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Abstract. In the EU different utilization demands competighweach other and space is limited. As a
consequence, socio-economic considerations andegoractivities play therefore an important part in
land use management and conservation planningnQfte integration of conservation concerns in
agricultural as well as forestry production lane usodels has been neglected. One reason is aflack o
accurate and consistent basis data. Thereforegeo@i®on studies that offer high-accuracy landscape
information at the European level are often recomued by policy makers, but rarely realized. This
study contributes to this problem by creating anelppring a wetland distribution modelwgbl) for
integration into the mathematical bottom-up lan@ @ssessment model EUFASOM, which studies
synergies and tradeoffs between biodiversity camgiem efforts, greenhouse gas mitigation opti@ss,
well as traditional agriculture and forestry. Thasis of SveDI is the optimal combination of existing
spatial datasets to obtain the spatial distributbrwetlands by definition of flexible knowledgeles.
The model distinguishes between existing wetlanu$ sites suitable for wetland restoration at 1 km
resolution. It differentiates several wetland typesl covers the whole EU-25 area. The results @f th
model may help to locate sites suitable for resimmaprograms, or for the introduction of faunistic
corridors.

Keywords: land use planning, restoration ecology, spatial lgses

Introduction

Because of its settlement history, land utilizatioriEurope is diverse and complex.
As a consequence, many natural ecosystems as detle altered and experience
degradation, fragmentation and loss. It is estichdbat more than two thirds of all
wetlands in Europe have been lost since beginnfnthe 20" century (LIFE, 2007)
because economically profitable land utilizatiomjuiees drainage of the wetlands.
Today, wetlands are considered to be among thedisamost threatened ecosystems.
Besides biotope reduction and habitat fragmentattetiand loss has been also made
responsible for unprecedented flooding events gmecies declines (Dahl, 2006).
Because of natural habitat shortage latest consenvafforts include the option of
restoration and creation of wetlands to meet thgeta set out by the European
Commission to halt biodiversity decline. But chamgiland use for food and,
increasingly, biofuel production constitutes a grelallenge to nature conservation.
Conservationists are concerned that the promotiomi@energy plantations in the
context of climate change mitigation policies cotlideaten nature reserves and would
lead to further biotope loss.

In the past the integration of conservation cons@nragricultural as well as forestry
production land use models has often been negld€iehklin and Swanson, 2007).
One reason is often a lack of accurate and consissesis data. Therefore, conservation
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studies that offer high-accuracy landscape infoionaat the European level are often
recommended by policy makers, but rarely realizgdrdsearchers (Wascher, 2000;
Klijn, 2002; Scott and Tear, 2007; Wiens, 2007).

Usually, economic land use models refer to coustayistics as base data. These data
differ in spatial accuracy, reliability, acquistialata and class definition. Aggregating
statistical and spatial data from many sourcesoni database often causes low spatial
accuracy and complicates comparability, especiakween eastern and western
European countries. So is the spatial distributibwetlands in Europe not well known
except for large wetland areas or for wetlandgpet&l ecological interest (Merot et al.,
2003). Even those wetland areas, which have besrifigéd on the behalf of European
Environment Agency EEA), correspond to wetland areas of ecological isteend
represent only a rather small part of all wetlaneba (Bernard, 1994). Some wetland
studies modeled wetland distribution at global esa(Matthews and Fung, 1987;
Aselmann and Crutzen, 1989; Stillwell-Soller et 4895; Joint Research Centre, 2000;
Lehner and Doll, 2004). Due to its global perspestihe spatial resolution is coarse
and wetlands are seldom differentiated in detaidtwinakes the use of these data for
conservation studies in European scale inappr@prihe most detailed consistent
information about wetland habitats in Europe offéne EUNIS (European Nature
Information System) Database with the distinctidnower 2600 terrestrial habitat
classes at the fourth level (Moss and Davies, 2002 However, the corresponding
EUNIS habitat type map (European Topic Centre aidgjical Diversity (ed.)) that has
been created using mainly aggregated CORINE dé&esrenly to the first level (= 10
major habitats) of the EUNIS habitat classificatididso, the CORINE biotopes data
(European Commission, 1991; Moss and Wyatt, 199dsdvet al., 1996; EEA, 2000a)
that are based on reported NATURA2000 sites doreqmtesent the existing wetlands
completely and are only available in terms of spmtsthe map without area size
statements. At present, the CORINE data (EEA, 2D@0the most detailed land cover
database covering the European Union. One disaalyaris the heterogeneity of the
classes determined by functional land use and néard cover itself. The digital map
of the potential natural vegetation of Europe (Bamd Neuhdusel, 2003) shows a
detailed classification and potential distributioh wetland vegetation types across
Europe. However, this distribution is irrespectoehuman influences and therefore
only conditionally suitable because river regulafipeat extraction or urbanization on
former wetland areas often lead to changed wetlastbration potentials. In all it
becomes clear that there are no digital land coveregetation maps of the EU that
show detailed wetland distribution.

