WA JSNAE
w /[ KFEyySta o6LISNXYIyS
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w [/ 21adlf g1 GSNJ & dzN
within the boundaries of the EEA coastline
analysis V2.

w [AljdZAR RdzYL) aAdGSa
w 2 G§SNJ adzNF I OvBgetation
where detectable with remote sensil
techniques.

2 Temporary water alteration of dry |w ¢ S Y Ldatdklsuxfdces associated to
andwater or permanent water bodies (e.g. oscillating
alteration of wet |shoreline areas of reservoirs)
andwater (water (@ ¢ SYLJ2 NI} NB vy I ( dzNJ €
in >25% tB0% of |temporary artificial lakes (e.g. cassettes of
all observations, |fishponds)
with varying w LYGSNXYAGGSY(d NRGS
degrees of river banks
wetand dry; watejw Cf 22 R | NBI &
dominates ovelw 2 I-ldg&edareas
wet) w ¢SYLRNINE Ff22RSR

rice fields

w LYGSNIARFE FNBIa
w ¢CSYLRNINARf& AydzyR
melt, floods or rain)

3 Permanently we| always wet (wet ifw wS SR

areas atleast~60%of [ t SF G f1 yR
(wetness) all observationslw LyflyR FtyR O2I ai
region dependent] marshes)

4 Temporary wet area |alterationofdry |0 LYyt FyR alfAyS YI NJ

(wetness andwet (wetin (@ LYOGSN¥YAGOSYG sSif
>25%to 60% of ajlw ¢ SY L2 NI NBE ¢SO F 3N
observations, withw ¢ SYLIR2 NI NB 6SG YS|
varying degrees o
wet and dry; wet
dominates
overdry)

254 unclassifiable No satellite imagg
available, cloudg
shadows, snoy
and glaciers

255 Outside  productioSea and oceal

unit land area outside
the production
unit

For the wetlands and coastal habitatee used in additionthe most recent CORINE land cover

information from 2018(https://land.copernicus.elpan-european/corineland-cover/clc201$.
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Figure 4.3

Corine land cover 2018 (source: EEA, CLC2018 C

LC2018_V2018_20.tif)

For Corine land cover (CLC) there is an existing crosswalk between the EUNIS habitats and CLC made
by Moss (2012). However such as crosswalk does not exists with the Water and WétA&Y3HRL

product. Therefore we made an additional analysis by overkgyhe individual habitat distribution

maps (point data) with the landowger layers CLC2018 and WAW?2015 by using the Sample tool in
Spatial Analyst of ArcGIS Pro. In summary it creates a table that shows the values of cells from a raster,
or set of rastersfor defined locations. The locations are defined by raster cells, polygon features,
polyline features, or by a set of pointhtips://pro.arcgis.com/en/preapp/tool-reference/spatial
analyst/sample.htrip The figure below shows how such a model looks like.

ficaiss) ) WAW 20150,
- v
lterate Feature %Name
Classes > FeatureClass »  Sample (2) > “2)
v
-
Table ToExcel ——»

Figure 4.4 Spatial model in ArcGIS Pro showing the use of the Sample tool (Spatial Analyst) to
create the crosswalks between the ditribution point data of the 37 wetlands and coastal habitats
and the Copernicus land cover layers; Corine Land Cover and/M#&r and Wetness.
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The spatial model as Figure 4.4. leads to a crosswalk (in a Excell sheetgfdrof the 37 wetlands

and coastal habitats. In Appendix 1 a summary is given of this analysis and is used in the next section
to set up the decision rak. So the decision rules are based on the crosswalk of Moss (2012), the new
crosswalk analysis based on the distribution maps and the Copernicus land cover layers, and the
existing ecological knowledge at ETC/BD & WENR.

