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Executive Summary

This report covers Deliverable D1.3 for which novel and comprehensive GIS wetland data has
been produced including 1) a comprehensive update of the European Peatland Map
(Tanneberger et al. 2017), 2) the finale version of the European Wetland Map as successor of
the version 'v1’ (developed in the sister projects ALFAwetlands and Building the European
Peatlands Initiative: a strong alliance for peatland climate protection in Europe” (EUKI), and 3)
GeoTIFFs for wetlands and wetland maps in the selected river catchments. D1.3 was
developed as part of Task T1.2: “Inventory, compile and harmonize existing different scale
wetland data for Europe”.

Currently, obsolete and incomplete data on wetlands in Europe — or their misalignment —
result in underutilization of available information and hamper prioritization of restoration needs
with regard to wetlands, especially on the EU level. High-quality local, national, and regional
exist that could help create a complete picture of European wetlands. WP1 tackles these
issues by enhancing the knowledge base on European wetland distribution, degradation and
restoration status beyond the state-of-the-art and developing comprehensive and sound maps
of EU+ wetlands. With regard to the wetland types to be worked on, WET HORIZONS focuses
on peatlands, floodplains and coastal wetlands. One pillar of these data analyses and
compilation was the update of the European Peatland Map (Tanneberger et al. 2017) for
Poland, Germany, UK, The Netherlands, Ireland, and Norway.

For this D1.3, we developed further the European Wetland Map (‘(EWM’_v1) from D1.1 of the
sister project ALFAwetlands, which already brought together some of the best available data
for peatlands, floodplains and coastal wetlands for the EU+. Input data was mainly obtained
from peatland and soil research publications and national and regional administrative
databases, provided by the project partners within the WET HORIZONS project and shared
by dedicated scientists. Specifically for floodplains and coastal wetlands, we have mainly
adopted EU-wide data from the European Environment Agency.

For the final version of the European Wetland Map (EWM) of this D1.3 is available as
Geodatabase of country-wise shape files, but has also been converted into country-wise Geo-
TIFF, which will facilitate processing and wide-spread use of this comprehensive GIS data.
Moreover, we consolidated and supplemented attributes for geometries,and harmonized
regional classes from different GIS input data layers in relation to wetland types as possible.
In addition, we developed a drainage line dataset for the EU+ and derived out of this an EU+
dataset of ‘drainage impacted peatlands’.

The EWM has 7 partially aggregated input layers, of which the peatland layer is the most
complex and is basically an extensive update of the European Peatland Map. This EWM will
be published by the end of 2025 and the data made public available until then; within the WET
HORIZON project it will be freely available with the approval the D1.3 by the European
Commission.
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1 Introduction

1.1 Project introduction

Task 1.2 has been conducted in WP1 of the Wet Horizons project, which is a Horizon Europe
project aiming to address the challenges for enhancing wetland restoration in Europe while
using a holistic approach. This is necessary for fulfilling different EU targets related to
combating climate change and ecological restoration, e.g., under the future European
Restoration. WET HORIZONSs will significantly enhance wetland knowledge while developing
sound tools and approaches to fast-track large-scale restoration action.

This task focuses on improving the current geo-spatial data from pristine, drained and rewetted
peatlands, floodplains and coastal wetlands for catchments and the EU; and provide it to other
Work Packages and partners, to e.g., derive indicator products for peatland status, derive
emissions and biodiversity related assessments, the effects of typical restoration measures
under variable conditions; and analyze the potential socio-economic impacts of such
measures. This will enable us to choose the best pathways in wetland restoration, minimizing
trade-offs, including hotspot priority lists where the ecological and biodiversity benefits are
greatest with minimum investment. The Wet Horizons project will involve the development of
digital tools for upscaling wetland restoration, including an interactive app for the visualize of
peatland status and a decision support system (DSS) for policymakers. The results will be
available through open-access repositories to maximize their use and outreach.

DATA COLLECTION CORE ACTIVITIES

Inputs

D Rl et

UPDATE OF New updated wetland models
I = EMISSION FACTORS DSS for wetland management
$°C

ON PREMISES DATA FROM
SITES, EU REPOSITORIES 10 ECONOMIC
MODELING AND IS-SESSMG
UTERATURE DATA, SURVEYS
v B 9= =>\ simuLamiONs ki os
| SELECTION OF BEST |
— C / Policy briefings
l | PRACTICES & TRADEOFFS Hotspot, priority lists
Updated wetland map
App Container

Figure 1: Explanatory diagram of main project components and relations among core activities.
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1.2 Peatland data needs in the project

WET HORIZONS aims at boosting the restoration of EU wetlands (with focus on peatlands) to
combat climate change and the dramatic loss of biodiversity by improving the knowledge base
on the type, extension, location, condition, and current management practices of peatlands,
floodplains, and coastal wetlands in Europe. WP1 is in charge of performing extensive
mapping, de novo data collection, and Earth Observations-based modelling of the current
status of the European wetlands, taking into account the different types of natural and used
wetlands.