This study contributes to this problem by compilspatially consistent information
on wetlands differentiated by wetland types andrattaristics using GIS-based
techniques. Not only existing wetland habitats $thdx¢ documented but also potential
wetland restoration sites by considering actuald laise options. This way a new
methodology on broad scale distribution modelingléseloped. The study presented
here is an attempt to extend the distribution madeprocess to a broad continental
scale by keeping the spatial accuracy as high asilge. This is important because
European wetlands are often fragmented ecosystésmail extent. Many wetlands are
smaller than one 1km2. But improvements in datdityuand availability as well as
simplifications in earth observation techniques entlie more detailed studies feasible.
As a result the narrow stripes of alluvial forestssmall isolated bogs may be better
represented in broad-scale analyses of wetlandsid@&e the importance of regional
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case studies, decision makers of European langhaigs@es demand spatial ecosystem
information at holistic scales. The resulting wetlaistribution model is finally aimed
to be integrated into the mathematical bottom-updlause assessment model
EUFASOM (European Forest and Agricultural Sectoti@zation Model), which is
used to study synergies and trade-offs betweeramgttonservation efforts, greenhouse
gas mitigation options including carbon sinks andebergy, and agriculture and
forestry of Europe (Schneider et al., 2008). Thio#JJFASOM, economic wetland
potentials for optimal land use options are deteediunder certain policy scenarios.

Methods

Definition of wetlands

Often wetland terms and definitions are not statided. The RAMSAR Convention
(Article 1.1) defines wetlands as "areas of mafsh, peat land or water, whether
natural or artificial, permanent or temporary, witater that is static or flowing, fresh,
brackish or salt, including areas of marine waterdepth of which at low tide does not
exceed six meters". In wetlands water is preseat atar the surface of the land also if
only for varying periods of the year. Wetlands veungely in soil, topography, climate,
hydrology, water chemistry, vegetation, and othactdrs, also because of human
disturbance (Pott and Remy, 2000; Dierssen andsg&eer 2001; Blume et al., 2002). In
this study we concentrate on the natural freshwaténland wetlands whose types are
further defined inTable 1

Table 1. Used wetland terms and their definitions, base€owardin et al.(1979), Mitsch
(1994), Sanderson (2001)

Common Wetland Names Definition
Peatland generic term of any wetland that accumsilpartially decayed
plant matter.
a. Bog peat-accumulating wetland that has no saamif inflows or

outflows. Water and nutrient input entirely throygiecipitation;
characterized by acid water, low alkalinity, and' loutrients. Peat
accumulation usually dominated by acidophilic mesgarticularly
sphagnum.

b. Fen peat-accumulating wetland that receives straiaage from
surrounding mineral soil. Usually dominated by sedged, shrub
or forest & swamp forest). Surface runoff and/or ground water
have neutral pH and moderate to high nutrients.

Wet grassland in European terminology a marsh has a mineralsstibtrate and
(Marsh) does not accumulate peat. Permanently or periddicaindated
site characterized by nutrient-rich water and emetrferbaceous
vegetation (grasses, sedges, reed) adapted tatsatsoil

conditions.

Wet forest any wetland that is dominated by forest.

a. Swamp forest wetland dominated by trees, mashdbrested fen. Depends on
nutrient-rich ground water derived from minerallsoi

b. Alluvial forest Periodically inundated foreseas next to river courses.

