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Summary of Deliverable 

This deliverable report of task 5.4 summarises findings from modelling of cost-effective 

abatement potential within WET HORIZONS using two distinct approaches: the Model 

of Agricultural Production and its Impact on the Environment (MAgPIE), and bottom-

up Marginal Abatement Cost Curves (MACCs). MAgPIE estimates GHG mitigation 

potential, socio-economic trade-offs (e.g., producer prices, agricultural expenditure), 

and global land-use implications of large-scale peatland rewetting in Europe and 

globally. MACCs are used in a range of exemplar catchments varying in peatland type, 

degradation status, and land use to estimate spatially explicit and pathway-specific 

mitigation cost-effectiveness. 

MAgPIE results highlight considerable mitigation potential but also underscore socio-

economic trade-offs, particularly in vulnerable regions. The MACC analysis 

demonstrates that peatland restoration can offer substantial and cost-effective 

mitigation potential, but the cost-effectiveness is highly sensitive to assumptions 

regarding emission factors, opportunity costs, restoration costs, discount rates, and 

post-restoration GHG dynamics. Across all case studies, intensively utilised 

agricultural, forestry, and extraction peatlands delivered the greatest mitigation 

potential but incurred high opportunity costs, whereas drained but economically 

marginal peatlands consistently emerged as low-cost “no-regret” restoration 

opportunities. 

Rewetting implies a trade-off between provisioning and other (regulatory, supporting) 

ecosystem services; while the relationship between rewetting and cultural ecosystem 

services can be complex. We investigated this trade-off by estimating the abatement 

potential of rewetting with and without leakage effects. We related findings to implied 

impacts on production and producer prices derived through the global MAgPIE 

modeling framework. Together, results suggest that while displaced production and 

associated leakage effects can reduce net mitigation benefits, these effects are likely 

to remain modest relative to the overall climate benefits of rewetting under most 

scenarios, although results remain sensitive to assumptions regarding displaced land 

use and production systems. 

We synthesize lessons learned from the application of each of the modelling 

approaches and discuss their complementarity. MAgPIE provides a systems-level 

perspective capable of capturing global land-use interactions, food-system feedbacks 

and long-term socio-economic pathways, while MACCs provide transparent, spatially 

explicit, and pathway-specific estimates suitable for national planning, project 

appraisal, and restoration prioritisation. 
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1. Introduction 

Wetlands, and in particular peatlands, store vast amounts of carbon globally (Joosten 

et al. 2012). Their functioning is therefore of utmost importance to global carbon cycles, 

and thus efforts to address climate change. However, wetlands across Europe have 

been degrading over the past centuries. Degradation is often related to drainage, 

reducing water tables to permit alternative economic activity such as agriculture or 

forestry. To restore the ecological functionality of drained wetlands and counter the 

associated loss of carbon, policy makers across Europe share an interest in rewetting 

of wetlands1.  

This is reflected in policy initiatives such as the EU Nature Restoration Legislation and 

ambitious country-specific targets for rewetting (e.g., Scotland, Denmark). Rewetting 

of peatlands comes at a cost. In some degraded wetlands, for example blanket bogs, 

rewetting is often associated with costly operations to reprofile the surface and block 

existing drains. Other drained wetlands such as lowland fens may have a working 

drainage infrastructure that can be effectively used to rewet but face considerable 

costs associated with income forgone from using the drained land for high value 

agricultural production. To ensure wetland rewetting offers a “no-regret” solution, it is 

therefore important for decision makers to understand the trade-offs with production 

implied in rewetting, and to understand how the cost of rewetting varies relative to 

environmental benefits, i.e., to understand the cost-effectiveness of rewetting. While 

there is a specific focus on reduced greenhouse gas emissions (GHGs), rewetting 

should also consider impacts on other ecosystem services, such as water regulation, 

and on biodiversity. In many cases, the relationships between GHG abatement, 

biodiversity and other regulatory ecosystem services are likely to be synergistic 

(Temmink et al. 2026). 

This report summarises findings from two modelling approaches of cost-effective GHG 

abatement potential within the WET HORIZONS project. The approach introduced first 

in this report provides findings at European and global scale using the Model of 

Agricultural Production and its Impact on the Environment (MAgPIE). MAgPIE is used 

to estimate land-use scenarios conditional on shared socio-economic pathways and 

policy constraints and thus provides an estimate of cost-effective GHG abatement 

potential and associated socio-economic impacts (producer prices, agricultural 

expenditure share) in Europe and globally. 

The second approach presented in this report are bottom-up Marginal Abatement Cost 

Curves (MACCs). MACCs are used in a range of exemplar catchments that differ in 

wetland type and wetland use to develop cost-effective abatement potential for the 

 

1 In this report, unless explicitly clarified, we will use the terms restoration and rewetting interchangeably. 

Restoration of ecological functions of drained wetlands involves rewetting. However, not all rewetting 
efforts result in full restoration of ecological functions. Examples include efforts to partially rewet. Also, 
productive use of rewetted land (paludiculture) does not necessarily align well with the idea of 
restoration.   

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R1991&qid=1722240349976
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exemplar catchments based on condition-clusters. We report findings on three case 

studies in Scotland, Poland and Northern Germany, and provide an investigation with 

and without leakage effects.  

Following a synthesis of findings from the two distinct yet complementary modelling 

approaches, we provide an overview of main lessons learned and offer suggestions 

for ways forward, considering the potential information needs of policy and decision 

makers as they advance towards targets related to wetland conservation and 

rewetting.  

 

2. MAgPIE Land-Use Modelling of Peatland Rewetting  

This first part of the deliverable focuses on the MAgPIE modelling component of Task 

5.4, addressing the GHG abatement potential, competition for land, and socio-

economic implications of peatland rewetting. 

2.1 Method  

2.1.1 The MAgPIE Model 

MAgPIE (Model of Agricultural Production and its Impacts on the Environment) is a 

global land-use model that simulates the allocation of land to different uses (e.g., 

cropland, pasture, forest, other natural land) to meet global and regional demands for 

food, feed, and bioenergy (Dietrich et al., 2019). The model version used in this study 

is MAgPIE 4.11.0 (Dietrich et al., 2025). 

MAgPIE's goal function is the minimization of total global costs, including costs for 

agricultural and forestry production, and depending on scenario assumptions, costs for 

GHG emissions. The model employs a non-linear cost minimization approach with 

recursive-dynamic optimization, implemented in GAMS using the CONOPT solver. 

Unlike models with perfect foresight, MAgPIE makes decisions based on current 

conditions and short-term expectations, providing a more realistic representation of 

land-use decisions under uncertainty. 

The model operates at two spatial scales: demand, production, trade, and 

technological change are defined at the regional level using the H12 classification (12 

world regions: CAZ — Canada, Australia, New Zealand; CHA — China; EUR — 

European Union and UK; IND — India; JPN — Japan; LAM — Latin America and 

Caribbean; MEA — Middle East and North Africa; NEU — Non-EU European 

countries; OAS — Other Asian countries; REF — Reforming Economies; SSA — Sub-

Saharan Africa; USA — United States), while land use, crop yields and CO₂ emissions 

are optimized for 200 spatial clusters. These clusters are derived by aggregating 

approximately 67,000 land cells at 0.5° × 0.5° resolution based on similarity in 

biophysical and socioeconomic characteristics. This clustering approach balances 

computational efficiency with spatial heterogeneity. In post-processing, land-use 

patterns can be downscaled back to 0.5° resolution. The temporal resolution uses 5-
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year time steps until 2060 and 10-year steps thereafter, covering the period 2020-

2100. 

MAgPIE is soft-linked to the dynamic global vegetation model LPJmL, which provides 

biophysical inputs including crop yields under different management intensities, water 

availability, carbon stocks, and forest growth rates. This soft-linking ensures that land-

use decisions are grounded in biophysical constraints and climate impacts. 

The model's core sectors include: (1) land allocation across 7 land types with carbon 

tracking and age-class dynamics; (2) crop production covering 19 crop types under 

rainfed and irrigated conditions at different intensity levels; (3) livestock production 

distinguishing ruminants and monogastrics across grazing, mixed, and confined 

systems; (4) forestry including primary forest, secondary forest, and plantations; (5) 

food demand with income and price elasticities; and (6) water accounting for green 

and blue water use with irrigation technology options. 

GHG emissions are calculated using IPCC methodologies, with livestock CH₄ following 

a Tier 2 (feed-intake based) approach and soil and peatland fluxes based on Tier 1 

emission factors. Emissions cover CO₂ from land-use change, CH₄ from enteric 

fermentation, animal waste management and rice cultivation, N₂O from agricultural 

soils and manure management, and CO₂, CH₄ and N₂O from drained and rewetted 

peatlands (Section 2.1.2). 

2.1.2 The Peatland Module 

The peatland module was developed and updated as part of the Wet Horizons project 

(Task 5.3; see Deliverable D5.3 for full documentation). This module extends 

MAgPIE's land-use representation to explicitly track the state and dynamics of 

peatlands globally. 

The module tracks seven peatland states: five drained sub-types differentiated by land 

use (cropland, pasture, forestry, drained-but-unused, and peat-extraction sites), 

rewetted peatland, and intact peatland. Drained peatlands, used primarily for 

agriculture (cropland and pasture) or forestry, emit CO₂ from oxidation of organic soils. 

Emission factors are derived from IPCC Wetlands Supplement guidelines (Hiraishi et 

al., 2014), differentiated by climate zone (boreal, temperate, tropical) and land-use 

type, with temperate emission factors updated based on Tiemeyer et al. (2020), 

informed by Wet Horizons WP2 (Nielsen, 2024). This land-use differentiation of the 

drained pool is what allows emission factors — and therefore the cost-effectiveness of 

rewetting — to vary by land use and climate zone. Rewetting strongly reduces the CO₂ 

flux from peat oxidation; the model assigns rewetted peatland a small net CO₂ sink in 

boreal and temperate zones and a near-zero CO₂ flux in the tropics, together with a 

residual dissolved-organic-carbon flux and an elevated CH₄ emission factor reflecting 

anaerobic conditions. 

The module implements two distinct policy mechanisms for rewetting: 
 

(1) Endogenous rewetting (PeatEndo): The model can endogenously decide to rewet 
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peatlands 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. 

(2) Exogenous rewetting (PeatExo): The model is constrained to rewet specific 

percentages of drained agricultural peatlands by target years, mimicking regulatory 

policies such as the EU Nature Restoration Law. Three target levels are implemented: 

25%, 50%, and 100% of drained area by 2050. 

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. This ensures that only currently drained 

agricultural peatlands are considered for rewetting, excluding intact mires and 

wetlands. 

2.1.3 Scenarios 

We simulate a matrix of scenarios combining three dimensions: socioeconomic 

pathways, climate targets, and peatland policies. This systematic approach allows us 

to disentangle the effects of background socioeconomic conditions from policy 

interventions. 

● Socioeconomic Pathways (SSPs): We use three SSPs to represent different 

socio-economic futures. 

○ SSP1 (SDP, Sustainable Development Pathway): A sustainable pathway 

with low population growth, high technological development, and high 

environmental awareness including dietary shift towards more plant-based 

diets. 

○ SSP2 (Middle of the Road): A continuation of current trends with moderate 

population growth and technological development. 

○ SSP3 (Regional Rivalry): A fragmented world with weak international 

cooperation, slow technological development, and high population growth, 

posing high challenges to both mitigation and adaptation, particularly in 

vulnerable regions. 

● Climate Targets: We implement stringent climate mitigation pathways, modelled 

as a globally uniform GHG price applied to AFOLU emissions, together with a 

second-generation bioenergy demand consistent with the GHG price path. The 

price level differs by socioeconomic pathway: SSP1 and SSP2 follow a 1.5°C-

consistent path while SSP3 follows a less stringent 2°C-consistent path, reflecting 

the higher mitigation challenge in a fragmented world. Whether emissions from 

drained peatlands are subject to this price depends on the peatland policy (see 

below): peatland emissions are priced only in the PeatEndo scenario, where the 

price creates the economic incentive to rewet. In the PeatOff and all PeatExo 

scenarios peatland emissions are exempt from the GHG price, so that PeatExo 

isolates the effect of a pure rewetting mandate. 
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● Peatland Policies: We implement five distinct peatland policy scenarios: 

1. PeatOff: Peatland emissions are exempt from the GHG price and no rewetting 

occurs (neither incentivised nor mandated). This serves as the "no-policy" 

baseline. 

2. PeatEndo: Economically-driven rewetting. Peatland emissions are 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. 

3. PeatExo25 / PeatExo50 / PeatExo100: Target-driven rewetting, mimicking 

regulatory policies such as the EU Nature Restoration Law (NRL). The model 

is forced to rewet 25%, 50%, or 100% of drained agricultural peatlands by 

2050, respectively. Peatland emissions are not priced in these scenarios, so 

the mitigation reflects the rewetting mandate alone. 

All scenarios are implemented globally, not just in Europe. By implementing policies 

globally, we ensure a consistent climate policy framework where all regions contribute 

to mitigation, providing a more robust assessment of land-use competition and trade-

offs. 

 

2.2 Results 

2.2.1 European Mitigation and Efficiency 

We first present the peatland area dynamics, then analyze CO₂ emissions and 

mitigation efficiency. 
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Figure 1: Managed peatland area in Europe in 2050, by SSP and peatland policy, split into degraded 

(drained) and rewetted states. Total European managed peatland is ≈15 Mha; under PeatOff all of it 

remains degraded. Areas are near-identical across SSPs because the rewetting extent is set by policy 

design rather than economic conditions. 

Figure 1 shows the distribution of managed peatland area in Europe between 

degraded (drained) and rewetted states across different policy scenarios. The total 

managed peatland area in Europe is approximately 15 Mha. Under the PeatOff 

baseline, all managed peatland remains in a degraded state. The PeatEndo scenario 

rewets approximately 4.5 Mha, while the exogenous policy scenarios 

(PeatExo25/50/100) rewet 3.6, 7.3, and 14.6 Mha respectively. Notably, the peatland 

area dynamics are nearly identical across SSPs, as the rewetting targets are 

determined by policy design rather than economic conditions. 
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Figure 2: CO₂ emissions from managed peatlands in Europe in 2050 (MtCO₂/yr), by SSP and peatland 

policy. PeatOff is the no-policy baseline; negative values denote a net CO₂ sink. 

In the absence of peatland policies (PeatOff), European peatland emissions remain at 

approximately 312-324 MtCO₂/yr across all SSPs by 2050, with SSP3 showing the 

highest baseline due to increased agricultural pressure. The economically-driven 

PeatEndo scenario achieves substantial emission reductions: 140 MtCO₂/yr in SSP1, 

143 MtCO₂/yr in SSP2, and 136 MtCO₂/yr in SSP3. Under SSP1, the PeatEndo 

scenario rewets approximately 4.5 Mha of peatland, reducing emissions to 172 

MtCO₂/yr. The most ambitious PeatExo100 scenario, which mandates complete 

rewetting of 14.6 Mha, achieves a net carbon sink of approximately -6 MtCO₂/yr, 

representing a total mitigation of 318 MtCO₂/yr relative to baseline. Notably, the 

PeatEndo scenario achieves 44% of the maximum possible mitigation while rewetting 

only 31% of the total peatland area, demonstrating the efficiency of price-based 

incentives in targeting high-emission peatlands first. 
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Figure 3: Area efficiency of peatland rewetting in Europe in 2050 — annual CO₂ emissions avoided per 

rewetted hectare (tCO₂/ha/yr), measured against the PeatOff (no-policy) baseline. By SSP and peatland 

policy. Higher values indicate rewetting of higher-emission peatlands. 

Area efficiency, defined as CO₂ reduction per hectare of rewetted land, provides a key 

metric for policy evaluation. Under SSP1, the PeatEndo scenario achieves the highest 

efficiency at approximately 31 tCO₂/ha, compared to 23 tCO₂/ha for PeatExo25, 25 

tCO₂/ha for PeatExo50, and 22 tCO₂/ha for PeatExo100. This pattern is consistent 

across all SSPs. The declining efficiency with increasing rewetting ambition reflects 

the heterogeneity of peatland emission factors: a carbon price incentivizes rewetting 

of the highest-emission peatlands first, while mandatory targets include progressively 

lower-emission areas. This efficiency gradient has important policy implications: 

market-based instruments can achieve considerable mitigation at lower land-use costs 

than regulatory approaches requiring fixed rewetting percentages. 

 

2.2.2 European Socio-economic Trade-offs 

The rewetting of agricultural land introduces competition for resources, leading to 

socio-economic trade-offs, which we analyze for Europe. 
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Figure 4: Socio-economic indicators for Europe in 2050, by SSP and peatland policy. Top: agricultural 

primary product expenditure share — the share of per-capita (PPP) income spent on farm-gate crop 

and livestock products. Bottom: producer price index for crops and livestock (2020 = 1). 

