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Executive Summary  

This report presents the results of a screening and scoping exercise to provide detailed 
information on the relevance and effectiveness of climate mitigation actions in the agriculture 
and land use sectors across the European Union (EU). It reviews the opportunities for 
mainstreaming climate action through the Common Agricultural Policy (CAP) and provides 
approaches for selection of actions. As a meta-review, the report assessed mitigation potential 
and appropriateness of climate action based on evidence available; where evidence gaps have 
been encountered, these have been highlighted and, where necessary, assumptions have 
been made based on expert judgement.  

The project comprised 3 tasks. 

Task 1: Meta-review of mitigation potential and an assessment of policy tools and instruments 
for climate action. This was split into two main elements:  

a. Screening of Mitigation of Actions to assess mitigation potential and feasibility, 
b. Analysis of the uptake of mitigation actions within the CAP and potential for future 

uptake. 

Task 2: Identify and assess how identified (existing or new) actions could be further developed 
with regards to synergies and efficiency of related climate benefits: 

a. Inventory assessment;  determination of IPCC key categories and ability to account for 
mitigation actions; 

b. Assessment of administrative effort  for implementation of action; 
c. Assessment of barriers to uptake and recommendation for how the CAP can increase 

uptake.  

Task 3: Provide support in the assessment of the impact of the proposals for agriculture and 
land. 

Task 1 consisted of a preparation of a long list of potential mitigation actions that may be 
appropriate for implementation to reduce GHG emissions in the EU. A list of actions was 
developed based on recent literature, including recent work undertaken for DG CLIMA, and 
Marginal Abatement Cost Curve reports, among other data sources. The list was discussed 
and agreed in consultation with DG AGRI and DG CLIMA. The initial screening reviewed the 
appropriateness of each of the actions against the following criteria: 

¶ GHG emissions abatement and 
removal, 

¶ Accountability and verifiability, 

¶ Costs of implementation, 

¶ Technological constraints, 

¶ Benefits and Risks, 

¶ Socio-economic factors. 

 

 

The output from the screening activity was a screening report (Annex 2) and provided a basis 
for shortlisting actions for further assessment. The process reduced the number of actions 
assessed from 29 to 22, and the shortlisted actions are listed below.  
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List of Mitigation Actions  

Group Mitigation actions 

Land Use 

¶ Conversion of arable land to grassland to sequester carbon in the soil 

¶ New agroforestry  

¶ Wetland/peatland conservation/restoration 

¶ Woodland planting 

¶ Preventing deforestation and removal of farmland trees 

¶ Management of existing woodland, hedgerows, woody buffer strips and 
trees on agricultural land 

Crop 
Production 

¶ Reduced Tillage 

¶ Zero Tillage 

¶ Leaving crop residues on the soil surface 

¶ Ceasing to burn crop residues and vegetation  

¶ Use cover/catch crops 

Livestock 
Production 

¶ Livestock disease management 

¶ Use of sexed semen for breeding dairy replacements 

¶ Breeding lower methane emissions in ruminants 

¶ Feed additives for ruminant diets 

¶ Optimised feeding strategies for livestock  

Nutrient and 
Soil 
management 

¶ Soil and nutrient management plans 

¶ Use of nitrification inhibitors 

¶ Improved nitrogen efficiency 

¶ Biological N fixation in rotations and in grass mixes 

Energy 
¶ Carbon auditing tools 

¶ Improved on-farm energy efficiency 

 
In parallel with the screening activity, there was an assessment of policy measures that may 
be appropriate for mainstreaming and promoting additional climate action, and to what degree 
existing CAP implementation at a Member State level promoted climate action. Although the 
role of the CAP was assessed in detail, the project was not an evaluation of the CAP. 

It was concluded that the implementation of most of the climate mitigation actions identified in 
this study, as having the greatest mitigation potential in Member States, can be supported via 
the CAP. However, it has not been possible to elicit the extent to which these CAP policy 
mechanisms are either currently available to farmers in Member States or subsequently taken 
up by farmers, as the data on the utilisation of most Pillar 2 rural development measures were 
not available at the level of detail required for this type of assessment. 

A major input to Task 1 was a successful workshop held in March 2015 which brought together 
researchers, NGOôs and policy makers to provide input to the selection of appropriate actions 
and share experiences relating to effectiveness and implementation. This provided a useful 
base for providing both additional scientific literature and expert judgement based on 
experiences. 

Task 2 explored the implementation of the mitigation actions further, offering insight into the 
challenges associated with inventory reporting before developing an approach that would 
provide some indicative quantification of mitigation potential at a member state level for each 
of the actions assessed. A further sub-task of reviewing barriers and administrative burdens 
on managing authorities was also undertaken. 

The analysis of National Inventory Reports uncovered some interesting challenges in 
accounting for mitigation activities. We found that not all mitigation activities would be 
recognised in inventories and this depends on the methodology used by Member States and 
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the level of sophistication in data collection and management. We found that the ability to 
account for mitigation actions may: 

¶ Have a detectable impact on the emissions shown in the inventory and the impact can 
be specifically attributed to the implementation of the mitigation action; 

¶ Have an impact on the emissions shown in the inventory but the effect cannot be 
specifically attributed to the implementation of the mitigation action; 

¶ Have no detectable impact on the emissions shown in the inventory but may improve 
carbon intensity of production; 

¶ Have no direct impact on inventories. 

A key output from the project has been the quantification of mitigation potential at a Member 
State level. Although there was relatively robust, if at times wide ranging, evidence for the 
mitigation potential of actions on an area (per Ha) or livestock unit basis, scaling this activity 
to Member State and NUTS 2 areas proved challenging. This was primarily because limited 
information was available on existing uptake. Estimates have been made on the potential 
additional uptake based on óexpert judgementô. A methodology for assessment on regional and 
national scale has been suggested in chapter 4 which would provide more robust mitigation 
assessment.  An overview of the results can be found in the table below. 

Of the 22 mitigation actions for which we assessed mitigation potential, 11 showed significant 
potential (more than 500 kt CO2e/y at EU level). Of these, eight were related to land use, land 
use change or crop production, and were focussed on carbon sequestration; two related to 
mitigation of N2O emissions from fertilizer application, and one (carbon audits) is a means of 
identifying relevant actions at a farm business level.  

One mitigation action (zero tillage) had low overall potential, but is notable for high potential in 
a semi-arid regions where zero tillage can avoid the need for fallow and thus increase carbon 
sequestration. 

The remaining ten mitigation actions had low potential. Of these, five were livestock production 
measures (reflecting the technical difficulty in mitigating emissions in this farming sector); two 
related to efficiency of nitrogen nutrition by crops and grass (reflecting the economic incentive 
not to over-apply nitrogen); two related to mitigation of GHG emissions through energy savings 
(reflecting the relatively low contribution of energy consumption to GHG emissions in 
agriculture and forestry); and one is a land use action (wetland/peatland 
conservation/restoration) that has limited potential because it is applicable to limited areas.  