The definition of inland wetlands also includes si@s and wet meadows dominated
by herbaceous plants that are most often human raadeell as shrub- or tree-
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dominated swamps. In Europe, inland wetlands argt wmmmon on floodplains along
rivers and streams, along the margins of lakespamdis, and in other low-lying areas
where the groundwater intercepts the soil surfacevitere precipitation sufficiently
saturates the soil (vernal pools and bogs). Marthede wetlands are seasonal and may
be wet only periodically. The freshwater wetlandhate the most relevant areas for
land use options implemented in EUFASOM. Open vgadee considered separately.

L ocating wetland potentials

The spatial wetland distribution model “Swedi” isvéloped as extraction tool to
denote wetland allocations in Europe. In this res @S and spatial modeling are used
as instrument to locate existing wetland areas et ag to identify the most suitable
areas for wetland regeneration measures. This G@kEhaims to depict the distribution
of wetland areas at regional level and also atseogeographic scale. This involves the
integration of a variety of GIS datasets and mldtiperations of expert review and
interpretation to delineate the potential wetlaneha of Europe. We used the GIS tool
ArcGIS9 for analysis.

PEH — Existing wetlands

PCS — Potential Convertible Sites
CLC —Corine Land Cover data EENERED | cc, | e
PHY —Potential natural vegetation data

i —ietlands | ae, || Fy, || Pl
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Figure 1. The spatial wetland distribution model “Swedi”

Figure 1 gives an overview of the Swedbgatial wetland distribution model
structure and its core input data. It is descrilb@dmore detail in the following
methodological section that is subdivided into tparts. The first deals with the
evaluation of existing wetlands in Europe, and #ezond with the modeling of
potential convertible sites for wetland restoratmanagement.
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Existing wetland habitats (PEH)

Existing wetland biotopes are defined as areas avia@tlands with state close to
nature actually appear within Europe. The analigsexecuted with Model Builder and
the Spatial Analyst Extension of ArcGIS9. The Ceriand cover map 2000 with spatial
resolution of 100 m serves as core base map (EBABO0From the CORINE data, the
following land cover classes have been extracteobrmm& heathland (3.2.2.), inland
marshes (4.1.1.), peat bogs (4.1.2.), inland watedsestuaries (5.1. and 5.2.2.), natural
grassland (3.2.1.) and forests (3.1.). The EEA %) 9fves detailed definitions of each
class. Within the spatial model the land coverlg®at bogs” serves as the only one
that does not need to be altered to show existiragg™ wetlands, whereas all other
selected land cover classes have to be split ugratgby: out of the generalized forest
classes, only the wet forests, namely alluvial tgenext to river courses and fen or
swamp forests, are extracted through rule basddnstats using set operators. The
CORINE classes “natural grassland” as well as fidlanarshes” serve as base data for
the model parameter “natural wet grasslands”. Iditemh, moors, wet heaths and
riverine and fen scrubs are extracted from the iggméass “moors and heathland”. The
map of the potential natural vegetation (PNV) ofdpe (Bohn and Neuhausel, 2003)
has been selected as source to locate the weilasdasthin these CORINE land cover
classes. The PNV map in general distinguishes iatlg wetland types: a. tall reed
vegetation and tall sedge swamps, aquatic vegetéBdlV class R), b. mires (S), c.
swamp and fen forests (T), d. vegetation of floddins, estuaries and fresh-water
polders and other moist or wet sites (U). Thesedygan then be further subdivided. We
extracted these wetland types and intersected thitmthe corresponding CORINE
data. Only those sites matching both attributesewsmsidered as present existing
wetland site. The remaining sites were assumee toonm-wetland. However, this does
not exclude the probability of the non-wetland arembe potential wetland restoration
sites as is explained in more detail bel®igure 2 gives examples of the intersection
and extraction procedure.

In order to verify the accuracy of the distributioh existing wetlands in Swedi,
resulting outputs must be compared with an independata set (Verbyla and Litaitis,
1989; Araujo et al., 2005). A description of geh@®RINE Land Cover data accuracy
is found in the EEA Technical Report 7 (2006). Imiststudy we use the CORINE
biotopes database and parts of the RAMSAR list atlamds of international
importance (2008) for comparative analyses. Theingobiotopes (Version 2000)
database is an inventory of major nature sites. diilmeof the database was to enhance
reliable and accessible information about vulnerazlosystems, habitats and species of
importance as background information for commueityironmental assessment. The
wetland sites of the database are - among otlatsbuted with the size of the wetland.
Site coordinates are included for easy localizatbrihe biotopes within a GIS. We
selected 50 freshwater wetlands from the databade@mpared their occurrence in the
Swedi model considering spatial accuracy and wetkime. The same procedure has
been applied to 50 selected RAMSAR sites. Additignthe spatial extends of denoted
NATURAZ2000 wetland sites as well as available patanaps of individual sites are
compared to the existing wetlands of Swedi.
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extracted CORINE Land Cover class

