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Summary of Deliverable

This deliverable, D5.3, details the critical updates and extensions implemented in the
MAgPIE (Model of Agricultural Production and its Impacts on Environment) peatland
module within the WET HORIZONS project. These enhancements are crucial for
improving the accuracy and realism of future land-use scenarios, particularly
concerning peatland rewetting and its climate mitigation potential. Key updates include
the integration of more detailed spatial data on peatland extent and land use, the
incorporation of updated GHG emission factors, the implementation of restrictions on
annual peatland rewetting to ensure plausibility, and the addition of an option for
modeling exogenous rewetting scenarios. These developments, building upon data
and insights from other WPs, are expected to enable a more robust assessment of
peatland rewetting within broader land-based climate change mitigation strategies.
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1 Introduction

Deliverable D5.3 of the WET HORIZONS project is closely linked to Task 5.3 and
outlines the advancements made to the peatland module within the MAgPIE (Model of
Agricultural Production and its Impacts on Environment) framework as part of Work
Package 5 (WP5). WP5 is dedicated to the socio-economic assessment of wetland
restoration, aiming to quantify the cost-effective greenhouse gas (GHG) abatement
potential. The primary objective of Task 5.3 was to update and extend the MAgPIE
peatland module to enhance its capability in assessing the economic GHG mitigation
potential of peatland rewetting. This involved integrating improved spatial data and
GHG emission factors, ensuring the plausibility of rewetting scenarios, and providing
greater flexibility in modeling peatland rewetting pathways. The updates outlined in this
deliverable considerably enhance the module's capabilities, particularly in improving
land-use projections with peatland rewetting. This is critical for robustly assessing
peatland rewetting's climate mitigation potential and its broader implications for
sustainable land management across Europe.

2 MAgPIE model

2.1 Overall framework

MAGgPIE is an open-source framework for global land-system modeling (Figure 1). Itis
designed to model future land-systems, encompassing agriculture, forestry, and,
crucially, peatlands. At its core, MAgPIE operates as a mathematical optimization
model with global coverage and a consistent regional setup. It integrates a wide array
of socio-economic drivers (e.g., population dynamics, income levels, and food
demand), biophysical constraints (e.g., land and water availability, and potential crop
yields), and land-use policies (e.g., forest and biodiversity protection, and reforestation)
to generate long-term projections of future land use, typically extending to 2100.
MAgPIE has been instrumental in simulating climate mitigation pathways for the land
system (Humpendder et al 2020, 2022a, 2022b), and its structure facilitates a dynamic
analysis of the interdependencies between the land system and other sectors in global
transformation pathways (Humpendder and Popp et al 2024, Weind| et al 2024).
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Figure 1. MAQPIE 4 framework. Simplified modular structure and module interactions. Reproduced from
Dietrich et al. (2019).
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Figure 2. Map of MAgPIE regions and associated spatial simulation units. Regional definitions: CAZ
(Canada, Australia, and New Zealand; CHA (China); EUR (European Union); IND (India); JPN (Japan);
LAM (Latin America); MEA (Middle East and north Africa); NEU (non-EU member states); OAS (other
Asia); REF (reforming countries); SSA (Sub-Saharan Africa); USA (United States). The country map is
based on the object " wrld_simpl" in the R package "maptools”.
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2.2 Peatland module

The first version of the MAgPIE peatland module was published by Humpendder et al.
(2020). The main purpose of the peatland module is the modeling the peatland area
and GHG emissions dynamics under diverse land-use and climate change scenarios.
Its main features include:

Spatial Representation: It accounts for the global distribution of peatlands,
differentiating between intact, drained, and rewetted areas.

Land-Use Specificity: It captures the impact of different land uses on drained
peatlands (e.g., cropland, grassland, forestry) on GHG emissions.

Emission Factor Application: It applies specific GHG emission factors to different
peatland states and land uses to quantify their climate impact.

Rewetting Dynamics: It models the process of peatland rewetting and its associated
changes in GHG fluxes.

Economic Optimization: Within the broader MAgPIE framework, it allows for the
economic optimization of land-use decisions, including peatland protection and
peatland rewetting, in response to GHG prices.

Scenario Analysis: It supports the analysis of various future scenarios, including
climate mitigation pathways and policy interventions related to peatlands.