Now, we present new, comprehensive and sound wetland data for the EU+ region including
the selected catchments under this project - showing location, extent, types, and drainage
impact. These datasets will be presented to end-users for discussion with relevant end-users
(see Task 1.1), to assess their suitability for specific purposes. It will additionally be leveraged
in WP 2 to assist the development of best possible temporal and spatial stratifications of EFs
(Task 2.1 & 2.3) and to develop a robust and practical approach to monitor critical proxy
indicators in restored peatlands by leveraging the satellite earth observations and reanalysis
data that cover Europe. Task 2.4 will be built on this and aims to quantification of total mitigation
potentials of peatlands for exemplar catchment areas. Along the utilization chain within the
project, WP3 will calibrate land surface models against site and catchment data collected in
WP1 and 2, and integrate them at site, catchment and European scale. In Task 4.4, the
BioScore model will be run for the scenarios defined in WP3 using wetland input data resulting
from WP1. The BioScore results will then be combined with data on the wetlands’ GHG
balance and biomass production (WP2 & WP3), corresponding with the same rewetting and
climate scenarios, to systematically evaluate co-benefits and trade-offs among climate and
biodiversity targets. WP 5 will derive estimates of cost-effective GHG abatement using two
complementary modelling tools (marginal abatement cost curves - MACCs; model of
agricultural production and its impact on the environment - MAgPIE), using existing and new
data and knowledge from WP1 (incl. this D1.2) A conceptual framework and proof-of-concept
applications of MACCs in exemplar catchments will be developed, eventually being scaled up
to national level.
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1.3 Collaborative effort of sister projects to develop the
EWM at GMC

There have been 3 projects involved in the compilation of the European Wetland Map:
“‘ALFAwetlands”, “WET HORIZONS” and “Building the European Peatlands Initiative: a strong
alliance for peatland climate protection in Europe” (EUKI). The effort of updating the national
peatland data for the European Peatland Map has been shared within these projects according
to the Table below.

Table 1: Shared effort of updating peatland data for European countries across 3 projects.

WET HORIZONS ALFAwetlands EUKI

Poland Finland Estonia

Germany Iceland N-Macedonia

Denmark Lithuania Bulgaria

United Kingdom Belgium Romania

Netherlands France Czech Republic

Ireland Hungary Serbia

Norway Latvia Iberian Peninsula
Sweden

The compilation of suitable spatial wetland data according to the share of countries (Table 1)
started at the beginning of all those parallel running projects. This mainly included an extensive
meta-search for available data (archive work), evaluation and acquisition of suitable data, and
exchange with researchers about those data. The development of the basic structure of the
European Wetland Map was conducted under ALFAwetlands. The work under ALFAwetlands
and EUKI for the EWM ended with the handing over of the EWM (v1) to WET HORIZONS,
which then focused on consolidating the structure of the EWM, harmonizing the selected
datasets and developing sufficient metadata. Dissemination of the European Wetland Map
took place in all 3 projects.

10
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2 Methodology
2.1 Coverage of the European Wetland Map (‘EWM’) 2.0

The EWM is compiled per country and is available on country-base in an ArcGIS Geodatabase
(shape files) and for easier processing as country-wise GeoTIFF collection (1 arc-second grid
size). It covers most European countries (‘EU+’) as Albania, Andorra, Austria, Belgium, Bosnia
and Herzegovina, Bulgaria, Croatia, Czech, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Liechtenstein, Lithuania, Luxembourg,
Montenegro, Netherlands, North Macedonia, Norway, Poland, Portugal, Romania, Serbia,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Ukraine, and the United Kingdom. It does not
cover Moldavia, Malta, Monacco, San Marino, Vatican, Cyprus, Belarus and the Russian
Federation (Figure 2).

N ——

0 500 1.000 km
| Enaa

Figure 2: The coverage of the European Wetland Map.
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2.2 Amending the exemplary catchments

The tools and methods developed in WET HORIZONS will be applied in relevant environments
at different sites, especially in exemplary catchments. These catchments will serve as
examples of data collection, processing and integrating, as well as the production of high-
quality results within the project. They will show how to accelerate wetland and peatland
restoration using available data, current knowledge and methods, and aiming for the best
possible outcomes in terms of climate change mitigation and biodiversity protection.

Through the project partners, we defined 7 (peatland and wetland rich) catchments They line
up following a strong East-West gradient from Finland to Scotland (see figure 3 below), with a
more northern and central European coverage and stretch over 5 out of 10 mire zones
according to Tanneberger et al. (20172) These mire zones are: the (lll) northern fen region,
(IV) typical raised bog region, (V) Atlantic bog region, (VI) continental fen and bog region, (VII)
nemoral-sub-meridional fen region, (1X) Southern European marsh region, and (X) Central and
southern European mountain compound region (Figure 3 and 4).