potential natural wetland vegetation
output wetland in Swedi

open water

Figure 2. two regional examples showing the methodologyeéitiraction procedure A. for
wetforests by intersection of extracted CORINE Lemwkr class “broad-leafed forest” with
extracted “swamp and fen forests” (PNV class T) aretjetation of flood plains, estuaries and
fresh-water polders and other moist or wet sitdd) ¢lasses of the potential natural vegetation
map of Europe. Shown is a section of the Elbe thetween Dessau and Wittenberg / Germany.
B. for moors, wet heaths and riverine and fen ssfmpintersection of extracted CORINE Land
cover class “moors and heathland” with extracteadlftreed vegetation and tall sedge swamps,
aquatic vegetation” (R) and “mires” (S) classesté potential natural vegetation map of
Europe. Shown is a region in the Grampian Mountaisotland

Potential convertible sites (PCS)

The second part of the GIS assessment evaluatestibiconvertible wetland sites.
These areas may be used for location of restorggrograms or habitat creational
measures. The distribution of wetlands is explaimgdany dependent and explanatory
variables. Important factors are the climatic, lmjogical, geological, ecological and
socio-economic conditions of the area. The clas#ifin of wetland distribution is
therefore preferably based on analysis of thesepeddent variables (Guisan and
Zimmermann, 2000). The connection between the oispe information of the
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database and the probable appearance of the welilamtbtermined by assuming that
there is a relationship between environmental gradisuch as soil, climate, or slope
and wetland distribution (Franklin, 1995). We usalitional statistical methods based
on observed correlation as well as geographicalgyglated regression analysis to
analyze environment-wetland relationships. Thisvpdo to be useful concerning
European scale analyses, because it allows foomabdifferences in relationships by
estimating regression parameters that vary acrgssces (Miller et al., 2007).
Characteristic soil parameters, climate conditiosispe angles, and elevations are
worked out for every wetland type on the basiseviesal literature resources (Brinson,
1993; Kuntze et al., 1994; Ellenberg, 1996; Sucew Joosten, 2001; BfN, 2004).
Through this, rule-based statements are derivedtahe potential appearance of the
target wetland types. In combination with geographdata these statements allow the
identification and localization of potential wettheites within a GISTable Z2illustrates
the resulting factors that characterize each wettgpe.

Table 2. Rating factors that characterize each wetland tigfter Brinson 1993, Kuntze et
al. 1994, Ellenberg 1996, Succow and Joosten 2BfN 2004)

Proximity to
Soil | Slope Angle| Climate | open waters | Elevation
Fen X X
Bog X X
Swamp Forest X X X
Alluvial Forest X X X
Reeds X X X

Former wetland areas are considered as most suiti@ol wetland recreation
(Ellenberg et al., 1991; Wheeler et al., 1995; &thk and Van Vliet, 1997). These
might be arable fields, pasture lands, fallow orested areas on sites of former
wetlands that have been intensely changed. Actiktsnditions might give hints for
potential wetland biotopes. We use the Europedndstébase (Joint Research Centre,
2004) of 1 km grid resolution and extract followipgtential wet- and peatsoil-classes:
gleysols, fluvisols, gleyic luvisols, histosolsgegic podzol. The wetland types bogs,
swamp forests and fens are considered to be gueindient (cftable 2.

The climate parameter is only applied for the paatens bogs and swamp forests; all
other wetland types are rated as azonal and thereéatively climate independent
(Succow and Jeschke, 1990; Ellenberg, 1996; WaltdrBreckle, 1999). The climate
variables of the wetland types showntaible 3are extracted from the explanatory text
of the map of the Natural Vegetation of Europe (Bf8D4) and are mainly based on
Walter and Lieth (1967). We use the attributes emafure (max temp of warmest
month, min temp of coldest month, average annual)@ecipitation (average annual)
of the Bioclim and Worldclim data at spatial griésolution of 30 arc-seconds (~ 1
km?2),
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Table 3. Wetland type characteristics concerning their clieneanges of occurrence (after
BfN 2004, Walter and Lieth 1967)