An overview of the mitigation results can be found in the table below. 
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Mitigation potential summary  
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Table of Abbreviations 

Abbreviation Term 

AFOLU Agriculture, Forest and Other Land Use  

BPS Basic payment scheme  

CAP Common agricultural policy 

CMEF Common Monitoring and Evaluation Framework 

CO2e Carbon dioxide equivalent  

EAFRD European agricultural fund for rural development  

ECSFDI England catchment sensitive farming delivery initiative  

EFA Ecological focus areas  

EIP European Innovation Partnerships  

ESPG Environmentally sensitive permanent grassland  

FAS Farm advisory system 

FTE Full time equivalent 

GAEC Good Agricultural and Environmental Condition 

GHG Greenhouse gas 

IACS Integrated administration and control system 

ILUC Indirect land use change  

IPCC Intergovernmental Panel on Climate Change 

KP Kyoto Protocol  

LFA Less Favoured Area  

LPIS Land Parcel Identification System 

LU Livestock unit 

LUC Land use change 

LULUCF Land use land use change and forestry 

MA Mitigation action 

MS Member state 

NIR National inventory report  

NUTS Nomenclature of Units for Territorial Statistics 

PRTCs Policy Related Transaction Costs 

RDP Rural development plan  

SMR Statutory management requirement  

SRC Short rotation coppice  

SOC Soil organic carbon 
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1 Introduction 

The agriculture, land use change and forestry sectors (known as Agriculture, Forestry and 
Other Land Use (AFOLU) in IPCC terminology) activities in Europe have an impact on the 
climate, either through GHG emissions (direct and indirect), or through carbon sequestration. 
Some of these activities are influenced by agricultural policy mechanisms, which affect the 
choices made by farmers, foresters and other land managers. This report reviews relevant 
mitigation actions to determine the extent to which their implementation would lead to 
increased climate mitigation across the EU and, where possible, to quantify the mitigation 
potential geographically. It reviews the opportunities and challenges in implementing mitigation 
actions using existing policy mechanisms such as the Common Agricultural Policy and 
assesses the barriers at both farm and member state level.  

At present, the emissions and removals from agriculture, land use and forestry are separated 
by different parts of the EU's climate policy. The non-CO2 emissions from agriculture fall under 
the Effort Sharing Decision while CO2 emissions and removals related to land-use and forestry 
are excluded from the EU's domestic reduction target but are accounted for under the Koyoto 
Protocol. During the course of this project a consultation process, led by DG CLIMA, was 
undertaken to determine how agriculture, land use, land-use change and forestry should be 
included in the GHG reduction target for 2030. 

Agriculture accounted for about 10% of the EUôs total greenhouse gas (GHG) emissions in 
2012. However, when CO2 removals by LULUCF are taken into account (304 Mt CO2e) net 
emissions from the AFOLU sector were 165 Mt CO2e. Carbon dioxide, from on-farm energy 
use and horticultural enterprises, accounts for only about 15% of these emissions. The majority 
of the global warming potential from emissions generated by agriculture are from emission of 
nitrous oxide (N2O), following the application of nitrogen (N) fertilizers and livestock manures 
to land (c. 50%), and from emission of methane (CH4) from enteric fermentation and manures 
(c. 35%). 

Emissions of both N2O and methane arise from microbial activity: in the soil (N2O), in the 
digestive tracts of livestock (CH4), and in manure (CH4 and N2O). This microbial activity takes 
place throughout the year and are often episodic, occurring mainly as a direct response to 
manure or fertilizer application or weather. There are actions that can be taken to reduce 
emissions of N2O and CH4 from agriculture but measuring and quantifying the effectiveness 
can be challenging.  

There is uncertainty over the application of any mitigation action. There are well-established 
average abatement efficiencies for many abatement techniques that can be used for analytical 
purposes. However, for many GHG mitigation actions, the actual likely abatement is difficult to 
predict as their effectiveness depends upon current farm practice.  

This report presents the results of a meta-review that brings together and reviews evidence 
from past reports. It assesses mitigation actions with significant mitigation/abatement potential 
based on existing literature and reviews the opportunities within the Common Agricultural 
Policy (CAP) for implementation. Phase 1 consisted of a literature review to determine the 
effectiveness of based on a range criteria which were: 

¶ The ability to provide worthwhile reductions in GHG emissions or remove CO2 from the 
atmosphere for long-term storage in soils or biota; 

¶ Be compatible with practices typical of the main farming systems in the EU; 

¶ Be verifiable by monitoring agencies; 

¶ Not impose excessive financial burdens on the farmer; 

¶ Be compatible with improvements in business efficiency or with other CAP 
environmental support measures; 

¶ Socially acceptability; 

¶ Sensitivity of effectiveness to farmer implementation; 
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¶ The extent to which there may be other benefits to the farmer from adoption of the MA; 

¶ Whether there may be any adverse impacts on the environment, including leakage of 
GHG emissions as a result of production being diverted to regions outside the EU 
where there are greater GHG emissions associated with production of the crop or 
livestock. 

There is considerable variation among Member States in the significance of agriculture as a 
source of GHGs; agriculture can account for up to one third of emissions in some member 
states. For member states with a higher proportion of emissions from agriculture, the focus on 
finding emissions reductions from agriculture may be greater and more challenging. Through 
this project, stakeholder engagement was undertaken through a workshops. The potential 
mitigation actions were reviewed with stakeholders which provided useful feedback on both 
the technical and policy feasibility of implementation. 

The assessment through phase 1 provided a detailed understanding of the technical feasibility 
of the mitigation actions reviewed. The approach taken, assessing the effectiveness across a 
range of criteria, provides a holistic view of the outputs of this screening exercise are contained 
in the mitigation action fiches in Annex 1.  

Phase 1 also reviewed the role of the CAP in promoting climate action that impacts on AFOLU 
sectors. The report established that there are many CAP measures which can be used to 
contribute to climate mitigation activities in relation to agriculture and forestry, both through 
conditions placed on farmers via cross-compliance, the greening payments under Pillar 1 as 
well as voluntary measures under rural development policy. The majority of mitigation actions 
identified in this study, particularly those related to the management of agricultural soils (e.g. 
reduced fertilizer inputs, crop rotations, reduced tillage etc.), converting arable to grassland, 
peatland restoration, afforestation and agroforestry can already be supported under the 
measures available within the CAP. 

Following this process, a small number of mitigation actions were not selected for further 
analysis under phase 2; either due to a lack of literature or the literature not supporting the 
mitigation potential.  

Phase 2 of the project assessed the feasibility of the implementation of the mitigation actions 
in policy terms. It assessed: 

The ability and limitations of inventory methodologies to account for mitigation 
potential. National Inventory Reports were analysed to determine each member states ability 
to account for the impact of implementing actions.  

The geographic relevance of actions aligned to mitigation potential. Farming system, land 
use and soils data was collated across NUTS 2 areas and used to determine the applicability 
of mitigation actions. 

Administrative effort related to implementation.  Data on administrative effort relating to 
implementation were sought. Quantitative information was not available from meta-data so 
information was sought through MS interviews which again yielded very little quantification and 
disparity in responses. This should be highlighted as a data gap.  

Barriers to implementation. The barriers at member state level were assessed through a 
combination of review and interview.  