The crosswalk in Appendix 1 shaWwat for wetlands and coastal habitats there is a strong relationship

between the recorded vegetation plots and the actual land cover, although the relationship is many

to many. Surprisingly there is in most cases no strong relationship between the rdoggdetation

plots and the HRL Water and Wetnes, while it was in a first instance assumed that there would be a
strong relationship with the classe$ ®ermanently wet ared3 | yTRmporary Wet areda Qd h y f &
GAGK GKS 21 2puamp Of I 4@ WKSINKSYdRNI NBE a5 30 A FANBH WG
NEO2NRSR @S3SardAazy Lk 2Gda 7T 2Manticks Baite mdiskaadwgtd ¢ K|
dune slacRT AABRDPDWMIWNMNG ySIy FyR .01 T{3AAPAsmaisoHy R ¢
polygon mire© T A @alcargonsmuaking mgeT @roticalpmerichife@ T @hland salipen W

or brackish helophyte bél® { $S | f 42 | LISYRAE ™M T2NJ Y2NB RSO At

Besides, the distribution maps also helped to analyse the distance to the coadtlalk cmastal
habitats (N formation), which were all encountered with kilometers from the coastee alsdable

4.2 Table 4.2 shows the decision rules for each habitat type in their relation with CORINE land cover
classessee Appendix 2 for th€orine land cover nomenclature (Bossard et al, 2000)

Table2.2 Final cecision rulesfor the EUNISvetlands and coastahabitat types in relation to
CLC2018HRL Water and Wetness 2015, and distance the the coast

N Coastal habitats

N1 Coastal dunes and sandy shores

N11 |Atlantic, Baltic and Arctic sand beach 331 331 - 5

N12 | Mediterraneanand Black Sea sand beach |331 331 - 5

N13 [Atlantic and Baltic shifting coastal dune 331 331 - 5

N14 | Mediterranean, Macaronesian and Black Sq 331 331 - 5
shifting coastal dune

N15 [|Atlantic and Baltic coastal dune grassland |331 331,321 - 5
(grey dune)

N16 |Mediterranean and Macaronesian coastal |331 331, 323 - 5
dune grassland (grey dune)

N17 |Black Sea coastal dune grassland (grey dul 331 331, 321 - 5

N18 |Atlantic and Baltic coastal Empetrum heath| 322 322,321,312 |- 5

N19 | Atlantic coastal Callunand Ulex heath 322 322,321 - 5
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and shore

N1A |Atlantic and Baltic coastal dune scrub 322 322,321,331 |- 5

N1B |Mediterranean and Black Sea coastal dune| 322 322,323,312, |- 5
scrub 331

N1D |Atlantic and Baltic broatkaved coastal dune 311 311, 321 - 5
forest

N1F Baltic coniferous coastal dune forest 312 312, 331 - 5

N1G |Mediterranean coniferous coastal dune forg 312 312,313,323 |- 5

N1H |Atlantic and Baltic moist and wet dune slack 331 331, 321,322 |4 5

N1J Mediterranean and Black Sea moist and wd 331 331,421,521, |4 5
duneslack 322

N2 Coastal shingle

N21 |Atlantic, Baltic and Arctic coastal shingle |331 331, 423, - 5
beach

N3 Rock cliffs, ledges and shores, including the
supralittoral

N31 |Atlantic and Baltic rocky sea cliff and shore| 332 ?? - 5

N32 Mediterranean and Black Sea rocky sea clif 332 ?7? - 5

Q1 Raised and blanket bogs

Q11 |Raised bog 412 412,324, (312*) |- -

Q12 Blanket bog 412 412, 322 - -

Q2 Valley mires, poor fens and transition mires

Q21 Oceanic valley mire 411 412, 322 - -

Q22 Poor fen 411 412,312 - -

Q23 |Relict mire of Mediterranean mountains 411 412,321, 322, |- -
333

Q24 |Intermediate fen and softvater spring mire 411 412,321,322 |- -
(312%)

Q25 |Non-calcareous quaking mire 411 412, 322 (312*) |- -

Q3 Palsa and polygon mires

Q3132 | Palsa and polygon mires 412 412,312,322 |4 -

Q4 Baserich fens and calcareous spring mires

Q41 | Alkaline, calcareougsarbonaterich smakH 411 411, 321, 312, |- -

sedge spring fen 231
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Q42 | Extremely rich mossedge fen 411 411, 312, 231, |- -
412

Q43 | Tallsedge baseich fen 411 411, 231, 312, |- -

Q44 | Calcareous quaking mire 411 411, 412,312, |4 -
231

Q45 | Arcticalpinerich fen 411 411, 321,322, |4 -
333

Q46 | Carpathian travertine fen with halophytes |411 411, 231 -

Q5 Helophyte beds

Q51 |Talthelophyte bed 411 411,231,512 |- -

Q52 | Smalthelophyte bed 411 411, 231 - -

Q53 |Tallsedge bed 411 411,512 (231%) |- -

Q54 Inland saline or brackish helophyte bed 411 411, 421,231, |4 -
512

* For these habitat classes, the land cover class between brackets has been removed in a second stage since the
probability maps were covering in the first stage an area much too large.
For the nomenclature of Corine Land Cover, see Appendix 1 and farathenclature of HRL Water and
Wetness, Table 4.1. Also notice thmat useful deisA 2 y  NXzf S& O2 dzf R