Please, note that the catchments in Spain/France and the Pannonian Basin (Figure 5 and 6
below) are added to expand the range of climate and mire zones, but are not maintained by a
specific project partner. Thus, they are not part of all analyses in the WET HORIZONS project.

P e aF
A , .

SGGW (POL)

Figure 3: Overview map on finale exemplary catchments as defined in the WET HORIZONS project; as
well as the corresponding partners and their countries (please note, that the Scottish catchment has
been extended. Map © Google Map (2024).

2 Tanneberger, F., Tegetmeyer, C., Busse, S., Barthelmes A. and 55 others (2017). The peatland map of Europe.
Mires and Peat, 19, 1 - 17.
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Figure 4: The 10 European mire regions (simplified): (I) Arctic seepage and polygon
mire region, (ll) palsa mire region, (Ill) northern fen region, (1V) typical raised bog region,
(V) Atlantic bog region, (VI) continental fen and bog region, (VII) nemoral-sub-meridional
fen region, (VIIl) Colchis mire region, (IX) southern European marsh region, (X) central
and southern European mountain compound region (cf. Tanneberger et al. 2017).

Spain/France

i

Toulouse

Figure 5: Red areas show the basins of the exemplary catchment in Spain and France. It includes
only Garonne sub-basins from the European River Catchments dataset3 (maps © Google Map and OpenStreethap

2024).

3 https://data.europa.eu/data/datasets/dat-59-en?locale=en
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Pannonian Basin

Budapest '
(

Figure 6: Red areas show basins of the exemplary catchment in the Pannonian Basin (mainly

Hungary, Romania). It includes only Danube sub-basins from the European River Catchments
dataseﬂ (maps © Google Map and OpenStreetMap 2024).

2.3 Wetland data collation

Under Task 1.2, the inventory, compilation and harmonization of existing different scale
wetland data for Europe included more than 400 GIS-datasets that have been located, 200 of
which have been accessed under WET HORIZONS for their suitability to fed in to the European
Wetland Map, the catchment’s wetland maps, and to update the European Peatland Map (cf.
Tanneberger et al 2017). For exemplary catchments (pls, see above), we aimed for the highest
resolution and accuracy and, thus, requested data from project partners working regionally.
They provided us with a range of data that were well suited to their catchments.

2.4 Wetland types and spatial input data

With regard to the wetland types to be worked on, the WET HORIZONS project will focus on
peatlands, floodplains and coastal wetlands.

2.4.1 Peatlands

To address conceptual and definitional variety across countries and languages, we took an
integrative approach rather than setting specific thresholds for soil organic carbon (SOC)
density and depth of the organic-soil layer (peat, or O horizon). These data are anyhow often
not specified in the many datasets we compiled. However, in case such information was
provided, we used the threshold of >12% SOC (rarely if data available >6%) to include the
particular datasets. Following IPCC, we did not define a minimum thickness for the organic
layer (Eggleston et al. 2006, IPCC 2014) to allow for often historically determined, country-
specific definitions. Our ‘inclusive ’approach comprises all data fitting the following criteria and
definitions (cf. Convention on Wetlands 2021):

Organic matter: Carbon-hydrogen based material of botanical, faunal or microbiological
origin.

14
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Peat: Substance largely consisting of dead organic matter, with macroscopic plant remains,
that has not been relocated by water, ice or wind (in contrast to ‘sediment’) after its production.
Organic soil: Soil with a substantial layer of dead organic matter at or near the surface (which
includes also peatlands and histosols).

Peatland: land with a naturally accumulated layer of peat near the surface. Peatlands include
both ecosystems that are actively accumulating peat and degraded peatlands that no longer
accumulate but in contrast lose peat.

Remote sensing/
modelling driven
prediction of global
peat extent

Aggregation of
national, regional, and
local datasets for
global peat extent

Figure 7: lllustration of basic mapping approaches.

Our peatland layer builds on the update of the European Peatland Map from Tanneberger et
al. (2017). It is the most complex GIS data layer in the European Wetland Map and has been
compiled from > 100 different national and regional datasets (listed in file
‘EWM_wetl_peatl_sources.xlsx’) Includes various geospatial data (digital polygon, raster,
and point data) mainly from peatland and soil research publications, national or regional soil
databases, OpenStreetMap (OSM*) and partly, we were granted access to national or regional
data from research institutes, ministries or agencies. We integrated the best available national
and regional data in a ‘bottom up’ mapping process (Figure 7).

