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Summary of Deliverable 

This deliverable report explores the use of marginal abatement cost curves (MACCs) 

as a tool for assessing the cost-effectiveness of wetland restoration, with a focus on 

their relevance to climate mitigation in the land-based sector. It explains the 

importance of cost-effectiveness in restoration planning and reviews literature on cost-

effectiveness analysis (CEA), particularly in relation to peatlands—recognized as the 

most space-efficient terrestrial carbon store. The report then outlines key challenges 

in constructing MACCs for wetlands, including variations in cost categories, abatement 

potential, and wetland ecosystem types. Finally, it applies the MACC framework to two 

illustrative case studies: blanket bog restoration in Scotland, and restoration of 

peatlands in the Neman River Basin in Lithuania and Poland, demonstrating how this 

approach can support more informed and economically efficient restoration strategies. 
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1. Introduction 

1.1 Aims and objectives 

The main aim of the report is to characterise the use of marginal abatement cost curves 

(MACCs) in the context of wetland restoration1. MACCs are tools to capture information on 

the cost-effectiveness of interventions. We will introduce why considerations of cost-

effectiveness matter in relation to wetland restoration, and how such considerations can be 

reflected in MACCs, with reference to application in the land-based sector. We then review 

literature on cost-effectiveness analysis (CEA) in the context of wetland restoration, with 

emphasis on applications to peatlands as the globally most space-efficient carbon store 

(Joosten et al. 2013). This is followed by an introduction and discussion of challenges to 

develop MACCs for wetland restoration, including a basic assessment of differences in how 

these challenges play out for different wetland types. We will test the application of MACCs to 

wetland restoration using a case study focusing on blanket bog restoration in Scotland. The 

case study illustrates how the conceptual ideas developed in this report can be put into 

practice to rank restoration efforts by increasing abatement cost and explores how varying 

biophysical and economic characteristics across different peatland condition classes influence 

the cost-effectiveness and total mitigation potential of peatland restoration over time. By 

constructing MACCs for alternative restoration paths, we examine how restoration outcomes 

shift across 20-, 30-, and 50-year timeframes and investigate the interplay between emission 

reductions, implementation, maintenance, and opportunity costs, highlighting how these 

factors vary by peatland condition and time horizon. 

1.2 Wetland restoration as a natural climate solution 

Wetland restoration is a cornerstone of global nature and biodiversity conservation targets 

(30by30) as agreed at the UN Biodiversity Summit (COP 15) in Montreal in 2022. This report 

focuses on inland wetlands, which can be broadly distinguished into peatlands and mineral 

soil wetlands. Both are characterized by water tables at or near the surface. Peatlands 

accumulate a thick layer of (partly decomposed) organic material; mineral soil wetlands 

typically have a thinner layer of non-peat forming organic material. Wetlands can act as carbon 

sinks in their natural state but release significant net greenhouse gases when drained or 

degraded (Ma et al., 2024). Restoring, or more generally re-wetting of wetland areas has thus 

been considered an important component of natural climate solutions (Griscom et al., 2017), 

with related policy interest to achieve national and international climate targets (Anisha et al., 

2020). For example, reducing peatland conversion and restoring peatlands where possible 

 

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.   
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are both needed to achieve emission pathways keeping global warming under 2°C (IPCC 

2022, p785-6, citing Leifeld et al. 2019). 

Agriculture and forestry are two of the main drivers of wetland degradation (Bain et al., 2011; 

Bonn et al., 2016). While these activities can be important sources of income (Bullock et al., 

2012), they often require drainage.  Drainage lowers the soil water table, which exposes peat 

to oxygen, and initiates decomposition, leading to GHG emissions and subsidence (Artz et al., 

2023; Niemi et al., 2024). Another driver of degradation on peatlands is peat extraction. Peat 

has historically been harvested for use as fuel, a growing medium, and other purposes. Even 

though in Europe the rates of extraction have decreased in recent years, partly in response to 

emergent policies (van Hardeveld, 2018), the global rates of peatland degradation have been 

gradually increasing (GPI, 2022).    

Methods for slowing down, or even reversing, degradation are available and have been 

successfully applied. Wetland restoration involves various measures aimed at rewetting, 

rehabilitating, and protecting degraded areas to restore their ecological functions. The choice 

of restoration measures depends on the type of wetland, the end goal and the characteristics 

of the site to be restored (De Steven & Gramling, 2012; Artz et al. 2018; Okumah et al. 2019). 

Importantly, the cost and effects of restoration measures can vary depending on the underlying 

ecological condition and other factors (Trepel 2007; Armstrong et al. 2009; Glenk et al. 2025).   

1.3 Why cost-effectiveness matters 

Wetland degradation can be considered the result of market failure. Barbier & Burgess (2021) 

point out that the primary reason for the mismanagement of global peatlands is the 

undervaluation of all of their economic contributions. Wetlands may be drained for production 

of market products, without recognising their value for non-market goods, including a range of 

regulatory ecosystem services. Policies and commercial activities that degrade or convert 

these carbon-rich ecosystems often fail to fully consider their societal benefits (Pelsma et al., 

2020). Delaying action on their conservation and restoration could lead to significant economic 

consequences (Glenk et al. 2021). Market failure provides an economic justification for 

government to develop policy that reduces the amount of degradation to a socially acceptable 

level.  

When developing policy to reduce wetland degradation, it is crucial to focus on the “value for 

money” principle, as it ensures that limited financial resources are used efficiently to achieve 

the greatest possible environmental benefits. Given the competing demands on public and 

private funding, policymakers must prioritize cost-effective interventions that deliver 

measurable improvements in environmental quality (Moran et al., 2013).  

Cost-effectiveness analysis (CEA) is an economic analysis that compares the (financial) costs 

of an intervention with the effects of the intervention (e.g. in terms of changes to human health 

or the state of the environment). In the case of GHG mitigation, CEA typically quantifies the 

cost of abatement (often expressed in £ per tonne of CO2e) thus enabling the cost-

effectiveness of different ways of reducing emissions (mitigation measures) to be compared. 

An option which has lower abatement cost is more cost-effective. Comparison is sometimes 

facilitated though the use of marginal abatement cost curves (MACCs). 
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1.4 What are Marginal Abatement Cost Curves (MACCs)  

MACCs describe how the cost of reducing an additional unit of pollution (e.g. GHG emissions) 

depends on the level of overall pollution reduction, and is an upward sloping curve, indicating 

that the average cost of a smaller extent of pollution reduction is lower than the average cost 

of bigger mitigation effort. A GHG MACC graphically summarise the marginal abatement costs 

of achieving different levels of GHG mitigation in a given time period, thereby providing 

accessible information in support of climate change policies (Bamière et al., 2023). CEA and 

MACCs are most commonly applied in ex ante analysis of policy options. In such cases, the 

calculations estimate future costs and GHG effects, based on data derived from past 

observations. The robustness and relevance of such data greatly impacts the quality of CEA 

and MACCs. 

The marginal cost of abatement can be calculated in various ways. Vermont and De Cara 

(2010) divide MACCs into three main types based on the methodology used to derive the 

curves: (i) bottom-up cost-engineering; (ii) micro-economic modelling, with exogenous prices; 

(iii) regional/sectoral supply-side equilibrium models. The bottom-up cost-engineering 

approach has been widely applied to agricultural emissions. In this approach information on 

the one-off and recurring costs of a range of mitigation measures and their effects on 

emissions are collected. These data are used to calculate (a) the cost of each measure, (b) 

the amount by which emissions are reduced, and from these two values derive (c) the 

abatement cost, i.e. the cost per unit of GHG mitigated. The results for each measure are then 

plotted, usually in order of increasing abatement cost. An example of a bottom-up agricultural 

MACC (for GHG mitigation in UK dairy) is given in Figure 1. The annual effect (reduction in 

emissions) is shown by the width of the bars and the abatement cost by the height. The area 

of each bar is the total annual cost of the measure. 
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Figure 1: Example of marginal abatement cost curve (MACC) for UK dairy mitigation measures 

(Source: MacLeod et al. 2015). The effect (reduction in emissions) is shown by the width of the bars 

and the cost-effectiveness by the height. The area of each bar is the total cost of the measure. 

 

MACCs have been used to support agricultural GHG mitigation policy in several countries: 

• The UK (Eory et al. 2020a, 2025) 

• Australia (Climate Works Australia, 2010) 

• France (Pellerin et al., 2013, Pellerin et al., 2020, Bamiere et al., 2023) 

• Italy (Coderoni et al., 2014) 

• The USA (Pape et al., 2016, Jones and O’Hara, 2023) 

• Ireland (Lanigan and Donnellan, 2018, Teagasc, 2023) 

• New Zealand (Ministry for the Environment, 2020) 

MACCs have also been developed for agricultural GHG mitigation at a sub-national level, e.g. 

for Scotland (Eory et al., 2020b) and Aragon (Baccour et al., 2021), or for specific sectors (e.g. 

for the dairy sector: Duffy et al., 2021; Huber et al., 2023).  

In principle MACCs (or CEA more generally) could also be used to guide policy on peatland 

restoration by helping practitioners to identify restoration approaches and sites that offer the 

greatest mitigation potential per unit cost, thereby optimizing carbon sequestration outcomes. 

We review the application of CEA to peatland restoration in the next section, then discuss how 

some of the challenges posed by CEA and generating MACC for peatland restoration might 

be met. 
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2. Cost-effectiveness of wetland restoration with 

focus on peatlands 

Despite growing recognition of the climate and ecological benefits of wetland restoration, up-

to-date research on its cost-effectiveness remains limited.  Within the broader literature on 

cost-effectiveness of wetland restoration, Sparks et al. (2013) compared the cost-

effectiveness of improving biodiversity-related parameters of two experimental salt marsh 

restoration designs. They found that lower density of interventions was more cost effective. 

The authors also observed that certain pre-restoration activities, aimed at preparing the site 

for a full-scale project will increase the duration and labour requirements, but have a potential 

to reduce the overall site-level abatement cost.   The cost-effectiveness of wetland restoration 

for their water purification and storage function was studied by Kirk et al. (2004) and Trepel 

(2010). Kirk et al. (2004) highlight the importance of a post-restoration maintenance protocol 

in reference to the project's original aims and objectives while Trepel (2010) pointed out the 

lack of political will to fund projects aimed at enhancing their water purification function despite 

evidence of their cost-effectiveness. All the aforementioned studies recognised short post-

implementation timeframes, during which benefits could be accounted for as a limiting factor 

to their ability to fully capture or estimate their streams.   

Among the peatland-specific literature, Rana et al. (2024) produced a cost-impact analysis 

with the objective of peatland biodiversity enhancement. They compared four alternative 

peatland uses: no management, restoration, bioenergy and timber, and concluded that 

restoration can be a cost-effective alternative as long as the long-term discount rates are 

assumed to be low. Similarly, Niemi et al. (2024) compared restoration to other degraded 

peatland conversion options in terms of cost-effectiveness of achieving their GHG reduction 

potential. They calculated cost carried by the public as the sum of implementation costs and 

modelled government subsidies paid to farmers at the exact amount of their lost incomes. The 

authors concluded that GHG abatement from restored peatlands is less expensive than the 

cost of carbon under the European trading scheme (ETS) or carbon capture and storage 

options.  

Juutinen et al. (2020) used an integrated biophysical-economic modelling approach and built 

an optimisation framework for assessing cost-effectiveness of four alternative peatland 

uses:  no action, forestry, bioenergy and restoration. The authors mention spatial and temporal 

variability of peatland ecosystems and balancing multiple competing objectives as some of 

the key challenges in using an optimisation modelling framework for a cost-effectiveness 

analysis.  

Grossmann & Dietrich (2012) took an econometric approach to calculating the GHG 

abatement costs of restoring fen peat wetlands in Germany using a formula for estimating the 

shadow price of carbon. They conclude that prioritizing restoration offers a more efficient 

strategy than relying on agri-environmental schemes, although both approaches necessitate 

the use of spatial zoning. Interestingly, based on the results of their analysis, the authors 

conclude that the effects of future climate change may reduce the cost effectiveness of 

wetland restoration by as much as 50%.   
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Taillardat et al. (2020) conducted a meta-analysis by collecting restoration cost and GHG 

effect data from studies on various wetland ecosystems around the world. The results of their 

analysis show that different wetland ecosystems greatly differ in cost-effectiveness of their 

restoration and for most inland wetlands priority should be given to efforts to conserve the 

existing undegraded sites over restoring the degraded ones, while for coastal wetlands both 

conservation and restoration could be cost-effective, depending on spatial context and 

timeframes. These conclusions, however, only apply to direct measurements of CO2, and only 

within a limited timeframe after restoration on included case studies. The authors point out 

that due to short timeframes, within which the net effect of increased methane emissions offset 

the CO2 abatement, they could not produce a full CO2 equivalent abatement cost analysis.    

Moxey and Moran (2014) summarized (with reference to a UK example) the key parameters 

needed for cost-effectiveness calculations. They argued that a narrow focus on carbon 

benefits alone can be a pragmatic approach for evaluating peatland restoration, while 

recognising the added value of approaches that include wider non-GHG effects. The results 

of their calculations show that even conservative estimates of avoided CO2 emissions can 

make restoration cost-effective in many cases, especially when the per-hectare emissions 

from degraded peatlands are high. The clearly established market value of carbon is another 

benefit of a CEA. Compared to more diffuse and difficult-to-monetize benefits like biodiversity, 

water regulation, or recreation, carbon has a well-defined shadow price used in policy, which 

allows for a more straightforward economic valuation and comparison. Moxey and Moran 

(2014) also argue that CO2 emissions data, while still uncertain, are relatively more 

standardized and better studied than other benefits, which makes carbon a more practical 

focus for i.e. early-stage or larger-scale economic evaluations. Finally, the authors argue that 

the policy relevance of GHG mitigation could make peatland restoration efforts more easily 

justified within climate policy frameworks, thereby attracting support and funding.  

In Scotland, using peatland restoration cost estimates from Holden et al. (2008), and emission 

factors produced by Evans et al. (2017), Horsburgh et al. (2022) presented a cost-

effectiveness analysis of five alternative restoration measures aimed at reduction of GHG 

emissions from peatlands, as a part of their broader analysis of peatlands contribution to 

Scotland’s biocapacity. The total restoration costs were calculated as the net present values 

(NPV) of implementation, maintenance and opportunity costs, while the emission abatement 

was assumed to accumulate over either 30-, or 60-year time periods. Their results support the 

conclusion that peatland restoration is a highly cost-effective GHG mitigation option as long 

as opportunity costs of non-restored land use are relatively low.  

