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Summary 

This Deliverable aimed to create a live interactive App version of a Multi-Criteria 

Decision Support (MCDS, WP1, Task 1.4.2). The output is an online interactive app 

(https://abshy02.hutton.ac.uk/wethorizons/) that combines some of the major newly 

developed spatial data products developed within the Wet Horizons project and that 

allow app users to i) select and visualize wetland status across the project catchments 

and/or European region (where applicable) and ii) perform multi-criteria decision 

support analyses by weighing data layers according to their own preferences. 

The Wet Horizons App integrates data generated within the Wet Horizons project on 

peatland and wetland areal extent, their hydrological status, hotspots of biodiversity 

and contemporary greenhouse gas (GHG) emissions, to allow users to explore the co-

benefits or trade-offs of decisions surrounding spatial restoration prioritisation.  The 

App was created using R Shiny. Within the user interface, a user is able to load raster 

data from a pre-defined catalogue of data generated within the Wet Horizons project, 

and to display them as both static and interactive maps, with reasonable computational 

speed. It also has a tab for spatial multicriteria analysis, in which users can provide 

weights attributed to the loaded layers which are then combined as a weighted sum. 

Stakeholder testing involved an iterative approach with European Environment Agency 

(EEA) staff, as the EEA are the key target for this product as a major source of EU-

wide information on environmental data sources (see also Deliverable D1.9). In the 

first meeting that concerned the App development, we outlined the project deliverable 

in relation to the App and invited views regarding the potential functionality (24 

September 2024). The feedback from this meeting fed into the early design of the app. 

At the second meeting (28th January 2025) we shared the emerging likely contents of 

the final App to the EEA user group. This highlighted some of the challenges due to 

the original delivery deadline (project month 44) occurring before the deadline for 

completion of the deliverables of several of the contributing data products. Hence, the 

deliverable was rescheduled for completion by project month 46 (July 2026) to enable 

integration of all strands of the project. The final app was then shared with EEA 

stakeholders, for the purpose of the completion of D1.9.  The App can aid visualisation 

https://abshy02.hutton.ac.uk/wethorizons/
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of GHG emissions hotspots and biodiversity priority areas for restoration, as produced 

within the Wet Horizons project. The user can identify areas that are not currently in 

good condition in relation to GHG emissions and where biodiversity improvements 

could be made through restoration practice. The interactive multi-criteria analysis can 

generate model outputs, based on user-defined preferences around whether to target 

emissions abatement in preference over biodiversity gains, vice versa, or mixed 

scenario, and which could help to generate discussions around spatial scenarios to 

meet rewetting/restoration targets.    
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1. Introduction 

Peatlands and wetlands are critical components of terrestrial ecosystems, providing a 

wide range of ecosystem services including carbon storage, water regulation, and flood 

mitigation, and are hosts to specialist taxa thus enhancing landscape-scale biodiversity 

(gamma diversity) through the provision of heterogeneous habitats that promote 

species turnover (beta diversity). However, these environments are increasingly 

degraded due to both historic and ongoing land-use change, often involving drainage, 

and due to climate change related pressures. Effective restoration planning requires a 

robust understanding of current condition alongside the ability to identify and prioritise 

areas where intervention will yield the greatest ecological and societal benefits. The 

Wet Horizons project addressed this need through the development of multiple novel 

spatial data products on the current and potential future states of peatland indicators 

of condition and the development of a web-based, multi-criteria, decision support 

(MCDS) app built in R Shiny. 

Multicriteria decision support provides a structured framework for integrating diverse 

datasets and evaluation criteria, allowing complex environmental system indicators to 

be analysed in a transparent and reproducible manner. By combining spatial indicators 

such as current hydrological condition or surface degradation parameters, hotspot 

mapping of current GHG burden and future projections of outcomes, MCDS enables 

exploration of current peatland and wetland condition and restoration potential 

including projected outcomes under future climates across large geographic extents. 

Crucially, it also supports the weighting and combination of criteria to reflect differing 

management objectives, such as carbon sequestration or biodiversity hotspot 

mapping. 

In this project, spatial datasets were synthesised and scaled to generate condition 

assessments and to map restoration opportunities. The approach not only highlights 

areas of degradation but also identifies locations where restoration may be of high 

current and future value. By bringing together geospatial analysis and decision-support 

methodologies, this work contributes to evidence-based land management, offering a 
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scalable and adaptable framework for prioritising peatland and wetland restoration in 

a data-driven context. 