The outputs are presented within this report for each of the mitigation actions reviewed and 
the results are summarised in the conclusions.   
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2 Methods 

2.1 Overview 

The initial screening of potential mitigation actions (MAs) to reduce GHG emissions from the 
AFOLU sector was carried out primarily by means of a meta-review. This meta-review was of 
recent, or relatively recent, reviews of the potential for GHG abatement together with the results 
of some recent studies to produce Marginal Abatement Cost Curves (MACCs) for the 
abatement of GHG emissions from agriculture. 

The key studies used in the meta-analysis were those of: 

¶ Frelih-Larsen et al., 2014 [Mainstreaming climate change into rural development policy 
post 2013]. 

¶ Buckingham et al., 2014 [Review of land management actions] 

¶ Lugato et al., 2014 [Preserving Organic Carbon Stocks in Europe Through an Optimal 
Exploitation of Agricultural Crop Residues] 

¶ Moran et al., 2008 [UK MACC] 

¶ Schils et al., 2008 [The EU CLIMSOIL project reviewing the interrelations between soils 
and climate change] 

¶ Moorby et al., 2007 [A UK review of a large number of MAs] 

In addition to the identification of MAs, the meta-review provided information on: 

¶ mechanisms of climate mitigation actions, 

¶ mitigation potential to support estimates at NUTS 2 and MS scales, 

¶ implementation feasibility including technological and socio-cultural barriers, 

¶ environmental co-benefits and risks, 

¶ costs to land managers, 

¶ other factors affecting geographic relevance. 

An assessment and ranking of candidate actions is provided in Annex 2, according to the 
following criteria:  

¶ GHG emissions abatement and removal, 

¶ Accountability and verifiability, 

¶ Costs of implementation, 

¶ Technological constraints, 

¶ Benefits and Risks, 

¶ Socio-economic factors. 

2.2 Identification and screening of climate mitigation 
actions  

Potential MAs were identified from existing knowledge of MAs within Ricardo Energy & 
Environment and IEEP, supplemented by further examination of recent scientific and technical 
literature from international sources and studies undertaken by the Commission. We generated 
a list of MAs, (Table 1) which was submitted to the Commission for approval. 
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Table 1: Original list of potential mitigation actions 

Category Potential mitigation action 

Land management Reduced tillage  

 Zero tillage 

 Retaining crop residues 

 Conversion of arable to grassland to sequester carbon 

 Agroforestry 

 Ceasing burning vegetation and crop residues 

Grassland efficiency 
measures 

Use of grassland to reduce fire risk 

Management and auditing Carbon calculation audits 

 Soil and nutrient management plans 

Livestock efficiency 
measures 

Strategies to reduce endemic disease 

Use of sexed semen for breeding dairy replacements 

Manure and fertilizer 
efficiency 

Delay applying mineral N after slurry application 

Maintain soil pH at suitable levels 

Use of nitrification inhibitors 

Increased energy efficiency Improved on-farm energy efficiency 

 Increased on-farm biogas production 

 

These MAs provided a range of options including some that have already had considerable 
evaluation (such as reduced tillage, retaining crop residues and the conversion of arable land 
to grassland), together with more innovative options such as the use of sexed semen for 
breeding dairy replacements, and delaying the application of mineral N to a crop to which slurry 
has already been applied. 

The following MAs were added at the suggestion of Commission experts: 

¶ The application of biochar to land. 

¶ Breeding low methane emission ruminants. 

¶ The use of additives in livestock feeds. 

¶ Optimised livestock feeding strategies. 

After discussion with the Commission at the inception meeting we added some MAs that had 
been evaluated in a recent project (Frelih-Larsen et al., 2014). These were: 

¶ Avoid drainage of wetlands and conversion of peatland to farming; 

¶ Improved N efficiency; 

¶ Increasing legumes in arable rotations and in grass mixes; 

¶ Extend the perennial phase of crop rotations; 

¶ Use cover/catch crops and reduce bare fallow. 

In addition, three woodland management MAs were included: 
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¶ Woodland creation: afforestation (including new shelterbelts, hedgerows, woody buffer 
strips and in-field trees) and reforestation; 

¶ Woodland management: preventing deforestation; 

¶ Woodland management (including existing shelterbelts, hedgerows, woody buffer 
strips and in-field trees). 

Finally, the MA 'Soil and nutrient management plans' was divided into two MAs: 

¶ Soil management plans; 

¶ Nutrient management plans. 

The final list of MAs for evaluation are listed in Table 2. 

 

Table 2: Final list of potential mitigation actions 

Category Potential mitigation action 

Land Use Conversion of arable land to grassland to sequester carbon in the 
soil   
New agroforestry  

Wetland/peatland conservation/restoration 

Woodland planting 

Preventing deforestation and removal of farmland trees 

Management of existing woodland, hedgerows, woody buffer strips 
and trees on agricultural land  

Improving grassland management to increase carbon 
sequestration 

Use of grasslands to reduce fire risk 

Crop Production Reduced Tillage 

Zero Tillage 

Leaving crop residues on the soil surface 

Ceasing to burn crop residues and vegetation  

Use cover/catch crops 

Biochar applied to soil 

Extend the perennial phase of crop rotations 

Maintain Soil pH at suitable levels for crop/grass production 

Delay applying mineral N to a crop that has had slurry applied  

Livestock 
Production 

Livestock disease management 

Use of sexed semen for breeding dairy replacements 

Breeding lower methane emissions in ruminants 

Feed additives for ruminant diets 

Optimised feeding strategies for livestock  
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Anaerobic digestion (to reduce GHG emissions during manure 
storage) 

Nutrient and Soil 
Management  

Soil and nutrient management plans 

Use of nitrification inhibitors 

Improved nitrogen efficiency 

Biological N fixation in rotations and in grass mixes 

Energy  Carbon auditing tools 

Improved on-farm energy efficiency  

 

Each MA was then subject to a thorough screening process. The screening process assessed 
their potential to reduce net GHG emissions, suitability for adoption by different farming 
systems in the EU, and potential compatibility with the scope of the CAP.  

We also took into account, insofar as data were available, regional differences in GHG 
mitigation within Europe with respect to different farming and forestry systems and varying 
institutional and governance arrangements. 

For each MA we reviewed and assessed available data and information to: 

1. Produce worthwhile reductions in GHG emissions or remove CO2 from the atmosphere for 
long-term storage in soils or biota; 

2. Be compatible with practices typical of the main farming systems in the EU; 
3. Be verifiable by monitoring agencies; 
4. Not impose excessive financial burdens on the farmer; 
5. Be compatible with improvements in business efficiency or with other CAP environmental 

support measures; 
6. Be socially acceptable. 

In addition other factors that could affect the usefulness of the MA were considered. These 
were: 

7. How sensitive is the effectiveness of the MA to farmer implementation; 
8. The extent to which there may be other benefits to the farmer from adoption of the MA; 
9. Whether there may be any adverse impacts on the environment, including leakage of GHG 

emissions as a result of production being diverted to regions outside the EU where there 
are greater GHG emissions associated with production of the crop or livestock. 