The socio-economic impacts of peatland rewetting manifest through two channels: the 

agricultural primary product expenditure share and producer prices. The agricultural 

primary product expenditure share is the fraction of per-capita (PPP) income spent on 

agricultural primary products, i.e. the farm-gate value of crops and livestock before 

processing, retail and food services. The producer price index is an aggregate index 

of farm-gate agricultural producer prices for crops and livestock, expressed relative to 

the year 2020 (2020 = 1). In SSP1, impacts are minimal: this share remains stable at 

approximately 0.4% across all policy scenarios, and producer prices increase only 

marginally (from 0.74 to 0.83 relative to 2020). However, in SSP3, characterized by 

fragmented governance and resource scarcity, the impacts are more pronounced: the 

PeatExo100 scenario increases this share from 1.7% to 3.4%, while producer prices 

rise from 1.21 to 2.58 times their 2020 levels. These findings underscore the 

importance of socio-economic context: in sustainable development pathways, 

peatland rewetting generates minimal trade-offs, while in fragmented worlds, the same 

policies create considerable socio-economic pressures. 
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Table 1: Key indicators for Europe (2050), by SSP and peatland policy: rewetted area, additional AFOLU 

mitigation, producer price index, and agricultural primary product expenditure share 

SSP Policy Rewetted 

Land (Mha) 

Additional 

AFOLU 

Mitigation 

(MtCO₂ /yr) 

Producer 

Price Index 

(2020=1) 

Agric. 

primary 

product 

exp. share 

(%) 

SSP1 PeatOff 0.0 0 0.74 0.4% 

SSP1 PeatEndo 4.5 140 0.80 0.4% 

SSP1 PeatExo25 3.6 84 0.74 0.4% 

SSP1 PeatExo50 7.3 180 0.76 0.4% 

SSP1 PeatExo100 14.6 318 0.83 0.4% 

SSP2 PeatOff 0.0 0 1.25 1.7% 

SSP2 PeatEndo 4.3 143 1.49 2.0% 

SSP2 PeatExo25 3.6 93 1.41 2.0% 

SSP2 PeatExo50 7.3 189 1.64 2.2% 

SSP2 PeatExo100 14.6 328 2.21 2.7% 

SSP3 PeatOff 0.0 0 1.21 1.7% 

SSP3 PeatEndo 4.3 136 1.30 1.9% 

SSP3 PeatExo25 3.6 91 1.28 1.9% 

SSP3 PeatExo50 7.3 188 1.51 2.1% 

SSP3 PeatExo100 14.6 330 2.58 3.4% 

Table 1 shows key socio-economic and environmental indicators for Europe in 2050. 

'Additional AFOLU Mitigation' is relative to the PeatOff scenario for that pathway. 

'Agric. primary product exp. share' is the share of per-capita (PPP) income spent on 

agricultural primary products (farm-gate value; see Section 2.2.2). 'Producer Price 

Index' is an aggregate index relative to the year 2020, covering both crops and 

livestock. Mha: Million hectares. 
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2.2.3 Global Impacts and Regional Trade-offs 

As the rewetting policies are implemented globally, we also assess the global impacts, 

which differ from simple "leakage" and instead represent a global competition for land 

under a uniform policy framework. 

 

Figure 5: Global managed peatland area in 2050 (≈50 Mha under baseline), by SSP and peatland policy, 

split into degraded (drained) and rewetted states. 

Figure 5 shows the global peatland area dynamics. Global managed peatland totals 

approximately 50 Mha under baseline conditions. The patterns mirror those observed 

in Europe, with complete rewetting under PeatExo100 across all SSPs. 
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Figure 6: Global CO₂ emissions from managed peatlands in 2050 (MtCO₂/yr), by SSP and peatland 

policy. PeatOff is the no-policy baseline; even under the most ambitious mandate (PeatExo100) global 

emissions only approach carbon neutrality (≈17 MtCO₂/yr) rather than turning into a net sink. 

At the global scale, managed peatlands emit 1,272-1,501 MtCO₂/yr under the PeatOff 

baseline, with SSP3 again showing the highest emissions. The PeatEndo scenario 

reduces global emissions to 703-876 MtCO₂/yr depending on the SSP, representing 

mitigation of 569-625 MtCO₂/yr. Under PeatExo100, global peatland emissions 

approach carbon neutrality at approximately 17 MtCO₂/yr across all SSPs, a reduction 

exceeding 1,250 MtCO₂/yr from baseline. These global totals demonstrate that 

peatland rewetting represents a substantial component of land-based climate 

mitigation, comparable in magnitude to major forestry interventions. The similarity of 

PeatExo100 outcomes across SSPs reflects the physical constraint of complete 

rewetting, while the variation in PeatEndo outcomes reflects differing economic 

conditions and carbon price responsiveness. 
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Figure 7: Global area efficiency of peatland rewetting in 2050 — annual CO₂ emissions avoided per 

rewetted hectare (tCO₂/ha/yr), measured against the PeatOff (no-policy) baseline. By SSP and peatland 

policy. Higher values indicate rewetting of higher-emission peatlands. 

Global efficiency patterns mirror European findings, with the PeatEndo scenario 

achieving the highest CO₂ reduction per hectare across all SSPs. Under SSP1, global 

efficiency reaches approximately 33 tCO₂/ha for PeatEndo, declining to 26–29 tCO₂/ha 

for the PeatExo scenarios. The consistency of this efficiency hierarchy across 

European and global scales reinforces the robustness of the finding that economically-

driven rewetting outperforms regulatory approaches in terms of land-use efficiency. 

This has important implications for international climate policy: carbon pricing 

mechanisms that include peatland emissions can achieve more mitigation per unit of 

land than fixed rewetting mandates. 
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Figure 8: Largest regional increase in the agricultural primary product expenditure share relative to 

PeatOff (2050), by SSP and peatland policy. For each SSP–policy combination, bars (left axis) show 

the largest increase in the agricultural primary product expenditure share — the share of per-capita 

(PPP) income spent on farm-gate crop and livestock products (see Section 2.2.2) — across the 12 world 

regions, relative to that region's own PeatOff baseline; the most affected region is labelled above each 

bar. Dots (right axis) show the rewetted peatland area in that region (Mha). The figure highlights worst-

case regional equity impacts, not EU or global averages. 

While aggregate impacts may appear moderate, certain regions face disproportionate 

burdens. The analysis identifies the region with the largest increase in the agricultural 

primary product expenditure share under each policy-SSP combination. In SSP1, the 

largest regional impacts remain below 1 percentage point even under PeatExo100. 

However, in SSP3, the PeatExo100 scenario produces regional increases in this share 

exceeding 4 percentage points in Sub-Saharan Africa and South Asia. These regions 

combine large rewetting requirements with high baseline food vulnerability. The 

correlation between rewetted area and expenditure impact demonstrates that both 

physical and socio-economic factors drive regional outcomes. This finding has critical 

equity implications: global peatland policies must incorporate mechanisms to protect 

vulnerable regions. 

 

2.3 Discussion 

The MAgPIE results demonstrate that peatland rewetting is a powerful and land-

efficient climate mitigation measure, both in Europe (Fig. 2, 3) and globally (Fig. 6, 7). 

However, its implementation creates moderate socio-economic trade-offs. 
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The choice of policy instrument is critical. An economically-driven approach 

(PeatEndo), such as a GHG price, is more efficient than a regulatory, target-driven 

approach (PeatExo). It achieves mitigation at a lower cost by prioritizing the highest-

emission peatlands first (Fig. 3, 7). 

These trade-offs are not distributed equally. Ambitious rewetting policies increase 

producer prices and the agricultural expenditure share, especially under SSP3 (Fig. 

4). Critically, these impacts can be most severe in specific regions of the Global South, 

which may be disproportionately affected by global land-use competition (Fig. 8). This 

highlights a key equity dimension that must be addressed. 

 

2.4 Conclusion 

This analysis provides a comprehensive assessment of peatland rewetting as a climate 

mitigation strategy, moving beyond simple emission factors to integrate socio-

economic and global land-use dynamics. 

Key findings are: 

1. High Mitigation Potential: Peatland rewetting offers substantial and cost-

effective GHG mitigation, both in Europe and globally. 

2. Socio-economic Context is Key: The impacts and feasibility of rewetting are 

strongly dependent on the socio-economic pathway (SSP). A sustainable pathway 

(SSP1, SDP) minimizes trade-offs, while a fragmented world (SSP3) amplifies 

them. 

3. Policy Instrument Matters: PeatEndo (price-based) targets highest-emission 

peatlands and reaches ~31 tCO₂/ha, vs 22–25 tCO₂/ha for PeatExo (Fig. 3, 7). 

4. Risk of Unequal Impacts: The burden of these trade-offs may fall 

disproportionately on vulnerable regions (Fig. 8), creating considerable equity 

challenges for global climate policy. 

Future policy, such as the EU's Nature Restoration Law, must be designed with these 

trade-offs in mind. Complementary policies, such as support for agricultural 

productivity and measures to protect vulnerable consumers, will be essential to ensure 

that peatland rewetting can be implemented in a just and sustainable way. 
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3. Bottom-up Marginal Abatement Cost Curve (MACC) 

Analysis  

3.1 Method 

3.1.1 Objectives 

This aims of this section are to:  

• Recapitulate the previously developed analytical framework for constructing 

MACCs for wetland restoration, including a brief synthesis of the two 

completed case studies (Scotland and the Neman River Basin in Poland and 

Lithuania). 

• Identify methodological gaps, uncertainties, and key assumptions within 

the existing analytical framework, and address these through updated and 

refined case study analyses incorporating improved input parameters, dynamic 

greenhouse gas trajectories, uncertainty analysis, and enhanced multi-

dimensionality. These uncertainties are further examined using Monte Carlo–

based sensitivity analysis to assess how the distribution of input parameters 

influences resulting MACC estimates. 

• Develop a new case study for northern Germany, applying the updated 

analytical framework to a new regional context, with particular emphasis on 

comparing alternative peatland restoration pathways and their implications for 

cost-effectiveness and mitigation potential. 

• Develop a preliminary analytical framework for estimating potential 

greenhouse gas displacement and leakage effects associated with peatland 

restoration, including indirect emissions arising from agricultural production 

displacement and land-use substitution. 

• Update and extend the previous case studies by explicitly analysing trade-

offs associated with restoration, including potential emission displacement 

effects and alternative restoration objectives, to provide a more comprehensive 

assessment of net mitigation outcomes. 

• Synthesise and compare the MACC results across all case studies in 

order to identify consistent patterns, key drivers of cost-effectiveness, major 

sources of uncertainty, and broader implications for peatland restoration policy 

and climate mitigation planning. 

 

3.1.2 Summary of current work on MACCs for wetland restoration 

The analysis in this report builds on methodological advances developed in work on 

MACCs for wetland restoration outlined in deliverable report 5.2. That work established 

a structured approach for adapting MACCs to the specific biophysical, economic and 

institutional characteristics of wetlands, with particular attention to peatlands. 
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A central contribution of the earlier analysis was the systematic identification of key 

methodological challenges that arise when applying MACCs to wetland restoration. 

These include the highly site-specific nature of wetland degradation and restoration 

pathways; the dynamic and uncertain trajectories of greenhouse gas (GHG) fluxes; the 

wide variability in restoration, maintenance and opportunity costs; the risk of non-

permanence and potential emission reversals over medium- to long-term horizons; and 

the fact that restoration delivers substantial non-GHG ecosystem service benefits that 

are not captured by cost-effectiveness metrics alone. Rather than treating these 

challenges as mere limitations, the framework explicitly incorporates them as design 

considerations in MACC construction. 

Building on this diagnosis, a conceptual and analytical framework for wetland MACCs 

was developed. The framework emphasises bottom-up construction, with explicit 

definition of ecological condition classes or land-use categories, restoration paths and 

time horizons. It integrates dynamic treatment of emissions and costs over time, 

distinguishes between implementation, maintenance and opportunity cost 

components, and uses ranged scenario analysis to explore uncertainty in both 

biophysical and economic parameters. Importantly, it positions MACCs as decision-

support tools that can be iteratively refined as data, monitoring and experience 

improve, rather than as static optimisation instruments. 

The framework was applied empirically through case studies in Scotland and in the 

Neman River Basin (Lithuania and Poland), demonstrating its operational feasibility 

and policy relevance. The applications showed how cost-effectiveness rankings are 

sensitive to assumptions about time horizons, emission trajectories and cost 

structures, and how different components dominate uncertainty in different contexts. 

While implementation costs were a key driver for severely degraded sites in Scotland, 

opportunity costs played a much larger role in the Neman Basin, reflecting differences 

in land-use economics and governance. Both cases confirmed the importance of 

drained but unutilised peatlands as consistently cost-effective restoration targets. 

3.1.3 MACC limitations and opportunities for refinement 

While pathway-based MACCs provide a structured and transparent approach for 

assessing the cost-effectiveness of peatland restoration, their robustness and policy 

relevance remain constrained by several simplifying assumptions and data limitations. 

Current implementations typically rely on stylised representations of restoration 

processes, including linear or stepwise emission trajectories, fixed time horizons, and 

static cost categories. These assumptions are useful for comparability but only partially 

reflect the complex and non-linear dynamics of wetland restoration.  

A key opportunity for improvement lies in the systematic application of sensitivity and 

uncertainty analysis. Testing how variations in individual inputs, such as restoration 

costs, emission factors, or assumed restoration timescales, affect MACC outcomes 

can help identify the parameters that most strongly influence cost-effectiveness 

rankings and cumulative abatement potential.  
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Further methodological refinement is possible in the treatment of cost components, 

especially opportunity and maintenance costs. These have been derived from proxies 

or averaged values that mask substantial spatial and temporal heterogeneity linked to 

land productivity, accessibility, intervention type, and long-term management needs. A 

mode detailed disaggregation and data sourcing has a potential to improve the realism 

of cost estimates. 

The framework could also evolve from a static representation toward a more dynamic 

perspective, incorporating more realistic transition pathways between degraded and 

restored states, including partial rewetting or paludiculture. In parallel, there is also a 

potential to broaden MACCs beyond greenhouse gas mitigation by integrating non-

GHG co-benefits, such as water quality improvements or biodiversity gains, drawing 

on methodological advances from multi-dimensional MACCs (Kesicki & Ekins, 2012). 

3.1.4 Uncertainty analysis: Monte Carlo approach 

The construction of MACCs for wetland restoration relies on multiple input parameters 

that carry substantial uncertainty. While point estimates provide a useful benchmark, 

they mask the influence of input variability on overall cost-effectiveness rankings. 

Monte Carlo analysis is a standard method for propagating uncertainty through 

modelled outputs and identifying parameters that exert the strongest influence on cost-

effectiveness outcomes (Pannell et al., 2013). Applying MCA to MACCs allows to 

quantify how uncertainty in input parameters translates into uncertainty in abatement 

costs, thereby increasing the interpretability and robustness of cost-effectiveness 

estimates. 

The Monte Carlo process involves randomly sampling values for each input parameter 

from pre-defined probability distributions to generate a range of possible outcomes. 

For this analysis, we generated 10,000 simulations for each peatland condition class, 

applying distributions defined by the lower-, mid-, and upper-bound estimates in the 

input dataset. The simulated cost-effectiveness ( ) for each draw was calculated 

using: 

 

where: 

• = Implementation cost for draw  

• = Maintenance cost for draw  

• = Opportunity cost for draw  

• = Emission reduction (based on emission factor pathway over time ) 

for draw  
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Inputs were varied simultaneously across 10,000 iterations, with fixed values for 

timeframes (20, 30, 50 years) and emission trajectories. 

 

3.2 Case Study:  Peatland restoration in Brandenburg and 

Mecklenburg-Vorpommern (Germany) 

 

3.2.1 Peatlands and peatland restoration in north-eastern Germany: 

overview 

Germany contains some of the largest areas of drained organic soils in Europe, with 

approximately 1.8 million hectares of peat soils distributed across the country 

(Tanneberger et al., 2021; Joosten et al., 2017). Although peatlands cover only about 

5% of Germany’s land area, they are responsible for a disproportionately large share 

of GHG emissions from the land-use sector due to widespread drainage for agriculture, 

forestry, and peat extraction (Tiemeyer et al., 2020). In particular, drained organic soils 

represent one of the largest single sources of emissions within the German land use, 

land-use change and forestry (LULUCF) sector. 

The federal states of Brandenburg and Mecklenburg-Vorpommern host extensive 

lowland peatland landscapes that were historically formed in glacial depressions and 

river valleys of the North German Plain. These regions contain a high concentration of 

fens and other minerotrophic peatlands, many of which have been heavily modified 

through drainage and agricultural expansion since the nineteenth century, with 

particularly intensive drainage during large-scale land improvement programmes of the 

twentieth century (Wichtmann et al., 2016; Tanneberger et al., 2021). In Mecklenburg-

Vorpommern alone, peatlands and other carbon-rich soils cover roughly 288,000 

hectares, corresponding to about 12.5% of the state’s territory (LUNG, 2023). In 

Brandenburg, the extent is of a similar order of magnitude, with approximately 270,000 

hectares of organic soils, representing around 9–10% of the state area, the vast 

majority of which are drained and under agricultural use (Spanjers et al., 2021; 

Tanneberger et al., 2021), (Figure 9).  
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Figure 9: Map of Case study area with highlighted degraded peatlands by degree of drainage, 1 being 

the shallowest and 6 the deepest/most drained. Water table depths corresponding to individual classes 

are available in Table 2 (after Wittnebel et al., 2023). 