3 Update of peatland module

The updates and extensions to the MAgPIE peatland module in Task 5.3, have been
systematically implemented, drawing upon our continued exchange with
representatives from WP1-4. This approach explicitly highlights our efforts in
integrating data from these WPs. However, direct integration was not possible in all
cases. Where direct integration was not possible, clear justifications are provided,
explaining how insights from their work have still been leveraged. Figure 3 provides a
schematic overview of the updated peatland module in MAgPIE. Details are provided
in the corresponding sub-sections.

The MAgPIE open-source code for the improved peatland module (v2) is publicly
available at Zenodo https://zenodo.org/records/15704249 and GitHub:
https://qgithub.com/magpiemodel/magpie/tree/master/modules/58 peatland/v2
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Result: 0.5 degree maps of drained
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from MAgPIE
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GHG Emission Factors

wetland GHG emission factors

boreal and tropical climates: IPCC 2013
temperate climates: Tiemeyer et al 2020

GHG emissions from drained and
rewetted peatlands
X
GHG prices
pricing of GHG emissions from peatlands
provides an economic incentive for
protection of intact peatlands and
rewetting of drained peatlands

goal function of MAgPIE
minimization of total global costs
(social planer model)

Figure 3. Schematic overview of updated MAgPIE peatland module, illustrating the data flows and key
components

3.1 Integration of spatial data

The peatland map used for the initialization of MAgPIE has been significantly updated.
This involved merging and integrating data from various spatial scales to provide a
more comprehensive and detailed representation of peatland areas. This represents a
substantial improvement over the peatland mapping approach described in
Humpendder et al. (2020), which primarily relied on downscaling country-level data
using a potential peatland map and resulted in a relatively coarse categorization of
intact and drained peatlands without information on how the drained peatlands are
used. Our ongoing communication and collaboration with WP1 regarding their updated
global peatland map (Global Peatland Map 2.0) and country-level peatland data
(Global Peatland Database) have been crucial in informing these spatial data
integration efforts in MAgPIE, ensuring that our model benefits from the most recent
advancements in spatial mapping within WET HORIZONS.

The high-resolution (1 kmx1 km) Global Peatland Map 2.0 (GPM2.0) provides detailed
information on peatland location and extent globally. But it does not provide information
on a) the status of peatlands (intact, drained, rewetted), and b) the land use of drained
peatlands (cropland, grassland, forestry, peat extraction). Clearly a) is needed for any
meaningful assessment of peatland rewetting, while b) is essential for estimating GHG
emissions from drained peatlands accurately as peatland GHG emissions factors differ
considerably for different land uses. Therefore, we combined the GPM2.0 with data
from the Global Peatland Database, which provides crucial information on the status
of peatlands (intact, drained, rewetted) and, importantly, the specific land use of
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drained peatlands. This includes more granular detail on areas used as cropland,
grassland, for forestry, and for peat extraction. The updated downscaling method,
utilizing GPM2.0 as a weighting factor, provides a more accurate representation of
drained peatlands used for agriculture, forestry, and peat extraction, as well as intact
peatland areas, at a 0.5-degree resolution. The integration of the two datasets,
developed through close collaboration with WP1, enables MAgPIE to differentiate
GHG emission factors based on highly disaggregated land-use types on drained
peatlands, significantly improving the precision and granularity of emission estimations
within the model compared to earlier versions of the MAgPIE peatland module.

Table 1 shows a comparison of drained peatland area for climate regions and at global
level between MAgPIE 2025 and estimates from previous studies. The level of drained
peatland area is crucial as it directly determines the potential of peatland rewetting. At
the global level there is broad agreement with more nuanced differences at the climate
region level, which are likely caused by using different data sets and methods.

Table 3 in the appendix shows data at the regional level and higher granularity for
peatland status. For the EU (EUR) more than half of the peatland area is drained,
which matches well with data from the literature (Tanneberger et al 2022).

MAgPIE 2025 | Humpendder | Leifeld and Leifeld et al Joosten
(Dietrich et al et al Menichetti 2019 2010
2025) 2020 2018
vear of 2020 2015 2015 2015 2008
estimate
Tropical 17.91 16.7 24.2 20.3
Temperate 9.35 7.6 10.6
26.7
Boreal 2217 21.6 16.2
Global 49.42 45.8 50.9 47 42.6

Table 1. Comparison of peatland area (Mha) for climate regions and at global level between MAgPIE
2025 and estimates from previous studies.