Moxey (2011) and Moxey & Morling (2018) also report that the cost-effectiveness of peatland 

restoration compares favourably to some other mitigation options, such as afforestation or 

biogas. An alternative method is to assess restoration benefits solely based on the value of 

carbon emissions avoided, using non-traded carbon prices published by governments 

specifically for economic analysis (e.g., Moxey & Moran, 2014).  

Krimly et al. (2016) built a farm-level linear programming model with the objective function of 

optimisation of cost-effectiveness of measures aimed at rewetting peat on intensive 

grasslands. This approach was useful in estimating potential emission displacement) and 
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affiliated costs) due to peatland restoration on highly productive lands. The authors stressed 

the need for and individual farm approach and impact analysis for planned peatland restoration 

projects. They also pointed out that farmer compensations will need to be substantial if the 

governments were to expect farmers to agree to rewetting, especially in the case of intensively 

grazed grassland peatlands on dairy farms.  

Within the literature on economic valuation of carbon benefits of peatland restoration, Griscom 

et al. (2020) constructed a global MAC curve, where peatland restoration was one of the 12 

natural climate solution (NCS) pathways assessed. Using country-level biophysical potential 

and cost constraints, they estimate the global marginal abatement cost of tonne of carbon 

dioxide equivalent at approximately US$50. 
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Table 1: A summary of relevant literature on cost-effectiveness of peatland restoration. 

Study & Location Approach Main Findings Coverage  

Sparks et al. (2013), 

USA 

Comparison of CE (implementation costs) of improved vegetation parameters (density) of 

two experimental restoration designs. Scenarios: Cost categories (labour, equipment, land) 

were either hired or donated (no cost)  

Higher CE achieved with lower intervention density Case study: salt marsh restoration projects, 

Mississippi 

Kirk et al. (2004), USA Measure construction CE in terms of water budgets of 5 wetland restoration alternatives  Recommend options that achieve a water table goal at 

lowest cost 

Case study site: Wetland prairie, Florida 

Trepel (2010), Germany CE comparison of 2 alternative measures increasing water purification function of wetlands Cost-effective rewetting of 20.000ha wetlands can reduce 

total nitrogen loads by 10% 

Wetland soils of federal state Schleswig-Holstein 

Rana et al. (2024), 

Finland 

Cost-impact analysis with the objective of peatland biodiversity enhancement. Calculation 

of the change in net present value (NPV) of 4 alternative peatland uses 

CE of restoration, if compared to the use of peatlands for 

biofuels or timber, highly depends on specific habitat areas 

and assumed interest rates 

Case study: 3 various peatland landscapes in 

Finland 

Niemi et al. (2024), 

Finland 

Comparing restoration to other degraded peatland conversion options: controlled drainage, 

paludiculture, and afforestation, in terms of CE of achieving their GHG reduction potential.  

Rewetting delivered the highest emissions reductions per 

unit area and showed to be the most cost-effective option. 

Agriculturally utilised peatland soils, Finland 

Juutinen et al. (2020), 

Finland 

Optimisation framework for assessing CE of four alternative peatland uses:  no action, 

forestry, bioenergy and restoration in context of three objectives: climate effects 

(abatement), water emissions and biodiversity. 

Peatland restoration is a cost-effective option for GHG 

abatement, but strong trade-offs with economic utilisation of 

peatlands are to be expected.  

791 state-owned forestry-drained peatland sites in 

Ostrobothnia 

Taillardat et al. (2020), 

Global 

Meta-analysis by collecting data from two parallel (emissions & costs) literature reviews. An 

account of global average restoration costs per tCO2e, with indicative error margins. 

Restoring peatlands was the most cost-effective alternative 

with the narrowest error margin.  

Global case studies for five wetland types: 

mangroves, saltmarshes, floodplains, freshwater 

marshes and peatlands 

Moxey & Moran (2014), 

UK 

Theoretical cross tabulation model of the capital cost-effectiveness of peatland restoration  Results show that CE is sensitive to varying time periods, 

emission differentials, carbon prices and ongoing cost 

dimensions 

All degraded peatlands, UK 

Horsburgh et al. (2022), 

UK 

CEA of five alternative restoration measures aimed at reduction of GHG emissions from 

peatlands. The scenarios were built around combinations of increasing implementation and 

opportunity costs. 

In general, increasing restoration costs tend to decrease 

cost-effectiveness of abatement. The time horizon also had 

a substantial impact on cost effectiveness of the assessed 

options.    

Degraded peatlands, Scotland 

Moxey (2011), UK Illustrative calculation of CE of peat restoration compared to other land-based abatement 

options.  

Peatland restoration is a cost-effective option compared to 

options such as afforestation or biogas production 

All degraded peatlands, UK 

Krimly et al. (2016), 

Germany 

Farm-level linear programming model with the objective function of optimisation of cost-

effectiveness of measures aimed at rewetting peat on intensive grasslands. Abatement 

costs are thus calculated as each farms change in annual gross margins. 

Conversion of arable land into medium drained intensive 

grassland leads to high abatement costs, while rewetting 

and conversion into wet grassland range is much more cost-

effective 

Case study: Pre-alpine hill and Moorland in 

Baden-Wuerttemberg 



Deliverable 5.2 

 

   

 

16 

 

3. Conceptual framework for developing MACCs for 

wetland restoration 

This section discusses the main challenges faced when developing MACCs for wetland 

restoration and rewetting, and proposes ways in which the challenges may be addressed, thus 

providing a conceptual framework for implementation. 

Wetland restoration involves a transition of a site from a drained and (to greater or lesser 

extent) degraded condition to a re-wetted, less degraded condition. Restoration can imply 

restoring some or all ecosystem functions or restoring state to a condition that is as close to 

the natural state as possible. Re-wetting offers broader spectrum of transitions to end states 

that may only have partially restored ecosystem functionality. An example is partial rewetting 

while continuing to use land for grazing/agriculture, or for paludiculture (Partners for Innovation 

and WUR, 2024). 

The challenges are grouped under five themes:  

1)  The site-specific nature of wetland degradation makes it difficult to generalize across 

sites (Evans et al., 2017) and necessitates both tailored packages of interventions 

(restoration measures or practices) and context-specific assessment.  

2)  The dynamic nature of GHG emissions, especially the trade-offs between CO₂ CH₄, 

and N₂O emissions pre- and post-restoration, introduces uncertainty in estimating net 

climate benefits (Wilson et al., 2016) and requires careful consideration in the 

calculation of changes in emissions.  

3) Restoration costs vary widely depending on site accessibility, required interventions, 

and long-term management needs, complicating the assignment of consistent cost 

estimates (Moxey, 2016).   

4) The expected emission reduction benefits of restoration might not fully be achieved 

and the carbon, which, in the medium-long term, might be sequestered by peatlands, 

can be lost. necessitating mechanisms to consider these uncertainties in the decision 

making and treating peatland-based carbon removals as temporary.  

5) Peatland restoration has significant non GHG effects which calls for complementing 

cost-effectiveness analysis with the assessments of other environmental and social 

outcomes. 

3.1 The site-specific nature of wetland degradation  

As their core function, MACCs describe how the abatement cost changes with increasing 

abatement effort. In sectoral MACCs, for example of agricultural GHG mitigation, effort is often 

a function of individual abatement interventions or measures, for which estimates of cost-

effectiveness are derived. However, wetland restoration programmes routinely consist of sets 

of measures that must work in accord in order to achieve the desired results. For example, 

restoration of peatlands may require the blocking of drainage systems combined with surface 

restoration, removal of non-bog species and re-establishment of peat mosses (sphagnum) 

(Trepel, 2007). In practice this means that the abatement effect and cost-effectiveness of a 

measure will depend on the other measures it is applied with, making it difficult to create a 
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standardised schedule, or protocol, for systematic measure application (Balode et al., 2024). 

In sum, on any one site, a certain combination of interventions (measures) will be most cost-

effective to enable the transition of a degraded wetland to a desired end-state. 

One way to address this challenge would be to use historical measure application data in 

combination with site-level conditions information to determine the measures required to 

restore an area. In practice that would mean building a model that, in the crudest sense, 

assumes a site, for example a peatland, to be restored if all active ditches are blocked, bare 

peat is filled and covered, and non-peatland vegetation is removed and replanted with peat 

moss. Degradation of wetland sites could be characterised and combined with other site-

relevant environmental and geographical data. Rules could be developed that determine the 

minimum level of a combination of measures that would have to be applied to achieve a 

desired end state. Arguably, such an approach would heavily rely on the rules and implied 

assumptions and may be primarily operational at smaller scales with limited heterogeneity 

across sites. Alternatively, a machine learning platform could learn from patterns of application 

of measure from site-level maps of finished projects and attempt to predict similar deployment 

to degraded sites with similar conditions.  

Another approach would be to focus directly on the wetland conditions. Sites with similar types 

of wetlands, degree of degradation, drainage, land cover, use, topography or microclimate are 

not only likely to require similar sets of interventions but could also deliver similar levels of 

abatement for similar levels of costs. Using spatial datasets containing such information for all 

the degraded peatlands in an area can be used to create discrete clusters of conditions (for 

example: heavily degraded fen peatland used for arable agriculture; lightly degraded hill 

grassland). A MACC could then be constructed with wetland condition clusters being its main 

building blocks, rather than individual measures (Figure 2). 

 

Figure 2: a schematic example of a MACC ranking spatially explicit condition clusters (e.g. CC1: 

lightly degraded hill grassland) by cost-effectiveness of their respective restoration. 
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3.2 The dynamic nature of GHG emissions   

The total amount of abated GHG emissions over time from wetland restoration is equal to the 

sum of annual difference in emissions between a business-as-usual state and the rewetted 

wetland. For peatlands, this principle is reflected in the protocol developed for calculating 

carbon credit entitlements under the Peatland Code scheme in the UK (Reed et al., 2014; 

Moxey et al., 2021; Evans et al., 2023). Burden et al. (2023) applied the same principle for 

developing guidelines for a potential UK Saltmarsh Code. For other types of wetlands, 

Needelman et al. (2018) created a verified carbon standard methodology for marshes, 

mangroves and tidal wetlands and the IUCN developed a general manual for creation of blue 

carbon projects in Europe and the mediterranean (IUCN, 2021). 

Total GHG abatement is a function of time and shape of the emissions curve. Both of these 

aspects, however, can be uncertain, and therefore introduce another level of complexity to a 

MACC framework.  

For peatland, studies on post-restoration changes agree that the time it takes to return to a 

peat-forming status greatly varies due to varying levels of degradation, peat structure, 

microclimate, hydrology, sphagnum health and choice and quality of deployment of measures, 

among others (Alderson et al., 2019; Mander et al., 2024; Allan et al., 2024). Thus, establishing 

a single reference timeframe after restoration is nearly impossible. Overall, the results of 

Wilson et al. (2016) and Evans et al. (2021) show that within the first 5–10 years, restored 

peatlands are often still net carbon sources due to high methane emissions and CO2 from the 

ongoing decomposition of old peat. Water tables are expected to increase relatively quickly, 

within the first 5-7 years, and methane emissions tend to increase dramatically when water 

tables are restored, but tend to decline subsequently, reflecting adjustments in microbial 

communities and vegetation structure under sustained anoxic conditions (Günther et al., 2020; 

Ma et al. 2024). Peat-forming sphagnum moss and other bog vegetation species have been 

observed to fully recover within 10 –20 years after restoration (Strack et al., 2006), while a 

peatland might return to a net carbon sink status after 20–30 years, depending on climate and 

hydrology (Laine et al., 2021). However, the timeframes for ecological recovery and climate 

benefits vary considerably depending on the initial condition of the site and the desired end 

state (Günther et al., 2020; Launiainen et al. 2025). Evans et al. (2014) emphasize that the 

degree of degradation and the restoration strategy employed (e.g., rewetting alone vs. 

combined rewetting and re-vegetation) are critical determinants of the speed and trajectory of 

ecosystem recovery.  

The above insights are broadly reflected in a recent meta-study (Schuster et al., 2024), which 

also found that, compared to peatlands, less is known about emissions along restoration 

pathways for non-peat wetlands. Nevertheless, degraded non-peat wetlands require less time 

to return to a net cooling effect post restoration, and tend to be invariant with regards to 

methane emissions over time and thus ecological conditions. 

In sum, dynamics in GHG emissions over time should be reflected in the estimation of 

emission reductions from changes in wetland management relative to a business as usual 

scenario. In addition to differences in the emission profile over time, it is important to point out 
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that temporal dynamics of emissions, and potentially successful restoration to a desired end 

state, may also depend on changes in climate and other external factors over time (e.g., Ritson 

et al., 2025).  

3.3 Great variation in restoration costs 

Generally, ecosystem restoration projects of all types may be considered high cost. Often, 

they are associated with up-front capital investment of considerable magnitude (Sewell et al. 

2016). However, costs of wetland restoration have been found to vary greatly depending on 

location and context (de Groot et al., 2013; Sewell et al., 2016). Costs vary due to different 

baseline levels of ecosystem degradation, the availability of local infrastructure aiding the 

implementation of restoration works, type and scale of restoration, legal considerations, 

including existing land use and tenure arrangements, land value and labour costs (Sewell et 

al., 2016). In a study on restoration of fish passages, Van Deynze (2016) also refer to 

complexity of restoration works, managing and protecting safe access to sites, access to 

labour and supplies, and other project characteristics including land cover, slope, elevation, 

number of sites in a project and distance between sites. 

Assessments of GHG abatement cost of restoration should include implementation, post-

restoration monitoring and maintenance, and opportunity costs (Moxey & Moran, 2014; Moxey 

& Morling, 2018; Glenk & Martin-Ortega, 2018, Serra-Llobet et al., 2022; Wang et al, 2022). 

The main challenges in quantifying the different cost elements are summarised in Table 2 

(overleaf). 

3.3.1 Implementation costs 

Glenk et al. (2025, p14) describe implementation costs as “the sum of all expenses within the 

project implementation phase,” required to deliver restoration on the ground, including 

physical interventions and supporting services needed for ecological recovery. The 

expenditures made during the active restoration phase can be the most substantial factor of 

overall abatement costs within a MACC framework. This is especially the case for much of the 

world’s temperate blanket bogs, often in upland areas, and boreal peatlands (Taillardat et al., 

2020). For example, Okumah et al. (2019) collected data from 38 blanket bog restoration sites 

in England, indicating that restoration works costs on average comprise 89% of total 

restoration costs.  

Implementation costs can be the easiest to quantify; for example, project-level records may 

contain information on initial capital expenditure. There are, however, significant challenges 

and opportunities in regards of data collection and manipulation. The key issue is if the 

collection and aggregation of restoration data does not follow a consistent protocol. This 

problem is directly related to an issue of self-reporting, and thus self-aggregating of data, as 

reported by Glenk et al. (2018). The authors note that if the information about restoration 

practices and costs are being recorded long ex-post, accuracy issues tend to be significant. 