NeOle asSkr OftAFT IyR aK2NBQ

YR boH

6S YIFERS FT2NJ
WaSRAGSNNY ySIy

geomorphological dataThis implied that for two out of the 37 habitat suitability maps, no propability maps
could be produced, leading to a new total of 35 habitat probability maps.
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The habitat probability maps are created tdgwnscaling the habitat suitability maps with a 1km
resolution bythe actual land cover. This report concerns Europaatiand and coastdiabitat types.
For this purpose we usdhe most actual land coverfiormation. The Copernicus land cover databases
that we exploited for this purpose were the HRL product Water and Wetness from 2015 (WAW2015)
and Corine Land Cover database from 2018 (CLC2018), with spatial resafitiespectively 20 and
100 meter.Since onlyhe distribution datafor 6 habitatsshoweda clear relationship with WAW2015,
we depended much more on CLC2018 that we expected in the first instance, see alsh X &l¢he
decision rules that were applie@herefore all 35 habitat probability maps have been produaed
100 meter restution. Figure5.1 showsonce morethe principle of the methodology that we follow.
In principle the habitat suitability maps werefined on basis ahe actual Copernicus land covyéhne
WAW?2015 for some classes, and the distance to the coast for ttaldhabitats (<= 5km)

Classification of in-situ vegetation relevés to
EUNIS habitat types

Distribution maps
& environmental

data layers Modelling Habitat

with Suitability
RS-enabled MAXENT Maps (1km)
EBV’s, e.g.
phenology

Actual
Copernicus
Land Cover

Habitat
Probability
Maps (20m
or 100 m)

Figure5.1 Flowchart of the methodology implemented to obtain habitat probability maps
In principle we used four models in ARCGIS PRO for each Eabit&, namely

1. Thresholding the habitat suitability maps with the d€rcentile threshold

Crosswalk analysis (Sample tool) between the distribution maps anddiual land cover
information (CLC2018 & WAW2015) to support the decision rules.

3. Process the probability magg 100 meter spatial resolutioby integrating the atwual land
cover with the habitat suitability mapsn basis of decision rules

4. Export the probability maps to geotiffs.

All methodological steps have to be repeated for each of the 35 wetland and coastal habitats.
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Figure5.2 Model 1. ARCGIS PRytaphical model for thresholding each habitat suitability map

The 10p-thresholds for each of th&7 habitat suitability types can be found in Tabi1 Since all
habitat suitability maps have a 1 kilometer spatial resolution the thresholding goes very fas

The cosswalk analysis (Sample tool, see also Figure 4.4) between the distribution maps and the actual
land cover information (CLC2018 & WAW2015) to support the decision rules, went also quite fast but
to sort out the final decision rules from the remuln Appendix 1 was a quite difficult task since the
relationshipsare not always straightforward and the existing crosswalk between the EUNIS habitats
and CLC made by Moss (2012) was not sufficient.

Figure5.3 Model 3. ARCGIS PRO graphical modgriacess the habitat probabiliy maps

During the processing of habitat probability maps it became clear that for the coastal habitats the
habitat suitability maps did not cover the exact coastlireading to empty probability mapMain

reason is that mostoastal habitats only occur in a small fringe along the coastline, for example
FFFAEAFGOSR gAGK GKS I yR O2 gthbdfotefalsduiion baol to bélo S| OK
found so that the original suitabilty maps could be extended towards to tnasiThe solutiorthat
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we foundwas by applying a low pass filter. The low pass filter option is an averaging (smoothing) filter
(https://pro.arcgis.com/en/preapp/tool -reference/spatialanalyst/filter.htm). We used the low pass
FAEGSNI GoAOS gAGK GKS 2 lA0dAagsfiowdin Bigie 85 thérashlling || Ay
suitability map is a more smoothed map that covers the coastliime double low pasfilter was

applied on the original suitabilty maps, meanindgthout appling the 1Gpercentile thresholds.