Given the existence of a number of recent reviews and appraisals of the effectiveness and 
applicability of mitigation options, and the relatively short duration of this project, priority was 
given to synthesising the findings of those reviews. However, information in other literature, 
principally peer-reviewed research papers, was also used to supplement gaps in the findings 
of the reviews or to provide more up-to-date information. 

The key reviews and MACCs used were: 

¶ Frelih-Larsen et al., 2014 

¶ Buckingham et al., 2014 

¶ Lugato et al., 2014 

¶ Pellerin et al., 2013 

¶ Schulte et al., 2012  

¶ Moran et al., 2008  

¶ Schils et al., 2008  

¶ Moorby et al., 2007  

The nine criteria listed above are further described and considered below in more detail. 
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1. Produce worthwhile reductions in GHG emissions or remove CO2 from the atmosphere for 
long-term storage in soils or biota 

To estimate potential net reductions in GHG emissions, we identified the following: 

¶ The GHG(s) that will be abated by the MA. 

¶ The proportion of the default emission that can be abated by successful application of 
the MA. 

¶ The proportion of the relevant emission source to which the MA may be applied. 

This information was obtained primarily by examination of recent reviews of the mitigation 
potential of the MAs supplemented by a systematic search of peer-reviewed literature and 
reports prepared for the EU and for national governments. 

Some of the MAs considered for their potential to sequester C in soils may lead to an increase 
in N2O emissions that to some extent will reduce the overall reduction in GHG emissions. As 
part of our evaluation of these MAs we assessed whether or not the potential increase in N2O 
emissions was sufficiently large to nullify the C sequestration or whether any increases in N2O 
were likely to be small and there would still be a net reduction in GHG emissions. For each MA 
where there may be an increase in N2O emissions we make it clear whether or not this increase 
is likely to outweigh the increase in C sequestration. 

While there have been some reports of increases N2O emissions from the adoption of the 
following MAs we do not consider that the risk and size of any increases in N2O are sufficiently 
great to rule out these MAs for further consideration. 

¶ Extend the perennial phase of crop rotations 

¶ Leaving crop residues on the soil surface 

¶ Wetland/peatland conservation/restoration 

¶ Use cover/catch crops 

2. Be compatible with practices typical of the main farming systems in the EU 

While it is likely that the MAs proposed to reduce direct emissions of N2O and CH4 will be 
potentially suitable for adoption by farmers, the uptake may be inhibited by costs of 
implementation, or unfamiliarity with the requirements of the action. Barriers imposed by costs 
and the need for specialist technical knowledge were identified by reference to peer-reviewed 
literature and reports prepared for the EU and for national governments, together with 
recommendations provided to overcome these barriers. Mitigation actions to sequester C in 
soils or biota are less likely to be readily adopted since they may require changes in land use, 
which will not be compatible with current farming systems. Hence, we considered whether this 
barrier may also be overcome if the costs of implementation can be met by payments under 
the CAP (for example to change arable land to grassland and both to woodland or 
agroforestry). 

Given that there was little published information available on the applicability and effectiveness 
of the MAs in different farming systems and locations this assessment needed to be 
supplemented by informed expert judgement. 

3. Be verifiable by Member Statesô monitoring agencies 

All claims for CAP payments under both Pillars are subject to administrative checks, and the 
associated farm or forest level requirements are checked in detailed on-the-ground-checks (for 
example for compliance with cross-compliance standards, management requirements under 
agri-environment-climate contracts and technical requirements for investment projects). 
Typically, the on-the-ground checks are of a (risk-based) sample of beneficiaries but for some 
types of investment all projects will be checked. This means that any climate actions supported 
under the CAP must be capable of verification at the time of the compliance visit. Each MA 
was assessed as to whether the MA could be verified by: 

¶ Field sampling and testing. 
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¶ Remote sensing. 

¶ Record Inspection. 

¶ Another approach. 

4. Not impose excessive financial burdens on the farmer 

If GHG-mitigation actions have not been adopted, it is likely that it is because they will impose 
a cost on the farming industry. However, this perception of the imposition of additional costs 
may be unduly influenced by the direct costs of implementation, i.e. capital costs, and an 
insufficient awareness of potential longer-term savings. We examined the reported costs of 
implementation of MAs, distinguishing between capital costs and running costs/savings. For 
this stage of the assessment we made use of published GHG MACC curves for the agriculture 
sector to indicate cost effectiveness. 

5. Be compatible with improvements in business efficiency or with other CAP environmental 
support measures. 

We assessed the degree to which MAs may be aligned to other CAP priorities. Where business 
efficiency and environmental benefit is associated with the implementation of an action, the 
case for implementation support will be greater. 

6. Be socially acceptable 

Actions, which may lead to net reductions of GHG emissions, may not be adopted if there is 
resistance to their use from consumers of the eventual food products or due to concerns over 
impacts on the landscape. The implications of the MA for rural employment opportunities were 
also taken into account. While there are reports and papers which have assessed social 
acceptability of mitigation options this was another part of the evaluation that required the use 
of expert judgement. 

7. How sensitive is the effectiveness of the MA to farmer implementation? 

Since many MAs require changes to farm management we estimated the extent to which the 
requirements of the MA could be interpreted differently by different farmers. This question has 
received little formal study and our knowledge and understanding of each MA was needed to 
determine the extent to which the success of implementing the MA would depend upon a 
farmer's interpretation of how the MA was to be carried out. 

8. The extent to which there may be other benefits to the environment from adoption of the 
MA. 

Many of the MAs will have other impacts on the environment. Others may have been originally 
developed or introduced for other environmental objectives. Such impacts are documented in 
reviews and peer-reviewed literature and such impacts were recorded and summarised as part 
of the evaluation of GHG mitigation impacts. The environmental impacts assessed were: 

¶ Nitrate leaching. 

¶ Pollution of watercourses by surface run-off. 

¶ Soil erosion. 

¶ Soil structure and stability. 

¶ Ammonia emissions. 

¶ Biodiversity. 

9. Whether there may be any adverse impacts on the environment, including leakage of GHG 
emissions as a result of production being diverted to regions outside the EU where there are 
greater GHG emissions associated with production of the crop or livestock. 

For this aspect of the impacts of adopting the MAs the same criteria were used as for 8 above, 
together with the risk of transferring GHG emissions to other regions (leakage) as a result of 
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decreased production within the EU. We based our estimates of the likelihood of leakage on 
the reported impact of each MA on production.  

Seven MAs included in the initial list and evaluated in the screening document (Annex 1) were 
not considered further. No estimates of the potential GHG mitigation that might arise from the 
implementation of those MAs were made at regional level. The section below explains why 
those MAs were given no further consideration. In most cases this arose from a lack of reported 
data on the potential effectiveness of those MAs, because the MA could only abate emissions 
from a very small and uncertain source, or both.  

2.3 Reasons for the exclusion of the mitigation actions that 
we have not taken forward from the initial list 

Improving grassland management to sequester carbon 

The objective of this MA is to manage existing grasslands in order to increase the rate of 
carbon sequestration in the soil. This may require additional inputs of N fertilizer and/or 
livestock manures in order to increase net primary production by the grass and hence increase 
the amount of C that is added to soil in crops residues, root exudates or the excreta of grazing 
livestock. 