It is however important to recognise that the outcomes of multicriteria decision support 

are inherently dependent on the quality, accuracy, and resolution of the underlying 

spatial datasets. Uncertainties, inconsistencies, or biases within input data can 

propagate through the analysis and influence resulting prioritisations. As such, results 

should be interpreted with appropriate caution, and users should critically engage with 

accompanying metadata to understand dataset limitations, assumptions, and 

suitability for purpose when drawing conclusions or informing decision-making. 

 

2. Methodology 

The Wet Horizons Interactive App was developed using some of the data developed 

in the project and as summarised in Table 1. The Grant Agreement text for Task 1.2.4. 

included mentions of areal extent, hydrological status, morphology, water availability, 

model outputs from WP3, EFs from WP2, socio-economic outputs WP5) as well as the 

outputs from the SERVI-PEAT static model (WP3) and the co-benefits or trade-offs 

from WP4 (Annex 1).  

 

Table 1. Input layers for the Wet Horizons Interactive App. Further details of the data layers and links 

to the deposited parent data can be found in Annex 2. 

Layer 
Data product summary and 
harmonisation method 

Catchment 
coverage1 

Pan-
European 
coverage 

Parent 
data 
resolution 
and data 
owner 

1 a/b 

Peatland or wetland extent 
(base mask for all subsequent 
data products). 
Presence/absence maps of a) 
peatland or b) mineral wetland 

ALL YES 
1 
arcsecond, 
UG 

 

1 The full list and map of project catchment boundaries can be found in Annex 3. 
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2 

Trends of the multi-annual 
modelled water table dynamics 
(2017-2024). Harmonised by 
recalculation as CO2e using 
Evans et al (2021) global 
relationship and rescaling 
between global data product 
min and max values 

ALL NO 30 m, JHI 

3 
Contemporary GHG emission 
hotspots (already scaled) 

ALL NO 90 m, UG 

4 
Biodiversity hotspots (already 
scaled) 
 

ALL NO 90 m, UG 

5 a/b/c 

ORCHIDEEE-WET simulations 
of NEE and CH4 fluxes and 
mean annual WTD for 2022, 
scaled between product min 
and max values 
 

N/A YES 
0.5-degree, 
UVSQ 

6 a/b/c 

JS-BACH-HIMMELI simulations 
of NEE and CH4 fluxes and 
mean annual WTD for 2022, 
scaled between product min 
and max values 
 

N/A YES 
0.5-degree, 
FMI 

7 a/b/c 

Landscape-DNDC simulations 
of NEE and CH4 fluxes and 
mean annual WTD for 2022, 
scaled between product min 
and max values 
 

N/A YES 
0.5-degree, 
JHI 

8 a/b 

BioScore projections - 
normalised rewetting hotspots 
for bird species richness (2011-
2040 or 2041-2070) 
10.5281/zenodo.20391812 
(already scaled) 

N/A YES 
0.1-degree, 
RU 

9 a/b 

BioScore projections - 
normalised rewetting hotspots 
for plant species richness 
(2011-2040 or 2041-2070) 
10.5281/zenodo.20391812. 
(already scaled) 

N/A YES 
0.1-degree, 
RU 

10 
COUNTERFACTUAL MAgPIE-
projected rewetted peatland 
area by 2050, assuming 

ALL NO 
0.5-degree, 
PIK 

https://zenodo.org/records/20391812?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjVhZTY0ZWY4LTBjMzAtNDViYi1iYWQyLTgyN2EzYWEyY2MzYSIsImRhdGEiOnt9LCJyYW5kb20iOiIwZmE0M2RmNWU2NWRkMzA4MTk0N2ViNWU4ODdiZmNkZiJ9.gMJ78YhxMJsVdKXq4wxCnNtc5WlO0u2jxSCjZQ3HwMfURVomq8jsP6IYALQ3461560xb9xGGgHaJVqLfne7FOQ
https://zenodo.org/records/20391812?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjVhZTY0ZWY4LTBjMzAtNDViYi1iYWQyLTgyN2EzYWEyY2MzYSIsImRhdGEiOnt9LCJyYW5kb20iOiIwZmE0M2RmNWU2NWRkMzA4MTk0N2ViNWU4ODdiZmNkZiJ9.gMJ78YhxMJsVdKXq4wxCnNtc5WlO0u2jxSCjZQ3HwMfURVomq8jsP6IYALQ3461560xb9xGGgHaJVqLfne7FOQ
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peatland protection and 
rewetting scenarios that are 
governed by carbon pricing, 
physical rate of rewetting 
constraints, and SSP2, 1.5 
degree warming scenarios.  