Furthermore, Glenk et al. (2022, 2025) and Artz et al. (2018) discussed substantial uncertainty 

in regards on recording and reporting the actual area affected by restoration and its impacts 

on calculating per hectare costs. Changes to individual restoration projects, several 



Deliverable 5.2 

 

   

 

20 

 

overlapping phases of funding rounds and thus overlapping project records, underreporting of 

older restoration efforts all increase the inaccuracies in the available cost data. Stelk et al., 

(2017) & Glenk et al. (2025) emphasize the need for standardized reporting protocols for 

wetland restoration projects. Developing and enforcing clear guidelines on how costs, 

restoration activities, and outcomes should be recorded, preferably in real-time or shortly after 

interventions, can greatly improve data reliability. (Artz et al., 2018) advocate for the 

establishment of centralized, independent databases managed by third parties or government 

agencies to systematically collect and verify restoration data. To address inaccuracies in 

measuring the actual area restored, the use of remote sensing technologies (e.g., drones, 

satellite imagery) and geospatial data integration has been recommended as a way to 

independently verify restoration extent and outcomes (Evans et al., 2017). To reduce 

uncertainty from overlapping projects and phased restorations, Glenk et al. (2022) suggest 

implementing project tracking systems that record changes across time and clearly distinguish 

between baseline conditions and incremental improvements. 
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Table 2: A summary of challenges with implementation costs and proposed solutions 

Cost 

Category 

Problem Identified Proposed Solution Supporting 

Literature 

Im
p
le

m
e
n
ta

ti
o

n
 c

o
s
ts

 

Inconsistent recording and self-reporting of 

restoration costs and activities 

Develop standardized, real-time reporting 

protocols for restoration projects 

Glenk et al. (2018, 

2020, 2022, 2025) 

Lack of independent verification of 

restoration data 

Create centralized, independently 

managed databases for cost and outcome 

reporting 

Artz et al. (2018) 

Uncertainty in measuring the actual area 

restored 

Use remote sensing (e.g., drones, satellite 

imagery) and integrate geospatial data 

Glenk et al. (2020, 

2025); Evans et al. 

(2017) 

Confusion from overlapping project phases 

and underreported older efforts 

Implement continuous project tracking 

systems that document all changes over 

time 

Glenk et al. (2022, 

2025) 

Uncertainty in cost-effectiveness estimates 

due to data variability 

Apply sensitivity analyses and probabilistic 

modelling when constructing MACCs 

Glenk & Martin-

Ortega (2018) 

Sensitivity of cost-effectiveness calculations 

to discount rates, affecting the perceived 

value of long-term benefits 

Test a range of discount rates through 

scenario analysis; consider using declining 

discount rates over time to better reflect 

long-term ecosystem benefits 

Moxey & Moran 

(2014); Horsburgh 

et al. (2022) 

O
p
p
o
rt

u
n

it
y
 c

o
s
ts

 

Opportunity costs can be high when 

restoration reduces land productivity (e.g. 

grass yields, stocking densities). 

Conduct localized, site-specific 

assessments of pre-restoration land use to 

better capture actual opportunity costs. 

Glenk et al., (2021) 

Difficulty to generalize opportunity cost 

estimates at the national level due to the 

heterogeneity of peatlands compared to 

agricultural land. 

Improve data collection on land-use 

economics and apply spatially explicit 

models to distinguish between high- and 

low-productivity areas. 

Glenk et al., 2021; 

Okumah et al., 

(2019) 

M
a
in

te
n

a
n
c
e
 c

o
s
ts

 

Uncertainty in how maintenance costs 

evolve over time due to fluctuating 

environmental conditions and lack of long-

term data. 

Develop long-term monitoring programs to 

track peatland behaviour post-restoration 

and improve cost projections. 

Bain et al., 2011; 

Artz et al., 2018 

Variability in maintenance costs caused by 

pre-restoration peatland condition, project 

complexity, and environmental drivers. 

Standardize maintenance protocols based 

on peatland condition and project 

complexity to streamline practices and 

reduce uncertainty. 

Andersen et al., 

2017 

Difficulty in predicting future costs due to 

environmental variability, climate change, 

and hydrological shifts. 

Employ scenario modelling to estimate 

future maintenance needs under various 

conditions and improve cost forecasting. 

Andersen et al., 

2017 

Inconsistent knowledge sharing and 

coordination among stakeholders may 

hinder cost-effective maintenance planning. 

Enhance collaboration between 

stakeholders (e.g., landowners, 

practitioners) to share best practices and 

optimize strategies, potentially lowering 

maintenance costs. 

Artz et al., 2018 
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3.3.2 Opportunity costs 

Peatland restoration can negatively impact business profitability via changes in land use and 

productivity. The opportunity costs represent the net economic value of the net profit foregone 

from alternative land uses, such as agriculture, forestry, or extractive activity, when wetlands 

are restored (Jenkins et al., 2010). Estimates of the opportunity cost of restoration are typically 

derived through estimating the profit margin before and after restoration. Where restoration 

leads to significant reduction in profitability (e.g. as the result of reduced grass yields, 

horticultural production or peat extraction), opportunity costs are often high (Ferré et al., 2019).  

Deriving opportunity cost estimates for wetland restoration can be challenging (Moxey 2016). 

Buschmann et al. (2025) for example use farm level modelling to assess opportunity cost of 

GHG abatement at regional level, capturing some of the heterogeneity in lost agricultural profit. 

Additionally, improved data collection on land-use economics, combined with the use of 

spatially explicit models, can help refine estimates by distinguishing between high- and low-

productivity areas where opportunity costs may differ significantly (Okumah et al., 2019). 

Another option is to consider land rents (Buschmann et al. 2020) and heterogeneity in land 

acquisition costs (Pinault et al. 2020): opportunity costs associated with income forgone from 

current land use are reflected in rents and acquisition costs, which could be annualised.  

3.3.3 Maintenance costs 

The maintenance costs characterize all the expenses required in the post-implementation 

phase to sustain restored wetland functions over time, including monitoring, repairs, 

vegetation management and water regulation (Bonn et al., 2014; Wilson et al., 2016). For 

example, Scottish data shows that within 6 years following restoration, 12% of peat dams 

show signs of erosion (Artz et al. 2018), potentially requiring further intervention to maintain 

the desired effectiveness of restoration.   

Several factors contribute to the extent and variability of maintenance costs, including:   

• Pre-restoration ecological condition – the initial state of the wetland influences how 

much ongoing maintenance will be required.  

• Environmental drivers – weather conditions, hydrology, and climate patterns impact 

the durability of restoration measures and the frequency of required maintenance.   

• Complexity of the restoration project – i.e. the number of measures implemented, site 

fragmentation, and project duration.   

• Quality of restoration works – this may vary across contractors. Lower quality may 

result in greater likelihood of failing restoration features that must be addressed over 

time. 

One of the primary difficulties in planning for maintenance costs is the uncertainty about their 

incidence over time. Maintenance expenses may fluctuate over time and across contexts due 

to environmental factors, material durability, and shifting restoration needs. Long-term data on 

how restored wetlands behave under different conditions is currently lacking. Therefore, it 
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presently remains unclear how frequently interventions will be required or how costs will scale 

over time (Andersen et al., 2017; Stelk et al., 2017). 

Current lack of knowledge on maintenance costs for many wetland types, including peatlands, 

calls for the development of monitoring programs to track the ecological behaviour post 

restoration and ongoing costs under various environmental conditions (Bain et al., 2011; Stelk 

et al.,2017; Artz et al., 2018). Such data could provide insights into the durability of restoration 

measures and the frequency of required interventions, helping to refine maintenance cost 

projections over time. Once sufficient data is available, modelling could aid an improved 

understanding of the variability in maintenance costs due to factors like climate change, 

hydrological shifts, and site degradation.  

Costs and GHG effects of restoration occur at different times, which means that the choice of 

discount rate can greatly affect the cost-effectiveness. High future discounting of restoration 

benefits means that alternatives with more immediate effects could be preferred by decision 

makers. To address this issue, Moxey and Moran (2014) suggest testing a range of discount 

rates through sensitivity analyses and considering declining discount rate frameworks that 

better reflect the sustained, long-term ecosystem benefits provided by restoration. The choice 

of appropriate discount rates may draw on government guidance for economic impact 

appraisals (e.g., HM Treasury, 2024). 

3.4 The temporary nature of GHG abatement in wetlands 

Wetland restoration contributes to climate change mitigation via two mechanisms: restored 

wetlands conserve more carbon (i.e. have lower CO2 emissions) than degraded peatlands 

and, eventually, they might remove CO2 from the atmosphere as the amount of organic 

materials builds up as organic material (Schuster et al. 2024). Over time, carbon sequestration 

gains importance in the restoration emission profile, but, importantly, as a biological carbon 

removal method, it is a temporary solution, the carbon storage likely lasting for decades to 

centuries, but not millennia [IPCC 2022 Mitigation, p1262]. In theory, biological carbon stores 

can exist forever. However, they are at risk of losing carbon because of human action and 

environmental impacts. The risk of future land use change is inherent, especially with changing 

regulatory, governance and societal priorities in the long term. Environmental factors, such as 

droughts, persistent changes in hydrological features or temperature can substantially alter 

the emission profile of restored peatlands, and the risk of such events to occur increases with 

climate change. Overall, environmental conditions for wetlands may be adversely affected by 

climate change (Ritson 2025; Ferretto et al. 2019).   

The risk for reversal of re-wetting means that removals are temporary and thus have smaller 

climate benefits than permanent emission reductions (although they are still very important in 

short-term climate stabilisation effort). In consequence, they require different accounting 

methods to be dealt with that should be represented in a wetland MACC (Brander et al., 2021). 

Alternative approaches can include discounting the GHG impacts or using alternative decision 

mechanisms (ibid). Considering the non-equivalency can alter individual project decisions and 

their financing and it is important at the national level prioritisation of economy-wide mitigation 
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options, especially to avoid mitigation deterrence (when emission reduction effort is reduced 

due to overestimating the climate effects of temporary removals) (Carton et al., 2021). 

3.5 Co-effects of wetland restoration 

In addition to climate change mitigation, rewetting and restoration of degraded wetlands can 

help to deliver other important ecosystem services and impacts, such as flood prevention, 

improvement in water quality, biodiversity, recreation, and beneficial impacts on human health 

and well-being (de Groot et al., 2018). Restoring wetlands can change the provision of these 

services. For example, restoring fenlands can reduce subsidence and the infrastructure costs 

associated with it (Page et al. 2020, p4, 32). It has also been argued that restoration might 

significantly reduce water treatment costs by reducing the amount of peat sediment and 

dissolved organic carbon in water (Martin-Ortega et al. 2014). The existence of such wider (or 

“ancillary”) effects raises questions about the usefulness of cost-effectiveness measured 

against a single criterion (reduction in GHG emissions).  

Cost-benefit analysis (CBA) is one alternative to CEA. CBA, when extended to include 

(positive and negative) environmental and social impacts, provides a systematic way of 

summarising all the positive and negative societal effects – as far as they can be monetised – 

and financial cost of a project or intervention. Its results tell us whether a project provides a 

net benefit from a combination of private and social perspectives which are combined through 

a monetary numéraire. Consideration of ancillary effects to soil-based GHG mitigation has 

previously been shown to significantly change the outcome of cost–benefit tests (e.g., Glenk 

et al. 2011).  

Undertaking a comprehensive CBA can be complex and time consuming (Glenk et al., 2014) 

and therefore needs to be used in a targeted way, i.e., for projects where the ancillary effects 

are likely to have a material impact on decision making. This could be for projects where 

preliminary analysis indicates that the ancillary effects are likely to be of a similar (or greater) 

magnitude to the GHG effects, or where the abatement cost of restoration with regard to GHG 

abatement is close to a cost-effectiveness threshold and consideration of the positive and 

negative co-effects can impact the decision .  

Options to directly model ancillary effects within MACCs are limited and have their own issues 

(MacLeod et al. 2015; Eory et al. 2013). However, ancillary effects can be considered through 

complementing MACCs that focus on a single pollutant (GHG in the case of this project) with 

qualitative or quantitative assessment of the co-effects. Examples might be rapid evidence 

assessments to capture place-based ecosystem service provision within a case study area, 

or survey-based techniques to evaluate the relative importance of co-effects.   

3.6 The challenges in developing MACCs across wetland 

types 

This section provides an initial appraisal of how the five challenges for economic analysis of 

wetland restoration in general, and the development of a wetland MACC in particular, might 

differ across wetland types (Table 3). The degree to which challenges apply to wetland types 
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in Table 3 is based on the relevant literature combined with the researchers’ own judgement. 

Our appraisal focuses on five common wetland types across Europe, namely fens, raised 

bogs, drained agricultural peatlands, floodplain wetlands and coastal wetlands, based on the 

European wetland map developed as part of WP1 of Wet Horizons (Tegetmeyer et al., 2025). 

The “Low–High” appraisal in Table 3 represents a qualitative scale to assess and compare 

how strongly each of the five wetland types is affected by a specific restoration challenge. The 

assessment is made using expert-informed judgment based on available academic literature 

and ecological understanding. “Low” signifies that a challenge is less pronounced, more 

uniformly understood, or relatively easier to manage for that wetland type. “Moderate” 

suggests a mixed or context-dependent level of complexity or uncertainty. “High” indicates 

that the challenge is substantial, with significant variation across sites, often requiring tailored 

solutions and introducing major uncertainties in restoration outcomes. 

Importantly, the relative scale used is not exhaustive or definitive. It is intended as a heuristic 

tool—a simplified framework to help illustrate the variation in restoration considerations and 

uncertainties across wetland types. It does not capture all ecological, socioeconomic, or policy 

nuances, nor does it replace detailed site-level assessments. Rather, it serves to highlight 

variation in how the challenges for the development of MACCs apply across wetland types, 

where generally assumptions regarding costs, emissions, and restoration effectiveness must 

consider high ecological and spatial variability. 

The site-specific nature of wetland degradation makes it difficult to generalize restoration 

strategies across all wetland types. Fens, for example, show high spatial variability due to 

differences in groundwater flow, nutrient loading, and land use history, requiring tailored 

hydrological and nutrient management interventions (Joosten et al., 2012). Raised bogs, 

though typically rain-fed, exhibit variations in dome morphology and historical extraction, 

which influence rewetting success (Bonn et al., 2016). Drained agricultural peatlands often 

reflect a legacy of intensive land use and drainage, leading to significant variation in 

degradation depth and soil structure (Joosten et al., 2017). Floodplain wetlands are shaped 

by river dynamics and sedimentation patterns, requiring restoration that aligns with local 

hydrology (Tockner & Stanford, 2002). Coastal wetlands, similarly, are influenced by shoreline 

development and salinity gradients, complicating uniform restoration measures (Temmerman 

et al., 2013). These factors underline the need for context-specific interventions (Evans et al., 

2017). 