The increase in N inputs is likely to increase N2O emissions, and the balance between the 
increase in N2O emissions and the C gain is uncertain. Buckingham et al., (2014) reported that 
the increase in carbon sequestration by improved grassland management will vary 
considerably depending upon: the management practice adopted; previous management; soil 
type; climate. The net impact on GHG emissions will also vary greatly across the EU depending 
upon current grassland management practices. The effectiveness of the MA is also likely to be 
sensitive to farmer implementation. The degree to which an individual may implement an 
improved practice is likely to vary somewhat unless very prescriptive rules are devised. 
However, given the uncertainty over the effectiveness of individual management approaches, 
very prescriptive rules would not be appropriate. 

As a result of these uncertainties we concluded that improving grassland management to 
sequester carbon was not a sufficiently robust MA to include in further analysis. 

Use of grassland to reduce fire risk 

Reducing fire risk is an important mitigation and adaptation action. This MA was the planting 
and/or managing (e.g. by grazing) of areas of grass between and among woodlands in dry 
areas so that the grasslands would act as firebreaks, by ensuring that dead grass and 
vegetative litter could not build up. 

This mitigation action was not evaluated as no data were found on which to base an evaluation 
of this MA. 

Biochar applied to soil 

Biochar is a form of charcoal, produced from biomass by pyrolysis. Biochar can be added to 
soil, where it can increase the amount of carbon stored and amend soil properties, leading to 
increased oxidation of CH4 and reduced emissions of N2O (Smith et al., 2014). The mitigation 
potential may arise through several mechanisms, including increased crop yields (reduced 
GHG emissions per tonne of product), effects on the N cycle (reduced N2O emissions), 
increased carbon storage in soil, and more efficient use of mineral nutrients. 

The quantity of biochar needed to reduce net GHG emissions depends on the half-life of the 
biochar to soil, and this is likely to be variable and, overall, is not known. Biochar may also 
influence the breakdown of other soil organic carbon (e.g. humus; Kleiner, 2009), which would 
counteract sequestration of carbon through the long-term persistence of biochar. Much of the 
understanding of interactions between biochar and the soil comes from laboratory studies and 
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these interactions are not predictable, especially under field conditions (Smith et al., 2014). As 
a result of these uncertainties, doubts remain over the effectiveness of biochar application to 
reduce net GHG emissions. Further research and field testing are needed to increase the 
understanding of the overall effects on carbon sequestration, GHG emissions and other effects 
on the environment.  

In addition, the area of land needed for biochar feedstock production may be substantial and 
lead to leakage if the cultivation of feedstocks for biochar displaces agricultural production 
elsewhere or leads to undesirable land use change (LUC). There is much conflicting literature 
on this subject, with no estimates that are independent of interests in commercial development 
of biochar. Furthermore, the required infrastructure and feedstock supply for biochar 
production are not in place for immediate implementation.  

Since there is considerable uncertainty over both the direct GHG consequences of biochar 
application to soil, as well as the uncertainties over the impacts of cultivation of feedstocks for 
biochar production on net GHG emissions and LUC, we concluded it was not appropriate to 
include this MA in the evaluation of GHG mitigation potential in the EU. 

Extend the perennial phase of crop rotations 

For the purpose of this project we used the definition adopted by Frelih-Larsen et al., (2014) 
who described this MA as 'incorporating 1ï3 years of a perennial crop (often alfalfa or grass 
hay) into annual crop rotations'. 

This action is highly sensitive to the share of land used for perennial crops, and the type of 
perennial crops used. Carbon sequestration is also influenced by the quantity of N fertilizer 
used (Franzluebbers et al., 2014). Gains are likely to be reversed, at least partially, because 
the MA would be only part of a rotation, so cultivation is likely. Reported estimates of potential 
C sequestration from this measure (e.g. Frelih-Larsen et al., 2014) do not make clear whether 
the sequestration estimate takes account of cultivation on return to annual crops, and whether 
the area used in the calculations incudes the whole rotation or just the area of perennial crops. 

Care would also be needed when adopting this MA to avoid large emissions from displaced 
crops, and more research is needed to predict the displacement and quantify the emissions. 
For these reasons, we decided that this measure should not be taken forward as a practical 
GHG mitigation action within the current period of CAP policy (2014 to 2020). 

Delay applying mineral N to a crop that has already had slurry applied 

Readily decomposable C in organic manures has the potential to enhance denitrification of 
NO3

- present in soil and hence emissions of N2O. By delaying the application of N-containing 
fertilizers until at least one week after slurry application, emissions of N2O can be reduced. 

Delaying the application of mineral N fertilizer until 7 to 10 days after slurry application was 
proposed by Stevens and Laughlin (2001) based on field experiments in which N2O and N2 
fluxes were measured from grassland when cattle slurry (CS) and potassium nitrate (KNO3) 
fertilizer were applied at the same time. However, we found no further results of work to 
evaluate the mitigation potential of this approach and concluded there was insufficient 
evidence to consider this MA further. 

Maintain soil pH at suitable levels for crop/grass production 

The objective of this MA is to increase the pH of acid soils since emissions of N2O have been 
reported to increase as soil pH decreases below c. 6.0, due mainly to an increase in the ratio 
of N2O to N2. Maintaining agricultural soils between pH 6.0 and 7.0 also increases N use 
efficiency by crops and hence may further reduce N2O emissions.  

When lime (CaCO3) is applied to reduce soil acidity, CO2 is emitted as the CaCO3 dissolves 
and the carbonate is released as CO2 (Barton et al., 2014). There is large uncertainty in the 
balance between additional GHG emissions when lime is applied, and saved emissions, 
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especially of N2O, as a consequence of changes to N uptake and effects on soil microbial 
processes. Despite the decrease in the ratio of N2O to N2, inconsistent relationships have been 
reported between N2O emission and soil pH. As a result Lesschen et al., (2011) decided not 
to include pH as a factor determining N2O emissions. This uncertainty increases when the 
indirect effects on emissions are calculated, especially through indirect land use change.  

As a result of these uncertainties we concluded that liming to increase pH was not a sufficiently 
robust MA to include in further analysis. 

Increased on-farm biogas production 

The production of biogas from livestock manures is an established technology for producing 
renewable energy. The potential of on-farm biogas production for reducing net GHG 
emissions, for both cattle and pig farms, has been reported across the EU from Spain 
(Marañón et al., 2011) to Finland (Kaparaju and Rintala, 2011). However, for the purpose of 
this project, anaerobic digestion (AD) is considered only as an option to reduce GHG emissions 
during manure storage. 

During storage of manures the GHGs CH4 and N2O may be emitted. Emissions of N2O take 
place when crusts form on slurries which are held in open stores as a result of nitrification and 
denitrification of mineral N. Anaerobic digestion converts volatile carbon compounds in slurry 
into CH4 during digestion, thereby reducing or eliminating the potential for CH4 generation 
during storage of the digestate. The reduction in easily-degradable carbon also reduces the 
potential for nitrification and denitrification during subsequent storage of the digestate and 
hence N2O emissions. The adoption of AD has therefore been proposed as a means to reduce 
emissions of CH4 from manure storage. 