N/A 
COUNTERFACTUAL2: Servi-
Peat DSS  

N/A N/A 
No spatial 
outputs 

 

 

The App was constructed around a first distinction between large scale coverage, but 

low spatial resolution, and project catchment-level coverage (Annex 3) with high spatial 

resolution, data products that had been generated in the project. Several modelling 

components of the Wet Horizons project generated data that spanned the whole of the 

European continental region, but generally at multi-km scales. As the purpose of the 

App is to identify areas of high potential for restoration with multiple benefits, we 

decided to focus on model outputs that could give the future users information about 

current condition, hydrological states, greenhouse gas emissions hotpots and 

biodiversity hotpots. The contemporary hydrological condition and GHG emissions 

burden of the peatland and wetland containing areas across all European Union was 

modelled at 0.5-degree resolution using three models (ORCHIDEE-WET, JSBACH-

HIMMELI, and Landscape-DNDC, see also Deliverable D3.4). These models generally 

converge on similar spatial hotpots of emissions, aka high-priority areas for restoration, 

across northern and northwestern Europe. Potential co-benefits or trade-offs at this 

coarse resolution can then be compared with biodiversity hotspots, which are 

displayed as the outputs of the BioScore modelling in WP4, which uses a species 

distribution modelling approach (Sumbh, Hellegers, & Schipper, 2024; Sumbh, et al., 

2025). BioScore produces scores (range 0-1) that represents habitat suitability 

(likelihood a species could live there, independent of dispersal or food web dynamics), 

for 232 species of plants, mosses and lichen and 43 species of birds, across the EU 

and UK area. The BioScore model was used to test scenarios in line with the Nature 

Restoration Regulation. Climate parameters were adapted to fit the SSP3.70 climate 

projections for time periods 2011-2040 (representing 2030) and 2041-2070 
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(representing 2050). A business-as-usual scenario with no hydrological change 

relative to the current status was compared to a rewetting scenario (water level 10 cm 

below surface level) with associated land use change. The maps included in the Wet 

Horizons app represent the difference between business-as-usual and rewetting for 

plant and bird biodiversity for 2030 and 2050 across Europe. Deliverable reports D4.2, 

D4.3 and D4.4 provide a more detailed explanation of applied methods. A final data 

layer at coarse resolution is the area projected to be under peatland re-wetting by 

2050, as generated by the socio-economic model MAgPIE (an outputs of WP5, D.5.4). 

At the project catchment level, a number of high-resolution datasets were produced 

that could be compiled for the App. WP1 produced the European Wetland Map (D1.2, 

D1.3) that forms the basis of the peatland and wetland mask for the App. It also 

produced a machine-learning model that predicts monthly water table depth (WTD) 

dynamics based on Earth Observations (D1.6), and GHG emissions hotspot mapping 

based on the dynamic emission factors developed in WP2 (D1.8 and D2.3/D2.4, 

respectively), Biodiversity hotpots at high resolution were also obtained within the 

project (D1.8).  

All of these outputs were aligned with the European Wetland Map (an output of this 

project) and with an option in the App to choose between peatland and wetland data.  

Morphological data products generated within the project were limited to the 

improvement of the classification of wetland types into floodplains, coastal wetlands, 

other (mineral) wetlands and peatlands, as per the European Wetland Map. For the 

purposes of the App, we simplified these categories into masks for peatlands and 

wetlands, due to the computational limits for on-the-fly online calculations. Data 

products of water availability generated for the project included calculations of the 

climatic water balance at coarse scale. However, these outputs were not validated 

against point observations at long term monitoring sites in the same ways as net 

ecosystem exchange of carbon dioxide and methane fluxes were validated for the 

three main models (see also WP3, Deliverable reports D3.1 and D3.2 for further 

details) and hence we could not include data on water availability. In any case, actual 

water availability for rewetting activities is not purely constrained by rainfall, which is 
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the easiest component to validate. The water storage component of a given area, e.g. 

changes in soil moisture, groundwater, and surface water bodies, were not monitored 

as part of standard ground validation data in peatland and wetland 

calibration/validation sites used for WP3. This would make inclusion of climatic water 

balance model outputs highly unreliable and therefore we decided not to include such 

outputs in the App. 

ServiPeat outputs were not directly compatible with the other data products in the App, 

because the ServiPeat app requires far more detailed inputs on the peatland type, 

drainage density and depths alongside the current land use and residual peat depths. 