Peatland types: Information on peatland types is also included in the Geodatabase/shape
files of the ‘European Wetland Map’. However, this Information considerably varies by country
and input dataset and not for all countries, region or single feature such information was
available. Furthermore, peatland type information has been derived using different

4+ www.openstreetmap.org
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classification frameworks, e.g., deriving ecological peatland types (trophy, pH), information on
nutrient content (‘nutrient-rich’ vs. ‘nutrient poor’), information, peat thickness (‘shallow’ vs.
‘deep’) or hydrological peatland types as ‘raised bogs’, ‘river valley fens’, ‘blanket bogs’.
Generally, such data seem to be limited in quality and availability. The most comprehensive
classification of peatlands we found was into ‘bog’ vs. ‘fen’. Typical terms in general wetland
data are ‘marsh’ and ‘swamp’.

The original names and descriptions contained in the integrated data has been largely
maintained in the Geodatabase/shape file ‘European Wetland Map)’ - as those datasets
have not been harmonised. In some cases, however, categories were generalised in order to
facilitate the management and processing of country maps shape files. Please refer to the file
‘EWM_wetl_peatl_sources.xlsx’ to check the changes being made.

We kept the classification according to the Global Peatland Map GPM 2.0° (GMC; classification
approach: 1= peat dominated, 2= peat in soil mosaic, column in attribute table: map_cat) for
the presentation of peatland distribution data in the European Wetland Map.

2.4.2 Floodplains

Considering the diversity and segmentation of floodplain data across Europe, the available
European and EU spatial data and the need to provide fundamentally consistent data, we have
decided to include mainly the main spatial data available for the European Union and/or
Europe, as described below. The Riparian zones product is by far the best choice as being a
hybrid, multi-source, semi-automated mapping product combining satellite mosaics, existing
Copernicus layers, rule-based modelling and profound expert manual interpretation. Such an
effort could not be repeated under WET HORIZONS and any own mapping would have
produced a lower quality product as the Riparian zones.

To set boundaries to the spatial extent of ‘floodplains’, we suggest 3 levels:

1. Maximum floodplain extent: floodplains are defined using the flood prone area. This data
displays the area that would be flooded during a 100-year flood, if there were no flood
protection in place, according to Dottori et al (2021). This area has also been chosen from the
European Environmental Agency as floodplain definition and implemented from the EEA for
their Floodplain statistic layer®

2. Potential floodplain extent: indicates the disposition to host riparian features, or, the area
that would, based on its hydrological and geomorphological parameters, part of the active
floodplain extent before human impact (annual floods). Thus, it may be used as proxy for the
active floodplain extent before human impact. The calculation is based on the stratification of
different hydrological and geomorphological parameters. We clipped the included lakes out of
this dataset since lakes are not in focus of the project while using this GIS data on lakes (item
21) from the EU ecosystem assessment (Maes et al. 2020).

3. Actual floodplain extent: describes the actual extent of the riparian zone inside the
Potential Riparian Zones of Europe according to the Riparian Zones Dataset. This is the part
of the floodplain still hosting significant amounts of riparian features, as e.g., riparian vegetation
or active riverbanks.

As basic dataset to be used for mapping and modelling, we suggest to apply the
potential floodplain extent as the most relevant.

5 https://www.greifswaldmoor.de/global-peatland-database.html
% https://www.eea.europa.eu/data-and-maps/data/data-viewers/floodplain-areas
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2.4.3 Coastal wetlands

In our definition of coastal wetlands, we follow the Corine Land Cover classes. According to
this, coastal wetlands are areas which are “submerged by high tides at some stage of the
annual tidal cycle - including salt meadows, facies of saltmarsh grass meadows, transitional
or not to other communities, vegetation occupying zones of varying salinity and humidity,
sands and muds submerged for part of every tide devoid of vascular plants, active or recently
abandoned salt-extraction evaporation basins”’.

Coastal wetlands are among the least mapped ecosystems in Europe because they
themselves are dynamic and fuzzy while covering wide transitional gradients from marine <
brackish < freshwater < terrestrial. This makes classifications highly inconsistent across
countries and products, and leads to fragmented governance, mapping systems and mapping
responsibilities nationally and across Europe. Moreover, remote sensing-based mapping
struggles with clouds and water turbidity, tidal stage problems (the same location looks
completely different at low vs high tide), and typically low, sparse, mixed vegetation is hard to
classify spectrally. This is reflected in a decent gap of comprehensive and consistent data for
coastal wetlands, and even substantial problems to harmonize available data. Mapping coastal
wetlands deserves attention in future mapping related work. Considering all this and the need
to provide consistent data to a reasonable degree, we decided to mainly include spatial data
from the 2018 Copernicus Corine dataset available for the European Union. Therefore, we
consider the following coastal wetland types as relevant: Coastal lagoons, Intertidal
flats/Tidal flats, Estuaries, Salt marshes, and Salines.

Below, we describe the geospatial input data for the Coastal wetlands layer for European
Union: This layer has been mainly compiled from unchanged data extracted from the
Copernicus CORINE data provided for Coastal Zones Land Cover/Land Use 2018 (vector,
Europe, 6-yearly)® This includes the following layers which are available in the compiled
datasets for D1.1:

Coastal lagoons (Corine 2018): Stretches of salt or brackish water in coastal areas which are
separated from the sea by a tongue of land or other similar topography. These water bodies
can be connected to the sea at limited points, either permanently or for parts of the year only.
Lagoons are classified as land surfaces. As a matter of convention and to ensure that there is
always a coastline separating the land area from the marine area, the interpretation will always
show a shoreline separating the lagoon from the sea®.