Recent work by Rodhe et al., (2014) indicates that, during summer, GHG emissions during 
manure storage may be greater from digestate than from raw slurry. No differences were 
reported for slurry stored over winter. Rodhe et al., (2014) suggested the greater emissions of 
CH4 from digestate could be the result of a larger microbe population and more active 
anaerobic microbes converting lignocellulose to CH4. The lignocellulose in undigested slurry 
is generally resistant to breakdown during storage. The retention time in the digester was cited 
as 30 days by Rodhe et al., (2014). This duration may have been insufficient to allow full 
conversion of potentially labile carbon to CH4 during the digestion process (Wulf, 2014, pers. 
comm.). 

No estimates were made of GHG emission reduction for this MA as the data evaluated did not 
indicate that GHG emissions from stored digestate would be consistently less than from 
storage of undigested manure. In addition, the adoption of AD only to reduce GHG emissions 
during manure storage will not be a cost-effective action. 

2.4 Mitigation potential 

The meta-review done in this project identified the potential for GHG abatement for each of the 
MAs. For most MAs there were multiple estimates of mitigation potential, sometimes provided 
as ranges. Uncertainty of GHG emissions estimates, and mitigation potential, is known to be 
high, but there were few estimates of uncertainty available. The mitigation potential estimates 
from published reviews and reports were supplemented with the results of some recent studies 
to produce Marginal Abatement Cost Curves (MACCs) for the abatement of GHG emissions 
from agriculture. We used a range for GHG abatement for each of the MAs, that reflected the 
values reported in the literature, taking account of relevance across the EU. 

The mitigation potential values and ranges from the meta-review did not have consistent units. 
With respect to the units used, the MAs were in two groups: 

1. Those with mitigation potential expressed as a quantity of GHG emissions per ha of land, 
or per head of livestock (e.g. kg N2O per ha per year); 
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2. Those with mitigation potential expressed as a percentage of an emissions baseline (e.g. 
% of N2O emissions from managed soils. 

For the first group, we used data at NUTS 2 and MS level to estimate the mitigation potential 
total for each NUTS 2 area and for each MS. Data were converted to units of kt/y CO2e per 
geographic area.  

For the second group, for each MA in that group, we estimated baseline emissions from NIRs, 
for each MS. Then we applied the percentage mitigation potential values to obtain mitigation 
potential in units of kt/y CO2e for each MS. 

For all MAs, and for each NUTS 2 and/or MS, we then applied an uptake factor of 0.01, to 
provide the mitigation potential per percentage point (1%) of uptake of the MA. 

The output is a series of tables, in a spreadsheet format, giving a range of mitigation potential 
values (minimum, maximum and median) for each MA, and for each NUTS 2 area and/or MS. 
These tables can be used to estimate mitigation potential for any level of uptake. Uptake was 
not estimated or predicted because the current level of uptake is, in most cases, unknown. 

Median mitigation potential values are presented in a series of maps, showing EU NUTS 2 
areas or MSs in five colour-coded groups per map, where the groups are equal divisions of the 
range. We also present maps to illustrate the applicability of each MA, for example, by showing 
the percentage of land in a relevant land use category, in each NUTS 2 area or MS (e.g. 
percentage of land that is arable land, to show applicability of a MA that can be applied on 
arable land). 

Tables of median values are also presented for each MS and MA. Further data (including 
minima and maxima; values for NUTS 2 areas; and input data for the calculations) are provided 
in spreadsheet format.  

2.5 Implementation feasibility including technological and 
socio-cultural barriers 

The feasibility of the climate mitigation actions were considered from the viewpoint of the 
choices and decisions that would have to be made at MS level, to use the CAP to improve 
uptake of climate mitigation actions, in terms of the additional administrative effort required by 
Member States/regions and of other barriers to implementation in Pillar 1 CAP measures and 
RDPs. 

One of the potential barriers to implementation is the additional administrative effort of 
implementing CAP support for climate MAs. The main area of focus is those additional 
activities (compared with the baseline) that may be needed to implement the chosen climate 
MAs under the CAP during the 2014 to 2020 period.  There is little empirical data available on 
the scale of the costs to public administrations, for the implementation of either agricultural or 
climate policies. These costs vary significantly between EU MSs (and even between regions 
within MSs) and where studies have been carried out, the information gathered is indicative at 
best.  

The approach taken for each of the three types of CAP measure that could be used to 
implement climate MAs (cross-compliance, greening payments and RDPs) was to: 

¶ establish a baseline of existing administrative effort involved using examples of some 
of the administrative costs that have been identified for authorities implementing CAP 
measures in different MSs, from the available literature; 

¶ use the expert judgement of the project team (several of whom have worked with 
managing authorities) to assess the additional administrative effort involved in 
preparation, implementation and monitoring/evaluation of CAP measures in two 
scenarios: where the climate mitigation action was already implemented by CAP 
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measures, but geographical coverage or uptake was to be increased; and where the 
climate mitigation action had to be introduced ab initio; 

¶ express results as four levels of effort in terms of person months required, taking into 
account regional differences in costs, by providing data on average monthly staff costs 
for each MS. 

Apart from administrative effort there are other potential barriers to MSs and regional 
administrations using available CAP measures to encourage uptake of climate MAs by 
individual farm or forest holdings. These administrative decisions will be driven by a wide range 
of influences, not all of them explicit in public documents, which tend to explain and justify the 
choices that have been made rather than options that were rejected. There is almost no 
literature exploring the reasons for MSsô observed CAP implementation choices, and reviewing 
individual RDPs was beyond the scope of this project. The barriers have been reviewed 
qualitatively using the available literature, semi-structured interviews with experts in selected 
Member States, and feedback from the project workshop on the 6th March 2015. Ways of 
overcoming the barriers were identified. 

The effect of technological barriers and socio-cultural barriers on feasibility of implementation 
were considered for individual climate mitigation actions using data gathered during the 
screening, and also supplemented by information from semi-structured interviews with experts 
in selected Member States, feedback from the project workshop on the 6th March, and expert 
judgement of the study team. Technological barriers were assessed on the basis of: 

¶ Whether the required technology is new or emerging, 

¶ Availability and cost of technology, 

¶ Lack of knowledge and training. 

2.6 Costs/business benefits to land managers of 
implementing the MA at farm/forest level 

The farm-level costs of implementing a specific climate MA will vary from farm to farm and 
more widely from one region to another. Although MS or regional level economic data (e.g. 
fixed costs and gross margin) are available for the most widely used cropping and livestock 
systems, this is not suitable for costing most climate MAs. The data vary in scope, format and 
level of detail; most mitigation actions will not be covered; and there is no EU wide synthesis 
of such datasets. 

In the absence of comprehensive data, evidence on the farm level costs of individual climate 
MAs has been sourced from the available literature reviewed in the screening process, EU 
research projects (e.g. SmartSOIL), examples of RDP implementation from case studies and 
the ENRD databases. This information was supplemented by information from participants at 
the study workshop on 6th March 2015 and the expert judgement of the study team. The 
information on farm level costs was assessed in terms of investment costs, recurring costs, 
savings (efficiency) and income (improved productivity), to evaluate the net cost or benefit to 
the farm business. 