This level of information is not available for more than the small number o test regions 

used in WP3 development of ServiPeat. However, we link to the tool in the App, so 

that future users should be able to zoom in on a small region in the app by catchment 

and compare the outputs with those from ServiPeat. For the Dutch, Polish and Finnish 

test regions used for WP3, these outputs are available in Task 3.5 reports (Deliverable 

3.5). The online version of Servipeat was therefore linked in the WetHorizons App user 

guide. 

Data were harmonised as follows and as per Table 1. All data were converted into a 

scale ranging from 0 to 1, by either normalising across the available data range (e.g. 

Water table depth product) or by calculating the distance of a pixel value relative to a 

target state given a nominal value of 1 (e.g. hotspot mapping products). Other 

exemplars of data that represent state classes were split into single 0 or 1 data 

products by class type (e.g. MAgPIE projected rewetted area by 2050). All high-

resolution data products were reduced to 90-m and filtered for the presence of peatland 

or wetland extent to be at least 1% of the 90-m raster cell. Low resolution data products 

were harmonised to 0.5-degrees and here also the presence of peatland or wetland at 

least 1% of the 0.5-degree raster cell. All data are reprojected to WGS84 for the native 

projection of Leaflet in R Shiny. 

The Shiny application was developed as a browser-based spatial multi-criteria analysis 

(MCA) tool for exploring, weighting, combining, and exporting GeoTIFF raster 

datasets, which represent spatial criteria in a multicriteria analysis.  It is implemented 
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in R using R-Shiny, and other libraries used are terra, leaflet, raster, viridis, and 

shinyFiles.   

The app was coded to include a multiple-tab interface for data loading, static 

visualization, interactive mapping, and MCA output generation.  The application allows 

users to browse server-side data folders and load two or more raster layers in GeoTIFF 

format for the analysis.  

 On loading, the app inspects values for negative cells and raises a warning because 

negative inputs can affect normalization of suitability outputs. It also derives raster 

extent and centroid coordinates to initialize map views automatically.  For visualization, 

the app provides both static plots and interactive leaflet-based raster overlays.   

In the interactive map tab, users can switch between uploaded layers with radio 

buttons and toggle raster visibility over either a standard basemap or satellite imagery. 

To improve display performance at different zoom levels, the app precomputes 

aggregated lower-resolution raster versions and dynamically selects the appropriate 

resolution bucket based on zoom.   

The MCA result depends on user-defined importance weights for each spatial criterion, 

set through (dynamically generated) sliders. When the user runs the analysis, the 

weights are normalized to sum to one, applied to each raster layer, and combined 

through a weighted sum. The resulting suitability raster is then normalized by its 

maximum value, displayed in an interactive map, and made available for download as 

a GeoTIFF.   

Additional interface elements that were included are a HTML help button in the 

interactive tabs, and the ability to toggle between a map and a satellite image as a 

background. 

 

3. Results and Discussion 

The App was successfully developed, following an extensive beta version testing 

phase. The app allows the user to pre-select their region of interest (i.e. individual 
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project catchments at high resolution or pan-European extent at coarser resolution) 

and they are then presented with multiple choices of data layers to explore.  Firstly, 

the user can view static plots of each of the data layers that are included in the tool 

(Figure 1).  

 

Figure 1. Screenshot showing the visual appearance of the App for the initial selection and exploration 

of individual layers. The data layers shown are the high resolution (90 m) modelled biodiversity hotspots, 

the carbon emissions of CO2 and CH4 as total CO2-equivalents as derived from modelled mean annual 

water table depths, and GHG hotspots derived from land cover and emission factors, for the German 

project catchment area.   

 

The user can then, in a separate tab, explore each of the data layers in greater detail, 

zooming in or out of specific areas, to familiarise themselves with the information 

presented (Figure 2) 
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Figure 2. Screenshot of the functionality to explore each data layer in greater spatial detail. Data shown 

are the biodiversity hotspots in the peatland and wetland regions in the German project catchment. 

 

In the final tab of the App (Figure 3), the users are able to assign their own importance 

weights to each individual data layer, which is then used in an on-the-fly calculation of 

‘priority areas’. Given a weight (which can be adjusted by the user); the resulting image 

is a recalculated raster value of all the chosen component layers combined by their 

chosen weights. Layers can be ‘switched off’ by assigning an importance weight of 

zero.  

 

Figure 3. Screenshot of the layer that allows users to assign importance weights to individual data 
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layers, which are then used in an on-the-fly calculation of ‘priority areas’ for restoration in the German 

catchment. Equal weights are attributed in this case to each of the three parent data (C balance derived 

from water table model, GHG hotspots from land cover and emission factors, and biodiversity hotspots. 