3.2 Update of GHG emission factors

GHG emission factors for drained and rewetted peatlands are critical inputs for the
MAgPIE peatland module. For MAgPIE, the primary requirement is a consistent and
robust set of emission factors across all land-use types (drained and rewetted), GHG
emission species, and regions. Achieving this consistency is paramount for a global
modeling framework like MAgQPIE to avoid biased modelling results for single land-use
types, GHG emission species or regions.
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Based on the work in of WP2 on emission factors, specifically drawing from D2.1 and
the corresponding open-source emission factor dataset (Nielsen 2024), we have
chosen to improve emissions factors for the temperate climate zone on the basis of
Tiemeyer et al. (2020). This dataset provides consistent data for various land-use types
(drained and rewetted) and GHG emission species (CO2, CH4, N20, DOC) for
temperate regions, making it highly suitable for integration into MAgPIE. For boreal
and tropical climates we continue to use IPCC factors from the 2013 Wetland
Supplement (Hiraishi et al 2014), based on Humpendoder et al. (2020).

This approach provides more accurate and regionally relevant emission factors for
temperate rewetted and drained peatlands. In addition, Tiemeyer et al. (2020) provides
data for unused drained peatland (i.e., previously drained areas not currently under
active agricultural or forestry use). The latter is relevant for several regions including
the EU (EUR), which can be seen in Table 3. Moreover, emission factors for peat
extraction have been adopted for all climate regions.

Table 4 in the appendix shows the updated peatland GHG emissions factors used in
MAgPIE. Table 2 below shows a comparison of peatland GHG emissions (Gt CO2eq
per year) at global and climate region level between MAgPIE 2025 and estimates from
previous studies. In particular, peatland GHG emissions in temperature regions are
higher in MAgPIE 2025, which is in line with higher emissions factors for temperate
regions in Tiemeyer et al. (2020) compared to IPCC (Hiraishi et al 2014). Table 5 in
the appendix shows peatland GHG emission estimates for 2020 from MAgPIE.

MAgPIE 2025 | Humpendder | Leifeld and Leifeld et al Joosten
(Dietrich et al et al Menichetti 2019 2010
2025) 2020 2018
vear of 2020 2015 2015 2015 2008
estimate
CO2 COZeq COZ COZeq Co2eq COZeq COZ
Tropical 068 0.77 0.76 0.88 1.48 1.26
Temperate 0.27 0.30 0.14 0.18 0.16
0.27
Boreal 0.39 047 0.33 0.44 0.26
Global 1.35 1.54 1.24 1.50 1.91 1.53 1.30

Table 2. Comparison of peatland GHG emissions (Gt COeq per year) for climate regions and at global
level between MAgPIE 2025 and estimates from previous studies.
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3.3 Peatland management

To ensure realism and plausibility of near-term peatland rewetting scenarios within
MAgPIE, a new restriction mechanism has been implemented. This development is
informed by our exchange with WP4. Annual peatland rewetting rates can be restricted
when setting up the scenario to prevent implausible, rapid increases in response to
high GHG prices in the near-term, particularly in 1.5°C and 2°C mitigation pathways.
This prevents the model from generating overly optimistic or unrealistic rewetting
trajectories that might not be achievable in real-world implementation due to practical,
logistical, or socio-economic constraints. This ensures that the model's projections
align with realistic restoration capacities.

Figure 4 illustrates the effects of the peatland rewetting restriction mechanism in
MAgPIE. By default, we assume that annual rewetting is limited to 2% of the drained
peatland area. The outcome is shown by the SSP2-1p5deg scenario (green line).
Without limits to annual peatland rewetting, as shown in SSP2-1p5deg-noLimit (blue
line), the underlying COz2 price would result in very strong and implausible rewetting by
2030. Exogenous rewetting of 30% of all drained peatlands by 2050, as shown in
SSP2-1p5deg-NRL30 (orange line), results in similar rewetting by 2050 compared to
the 2% annual limit.
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Figure 4: Projection from MAgPIE for peatland rewetting in the EU (EUR) for four scenarios with different
assumptions for peatland rewetting. All scenarios are SSP2-1.5°C scenarios. In the SSP2-1p5deg-
noPeatland scenario, peatland rewetting is turned off. In the central scenario SSP2-1p5deg, annual
peatland rewetting is limited to 2% of the drained peatland area. In SSP2-1p5deg-noLimit scenario,
peatland rewetting is not limited. In the SSP2-1p5deg-NRL30 scenario, peatland rewetting is exogenous
with a target of 30% by 2050.