Despite their ecological importance, the majority of peatlands in north-eastern 

Germany are degraded due to drainage and intensive land use. In Mecklenburg-

Vorpommern, peat degradation is estimated to represent the largest single source of 

greenhouse gas emissions in the state (LUNG, 2023). Drainage also disrupts 

hydrological functioning, reduces water retention capacity, increases nutrient leaching, 

and threatens peatland biodiversity. 
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A distinctive feature of peatlands in Brandenburg and Mecklenburg-Vorpommern is 

their continued intensive economic use, particularly for agriculture. Large areas of 

drained fens are used as grassland for livestock production or as arable land, while 

others are used for forestry or remain semi-natural habitats such as moors and 

marshes.  

The peatland area analysed in this case study covers approximately 517,462 hectares 

of degraded peatlands, distributed across several land-use classes (Wittnebel et al., 

2023). The majority is currently used as pasture (315,994 ha), followed by forest 

(92,484 ha) and arable crops (60,724 ha). Smaller shares include peat bogs and 

marshes (30,210 ha), unutilised grasslands (8,520 ha), moors and heathlands (7,205 

ha), and other land uses (2,326 ha) (Figure 10). Due to low relevance/abatement 

potential and high structural variability of the other land use, this class of peatlands 

was not used in further analysis. This land-use structure points to the central challenge 

of peatland restoration in the region: large areas of drained peatlands are economically 

productive landscapes, implying substantial opportunity costs of land use change. 

 

Figure 10: Shares of degraded peatlands in the case study area by land use class. 

Over the past three decades, both federal states have initiated peatland restoration 

programmes, primarily focused on rewetting drained peat soils to restore hydrological 

conditions and reduce emissions. In Mecklenburg-Vorpommern, more than 400 

peatland restoration projects covering approximately 34,700 hectares have been 

implemented since the early 1990s (LUNG, 2023). These projects have included ditch 

blocking, water level management, and vegetation restoration, often implemented in 

Arable Crops 
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Moors & 
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protected areas or publicly owned land. Similar initiatives have been carried out in 

Brandenburg, supported by federal and EU funding programmes. Nevertheless, 

restoration efforts remain small relative to the total extent of degraded peatlands. 

Recent climate policy developments have significantly increased the importance of 

peatland restoration in Germany. Under the Federal Climate Change Act, Germany 

aims to achieve climate neutrality by 2045, with the LULUCF sector expected to play 

an increasing role in delivering net carbon removals. Rewetting drained peatlands is 

considered one of the most effective mitigation measures within the land-use sector 

(Tiemeyer et al., 2020; Tanneberger et al., 2021; Humpenöder et al., 2020).  

However, large-scale peatland restoration in Germany faces significant economic and 

practical challenges. Alternative restoration pathways differ widely in their ecological 

outcomes, implementation costs, and long-term economic implications. In addition to 

full ecological restoration for nature conservation purposes, other land-use models 

such as paludiculture, wet meadow management, or partial rewetting have been 

proposed as transitional or hybrid solutions that allow continued biomass production 

under wet conditions (Wichtmann et al., 2016; Tanneberger et al., 2021; Wichmann et 

al., 2022). 

Given these complexities, robust economic analysis is required to identify cost-

effective and scalable restoration strategies. A growing body of literature has applied 

cost-effectiveness and optimisation approaches to peatland management in Germany, 

demonstrating substantial variation in abatement costs across land uses, hydrological 

conditions, and management options (Grossmann & Dietrich, 2012; Krimly et al., 2016; 

Buschmann et al., 2025). Empirical and modelling studies consistently highlight the 

dominant role of opportunity costs in shaping restoration economics on agricultural 

peatlands, while also emphasising the potential of rewetting to deliver large net climate 

benefits despite increases in methane emissions (Günther et al., 2020; Beyer & Höper, 

2015). 

Recent work on paludiculture and wetland-based land-use transitions points to the 

possibility of reducing or even reversing opportunity costs under certain conditions, 

thereby improving the economic feasibility of restoration (Tanneberger et al., 2021; 

Wichmann et al., 2022; Wichmann & Nordt, 2024). Macro- and sector-level analyses 

further suggest that large-scale peatland restoration can play a critical role in national 

climate strategies, although system-wide effects and policy interactions remain 

important considerations (Humpenöder et al., 2020; Willenbockel, 2024). 

Despite these advances, existing studies typically focus on single pathways, 

aggregated land-use categories, or stylised farm systems, and often do not explicitly 

account for spatial heterogeneity in land use, hydrology, and cost structures. Moreover, 

the interaction between pathway-specific emission trajectories, water table dynamics, 

and disaggregated cost components remains insufficiently represented. This limits the 

ability to derive spatially explicit prioritisation strategies for large-scale restoration. 
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To address these gaps, this study develops a spatially explicit peatland MACC for 

degraded peatlands in Brandenburg and Mecklenburg-Vorpommern. The analysis 

builds directly on the conceptual framework for wetland restoration MACC 

development presented in Deliverable 5.2 of WET Horizons and the methodological 

challenges and solutions described by Urban et al. (2026). In addition to the earlier 

case studies, this analysis considers multiple restoration pathways, including full 

ecological restoration, partial rewetting, paludiculture systems for fens and bogs, and 

wet meadow management. 

The modelling framework integrates key biophysical and economic drivers of 

restoration outcomes. Hydrological controls on greenhouse gas emissions are 

represented through water table–emission relationships (Tiemeyer et al., 2020), while 

dynamic trajectories for CO₂, CH₄, and N₂O are based on recent empirical and 

modelling studies (Kalhori et al., 2024; Bianchi et al., 2021).  The former cited study is 

an output of work package 2 of WET Horizons. The cost structures explicitly account 

for implementation, maintenance, and opportunity costs, including economies of scale 

across project sizes, as well as potential post-restoration income streams from 

paludiculture and low-intensity grazing systems. 

 

3.2.2 Approach and assumptions 

This case study extends the peatland MACC framework by explicitly distinguishing 

between paths and pathways. Paths refer to alternative model configurations (e.g. cost 

levels, discount rates, or initial water table conditions), while pathways represent 

distinct post-restoration land-use and hydrological end states: nature conservation 

rewetting, partial rewetting, wet meadow management, and paludiculture systems for 

lowland fens and raised bogs. 

The model ranks restoration options by their cost-effectiveness in reducing 

greenhouse gas emissions from drained peatlands over a 50-year monitoring and 

evaluation period. All degraded peatlands included in the analysis are assumed to be 

restored immediately in year 0, after which costs and emissions evolve according to 

the pathway-specific assumptions. The model differentiates explicitly between CO₂, 

CH₄ and N₂O emissions and tracks their annual trajectories over time. Total 

greenhouse gas abatement is then expressed in CO₂-equivalent terms using 100-year 

global warming potentials from IPCC AR6. For this purpose, emissions of CO₂ are 

multiplied by 1, emissions of non-fossil CH₄ by 27.0, and emissions of N₂O by 273 

(IPCC, 2021). The use of the non-fossil methane value is appropriate because 

methane emissions from rewetted peatlands arise from biogenic carbon cycling rather 

than fossil sources.  

For each peatland polygon, baseline emissions are assigned on the basis of its pre-

restoration land cover/use class and water table class (Appendix, Table 8 & 10). The 

model uses water table band information to represent the degree of drainage and to 

allocate lower, central, and upper-bound emission factors. Drained sites with deeper 
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water tables are assumed to exhibit higher CO₂ emissions and lower CH₄ emissions, 

while shallower and rewetted conditions reduce aerobic peat oxidation but increase 

anaerobic methane production. This reflects the well-established trade-off in rewetted 

peat systems between rapid reductions in CO₂ emissions and elevated post-rewetting 

CH₄ emissions. 

The post-restoration emissions are pathway-specific. For CO₂, the model assumes a 

linear decline over time, following the model parameters of Kalhori et al., (2024) (δCO₂ 

=0.36×44/12=1.32/ha/yr from the initial drained emission level towards a stable post-

restoration level. For the nature conservation pathway, CO₂ emissions are assumed 

to decline to zero by the end of the transition period. For all other pathways, emissions 

are assumed to decline until they reach a stable positive plateau, reflecting continued 

productive or semi-productive use under wetter conditions (Appendix, Table 8 & 9; 

Figure 11). For CH₄, restoration is assumed to generate an early increase in emissions 

followed by a plateau at an elevated but stable level, with the magnitude (decay 

parameter) varying by restoration pathway (Appendix, Table 8 & 9; Figure 12). For 

N₂O, the relevant emission reductions are assumed to occur mainly on agricultural 

peatlands, especially cropland and pasture, where drainage and fertilisation intensify 

nitrogen cycling. In the model, post-restoration N₂O emissions are assumed to fall by 

a pathway-specific percentage over the defined adjustment period (Appendix, Table 8 

& 9; Figure 13), (Tiemeyer et al. 2020).  

 

Figure 11: Illustrative example of CO₂ abatement calculation for 3 alternative paths for a single site. 

Path 1 (red) assumes deeply drained site (highest base EF) to be rewetted and used for paludiculture. 

Thus, the emissions plateau at 3 tCO₂/ha/yr after 18 years of linear decline. Second path (green), 

assuming average drainage, is to be restored to a wet meadow, and thus plateaus at 2 tCO₂/ha/yr after 
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12 years. The last path (blue) assumes shallow drainage and restoration for the purpose of nature 

conservation, thus the EF drops to 0 tCO₂/ha/yr after 7 years. 

 

 

Figure 11: Illustrative example of CH₄ post-restoration emission calculation for 3 alternative paths for a 

single site. In most cases, methane emissions will increase due to rewetting, thus the areas under the 

curve represent negative abatement (in the overall terms). Path 1 (red) is to be rewetted for the purpose 

of nature conservation, and thus plateaus at 280kg CH₄/ha/yr. Path 2 (blue) is partially rewetted, and 

thus plateaus at 90kg CH₄/ha/yr and path 3 (green) is restored to a state of wet meadow, and thus 

plateau at 60 kg CH₄/ha/yr. 
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Figure 12: Illustrative example of N₂O abatement calculation for 3 alternative paths for a single site. The 

same baseline EF is assumed (at 100%). Path 1 (red) is to be rewetted and used for paludiculture. Thus, 

emissions are assumed to be reduced by 70% over the period of 10 years and then plateau. Path 2 

(blue) is to be partially rewetted and thus reduce N₂O emissions by 85% over the period of 6 years and 

then plateau. In the last case, path 3 (green), the site is to be rewetted for the purpose of nature 

conservation, and thus the emissions will drop by 97% within 3 years and then plateau for the remainder 

of the 50-year monitoring period. 

Even though individual sites may reach their post-restoration equilibrium at different 

rates depending on land use, hydrology, and pathway, the model aggregates all 

greenhouse gas abatement over a common 50-year period in order to ensure 

consistency and comparability of cost-effectiveness estimates across pathways. The 

total cumulative abatement for pathway 𝑘    on peatland class  𝑝    is defined as: 

𝐴𝑝,𝑘 = 𝐴𝑟𝑒𝑎𝑝 ∑  ∑ 𝜔𝑔

𝑔∈{𝐶𝑂2,𝐶𝐻4,𝑁2𝑂}

𝑇

𝑡=1

(𝐸𝐹𝑔,𝑝
0 −𝐸𝐹𝑔,𝑝,𝑘,𝑡

𝑅 ) 

 

where: 

• 𝐴𝑝,𝑘       = total cumulative abatement from restoring peatland class 𝑝   under 

pathway 𝑘    over the monitoring period  

• 𝐴𝑟𝑒𝑎𝑝           = area of peatland class  𝑝    (ha)  



Deliverable 5.4 

 

 
36 

•  𝑇    = monitoring period, here fixed at 50 years  

• 𝐸𝐹𝑔,𝑝
0       = baseline annual emission factor for gas 𝑔   on peatland class 𝑝    

before restoration  

• 𝐸𝐹𝑔,𝑝,𝑘,𝑡
𝑅             = restored annual emission factor for gas 𝑔, peatland class 𝑝, 

pathway 𝑘, in year 𝑡 

• 𝜔𝑔     = CO₂-equivalent conversion factor, with 𝜔𝐶𝑂2
= 1,               𝜔𝐶𝐻4

= 27.0,                     

and 𝜔𝑁2𝑂 = 273 

The total restoration cost combines one-off implementation costs and recurring 

maintenance and opportunity costs. Implementation costs consist of construction and 

administration costs and are treated as one-time costs. Maintenance and opportunity 

costs are incurred annually and discounted to the baseline year. Three alternative 

discount rates are modelled: 1.5%, 2.5%, and 4%. 

The total cost for restoring peatland class 𝑝 through pathway 𝑘  at discount rate 𝑟  is 

defined as: 

 

𝐶𝑝,𝑘,𝑟 = 𝐴𝑟𝑒𝑎𝑝 [𝐶𝑝,𝑘
𝑖𝑚𝑝𝑙+ ∑

𝐶𝑝,𝑘
𝑚𝑎𝑖𝑛𝑡

(1+𝑟)𝑡

𝑇

𝑡=1

+ ∑
𝐶𝑝,𝑘

𝑜𝑝𝑝

(1+𝑟)𝑡

𝑇

𝑡=1

] 

 

where: 

• 𝐶𝑝,𝑘,𝑟          = total discounted cost of restoring peatland class 𝑝  under pathway 

𝑘  at discount rate 𝑟 

•  𝐶𝑝,𝑘
𝑖𝑚𝑝𝑙

        = one-off implementation cost per hectare, equal to construction plus 

administration cost  

• 𝐶𝑝,𝑘
𝑚𝑎𝑖𝑛𝑡            = annual maintenance and monitoring cost per hectare  

• 𝐶𝑝,𝑘
𝑜𝑝𝑝

        = annual opportunity cost per hectare  

•  𝑟    = discount rate  

• 𝑇   = 50-year monitoring period  

Implementation cost can be written as: 

𝐶𝑝,𝑘
𝑖𝑚𝑝𝑙 = 𝐶𝑝,𝑘

𝑐𝑜𝑛𝑠𝑡 + 𝐶𝑝,𝑘
𝑎𝑑𝑚 

 

where 𝐶𝑝,𝑘
𝑐𝑜𝑛𝑠𝑡           is construction cost and 𝐶𝑝,𝑘

𝑎𝑑𝑚           is administration cost. 

The marginal abatement cost for each peatland class and pathway is then calculated 

as: 
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𝑀𝐴𝐶𝑝,𝑘,𝑟 =
𝐶𝑝,𝑘,𝑟

𝐴𝑝,𝑘
 

 

where 𝑀𝐴𝐶𝑝,𝑘,𝑟                is expressed in cost per tonne of CO₂-equivalent abated. 

A further distinction of this case study is that it directly incorporates a Monte Carlo-

style sampling framework to represent uncertainty and heterogeneity in the underlying 

parameters. Rather than generating only deterministic low, central, and high MACCs, 

the model samples values within the specified bounds of costs and emission factors 

while preserving the observed distributions of peatland area, land use, and water table 

classes. This enables the derivation of a representative “average” MACC, while also 

testing the sensitivity of results to uncertainty in both economic and biophysical inputs. 

Further details are available in the appendix (Section 6.1) 

Not all restoration pathways are assumed to be feasible for all pre-restoration land 

uses. Nature conservation rewetting is modelled as applicable across all land-use 

classes and assumes the cessation of productive economic use. Lowland fen 

paludiculture is modelled for areas currently used as arable cropland. Raised bog/moor 

paludiculture is modelled for areas classified as bogs and moors/heathlands. Partial 

rewetting is applied to forest, pasture, and unutilised grassland, reflecting wetter but 

still seasonally variable water regimes that allow limited forestry or grazing. Wet 

meadow management is applied to former cropland, pastures, and unutilised 

grasslands, reflecting permanently wet grass-dominated systems that still allow limited 

grazing or biomass use (Figure 14). 

 

  Forest  Crops Pastures Un. Grasslands Moors Bogs 

Paludi-low fens   x         

Paludi-raised bogs         x x 

Nature Conservation x x x x x x 

Partial Rewetting x   x x     

Wet Meadows   x x x     

Figure 13: A matrix illustrating applicability of the restoration pathways to peatlands of each of the land 

use classes. The applicable classes are marked by an X and green field. 