Restoration of various wetland types also alters GHG dynamics in differential ways. Fens and 

drained agricultural peatlands often experience significant increases in methane emissions 

following rewetting, even though CO2 emissions tend to decline soon after restoration (Wilson 

et al., 2016). Raised bogs also typically demonstrate reduced CO2 emissions post-restoration, 

but variability in methane remains a concern (Mander et al., 2024)). In floodplain wetlands, 

extended flooding may lead to increased methane emissions, though these systems tend to 

store less carbon than peatlands. Coastal wetlands exhibit lower GHG uncertainty, as their 

restoration goals often focus more on biodiversity and erosion control than on climate 

mitigation (Cadier et al., 2020). 
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The costs of restoration vary widely based on site accessibility, severity of degradation, and 

management requirements. Fens and raised bogs often necessitate complex hydrological 

engineering and vegetation interventions (Lindsay, 2010). Restoring drained agricultural 

peatlands may involve large-scale changes in land use, such as the shift to paludiculture, 

alongside infrastructure modifications (Joosten et al., 2017). Floodplain wetlands present 

logistical challenges due to the need for coordination across flood control systems and private 

landholdings. Coastal wetlands, though sometimes less costly in direct terms, may entail 

significant opportunity costs due to competing economic interests ( De Steven & Gramling, 

2012; Yang et al., 2025). 

In terms of permanence of restored carbon stocks, peatlands are particularly vulnerable to 

drought, renewed drainage, and ongoing subsidence, even after restoration efforts (Joosten 

et al., 2012). This undermines long-term carbon sequestration goals. In contrast, floodplain 

and coastal wetlands generally store less carbon, but restoration benefits in these systems 

may still be reversed by alterations in river regimes or rising sea levels (Wilson et al., 2016; 

Bonn et al., 2016). 

Finally, a sole focus on GHG mitigation can overlook the broader suite of ecosystem services 

wetlands provide. Fens offer valuable biodiversity, water filtration, and cultural functions 

(Joosten et al., 2012). Floodplain and coastal wetlands deliver flood protection, fish nursery 

habitats, and recreational benefits (Temmerman et al., 2013). Raised bogs and agricultural 

peatlands contribute to biodiversity and water regulation. Thus, assessing the cost-

effectiveness of GHG abatement through wetland restoration should be accompanied by at 

least a qualitative appraisal of ecosystem service synergies and trade-offs, which may be 

place-based, and if ignored may results in suboptimal policy outcomes (Section 3.5). 
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Table 3: Challenges for economic analysis of wetland restoration and MACC development across five wetland types 

Wetland Type 1. Site-specific 

Degradation Complexity 

2. GHG Flux Uncertainty  3. Restoration Cost 

Variability 

4. Carbon Permanence 

Risk 

5. Non-GHG Benefits  References 

Fens Very high:  hydrology, 

nutrient levels, and land-

use history are highly site-

specific 

Very high: rewetting fens 

can increase methane 

significantly while reducing 

CO2 emissions 

Very high: often require 

complete reconfiguration 

of water inflows and land 

use 

High: nutrient leeching 

and incomplete rewetting 

can reverse carbon 

abatement 

Very high: biodiversity, 

water purification, and 

cultural values are key co-

benefits 

Evans et al. (2017); Wilson et al. 

(2016); Moxey (2016); Joosten et 

al. (2012) 

Raised Bogs High: degradation 

patterns vary depending 

on peat depth, extraction 

history, and water table 

High: CO2 emissions 

dominate when drained; 

methane can spike post-

rewetting 

High: require blocking 

drains, rewetting, possible 

removal of forest 

plantations 

Moderate to high: 

relatively stable once 

restored, but vulnerable to 

drought 

High: support rare 

species and water 

regulation functions 

Evans et al. (2017); Wilson et al. 

(2016); Bonn et al. (2016) 

Drained Agricultural 

Peatlands 

Very high: historical 

drainage, intensity of 

agriculture, and 

subsidence create site-

specific legacies 

Very high: GHG response 

highly dependent on 

restoration technique and 

land use change 

High: costs depend on 

subsidence level, past 

cultivation, and water 

pumping 

Very high: legacy 

drainage may continue to 

oxidize peat even after 

intervention 

Moderate: often focused 

on carbon, but can 

support water 

management and 

biodiversity 

Evans et al. (2017); Moxey (2016); 

Joosten et al. (2017) 

Floodplain Wetlands Moderate to high: 

shaped by river regulation, 

sedimentation, and local 

hydrodynamics 

Moderate: methane 

emissions can increase 

with flooding, but low peat 

content limits CO2 

Moderate: cost depends 

on river access and 

hydrological infrastructure 

needs 

Moderate: less carbon 

stored overall, but gains 

reversible with flood 

control changes 

High: flood control, 

nutrient retention, and 

habitat connectivity 

Wilson et al. (2016); EEA (2018); 

Tockner & Stanford (2002) 

Coastal Wetlands Moderate: degradation 

influenced by shoreline 

development and salinity 

gradients 

Low to moderate: GHG 

emissions less dominant 

issue than biodiversity and 

erosion 

Low to moderate: often 

restored through managed 

retreat or hydrological 

adjustment 

Low: carbon not primary 

function, but vegetation 

changes can alter minor 

stocks 

Very high: coastal 

defence, biodiversity, 

fisheries, tourism 

Temmerman et al. (2013); Pranovi 

et al. (2008); Ramsar (2012) 
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4 Basic elements of a wetland MACC – a brief 

overview 

Prior to applying of a bottom-up MACC to an illustrative case study of blanket bog restoration 

in Scotland, UK, we briefly summarise the key elements entailed in building a wetland 

restoration MACC, and discuss how stakeholder participation can inform its development. 

4.1 Elements of a bottom-up wetland MACC  

In its most basic form, a wetland MACC requires information on costs and effectiveness in 

terms of changes in GHG emissions as a result of restoration effort, and how these are 

distributed across a study area. Below is a list of key elements associated with development 

of a bottom-up MACC in the context of wetland restoration. Each element will have specific 

information needs that can draw on existing evidence where possible, but as a forward-looking 

tool will also require making assumptions about important features, such as for example 

projected uptake rates or pathways of uptake of restoration over time in response to policy. 

The key elements are: 

1) Defining ecological conditions/states of included wetlands within study area, and 

transition in conditions/states to consider. 

2) Defining restoration timescales and define how to accommodate any dynamics over 

time regarding GHG emissions, restoration uptake and success, discounting of costs 

and benefits. 

3) Defining applicable area for restoration based on initial ecological condition and desired 

end state. 

4) Collating information on pre-restoration and post restoration land use (and income) to 

inform opportunity cost.  

5) Identifying if and how ecological conditions relate to package(s) of measures required 

to restore. 

6) Deriving costs (implementation and maintenance) for restoring wetland depending on 

initial ecological condition, depending on measures to be implemented. 

7) Identifying pre-restoration and post-restoration GHG emissions and determining net 

GHG effect of restoration over time. 

8) Defining level of adoption of restoration under different policy scenarios. 

9) Identifying and appraising the relevance of ancillary effects or restoration. 

4.2 Participatory elements in building and communicating 

MACCs 

MACCs offer opportunities of participatory engagement both at the design stage and once a 

MACC has been established (Eory et al. 2018). It may be argued that derivation of bottom-up 

MACCs requires involvement and engagement of a diverse range of stakeholders (Sjöstrand 

et al. 2019).   



Deliverable 5.2 

 

  

 

29 

 

Opportunities for participation at the design stage primarily emerge from assumptions required 

to build a MACC. The type of assumptions needed at the development stage determine which 

audience to engage with.  

• Researchers may be consulted about technical details of wetland restoration, for 

example the expected emission profile over time, and the dependency of emissions on 

local environmental actors.  

• Professionals and practitioners may be consulted on aspects related to the 

implementation of wetland restoration. This may include observations of costs and 

related trends, or constraints in the application of certain rewetting techniques 

depending on local circumstances.  

• In addition to researchers and practitioners, input of policy makers can be important to, 

for example, determine likely pathways for rewetting in relation to existing or planned 

policy support. Such input may be embedded in an iterative process (Figure 3), starting 

from initial assumptions that are refined based on stakeholder feedback. 

Once a MACC has been developed, they can serve as objects guiding and informing 

discussion about value for money in wetland restoration in general, and prospects and 

instruments for cost-effective wetland rewetting in particular (see Box 1). Discussions can 

serve to highlight assumptions, and to communicate related uncertainties.  

Further potential for stakeholder engagement arises from discussions around co-benefits of 

wetland rewetting and restoration. If a MACC is organised spatially to reflect abatement 

potential by locality, catchment area or region, co-effects may be appraised qualitatively or 

quantitatively based on stakeholder evaluation to derive rankings or ratings of co-effects within 

the areas differentiated by the MACC. This may allow spatial prioritisation based on likely 

magnitude of co-benefits or based on no-regret (low probability of negative co-effects). 

 

Figure 3: Cyclical design of MACC inputs to defining wetland rewetting pathways for MACCs 
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Box 1 – Value for money decisions in peatland restoration: workshop  

As part of ongoing work to support pathways for upscaled peatland restoration across the 

Great Northern Bog (GNB, England, UK), WaterLANDS and WET HORIZONS held a 

workshop in June 2024 to explore economic tools to assist in the identification of suitability 

of investments. Representatives from five GNB delivery partnerships (England) attended, 

as well as representatives from NatureScot (Scotland). All participants were directly 

involved in peatland restoration programs, or decisions on peatland restoration investments.  

Approaches to assessing cost-effectiveness of peatland restoration were introduced, 

specifically Marginal Abatement Costs Curves (MACC) that aggregate mitigation potential 

and cost per investment option based on peatland conditions, aimed at guiding sectoral 

decision-making. Participants discussed how MACCs and considerations of cost-

effectiveness matter to them. The discussion was framed around “value for money” in 

peatland restoration decisions. 

Participants did not generally think that value for money is the most decisive factor when 

deciding to restore a site or take a particular restoration action. Instead, environmental 

considerations, funder priorities, delivery capacity and relationships with landowners, are 

seen as most important. Peatland condition and access are also important determinants 

affecting practicality of restoration. 

 Regarding cost-effectiveness, concerns over the use of a single metric (e.g. £/CO2e or 

£/ha) to compare costs across sites were raised as standardisation can hide critical 

variability across sites. A desire to move away from a metric driven approach was noted.  

Participants recognised the need to harmonise and standardise data collection, monitoring 

and reporting, and to explore synergies across delivery partners and to develop ‘joint’ 

guidance, while also avoiding perceptions of dichotomous targets (e.g. for reducing carbon 

emissions and rewetting to be seeing as complementary). Harmonised cost data monitoring 

was seen as useful to support overarching investment plans. 

Despite initial scepticism about the usefulness of tools such as MACC to assist decision-

making on peatland restoration at the site level, participants recognised the importance of 

such tools at the strategic level for the GNB, to support longer-term planning and budgeting, 

advocacy and awareness and up-scaled coherence and prioritisation of investments.   

Martin-Ortega, Rivadeneyra, Grayson, Urban and Glenk (2024). Value for money in peatland 

restoration: Identifying suitability for investment:  A Great North Bog stakeholder workshop. 

WaterLANDS Report. 

 

https://waterlands.eu/
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5. Illustrative case study: blanket bog restoration in 

Scotland 

5.1 Peatlands and peatland restoration in Scotland: 

overview 

Scotland is a highly relevant case study for assessing the cost-effectiveness of blanket bog 

restoration due to the extensive coverage, ecological importance, and long-standing 

degradation of its peatland ecosystems, combined with increasing policy interest in their 

restoration over the past decade. Blanket bogs in Scotland cover approximately 1.8 million 

hectares, representing around 60% of the UK’s total peatland area and one of the most 

expansive blanket bog landscapes in Europe (Artz et al., 2012; Bain et al., 2011). Decades of 

land use change, drainage, overgrazing, and afforestation have left the vast majority of 

Scottish peatlands in a degraded state, leading to substantial GHG emissions (Evans et al., 

2017). This makes Scotland a high-priority region in Europe for GHG emissions mitigation 

through restoration.  

The Scottish Government has set a legally binding target to cut greenhouse gas (GHG) 

emissions to net zero by 2045, five years ahead of the UK as a whole (Scottish Parliament, 

2019). Among the portfolio of actions available to the Scottish Government towards realising 

net zero, peatland restoration can play a key role. Scotland has, thus, set a restoration target 

of 40% of its overall degraded peatlands (i.e., 250,000 ha) by 2030 as part of its national 

Climate Change Plan for 2018-2032 (Scottish Government, 2020). In addition to climate 

change mitigation, peatland restoration can help to deliver other important ecosystem services, 

such as flood prevention, water quality, biodiversity, recreation, well-being.   

The main policy instrument employed by the Scottish Government to incentivise peatland 

restoration throughout the country is the Peatland ACTION Programme, a £250 million ten-

year funding package administered by five delivery partners, including NatureScot. The 

Peatland ACTION programme primarily supports on-the-ground peatland restoration activities 

and is open for applications from eligible land managers who have peatlands that would benefit 

from restoration. Successful land managers receive a grant covering the majority of the 

restoration costs. Given limited public budgets, there is a need for cost-effectiveness analysis 

to determine how to best deliver GHG mitigation with a given budget.   

Cost-effectiveness of peatland restoration puts the public and private expenditure on these 

efforts into context of delivery of their intended benefits: either from the perspective of restored 

area or mitigated GHG emissions. This section illustrates how the conceptual ideas developed 

in this report can be put into practice to rank restoration efforts by descending cost-

effectiveness. Related to the first challenge discussed in Section 3 (the site-specific nature of 

wetland degradation), a peatlands MACC for Scotland uses alterative combinations of 

restoration paths to illustrate the complexity and variation in outcomes as a function of varying 

cost and abatement parameters. The following subsection 5.2 will introduce the data sources 

used in the illustrative Scottish case study, and subsection 5.3 will explain the alternative 
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pathway approach and important assumptions used in deriving estimates of the cost-

effectiveness.   

5.2 Data sources 

Figure 4 provides an overview of key data sources and assumptions used for demonstrating 

the conceptual framework in an illustrative MACC for blanket bog restoration in Scotland.  

 

Figure 4: A summary of MACC data input categories and corresponding sources.  