Furthermore, discussions regarding paludiculture, a key area of WP4's focus, have
taken place. While paludiculture presents a promising option for sustainable peatland
management, its direct implementation into the MAgPIE peatland module was not
feasible at this stage due to the absence of consistent, globally scalable data on
paludiculture systems and the complex restructuring beyond the peatland module that
would be required within MAgPIE to accurately represent its dynamics.

3.4 Exogenous peatland rewetting scenarios

A complementary option for modeling exogenous peatland rewetting scenarios has
been added to the MAgPIE framework. This functionality is crucial for exploring policy-
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driven rewetting initiatives such as the EU Nature Restoration Law (NRL). The new
feature allows for the explicit input of predefined peatland rewetting targets,
independent of the endogenous economic optimization driven by GHG prices. Figure
4 illustrates this for a scenario where 30% of all drained peatlands in the EU (EUR) are
rewetted by 2050. This is particularly valuable for exploring policy-driven restoration
initiatives or scenarios where rewetting is mandated or incentivized through
mechanisms other than direct carbon pricing. It provides greater flexibility for policy
analysis and scenario development, enabling the assessment of specific restoration
ambitions. This new feature will be instrumental for providing scenario data to the
online interactive app developed by WP1.

3.5 Export of gridded peatland maps

For linking our work with WP3, we developed a new feature to facilitate the export of
gridded peatland maps. The post-processing of MAgPIE outputs now facilitates the
export of gridded peatland maps in 0.5-degree resolution for intact, drained, and
rewetted peatland areas for any MAgQPIE scenario. This enhancement provides
valuable spatially explicit output, enabling further analysis and visualization of peatland
dynamics under various future projections. This output can be utilized for detailed
regional assessments and integration with other spatially explicit models, e.g., in WP3.
We have actively shared these gridded maps with WP3 for their further research and
integration into their modeling efforts, ensuring that our outputs contribute to the
broader project goals.

4 Implications for future work

The comprehensive updates to the MAgPIE peatland module form the basis for
subsequent activities in WP5, particularly Task 5.4, where it will be utilized to generate
forward-looking land-use scenarios with peatland rewetting. The enhanced framework
directly contributes to the overarching goals of WET HORIZONS by:

Basis for WP5 Tasks: The updated module will enable a more robust exploration of
peatland rewetting under different socio-economic assumptions (e.g., SSP1:
Sustainability; SSP2: Middle-of-the-Road; SSP3: Regional rivalry), providing the basis
for the scenario development and analysis in Task 5.4.

Provision of scenarios to WP1: The ability to model exogenous peatland rewetting
scenarios (e.g. NRL) with the MAgPIE framework will be utilized to provide scenario
data to the online interactive app developed by WP1.

Provision of maps to WP3: The ability to export gridded peatland maps for any
MAGgPIE scenario, facilitates linking with WP3. WP3 will connect the forward-looking
projections from MAQPIE to historical land use data.

Funded by
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Facilitating Trade-off Analysis: The improved data and modeling capabilities will
facilitate a more detailed analysis of trade-offs associated with peatland rewetting,
relating to the work of WP4 on biodiversity and trade-offs.

Beyond the immediate project scope, the enhanced MAgQPIE framework offers a
powerful tool for understanding how rewetting peatlands as part of larger portfolio of
land-based mitigation options can help meet climate targets. The enhanced MAgPIE
framework will play a key role in generating new scenarios for the Scenario Model
Intercomparison Project (ScenarioMIP) as part of the Coupled Model Intercomparison
Project phase 7 (CMIP7) (van Vuuren et al 2025), ultimately contributing to the next
IPCC assessment report cycle as well as various other assessments, such as those
carried out within the context of IPBES.