However, the suitability maps with a ff&rcentile thershold were still applied for the wetlands

habitats, while for the coastal habitats we used the suitabililty maps that had been extended with a

low pass filter.

Original suitability mamot covering tke exacl Adjusted suitability maps usirg low pass fier
coastline twice.

Exampe from the Dutch Coast Exampe from the Dutch Coast

Exampe from the French Coast Exampe from the French Coast

Figure5.4 Extending the habitat suitabilitymaps towards the coastline by applying a low pass
filter
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Figure 5.5 Figures sumarizing all the methodological steps for a small aredorthern part of
the Netherlandsfor EUNIS habitat type N1®#tlantic, Baltic and Arctic sand bea€h
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Figure5.5makes it clear that going from habitat suitability mapt® habitat probability maps through
actual land cover information makes a big difference. It is also nice to seguire 5.4that the final
habitatprobability represents well the actual distribution of the habitat as reflected by the distribution
map (in-situ vegetation plot data used ground trutfBut despite this fact, manyf the wetland and
coastalhabitat probability map in the Appendix | show local misfits between the probability maps
and the recorded vegetation plots (distribution maps). This can be due to several reasons:

1. The geographic location of the-situ vegetation plot is sometimes not accurate enough.

2. The Coprnicusland coverayer misses sometimes smallgstchesrelated to wetlands and
coastal habitatsNotice that the smallest mapping unit of Corine land cover is 25 ha. So the
| w[ Qa4 FNB LINBFSNNBRI o0dzi a YSyi(A2W&riesso ST2NEB
product (WAW2015) and the wetlands and coastal habitats is quite disappointing, and
therefore could not play a major role.

3. Some of theecorded vegetation plomight havedisappeared over the last twenty years.

Thereforewe recommend always an independent assessment of the habitat probability maps based
on e.g. Article 17 database.
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New |Habitat name CLC (EUN[ Sampling (Spatial Analyst) | Sampling (Spatia
code Crosswalk) CLC2018 Analyst) HRL We
Moss 2015
(2012)

N Coastal habitats

N11 |Atlantic, Baltic and Arctic | 331 523 (22,2%), 411 (11,0%), [0 (79,5%), 4
sand beach 331 (10,3%), 521 (7,1%) |(15,7%)

N12 |Mediterranean and Black |331 523 (21,9%), 331 (14,7%), |0 (95,6%)
Seasand beach 323 (12,3%),112 (13,1%), 3

(8,4%)

N13 |Atlantic and Baltic shifting| 331 331 (23,7%), 523 (17,6%), |0 (84,3%), 4
coastal dune 321 (10,6%), 423 (8,6%) |(11,8%)

N14 |Mediterranean, 331 331 (24,1%), 523 (18,8%), |0 (94,5%)
Macaronesian and Black 112 (10,7%), 312 (9,3%)
Seashifting coastal dune

N15 |Atlantic and Baltic coastal 331 321 (27,2%), 523 (13,9%), |0 (75,7%), 4
dune grassland (grey dun 331 (12,5%) (18,8%)

N16 |Mediterranean and 331 331 (19,3%), 523 (18,6%), |0 (91%)
Macaronesian coastaluthe 323 (12,5%), 112 (9,8%)
grassland (grey dune)

N17 |Black Sea coastal dune |331 331 (38,2 %), 142 (16,7%), |0 (95,5%)
grassland (grey dune) 112 (14,6%)

N18 |Atlantic and Baltic coastal 322 321 (44,5%)%23 (18,1%), |0 (87,8%), 4
Empetrum heath 312 (9,9%), 322 (8,2%) (8,8%)

N19 |Atlantic coastal Calluna |322 322 (24,5%), 321 (15,4%), |0 (94,1%)
and Ulex heath 523 (15,4%), 112 (8,4%)

N1A |Atlantic and Baltic coastal 322 321 (65,9%), 322 (7,6%), 390(79,1%), 4
dune scrub (6,3%) (20,1%)

N1B |Mediterranean and Black |322 323 (16,6%), 312 (15,6%), |0 (93%)
Sea coastal dune scrub 331 (12,2%), 211 (7,7%), 54

(6,8%)

N1D |Atlantic and Baltic broattaved |311 321 (27,6%), 312(17,7%), 1|0 (96%)

coastal dune forest (16,8%), 31111,9%)