Intertidal flats (Corine 2018): Coastal zone under tidal influence between open sea and land,
which is flooded by sea water regularly twice a day in a ca. 12 hours cycle. Area between the
average lowest and highest sea water level at low tide and high tide. Generally non-vegetated
expanses of mud, sand or rock lying between high and low water marks. Clarification: The
seaward boundary of intertidal flats may be underlaying constant change in geographical
extent due to littoral morpho-dynamics. Range of water level between low tide and high tide
may vary between decimetres and several meters in height'®.We realized that the CORINE
data, while being on reasonable high resolution, seem to be rather incomplete, especially
regarding the tidal zones. To overcome this bias, we included additional data for Tidal flats
from a global 30 m wetland map with a fine classification system using multi-sourced and time-
series remote sensing imagery in 2020 (Zhang et al. 2023). Together with the Corine data, this
layer covers reasonably the extent of ‘(Inter-)Tidal flats in the EU+ countries.

Estuaries (Corine 2018): The mouth of a river, within which the tide ebbs and flows.

7 https://land.copernicus.eu/content/corine-land-cover-nomenclature-quidelines/html/

8 https://land.copernicus.eu/en/products/coastal-zones/coastal-zones-2018

9 https://www.eea.europa.eu/publications/COR0-part2/land_coverPart2.5.pdf

10 hitps://land.copernicus.eu/content/corine-land-cover-nomenclature-quidelines/html/index-clc-423.html

17

Funded by
the European Union



https://land.copernicus.eu/content/corine-land-cover-nomenclature-guidelines/html/
https://land.copernicus.eu/en/products/coastal-zones/coastal-zones-2018
https://www.eea.europa.eu/publications/COR0-part2/land_coverPart2.5.pdf
https://land.copernicus.eu/content/corine-land-cover-nomenclature-guidelines/html/index-clc-423.html

Wetland maps on catchment and European level WET H - R I Zo N S

The definition of category 5.2.2 should not be seen as an exercise in distinguishing fresh water
from salt water at low tide, since this cannot be achieved by examining any single image
recording a single tide level (although to establish such a limit is consistent with and
complementary to the definition of intertidal flats). Estuaries are usually connected to the land
area. The limit of inland waters and estuarine waters (furthest point reached by salt water)
should be determined on a case-by-case basis for each river by reference to existing maps.
The limit between estuarine waters and the sea is more difficult to establish. To do so, we use
information obtained from interpretation of the image and indications on existing maps (marine
maps), or we follow a simple rule: join the ends of the two river banks or select the waters
downstream of the first bridge.

Salt marshes (Corine 2018): Vegetated low-lying areas in the coastal zone, above the high-
tide line, susceptible to flooding by seawater. Often in the process of being filled in by coastal
mud and sand sediments, gradually being colonized by halophilic plants. Clarification: Salt
marshes are in most cases directly connected to intertidal areas and may successively develop
from them in the long-term'®. We further integrated the class 15: ‘Salt marshes’ from the EEA
Extended Wetland Map (2012) and the category ‘salt marshes’ extracted from the
OpenStreetMap (www.openstreetmap.org) as input data for coastal wetlands.

Salines (Corine 2018): Salt-pans for extraction of salt from salt water by evaporation, active
or in process of abandonment. Sections of salt marsh exploited for the production of salt,
clearly distinguishable from the rest of the marsh by their parcellation and embankment
systems. This class is applicable for: coastal or inland salt pans (saltern) in use or recently
abandoned; salines organised for breeding shellfish, fishes™.

The coastal datasets outlined above have a Minimum Mapping Unit (MMU) of 0.5 ha and a
Minimum Mapping Width (MMW) of 10 m and is available as vector data.

2.4.4 Other wetlands

A further class of wetlands has been added containing wetlands that could not be clearly
assigned to floodplains, coastal environments or peatlands. We selected several wetland
classes from the EEA Extended Wetland Map (2012): 8 Managed or grazed wet meadow or
pasture, 9 Natural seasonally or permanently wet grasslands, 10 Wet heaths, 11 Riverine and
fen scrubs, 13 Inland marshes, 14 Open mires. The latter were not automatically included into
the peatland layer because of doubts after the inspection of satellite images made obvious that
some of these areas cannot be peatland, rather mineral wetland. Further wetland data have
been extracted from OpenStreetMap (OSM; www.openstreetmap.org), as e.g., Reed beds,
Wet meadows, Inland marshes. Their original names/attributes have been kept for recognition.