5 Conclusion

Deliverable D5.3 successfully outlines the significant updates and extensions to the
MAgQPIE peatland module. By integrating advanced spatial data, updated GHG
emission factors, implementing realistic rewetting constraints, and introducing
exogenous scenario modeling capabilities, the MAgPIE framework is now better
equipped to provide robust and policy-relevant projections of peatland rewetting within
the context of broader land-use and climate change mitigation strategies. These
advancements are expected to directly support the objectives of WP5 and the
overarching goals of the WET HORIZONS project in upgrading knowledge and
solutions for wetland restoration across Europe.

6 Appendix

Region Intact Drained Drained Drained Drained Drained Drained
total cropland pasture forestry peat unused
extraction
CAZ 99.74 1.68 0.74 0.89 0.01 0.03 0.00
CHA 1.28 0.64 0.64 0.00 0.00 0.00 0.00
EUR 12.58 15.09 2.26 4.54 6.57 0.49 1.24
IND 0.08 0.32 0.16 0.16 0.00 0.00 0.00
JPN 0.26 0.24 0.18 0.06 0.00 0.00 0.00
Funded by
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LAM 47.84 1.53 1.45 0.05 0.00 0.01 0.01
MEA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NEU 4.94 1.12 0.25 0.41 0.43 0.03 0.00
OAS 15.31 14.71 7.18 0.57 4.68 0.00 2.27
REF 132.79 11.28 2.43 1.80 1.26 0.41 5.39
SSA 27.01 1.40 1.13 0.26 0.01 0.00 0.00
USA 36.39 1.43 0.28 0.27 0.07 0.01 0.81
GLO 378.21 49.42 16.69 9.01 13.04 0.98 9.71

Table 3. Peatland area data (Mha) for 2020 in MAQPIE. The first two columns (Intact and Drained total)
add up to total peatland area. Data is shown for different regions and globally.

Region Land-use CO2-C DOC CH4 N20O-N
type
boreal cropland 7.90 0.12 0.000 0.0130
boreal pasture 5.70 0.12 0.001 0.0095
boreal forestry 0.93 0.12 0.002 0.0032
boreal peatExtract 2.80 0.12 0.006 0.0003
boreal unused 5.70 0.12 0.055 0.0005
boreal rewetted -0.34 0.08 0.041 0.0001
temperate cropland 9.50 0.31 0.021 0.0111
temperate pasture 8.00 0.31 0.022 0.0042
temperate forestry 7.00 0.31 0.006 0.0017
temperate peatExtract 1.60 0.31 0.001 0.0009
Funded by
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temperate unused 5.70 0.31 0.055 0.0005
temperate rewetted -0.40 0.24 0.279 0.0001
tropical cropland 14.00 0.82 0.007 0.0050
tropical pasture 9.60 0.82 0.007 0.0050
tropical forestry 5.30 0.82 0.005 0.0024
tropical peatExtract 2.00 0.82 0.001 0.0036
tropical unused 5.70 0.82 0.055 0.0005
tropical rewetted 0.00 0.51 0.041 0.0001

Table 4. Peatland GHG emission factors in MAgPIE. This table shows emission factors (Tg per ha per
year) for different climate regions, land use types, and GHGs. Data for boreal and temperate regions
are taken from the IPCC 2013 Supplement to the 2006 Guidelines for National Greenhouse Gas
Inventories (Hiraishi et al 2014). Data for temperate regions are taken from Tiemeyer et al.(2020). Data

for drained unused peatland are based on Tiemeyer et al. (2020) for all climate regions.

Region CH4 CcO02 DOC N20
CAz 0.14 42.26 0.96 7.39
CHA 0.08 24.22 0.94 2.70
EUR 5.48 313.30 12.95 29.03
IND 0.06 13.98 0.97 0.70
JPN 0.03 8.24 0.33 0.94
LAM 0.32 70.95 3.91 415
MEA 0.00 0.00 0.00 0.00
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NEU 0.13 19.96 0.66 3.37
OAS 5.40 515.06 42.36 23.59
REF 8.44 236.89 5.87 22.81
SSA 0.29 66.56 4.10 3.1
USA 1.29 34.93 1.18 227
GLO 21.67 1346.34 74.22 100.08

Table 5. Peatland GHG emission estimates for 2020 from MAgQPIE. This table shows emission estimates
(Mt COz2eq) for different regions and globally. CH4 and N2O values are converted to CO; equivalents
using IPCC AR6 GWP100 factors of 27 for CH4 and 273 for N2O
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