Wetland type Average annual Average Max temp av. | Min temp av.
temperature (in precipitation warmest coldest month
°C) (mm/year) month (°C) (°C)
Bogs 3-6 300 -1 000 12 -17 -15 - (-2)
9-11 1200-2000 13-15 5-7
3-8 1400 -2 400 10-12 -2-0
5-95 550 — 1 500 14 -19 -3-5
4-55 900 -1 400 11-12 -3-0
35-7.8 530 - 630 17.5-19 -10 — (-2)
-10-1 200 - 500 8-13 -25 - (-10)
Aapa mires (fens) -3-5 250 - 700 8-15 -175) (-
transitional mires 0-5 500 - 870 8-14 -12 — (-3)
(fens)
degraded bogs, 8-9 600 — 1 200 15-16 0-4
now wet forests
wet forests 6-11 450 — 1 000 16-21 5-0
14 -15 > 1000 20 - 22 6-8
9-10 550 — 1 000 15-16 4-5

The analyses of elevation dependent wetland typghtnalso refer to climate or
relief conditions (Merot et al., 2003). However, & confined to the statements of
highest occurrences of respective wetland typesd®gxplanatory text of the PNV map
of Europe (BfN 2004). The base elevation data foroge are taken from GTOPO30
data a global digital elevation model at spatialotetion of 30 arc-seconds (sheets:
WO020N90, E020N90, W020N40, E020N40) (USGS 1996)ddition to that the bio-
geographical regions map of Europe (EEA 2002) doutie to the elevation parameter
by dividing the height variables into several bimgtic regions that better reflect the
height-limits than country based distinctions ajioms.Table 4shows the wetland type
characteristics concerning their maximum elevatiocurrence range.

Table 4. Wetland type characteristics concerning their maximelevation
occurrence range (after Brinson 1993, Kuntze e1884, Ellenberg 1996, Succow

and Joosten 2001, BfN 2004)
Wetland type | Biogeographical Region| Elevation (m)

Reeds Boreal, alpine (scand.) <=500
Reeds Alpine (other), all others <= 800
Alluvial forests| Boreal, alpine (scand.) <=500

Alluvial forests | Alpine (other), all others <= 1Q@0

The map of bio-geographical regions is based on RN/ map (Bohn and
Neuh&usel, 2003). It distinguishes between sixgaiographical regions in the EU-25,
namely Alpine, Boreal, Continental, Atlantic, Megtitanean, and Pannonian. Alluvial
forests and reeds are considered elevation depgntkss because of climatic
conditions, but more due to loss of suitable grouwmshditions (Ellenberg, 1996;
Mulamoottil et al., 1996; BfN, 2004). The climatepndent wetlands are assumed to
limit their height occurrence by this parameteelitsAn elevation constraint is therefore
not necessary. Only the fens are assumed neitineaitel nor elevation dependent. They
solely refer to soil conditions and the slope patan
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The slope parameter is evaluated based on thetielevdata using the Spatial
Analyst extension of Arc GIS9. Only those areashwvat slope angle below 1° are
assumed suitable for the wetland types reeds, iallforests, swamp forests and fens
(Mulamoottil et al., 1996; Lyon, 2001). Due to scakasons the slope angle is set to
this maximum extension and does not distinguispeslangles below that point as has
been done in case studies of larger scale (Tsamsirdgt al., 1998; Helmschrot and
Flugel, 2002).

Also the proximity to inland waters or to existingand peatland is an important
criterion for localization of target areas if othmarameters are fulfilled. The proximity
criterion has been initially set to 500 meters. Bus border may be handled flexible.
For implementation in the GIS-based model we estabhultiple ring buffers around
inland waters and other bog areas with radiusetiégfined proximity. The extension of
potential water surrounding wetland sites like \aHiI forests can be detected by a
combination of the proximity with other parameters.

Highly populated areas as are towns and citiesigeoxery limited space for wetland
restoration or construction. For this reason, padknonvertible sites are only modeled
for agriculturally used areas, grasslands and fet@g using pseudo-absences for urban
areas (cf. Chefaoui and Lobo, 2008). Urban areadading a buffer zone of 800 meters
are omitted by the model. We use the Corine Lange€2000 data for determination of
these sites.