2.4.5 Spatial drainage ditch and area data for peatlands

Creating the drainage dataset was done in QGIS. We extracted the OpenStreetMap data for
waterways in European countries, where we did not have administrative national drainage data
(only available for Netherlands, Estonia and Finland). The ‘QuickOSM’ plugin was used to
download the data for each country individually. The data was then categorized by waterway
type extraction the ones representing a drainage channel or ditch. Different countries classified
the types of waterways in different ways, in some cases 'canals' were also associated with
drainage, or even special categories were created. It was therefore needed to identify by
examination of satellite images those ‘waterway’ types involved in peatland drainage. All
waterway types identified as not being artificial drainage were deleted from the country-wise
downloaded datasets. For Belgium, both OpenStreetMap data and a separate dataset were
used. The data are stored in gpkg file: ‘EU-drain’.

As drainage ditches have impact beyond their direct spatial extent, we calculated the ‘drainage
affected area’ with a buffer of 200 m around each single drainage ditch. In a second step, we
intersected that drainage affected area with the updated European Peatland Map. Using the
'Select by Location' option in ArcGIS, objects from the peat layer intersecting with the buffered
drainage ditch extent were identified and extracted. All these ‘drainage affected peatlands’
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were stored in a gdb file: ‘peat_drain’), which can be separately loaded in GIS environments.
Pls, note, that these areas are not all complete and deep drained, and also the drainage ditch
dataset is not complete. However, they provide a robust approximation on EU+ level.

2.5 Building the European Wetland Map
2.5.1 Data sources

We accessed various geospatial data (digital polygon, raster, and point data) from a variety of
sources. Spatially explicit information on peatlands/organic soils in Europe was obtained
mainly from peatland and soil research publications, national or regional administrative
databases, OpenStreetMap and freely accessible online archives including ISRIC™, JRC2.
Partly, we were granted access to national or regional data from research institutes, ministries
or agencies. And, very importantly, several partners from the WET HORIZONS project made
their GIS data available. Many of the selected original publications and websites provide
detailed information on the methods used and uncertainties involved. To track this, all
references and data descriptions are available in uploaded file
‘EWM_wetl_peatl_sources.xlsx’. All data were stored and structured country-wise in the
European part of the Global Peatland Database (GPD), which is hosted at the Greifswald Mire
Centre (GMC™).

2.5.2 Data processing

The European Wetland Map (EWM) was compiled in ESRI ArcGIS Pro 3.2.2 by merging the
selected datasets (see Chapter 2.2.2. above) to a compilation of shape files. In a further step,
we developed a country-wise raster data (1 arc sec resolution) set that is easier to process
and can be used as modelling input.

Mainly, regional and country level peatland datasets were integrated in a ‘bottom-up approach’
into peatland shape layers (see Table2, cf. Xu et al. 2018, cf. Tanneberger et al. 2017) using
the following protocol:

If multiple datasets are available for a region, we integrate those in the new map that

(1) directly identify peatlands and distinguish them clearly from other land cover types, such
as non-peatland wetlands,

(2) are of high to medium spatial scale (scale 1:25,000 to 1:250,000), and/or

(3) offer comprehensive coverage of all or most peatlands in a specific landscape unit.

We have retained the original resolution and classes of the individual datasets and sometimes
extracted only the relevant layers from more comprehensive datasets. Many northern and
central European countries have existing peatland/soil assessment data with national
coverage in GIS format, which could often be obtained from the administrative bodies.

Obtained GIS data has undergone a procedure for evaluating its accuracy and
comprehensiveness. Each dataset was checked against proxy data (e.g., Digital Elevation
Models - DEM, Topographic Wetness Index — TSW (e.g., Vagen 2010), satellite imagery, and
ancillary data using landscape and peatland expert judgement (‘plausibility check'). If the
quality of a dataset was sufficient, it was integrated into the European Wetlland Map. If the

1 International Soil Reference and Information Centre; https://www.isric.org/
2 Joint Research - European Soil Data Centre (ESDAC); https://ec.europa.eu/jrc/en
13 hitps://greifswaldmoor.de/global-peatland-database-en.html
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quality of an external dataset was not satisfactory, we mostly excluded it (>100 data sources
during the process so far).

2.5.3 Overview of the Data input in the deliverable products

Manifold input datasets on peatlands, floodplains and coastal wetlands were combined to
compile the best available data on the diversity of European wetlands (see chapter 2.1.). For
the intersection process to derive the European Wetlands Map, 7 spatial overlay layers have
been integrated (Table 1).