 
 

The beta version was presented to the EEA user group for discussion on the 4rth of 

March 2025 in an online Teams meeting. During this meeting, initial user feedback was 

collected on a mural board. The feedback, and project team responses, are 

summarised in Table 2. 

Table 2. Stakeholder feedback on the beta test version of the Wet Horizons Interactive App (version 1, 

February 2025) and project team response. 

Stakeholder feedback Project team response 

“Beyond the visual map as output, which 
kind of outputs are envisaged 
(exportable maps, graphs, etc.?” 

Users have the choice to create an 
exportable map output as a raster 
product. This could enable users to 
create multiple outputs for different 
choices of layer inclusion/exclusion, or 
differential weighting. 

“The possibility to threshold the raster 
data is fundamental” 

Dynamic thresholding of each raster 
layer is computationally expensive. We 
therefore reduced data layers to a 
minimum by implementing two masks for 
peatland and wetland areas, 
respectively, that only contain areas 
where the respective type occupies more 
than 1% of the raster cell.  

“Clear description of the input data, 
including metadata” 

We have provided a full manual and 
metadata (see Annex 2 and 4).  

“Integration into the EEA would need to 
be checked – whether the interactive app 
can be part of the EEA/CLMS portfolio?” 

We had multiple discussions around 
feasibility of integration into the EEA, to 
enable potential continuity post-project 
completion. This is discussed in the D1.9 
report (now due end of August 2026. 

“This app is a very much needed initiative 
that could be used as a prioritization but 
also monitoring tool for the future 
implementation of the Nature Restoration 
Regulation. At the EEA we are assessing 
the possibility to develop an EU wide 
indicator for free-flowing rivers. This may 
include floodplains condition 

Thank you for your comments. Further 
development of the app functionality to 
enable it to function as a monitoring tool 
is going beyond the scope of the current 
project, however elements of the 
underlying data layers could certainly be 
purposed in such a way. For example, 
the water table dynamics model is 
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assessment. The wetlands map could be 
used to assess progress towards the 
restoration target to improve the natural 
functions of related floodplains under 
Article 9 of the Regulation” 

intended to be used for both prioritisation 
in the short run, and, with further 
development over the longer term, for 
monitoring of rewetting effectiveness. 

 

The Interactive App is a first output of its kind to bring together information on the status 

of peatlands and wetlands across Europe, inclusive of hotspots of model projected 

GHG emissions and/or biodiversity gains under rewetting scenarios, and model 

projected socio-economic potential for restoration implementation. As such, this tool 

could function in spatial decision support for Member States or regional decision 

makers within Member States at coarse level, or land managers, funders and 

communities at local level, identify where restoration or rewetting could potentially 

deliver the best combined return for Nature Restoration Law compliance, climate 

regulation, biodiversity recovery and socio-economic transition. 

Under the EU Nature Restoration Regulation (Regulation (EU) 2024/1991 on nature 

restoration and amending Regulation (EU) 2022/869), Member States are required to 

prepare national restoration plans covering the period to 2050. The Draft national 

restoration plans are due by 1 September 2026. Thus, the timing of the Wet Horizons 

App release may aid the final preparations of the Draft national restoration plans or 

future revisions, by adding additional model-generated context to the plans. A recent 

EU-wide analysis, with a slightly different methodology to the approach taken in the 

Wet Horizons outputs compiled in the App, found that drained peatlands account for 

about 7% of EU anthropogenic GHG emissions, identified major emission hotspots, 

and highlighted that national inventories may under-report peatland emissions by 59–

113 Mt CO₂e annually (van Giersbergen et al., 2025).  

The App currently helps to identify: 

• current peatland/wetland extent and condition 

• “areas not in good condition” (as per NRL) in relation to GHG emissions and 

where biodiversity improvements could be made through restoration practice 
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• model outputs that could help to generate discussions around spatial 

scenarios to meet rewetting/restoration targets 

  

Using the 4Returns framework (Dudley et al, 2021), the App evaluates restoration 

portfolios not only by carbon abatement, but also by natural, social, financial and 

inspirational returns, supporting transparent planning and stakeholder engagement for 

climate regulation and biodiversity targets. While the information that is presently 

contained within the App is not yet of sufficiently high accuracy to allow for use in 

Monitoring, Reporting and Verification of (the outcomes of) rewetting or restoration, i.e. 

supporting Regulation (EU) 2024/3012 on an EU certification framework for permanent 

carbon removals, carbon farming and carbon storage in product, further development 

of e.g. the water table dynamics model to extend it beyond its current caveats over 

mineral wetlands and rewetted peatlands would also turn the App from a decision 

support for mapping to a credible tool for MRV, and thereby support long-term, 

investable, socially legitimate restoration. A manual and metadata, which will be 

deposited on zenodo, are in preparation to be completed by project month 48. 