 

3.2.3 Data sources 

The case study combines spatial peatland data, land cover/use information, water 

table data, greenhouse gas emission factors, and restoration cost information (Table 

2). A complete list of pathway-specific cost and emission factor inputs is provided in 

the Appendix (Tables 8, 9 &11). 
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Table 2: A summary of MACC data input categories, dimensions and corresponding sources. 

  Dimensions Timeframe Source 

Costs       

Admin costs 
min, max - small, medium, large site - 

pathway 
One off Thunen database 

Construction 

costs 

min, max - small, medium, large site - 

pathway 
One off Thunen database 

Maintenance 

costs 

min, max - small, medium, large site - 

pathway 

50y + 

Discount rate 
Thunen database 

Opportunity 

costs 
min, mid, max - pathway - land use 

50y + 

Discount rate 

Literature 

(Appendix, Table 

5) 

        

Abatement  

water table (6 classes + shallow, avg, deep 

bound), pre-restoration EFs, gas (CO₂, CH₄, 

N2O), pathway 

Site- and 

pathway-

specific 

Water table map,  

org. soils map, 

Tiemeyer et 

al.,2020; Kalhori 

et al., 2024 & 

Bianchi et al. 

2021. 

 

3.2.3.1 Spatial extent of peatlands and case study delineation 

The spatial basis for the analysis is the map of organic soils in Germany (Wittnebel et 

al., 2023), developed by the Thünen Institute, which harmonises soil and peatland data 

from all German federal states into a standardised national map. This dataset was 

cropped to the boundaries of Brandenburg and Mecklenburg-Vorpommern in order to 

define the peatland extent within the case study area. 

To complement the national organic soil inventory and support broader peatland 

delineation, the analysis also draws on the Global Peatland Database maintained by 

the Greifswald Mire Centre, which collates geospatial information on the location, 

extent, and drainage status of peatlands and organic soils. The database integrates 

multiple data sources and supports high-resolution peatland mapping and status 

assessment.  

The peatland polygons were overlaid with the CORINE land cover map to derive the 

land cover/use classes used in the model (Copernicus Land Monitoring Service., 

2020). These were aggregated into the model classes reported in the Appendix, 

including forest, crops, pastures, unutilised grasslands, moors and heathlands, peat 

bogs and marshes, and other land uses. The same peatland polygons were also 
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overlaid with the German water table map (BGR, 2015), in order to identify drained 

peatlands eligible for restoration and to assign them to water table bands. Together, 

land cover and water table information define the baseline condition of each peat 

polygon and determine which restoration pathways are applicable. 

3.2.3.2 Implementation, maintenance, and monitoring costs 

The cost data for one-off restoration works and recurring maintenance were sourced 

from a detailed project-level database provided by the Thünen Institute. The database 

reports restoration cost elements on a per-hectare basis, distinguishes between 

construction, administration, and maintenance/monitoring costs, and provides lower 

and upper bounds for each cost category. It also differentiates costs by project scale, 

specifically 10 ha, 100 ha, and 1,000 ha restoration projects, allowing the model to 

explicitly represent economies of scale. 

The database includes cost information for five restoration pathways used in this 

analysis: nature conservation rewetting, partial rewetting, wet meadows, lowland fen 

paludiculture, and raised bog/moor paludiculture. Although the original Thünen dataset 

also includes a pathway for photovoltaics, this option was excluded from the present 

analysis. Implementation costs are broken into construction and administration 

components, which are combined into a single one-off implementation cost in the 

MACC model. Recurring maintenance and monitoring costs are applied annually over 

the 50-year monitoring period and discounted. 

3.2.3.3 Opportunity costs 

Opportunity costs were derived from published literature and represent the income 

foregone when drained peatlands are converted to restoration-compatible wet uses. 

For conventional ecological restoration, partial rewetting, and wet meadow systems, 

the analysis draws primarily on Buschmann et al. (2025), Buschmann et al. (2020), 

Krimly et al. (2016), Röder et al. (2015), Röder & Grützmacher (2012) and Braun, 2020. 

For paludiculture pathways, the analysis draws on Wichmann, (2017), Haldan et al., 

(2022), and Wichmann & Nordt (2024), including evidence on both the establishment 

of productive use on formerly underused rewetted sites and the conversion of 

previously drained agricultural land into wet biomass production systems. The full cost 

margin and source table is available in appendix (Table 11) 

Opportunity costs were specified for each relevant combination of pathway and pre-

restoration land use, with lower, central, and upper-bound values. In the case of 

paludiculture, the opportunity cost can become negative, reflecting a net economic 

gain relative to the pre-restoration land use. Not all pathways are applicable to all land 

uses; therefore, only valid pathway–land use combinations were parameterised. 

3.2.3.4 Baseline and post-restoration greenhouse gas emission factors 

The baseline emission factors for drained peatlands were assigned using land-cover 

class and water table band information, drawing on Tiemeyer et al. (2020) as the main 

basis for German organic-soil greenhouse gas accounting, complemented by Kalhori 

et al. (2024) and Bianchi et al. (2021) for the temporal treatment of post-restoration 
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gas trajectories. The German organic soils map was specifically developed to support 

emissions reporting and greenhouse gas modelling for organic soils.  

For each gas, lower, central, and upper-bound emission factors were assigned using 

the pre-restoration land use and the initial water table class. The Appendix reports the 

full set of emission factor assumptions. In general, deeper drainage classes are 

associated with higher baseline CO₂ emissions and lower CH₄ emissions, while 

shallower classes show the opposite pattern. 

3.2.3.5 Water table classes and restoration targeting 

Water table depth is a central state variable in the model because it links peatland 

drainage status to greenhouse gas emissions and restoration outcomes. The case 

study uses water table classes from the German water table map (BGR, 2015) to 

identify drained peatlands in need of restoration and to assign lower, central, and 

upper-bound baseline emission factors. The model works with band-specific shallow, 

average, and deep margins to capture within-band uncertainty in the initial hydrological 

state (Table 3). Because restoration pathways differ in their target hydrology, water 

table information also determines the expected post-restoration gas trajectory, 

particularly the trade-off between declining CO₂ and increasing CH₄ emissions. 

Table 3: Breakdown of water table depth classes with bounds and total areas. 

Water table band 
Shallow 

depth (m) 

Average 

depth (m) 

Deep depth 

(m) 
 Area (ha) % of Total 

1 0 -0.1 -0.2 154531.7 30.2% 

2 -0.2 -0.3 -0.4 171974.5 33.6% 

3 -0.4 -0.6 -0.8 38258.75 7.5% 

4 -0.8 -1 -1.3 27907.49 5.5% 

5 -1.3 -1.45 -1.6 15977.59 3.1% 

6 -1.6 -1.8 -2 102620.9 20.1% 

 

 

3.2.4 Results  

The MACCs constructed for the German peatland case study reveal substantial 

heterogeneity in both total abatement potential and cost-effectiveness across land-

cover classes, restoration pathways, and cost configurations. The modelling 

framework, which explicitly differentiates water table conditions, pathway-specific 

emission trajectories, and disaggregated cost components, enables a detailed 

assessment of the drivers underpinning both mitigation potential and economic 

performance. The results presented here refer to deterministic model estimates across 
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three internally consistent cost configurations, differing in cost levels, discount rates, 

drainage conditions, and project scale. 

4.2.4.1 Central Estimates 

Under central assumptions (average water table, mid cost case, 100 ha project area), 

the nature conservation pathway delivers the largest total abatement potential, 

followed by wet meadow restoration, partial rewetting and paludiculture (Figure 15). 

This ordering is primarily driven by differences in the extent of applicable peatlands 

and the assumed post-restoration emission endpoints. Nature conservation achieves 

near-complete CO₂ mitigation through full rewetting, whereas the other pathways 

retain residual emissions due to continued land use or only partial restoration of 

hydrological conditions. Across land-cover classes, pastures exhibit the highest total 

abatement potential, reflecting both their relatively large spatial extent and high 

baseline emission factors associated with intensive drainage. Similar patterns are 

observed for cropland and forested peatlands, although their aggregate contribution is 

smaller due to lower total area. In contrast, unutilised peatlands, including semi-natural 

grasslands, moors, and bogs, display comparatively limited abatement potential, as 

these systems are generally less intensively drained and therefore emit less CO₂ under 

baseline conditions. 

Despite their lower mitigation potential, unutilised peatland classes are consistently 

among the most cost-effective restoration targets. This is primarily due to very low or 

even negative opportunity costs, particularly under paludiculture scenarios where 

restoration enables productive use of previously unmanaged land. By contrast, for 

economically utilised land-cover classes, especially pastures, cropland, and forestry, 

opportunity costs dominate the total cost structure, typically accounting for the majority 

of total costs. This reflects the foregone income associated with agricultural or forestry 

production and is consistent with patterns observed in the Scottish and Neman case 

studies. 

Across restoration pathways, partial rewetting emerges as the most cost-effective 

option on average under central assumptions, with mean abatement costs of 

approximately €23/tCO₂e. This relatively low cost reflects minimal implementation and 

maintenance requirements combined with moderate opportunity costs, as agricultural 

use can continue under fluctuating water table conditions. Wet meadow restoration 

exhibits intermediate cost-effectiveness, with average abatement costs of 

approximately €47/tCO₂e. Although this pathway offers substantial mitigation potential, 

particularly on pastureland, it requires higher upfront investment and ongoing 

management to establish and maintain elevated water tables. Paludiculture pathways 

are associated with higher average costs, estimated at approximately €58/tCO₂e, 

reflecting the need for capital investment, infrastructure development, and ongoing 

management. Finally, the nature conservation pathway, while delivering the highest 

total abatement, exhibits an average cost of approximately €43/tCO₂e, with costs 

driven primarily by the complete cessation of economic activity and the resulting 

opportunity costs on productive land. 
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Figure 14: Central estimate MACC: (average water table, 2.5% discount rate, mid cost case, 100 ha 

project area). 

The distribution of abatement across greenhouse gases is strongly skewed towards 

CO₂, which constitutes the dominant share of total mitigation, particularly on heavily 

drained agricultural peatlands. N₂O reductions are also significant on fertilised land, 

where rewetting reduces nitrogen mineralisation and associated emissions. In 

contrast, CH₄ emissions increase under rewetting across all pathways, reflecting the 

transition to anaerobic conditions. However, these increases are generally smaller in 

magnitude than CO₂ reductions, such that net greenhouse gas abatement remains 

strongly positive across most land-cover classes and pathways (Figure 16). 
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Figure 15: Cumulative abatement of each GHG per pathway and land use class. 

 

3.2.4.2  Low Bound Estimates 

The lower-cost configuration (minimum cost assumptions, 4% discount rate, deep 

drainage, and large project scale of 1000 ha) yields the most favourable cost-

effectiveness outcomes across all pathways and land-cover classes (Figure 17). Under 

these assumptions, average abatement costs decline substantially, with partial 

rewetting averaging approximately €10/tCO₂e, and nature conservation, wet meadow, 

and paludiculture pathways clustering around €50–55/tCO₂e. A notable feature of this 

configuration is a shift in the relative ranking of land-cover classes compared to the 

central case. Economically productive peatlands, including cropland, pasture, and 

forestry, become comparatively more cost-effective restoration targets. This shift 

reflects the reduced importance of opportunity costs under higher discounting, which 

lowers the present value of foregone income, combined with the high abatement 

potential associated with deeply drained systems. In this configuration, implementation 

costs emerge as the dominant component of total costs. As these costs are incurred 

upfront, they are not subject to discounting and therefore represent a relatively larger 

share of total costs, even under lower-bound assumptions. 
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Figure 16: Low bound estimate MACC: (low water table, 4% discount rate, low-cost case, 1000 ha 

project area). 

3.2.4.3 Upper Bound Estimates 

In contrast, the upper-cost configuration (maximum cost assumptions, 1% discount 

rate, shallow drainage, and small project scale of 10 ha) results in substantially higher 

abatement costs across all pathways and land-cover classes (Figure 18). Average 

costs increase to approximately €84/tCO₂e for partial rewetting, €159/tCO₂e for wet 

meadow restoration, €182/tCO₂e for nature conservation, and €294/tCO₂e for 

paludiculture. This configuration represents the least cost-effective outcome across the 

modelled scenarios. The higher costs are driven by the combined effects of elevated 

unit costs, limited economies of scale, and the low discount rate, which increases the 

present value of long-term costs. Under these assumptions, opportunity costs and 

maintenance costs become the dominant cost components, particularly for 

economically productive land. The lower discount rate increases the weight of both 

income foregone and ongoing management costs, thereby amplifying the relative cost 

disadvantage of restoring cropland, pasture, and forestry. However, the total 

abatement potential is reduced relative to the lower-cost configuration, as shallower 

drainage conditions imply lower baseline emissions and therefore smaller potential for 

emission reductions. 
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Figure 17:  High bound estimate MACC: (shallow water table, 1% discount rate, high-cost case, 10 ha 

project area). 

 

3.2.4.4  Maximum Cost-Effectiveness  

Across all configurations, several consistent patterns emerge. First, cost-effectiveness 

is highly sensitive to discount rates, cost assumptions, and project scale, which jointly 

determine the relative importance of cost components. Second, the dominant cost 

component shifts systematically across configurations, with implementation costs 

prevailing under high discount rates, and opportunity and maintenance costs becoming 

more important under low discount rates. Third, the relative ranking of land-cover 

classes is not stable, reflecting the varying influence of opportunity costs under 

different economic assumptions. Finally, partial rewetting remains consistently the 

most cost-effective pathway across most configurations, while nature conservation 

delivers the highest total abatement potential, but at higher and more variable cost. 

Paludiculture exhibits the greatest sensitivity to cost assumptions, becoming 

substantially less cost-effective under higher-cost configurations due to its reliance on 

capital-intensive interventions. 

To further explore these trade-offs, an additional “maximum cost-effectiveness” MACC 

was constructed by selecting, for each land-cover class, the pathway associated with 

the lowest marginal abatement cost under the modelled scenarios (Figure 19). The 
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resulting hybrid MACC combines multiple restoration pathways, demonstrating that the 

economically optimal restoration strategy differs systematically across land-cover 

classes. Under the low-cost margin assumptions, nature conservation rewetting 

emerges as the most cost-effective pathway for cropland, peat bogs, and 

moors/heathlands, whereas partial rewetting represents the least-cost option for 

unutilised grasslands, forests, and pastures. This supports the conclusion that 

restoration portfolios optimised for cost-effectiveness are likely to involve a 

combination of restoration end states rather than a single uniform strategy. If the 

optimisation objective is shifted from minimising marginal abatement costs to 

maximising total greenhouse gas abatement, all land-cover classes are allocated to 

the nature conservation pathway under the deep drainage assumption. In this case, 

the resulting MACC corresponds directly to the low-bound nature conservation 

scenario (Figure 17), reflecting the substantially higher mitigation potential associated 

with full ecological rewetting. 

 

 

Figure 18: a MACC arrangement that maximises cost -effectiveness (minimizes MACs). 

 

3.2.4.5  Monte Carlo sensitivity analysis 

The Monte Carlo analysis assessed the robustness of the framework to uncertainty in 

key input parameters and quantified the resulting variability in both costs and 

abatement potential (Figure 20). Overall, the probabilistic results are consistent with 

the deterministic analysis, confirming the relative ranking of pathways and land-use 

classes in terms of cost-effectiveness. This shows that, overall, the framework is 

structurally sound and that the main outcomes are not driven by selected point 
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estimates of input parameters. The MC analysis reveals substantial heterogeneity in 

uncertainty across pathways and land-cover types. 

Uncertainty in cost-effectiveness varies markedly between pathways. The nature 

conservation pathway exhibits the widest dispersion in MAC estimates, with several 

land-cover classes showing very large intervals between lower and upper bounds. For 

example, forest and moorland restoration under this pathway span a wide range of 

possible costs, extending from relatively moderate values to upper bounds exceeding 

€500–€600 per tCO₂e. Similar patterns are observed for peat bogs and unutilised 

grasslands. This suggests that the overall cost-effectiveness is the most sensitive to 

variation in underlying assumptions and inputs under the nature conservation pathway. 

In contrast, the partial rewetting pathway displays consistently narrow MAC ranges 

across all land uses, meaning a comparatively high degree of predictability. The wet 

meadow pathway shows moderate uncertainty ranges, while paludiculture exhibits 

relatively stable estimates for cropland but higher variability for bog and moor systems. 

At the level of land-use classes, a clear distinction emerges between productive and 

non-productive systems. Crops, pastures, and forests generally exhibit narrower MAC 

intervals, reflecting more homogeneous management practices and better-constrained 

cost and emissions data. By contrast, unutilised peatlands, moors, and peat bogs 

display substantially wider uncertainty ranges. These systems are more 

heterogeneous in terms of ecological condition and hydrological response, and their 

restoration outcomes are therefore more difficult to predict. As a result, estimates of 

cost-effectiveness for these land-cover classes are associated with greater epistemic 

uncertainty. 