For accuracy assessment the potential wetland aitesorrelated with the spatial
distribution of the existing wetlands. And in atlasep, the existing wetland sites are
subtracted from the preliminary results to obtamyodata on potential convertible
areas. All data encompass the whole EU-25 statesdasies with exception of Malta
and Cyprus that are not included in the analysis.

Results

The comparison of existing wetlands with samplesth&f independent data sets
(RAMSAR wetlands and CORINE biotopes) shows thatsalected wetlands of the
databases are also represented in Swedi. Theatiffes lie in the area extent of the
respective wetlands: In over 70% of the cases tbdemoverestimates the size of an
existing wetland. One reason is the fact that thstiag wetlands module of the Swedi
model accepts uncertainties about the state oW#iand ecosystem also due to scale
reasons. We are not able to distinguish betweemesfations or natural alluvial forests
in a floodplain, for example, what also might leadverestimation errors of the results.
26% of the sites are underestimated in size. Tifiewdty is the accurate demarcation of
wetlands and its types from open waters and temmedand due to their dynamic
characteristics and their fluctuating and undefirmdders. Often open waters are
integrated into the wetland definitions of the thaises whereas these wetland types are
considered separately in the Swedi model. Howewerme than 85% of the selected
wetlands stay within the defined uncertainty rangel5% deviation. No significant
differences in accuracy are found between northathsouthern or eastern and western
European wetlandsrigure 3 exemplarily shows a comparison of available spatia
wetland data of Natura2000 with Swedi data as @isethe accuracy assessment. Not
all wetlands are implemented in the Natura2000 agtvand therefore it is reasonable
that some existing wetlands of Swedi are not remiesl in the Natura2000 data. Also
the spatial extend of the wetlands differ due ® ftct that the wetland dimensions are
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difficult to define and that often the Natura200ftalinclude other biotopes combined
in biotope complexes or buffer zones as well. Havedespite its inconsistencies in
extent, more than 91% of the Natura 2000 wetlardis dre also represented in Swedi.

Legeind Il existing wetlands in Swedi
[ potential restoration sites
22  Natura2000 protected wetlands

2 km

Figure3. Example of the accuracy assessment in the cabe &fummer Region in Lower
Saxony / Germany. We used spatial information tiawes implemented in the Natura2000
sites and correlated them to the wetland distributdf Swedi

Other comparisons with individual biotope maps egional scale revealed more
uncertainties and weaknesses of Swedi. This istolube fact that wetlands below a
certain extent are not well represented in Swedi thierefore some present wetlands
may be underestimated or indicated as restoratien/At the same time the restoration
sites overestimate the extent of potential wetlaiels because of coarse base data in
elevation or soil, for example, that do not respgebgraphic diversity at landscape
scale. Under consideration of these limitations @&we only useful for general
European scale studies.

Problems in comparability arose by drawing compeasswith a simple per-country
aggregation of Swedi wetland areas to results efftan European Wetland Inventory
(PEWI) (Nivet & Frazier, 2004). This may simply Hee to the fact that both datasets
apply to different wetland type determinations d&adis data. Whereas the Swedi data
are spatially explicit and rely on other spatiatl eophysical data, the PEWI data are
on country scale and rely on different kinds ofiaval wetland inventories or statistics.
For this reason an accuracy assessment with PE&hda been refused.

The outcomes of Swedi are spatially explicit datasetland distribution in Europe.
The results may be illustrated through wetlandridistion maps.Figure 4 shows the
spatial distribution of existing habitats (dark Yreand potential convertible sites (light
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grey) exemplarily for selected areas. The wholesitlated data set is available for
download at http://www.fnu.zmaw.de/Dipl-Geogr-Ching-Schleupner.5728.0.html.