Costs and effectiveness for clusters of Scottish peatlands are identified reflecting their degree 

of degradation. We assume that restoration effort, and measures that are to be applied, vary 

depending on land use, level of drainage, and current condition of the land, including presence 

of bare peat subject to erosion. We draw on mapping of condition categories and related 

emission factors produced for the UK GHG inventory (Brown et al. 2021; Evans et al. 2017), 

following an online workshop with researchers in 2023 to identify suitable map and data 

resources. Using data on implementation cost of previous restoration projects funded under 

the Nature Scot administer portfolio of the Peatland ACTION (PA) programme, we derive cost 

per hectare estimates peatland condition categories in the UK GHG inventory. These have 

been scrutinised in a participatory process by a range of stakeholders including policy analysts, 

specialists in institutions administering the PA scheme and peatland restoration officers 

drawing on experience with restoration projects “on the ground”. Information on cost per 

hectare is complemented through opportunity and maintenance costs, acknowledging their 

uncertainty. The information is then compiled into a MACC, requiring further assumptions 

about restoration and emission paths over time. 

5.2.1 Implementation costs: Cost Database  

An important source of information used in this case study is the individual site-level database 

developed by Glenk et al. (2022). Each observation in the database corresponds to a discrete 

restored site funded with in the Peatland ACTION (PA) grant scheme, administered by 

NatureScot. It does not consider sites restored through other PA delivery partners but covers 

a large share of restoration undertaken in Scotland. The database, in its most recent form, 

consists of detailed information on project costs and measures, originating from 236 final 

project reporting forms (Glenk et al., 2025).  
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Using the database, we derive capital costs of upfront restoration work (implementation cost), 

not opportunity costs or ongoing (maintenance) costs, discussed further below. Using data in 

the cost database combined with stakeholder consultation, we derived cost per hectare 

estimates matching cost data with land use and condition (inventory) categories reported in 

Brown et al. (2021). In the absence of reliable spatial information on restoration sites in the 

cost database (further addressed in Glenk et al., 2025), a rules based approach was required 

to deterministically assign sites to inventory categories. The approach used information on i) 

current site use; ii) current site condition; iii) and restoration activities carried out collected as 

part of the PA grant scheme (Appendix Table A1). It should be noted that for a number of the 

inventory categories, there are no observations available in the cost database which can be 

matched to these categories and additional assumptions therefore had to be made to derive 

estimates for the cost of these (Appendix Table A2). 

In Glenk et al. (2022), cost estimates are reported based on application forms (i.e., planned 

expenses) and final reporting forms (i.e., actual expenses). There is a difference in cost per 

hectare estimates between application and final forms. Across all application forms in the 

database, mean cost per hectare is £1,896 (median: £1,205). The estimate across all final 

forms is £1,712 (median: £1,026). The estimates based on actual expense are considered 

more accurate; however, as an implication, observation numbers might be very limited 

especially for combinations of site use, condition and restoration activity. We thus decided to 

use final forms where both application and final reporting data is available, but to also use 

information from applications in the absence of matching final forms.  

Appendix Table A2 illustrates great variation in cost per hectare across all observed 

categories. Reflecting the considerable uncertainty in estimates that justify rounding, the cost 

per hectare amounts were taken to analysts in relevant institutions working on peatland 

management, and to restoration practitioners, for further scrutiny (Appendix Table A1).  

The feedback from analysts and practitioners, obtained in spring 2024, revealed a number of 

important points. While some felt that land cover type represented a useful indicative starting 

point or ‘proxy’ for likely costs (i.e. lowland bog, blanket bog, forest to bog), it was recognised 

that this is a relatively coarse measure, as it is other site features that have a greater impact 

on restoration costs between specific sites including: i) site features and degree of existing 

erosion (e.g. requiring drainage works and/or reversing erosion); ii) distance from the nearest 

road (impacting transportation of machinery and materials and timescales for the work); iii) 

elevation and slope (impacting access and complexity of restoration work); iv) size of trees 

and stumps (for forest to bog sites). A discussion and analysis addressing some of these points 

can be found in Glenk et al. (2025).  

In general terms, all respondents indicated that the per hectare restoration costs estimates are 

broadly reflective of current/recent costs in terms of the upper bounds, although the lower 

bound estimates were no longer seen as realistic. Earlier restoration efforts may have focused 

on more accessible and less complex sites. Further, costs for contractors and overall wider 

costs were perceived to have increased. Importantly, stakeholders agreed that presenting 

peatland restoration costs as a simple per hectare central estimate (median or mean) was 

potentially misleading as costs is expected to vary greatly based on site features and severity 

of erosion/complexity of restoration, and based on other factors (remoteness etc.), including 
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regional differences that may reflect variation in supply and demand for restoration services 

across the country. 

5.2.2 Opportunity costs 

The opportunity costs of peatland restoration were derived from the Developing Peatland 

Carbon Metrics and Financial Modelling to Inform the Pilot Phase UK Peatland Code report to 

the UK Department for Environment, Food and Rural Affairs (DEFRA) (Smyth et al., 2015). 

The opportunity costs implemented in the illustrative MACC framework represent the low and 

high bounds of realistic estimates (Appendix Table A3).  

In this analysis, only monetized loss of income from commercial sources due to restoration is 

considered, and thus potential loss of support payments linked to pre-restoration land use or 

status, or non-cash opportunity costs (such as though lifestyle changes) is not considered. 

5.2.3 Maintenance costs 

Reed et al. (2024) reports with an estimate of £20/ha/year for maintaining a peatland post-

restoration, based on consultations with Peatland ACTION practitioners. Moxey & Moran 

(2014) assumed a lower bound of recurring costs at £25/ha/year, while Moxey & Morling (2018) 

report a monitoring cost of approximately £40/ha/year. The Scottish Government's Mobilising 

private investment in natural capital report (2023) bases their calculations of peatland 

restoration funding requirements on maintenance costs of £73/ha/year. For the illustrative 

MACC presented in this report, we opted for an annual maintenance cost of £35/ha. Lacking 

any evidence on the temporal profile of maintenance costs, they are assumed to be equally 

distributed per hectare and year within the defined timeframe. We also do not distinguish 

maintenance costs by intensity of measures required to restore a site, which is correlated with 

previous land use and level of degradation. Anecdotal evidence from a workshop with 

representatives of NGOs and institutions engaged in peatland restoration (held in York, 1st 

April 2025 as part of a Caledonian Climate “Exploring Maintenance of Restored Peatlands” 

project) suggests that more complex restoration may attract higher maintenance costs.  

5.2.4 Annual Emission Factors 

The annual emissions (tCO₂e /ha/year) of each peatland category used in this analysis are 

based on the UK Greenhouse Gas National Inventory Report (Brown et al., 2023), where the 

emission factors for peatland categories were calculated using the IPCC Tier 2 approach, as 

described by Evans et al. (2017). This approach uses a land use and condition-based 

classification system to estimate GHG emissions from peatlands and peat soils. Emission 

factors are assigned based on combinations of peatland types (blanket bog, raised bog, fen) 

and condition categories such as near-natural, modified, drained, rewetted, or actively eroding. 

These factors are derived from an extensive review of UK-specific empirical data, including 

flux chamber studies and eddy covariance measurements, and represent annual net emissions 

of CO₂, methane and nitrous oxide per hectare.  

The Tier 2 approach improves upon IPCC default Tier 1 values by incorporating climatic and 

management variation across UK peatlands. For each condition category, separate EFs are 

applied for each gas, and these are then converted to CO₂-equivalents using global warming 
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potentials to calculate total annual emissions per hectare. Brown et al. (2021) also emphasize 

the significant uncertainty in some categories, particularly for methane and nitrous oxide, and 

recommend continued monitoring and refinement. The resulting EFs are used in conjunction 

with the UK Land Use, Land Use Change and Forestry (LULUCF) mapping framework to 

estimate national peatland GHG contributions in the inventory. 

The MACC construction uses average, higher and lower bound EF estimates (Appendix Table 

A4).  

5.3 Approach and assumptions 

The MACC in this illustrative example was built around eight peatland condition categories 

(Appendix Table A4), of which seven represent pre-restoration states of degraded peatland 

and the last one, near natural bog, is considered as the desired state to which all the degraded 

peatlands would be converted through restoration. Thus, each element of the curve represents 

the cost-effectiveness of restoring all the degraded peat in a given category to a near natural 

bog/fen within a defined timeframe. One key assumption is that all of the degraded peatlands 

can and will be restored immediately, and that the recurring costs (maintenance and 

opportunity costs) and GHG abatement accumulate over the defined periods. The emission 

factors of the peatlands, that do not undergo restoration are assumed to remain constant. 

Furthermore, for the restored areas, all the peatland classes are assumed to observe the same 

post-restoration emission curve. 

Three alternative timeframes, within which the restored sites are expected to reach the desired 

state, are modelled in this exercise: 20, 30 and 50 years. As the emissions are assumed to 

decline in a linear fashion over time and then remain in the “rewetted” class with minimum 

emissions, the total abatement is calculated as the cumulative sum of annual differences 

between the baseline (pre-restoration) and current (post-restoration at year t) total emissions 

for each peat condition class (Figure 5) for the duration of the post-restoration monitoring 

period of 50 years. 
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Figure 5: Illustration of emission factor trajectories. 

The total cumulative abatement amount (tCO2e) Atotal for each peatland class p is calculated 

as a sum of the abatement potential of restoring all peatland in each of the land use/cover 

classes over the 50-year monitoring/evaluation period T:   

Eq. 1  

𝐴𝑡𝑜𝑡𝑎𝑙,𝑝 = ∑(𝐸𝐹𝑢𝑛𝑟𝑒𝑠𝑡𝑜𝑟𝑒𝑑,𝑝 − 𝐸𝐹𝑟𝑒𝑠𝑡𝑜𝑟𝑒𝑑,𝑡,𝑝,𝑠)

𝑇

𝑡=1

𝐻𝑎𝑝 

Where:  

EFunrestored = Emission factor (tCO2e/ha/year) of each peatland class before (without) restoration.  

EFrestored = Emission factor (tCO2e/ha/year) of each peatland class in year t. In Year 0 it is equal 

to EFunrestored and gradually decreases to the emission level of “rewetted” peatland class (Appendix Table 

A4) over for each of the alternative restoration timeframes s (20, 30 or 50 years). After reaching the 

maximum abatement level, the EF is assumed to remain at the level of the “rewetted” peatland class 

until the end of the monitoring period of 50 years (Figure 5). 

T = Total duration of the evaluation period (50 years)  

Hap = Total area of each peatland use/cover class p 

  

The total cost of restoring all the peat in each condition class is a product of one-time 

implementation cost and a sum of recurring (maintenance and opportunity) costs:    
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Eq. 2  

𝐶𝑡𝑜𝑡𝑎𝑙,𝑝 = 𝐶𝑖𝑚𝑝𝑙,𝑝 + ∑
𝐶𝑚𝑎𝑖𝑛𝑡,𝑝,𝑡

(1 + 𝑑)𝑡
+

𝑇

𝑡=1

∑
𝐶𝑜𝑝𝑝,𝑝,𝑡

(1 + 𝑑)𝑡

𝑇

𝑡=1

  

where:  

Cimpl  = One-time implementation/restoration cost for condition p (€/ha)  

Cmaint,t  = Annual maintenance and monitoring cost in year t (€/ha/year)  

Copp,t  = Annual opportunity cost (foregone land income) in year t (€/ha/year)  

T = Total duration of the evaluation period (50 years)  

d = annual discount rate (d=0.025)  

The final marginal abatement cost, or cost effectiveness per peatland class (CEp ) is calculated 

as a difference between the total GHG abatement amount and the total abatement cost.   

Eq. 3  

 

𝐶𝐸𝑝 =
𝐴𝑡𝑜𝑡𝑎𝑙,𝑝

𝐶𝑡𝑜𝑡𝑎𝑙,𝑝
        

5.4 Paths 

The conceptual framework for the development of MACCs for peatland restoration in Scotland 

involves the creation of ‘restoration paths’ instead of a practice-based approach as common 

for MACCs in other sectors, e.g. agriculture. Restoration paths correspond to different 

scenarios of peatland restoration leading to the rewetting of the degraded peatlands. Practical 

application of these scenarios thus results in construction of alternative MACCs for 

combinations of varying timeframes, emission factors and costs (Table 4). The pathway 

approach is built around the assumption that grouping peatland condition-specific interventions 

into scenario-driven paths reflects key variables influencing cost-effectiveness. Each pathway 

simulates a different strategic combination of factors, enabling the generation of multiple 

MACCs that illustrate how abatement potential and costs vary under alternative assumptions. 

An example of a restoration path would thus be: Low implementation cost + High opportunity 

cost + Central emission factors + 50-year timeframe.  

The adoption of a restoration pathway-based approach offers a flexible and practical 

alternative to constructing MACCs. This method is especially useful for visualizing trade-offs 

and informing decision-makers of how uncertain variables and restoration objectives interact 

over time. It also aligns well with the complex, spatial context-specific nature of peatland 

degradation and allows for implementation of more complex long-term dynamics of carbon 

fluxes. 
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Table 4: Varying levels of input parameters for alternative MACC paths. 

MACC element Levels 

Timeframes 20, 30, 50 years 

Emission Factors Low, Central & High estimate 

Implementation Costs Low, Central & High estimate 

Opportunity Costs Low & High estimate 

 

5.5 Results  

The marginal abatement cost curves constructed from alternative peatland restoration paths 

reveal substantial variability in both total abatement potential and cost-effectiveness across 

peatland condition classes and timeframes (Figure 6a). Restoration paths display varying 

ranks of cost effectiveness of individual peat condition classes assessed over the three 

timeframes (20, 30, and 50 years).  

Total abatement increases non-linearly with timeframe due to the cumulative effect of gradually 

declining emission factors, particularly in condition classes with high baseline emissions (e.g., 

afforested or severely eroded/actively eroding areas). The rank order of condition classes by 

cost-effectiveness is not constant across time horizons. For instance, afforested peatlands, 

which exhibit high emission factors and also high implementation and opportunity costs, are 

the least cost-effective option in all combinations of timeframes and cost levels but becomes 

comparatively more favourable over a 30-year period (Figure 6b). This condition class is also 

highly sensitive to changes in opportunity cost, due to high economic value of forestry, as can 

be seen in Figure 6c. A similar pattern can be seen for peatlands currently or formerly used for 

pear extraction. Sites that are not in active use anymore emit high levels of GHG due to bare 

peat exposure with no economic value, and thus their restoration is relatively cost-effective 

under low opportunity cost scenarios. If, however, peat extraction at local scale is to some 

extent assumed, the opportunity costs represent the main cost element of this peatland 

condition class and lead to decease in cost-effectiveness of their restoration. In regards of 

implementation costs, actively eroding and modified bog are the classes that are the most 

sensitive to changes in levels of implementation costs. This reflects the high range of spatially 

varying conditions (and levels of degradation) and thus sets of measures applicable to restore 

such peatlands (Artz et al.,2018). Restoration phase of afforested peatlands is relatively 

expensive under all scenarios, but if high implementation costs are assumed for all condition 

classes, it becomes comparatively less costly, in reference to, for instance, modified bogs.  