As with all model projections, the data layers portrayed in the App have important 

caveats, which are discussed in more detail in the individual Deliverable reports for 

each layer. Briefly, the various data layers that show projected GHG emissions 

hotspots at both coarse scale (pan-European model outputs from the ORCHIDEE, 

JSBACH-HIMMELI and DNDC models) and finer scale at catchment level (projected 

emissions based on published relationships between mean annual water table depth 

and net emissions of CO2 and CH4, versus calculated emissions based on land cover 

class and associated emission factors) show multiple disagreements between model 

outputs, both in terms of locations and in terms of the sizes of hotspots. A second 

caveat is that the coarse models at pan-European scale have been calibrated only for 

application to peatlands, hence outputs for mineral wetlands may have low accuracy. 

Similarly, the high-resolution project catchment outputs based on emission factors and 

Earth-Observation based modelling of water table dynamics also suffer from limitations 

in relation to mineral wetlands, due to the scarcity of data on GHG emissions from 
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these types as well as the limited amount of observations on water table monitoring 

time series.  

Similarly, caveats apply to the biodiversity hotspot maps at both pan-European scale 

and at the project catchment level. Species distribution models and land cover-derived 

products all contain errors or uncertainties, which users should ensure they understand 

and are aware of before attempting to interpret outcomes of multi-criteria analysis with 

weightings.  Similarly, the data layer on projected rewetted area from the MAgPIE 

modelling should also be considered in terms of any likely limitations of the modelling 

approach, for example in terms of real-life constraints beyond pricing (e.g. machinery, 

access, legal considerations, technical delivery skill sets). 

Overall, the power of the App lies in the ability to interpret multiple project outputs 

simultaneously and against each other in terms of the likely information content they 

may be able to provide to support decision making on restoration policy and practice. 
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Annex 1: Agreed scope of the App as per Grant 

Agreement (copy from signed pdf): 
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Annex 2. Details of the models used to create the data 

products for each of the WetHorizons Interactive App 

layers (see Table 1 for summary) 

 
Peatland and wetland extent (base mask for all subsequent data products) was 
obtained from the European Wetland Map (EWM) version 5.0 as produced in this 
project: The European Wetland Map ('EWM') 
 
Modelled mean annual water table depth (2019-2024) was obtained from a machine 
learning model designed in this project, which uses Earth Observations data from 
Sentinel 1 and 2 alongside various other covariates. The model-projected WTD values 
were converted to CO2e emissions estimates using the empirical relationship 
described in Evans et al., 2021 and normalised to the overall gradient min-max of the 
values, to create a hotspots product to indicate the driest locations as indicative of 
restoration need. Multi-Year Mean Water Table Depth Predictions for Select 
Catchments Across Europe (2019-2024) 
 
 
ORCHIDEE is the land surface model component of the IPSL-CM Earth System 
Model. The version of ORCHIDEE used in this project, ORCHIDEE-PEAT, is 
specifically developed to model dynamics of peatland carbon stocks, carbon fluxes, 
and its spatial extent (Qiu et al., 2018, 2019). The layers included in the App contain 
the outputs of land surface model simulations of the contemporary (2022) carbon 
dioxide and methane fluxes, normalised to minimum-maximum projected range to 
classify as hotspots, and model-projected mean annual water table depths, 
normalised to the inverse range of min-max from the ORCHIDEEE-PEAT model. 
 
JSBACH-HIMMELI is a combination of two models, JSBACH, which is a land-
surface model, and HIMMELI, which is a specific model for northern wetland 
emissions of CH4. HIMMELI (HelsinkI Model of MEthane buiLd-up and emIssion for 
peatlands) has been developed especially for estimating CH4 production and 
transport in northern wetlands and simulates both CH4 and CO2 fluxes in wetlands 
and can be easily used as a module within different modelling environments 
(Raivonen et al., 2017, Susiluoto et al., 2018). The layers included in the App  
contain the outputs of land surface model simulations of the contemporary (2022) 
carbon dioxide and methane fluxes, normalised to minimum-maximum projected 
range to classify as hotspots, and model-projected mean annual water table depths, 
normalised to the inverse range of min-max from the JSBACH-HIMMELI model 
 