Table 2: Overlay layer for the intersection process to derive the European Wetland Map.

wetland source
overlay layer | description/classes r;stelfnd type (cf. Chapter 2.1)
attribute table
map_cat:1=peat
7 national dominated, 2=peat in soil eatland GPD 2023/244,
peatlands mosaic; partly peatland P OSM
types
GPD 2023/24
national . OSM ‘wetlands’1®
6 wetland data other wetlands, diverse wetland EEA Extended
Wetland Map'®
Corine coastal intertidal flats/tidal flats,
5 . salt marsh, saline, estuary, Corine LULC"”
habitats
lagoon
saline, salt marsh, tidal flat, coastal wetland
4 Global wetland | (generalized with majority/4 GWL
map (2023) neighbours + boundary (Zhang et al. 2023)
clean tool)
actual actual Riparian Zones'®
3 . riparian
floodplain
zone
lake erased'® Stential
> potential floodplain poter Riparian Zones
. riparian
floodplain
zone
100 yr flood 100yr flood
! risk 100yr hazard?°

4 Global Peatland Database / Greifswald Mire Centre (2023)

5 OpenStreetMap (www.openstreetmap.org)

6 EEA geospacial data catalogue. Extended wetland ecosystem layer 2012 (raster 100m) version 1, Nov. 2019
17 https://land.copernicus.eu/en/products/corine-land-cover

¥ The Copernicus Riparian Zones dataset (https://land.copernicus.eu/en/products/riparian-zones)was chosen as
the most comprehensive and accurate proxy dataset to derive a floodplain map. However, it's original version
includes also manifold lakes. They have been erased to derive the floodplain extent.

19 https://land.copernicus.eu/en/products/riparian-zones

20 https://data.jrc.ec.europa.eu/dataset/jrc-floods-floodmapgl_rp100y-tif
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2.5.4 Intersection procedures to derive the European Wetland Map

To intersect the selected and prepared layers, the ArcGIS Analysis-tool ‘update’ was used
(Figure 8). It “computes the geometric intersection of the input features and update features.
The attributes and geometry of the input features are updated by the update features in the
output feature class”.?' This essentially means that the surfaces of the layers to be intersected
are added and the attribute table is overwritten with the information of the overlaying layer. So,
we started with the coarsest data and progressively updated it with more detailed information.
In Table 1 (above), the coarser data is entered in the lower rows - starting with layer 1, which
was updated in individual steps with the data in the row above (first 2, then 3 and so on).

INPUT OUTPUT

il

N

UPDATE
FEATURE

Figure 8: lllustration of one intersection step using the ,update’~tool from the Analysis-tool set in
ArcGIS22. It has been used to overlay and intersect the final input layer of the EWM; see Table 1
above).

The map of areas potentially affected by the 100-year flood risk on a European scale was used
as a basis (layer 1 in Table 1). It represents areas potentially affected by the 100-year flood
risk, in particular areas in floodplains, including converted wetlands.

The following datasets were then added step by step in the appropriate order as individual
update layers, layer 2: Potential riparian zone, 3: Actual riparian zone, 4: Coastal wetlands of
the Global Wetland Map, 5: Coastal habitats of the Corine datasets, 6: country-wise,
national/European wetland data, OSM data, 7: country-wise, national peatland data, OSM
data.

Since we used partly different sources to compile the catchment databases and the European
Wetland Map and derived different output data, (Table 2) provides an overview on commons
and differences.

21 https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/update.htm
22 hitps://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/update.htm
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Table 3: Comparison of GIS input data and mapping result features for the catchment databases and
the European Wetland Map.

layer catchment data collection European Wetland Map gdb?
-regional data, pa_rtl_y nahonal data | _ EU, national and regional data,
-all data keeps original attribute
peatland tables OpenStreetMap data
. . . -reduced to only few attributes (see
-incl. peatland type information as
: Table 3 below)
available
floodplain -European data
P -same features and attributes
coastal -European data
wetlands -same features and attributes
-regional data -European data from EEA and
other -all data keeps original attribute OpenStreetMap
wetland tables -reduced attributes
- wetland type information -wetland type information
drainage -mainly OpenStreetMap data + national datasets on ditches
9 -drainage affected peatlands (as additional data layer)

2.6 Data formats and sharing
2.6.1 European Wetland Map

The EWM is compiled separately as polygon features in an ArcGIS Geodatabase on a country-
base for European (EU+) countries in. It covers all European states except of Moldavia, Malta,
Monaco, Vatican, Cyprus, Belarus and the Russian Federation. The map and can be
downloaded as ESRI geodatabase (‘gdb’) from the Nextcloud at University of Greifswald: file
‘wetland_map_EU.gdb’.

ESRI geodatabases are common files to be opened easily in common GIS environments, as
e.g., ArcGIS or QGIS24. In complete, the EWM is 12 GB in size and the processing might be
necessary separately for regions in Europe or even country-wise.