Legend - existing wetlands

’ g . ‘ ‘ suitable wetland restoration sites

Figure 4. Detailed examples of the spatial distribution ofgmtial existing habitats (dark grey)
and potential convertible sites (light grey) of 8we

An analysis of the Swedi map reveals that the ntgjaf existing wetland areas
(PEH) is situated in the northern and western Eemapcountries, while the potential
convertible sites (PCS) are well distributed over EU. In total, about 4% of the EU-25
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land area consists of potentially existing wetlaadsl an additional 21% of the land
areas are potential convertible to wetland sitdéss Tonstitutes a maximum share of
wetlands of one fourth of the total land area @& HElJ-25.Figure 5gives an general
overview of the total area (in 1 000 ha) of exigtand the potential convertible wetland
sites per country derived from Swedi.
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O suitable WL

Belgium o
W existing WL

CzechRep

uge

Denmark

Estland

Finland — :
France P g

Germany P g

Great Britain |
Greece
Hungary
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Letland I

Luxembourg

Netherlands l:l

Poland 1

Portugal
Slovakia
Slovenia

Spain

Sweden ——'

o ha 2000000 4000000 6000000 8000000 10000000 12000000

Figure 5. Total wetland area (in 1000 ha) per country distirgled after existing wetlands and
suitable restoration sites

Even if not only restricted to formerly existing theand areas the extent of potential
wetland sites also give an impression of wetlarss$.l®pen waters are excluded from
the evaluation. Finland and Sweden own by far tlustnextending existing wetland
areas with about 3.8 million ha wetlands. Alsodrel has great amounts of existing
wetland areas (about 1.3 million hectares) but lessomparison to the Scandinavian
countries. Finland and Sweden also lead in the atwiupotential convertible wetland
sites. In this category Poland, Great Britain adl @& France and to a certain extent
Germany as well show high amounts of land suitédrlevetland restoration.
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The relationship between wetland areas and couwitey (sed-igure 6 displays a
different picture: Now Ireland shows the highestlard rate (PEH) with about 19% of
its country area, followed by Estonia (13%) andldid (12%). Also Sweden and the
UK with 8.7 % and 9.25 % of their country size oarhigh existing wetland rates in
comparison to other countries whose amounts liedxt 0.03 % (Luxembourg), 0.6 %
(Spain), and 5.1 % (Hungary), or 3.2 % PEH of thentry area in the case of Latvia,
for example.

Concerning the PCS per country area, Latvia (68P®) ,Netherlands (75.6 %), and
Estonia (66%) have the highest relative potentilee PCS rate of Finland, Poland,
Great Britain, and Ireland amounts to between 3i48% per country area. In this case
Denmark, Sweden and Germany have potentials oftdlfoto 20% and the PCS rate of
all other countries amount between 5.1 % as lowast in Austria and 12.5 % in
France.
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Figure 6. Relative wetland area (%) per country

Through Swedi the main wetland types peatland Ifteg), wet forests (alluvial
forest/ swamp forest) and wet grassland and itsisdpaotentials are visualized. Its
results make evident that the potential wetlandlorason sites are often overlapping.
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This is especially true for peatlands. Moreovermsowetland types might be
temporarily successional vegetation states of etheithin the wetland biotope
complexes. Main areas of existing peatland areStandinavian countries and Ireland.
Here, as well as in Scotland, Eastern Poland arithrielsalso highest amounts of
potential bog areas are found. All other illustdatgotential peatland areas may be
favorable for fen restoration. Fens can also batetton potential bog areas, but this
constraint does not work vice versa. It is remalkdbat the formerly extending bog
areas of North-Western Germany, that have beenlyndrained and exploited during
the last centuries, show fen instead of expectedpmobentials in Swedi. This might be
due to model uncertainties or errors, but can al e a hint that the bogs have
developed under different climatic conditions fréine end of the last ice age and are
relicts only. The destruction of these bog areasibly means an unrecoverable demise
of the ecosystem. Like wet grasslands also wetsterare found along water courses
and in the proximity of other open waters. Espégitle swamp forests are constricted
to wet soils and to specific climate conditions.iMareas of potential swamp forest
sites are therefore found in Central and Eastenofgubut also in the UK. In northern
and western European countries the wet foresteddires not exceed the peatland areas
whereas in Germany and Poland and further southfavests are the most extending
wetland types. Extending areas of potential wetsgjead sites are shown in
Scandinavia, Estland, and Ireland, but also in ldmpgWetland areas need to have at
least a size of one hectare to be included intstatial model. Therefore, often reeds
along lakeshores are not shown in the results arldriél even counts no wet grasslands
even though there are reeds growing along manyrsvate

Summarizing the total PCS areas distinguished #ftemain wetland types for the
European countries one gets following results: aimam area of respectively 1 329
200 km2, 643 300 km2 and 305 700 kmz2 could be pietiénused for additional bog,
additional fen as well as additional wet forestatien. It must be noted that these data
are no absolute numbers, but moreover provide #&rnmative basis of potential
wetland restoration area.