The MC results also show differences in the uncertainty of abatement potential. In 

absolute terms, pastures account for the largest share of abatement across all 

pathways and simultaneously exhibit the widest uncertainty ranges. Under nature 

conservation, pasture abatement spans approximately 63 to 296 MtCO₂e, while under 

partial rewetting it ranges from around 81 to 293 MtCO₂e. Cropland also shows 

substantial absolute variability, particularly under paludiculture, where abatement 

ranges from roughly 13 to 71 MtCO₂e.  

In contrast, semi-natural land-cover classes such as moors and peat bogs exhibit 

relatively narrow absolute ranges in abatement potential. For example, moorland 

abatement typically varies between approximately 0.5 and 3 MtCO₂e, while peat bogs 

under paludiculture range between roughly 7 and 16 MtCO₂e. However, when 

expressed relative to their mean values, these classes often display considerable 

proportional uncertainty. Unutilised grasslands in particular show consistently large 

relative variability across pathways. Under nature conservation, abatement ranges 

from approximately 0.7 to 4.9 MtCO₂e around a mean of 2.8 MtCO₂e, and similar 

proportional spreads are observed under partial rewetting and wet meadow scenarios.  

Overall, the results suggest a clear gradient in predictability, with partial rewetting and 

productive land uses characterised by relatively stable outcomes, and nature 

conservation and semi-natural systems associated with substantially higher 
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uncertainty. Furthermore, there is a trade-off between scale and uncertainty: land-

cover classes with the largest abatement potential, particularly pastures, also exhibit 

large absolute variability, whereas smaller systems tend to show lower absolute but 

higher relative uncertainty. 

 

 

Figure 19: Results of Monte Carlo simulation. Average abetment costs per class are supplemented with 

an upper and lower bond estimate (error bar) with a distribution curve. 

3.2.5 Discussion 

This case study extends the application of pathway-based MACCs to peatland 

restoration by integrating spatially differentiated land-use classes, hydrological 

conditions, and disaggregated cost structures within a consistent modelling framework. 

Below, the results are discussed in relation the broader literature on peatland 

restoration cost-effectiveness and later on, in Section 3.6 compared and dissected in 

the context of the earlier case studies (Scotland and the Neman River Basin).  

3.2.5.1 Positioning within the wider literature 

The results for the German case are broadly consistent with the ranges reported in the 

existing literature on peatland restoration cost-effectiveness. Buschmann et al. (2025) 

provide a comprehensive synthesis of abatement costs across different peatland 

management options in Germany, reporting a wide range of values depending on land 

use, drainage status, and restoration intensity. Reported costs typically range from low 

or even negative values for extensification or rewetting of low-productivity land, to well 
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above €100/tCO₂e for more intensive interventions, particularly on productive 

agricultural peatlands. 

The central estimates obtained in this study, approximately €23/tCO₂e for partial 

rewetting, €43/tCO₂e for nature conservation, €47/tCO₂e for wet meadow restoration, 

and €58/tCO₂e for paludiculture, compare favourably with these ranges. The lower-

bound estimates, particularly for partial rewetting (around €10/tCO₂e), are closely 

aligned with the lower end of the literature, including values reported for relatively low-

cost rewetting measures. Conversely, the upper-bound estimates, reaching up to 

€294/tCO₂e for paludiculture, reflect the higher end of reported costs and are 

consistent with studies highlighting the capital-intensive nature of certain restoration 

pathways. 

A key contribution of this study to the literature is the explicit differentiation of pathways 

and the integration of water table dynamics. While Buschmann et al. (2020) and related 

studies provide valuable aggregate estimates, they often do not fully capture the 

interaction between hydrological conditions, emission trajectories, and cost structures. 

The present framework demonstrates that these interactions are critical for 

understanding both the scale and variability of abatement potential. For example, the 

large abatement potential associated with nature conservation pathways in this study 

is directly linked to the assumption of near-complete rewetting and corresponding 

emission reductions, which is not always explicitly represented in more aggregated 

analyses. 

The results also align with broader international findings that peatland restoration costs 

are highly variable and context-dependent (e.g. Griscom et al., 2017; Humpenöder et 

al., 2020; Juutinen et al., 2020). In particular, the strong skew towards CO₂-driven 

abatement, coupled with smaller but non-negligible CH₄ trade-offs, is consistent with 

IPCC-based assessments and empirical studies of rewetting. The finding that CH₄ 

increases do not offset overall mitigation benefits is also widely supported in the 

literature, although the magnitude and duration of these effects remain subject to uncertainty. 

3.2.5.2  Interpretation of uncertainty and variability 

The Monte Carlo analysis adds an important dimension to the comparison with existing 

studies by explicitly quantifying uncertainty. The wide uncertainty ranges observed for 

the nature conservation pathway are consistent with the literature, which frequently 

highlights the variability of restoration outcomes in semi-natural peatlands due to 

differences in site condition, hydrology, and restoration success rates. By contrast, the 

relatively narrow uncertainty ranges for partial rewetting suggest that this pathway may 

offer more predictable outcomes, a feature that is not always explicitly addressed in 

previous studies. 

The distinction between productive and non-productive land uses in terms of 

uncertainty is also noteworthy. The more predictable cost-effectiveness of cropland, 

pasture, and forestry reflects the availability of better-constrained data on both costs 

and emissions. In contrast, the higher uncertainty associated with unutilised peatlands 
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and semi-natural systems reflects both ecological heterogeneity and data limitations. 

This finding complements the literature by highlighting that not only mean cost-

effectiveness, but also the reliability of estimates, should be considered in prioritisation 

decisions. 

3.2.5.3 Implications for policy and targeting 

Taken together, the results suggest that peatland restoration policy in Germany should 

be differentiated both by pathway and land-use context. The consistently high cost-

effectiveness and low uncertainty associated with partial rewetting make it a strong 

candidate for large-scale deployment, particularly where continued land use is 

desirable. Further, the substantial abatement potential of nature conservation 

pathways indicates their importance for achieving ambitious climate targets, despite 

higher and more uncertain costs. 

The consistent performance of unutilised peatlands as low-cost mitigation options 

reinforces their role as priority targets for early intervention. However, their limited 

overall contribution to total abatement implies that achieving large-scale emission 

reductions will necessarily involve restoring productive peatlands, where higher costs 

and greater uncertainty must be managed. This highlights the importance of targeted 

policy instruments, including differentiated incentives, risk-sharing mechanisms, and 

support for technological and management innovations such as paludiculture. 

More broadly, the comparison with previous case studies and the literature 

underscores that MACCs should be interpreted as context-specific decision-support 

tools rather than universal rankings of mitigation options. Differences in land-use 

structure, cost data, emission factors, and policy environments can all influence the 

resulting curves. The strength of the present framework lies in its ability to make these 

assumptions explicit and to explore their implications systematically, thereby providing 

a more transparent and policy-relevant assessment of peatland restoration options. 

 

3.3  Trade-off analysis – displaced emissions 

3.3.1 Peatland rewetting can lead to GHG effects outside the 

rewetted area (GHG “leakage”) 

Changes in food supply can lead to changes in prices, which in turn have impacts in 

terms of diet and food security.  They can also lead to intensification of land use (e.g. 

increased fertiliser application) and land use change (e.g. conversion of grassland to 

arable land). Food supply can be affected by a range of natural and anthropogenic 

factors, such as climatic events (Iizumi et al. 2014), conflict (van Meijl et al. 2024) and 

implementation of GHG mitigation measures (Fujimori et al. 2022). Peatland rewetting 

has been recognised as a potential influence on food supply (Humpenöder et al. 

(2020), Doelman et al. 2023, Willenbockel (2024)). Given that demand for most food 

commodities are forecast to increase (Komarek et al. 2021), the question arises as to 
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what the impacts of changes in production arising from peatland rewetting will be. 

Possible outcomes are: 

1. Reduced production in rewetted area with no compensatory increase in supply 

outside the area, leading to increases in prices and reduced demand > food 

security impacts. 

2. Reduced production in rewetted area offset by an increase in supply outside the 

area achieved via increased yield per hectare > no LUC. 

3. Reduced production in rewetted area offset by an increase in supply outside the 

peatland achieved via increased production area > LUC. 

Outcome 1 does not induce additional GHG outside the rewetted area but may have 

impacts on food security by increasing prices and thereby reducing the economic 

accessibility of food. Outcome 2 may have food security impacts via changes in prices, 

and will lead to changes in GHG, if the EI of the displaced and new production are 

different. Outcome 3 is less likely to have impacts on food security but may lead to 

changes in GHG, if the EI of the displaced and new production are different and is 

likely to lead to GHG from LUC, depending on the specific land use transitions induced.  

 

3.3.2 How is leakage currently dealt with in peatland policy? 

A common policy approach seems to be to acknowledge leakage as a possible issue, 

but not do much more than that. For example, in their Peatlands Technical Assessment 

Paper, DG CLIMA (2026, p27) noted that: 

“Implementation of new peatland management strategies… might involve also an 

increase of direct GHG emissions, e.g. from increased fuel use, fertilizer use, or 

pesticide use or indirect GHG emissions, such as from land use change or leakage of 

emissions to other locations…For indirect emissions it is less clear as these can often 

not be quantified directly.”  

DG CLIMA (2026) recognises that emissions leakage is a potential issue that needs to 

be addressed. They review 6 certification methods (MoorFutures; Climate4Future; UK 

Peatland Code; Currency for Peat; ECS KlimaMoor; Wetlands4Climate) and 

summarise the extent to which they include emissions arising from indirect land use 

change (iLUC). None seem to, apart from (maybe) the Peatland Code. 

The Peatland Code defines the net emissions reduction as (IUCN 2024a, p13): 

Gross emission reduction minus: 

1. Carbon cost of rewetting (or 5% buffer) 

2. 5% conservative buffer 

3. Potential leakage 

In the Peatland Code project design document (IUCN 2024) applicants are asked to 

provide details of their leakage assumptions and calculations. The focus seems to be 

on local leakage (they are asked to provide “Map of site and surrounding area with 

leakage risks highlighted”), e.g. cattle/sheep being relocated to neighbouring land, 
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rather than indirect leakage effects (e.g. LUC in another region/country). This seems 

a rather limited view of leakage – it considers only the direct leakage effects of 

individual projects, rather than the indirect effects of cumulative projects.  

 

3.3.3 How can the indirect GHG effects of peatland rewetting be 

estimated? 

Integrated Assessment Models (IAMs) can be used to estimate the land use (and 

other) effects of changes in food supply arising from peatland rewetting. 

Humpenöder et al. (2020) estimate the effects of rewetting on food prices/availability 

and find that rewetting has little effect on prices.  

Doelman et al. (2023) quantify the LUC and food price effects of peatland rewetting, 

and find that overall, it leads to modest increases in food prices, but that increases are 

higher in some areas, e.g. Indonesia. 

Jia et al. (2026) constrain trade flows to baseline and assume that production losses 

are compensated by intensifying production on remaining land, so rewetting induces 

no LUC by assumption. Willenbockel (2024) allows endogenous land-use response in 

a CGE model and finds an induced increase in mineral-soil cultivation but quantifies 

the resulting carbon leakage as small (~1% of the direct reduction). Both studies 

therefore point to limited leakage, by assumption in one case and endogenously in the 

other. 

IAM approaches provide useful insights but can be sensitive to key assumptions (e.g. 

the extent to which yield increases will offset supply reductions). In the next section we 

outline a simpler approach to quantifying the leakage effects of peatland rewetting, 

which could be used to complement the more powerful, but demanding, IAM 

approaches.  

 

3.3.4 Alternative approach to quantifying the GHG leakage effects of 

peatland rewetting 

Here, we describe a simple alternative approach to assessing the potential magnitude 

of leakage effects related peatland rewetting. The approach offers great control over 

assumptions and delivers estimates that could be applied for programme or project 

impact appraisals. 

1. Estimate the changes in commodity production in the rewetted area. 

2. Determine whether the changes in production are likely to lead to unmet 

demand. In most cases decreases in production will lead to unmet demand, as 

the demand for most agricultural commodities is increasing.  

3. If there is unmet demand, identify what this is likely to be met with, i.e. which 

products systems and locations.  
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4. Estimate the extent to which the supply increase will be met via increased yield 

versus increased area.  

5. Calculate the EI of the foregone production and the new production, and the 

change in GHG. 

6. Calculate the LUC (and associated GHG emissions) induced by the changes in 

production.  

7. Calculate the total change in GHG from rewetting.  

The approach is illustrated with three examples of peatland rewetting in northern 

Germany (summarised in Table 4). 

Table 4: Summary of the three examples of peatland rewetting 

Pathway Commodity production 

 Pre-rewetting Post-rewetting 

Annual crops to nature conservation Wheat grain and straw None 

Annual crops to paludiculture Wheat grain and straw Typha 

Annual crops to wet meadow Wheat grain and straw Grass 

 

Universal assumptions (used in all three examples): 

1. Reduction of wheat grain and straw production in the rewetted area, induces an 

equivalent increase outside the rewetted area, i.e. total production is constant. 

2. 50% of the increase in wheat demand outside the rewetted area is met via 

increases in yield per ha. 

3. 50% of the increase in wheat demand outside the rewetted area is met by 

converting grassland to arable land. 

4. The induced LUC is evenly split between (a) warm/temperate/moist and (b) 

tropical/moist regions of South America. 

5. The yields and emission intensities (not including LUC emissions) are the same 

for the wheat grain/straw in the area to be rewetted and for the induced 

production outside the area rewetted. 
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Example 1. Annual crops to nature conservation (Table 12) 

Pre-rewetting there is wheat grain and straw production, post rewettingn there is no 

production in the rewetted area. 

 

Result: Rewetting leads to an abatement of 17.9tCO₂ e/ha.yr (no LUC) and 

16.1CO₂e/ha.yr (with LUC). 

 

Example 2. Annual crops to paludiculture (Table 13) 

Pre-rewetting there is wheat grain and straw production, post rewetting there is typha 

production in the rewetted area. 

 

In addition to the universal assumptions, we assume that: 

1. Increase in typha production in the rewetted area leads to a decrease in 

production of wheat straw outside the rewetted area. 

 

Result: Rewetting leads to an abatement of 15.8tCO₂e/ha.yr (no LUC) and 15CO₂ 

e/ha.yr (with LUC). The AP is lower than Example 1 because, while the yield of typha 

post-rewetting is higher than the wheat straw yield pre-rewetting, the EI of typha is 

higher than that of straw. The high typha yield does reduce the amount of induced 

LUC. 

 

Example 3. Annual crops to wet meadow (Table 14) 

Pre-rewetting there is wheat grain and straw production, post rewetting there is low 

density grazing and grass production in the rewettedarea. 

 

In addition to the universal assumptions, we assume that: 

1. Increase in grass production in the rewetted area leads to a decrease in grass 

production outside the rewetted area. 

2. The decrease in grass production outside the rewetted area leads to grassland 

being converted to perennial crops. 

3. The emission intensities (not including LUC emissions) are the same for the 

grass inside and outside of the rewetted area. 

 

Result: Rewetting leads to an abatement of 21.3tCO₂e/ha.yr (no LUC) and 20.3CO₂ 

e/ha.yr (with LUC). The AP is higher than Example 1 or 2 because the post-rewetting 

C fluxes are lower: wet meadows don't reach a fully-rewetted state and thus have lower 

CH₄ fluxes. 
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3.3.5 Discussion 

The results for the three examples are summarised in Table 5. In each of the examples 

rewetting leads to a significant reduction in emissions, even when the leakage effects 

are included.  

Table 5: Summary of the results for the three examples of peatland rewetting 

Pathway Abatement potential (tCO₂e/ha.year) 

 Not including LUC Including LUC 

Annual crops to nature conservation 17.9 16.1 

Annual crops to paludiculture 15.8 15.0 

Annual crops to wet meadow 21.3 20.3 

 

The induced LUC leads to a modest reduction in the abatement potential. However, it 

should be borne in mind that the estimates of LUC emissions depend on the method 

used to calculate them. For example, they require us to make assumptions about the 

extent to which the production losses arising from rewetting lead to increases in yield 

and LUC outside the rewetted area. If LUC is induced, we have to make further 

assumptions about the nature of LUC induced, i.e. where does it occur and what LUC 

transitions are involved. If the approach outlined in this paper is to be used, it would be 

sensible to undertake the LUC emissions calculations using several methods, in order 

to show the effect of approach on the results. Two different ways of calculating LUC 

emissions are outlined in Appendix B (PAS2050 and Audsley et al. 2009). 

 

3.4 Case Study Update 1: Scotland 

3.4.1 Brief overview 

Scotland was selected as a flagship case study for applying MACCs to peatland 

restoration (as a part of deliverable report 5.2) due to the scale, ecological significance 

and policy relevance of its blanket bogs. Scottish peatlands cover approximately 1.8 

million hectares and account for around 60% of the UK’s peatland area, yet the majority 

are degraded as a result of historical drainage, afforestation, grazing and peat 

extraction. The Scottish Government’s legally binding net-zero target for 2045 and its 

commitment to restore 250,000 hectares of peatland by 2030 provide a strong policy 

context in which cost-effectiveness considerations are particularly important. 