29 Producing European habitat probability maps for wetlands and coastal habéaesl on irsitu vegetation plots,
environmental data an€opernicus land cove




springfen

N1F |Baltic coniferous coastal |312 112 (41,4%), 312 (34,1%), |4 (100%)
dune forest 331 (9,6%)

N1G |Mediterranean coniferous|312 312 (51,1%), 313 (13,8%), |0 (95,6%)
coastal dune forest 323 (6,9%)

N1H |Atlantic and Baltic moist |331 321 (29,7%), 322 (20,5%), |0 (78,8%), 4
and wet duneslack 331 (13,9%) (17,3%)

N1J |Mediterranean and Black|331 421 (26%), 521 (11,8%), 52|0 (45,8%), 1
Sea moist and wet dune (8,6%), 322 (7,7%), 331 (28,5%), 4 (19,79
slack (7,4%)

N21 |Atlantic, Baltic and Arctic | 331 523 (23,3%), 423 (13,2%), |0 (82,1%), 4
coastal shingle beach 231 (11,2%), 331 (7,9%) |(13,0%)

N31 |Atlantic and Baltic rocky |332 523 (25,3%), 423 (18,2%), |0 (87,9%), 4
sea cliff and shore 322 (15,4%), 112 (10,8%)

(6,9%)....332 (1.7%)

N32 Mediterraneanand Black [332 323 (30,3%), 523 (27,2%), |0 (91,5%), 4
Sea rocky sea cliff and 112 (7,3%) (5,9%)
shore

Q Wetlands

Q11 |Raised bog 412 312 (29,0%), 412 (19,4%), |0 (87,1%), 4

324 (11,2%) (10.1%)

Q12 |Blanket bog 412 412 (57,4%), 333 (11,7%), |0 (85,2%), 4

243(11,1%), 322 (7,9%) (13,8%)
Q21 |Oceanic valley mire 411 412 (39,6%), 322 (12,2%), |0 (83,9%), 4
312 (9,2%), 311 (6,9%) (12,3%)
Q22 |Poor fen 411 312 (24,3%), 231 (10,1%), [0 (89,7%), 4
313 (7,8%), 412 (7,2%) (5,3%)

Q23 |Relict mire of 411 321 (39,4%), 322 (17,6%), |0 (97,6%)
Mediterranean mountains 333 (14,5%), 324 (9,7%)

Q24 |Intermediate fen and soft (411 312 (16,3%), 321 (10,7%), |0 (85,9%), 4
water spring mire 231 (9,8%), 322 (9,8%), 412 (9,6%)

(7,3%)
Q25 |[Non-calcareos quaking (411 312 (26,3%), 412 (17,2%), |0 (81,7%), 4
mire 313 (8,7%), 322 (7,1%), 324(11,8%)
(6,2%)
Q3132 |Palsa and polygon mires {412 412 (38,5%), 312 (23,1%), |0 (46,2%), 4
322 (15,4%) (46,2%)