2.7 Geographic relevance and mitigation potential  

The mitigation actions have been assessed to determine relevance according to geographical 
area. Information about farming systems, land use, soil, and climatic zones have been collated 
from a number of data sources at NUTS 2 level (dependent on availability). Data for NUTS 2 
analysis was available across all EU-28 with the exception of the UK and Germany; for these 
countries, geographical analysis is presented at NUTS 1 level.  

The geographical relevance of a potential mitigation action is dependent on a range of factors; 
the parameters that we assessed relevance by are detailed in Table 3 below. 
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Table 3: Parameters for assessment of geographical relevance  

Parameter Measure  Data Source 

Land Use Forestry/woodland Area  (CAPRI1) 

 Permanent grassland Area (CAPRI) 

 Permanent crops  Area (CAPRI) 

 Arable  Area (CAPRI) 

Soil  Texture Average % 
clay/slit/sand content 

(LUCAS2) 

 

 Soil organic carbon % area of ranges of 
SOC 

(OCTOP3) 

 pH Average pH (LUCAS) 

Livestock  Cattle ï non-dairy Number, density/Ha Eurostat 

 Dairy  - dairy  Number, density/Ha Eurostat 

 Sheep Number, density/Ha Eurostat 

 Goats Number, density/Ha Eurostat 

 Pigs Number, density/Ha Eurostat 

 Buffalo Number, density/Ha Eurostat 

Biogeographical 
Zone 

   

 

The information collected was incorporated into a database and used to assess the relevance 
of mitigation actions across the EU. The detailed analysis of geographical relevance for each 
mitigation action is presented in maps in section 3 (Analysis of mitigation actions).  

The relevance assessment was used to then calculate the mitigation potential on a regional 
basis. The mitigation potential for many of the actions is related to application of farm practices, 
soil or land use. By collating all this data it was then possible to scale up the mitigation potential 
according to the geographic circumstances. 

2.8 Reporting of the mitigation effect 

Background 

The Kyoto Protocol legally binds developed countries to emission reduction targets. Article 5, 
7 and 8 of the Kyoto Protocol provide details of the reporting and reviewing requirements for 
Annex 1 parties and details necessary systems and processes for the preparation of GHG 
inventories. 

United Nations Framework Convention on Climate Change (UNFCCC) require that GHG 
inventory information is submitted in two parts: 

                                                
1 Common Agricultural Policy Regional Impact Analysis (CAPRI Model) 
2 Land Use/Cover Area frame Statistical Survey (LUCAS) http://eusoils.jrc.ec.europa.eu/projects/Lucas/ 
3 JRC Soil Organic Carbon in Topsoils (OCTOP) Content http://esdac.jrc.ec.europa.eu/content/soil-organic-carbon-content-
european-data 
 

http://eusoils.jrc.ec.europa.eu/projects/Lucas/
http://esdac.jrc.ec.europa.eu/content/soil-organic-carbon-content-european-data
http://esdac.jrc.ec.europa.eu/content/soil-organic-carbon-content-european-data
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1. Common Reporting Format (CRF) tables: standardised data tables. 

2. National Inventory Reports (NIRs):  the NIRs contain descriptions of the methodologies 
used in the estimations, the data sources, the institutional arrangements for the 
preparation of the inventory (including quality assurance and control procedures), and 
recalculations and changes compared with the previous inventory. 

The Intergovernmental Panel on Climate Change (IPCC) provides detailed guidance on how 
inventories should be prepared. 

Our analysis reviewed both CRF tables and NIRs across the EU-28 to determine if existing 
and potential future approaches to inventory reporting would allow member states to accurately 
account for the GHG impact of implementing the mitigation actions reviewed in this study.  

The IPCC provide guidance on methods and categories under which details of emissions 
should be reported. A complication in undertaking our analysis was that during our project the 
reporting framework was transitioning from one set of guidelines to another. The most recent 
NIRs available to us were the 2014 NIRs relating to emissions from 2012. These were reported 
on using 1996 revised IPCC guidelines. The 2015 reports for 2013 had been delayed due to 
the changes in reporting structures, and were not available at the time of our analysis. 

Accounting approaches for agriculture and forestry 

Volume 4 of the 2006 IPCC Guidelines for National Greenhouse Gas Inventories provides 
instruction for preparing annual greenhouse gas inventories of emissions in the Agriculture, 
Forestry and Other Land Use (AFOLU) Sector. This integrates the previously separate 
guidance in the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories for 
Agriculture (Volume 3, Chapter 4) and Land-Use Change and Forestry (Volume 3, Chapter 5). 

Figure 1 below illustrates the evolution from: 

1. the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories for 
Agriculture; 

2. the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories for Land-Use 
Change and Forestry;  

3. the 2003 Good Practice Guidance (GPG) for Land Use, Land-Use Change and Forestry 
(LULUCF); and 

4. the 2000 Good Practice Guidance and Uncertainty Management in National Greenhouse 
Gas Inventories; 

to: 

1. the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, for Agriculture, 
Forestry and other Land Use (AFOLU). 

The six land use categories (Forest Land, Grassland, Cropland, Settlements, Wetlands, and 
Other Land) are sub-divided further into sub-categories: land remaining in the same category 
and land converted to another category. Enteric fermentation, manure management and rice 
cultivation remain as categories in their own right, while emissions from agricultural soils have 
been split into direct and indirect sources of N2O. 
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Figure 1: Evolution of Agriculture Forestry and other Land-use categories 

 

Source: IPCC 

Key Categories 

For NIRs submitted to the UNFCCC, it is good practice to identify Key Categories for emissions 
sources and sinks. The 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 
Volume 1 Chapter 4, provides a methodology for identification of Key Categories. The 
identification of Key Categories is important as it determines the methodological approach to 
reduce uncertainty in the calculation of emissions. Categories that are identified as Key 
Categories require a more rigorous approach to calculating emissions. By identifying Key 
Categories, inventory compilers can focus resources on the areas where the greatest attention 
is required as they account for the greatest proportion of emissions.  

Key Category definition: A Key Category is one that is prioritised within the national inventory 
system because its estimate has a significant influence on a countryôs total inventory of 
greenhouse gases in terms of the absolute level, the trend, or the uncertainty in emissions and 
removals. Whenever the term Key Category is used, it includes both source and sink 
categories. (IPCC) 

The Key Category analysis determines which methodological approach should be taken to 
calculate GHG emissions. In general for Key Categories, a higher tier (Tier 2 or 3) method 
should be selected. Figure 2 below details the differences between Tier 1, 2 and 3 methods.  
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Figure 2: Framework Structure for AFOLU methods 

 

Source: IPCC 2006 guidelines for National GHG inventories Vol 4. Chapter 1 

Our analysis shows what Key Category is or would be impacted by the implementation of the 
GHG mitigation actions and what methodological approach is required to accurately account 
for the impact. 