The results highlight that implementation costs are the dominant cost component for severely 

degraded or inaccessible sites, whereas opportunity costs play a more significant role in the 

economics of restoring lightly drained grasslands, where agricultural productivity is higher. 

Maintenance costs (£35/ha/yr), become more influential in longer timeframes. 
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Figure 6a: MACC restoration path: low implementation cost, low opportunity cost, low emission factor 

& 20-year restoration timeframe. 

 

Figure 6b: MACC restoration path: intermediate implementation cost, low opportunity cost, intermediate 

emission factor & 30-year restoration timeframe. 
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Figure 6c: MACC restoration path: high implementation cost, high opportunity cost, high emission factor 

& 50-year restoration timeframe. 

These results underscore the importance of incorporating spatial context-specific biophysical 

and economic parameters when evaluating peatland restoration options. The intersection of 

emissions reduction potential and cost structures generates distinct mitigation priority 

hierarchies depending on the evaluation timeframe. This has direct implications for targeting 

investments and designing incentive structures, particularly in the context of project-based 

finance or public support targeting. 

 

6. Illustrative case study: Peatland Restoration in the 

Neman River Catchment, Poland & Lithuania   

6.1 Peatlands and peatland restoration in Poland & 

Lithuania: overview  

Central and Eastern Europe host large areas of degraded peatlands, with Poland and Lithuania 

representing two important yet underreported cases. In Lithuania, over 75% of historical 

peatlands have been lost, primarily through drainage, and nearly three-quarters of the 

remaining fen systems are considered degraded (Manton et al., 2021; LIFE Peat Restore, 

2022). Poland, similarly, contains extensive peat-forming landscapes but has emerged as one 

of the EU’s major peatland emission hotspots, reflecting widespread drainage and land-use 

conversion (CINEA, 2023; Stachowicz et al., 2022). 

Recent years have seen renewed policy and restoration interest in these landscapes, 

prompted by the European Green Deal and the EU Biodiversity Strategy for 2030, as well as 

by growing recognition of the role of peatlands in meeting climate neutrality targets (European 
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Commission, 2020; PeatEU, 2023). Both Poland and Lithuania have initiated restoration 

projects supported by the EU LIFE Programme and national funding mechanisms. Notably, 

the LIFE Peat Restore project (2016–2021) aimed to restore over 5,000 ha of degraded 

peatland across five countries, including sites in Poland and Lithuania (LIFE Peat Restore, 

2022). Additionally, the LIFE Multi Peat initiative (2021–2026) focuses on restoring 689 ha of 

peatland, with over 250 ha located in the Orawa Bogs of Poland, while also exploring 

paludiculture as an alternative land-use model for rewetted peat soils (NABU, 2023). 

Restoration practices in both countries typically rely on hydrological rewetting, supported by 

vegetation management and, increasingly, underpinned by socio-economic research 

(Wichtmann et al., 2016). Nonetheless, restoration efforts remain limited in scale relative to 

the total degraded peatland extent, and are challenged by limited data, fragmented policy 

frameworks, and competing land-use priorities (Tanneberger et al., 2021). In both countries, 

strategic planning, stakeholder engagement, and monitoring frameworks are still under 

development (Grygoruk & Rannow, 2017). 

6.2 Case study: Peatland Restoration in the Neman River 

Catchment  

The Neman (Nemunas) River Basin is one of the largest transboundary catchments in the 

Baltic Sea region, spanning Belarus, Lithuania, Poland, and a small part of Russia’s 

Kaliningrad Oblast. With a drainage area of about 98,200 km², it represents a system of 

lowland river tributaries, wetlands, and peatlands, the latter covering roughly 1 million hectares. 

Fen mires dominate (~76% of total peatland area), followed by transitional mires and raised 

bogs, each accounting for about 12% (Manton et al., 2021). Lithuania contains almost half of 

the basin’s peatlands, while Poland’s share is small in terms of area but includes ecologically 

strategic headwater hotspots (Figure 7). Decades of drainage for agriculture, forestry, and peat 

extraction have degraded hydrological regimes, reduced biodiversity, and accelerated 

greenhouse gas (GHG) emissions from formerly intact peat soils, making the basin an 

important focal point for restoration and climate mitigation efforts (Jabłońska et al., 2020; 

Kamocki et al., 2025).  
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Figure 7: Map of peatlands in the Neman River basin area. (From Stachowicz et al., 2022).  

Peatland restoration in the Neman Basin has focused primarily on rewetting drained fens and 

other peatland types to restore hydrological function, reduce nutrient export, and curb GHG 

emissions (Jabłońska et al., 2020). In Lithuania, priorities include large-scale rewetting of 

drained fens and the ecological rehabilitation of abandoned and active peat extraction sites 

(LIFE Peat Restore, 2022; Makrickas et al., 2023). In Poland, restoration is concentrated in 

headwater catchments where hydrological reconnection of riparian fens can deliver 

downstream water quality and flood mitigation benefits (Jabłońska et al., 2020). Stachowicz et 

al. (2022) demonstrate that rewetting across the basin could increase water storage capacity 

by 23.6–118 million m³, equivalent to 0.14–0.7% of the annual river discharge, with annual 

economic benefits (12–60.2 million €) often exceeding annualised restoration costs (6.8–51.5 

million €) in lower-cost scenarios such as simple ditch blocking. 

Several studies form the evidence base for restoration in this area. Manton et al. (2021) provide 

a harmonised spatial inventory of peatland types, conditions, and protection gaps across the 

basin, showing that while some area-based conservation targets are met, representation and 

condition targets remain far from achieved, especially for fens. Stachowicz et al. (2022) 

combine hydrological modelling with economic valuation to quantify the storage benefits and 

costs of basin-wide rewetting. Jabłońska et al. (2020), working in northeastern Poland, show 

that wetland buffer zones can be a highly cost-effective means of nutrient abatement at 

catchment scale, findings transferable to Neman sub-basins. Makrickas et al. (2023) studied 

the economic trade-offs between conventional, drainage-based forestry on peat soils in 
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Lithuania and rewetting as an alternative. Their cost-benefit analysis found an increase of 

economic value flows from rewetting peatland forests by 170 million €. Kamocki et al. (2025) 

provide updated estimates of GHG emissions from drained peatlands, highlighting the 

significant mitigation potential of rewetting in both Lithuania and Poland. 

The basin’s diversity of peatland types and land uses, from agricultural and pastoral peatlands 

to afforested sites and peat quarries means that both implementation and opportunity costs 

vary widely. Evidence from Stachowicz et al. (2022) shows that low-complexity rewetting 

measures often achieve benefit–cost ratios >1, while research on nutrient abatement from 

Polish catchments suggests strong co-benefit synergies when restoration is targeted in 

agricultural sub-basins. 

Despite these findings, important gaps remain in the cost-effectiveness evidence base, 

particularly in relation to GHG abatement potential. Condition- and land-use-specific cost data 

for the Neman Basin are limited, and no research has yet been done to study the cost per 

tonne of CO₂-equivalent avoided. Long-term post-restoration maintenance costs are also 

under-documented, even though they can represent a substantial fraction, or even equal the 

initial implementation costs over long post-restoration time periods (Hope, 2025). Moreover, 

GHG accounting methods are not yet harmonised across jurisdictions, complicating basin-

wide prioritisation.  

As a part of the cost-effectiveness analysis, this work develops a peatland-specific MACC for 

the Neman Basin to rank peat use/land cover classes by their cost per unit of GHG reduction, 

building up on previous work on cost effectiveness of peatland water retention by Stachowicz 

et al. (2022), and thereby support potential future efficient allocation of resources into scaling 

up peatland restoration in Lithuania and Poland. 

Similarly to the MACC developed for Scotland, the MACC prototype for Neman River peatlands 

uses alterative combinations of restoration paths to illustrate the complexity and variation in 

outcomes as a function of varying cost and abatement parameters. The following subsection 

6.3 explains the analytical approach and important assumptions used in deriving estimates of 

the cost-effectiveness. Subsection 6.4 will introduce the data sources used in the illustrative 

case study and subsection 6.5 presents and discusses the preliminary MACC analysis results. 

6.3 Approach and assumptions  

Similarly to the Scottish case study work, the MACC in this illustrative example was built around 

seven peatland land use/cover classes (Table 8) of which six represent pre-restoration states 

of degraded peatland and the last one, rewetted, is considered as the desired state to which 

all the degraded peatlands would be converted through restoration. Thus, each element of the 

curve represents the cost-effectiveness of restoring all the degraded peat in a given category 

to a near natural bog/fen within a defined timeframe. One key assumption is that all of the 

degraded peatlands can and will be restored immediately, and that the recurring costs 

(maintenance and opportunity costs) and GHG abatement accumulate over the defined 

periods. The emission factors of the peatlands, that do not undergo restoration are assumed 

to remain constant. Furthermore, for the restored areas, all the peatland classes are assumed 

to observe the same post-restoration emission curve. 
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Three alternative timeframes, within which the restored sites are expected to reach the desired 

state, are modelled in this exercise: 20, 30 and 50 years. As the emissions are assumed to 

decline in a linear fashion over time and then remain in the “rewetted” class with minimum 

emissions, the total abatement is calculated as the cumulative sum of annual differences 

between the baseline (pre-restoration) and current (post-restoration at year t) total emissions 

for each peat condition class (Figure 8) for the duration of the post-restoration monitoring 

period of 50 years. 

 

Figure 8: Illustration of emission factor trajectories. 

The total cumulative abatement amount (tCO2e) Atotal for each peatland class p is calculated 

as a sum of the abatement potential of restoring all peatland in each of the land use/cover 

classes over the 50-year monitoring/evaluation period T:   

Eq. 1  

𝐴𝑡𝑜𝑡𝑎𝑙,𝑝 = ∑(𝐸𝐹𝑢𝑛𝑟𝑒𝑠𝑡𝑜𝑟𝑒𝑑,𝑝 − 𝐸𝐹𝑟𝑒𝑠𝑡𝑜𝑟𝑒𝑑,𝑡,𝑝,𝑠)

𝑇

𝑡=1

𝐻𝑎𝑝 

 

Where:  

EFunrestored = Emission factor (tCO2e/ha/year) of each peatland class before (without) restoration.  

EFrestored = Emission factor (tCO2e/ha/year) of each peatland class in year t. In Year 0 it is equal 

to EFunrestored and gradually decreases to the emission level of “rewetted” peatland class (Table 8) over 

for each of the alternative restoration timeframes s (20, 30 or 50 years). After reaching the maximum 

abatement level, the EF is assumed to remain at the level of the “rewetted” peatland class until the end 

of the monitoring period of 50 years (Figure 8). 
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T = Total duration of the evaluation period (50 years)  

Hap = Total area of each peatland use/cover class p 

The total cost of restoring all the peat in each condition class is a product of one-time 

implementation cost and a sum of recurring (maintenance and opportunity) costs:  

 

Eq. 2    

𝐶𝑡𝑜𝑡𝑎𝑙,𝑝 = 𝐶𝑖𝑚𝑝𝑙,𝑝 + ∑
𝐶𝑚𝑎𝑖𝑛𝑡,𝑝,𝑡

(1 + 𝑑)𝑡
+

𝑇

𝑡=1

∑
𝐶𝑜𝑝𝑝,𝑝,𝑡

(1 + 𝑑)𝑡

𝑇

𝑡=1

  

 

where:  

Cimpl  = One-time implementation/restoration cost for condition p (€/ha)  

Cmaint,t  = Annual maintenance and monitoring cost in year t (€/ha/year)  

Copp,t  = Annual opportunity cost (foregone land income) in year t (€/ha/year)  

T = Total duration of the evaluation period (50 years)  

d = annual discount rate (d=0.025)  

The final marginal abatement cost, or cost effectiveness per peatland class (CEp ) is calculated 

as a difference between the total GHG abatement amount and the total abatement cost.   

 

Eq. 3  

𝐶𝐸𝑝 =
𝐴𝑡𝑜𝑡𝑎𝑙,𝑝

𝐶𝑡𝑜𝑡𝑎𝑙,𝑝
    

  

 

 

    

6.3.1 Paths  

The framework for development of MACCs for peatland restoration in Neman River catchment, 

similarly to the case study in Scotland, builds on combinations of varying timeframes, emission 

factors and costs. Each path simulates a different strategic combination of factors, enabling 

the generation of multiple MACCs that illustrate how abatement potential and costs vary under 

alternative assumptions. Estimates were derived for Lithuania and Poland individually and 

contrasted to highlight cross-country differences. 
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Table 5: Varying levels of input parameters for alternative MACC paths. 

MACC element  Levels  

Timeframes  20, 30, 50 Years  

Emission Factors  Low, Central & High Estimate  

Implementation Costs  Scenario A (Low), B (Central), C (High)   

Maintenance Costs  

Opportunity Costs 

1.0%, 2.0% and 3.0% of Impl. Costs Annually   

Central Estimate 

 

6.4 Data sources  

 

Figure 9: A summary of MACC data input categories and corresponding sources. 

This case study takes an approach to collecting, classifying and applying data that closely 

corresponds to the protocol developed for the Scottish case study. Information on 

implementation cost per hectare is combined with opportunity and maintenance costs, 

assumptions about restoration scale, success and emission paths over time in order to 

calculate the abatement potential and cost-effectiveness of different restoration options. 

6.4.1 Spatial extent of peatlands 

The information on the location, area, type, land use/cover, drainage, protection status and 

restoration priority rank of peatlands in the Neman River basin was extracted (only for the 

areas within the boundaries of Poland and Lithuania) from the spatial database produced for 

the DESIRE project by Manton et al. (2021). The total area of peatlands in the selected regions 

was 477,256 hectares, out of which 315,291 were impacted by drainage, and thus assumed 

to be eligible for restoration (Table 6). Out of the drained peatlands, 95% are located in 

Lithuania, and only 5 % in Poland. A third of the drained peatlands lie in areas under some 

level of protection. In terms of land use, one third of the degraded peatlands function as 

intensive and extensive pastures and meadows, a quarter as arable fields, a quarter as a forest 

and the remaining less than 10% represent former or active peat extraction quarries and other 

land uses (including no use).   
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Table 6: Area of degraded peatlands in each land use/cover class within the case study area 

Land use/cover Lithuania (ha) Poland (ha) 

Arable land 78,442 0 

Forest 78,741 5,234 

Pastures and meadows 97,122 6,615 

Quarry 23,699 0 

Semi-natural grasslands 6,447 3,137 

Drained peatlands (unutilised)  14,829 1,026 

 

6.4.2 Implementation costs 

The project implementation costs were sourced directly from the basin-scale economic 

assessment by Stachowicz et al. (2022). In their analysis, three cost scenarios (A, B, and C) 

represent alternative technical approaches to rewetting drained peatlands, reflecting 

increasing levels of intervention complexity and associated expenditure (Table 7). These 

scenario-specific total costs, reported separately for Poland and Lithuania, were normalised 

on a per-hectare basis and then proportionately applied to each peatland land use/cover class 

in the respective country. This proportional allocation assumes that the average per-hectare 

cost of a given scenario is representative across land use/cover categories, i.e. it does not 

differentiate between e.g. raised bogs and fens, or arable land and forestry. 