The Scottish case study applied a path-based MACC framework to rank peatland 

restoration options by cost-effectiveness across different peatland condition classes 

and time horizons. The results demonstrate substantial heterogeneity in both 
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abatement potential and costs, driven by differences in baseline emission factors, 

restoration complexity and land-use economics. Total abatement increases non-

linearly with longer evaluation periods, reflecting the cumulative effect of declining 

emissions following restoration, particularly for peatland classes with high baseline 

emissions. 

A key finding is that cost-effectiveness rankings are not stable across timeframes or 

assumptions. Severely degraded sites such as afforested peatlands and actively 

eroding bogs exhibit high mitigation potential but are generally among the least cost-

effective options due to high implementation and, in some cases, opportunity costs. 

However, their relative position improves over longer time horizons as abatement 

accumulates. Conversely, peat extraction sites and lightly used peatlands can be 

highly cost-effective under low opportunity cost assumptions but become less 

attractive when foregone land-use values are taken into account. 

3.4.2 Updates on data and analysis (relative to D5.2) 

The Scottish case study originally presented in Deliverable 5.2 was updated to align 

methodologically with the dynamic restoration framework developed for the German 

case study. While the original analysis employed static aggregate GHG emission 

factors and simplified cost assumptions, the revised framework explicitly models CO₂, 

CH₄ and N₂O separately over time (Table 6). Pre-restoration emission factors derived 

from the UK peatland inventory (Evans et al., 2017) were decomposed into gas-

specific components, allowing restoration trajectories to account for differing temporal 

responses of each gas. Consistent with the German case study, CO₂ emissions were 

assumed to decline progressively towards rewetted near-natural conditions, CH₄ 

emissions were modelled using a logarithmic recovery function with elevated post-

restoration plateaus, and N₂O emissions were assumed to decline linearly over a 

defined time period following rewetting. 

The updated framework further incorporates dynamic maintenance costs based on the 

empirical maintenance-cost review by Hope (2025). Rather than assuming constant 

annual maintenance expenditures, maintenance costs were modelled as exponentially 

decaying annual streams over the 50-year accounting horizon. Opportunity cost 

assumptions were also revised using updated Scottish peatland restoration and land-

use economics literature, particularly for forestry, extraction, and agricultural peatland 

systems. 

In line with the German case study, discounted cost streams were evaluated under 

three alternative discount rates (1.5%, 2.5%, and 4%), applied to both maintenance 

and opportunity costs, while implementation costs were treated as one-off upfront 

expenditures. Finally, parameter uncertainty associated with emission factors, 

opportunity costs, implementation costs, and maintenance trajectories was evaluated 

using Monte Carlo sensitivity analysis following the same general approach described 
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for the German framework. The full inputs and parameter table is available in the 

appendix (Table 15). 

Table 6: Key improvements to MACC case study framework 

Original Framework Updated Elements 

Linear CO₂ e abatement over a defined time 
period 

Differentiated, literature -based CO₂ , CH₄  and 
N₂O  curves  

Single (2.5%) discount rate Varying discount rates  

Older opportunity cost estimates from a single 
source 

Updated OC estimates supported by several 
sources 

Single, average maintenance cost figure 
Practitioner & Expert based maintenance cost 
accounts 

No sensitivity analysis Monte Carlo Simulation 

 

3.4.3 Results 

The updated gas-specific abatement analysis highlights substantial variation in the 

contribution of individual greenhouse gases across Scottish peatland classes (Figure 

21). Overall, modified bogs exhibit the highest cumulative abatement potential, driven 

primarily by large reductions in CO₂ emissions following rewetting and hydrological 

recovery. Intensive grasslands also show relatively high total abatement potential, but 

with a substantially larger contribution from N₂O reductions, reflecting the importance 

of reduced fertiliser-related emissions in drained agricultural peatlands. In contrast, 

bog and forest restoration pathways display more pronounced CH₄ trade-offs, as 

restoration shifts systems towards wetter post-restoration states associated with 

elevated methane emissions. Nevertheless, these CH₄ increases remain substantially 

smaller than the associated long-term CO₂ reductions, resulting in strongly positive net 

abatement across all restoration classes. 
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Figure 20: Cumulative abatement of each GHG per peatland class. 

The updated MACC results broadly support the conclusions of the original Scottish 

case study presented in Deliverable 5.2. (Figure 22). The relative ranking of restoration 

classes remains largely unchanged, with degraded and agricultural peatlands 

continuing to represent the most cost-effective restoration opportunities, while forest 

restoration remains substantially more expensive. However, the revised framework 

increases the estimated costs associated with restoring forested peatlands due to the 

inclusion of higher opportunity costs derived from updated Scottish land-use 

economics literature. Consequently, forest restoration occupies an even more 

pronounced high-cost position within the revised MACC framework. 

 

 

Figure 21: Central estimate MACC: (2.5% discount rate, mid cost case, average abatement potential). 
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The Monte Carlo sensitivity analysis further demonstrates the high uncertainty 

associated with restoration costs, particularly for forested peatlands (Figure 23). While 

the mean MAC estimates for most peatland classes remain relatively constrained, 

forest restoration exhibits a notably wide uncertainty range, reflecting variability in 

opportunity costs, maintenance requirements, and implementation conditions. Despite 

these refinements, the overall conclusions of the Scottish case study remain 

unchanged relative to Deliverable 5.2. Instead, the updated framework provides a 

more mechanistic and internally consistent representation of restoration dynamics by 

explicitly accounting for gas-specific trajectories, time-dependent maintenance costs, 

discounting assumptions, and parameter uncertainty. 

 

Figure 22: Results of Monte Carlo simulation. Average abetment costs per class are supplemented with 

an upper and lower bond estimate (error bar) with a distribution curve. 

 

3.5 Case Study Update 2: Poland & Lithuania (Neman 

Catchment) 

3.5.1 Brief overview 

The Poland–Lithuania case study applied the path-based MACC framework to 

peatland restoration in the Neman River Basin, a large transboundary catchment in the 

Baltic region containing extensive peatland resources and substantial areas of drained, 

degraded peat soils. The basin provides a policy-relevant context because both 

countries are increasingly engaged in peatland restoration through EU Green Deal–

aligned initiatives and LIFE-funded programmes, yet the evidence base for cost-

effectiveness, particularly in terms of €/tCO₂e avoided, has historically been 

fragmented and limited. 
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The analysis focused on the degraded peatlands mapped for the Lithuanian and Polish 

parts of the basin (with the majority of eligible drained area located in Lithuania) and 

evaluated restoration across major land-use/cover classes (e.g., arable land, 

pastures/meadows, forest, peat quarries, semi-natural grasslands, and drained 

unutilised peatlands). Results from the central pathway indicate a basin-wide 

abatement potential of approximately 278 Mt CO₂e over 50 years (around 5.6 Mt CO₂e 

per year on average), with a mean cost of roughly €12 per tCO₂e. A defining feature 

of this case study is the dominance of opportunity costs, which account for the largest 

share of total restoration costs (around three-quarters under the central estimate), 

reflecting the economic value of productive land uses on peat soils in the basin. 

3.5.2 Updates on data and analysis (relative to D5.2) 

The Neman case study originally presented in Deliverable 5.2 was updated to align 

methodologically with the dynamic restoration framework developed for the German 

and revised Scottish case studies. While the original framework applied simplified 

aggregate CO₂ e emission trajectories over a defined restoration period, the updated 

approach explicitly differentiates between CO₂, CH₄ and N₂O dynamics over time. 

Baseline greenhouse gas emission factors were derived from Kamocki et al.,(2025) 

which reports aggregate tCO₂ e values for peatland systems in the region. To ensure 

consistency with the dynamic multi-gas framework applied in the other case studies, 

these aggregate emission factors were decomposed into proportional CO₂, CH₄ and 

N₂O components using the gas-specific structure reported by Tiemeyer et al., (2020). 

Consistent with the German framework, CO₂ emissions were assumed to decline 

progressively following restoration towards rewetted near-natural conditions, CH₄ 

emissions were represented using a logarithmic recovery function reflecting elevated 

post-rewetting methane fluxes, and N₂O emissions were assumed to decline linearly 

over a defined transition period. This enabled the updated framework to capture 

differing temporal responses of individual greenhouse gases rather than relying on 

static aggregate CO₂ e estimates. 

The updated Neman framework further incorporates varying discount-rate 

assumptions and revised opportunity cost estimates reflecting more realistic 

uncertainty bounds for regional peatland land uses. In line with the other case studies, 

implementation costs were treated as one-off upfront expenditures, while discounted 

cost streams were evaluated under alternative discount-rate scenarios. Finally, 

uncertainty associated with emission factors, opportunity costs, and restoration costs 

was evaluated using Monte Carlo sensitivity analysis following the same general 
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methodological approach applied in the German and Scottish frameworks. A summary 

of the methodological updates is provided in Table 7. 

Table 7: Key improvements to MACC case study framework 

Original Framework Updated Elements 

Linear CO₂ e abatement over a defined time 
period 

Differentiated, literature -based CO₂, CH₄ and 
N₂O curves  

Single (2.5%) discount rate Varying discount rates  

Single opportunity cost estimate Updated, realistic bounds of OC  

No sensitivity analysis Monte Carlo Simulation 

 

3.5.3 Results 

The updated gas-specific abatement analysis indicates that the highest overall 

mitigation potential is concentrated within productive peatland systems, particularly 

arable land, pastures and meadows, and forested peatlands (Figure 24). Across these 

land-use classes, cumulative abatement is strongly dominated by reductions in CO₂ 

emissions following rewetting and restoration of peatland hydrology. Agricultural 

peatlands additionally exhibit substantial N₂O abatement due to the reduction of 

fertiliser-related emissions under restored conditions. Nevertheless, productive 

peatlands also display pronounced CH₄ trade-offs, particularly within arable, pasture, 

and forest systems, reflecting the transition towards wetter post-restoration states 

associated with elevated methane emissions. Despite these trade-offs, the net GHG 

balance remains strongly positive across all land-use classes, with long-term CO₂ 

reductions substantially outweighing increased CH₄ emissions. 

 

Figure 23: Cumulative abatement of each GHG per peatland class. 
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The deterministic MACC results show that restoration costs are overwhelmingly 

dominated by opportunity costs, resulting in substantially higher marginal abatement 

costs for commercially utilised peatlands (Figure 25). The highest-cost restoration 

category is peat extraction sites (quarries), particularly under the assumption of active 

commercial extraction, followed by forested peatlands. Arable land and pasture 

systems also exhibit relatively high MAC values due to foregone agricultural production 

and land-use revenues. In contrast, unutilised and low-productivity peatlands, 

particularly drained unutilised peatlands and semi-natural grasslands, emerge as 

comparatively cost-effective restoration opportunities. These systems combine 

relatively low opportunity costs with moderate-to-high abatement potential, resulting in 

substantially lower marginal costs per unit of GHG mitigation. 

 

Figure 24: Central estimate MACC, pooled for Poland and Lithuania: (2.5% discount rate, mid cost case, 

average abatement potential). 

The Monte Carlo sensitivity analysis further demonstrates substantial heterogeneity 

and uncertainty across restoration classes (Figure 26). Quarry restoration exhibits the 

widest cost bounds of all land-use categories, reflecting the highly variable nature of 

both opportunity and implementation costs. Active extraction sites imply substantial 

foregone economic returns if peat production ceases, while inactive or abandoned 

extraction sites may incur comparatively limited opportunity costs. At the same time, 

both active and inactive extraction systems may require extensive hydrological and 

engineering interventions to achieve near-natural restoration states, resulting in 

consistently high implementation and maintenance requirements. Unutilised peatlands 

and semi-natural grasslands remain among the most cost-effective restoration options 

under uncertainty analysis, although their cost bounds also remain relatively wide. This 

variability is primarily driven by differences in ecosystem degradation status, which 

strongly influence both achievable abatement and the scale of restoration interventions 

required. 
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Figure 25: Results of Monte Carlo simulation. Average abetment costs per class are supplemented with 

an upper and lower bond estimate (error bar) with a distribution curve. 

 

3.6 Summary and discussion of main findings 

Across the three case studies, the analysis demonstrates that MACCs can provide a 

flexible and operational framework for assessing the cost-effectiveness of peatland 

restoration under highly heterogeneous environmental, economic, and data conditions. 

Despite substantial differences in peatland typology, degradation status, land use 

intensity, and restoration context, the iterative MACC framework was successfully 

applied to Scotland, Brandenburg–Mecklenburg-Pomerania in Germany, and the 

Neman River catchment spanning Lithuania and Poland. The comparison shows both 

the transferability of the framework and the substantial methodological challenges 

associated with applying consistent economic and biophysical accounting across 

regions with very different peatland systems and data availability. 

Several consistent patterns emerge across all three case studies. Most notably, 

opportunity costs repeatedly emerge as one of the primary determinants of 

restoration cost-effectiveness, particularly within economically productive peatland 

systems. Utilised peatlands generally exhibit the highest mitigation potential because 

drainage-induced emissions are largest in intensively managed systems. Agricultural 

peatlands, forestry systems, and extraction sites consistently generated the greatest 

cumulative abatement, driven primarily by substantial reductions in long-term CO₂ 

emissions. Agricultural systems additionally exhibited considerable N₂O mitigation due 

to reduced fertiliser-related emissions following rewetting. However, these same 

productive systems also incur the highest opportunity costs, substantially increasing 

their marginal abatement costs. This pattern is especially pronounced in the German 

and Neman case studies, where peatlands remain economically integrated into 
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agricultural and forestry production systems. In contrast, the Scottish case study 

reflects a context where many degraded peatlands are comparatively marginal in 

economic terms, resulting in lower opportunity costs and generally more favourable 

restoration economics. 

At the same time, the analyses consistently demonstrate the relative cost-effectiveness 

of drained but unutilised peatlands. Across Scotland, Germany, and the Neman basin, 

these systems repeatedly emerge as comparatively low-cost restoration opportunities 

due to minimal foregone economic returns. Although their absolute mitigation potential 

is often lower than that of intensively managed agricultural peatlands, their low 

opportunity costs frequently result in highly favourable MACs. The persistence of this 

finding across very different geographical and institutional settings suggests that 

drained but unutilised peatlands represent robust “no-regret” restoration 

opportunities within broader peatland mitigation strategies. 

The three regional case studies nevertheless illustrate the common patterns in distinct 

ways. Scotland represents a context where large areas of peatlands remain 

economically marginal despite extensive historical drainage and degradation. Many 

Scottish peatlands are no longer intensively utilised, and drainage infrastructure often 

reflects historical land management rather than ongoing productive use. As a result, 

Scottish restoration scenarios generally exhibit relatively low opportunity costs, while 

restoration remains comparatively cost-effective even under uncertainty. The updated 

Scottish analysis nevertheless demonstrates that commercial land uses, particularly 

forestry, substantially increase restoration costs when more realistic opportunity-cost 

estimates are incorporated. The Scottish case also demonstrates the importance of 

distinguishing between greenhouse gases, as substantial CO₂ reductions are partially 

offset by increased CH₄ emissions under rewetted conditions, particularly within 

forested systems. 

The Lithuania–Poland (Neman) case study represents an intermediate context 

between Scotland and Germany. Peatlands in the Neman catchment remain 

economically relevant, particularly within agricultural and extraction systems, but 

overall implementation and opportunity costs remain comparatively low in absolute 

terms due to the lower cost structures of the regional economies. Consequently, many 

restoration pathways remain highly cost-effective even where opportunity costs are 

substantial relative to local land values. Productive peatlands such as arable land, 

pasture systems, and active extraction sites exhibit the highest mitigation potential, 

while drained unutilised peatlands and semi-natural grasslands remain comparatively 

low-cost restoration opportunities. The Monte Carlo analysis further demonstrates that 

uncertainty is especially pronounced within quarry restoration scenarios, where active 

extraction sites may entail substantial foregone economic value while inactive sites 

may incur comparatively limited opportunity costs despite still requiring expensive 

hydrological restoration measures. 
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The German case study represents the most intensive restoration context among the 

analysed systems. In Brandenburg and Mecklenburg-Pomerania, peatlands remain 

actively drained and economically integrated into agricultural and forestry production 

systems. Restoration therefore implies not only substantial opportunity costs from 

foregone production, but also major implementation costs associated with hydrological 

engineering and long-term water management. Restoration pathways frequently 

require complex interventions including water-control infrastructure, weirs, pumps, 

bunding, and drainage-system modifications. Consequently, German restoration 

scenarios generally occupy substantially higher MAC ranges than the Scottish or 

Neman case studies. At the same time, the German analysis demonstrates that even 

relatively expensive peatland restoration pathways may remain competitive within 

broader climate mitigation portfolios when evaluated against contemporary estimates 

of the social cost of carbon (SCC). 