DNDC (DeNitrification-DeComposition) model is a process – based biogeochemical 
model that simulates carbon (C) and nitrogen (N) dynamics in forest ecosystems and 
predicts plant growth and production, C and N balance as well as generation and 
emission of greenhouse gases (GHG) (Miehle et al., 2006). In WetHorizons, we use 

https://zenodo.org/records/15302184
https://zenodo.org/records/16753826
https://zenodo.org/records/16753826
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the wetland-specific version of DNDC (Zhang et al. 2002). The layer set used in the 
App contains the outputs of land surface model simulations of the contemporary 
(2022) carbon dioxide and methane fluxes, normalised to minimum-maximum 
projected range to classify as hotspots, and model-projected mean annual water 
table depths, normalised to the inverse range of min-max from the DNDC model. 
 
The BioScore model (Biodiversity impact assessment using species sensitivity 
Scores) has been developed in order to provide a tool able to assess the impacts of 
policy measures on biodiversity in Europe. BioScore supports the analysis of 
potential impacts of future changes in human-induced pressures on European 
terrestrial biodiversity mammals, vascular plants, breeding birds and butterflies (e.g. 
Hellegers et al., 2019). In WetHorizons, an expanded BioScore model was produced 
to include wetland-characteristic species of mosses, lichens and birds, in addition to 
the existing SDMs for vascular plants, of all types of freshwater mineral wetlands and 
peatlands as classified by the EUNIS habitat type classification. 
 
The GHG hotspots mapping procedure stratified firstly the European Peatland 
Map (Tegetmeyer et al. 2025) into common/aggregated land use classes using the 
LULC-dataset of Parente et al. (2021). A set of emission factors was developed 
accordingly and extended across Europe+, based on a bio-geographical zonation. An 
Europe+ wide GHG emission map was derived in QGIS, as well as GHG emission 
hotspots using the QGIS feature ‘heat map’. GHG emission hotspots we are 
calculated for selected catchments, bio-graphic regions and mire regions.  
 
The Biodiversity hotspots mapping framework is adjusted to the demands of the 
EU-Nature Restoration Law. It basically follows the assumption that with increasing 
land use intensity peatland-specific species are decreasing and maps outs peatland 
areas with high biodiversity score. The basic European+ biodiversity score map is 
based on the European Peatland map overlaid by a set of land use and land use 
pressure indicating GIS data (e.g., aggregated land use classes from Parente et al. 
2021, drainage features with buffers, nutrient load and eutrophication). The 
biodiversity hotspot maps suggest restoration priority areas for 1) promoting 
remaining peatland-specific biodiversity in extensively used meadows and pastures, 
and 2) identifies areas with high peatland biodiversity score which are currently not 
protected. Maps are produced for selected catchments, bio-graphic regions and mire 
regions. 
 
 
The MAgPIE model is an open-source framework for modeling global land systems. 
The model version including the peatland module we use in WetHorizons is an 
updated version of MAgPIE 4.2.1 (Humpenöder et al., 2020) MAgPIE combines 
economic and biophysical approaches to simulate spatially explicit global scenarios 
of land use within the 21st century and the respective interactions with the 
environment. The peatland module was developed and updated as part of the Wet 
Horizons project (Task 5.3 and 5.4; see Deliverable D5.3 and 5.4 for full 
documentation). For the purpose of the Wet Horizons App, we picked only the model 
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output that predicts rewetting areal extent within the model framework 
(endogenously) when incentivized by a GHG price. This mechanism allows the 
optimization to identify and prioritize the most cost-effective rewetting opportunities, 
typically targeting high-emission peatlands first. Other options, e.g. model outputs 
constrained by policy targets (e.g. the EU Nature Restoration Law) could also be 
used, however we chose to display the model optimised rewetting areas.  
The spatial distribution of peatlands is based on the Global Peatland Map 2.0 
(GPM2.0), with agricultural peatland areas derived from the intersection of peatland 
extent with cropland and pasture maps. In other words, this project output is slightly 
diverged from the other data products which used the high resolution European 
Wetland Map (EWM) and required masking to the same extents as predicted by the 
EWM. The MapPie output was generated using SSP2 (Middle of the Road): A 
continuation of current trends with moderate population growth and technological 
development.  and a 1.5°C-consistent climate target path.  Economically-driven 
rewetting in the model is carbon-priced, and the model rewets peatlands where it is 
cost-effective to do so. Endogenous rewetting is rate-limited (a maximum of about 
2% of the drained area per year), reflecting practical deployment constraints.  
 