Q41 |Alkaline, calcareous, 411 321 (15,4%), 312 (13,4%), |0 (93,6%), 4

carbonaterich smaHlsedge 231 (12,6%) (3,8%)
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Q42 |Extremely rich mossedge [411 312 (21,2%), 231 (15,3%), |0 (83,7%), 4
fen 412 (8,1%), 313 (7,2%), 324(12,9%)
(6,2%), 411 (6,2%)
Q43 |Tallsedge baseich fen 411 231 (21,4%), 3110,3%), |0 (87,6%), 4
211(8,4%), 412 (8,6%), 411|(10,3%)
(7,7%), 313 (7,5%), 311
(7,5%)
Q44 |Calcareous quaking mire (411 312 (17,9%), 412 (17,1%), |0 (73,9%), 4
411 (11,5%), 231 (9,5%), 31(19,4%)
(7,2%)
Q45 | Arcticalpine rich fen 411 321 (25,7%), 32@23%), 333 |0 (72,0%), 4
(20,1%), 311 (9,6%) (22,5%)
Q46 |Carpathian travertine fen (411 231 (30,3%), 243 (24,2%), |0 (100%)
with halophytes 112 (24,2%)
Q51 |Talthelophyte bed 411 231 (17,5%), 512 (16,3%), |0 (72,5%), 1
211 (11,7%), 311 (10,6%) |((8.2%), 49,8%)
Q52 | Smakhelophyte bed 411 231 (23,7%), 211 (14,1%), (0 (83,0%), 4
311 (11,1) (8,6%)
Q53 |Tallsedge bed 411 231 (16,6%), 211 (12,6%), (0 (79,3%), 4
311 (10,4%), 512 (13,1%), {(10,3%), 1 (7,5%
411 (8,3%)
Q54 |Inland saline or brackish {411 211 (20,1%), 421 (12,7%), |0 (67,6%), 4
helophyte bed 231 (10,5%), 512 (9,7%) [(22,9%)
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CORINE land
cover
level 1 level Code|Level 3 CORINE land cover class
2
1. Avrtificial 1.1 |urban fabric 1.1.1 | continuous urban fabric
surfaces
1.1.2 |discontinuous urban fabric
1.2 |industrial, 1.2.1 |industrial and commercial units
commercial and
transport units 1.2.2 |road and rail networks and associated Ig
1.2.3|port areas
1.2.4 | airports
1.3 |mine, dump and |1.3.1|mineral extraction sites
construction sites|1.3.2 |dump sites
1.3.3 | construction sites
1.4 |artificial non 1.4.1 |green urban areas
agricultural
vegetated areas |1.4.2|port and leisure facilities
2. Agricultural 2.1 |arable land 2.1.1 |nonvirrigated arable land
areas
2.1.2 |permanently irrigated land
2.1.3|rice fields
2.2 |permanent crops |2.2.1 |vineyards
2.2.2 |fruit trees and berry plantation
2.2.3|olive groves
2.3 |pastures 2.3.1|pastures
2.4 |heterogeneous |2.4.1|annual cops associated with permanent
agricultural areas crops
agricultural areas | 2.4.2 | complex cultivation patterns
2.4.3 |land principally occupied by agriculture

with significant natural vegetation

244

ag rofo restry areas
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3. Forests and 3.1 |forest 3.1.1 |broadleaved forest
seminatural

Areas 3.1.2 | coniferous forest

3.1.3 | mixed forest

3.2 |shrub and/or 3.2.1 | natural grasslands
herbaceous
vegetation 3.2.2|moors and heath lands

associations

3.2.3 | sclerophyllous vegetation

3.2.4 | transitional woodlanescrub

3.3 |open spaces with|3.3.1 |beaches, sand, dunes
little or no

vegetation 3.3.2 | bare rocks

3.3.3 | sparsely vegetated areas

3.3.4 |burnt areas

3.3.5|glaciers and perpetuanow

4, Wetlands 4.1 |inland wetlands |4.1.1|inland marshes

4.1.2 |peat bogs

4.2 |coastal wetlands [4.2.1 |salt marshes

4.2.2 |salines

4.2 .3 |intertidal flats

5. Water bodies|5.1 |inland waters 5.1.1 |water courses

5.1.2 |water bodies

5.2 |marine waters 5.2.1 | coastal lagoons

5.2.2 | estuaries

5.2.3|sea and ocean

Corine land cover nomenclature is described in the Corine technical (Ridsard et al., 2000)
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Code |Wetness/Water layer Explanation Examples

1 Permanent water  |always water w t SNXYIFYySyid AyftlyR
(waterinatleast [w ! NI AFAOAL € L2 Yy Ra
80% of reservoir)
all observations) (@ b I i dzNJ f LJ2 ydpen watds

surfaces of inland or coastal wetlands

w WA JSNAE

w /[ KFEyySta o6LSNYLIyYyS
w /2Fadrf g G§SNI &dz
within the boundaries of the EEA coastline
analysis V2.

w [AljdZAR RdzYL) aAiGSa
w 2 G§SNJ a daxRtiihgO\&getatidn
where detectable with remote sensir
techniques.

2 Temporary water alteration of dry | w erporary water surfaces associated to
and water or permanent water bodies (e.g. oscillating
alteration of wet |shoreline areas of reservoirs)
and water (water (@ ¢ SYLJ2 NIJ NB  y I § dzNJ €
in >25% to 80% oftemporary artificial lakes (e.g. cassettes of
all observations, |fishponds)
with varying w LYGSNYAGGSYd NAROS
degrees of river banks
wet and dry; watelw Cf 22 R | NBI &
dominates ove|w 2 |-lag&edlareas
wet) w ¢SYLRNINE Ff22RSR

rice fields

w LYGSNIARFE | NBIa
w CSYLRNINREE& AydzyR
melt, floods or rain)