Recent SCC literature and policy guidance increasingly suggest substantially higher 

climate-damage valuations than those historically used within policy appraisal. Recent 

integrated-assessment-model estimates place the global SCC near approximately 

US$190–200/tCO₂e for central estimates, with upper uncertainty ranges substantially 

higher (Yoo, 2026). UK government appraisal guidance similarly reports central carbon 

values around £241/tCO₂e for 2020, with high-value series exceeding £360/tCO₂e (Uk 

Government, 2021). These values broadly align with recent German environmental 

cost estimates approaching €250/tCO₂e (Moore et al., 2024). Against these 

benchmarks, the majority of restoration pathways identified across the three case 

studies fall below contemporary SCC estimates, particularly within Scotland and the 

Lithuania–Poland case study. Even in Germany, many restoration pathways remain 

within or near the range implied by recent SCC estimates, particularly when long-term 

cumulative abatement is considered. This strongly suggests that peatland restoration 

can constitute a highly cost-effective climate mitigation strategy when implemented 

under appropriate ecological and economic conditions. 

The iterative development of the framework across the three case studies also 

highlights important methodological advances. The updated analyses progressively 

incorporated gas-specific emission trajectories, dynamic CH₄ and N₂O recovery 

curves, differentiated maintenance-cost structures, discount-rate sensitivity analysis, 

and Monte Carlo uncertainty analysis. Together, these developments substantially 

improve the mechanistic realism of the framework while retaining transparency and 

interpretability. In particular, the Monte Carlo analysis provides an important additional 

layer of insight by explicitly visualising uncertainty and variability in both costs and 

mitigation outcomes. This is highly relevant not only for policy prioritisation but also for 

understanding and managing investment risk associated with large-scale restoration 

programmes. 

Nevertheless, important limitations remain. The most significant unresolved challenge 

within the framework concerns the relationship between restoration costs and 
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underlying peatland condition. At present, the weakest link in the modelling framework 

is the connection between aggregated project-level restoration costs and the specific 

site characteristics that drive variation in those costs. While the Scottish case study 

partially allocates cost ranges to peatland classes, the German and Neman case 

studies rely more heavily on average restoration costs that are not directly linked to 

degradation severity or restoration complexity. This creates the possibility that 

relatively marginal or lightly degraded peatlands may appear artificially expensive 

because they inherit average restoration costs derived from much more intensive 

restoration projects. 

Addressing this limitation requires the development of a predictive restoration-cost 

framework capable of linking ground conditions to restoration expenditure more 

explicitly. A promising future direction would involve developing a transferable spatial 

classification framework that allocates peatland sites into discrete restoration-condition 

clusters associated with empirically estimated restoration-cost ranges. Such a 

framework could then be populated using case-study-specific spatial datasets 

describing peatland extent, drainage intensity, hydrological condition, land use, and 

restoration suitability. This would allow restoration costs to vary more realistically with 

ecosystem degradation and intervention requirements, substantially improving the 

operational realism and predictive capacity of peatland MACCs. In contrast, the current 

approaches for modelling greenhouse gas abatement and opportunity costs, while still 

simplified, appear comparatively robust and amenable to gradual refinement as 

improved ecological and economic data become available. 

Overall, peatland restoration MACCs can provide a highly useful decision-support 

framework despite substantial uncertainty and regional heterogeneity. The framework 

enables consistent comparison of restoration pathways across contrasting peatland 

systems, helps identify the peatland classes and cost categories most critical for 

achieving cost-effective mitigation, and provides a transparent structure for integrating 

uncertainty into restoration planning. While substantial scope remains for improving 

the linkage between site conditions and restoration costs, the iterative framework 

developed across the three case studies already provides a strong basis for supporting 

evidence-based peatland restoration policy and investment prioritisation. 

4. Synthesis and Policy Recommendations 

WP5 of Wet Horizons has developed and applied two complementary modelling 

frameworks ─ Model of Agricultural Production and its Impact on the Environment 

(MAgPIE) and Marginal Abatement Cost Curves (MACCs) ─ to quantify cost-effective 

abatement potential associated with peatland and wetland rewetting. The results of 

both modelling approaches demonstrate that peatland rewetting is a cost-effective way 

to mitigate substantial amounts of GHG emissions. At global and European scale 

(MAgPIE), climate-policy-driven rewetting reduces peatland CO₂ emissions across 

shared socio-economic pathways (SSP) 1–3 with most of the global mitigation potential 
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outside the EU. MACCs show significant abatement potential at national and sub-

national scales at a cost below the social cost of carbon.  

Both approaches have distinct strengths and weaknesses. MAgPIE considers system 

dynamics and thus allows testing of policy scenarios coupled with future climate & 

socio-economic pathways, providing a more robust assessment of land-use 

competition that considers food system feedbacks and associated trade-offs at global 

scale. MACCs are useful for costing of GHG abatement within shorter-term planning 

cycles and in more confined national and sub-national geographies, for example 

budgeting exercises in national climate change plans, or for determining project-level 

cost-effectiveness of GHG abatement. MACCs also offer a comparably greater focus 

on mitigation pathways through alternative land use and management, and 

heterogeneity of land use and environmental conditions at (sub-)national scale. 

MAgPIE modelling highlights efficiency gains in GHG mitigation through carbon pricing 

mechanisms compared to regulatory approaches focusing on area-based targets. 

While at present most carbon pricing mechanisms and regulatory frameworks do not 

operate globally, the findings have still important lessons for the implementation of 

regulatory policies such as the EU Nature Restoration Law (Regulation 2024/1991). 

Allowing for flexible allocation of restoration across member states under a binding 

target at EU level may promise efficiency gains, especially if coupled with market 

driven incentives. MAgPIE modelling suggests that, in the EU, endogenous economic 

incentives (via a carbon price) already drive substantial rewetting at moderate carbon 

prices. Underpinning the potential for efficiency gains through flexible allocation, 

findings across MACC case studies point to great variation in cost-effectiveness of 

GHG abatement depending on land-use and rewetting pathways at sub-national level. 

The variation in cost-effectiveness can assist spatial targeting of wetland restoration 

but also be used to situate GHG abatement through wetland-restoration within a 

broader portfolio of mitigation options within land use, land use change and forestry 

(LULUCF) or beyond.  

Both global-level MAgPIE modelling and sub-national analysis point to the importance 

of recognising trade-offs for policy development, especially through impacts on 

(displaced) food production. This recognizes evidence that rewetting of drained 

agricultural land primarily leads to trade-offs with biomass and food production while 

offering co-benefits with respect to regulatory services and habitat maintenance 

functions (Temmink et al. 2026). At global level, rewetting drained agricultural land 

increases food prices and consumer costs. The impacts are greatest for regions with 

projected significant climate impacts and relatively low levels of economic resilience to 

meet them (IPCC, 2022). Notably, impacts on consumers in vulnerable regions remain 

at low levels for a sustainable pathway that considers a reduction in global demand for 

meat. This underscores the important interplay of policies within the food system.   

Using a complementary accounting approach that can be applied at sub-national 

project or policy level, we find that emissions through displaced production (“leakage”) 

are modest in magnitude. However, the estimates are sensitive to assumptions, for 
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example concerning the region and land use absorbing the displaced production. 

Recognising and quantifying displaced emissions remains a challenge for the 

development of market-based instruments for incentivising restoration, together with 

challenges to address uncertainty regarding the long-term permanence of GHG 

abatement (Leifeld 2023). The MACC analysis also highlight large differences in the 

importance of trade-offs across case study areas. Among overall implementation cost 

of rewetting, the share of opportunity costs related to the value of current food 

production on land varies substantially across case studies. 

Both approaches are highly sensitive to assumptions. For example, as pointed out, 

trade-offs in terms of increased food prices vary considerably depending on shared 

socio-economic pathways within MAgPIE. Within MACCs, Monte Carlo analysis 

illustrates a substantial degree of uncertainty about cost-effectiveness that compounds 

variation in assumptions regarding emission factors, capital and opportunity costs. The 

uncertainty in estimates can be reduced through, for example, improved accuracy of 

emission factors and a better understanding of how restoration cost varies across state 

of degradation, bio-geographies and landowners, and regarding the benefits 

associated with post restoration land use, for example for paludiculture.  

Driven by the EU Nature Restoration Law (Regulation 2024/1991) and national level 

targets for restoration of peatlands and wetlands, there will likely be substantial 

investment of public money to support rewetting. For example, Germany has recently 

announced to provide around 1.75 billion euros until the end of 2029 from the Climate 

and Transformation Fund to support rewetting of a large area of peatland. This calls 

for continued improvement in the quantification of economic and environmental 

impacts and associated trade-offs, and consideration of how demand equal to lost 

production from transitioning to alternative post-restoration land use and production 

systems will be met in the short and long term. The tools developed in this WP offer 

ways to reveal important parameters for policy planning and development. They should 

be employed in an iterative process together with decision makers that embeds 

updated data and refines assumptions. 
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6. Appendix 

6.1  Monte Carlo simulation of restoration cost-

effectiveness 

To complement the deterministic MACC paths, the German case study implemented 

a Monte Carlo simulation to represent uncertainty and heterogeneity in both economic 

and biophysical inputs. Separate simulations were run for each restoration pathway, 

with 10,000 iterations per pathway. In each iteration, a peatland polygon was 

represented by randomly sampling a valid pre-restoration land-use class from the set 

of land uses applicable to the pathway, using the observed distribution of degraded 

peatland area across land-use classes in the case study region. A water table band 

was then sampled using the empirical distribution of drained peatland area across 

water table classes, followed by random selection of the shallow, average, or deep 

margin within the selected band. Project size class (10, 100, or 1000 ha) and discount 

rate (1.5%, 2.5%, or 4.0%) were each sampled with equal probability. 

For each draw, construction, administration, maintenance, and opportunity costs were 

sampled within pathway-specific ranges. One-off construction and administration costs 

were combined into implementation costs, while annual maintenance and opportunity 

costs were discounted and summed over the 50-year monitoring horizon. On the 

emissions side, baseline CO₂, CH₄, and N₂O emission factors were assigned 

according to sampled land use, water table band, and band margin. Post-restoration 

trajectories were then applied separately for each gas and pathway: CO₂ was modelled 

using a linear transition to the pathway-specific post-restoration emission factor, CH₄ 

using an exponential decline function, and N₂O as a proportional reduction relative to 

baseline over a pathway-specific transition period. Annual CH₄ and N₂O values were 

converted to CO₂-equivalents and aggregated with CO₂ abatement over 50 years. The 

resulting simulation output provides distributions of pathway-specific costs, abatement, 

and marginal abatement costs, rather than single point estimates, allowing uncertainty 

ranges and average MACCs to be derived. 
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6.2 German case study: Supplementary information 

Table 8: Pre restoration emission factors of each GHG per land cover, water table class and water table depth 

bound. CO₂ is in tonnes, CH₄ and N₂O in kg/ha/yr. (after Tiemeyer et al., 2020; Koch et al., 2023. 

Land use 
WT 

band 

CO₂  CH₄  N₂O  

Shallow Avg. Deep Shallow Avg. Deep Shallow Avg. Deep 

Crops 1 0 2.5 5 150 80 30 0 2.5 5 

Crops 2 10 15 20 60 25 5 5 8 15 

Crops 3 20 25 30 15 5 0 8 12 18 

Crops 4 30 35 40 5 0 0 10 15 20 

Crops 5 30 35 40 0 0 0 10 15 20 

Crops 6 35 40 45 0 0 0 12 18 25 

Pastures 1 0 2.5 5 200 120 50 0 1.5 3 

Pastures 2 8 10 19 80 40 10 2 4 6 

Pastures 3 15 20 25 20 8 0 4 6 8 

Pastures 4 20 25 30 5 0 0 5 7 10 

Pastures 5 20 25 30 0 0 0 5 7 10 

Pastures 6 25 30 35 0 0 0 6 9 12 

Forest 1 0 2.5 5 120 70 30 0 0 1 

Forest 2 5 10 15 50 20 5 0 1 2 

Forest 3 8 14 20 10 5 0 0 1 2 

Forest 4 10 17 22 0 0 0 0 2 3 

Forest 5 10 17 22 0 0 0 0 2 3 

Forest 6 15 20 25 0 0 0 1 2 3 

Un. grasslands 1 0 1.5 3 250 150 60 0 0 1 

Un. grasslands 2 5 7 10 100 50 15 0 1 2 

Un. grasslands 3 8 12 15 25 10 0 0 1 2 

Un. grasslands 4 10 15 20 5 0 0 0 2 3 

Un. grasslands 5 10 15 20 0 0 0 0 2 3 

Un. grasslands 6 15 20 25 0 0 0 1 2 3 

Moors & Heath. 1 0 1 2 300 200 120 0 0 1 

Moors & Heath. 2 2 5 8 180 100 50 0 0 1 

Moors & Heath. 3 4 8 10 100 50 20 0 1 2 

Moors & Heath. 4 5 10 15 50 20 5 0 1 2 

Moors & Heath. 5 5 10 15 20 5 0 0 1 2 

Moors & Heath. 6 10 15 20 5 0 0 0 1 2 

P. Bogs & Marshes 1 0 1 2 400 280 180 0 0 0 

P. Bogs & Marshes 2 2 5 8 250 150 80 0 0 1 

P. Bogs & Marshes 3 4 8 10 150 80 40 0 0 1 

P. Bogs & Marshes 4 5 10 15 80 40 10 0 1 1 
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Table 9: Abatement parameters: Post restoration EFs for CO₂ and CH₄, logarithmic decay parameter k 

and percentage reduction with years to reach the post-restoration plateau for N₂O (after Kalhori et al., 

2024). 

      

Pathway CO₂ CH₄ N₂O 

  

Post-

restoration  

EF (t/ha/yr) 

Post-restoration  

EF (kg/ha/yr) 

Decay 

parameter  

Reduction 

relative to 

baseline 

Years to reach 

post-restoration 

state 

Natural conservation  0 280 0.25 97% 3 

Partial rewetting  5 90 0.18 85% 6 

Lowland fen paludiculture 2 230 0.18 85% 6 

Raised bog paludiculture  3 50 0.12 70% 10 

Wet meadow 2.5 60 0.15 70% 10 

  

Table 10: A key for pooling broader CORINE Land Cover classes into wetland land cover classes used 

in this report. From Copernicus Land Monitoring Service, (2020). 

Aggregated land-cover class CORINE codes included 

Forest 311, 312, 313 

Crops 211, 221, 222, 242 

Pastures 231, 243 

Unutilised grasslands 321, 333, 334 

Moors & Heathlands 322, 324 

Peat Bogs & Marshes 411, 412 

Other Remaining classes 

 

 

 

 

 

 

 

P. Bogs & Marshes 5 5 10 15 30 10 0 0 1 1 

P. Bogs & Marshes 6 10 15 20 10 0 0 0 1 1 
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Table 11: Opportunity cost margins for each pathway and land cover class with the reference literature. 

Note: the margins were broadly adapted from the figures reported in the literature, with judgement 

applied in regards of rounding and inflation since the times of publication.  