Table 7: Assumed total implementation costs per scenario per country (from Stachowicz et al.,2022). 

Scenario  Poland (€)   Lithuania (€) 
Defining difference (reason for cost 

variation) 

  Total 
Per 

hectare Total 
Per 

hectare   

A 4m 250 100m 334 
Low-cost of rewetting: average cost of peat dams and 

wooden dams, assuming that all ditches are small (max 

2.0 m in width). 

B 20m 1,249 448m 1,497 
Moderate-cost of rewetting: average cost of peat dams 

and wooden dams, assuming that half of the ditches are 

wider (max 4.0min width) 

C 32m 1,999 760m 2,539 

High-cost of rewetting: cost of each dam is equal to the 

average cost of all of the actions applied in the 

examples covered by the analysed peatland rewetting 

projects, assuming at the same time that the size of all 

ditches was ‘average’. 

 



Deliverable 5.2 

 

  

 

48 

 

6.4.3 Opportunity costs  

The analysis incorporates restoration opportunity costs, understood here as the total income 

foregone from the cessation of pre-restoration commercial activities. In the context of the 

Neman River Basin, these activities include agricultural production, timber harvesting from 

afforested peatlands, and peat extraction. This definition follows established approaches in the 

wetland economics literature, where opportunity costs represent the net economic value of 

alternative land uses displaced by restoration (Upton et al., 2016; Moxey & Moran, 2014). 

Unlike the Scottish peatland MACC framework, which models multiple low, central, and high 

opportunity cost scenarios, the present analysis adopts a single central estimate of opportunity 

cost per hectare per year for each pre-restoration peatland use/cover class. These estimates 

are differentiated between Poland and Lithuania to reflect differences in production yields, 

market prices, and sectoral economic structures. For agricultural land uses, the opportunity 

cost is derived from crop or livestock gross margins; for afforested peatlands, from stumpage 

values scaled by mean annual increment; and for peat extraction sites, from gross peat yield 

multiplied by market price (Appendix Table A6). 

In the MACC modelling, the per-hectare annual opportunity cost is assumed constant over 

time and is applied across the entire 50-year post-restoration monitoring period. This yields 

the cumulative opportunity cost component for each restoration pathway, which is then 

combined with implementation and maintenance costs to determine the total cost per unit of 

GHG abatement. The 50-year time horizon is consistent with long-term climate and 

hydrological benefits from peatland rewetting and allows for a standardised comparison of 

restoration options across land-use categories and between countries. 

6.4.4 Maintenance costs  

In addition to implementation and opportunity costs, the MACC analysis accounted for post-

restoration maintenance expenditures, which cover routine inspection, hydrological structure 

upkeep, vegetation management, and adaptive monitoring. Consistent with approaches in the 

peatland economics literature, these costs were modelled as a proportion of the initial 

implementation outlay and spread evenly over the assumed post-restoration monitoring period 

(in this case, 50 years). Previous studies indicate that annual maintenance commonly ranges 

between 2% and 10% of implementation cost, depending on intervention complexity and site 

accessibility (Moxey & Moran, 2014; Evans et al., 2018). This translates to substantial lifetime 

expenditures, with total maintenance often amounting to 40–200% of the initial capital 

investment over multi-decadal project horizons. 

To capture this uncertainty and variation, three alternative maintenance cost levels were 

applied: 1.0%, 2.0%, and 3.0% of implementation costs per year, respectively, including a 

2.5% discount rate over the 50-year monitoring period. The “low” level (1.0%) reflects 

scenarios where minimal hydrological structures are used, access is good, and vegetation 

management requirements are low; the “medium” level (2.0%) represents moderate 

intervention complexity; and the “high” level (3.0%) corresponds to cases where active 

hydrological control, vegetation suppression, and infrastructure maintenance are ongoing. This 



Deliverable 5.2 

 

  

 

49 

 

parameterisation allows the MACC framework to test the sensitivity of cost-effectiveness 

rankings to long-term management intensity. 

6.4.5 Annual Emission Factors  

The estimation of annual abatement potential was based on the emission factor (EF) 

methodology developed by Kamocki et al. (2025) in their assessment of greenhouse gas 

(GHG) emissions from drained peatlands in the Neman River catchment. Their approach 

prioritises the use of locally relevant, land-use-specific EFs, harmonised across the basin, to 

ensure that restoration potential is grounded in regionally representative data rather than 

relying solely on global IPCC defaults. 

The approach by Kamocki et al. (2025) comprised four key steps: (i) compiling locally relevant 

EFs for major peatland land-use categories from regional studies and IPCC Wetlands 

Supplement values; (ii) multiplying these EFs by the mapped area of each category from the 

transboundary peatland inventory (Manton et al., 2021) to estimate annual emissions; (iii) 

aggregating results to country-level totals; and (iv) identifying priority restoration targets based 

on each category’s proportional contribution to basin-wide emissions. 

In our case study, the category-specific EFs form the basis for calculating the annual 

abatement potential per hectare associated with restoration. For each peatland land-use/cover 

class, restoring the site to a rewetted condition is assumed to reduce emissions from the 

drained EF value to the appropriate near-natural, restored EF, with the difference representing 

the annual per-hectare abatement. This abatement, summed over the 50-year monitoring 

period for each of three alternative restoration curves is then applied to the total area of each 

land-use/cover class considered for restoration in Poland and Lithuania. 

Table 8: Emission Factors (tCO₂e/ha/year) for each peatland land use class. 

Land use  Emission factor (tCO2e/ha/year) 

  Low Central High 

Agricultural land  14.2 40.4 50 

Forest  19.5 26 49.1 

Pastures and meadows  21.3 31.5 40.7 

Quarry  6.2 7.5 28.2 

Semi-natural grasslands  5.8 19.5 30.9 

Drained peatlands (unutilised)   2.2 22.5 34.2 

Rewetted  3.3 4.4 5.5 
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The MACC construction uses average, higher and lower bound EF estimates. By grounding 

annual abatement estimates in locally representative EFs and systematically linking them to 

mapped land-use categories, the approach ensures that the MACC analysis reflects the actual 

mitigation potential of peatland restoration in the Polish and Lithuanian parts of the Neman 

Basin.  

 

6.5 Results 

 

The total abatement potential of restoring all degraded peatlands in the Lithuanian and Polish 

parts of the Neman River Catchment using the central estimate path is 278 Mt CO₂e over the 

50-year period (Figure 10a). That is equal to approximately 5.6 Mt CO₂e a year. The central 

cost-effectiveness estimate indicates that the average cost over a 50-year monitoring period 

is approximately €10,496 per hectare. The largest share of this expenditure is attributed to 

opportunity costs (77%), followed by implementation costs (14%) and maintenance costs (8%). 

When expressed in terms of greenhouse gas (GHG) mitigation, the estimated abatement cost 

is about €12 per tonne of CO₂e.  

 

Figure 10a: MACC restoration path (both countries): central implementation cost, central maintenance 

cost, central emission factor & 30-year restoration timeframe. 
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Figure 10b: MACC restoration path (Lithuania): central implementation cost, central maintenance cost, 

central emission factor & 30-year restoration timeframe. 

 

 

Figure 10c: MACC restoration path (Poland): central implementation cost, central maintenance cost, 

central emission factor & 30-year restoration timeframe 
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Figure 10d: MACC restoration path (Lithuania): low implementation cost, low maintenance cost, low 

emission factor & 20-year restoration timeframe. 

 

 

Figure 10e: MACC restoration path (Poland): low implementation cost, low maintenance cost, low 

emission factor & 20-year restoration timeframe. 



Deliverable 5.2 

 

  

 

53 

 

 

Figure 10f: MACC restoration path (Lithuania): high implementation cost, high maintenance cost, high 

emission factor & 50-year restoration timeframe. 

 

 

Figure 10g: MACC restoration path (Poland): high implementation cost, high maintenance cost, high 

emission factor & 50-year restoration timeframe. 
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The construction of MACCs for peatland restoration in Lithuania and Poland reveals both the 

relative abatement potential of different peatland land-use and cover classes, and the 

sensitivity of cost-effectiveness rankings to variation in costs, emission factors, and 

timeframes. In the central estimate for Lithuania, restoration of peat quarries emerges as the 

least cost-effective option. This reflects a combination of high implementation, maintenance, 

and opportunity costs, combined with comparatively low abatement potential. However, peat 

quarries are only represented in the Lithuanian dataset and thus cannot be directly compared 

with Poland. Moreover, their relative position in the MACCs is scenario dependent: under low-

bound assumptions, quarries remain costly but are no longer so dominantly the most 

expensive option, while under high-bound assumptions, they shift to being relatively more cost-

effective. This inversion occurs because implementation and maintenance costs of more 

intensively utilised peatlands (e.g. for agriculture and forestry) rise significantly in the high-cost 

scenarios, diminishing the relative disadvantage of quarries. 

Across all scenarios, the most consistently cost-effective restoration option is drained, 

unutilised peatlands. This pattern holds for both countries and across low, central, and high 

estimates. The robustness of this result stems from the combination of minimal opportunity 

costs and relatively low implementation and maintenance requirements, making drained but 

unutilised sites consistently the most attractive target for restoration in terms of abatement per 

unit cost. 

A major difference between the two national contexts lies in the overall level of costs, 

particularly for opportunity costs. In Poland, opportunity costs are generally higher, raising the 

total abatement costs across all categories compared to Lithuania. Nonetheless, this difference 

is systematic but not substantial, meaning that while Poland’s restoration pathways appear 

slightly less cost-effective overall, the scale of the divergence is modest rather than dramatic. 

The relative ranking of restoration options also varies between the two countries, particularly 

for peatlands under active utilisation (e.g. arable land, pastures, and forestry). For example, 

while pastures and agricultural peatlands rank among the more favourable options in Lithuania 

under central estimates, in Poland their higher opportunity costs push them down the ranking 

relative to forested peatlands. This underlines the importance of country-specific cost 

structures in shaping the relative prioritisation of restoration classes. 

In line with the Scottish case study, the exploration of lower- and upper-bound estimates 

highlights how changes in assumptions affect the relative ranking of restoration options. In 

Lithuania, for instance, semi-natural grasslands move from mid-ranking under central 

estimates to relatively less favourable under high-cost assumptions, while in Poland forests 

become comparatively more attractive in high-bound scenarios. These shifts are not only a 

function of abatement potential, but also of the varying relative weight of implementation, 

maintenance, and opportunity costs under different scenarios. 

In summary, the MACC analysis demonstrates that while the Polish part of the Neman 

catchment shows slightly lower overall cost-effectiveness due to systematically higher cost 

baselines, particularly opportunity costs, the rank order of restoration options is not uniform 

across countries or scenarios. The consistent cost-effectiveness of drained, unutilised 

peatlands underscores their importance as priority targets for restoration. At the same time, 



Deliverable 5.2 

 

  

 

55 

 

the scenario-dependent position of peat quarries illustrates the value of MACCs in highlighting 

how assumptions about cost levels and abatement timeframes can invert the relative 

attractiveness of particular peatland categories. 

6.6 Common themes  

The construction of marginal abatement cost curves for peatland restoration in Scotland and 

in the Neman River basin (Lithuania and Poland) highlights both commonalities and context-

specific differences in the cost-effectiveness of restoration. In both regions, the results 

underscore the importance of considering variation in costs, emission factors, and time 

horizons when evaluating the cost-effectiveness of restoration pathways. However, the relative 

weight of cost components and the ranking of restoration options diverge substantially due to 

differences in source data and assumptions on land-use structures, economic opportunity 

costs, and the representation of particular peatland categories. 

In the Scottish case, the rank order of condition classes is highly sensitive to timeframe and to 

assumptions about cost categories. Afforested peatlands, for example, are consistently among 

the least cost-effective options due to high implementation and opportunity costs but become 

comparatively more favourable at 30-year abatement horizon. This reflects both the declining 

trajectory of emission factors and the effect of discounting on high up-front expenditures. 

Similarly, peat extraction sites, particularly those no longer in active use, can be cost-effective 

under scenarios assuming negligible opportunity costs, yet their relative position in the MACCs 

worsens sharply if local-scale opportunity costs of ongoing extraction are considered. Across 

all scenarios, implementation costs emerge as the dominant component for severely degraded 

sites (e.g. actively eroding or modified bogs), whereas opportunity costs are more significant 

for lightly drained agricultural grasslands. Maintenance costs play a relatively smaller role, but 

their influence increases over longer timeframes, reinforcing the need to account for long-term 

management and monitoring costs (Artz et al., 2018). 

By contrast, the Neman basin analysis reveals a different structure of cost drivers and 

restoration priorities. Opportunity costs are the predominant cost component, with 

implementation and maintenance contributing smaller shares. This distribution diverges from 

Scotland, where opportunity costs were dominant only in certain land-use categories, and 

reflects the high economic value of productive land uses in the basin. The relative ranking of 

peatland categories also differs. Drained but unutilised peatlands are consistently the most 

cost-effective option across both Lithuania and Poland, due to low opportunity costs and 

modest implementation requirements, making them robust priority targets. Conversely, peat 

quarries in Lithuania emerge as the least cost-effective category under central estimates, given 

their high costs and relatively low abatement potential; however, their ranking shifts under high-

cost scenarios, when more intensively used agricultural and forestry peatlands become 

relatively less favourable. This inversion illustrates the sensitivity of MACCs to underlying 

assumptions and parallels the Scottish findings where relative rankings change across 

timeframes and cost scenarios. 

It is important to note, however, that direct 1:1 comparison between the Scottish and the 

Lithuanian/Polish case studies is constrained by significant methodological and institutional 

differences. The Scottish analysis is structured around peatland “condition classes,” which 
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reflect ecological status and degradation type, whereas the Neman Basin analysis is based on 

“land-use/land-cover categories,” such as cropland, pasture, forest, or peat extraction. This 

difference in classification affects both the estimation of baseline emissions and the framing of 

restoration measures. Similarly, emission factor datasets and underlying assumptions diverge: 

Scotland benefits from extensive national-scale monitoring and an increasingly standardised 

accounting framework within the UK Greenhouse Gas Inventory, while in Lithuania and 

Poland, data are more heterogeneous, often derived from project-level or IPCC Tier 1/2 

sources. Economic assumptions also vary; for example, the value assigned to opportunity 

costs depends on national land-use returns and institutional structures. Finally, the Scottish 

case reflects the presence of a highly centralised, systematic restoration programme (e.g. 