Table 4: Metadata for the attribute table in file ‘wetland_map_EU.gdb

relevant description attributes
columns
. 100y flood risk, floodplain potential, actual
describing the general o : .
type riparian zone, tidal flat, estuaries, lagoon, salt
wetland type :
marsh, saline, wetland, peatland
GMC 2023/24 (data of the GPD), OSM 2024
(OpenStreetMap), European (EEA wetland
origin of the intearated extended map), national (national data), GWL
source datga/features 9 (Global Wetland Map; Zhang et al.2023), Corine
(Corine LULC 2018), 100y_fl_hazard, potential
riparian zone (Riparian Zones), Actual riparian
zone (Riparian Zones)

2 file ‘wetland_map_EU.gdb’

?* QGIS Geographic Information System. QGIS Association. http://www.qgis.org
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GMC classification of 1= peat dominated,

map_cat peatland distribution data | 2= peat in soil mosaic
wetland type according inland marshes, wet meadows, wet heaths,
wetl_type to data source or mud, riverine and fen shrubs, descriptions in
undefined national language, ... etc.

peatland type according
peatl_type to data source or
undefined

bog, fen, transition mire, sting bog, marsh,
swamp, descriptions in national language, ...etc.

Additionally, we provide a country-wise GeoTIFF collection of the EWM, representing the
wetland types in 1 arc second resolution.

2.6.2 Catchment wetland maps

We extracted catchment wetland maps as GeoTIFF’s for all 9 catchments (see also Chapter
3.3). They can be easy uploaded to GIS environments, processed and used for multiple
modelling and mapping purposes, for generation of GHG emission maps while intersecting it
with land use data and applying new, in the project generated EF’s (WP’s 2). These maps
are provided as GeoTIFF’s and images.

2.7 Data download

The EWM covers all European (‘EU+’) states except of Moldavia, Malta, Monaco, Vatican,
Cyprus, Belarus and the Russian Federation. All data can be downloaded from the Nextcloud
established on the University of Greifswald spatial environment.

The complete geo-data of Deliverable D.1.1 can be accessed using this link:
https://nextcloud.uni-greifswald.de/index.php/s/2HfARpP3HoFjWeM

2.8 Data use restriction

The EWM including the updated European Peatland Map and the catchment wetland maps
have the dissemination level PU. They will be published by the end of 2025 and the data made
public available then; within the WET HORIZON project it will be freely.
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3. Results
3.1 Update of the European Peatland Map

The update of the European Peatland Map (Tanneberger et al 2017) was conducted under
WET HORIZONS specifically for the countries Poland, Germany, UK, The Netherlands,
Ireland, and Norway (see also Chapter 1.3 above). High quality national and regional datasets
have often been located and obtained in close collaboration within WET HORIZONS and its
sister projects ALFAwetlands, EUKI project "Building the European Peatlands Initiative: a
strong alliance for peatland climate protection in Europe" and HOLISOILS) as well as with
peatland and soil scientists throughout Europe. Details of the integrated datasets are given in
file: EWM_wetl_peatl_sources.xlsx.
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3.2 Final European Wetland Map

Wetland type

100 yr flood risk
[ potential floodplain

Il actual floodplain
(inter-)tidal flat
estuary
P lagoon
[ salt marsh o
B saline
Il other wetland

I reatland

<

&

Figure 9: The European Wetland Map for the EU+ countries (see Chapter 2.1).
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3.3. Wetland maps for selected catchments
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Wetland type
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3.3.4 Pannonian Basin
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3.3.5 Spain/France
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3.3.6 The Netherlands
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3.3.7 United Kingdom
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3.3.8 Finland North
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3.3.9 Finland South

Legend

" area of 100 yr flood risk
B floodplain potential
Bl actual riparian zone

B wetland

Bl peatland

estuary
I lagoon
saline

I salt marsh

B tidal flat

100 km

Funded by
the European Union

34

WET H=RIZONS



Wetland maps on catchment and European level WET H=R I Zo N S

4. Conclusion

Currently, obsolete and incomplete data on wetlands in Europe — or their misalignment —
result in underutilization of available information and hamper prioritization of restoration needs
with regard to wetlands, especially on the EU level. In the light of the UN Decade for Ecosystem
Restoration and the general high demand for sound geospatial baseline data, WP1 is on track
to enhance the knowledgebase on peatlands, floodplains and coastal wetlands with this
deliverable D1.1 "Wetland maps on catchment and European level” .

The collation of geospatial data for peatlands, floodplains and coastal wetlands resulted in
satisfying coverage for all exemplary catchments in this project. These datasets are available
for our WET HORIZON partners for their upcoming tasks related to these catchments and will
be stored at the ZENODO project space for public availability.

The European Wetland Map presented herewith is the final geospatial product providing a
sound overview for peatlands, floodplains and coastal wetlands in the EU+ countries as
specified above. It has been further developed, consolidated and harmonized from the D1.1 of
the sister project ALFAwetlands and is available as Geodatabase (gdb) and as 1 arc-second
raster file on a country basis. The EWM serves as profound knowledge base for the
assessment, restoration and protection of wetlands in Europe.

The most complex spatial layer of the EWM is the updated European Peatland Map that
departed from Tanneberger et al (2017) and has been compiled by a multitude of spatial
datasets in a bottom-up process.
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