Pathway 

Land-cover 

class Minimum Average Maximum Source (adapted) 

Paludiculture 

low fens Crops 200 400 800 

Haldan et al., (2022); 

Wichmann, (2017); Wichmann 

& Nordt (2024) 

Paludiculture 

raised bogs 

Moors & 

Heathlands -800 -400 -200 

Haldan et al., (2022), 

Wichmann, (2017); Wichmann 

& Nordt (2024) 

Paludiculture 

raised bogs 

Peat Bogs & 

Marshes -800 -400 -200 

Haldan et al., (2022), 

Wichmann, (2017); Wichmann 

& Nordt (2024) 

Nature 

conservation 

Moors & 

Heathlands 0 10 20 * 

Nature 

conservation 

Peat Bogs & 

Marshes 0 10 20 * 

Nature 

conservation 

Unutilised 

grasslands 0 10 20 * 

Nature 

conservation Pastures 250 500 1,000 

Buschmann et al., (2025); 

World Bank, (2025) 

Nature 

conservation Forest 100 250 700 

National Forest Inventory, 

(2022) 

Nature 

conservation Crops 400 900 2,500 

Krimly et al., (2016); 

Buschmann et al.,(2025); 

Eurostat, (2023) 

Partial 

rewetting 

Unutilised 

grasslands 0 10 20 * 

Partial 

rewetting Pastures 100 250 800 

Braun (2020); Krimly et al., 

(2016); World Bank, (2025) 

Partial 

rewetting Forest 50 150 500 

National Forest Inventory, 

(2022) 

Wet meadow 

Unutilised 

grasslands 0 10 20 * 

Wet meadow Pastures 100 250 800 

Braun (2020); Schaller (2014); 

Buschmann et al., (2025) 

Wet meadow Crops 250 600 1,500 

Krimly et al. (2016); World 

Bank, (2025) 

*Assumed minimum opportunity costs for marginal use of commercially unutilised peatlands 
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6.3 Trade-off analysis – displaced GHG emissions: 

Supplementary information 

6.3.1 Abatement potential calculations  

Table 12: Abatement potential of moving from annual crops to nature conservation 

Category Parameter Units 

Pre-

restoration 

Post-

restoration 

C fluxes Sequestration tCO₂e/ha/yr 0 0 

 Degradation tCO₂e/ha/yr 25 0 

 Methane tCO₂e/ha/yr 0.4 7.5 

 Total tCO₂e/ha/yr 25.4 7.5 

     

Domestic production 1. Wheat grain kgDM/ha.yr 6550 0 

 2. Wheat straw kg DM/ha.yr 6439 0 

     

Change outside the restored 

area 1. Wheat grain kg DM/yr   6550 

 2. Wheat straw kg DM/yr   6439 

     

Emission intensities Domestic wheat grain kgCO₂e/kg DM 0.26 0.26 

Not inc. C fluxes or LUC Domestic wheat straw kgCO₂e/kg DM 0.13 0.13 

 Induced wheat grain kgCO₂e/kg DM   0.26 

 Induced wheat straw kgCO₂e/kg DM   0.13 

     

Total GHG Domestic wheat grain kgCO₂e/ha.yr 1712 0 

Not inc. C fluxes or LUC Domestic wheat straw kgCO₂e/ha.yr 817 0 

per ha restored Induced wheat grain kgCO₂e/ha.yr 0 1712 

 Induced wheat straw kgCO₂e/ha.yr 0 817 

 Total kgCO₂e/ha.yr 2529 2529 

     

LUC Induced wheat grain yield kg DM/ha.yr   6550 

 Induced wheat straw yield kg DM/ha.yr   6439 

 Induced wheat grain area ha   1.0 

 Induced wheat straw area ha   1.0 

 LUC EF wheat grain kgCO₂e/ha.yr   1201 

 LUC EF wheat straw kgCO₂e/ha.yr   596 
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 LUC GHG wheat kgCO₂e/yr   1201 

 LUC GHG straw kgCO₂e/yr   596 

     

Total GHG Domestic C fluxes tCO₂e/ha.yr 25.4 7.5 

 

GHG (not inc C fluxes or 

LUC) tCO₂e/ha.yr 2.5 2.5 

 LUC tCO₂e/ha.yr   1.8 

     

Abatement potential of 

restoration Not inc. LUC tCO₂e/ha.yr  17.9 

 Inc. LUC tCO₂e/ha.yr  16.1 

 

Table 13: Abatement potential of moving from annual crops to paludiculture 

Category Parameter Units 

Pre-

restoration 

Post-

restoration 

C fluxes Sequestration tCO₂e/ha/yr 0.0 0.0 

 Degradation tCO₂e/ha/yr 25.0 2.0 

 Methane tCO₂e/ha/yr 0.4 6.2 

 Total tCO₂e/ha/yr 25.4 8.2 

     

Domestic production 1. Wheat grain kgDM/ha.yr 6550 0 

 2. Wheat straw kg DM/ha.yr 6439 0 

 3. Typha kg DM/ha.yr 0 10000 

     

Change outside the restored 

area 1. Wheat grain kg DM/yr   6550 

 2. Wheat straw kg DM/yr   -3561 

     

Emission intensities Domestic wheat grain kgCO₂e/kg DM 0.261 0.261 

Not inc. C fluxes or LUC Domestic wheat straw kgCO₂e/kg DM 0.127 0.127 

 Domestic typha kgCO₂e/kg DM 0.264 0.264 

 Induced wheat grain kgCO₂e/kg DM   0.261 

 Induced wheat straw kgCO₂e/kg DM   0.127 

     

Total GHG Domestic wheat grain kgCO₂e/ha.yr 1712 0 

Not inc. C fluxes or LUC Domestic wheat straw kgCO₂e/ha.yr 817 0 
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per ha restored Domestic typha kgCO₂e/ha.yr 0 2640 

 Induced wheat grain kgCO₂e/ha.yr   1712 

 Induced wheat straw kgCO₂e/ha.yr   -452 

 Total kgCO₂e/ha.yr 2529 3900 

     

LUC Induced wheat grain yield kg DM/ha.yr   6550 

 Induced wheat straw yield kg DM/ha.yr   6439 

 Induced wheat grain area ha   1.00 

 Induced wheat straw area ha   -0.55 

 LUC EF wheat grain kgCO₂e/ha.yr   1201 

 LUC EF wheat straw kgCO₂e/ha.yr   596 

 LUC GHG wheat kgCO₂e/yr   1201 

 LUC GHG straw kgCO₂e/yr   -329 

     

Total GHG Domestic C fluxes tCO₂e/ha.yr 25.4 8.2 

 

GHG (not inc C fluxes or 

LUC) tCO₂e/ha.yr 2.5 3.9 

 LUC tCO₂e/ha.yr   0.9 

     

Abatement potential of 

restoration Not inc. LUC tCO₂e/ha.yr  15.8 

 Inc. LUC tCO₂e/ha.yr  15.0 
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Table 14: Abatement potential of moving from annual crops to wet meadows 

Category Parameter Units 

Pre-

restoration 

Post-

restoration 

C fluxes Sequestration tCO₂e/ha/yr 0.0 0.0 

 Degradation tCO₂e/ha/yr 25 2.5 

 Methane tCO₂e/ha/yr 0.4 1.6 

 Total tCO₂e/ha/yr 25.4 4.1 

     

Domestic production 1. Wheat grain kgDM/ha.yr 6550 0 

 2. Wheat straw kg DM/ha.yr 6439 0 

 3. Grass kg DM/ha.yr 0 4000 

     

Change outside the restored 

area 1. Wheat grain kg DM/yr   6550 

 2. Wheat straw kg DM/yr   6439 

 3. Grass kg DM/yr   -4000 

     

Emission intensities Domestic wheat grain kgCO₂e/kg DM 0.26 0.26 

Not inc. C fluxes or LUC Domestic wheat straw kgCO₂e/kg DM 0.13 0.13 

 Domestic grass kgCO₂e/kg DM 0.36 0.36 

 Induced wheat grain kgCO₂e/kg DM  0.26 

 Induced wheat straw kgCO₂e/kg DM  0.13 

 Induced grass kgCO₂e/kg DM  0.36 

     

Total GHG Domestic wheat grain kgCO₂e/ha.yr 1712 0 

Not inc. C fluxes or LUC Domestic wheat straw kgCO₂e/ha.yr 817 0 

per ha restored Domestic grass kgCO₂e/ha.yr 0 1435 

 Induced wheat grain kgCO₂e/ha.yr   1712 

 Induced wheat straw kgCO₂e/ha.yr   817 

 Induced grass kgCO₂e/ha.yr   -1435 

 Total kgCO₂e/ha.yr 2529 2529 

     

LUC Induced wheat grain yield kg DM/ha.yr   6550 

 Induced wheat straw yield kg DM/ha.yr   6439 

 Induced grass yield kg DM/ha.yr   7000 

 Induced wheat grain area ha   1.0 
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 Induced wheat straw area ha   1.0 

 Induced perennial crop area ha   0.6 

 LUC EF wheat grain kgCO₂e/ha.yr   1201 

 LUC EF wheat straw kgCO₂e/ha.yr   596 

 LUC EF grass kgCO₂e/ha.yr   -1403 

 LUC GHG wheat kgCO₂e/yr   1201 

 LUC GHG straw kgCO₂e/yr   596 

 LUC GHG grass kgCO₂e/yr   -802 

     

Total GHG Domestic C fluxes tCO₂e/ha.yr 25.4 4.1 

 

GHG (not inc C fluxes or 

LUC) tCO₂e/ha.yr 2.5 2.5 

 LUC tCO₂e/ha.yr   1.0 

     

Abatement potential of 

restoration Not inc. LUC tCO₂e/ha.yr  21.3 

 Inc. LUC tCO₂e/ha.yr  20.3 

 

6.3.2 Estimating LUC emissions 

The current LUC emissions factor (EF) assumes that 50% of the increase in wheat 

demand outside the restored area induced by restoration is met by converting 

grassland to arable land. An alternative approach is to use the PAS 2050 method (BSI 

2011, 2012; Blonk Consultants 2023), which calculates LUC EFs based on  the rate of 

expansion of the crop area and the changes in the overall areas of forest land, 

grassland, perennial crops and annual crops (in the country where the induced 

production is known or assumed to take place).  

 

Using the PAS 2050 approach: “the assessment of the (weighted) average, the rate of 

expansion shall be determined on the basis of the share of area expansion during 20 

years prior to the assessment and at the time of the assessment, using data from the 

United Nations Food and Agriculture Organization (FAO) (faostat.fao.org)” (BSI 2012, 

p7). Figure B1 shows the trends in wheat area in two countries that have expanded 

their crop areas since the 1990s, Argentina and Brazil. It shows that the wheat area in 

Brazil has expanded over the last 20 years (21% of the current wheat area is land that 

has been converted from other crops and land uses) whereas in Argentina there has 

been small reduction in the wheat area. Using the PAS 2050 approach, wheat 

produced in Brazil would have significant LUC emissions, whereas wheat from 

Argentina would have no LUC emissions. The LUC emissions of peatland restoration 
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under this method are therefore highly sensitive to the country in which the induced 

production is assumed to occur.  

 

 

Figure B1. The wheat production areas in Brazil and Argentina (FAOstat 2026) 

 

An alternative approach is outlined in Audsley et al. (2009). This approach entails 

“estimating total observed land use change (LUC) emissions caused by commercial 

food production and allocating that total “pool” of emissions to different food-types 

consumed in the UK based on their global average land-area requirements per unit of 

production.” (Audsley et al. 2009, p24). This approach allocates the LUC emissions to 

total demand rather than marginal demand, based on the recognition that: “all demand 

for agricultural land contributes to LUC pressures (either directly or indirectly), and 

therefore all demand for agricultural land (via the consumption of agricultural 

commodities) should be allocated a share of LUC emissions” (Audsley et al. 2009, 

p24). 
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6.4 Scottish Case Study Update: Supplementary 

information 

 

Table 15: Scottish Case study updated input and parameter table (with original values of opportunity 

and maintenance costs in parentheses) (a&b). 

(a) 

Peatland 
Condition 

Total area 
(ha) CO₂ EF (L/M/H) CH₄ EF (L/M/H) 

N₂O EF 
(L/M/H) Total EF (L/M/H) 

Forest 356,860 0.87 / 2.98 / 5.09 0.03 / 0.09 / 0.15 
0.08 / 0.28 / 
0.48 0.98 / 3.35 / 5.72 (original) 

Eroded (Eroding) 38,030 15.95 / 16.91 / 17.87 1.52 / 1.61 / 1.70 
0.32 / 0.34 / 
0.36 17.79 / 18.86 / 19.93 (original) 

Near Natural Bog 490,500 
−0.85 / −0.03 / 
0.79 

0.00 / 0.35 / 
0.70 

0.00 / 0.00 / 
0.00 −0.85 / 0.32 / 1.49 (original) 

Other 10,270 1.41 / 16.50 / 31.59 0.07 / 0.72 / 1.38 0.18 / 2.20 / 4.20 1.66 / 19.42 / 37.17 (original) 

Modified Bog 862,390 1.94 / 2.49 / 3.04 0.60 / 0.77 / 0.94 
0.05 / 0.06 / 
0.07 2.59 / 3.32 / 4.05 (original) 

Extraction 47,790 13.84 / 15.68 / 17.53 0.91 / 1.03 / 1.15 0.27 / 0.31 / 0.35 15.02 / 17.02 / 19.03 (original) 

Intensive 
Grassland 72,260 

16.94 / 18.70 / 
20.47 1.22 / 1.35 / 1.47 1.76 / 1.95 / 2.14 

19.92 / 22.00 / 24.08 
(original) 

Extensive 
Grassland 33,590 10.43 / 13.25 / 16.07 1.62 / 2.06 / 2.50 

0.45 / 0.57 / 
0.69 12.50 / 15.88 / 19.26 (original) 

(b) 

Peatland 
Condition 

Opportunity 
Costs (£ ha⁻¹ yr⁻¹) 

Maintenance costs (£ ha⁻¹ 
yr⁻¹) Implementation Costs (£ ha⁻¹) 

Forest 150–650 (100–500) 55→8 decay (35 fixed) 2500 (1600 median); 500–5000 

Eroded (Eroding) 0–15 (0–10) 100→20 decay (35 fixed) 1600 (1000 median); 300–4000 

Near Natural Bog 0–10 (0–10) 12→2 decay (35 fixed) 600 (400 median); 100–800 

Other 10–120 (10–20) 65→12 decay (35 fixed) 1100 (800 median); 400–1200 

Modified Bog 5–40 (10–20) 35→4 decay (35 fixed) 1200 (900 median); 200–2500 

Extraction 80–700 (10–500) 75→15 decay (35 fixed) 1600 (1000 median); 300–3300 

Intensive 
Grassland 120–420 (100–300) 60→8 decay (35 fixed) 1100 (800 median); 200–1900 

Extensive 
Grassland 15–110 (10–50) 45→6 decay (35 fixed) 1100 (800 median); 200–1900 
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6.5 Neman Catchment Case Study Update: Supplementary 

information 

Table 16: Neman Catchment case study updated input and parameter table (a&b). 

(a) 

Country 
Land use / 

cover 
Area (ha) Total EF L/M/H CO₂ EF L/M/H CH₄ EF L/M/H N₂O EF L/M/H 

Lithuania Arable land 78,442 14.2 / 40.4 / 50.0 
12.07 / 34.34 / 

42.50 
0.28 / 0.81 / 1.00 1.85 / 5.25 / 6.50 

Lithuania Forest 78,741 19.5 / 26.0 / 49.1 18.14 / 24.18 / 45.66 
0.39 / 0.52 / 

0.98 
0.98 / 1.30 / 2.46 

Lithuania 
Pastures and 

meadows 
97,122 21.3 / 31.5 / 40.7 

17.47 / 25.83 / 
33.37 

0.64 / 0.94 / 1.22 3.19 / 4.72 / 6.11 

Lithuania Quarry 23,699 6.2 / 7.5 / 28.2 5.70 / 6.90 / 25.94 0.31 / 0.38 / 1.41 0.19 / 0.22 / 0.85 

Lithuania 
Semi-natural 

grasslands 
6,447 5.8 / 19.5 / 30.9 4.93 / 16.57 / 26.26 0.29 / 0.98 / 1.54 0.58 / 1.95 / 3.09 

Lithuania 
Drained 

peatlands, 
unutilised 

14,829 2.2 / 22.5 / 34.2 1.94 / 19.80 / 30.10 0.18 / 1.80 / 2.74 0.09 / 0.90 / 1.37 

Poland Forest 5,234 19.5 / 26.0 / 49.1 18.14 / 24.18 / 45.66 
0.39 / 0.52 / 

0.98 
0.98 / 1.30 / 2.46 

Poland 
Pastures and 

meadows 
6,615 21.3 / 31.5 / 40.7 

17.47 / 25.83 / 
33.37 

0.64 / 0.94 / 1.22 3.19 / 4.72 / 6.11 

Poland 
Semi-natural 

grasslands 
3,137 5.8 / 19.5 / 30.9 4.93 / 16.57 / 26.26 0.29 / 0.98 / 1.54 0.58 / 1.95 / 3.09 

Poland 
Drained 

peatlands, 
unutilised 

1,026 2.2 / 22.5 / 34.2 1.94 / 19.80 / 30.10 0.18 / 1.80 / 2.74 0.09 / 0.90 / 1.37 

(b) 

Country Land use / cover OC L/M/H Impl. L/M/H 
Maint. 
L/M/H 

Lithuania Arable land 130 / 212 / 320 334 / 1,497 / 2,539 1% / 2% / 3% 

Lithuania Forest 150 / 300 / 500 334 / 1,497 / 2,539 1% / 2% / 3% 

Lithuania Pastures and meadows 80 / 166 / 260 334 / 1,497 / 2,539 1% / 2% / 3% 

Lithuania Quarry 250 / 550 / 900 334 / 1,497 / 2,539 1% / 2% / 3% 

Lithuania Semi-natural grasslands 25 / 82 / 150 334 / 1,497 / 2,539 1% / 2% / 3% 

Lithuania 
Drained peatlands, 

unutilised 
10 / 50 / 100 334 / 1,497 / 2,539 1% / 2% / 3% 

Poland Forest 175 / 350 / 600 250 / 1,249 / 1,999 1% / 2% / 3% 

Poland Pastures and meadows 180 / 340 / 520 250 / 1,249 / 1,999 1% / 2% / 3% 

Poland Semi-natural grasslands 120 / 283 / 420 250 / 1,249 / 1,999 1% / 2% / 3% 

Poland 
Drained peatlands, 

unutilised 
10 / 50 / 100 250 / 1,249 / 1,999 1% / 2% / 3% 

 