Peatland Action), which generates relatively consistent cost data, whereas in Poland and 

Lithuania restoration has largely been implemented via more ad hoc and fragmented EU LIFE 

projects. These contextual differences inevitably limit the comparability of MACC outcomes 

across countries and highlight the importance of situating results within their respective 

governance and data environments. 

Cross-country comparison within the Neman basin nevertheless illustrates how context-

specific economic structures shape restoration priorities. Opportunity costs are systematically 

higher in Poland, raising overall abatement costs relative to Lithuania, though the divergence 

is modest rather than pronounced. The relative attractiveness of agricultural and pasture 

peatlands also differs: in Lithuania, they rank among the more favourable options, while in 

Poland their higher opportunity costs reduce their relative priority compared to forests. These 

contrasts mirror the Scottish findings that rankings are not static but contingent upon the 

interaction of abatement potential and cost structures. 

Taken together, the Scottish and Neman basin MACCs demonstrate the value of scenario-

based approaches in revealing how changes in assumptions about costs, emission factors, 

and timeframes can substantially alter restoration priorities. While Scotland illustrates the 

influence of time-dependent emission trajectories and the balance between implementation 

and opportunity costs, Lithuania and Poland emphasise the predominance of opportunity costs 

and country-specific land-use economics. Across both contexts, however, the consistent cost-

effectiveness of drained but unutilised peatlands underscores their importance as strategic 

targets for restoration investment. The broader lesson is that MACCs are not simply technical 

tools but decision-support frameworks that must be tailored to regional biophysical and 

economic realities to guide effective climate mitigation policy. 

6.7 Next steps 

In order to evaluate the robustness and policy relevance of MACCs developed using a 

pathway-based approach, a sensitivity analysis could be applied to systematically test how 

changes in individual inputs—for example, a 10% increase in implementation costs or a shorter 

assumed restoration timeframe—affect the resulting MACC. This helps identify which variables 

most influence cost-effectiveness rankings and cumulative abatement potential. It also 

highlights risk margins and can inform the development of prioritisation strategies under 

uncertainty. 
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The presented MACCs rely on some simplified representations, such as linear emission 

decline, fixed time horizons, and static cost categories, which could be improved to reflect the 

real-world complexity of peatland dynamics. As the emission reductions may follow non-linear 

pathways due to delayed hydrological recovery, methane response lags, or stepwise 

restoration interventions (Evans et al., 2021), exploring alternative forms or combinations of 

emission curves, the MACC can more accurately represent the temporal distribution of climate 

benefits. Similarly, using more precise information to inform the choice of restoration 

timeframes may offer clearer insights into how time-dependent trade-offs between costs and 

abatement potential influence overall cost-effectiveness. 

The rigour of a peatland MACC can also be improved by refining how cost categories, 

particularly opportunity and maintenance costs, are derived. These costs are typically 

estimated using proxies and averaged values that may insufficiently capture the spatial, 

temporal, and sectoral variability inherent to peatland contexts. For example, opportunity costs 

tied to foregone agricultural income can vary widely depending on land productivity, market 

conditions, and land tenure, while maintenance costs can fluctuate with site accessibility, 

intervention type, and the degree of ecosystem recovery required. 

6.8 Refining the conceptual framework 

In this deliverable report, we presented a conceptual framework for applying MACC analysis 

to wetland restoration. The framework offers opportunity for further refinement through trial 

and implementation, guided by data availability and information needs of MACC “end users”. 

Further refinements of the framework might include: i) deciding upon the level of disaggregated 

detail to be implemented within each restoration path; ii) incorporating spatially explicit 

characteristics; iii) capturing the likely changes in costs and abatement due to ongoing climate 

change; and iv) broadening the analysis to incorporate non-GHG mitigation-related benefits 

arising from peatland restoration. 

Consideration should be given to the level of detail within each restoration path. Thus far, we 

have considered basic “from point A to point B” scenarios, but additional distinctions within the 

paths might be made, based on the factors that are shown to have a significant effect on 

restoration costs or emission factors (e.g., the restoration activities used, changes in water 

level depth, etc.). There is a common understanding among restoration practitioners that other 

site features beyond peatland condition and land use have an impact on restoration costs 

between sites. These include: i) the site features and degree of existing erosion (which will 

require specific restoration activities, such as drainage works or reversing peatland erosion); 

ii) the distance from the nearest road (which impacts the transportation of machinery and 

materials as well as the timescales for the work); iii) the elevation and slope (impacting access 

and complexity of restoration work); and iv) the size and density of trees and stumps (for sites 

requiring the conversion of forests to bogs).  

In addition to the level of detail implemented within the restoration paths, it might also be worth 

to explore ways to ensure that the developed MACCs are not ‘static’ elements but take into 

account potential future changes (in terms of climate, mostly) and a more realistic transition 

from one state (i.e., degraded) to another (i.e., restored) in terms of emission profile.  
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How information on the other co-effects of peatland restoration (not related to GHG mitigation) 

can be added alongside GHG mitigation (e.g., benefits for water quality, biodiversity, etc.) 

deserves further investigation. We will consider studies that have been conducted in the field 

of agricultural MACCs to integrate a multiple-pollutant cost-effectiveness component to the 

analysis of GHG mitigation in the agriculture sector (e.g., Brink et al., 2005; de Vries et al., 

2023; Eory et al., 2013; Wagner et al., 2012). For instance,  Eory et al. (2013) have developed 

a methodology to include the monetary values of the most important external effects of GHG 

mitigation measures to water and air (i.e., ammonia, nitrate, phosphorous and sediment) for 

the UK agricultural sector. The result is a multiple-pollutant marginal abatement cost curve 

(MP MACC), which informs the design of sustainable climate change policies by showing how 

the MP MACC for the UK agriculture may differ from the traditional GHG MACC (Eory et al., 

2013). An important question is thus whether approaches developed in agriculture can be 

readily transferred to wetland restoration MACCs. 

Incorporating uncertainty directly into MACC construction— for example through the use of 

sets of MACCs based on optimistic, central, and pessimistic sets of assumptions—can help 

decision-makers better understand the uncertainties involved. Furthermore, spatial typologies 

of peatlands based on restoration potential, complexity, and cost (Farrell et al., 2021) offer a 

way to better prioritize interventions and improve comparability across sites.  

Emerging technological advances offer promising long-term pathways to address the key data 

collection and management issues. Remote sensing technologies, such as MODIS, 

hyperspectral imagery, and LIDAR, alongside AI-driven mapping approaches, are 

progressively enhancing the accuracy and scalability of peatland condition assessments (Artz 

et al., 2019; Macfarlane et al., 2024; Stuart et al., 2022). These tools can support the creation 

of standardized, spatially explicit datasets necessary for estimating both emissions factors and 

restoration costs, although further improvements in resolution and cost-efficiency are needed 

(Rudianto et al., 2018; Carless et al., 2019). 

7. Concluding remarks 

MACCs do not have to be perfect to be useful for decision-making. MACCs have been 

criticized for their oversimplification of complexity. However, as long as the limitations and 

assumptions behind the curves are clearly communicated, they can still provide valuable 

guidance on the cost-effectiveness of different mitigation options (Kesicki & Ekins, 2011). This 

is especially pertinent for wetland restoration, where data uncertainty, variable emissions 

factors, and complex ecological processes can make precise calculations difficult, while at the 

same time there is an urgent need for developing policy to support large scale implementation 

of restoration. Strengthening the evidence base will be critical for integrating wetland 

restoration more effectively into national and global climate mitigation strategies. As more data 

becomes available and methodologies advance, marginal abatement cost curves for wetland 

restoration can be updated to provide more accurate reflections on cost-effectiveness of 

wetland restoration.  

MACCs can be integrated with decision support tools that account for multiple, interdependent 

factors in land-use management, including economic, ecological, and social considerations 

(Kesicki & Ekins, 2012). For wetland restoration, such tools could prove invaluable, as 
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restoration projects are often influenced by multiple factors such as land management 

practices, local socio-economic conditions, and ecosystem-specific responses to restoration 

efforts. Incorporating these broader considerations into MACCs could improve the utility and 

accuracy of cost-effectiveness assessments in the context of wetlands. 
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9. Appendix 

Table A1: Cost estimates per Brown et al. (2021) land cover/condition type for peatland restoration in 

Scotland. Amounts are in GBP adjusted for calendar year 2020-21 using GDP deflators (ONS). 

Brown et al 2021 land 

cover and condition type 

Cost 

estimate 

in £ / ha#  

Mean 

(Median)  

#of 

obser-

vations 

Total 

(AF/FF) 

10th 

percen-

tile 

 

25th 

percen-

tile 

75th 

percen-

tile 

90th 

percen-

tile 

 

Notes 

Forest, D 2719 

(1751) 

80 

(29/51) 

459      868 3443  5218  

Cropland, D 1184 

(835) 

51 

(33/18) 

219    483    1305 1970 Based on Extensive 

grassland 

Eroding Modified Bog 

(bare peat), D 

1238 

(1000) 

22 (8/14) 154   576    1454      1837  

Eroding Modified Bog, 

(bare peat), UD 

2053 

(1732) 

44 

(22/22) 

364    887 2785 4254  

Eroding Modified Bog, 

(bare peat), D & UD 

1781 

(1289) 

66 

(30/36) 

295       719   2423    4019  

Modified Bog (H&G dom), 

D 

1191 

(970) 

74 

(35/39) 

219    559 1300 1970  

Modified Bog (H&G dom), 

UD 

1356 

(769) 

20 (9/11) 277 346  1088  4256  

Modified Bog (H&G dom), 

D & UD 

1226 

(939) 

94 

(44/50) 

219   520  1288       2673  

Extensive Grassland 

(combined bog and fen), D 

1184 

(835) 

51 

(33/18) 

219    483    1305 1970  

Intensive Grassland, D 1184 

(835) 

51 

(33/18) 

219    483    1305 1970 Same as extensive 

grassland 

Near Natural Bog, UD N/A       

Near Natural Fen, UD N/A       

Extracted Domestic, D 1781 

(1068) 

206 

(83/123) 

300     607   1695    3609 See assumption 

above – mean of 

non-forest 

restoration sites 

Extracted Industrial, D 1781 

(1068) 

206 

(83/123) 

300     607   1695    3609 See assumption 

above – mean of 

non-forest 

restoration sites 

Settlement, D N/A - -   -  

Rewetted modified (semi-

natural) Bog, UD 

N/A - -   -  

Rewetted bog, UD N/A - -   -  

Rewetted Fen, UD N/A - -   -  

Note: # based on assumptions and notes in Table 2. D: drained; UD: undrained; AF: Application 

Forms; FF Final Reporting Forms 
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Table A2: Implementation costs/ha estimates for the land cover/condition categories used in the 

Scottish peatland MACC 

Brown et al land category  Mean Cost per ha 

(£) (Median) 

Lower Bound 

(10th percentile) 

Upper Bound 

(90th percentile) 

Forest, D 2500 (1600) 500 5000 

Cropland, D 1100 (800) 400 1200 

Eroding Modified Bog (bare peat), D 1600 (1000) 300 4000 

Eroding Modified Bog, (bare peat), UD 1600 (1600) 300 4000 

Modified Bog (H&G dom), D 1200 (900) 200 2500 

Modified Bog (H&G dom), UD 1200 (700) 200 2500 

Extensive Grassland (combined bog and 

fen), D 

1100 (800) 200 1900 

Intensive Grassland, D 1100 (800) 200 1900 

Extracted Domestic, D 1600 (1000) 300 3300 

Extracted Industrial, D 1600 (1000) 300 3300 

 

 

Table A3: Opportunity costs assumed for Scottish peatland MACC 

Peatland Condition Low OC High OC 

Forest 100 500 

Eroded (Eroding) 0 10 

Near Natural Bog 0 10 

Other 10 20 

Modified Bog 10 20 

Extraction 10 500 

Intensive Grassland 100 300 

Extensive Grassland 10 50 
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Table A4: Peatland condition classes, their total areas in Scotland and annual emission factors used in 

Scottish peatland MACC with upper and lower bounds 

Peatland Condition Total area  

(ha) 

Emission Factor  

(tCO2/ha/yr) 

    Low Mid High 

Forest 356,860 0.98 3.35 5.72 

Near Natural Bog 490,500 -0.85 0.32 1.49 

Eroded (Eroding) 38,030 17.79 18.86 19.93 

Modified Bog 862,390 2.59 3.32 4.05 

Extraction 47,790 15.02 17.02 19.03 

Extensive Grassland 33,590 12.5 15.88 19.26 

Intensive Grassland 72,260 19.92 22 24.08 

Other 10,270 1.66 19.415 37.17 

 

 

 

Table A5: Neman Catchment Case study: Total areas of peatlands within the case study countries by 

drainage status 

Status Poland (ha) Lithuania (ha) Total (ha) 

Impacted by drainage 16,012 299,280 315,292 

Not impacted 7,255 154,710 161,965 

All 23,267 453,990 477,257 
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Table A6: Neman Catchment Case study: Annual opportunity costs per hectare, sources of 

information and estimation approach 

Land 

use/cover 

Lithuania 

(€/ha/yr) 

Poland 

(€/ha/yr) Calculation/Approach 

Arable land 

212 € (FADN) N/A 
Annual gross output per farm divided by average farm area. 

Distribution of arable farm type assumed to follow the 

overall distribution of arable farms in Lithuania 

Forest 

300 

€(Baltpool) 

350 € 

(Statistics 

Poland) 

Multi-annual average of timber yields (m³/ha) divided by 

current average (€/m³) stumpage values in Lithuania and 

Poland 

Pastures 

166 € (FADN) 340 € 

(FADN) 

Annual gross output per farm divided by average farm area. 

Distribution of livestock farm types assumed to follow the 

overall distribution of livestock farms in Lithuania and Polish 

region of Mazowsze i Podlasie 

Quarry 

550 € (World 

Bank) 

N/A World bank value of peat sales (volume/price).  A quarter of 

quarries were assumed to be in active use. Average 

extraction rate of 5t per ha (LIFE Peat Restore, 2022) 

Semi-natural 

grasslands 

82 € (FADN) 283 € 

(FADN) 

Annual gross output per farm divided by average farm area 

for the livestock farm type with the lowest productivity 

(other grazing) in Lithuania and Polish region of Mazowsze 

i Podlasie 

Drained 

peatlands 

(unutilised) 

50 € 

(Streciwilk & 

Grygoruk, 

2025) 

50 € 

(Streciwilk & 

Grygoruk, 

2025) 

Assumed value of loss of income from other activities such 

as hunting, sports, forage etc. 

 

 