Discussion

There is a growing demand of policy makers and aresers for high-accuracy
landscape information at the European level. Despitmerous data on land use in
Europe, a detailed analysis of the distributionvetlands and potential restoration sites
has been lacking so far. We developed a detailg¢hmeedistribution map in European
scale with high spatial resolution. Not only daedistinguish between different wetland
types but also between existing and potential cdifke wetland restoration sites;
information that has not been available before. W&® the evaluation of existing
wetlands relies on a cross-compilation of exisspgtial datasets, the potential wetland
restoration sites are determined by definitionleXible knowledge rules in combination
with geographical data. The orientation towardssptgl parameters and the allowance
of overlapping wetland types characterizes the $wealdel. The detailed spatially
explicit wetland classification of Swedi allows cmttions to other habitat databases,
for example EUNIS, as well.

The accuracy of Swedi is strongly restricted by thailability and quality of
geographical data. For example, the soil infornmatis generally poor and often
misleading from the standpoint of wetland functidga The same holds for the
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elevation and slope data. Also the water factoonby indirectly integrated into the
model through climate and soil data. As long asd¢hgetailed Pan-European data are
unavailable provides Swedi a static estimation efland potentials suitable for broad
scale studies that may be analyzed at landscajbe incaore detail. The utilization of
GIS makes the methodology highly applicable andly&s improve concerning data
sources.

The accuracy assessment showed uncertainties wetifend size and extent that can
be explained through base data uncertainties Ilsat thirough differences in wetland
definition and its assignment. Varying analogiesaacuracy of different wetland types
IS more a reason of scarce and inhomogeneous metemata and less of dissimilar
modeling precision. Due to the fact that with Swedly those wetlands with an area
extent of more than 1 ha are displayed, the totatland distribution may be
underestimated. Many wetlands, especially thoseemtral and southern Europe, are
very small-sized and its implementation in broadlescmaps is still not realized.
However, we found no differences in accuracy bebhwemthern and southern wetlands.
Another uncertainty is the state of the ecosystétheexisting wetlands. In Swedi we
are not able to make statements about the natsmlokethe site. Nevertheless, the
comparison of Swedi with independent datasets oflawe biotopes proved high
accuracy of the existing wetland sites in the Sweddel and the area extent is mainly
reproduced within the uncertainty range.

The direct use of country aggregated Swedi datsirople polygon measurement as
shown in the results section should be regardet waiution. The data give useful
results but the European scale should be usedoaith for area estimation because it
can give strongly biased results. In principle, divect use of such data for estimation is
only acceptable when no other data are availabddlé@o & Bamps, 2008). And for the
spatially explicit estimation of wetland distriboi no other homogeneous data exist in
Europe.

The knowledge of the extent and distribution oflamds is important for a variety of
applications. This study applies an empirical dsttion model to wetland ecosystems
in European scale. These data can be used as grdondation for further studies, for
example helping to locate sites suitable for remdion programs, or for the
introduction of faunistic corridors respecting tNatura 2000 network of sites. The
application of the model in nature conservatiomuessfavours the success in regional
conservation planning. The Swedi model on the olf@rd is meant to be integrated
into the economic optimization EUFASOM model to leate the economic wetland
potentials per EU-country (Schneider et al., 200B)e promotion of bioenergy
plantations in the context of climate change mitaga policies constitutes a great
challenge to nature conservation, because land amseges could threaten the
availability of land for nature reserves and wolddd to further biotope loss. By
integrating the spatially explicit biotope infornmat of Swedi into the economic land
use model EUFASOM, the costs and potentials okdbfit land utilizations as well as
optimal conservation opportunities are evaluated.

Furthermore, so far Swedi builds the base dat&twopean biodiversity studies of
endangered wetland species that are analyzed &iersgtic conservation planning
options. It is of utmost importance to provide aetel base data for the management
and planning of conservation areas. This studyr@féeme first guidelines but is also
intended for an impulse of discussion on improveeof such data. The next
enhancing step of Swedi besides base data refirteriseto make this static extraction
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tool dynamic through the integration of hydrologarameters for questions concerning
climate change, conservation and land use plaroptigns.
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