3 Permanently we| always wet (wetinw wSSRa&

areas atleast ~60%f |w t SI G fFYyR
(wetness) all observatongw LyflyR FtyR O2Iai
region dependent) marshes)

4 Temporary wet area |alterationofdry |w LYy fFyR &FfAYS YI N

(wetness andwet (wetin (@ LYOGSN¥YAGOSYG sSiaft
>25% to 60% ofajw ¢ SY L2 NI NB 6Sd | 3N
observations, withw ¢ SYLR2 NI NB 6Si4G YSI

varying degrees o
wet and dry; wet
dominates

over dry)
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occurring on sandy shores of the Atlantic and Arctic Oceans and the North and Baltic Seas. It is mainly
an unvegetated habitat with low species diversity. Annual halophytes are the typicalgplecies,
appearing temporarily on strandline sediments. On less dynamic beaches, as around the Baltic,
perennials including some brackish and freshwater marsh plants are characteristic. Volcanic sediments
can provide a distinctive character around Icel@enshores. Distinctive invertebrates characterise
beaches and their driftlines, providing food for some wading birds.
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coastlines around the Mediterranean éBlack Seas, with fragmentary and sporadic vegetation cover

developing on the accumulated sand, gravel and decaying plant material. Typically, the vegetation
cover comprises scattered annual halophytes, although pioneer dune perennials can appear where

sand ridges get pushed by storms beyond the normal tidal limit.
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coastal sands along the Atlantic, North Sea and Baltic coasts. Early pioneers upshoréndr
strandline catch sand blown from the beach and initiate foredune, then embryo dune, development
stages. They may come and go with subsequent storms, or continue to build higher, mobile dunes that
move inland, sometimes to enormous size and in distitdges with intervening valleys. Ammophila
arenaria is the widespread dominant in the middle to later stages. This grass is especially well
equipped to cope with rapid upbuild and continually shifting sands. Leymus arenarius and
xAmmocalamagrostis batt play a similar role in colder regions. The vegetation cover on the sharply
draining, nutrientpoor sand is typically open with few, but distinctive, associates, some indicative of
the regional temperature contrasts, and some striking fungi. Speciallseetles are also
characteristic.
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dunes of dynamic coastal sands around the Black and Mediterranean Seas, and into the Atlantic
around SW |beria and Macaronesia. Early pioneers upshore from the strandline catch sand blown from
the beach and initiate embryo durdevelopment. These may come and go with subsequent storms,

or continue to build higher mobile white dunes that move inland. Except in Macaronesia, the
dominant plant in the middle to later stages is Ammophila arenaria (subsp. arundinacea in the
Mediterranean), and the associated flora on the permeable, impoverished sands is limited and sparse.
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stabilised sands of older (grey) dunes along the Atlantic (soutieemiddle Portugal), North Sea and
Baltic coasts. The sandy substrate, thinly enriched with accumulating humus,-traedid and can

dry out during summer. Typically with a more or less complete cover of (relatively low) grasses, herbs,
bryophytes andithens, sometimes with low shrubs, they comprise one of the most speches
habitats on the temperate European coast. The flora can vary with the regional climate, with the
character of the substrate, from acid to highly calcareous, and with the logs dopography.
Individual dune systems can vary from narrow strips to enormous stretches, though most are not a
dynamic stage in succession, but maintained in a more or less stable fixed state. They were often
grazed or mown in the past, which preventee ttievelopment of scrub and woodland. The habitat is
threatened in most countries by abandonment of traditional farming, by eutrophication through
nitrogen deposition, overuse and urbanisation, often related to tourism.
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fixed sands along the Mediterranean and Macaronesian coasts, and of the thfardic coasts of
Portugal, southwestern Spain and North Africa inland from wind erosion and saltiiepo$hey

have a more or less complete cover of graminoids and herbs, often with a contingent of colourful
spring annuals capitalising on early rains. The flora varies according to regional climate and dune
topography. They may represent a temporary phagiving way to evergreen sclerophyll scrub and
woodland, or may form more permanent grassland at sites not suitable for shrubland. Through much
of the Mediterranean, the habitat has been destroyed, contaminated by the invasion ehaibre

species or imuch influenced by tourism, urbanization, infrastructure development, arable cultivation,
nitrogen deposition and afforestation.
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coastal sands around th&lack Sea, mostly on the western and nentéstern stretches and now only

very locally. The dunes are best developed on broader flatter shores, and the ridges can vary in height

from just a few metres to over 50 m, with moister depressions between. dhe i variable with a

shift from the Mediterranean to Pontic regions moving northwards, with many regional endemic plant
species among its grasses and herbs. Perennials predominate, but there can be striking contingents of
annuals on more mobile stretche$sand on the ridges. Mosses and lichens can be extensive on north

facing, less sunny slopes.
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cooler north Atlantic and Baltic coasts of Europe, dominated by Empetrum nigrum, with or without
Calluna vulgaris, or occurring in dune slacks where Erica tetralix may also be abundant or even replace