The SERVIPEAT model (Grygoruk et al, 2021) is a comprehensive, modelling tool 
that is available online at https://servipeat.sggw.edu.pl.  and as such can be used to 
calculate approximate ditch spacing and heights in ditch-drained-peatland systems 
desired to be rewetted, as well as the probable consequences of rewetting expressed 
as nitrogen retention, phosphorus outwash, water retention volume gained and 
approximate value of ecosystem services gained as a result of peatland rewetting. In 
WetHorizons, this model framework was extended. 
 
 
  

https://servipeat.sggw.edu.pl/
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Annex 3. Map of the project catchment boundaries 

 

 

The project catchment boundaries for the Interactive App (dark grey areas). 
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Annex 4. Short manual for the Wet Horizons 

Interactive App (Spatial MCA Tool) 

  
Introduction 

The Spatial MCA Tool is designed to help users explore and combine multiple criteria 
raster layers in a simple multicriteria analysis (MCA) workflow. The app allows you to 
load raster datasets, inspect them visually, assign relative importance weights, and 
generate a final suitability surface for download and further use in GIS software. The 
mapped data must represent criteria for a certain purpose, such as "restoration"  
The app is intended as a decision-support tool. The quality and interpretation of the 
result depend on the quality, consistency, and preparation of the input data.  
  
Purpose of the app 

The app has three main purposes: 
 

• to display each input raster individually 

• to allow interactive inspection of each layer on a map background 

• to create a combined suitability raster based on user-defined weights 

  
Input data 

The app is designed to work with GeoTIFF raster files. For the multicriteria analysis 
to produce meaningful results, the input rasters should be compatible.  
In particular, the following are recommended: 
 

• all criteria rasters should represent the same study area 

• all rasters should have the same extent, projection, and resolution 

• all criteria rasters should be suitable for combination in a weighted overlay 

• criteria raster values should be rescaled between 0 and 1 to avoid giving 
more importance based on the data range 

 
 
Where possible, input layers should already be standardized or otherwise pre-
processed in a way that reflects their intended role in the analysis.  
  
General workflow 

 

1. select two or more raster layers 
2. review the layers in the Static Plots tab 
3. inspect them in the Interactive Maps tab 
4. assign importance weights using the sliders 
5. go to the Multicriteria Analysis tab 
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6. click Go! to run the analysis 
7. inspect the suitability map 
8. download the result as a GeoTIFF 

  
Loading raster files 

Raster layers are selected using the file browser. Once the files have been loaded, 
the app reads each raster, assigns a layer name based on the selected file name, 
and creates a weight slider for each input layer. Importance weights are used in the 
MCA tab.  
See the "instructions" buttons of each tab for more details 

Tabs description 

  
Static plots 

This tab allows the user to inspect static plots of the layers that were selected by 
navigating to the desired data folder. The plots are displayed automatically. 
  
Interactive Maps 

This tab allows the user visually to inspect (zoom and pan) one input raster layer at a 
time on a map or satellite image background. 
  
How to use this tab: 
 

• Select the layer to display using the layer selector. 

• Zoom and pan to explore different parts of the study area. 

• Switch between map and satellite backgrounds if needed. 

• Use the checkbox to show or hide the raster overlay. 

  
  
Multicriteria Analysis 

This tab creates the final suitability result from the selected input rasters and the 
weights assigned to them. 
  
How to use this tab 

 

1. the spatial criteria are the maps the user selected in input. 
2. Their importance weights are set using the sliders. 1 = max importance.  
3. Clicking Go! starts the analysis. 

  
What the app does 

 

• Each raster is multiplied by its assigned weight. 

• The weights are rescaled so that they sum to 1. 

• The weighted rasters are added together. 
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• The combined result is normalized by its maximum value. 

• The result is displayed as a suitability map. Values are between 0 and 1 
with 1 = maximum suitability  

  
Notice that if one or more input rasters contain negative values, the final suitability 
result may not lie fully between 0 and 1. 
  
After the analysis has been run, the user can download the suitability result as a 
GeoTIFF for use in GIS software.  These GeoTIFF outputs could be compared with, 
for example, the formal analysis that the ServiPeat - rewetting benefits tool, which 
was also developed in Wet Horizons, can offer at landscape scales.  
  
 
 
 
  

https://servipeat.sggw.edu.pl/#/servipeat?tabNumber=0
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