Empédrum with the same suite of associates. Persistent where veixgglosure or light grazing prevent

succession to scrub or woodland.
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sands along the warmer, one humid Atlantic coast of Europe, dominated by Calluna vulgaris, Erica
spp., Ulex spp. or other low spiny legumes, often with a strong contingent of grasses and sedges.
Persistent where wingxposure or light grazing prevent succession to scrub or waddla
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N1A Atlantic and Baltic coastal dune scrSerubdominated by a wide diversity of low to tall shrubs
on stabilised dry dune sands and in dune slacks along the Atlantic and Baltic coasts. The composition
varies according to regional climate and soil conditions. Fen vegetation with low Salix repens or

grasslands with Rosa spinosissima are not included.

44  Producing European habitat probability maps for wetlands and coastal habéaes! on irsitu vegetation plots,
environmental data an€opernicus land cove



3 -
Ribella

WA T E
Al ‘ -ni}bin 0
Follonica Cinig
Distribution Map Al E78 "
ok 4 -
e N1B
-1 ; - SP152
Probability map R ? Ek
. ) 1% ,(irosseto &
Prob_N1B_int N a3
Value R“ » ¥ Scansan o
™ 100 Y
0
. E80

‘.,\ )
Orbetello g‘qﬁ«.
" X 3
Monte L8/ e#"\\:ﬁ* ESO
Argentario b gy

18 27 36

M ontall

9 45 O 9
e e e e — | bl oL
Kilometers: esri, usas, NO. L NIVERSITY & RESEARCH  }

WaSRAGSNNI ySIHY | YR

vegetation types or mosaics.
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to tall shrubs on stabilised dry dune sands along the Mediterranean and Black sea coasts, often grading
to dune grassland or woodland, the associated herb flora showing elements from these neighbouring
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variation, comprising a diversityf relatively open to closed forests on Atlantic and Baltic coastal

dunes. It develops where more stable coastal sands are invaded by broadleaved trees typical of the

local soil and climatic conditions. It includes forests in dry and wet conditions,@arealis and acidic

sands and along the climatic gradient from southern Norway and the Baltics towards central Portugal.

Many of these forests are indistinguishable in their floristic composition from inland examples of the
same general type.
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habitat should be considered N19 Mediterranean and Black Sea coastal dune scrub.
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systems as moiswet depressions between dunalges, where blovwuts have lowered the sand level

to that of groundwater or, unusually in the Wadden Sea, where barrier islands are occasionally flooded
by tidal inundation. The water table fluctuates seasonally, less so around the Baltic, and the mean
wetness of slacks can vary so that the range of vegetation is considerable from dwarf rush and
bryophyte pioneer vegetation, through wet grasslands, to various kinds of mire and swamp, with

persistent areas of open water with aquatic plants.
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freshwater bodies that develop in the depressions between sand ridges in the dune systems along the

Mediterranean and Black Sea coasts. The constituent vegetation depends on (itle aed

persistence of the water which is very variable, and also on the level of enrichment, which is usually
eutrophic to mesotrophic, though locally dystrophic. There can be aquatic communities in the open

waters and swamps around the margins and, whigre slacks dry out in summer, conditions can
become saline with ephemerals colonising.
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highly dynamic beaches along the Atlantic, Arctic and Baltic coasts, with concentrations along the
English Channel. Often mobile and largely bare, they provide an inhospitable environment colonised
only in moe stable situations, with some deposition of finer material and drift detritus, by a distinctive
suite of saltolerant and nitrophilous perennial plants. They also provide a habitat suitable for some
nesting waders and seabirds and a variety of distiectiwertebrates. Locally, in southern England
and the Baltic, larger apposition beaches are more extensively colonised by vegetation.
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