Relevance of mitigation actions to National Greenhouse Gas Inventories, now 
and in the future 

The review has provided links between (a) categories and Key Categories of GHG emissions 
used in NIRs, based on IPCC methods, and (b) the mitigation of emissions through the 
implementation of mitigation actions. Section 3 provides a detailed analysis of the required 
approaches and challenges associated with GHG accounting for each of the mitigation actions 
assessed. 

The 2014 NIR submissions to the UNFCCC (for emissions in 2012) were the latest NIRs 
available to the project team, and these used the Revised 1996 IPCC Guidelines for National 
Greenhouse Gas Inventories, alongside the 2003 IPCC Good Practice Guidance for Land Use, 
Land Use Change and Forestry (LULUCF). Future NIR submissions to the UNFCCC will use 
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.  

For each mitigation action, the tables in Section 3 (Analysis of mitigation actions) summarise 
the methods (tiers) used by Member States (MSs) for NIRs, for the emissions that are 
mitigated, and show whether the mitigation action can be detected in the 2014 NIR submission. 
The tables also show the categories that mitigated GHG emissions will fall into under the 2006 
IPCC Guidelines for National Greenhouse Gas Inventories that will be used in future NIR 
submissions. 

This analysis proved to be complex because: 

¶ GHG emissions in multiple categories may be mitigated by a single mitigation action, 
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¶ the IPCC methodology for determination of Key Categories results in identification of 
Key Categories at various levels in the emissions category hierarchy, and 

¶ different IPCC tier methods are used for different sub-categories. 

For example, for emissions from cropland, change in carbon stocks may be assessed using a 
different tier method, compared with non-CO2 GHG emissions. There has been an attempt to 
simplify by reference to main categories where possible, and to report Key Categories and 
method tiers used by considering the most relevant sub-category to the mitigation action. 

The analysis has focussed on the effect of each mitigation action on national inventories, and 
not on the GHG emissions per unit of production (efficiency effects). Efficiency effects do not 
necessarily result in a decrease in emissions reported in NIRs; for example, a mitigation action 
may increase production per ha of land area, with no change in emissions per ha of land area, 
giving produce with lower GHG emissions intensity, but no change in emissions at a national 
level assuming there are no indirect effects on production elsewhere.  
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3 Analysis of mitigation actions 

Conversion of arable land to grassland to sequester carbon 
in the soil  

Description 

This MA is considered with respect to its potential for sequestering C in the soil when annual 
arable crops are replaced by grassland. This is usually done by seeding with appropriate grass 
mixes, or by undersowing the previous arable crop. This MA is most suited to marginal arable 
land that was historically kept as grazing land, such as steeply sloping land or shallow soils 
(Bhogal et al., 2009). 

Arable land converted to grassland must be maintained as grassland to maintain the climate 
benefit of sequestered carbon because reversion to annual cultivation will release the C 
sequestered under grass. 

Mode of action 

Compared with annual crops, perennials (especially grasses) tend to allocate a relatively large 
proportion of C underground and have a greater number of days per year of active plant 
primary productivity, resulting in more potential biomass production and soil organic carbon 
(SOC) storage. 

Less frequent or absence of soil cultivation decreases loss of SOC by oxidation of organic 
matter. 

Conversion of arable land to grassland can increase SOC where SOC content is low. 

Mitigation potential 

Influencing factors 

Table 4: Summary of influencing factors for conversion of arable land to grassland to 
sequester carbon in the soil   

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Relevant to all arable land. 

Which soil types is this MA 
relevant to? 

This action will have a positive impact on all soil types but the 
impact will be greater on soils with low SOC and/or high clay 
content, i.e. those soils that have the greatest capacity to 
sequester C. 

Which climatic zones is 
this MA relevant to? 

All 

 

The sequestration potential will be greatest for soils that have been in arable rotations because 
of the previous depletion of SOC. The sequestration potential will also depend greatly on both 
previous land use, including intensity of N application, and soil clay content and subsequent 
grassland management. In general, soils previously in long-term annual cultivation, with a 
small SOC content, will be able to sequester more C, and the capacity to sequester C 
increases with increasing clay content. 
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Arable land converted to grassland will need to be maintained as grassland because reversion 
to annual cultivation will release the C sequestered under grass. For example, cultivation to 
re-seed the grassland will release some of the carbon that has been sequestered. 

Subsequent grassland management, e.g. fertilizer inputs and intensity of grazing, will influence 
the C sequestration potential.  

After conversion of arable land to grassland, and a period of years during which sequestration 
occurs, an equilibrium will be reached after which there will be no further increase in carbon 
storage. O'Mara (2012) reported the time-scale for grassland carbon equilibrium to range from 
30 to 40 years. Other studies have shown that grasslands have a large potential to store 
additional carbon and may continue to act as a carbon sink for longer periods of time (Poeplau 
et al., 2011). Qian and Follett, (2002) reported SOC sequestration in golf courses continued 
for up to about 31 years in fairways and 45 years in putting greens, with the most rapid increase 
during the first 25 to 30 years after turfgrass establishment. Thus, once SOC is sequestered, 
it remains in the soil as long as the grassland is maintained, and sequestration rates can 
continue for 30 and up to 50 years. 

Values 

Comparisons between management systems have shown that intensively managed 
grasslands can sequester over 2 t C ha-1 year-1 more than extensive systems (Ammann et al., 
2007). Lugato et al., (2014) found median annual rates of sequestration of c. 0.6 t/ha C up to 
2020. 

In practice a key issue is how the new grassland is subsequently managed. If it is managed 
intensively for grazing or fodder for additional ruminant livestock, the 2 LU/ha that could be 
carried by productive grassland could cancel all the GHG benefits. However, this is a complex 
issue because level of consumption is also relevant, together with crop displacement.  

Using these published values we used a range of 2.2 to 7.3 t CO2e sequestered in soil per ha 
per year.  

The mitigation potential at NUTS 2 level (kt CO2e/y) is shown in Figure 3. 
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Figure 3: Mitigation potential at NUTS 2 level, kt CO2e/y. 

 

 

Environmental co-benefits and risks of the MA 

There are other environmental benefits of this action, additional to the effect on GHG 
emissions. These benefits could include:  

¶ reduced risk of soil erosion 

¶ if the grassland is permanent, not ploughed and reseeded, and managed at low 
intensity, there will also be reductions in nitrate leaching and phosphorus loss to 
watercourses) and for biodiversity of the soil and the habitats and species of the 
grassland itself.  

There are also risks to the environment from implementing the action and to GHG emissions 
as a result of the changes to production. These risks could include: 

¶ if the new grassland is intensively managed it may be no more biodiverse than the 
arable land it replaces; and heavy deposits of excreta by grazing livestock can increase 
nitrate and phosphorus losses, in particular by run-off in areas of high rainfall;  

¶ additional emissions of enteric CH4 if the increased grass production leads to increased 
livestock numbers, or is used to replace maize-based forage in ruminant diets. In the 
longer-term, unless action is taken to mitigate them, these emissions would continue 
after C sequestration has reached equilibrium under grassland; and 

¶ displacement of arable crop production to other land; the extent of this effect depends 
on several factors including marginal costs of production and GHG emissions per tonne 
of product in different places. 

Technological and socio-cultural barriers 

The techniques of grassland establishment are well understood and documented for different 
soil and climatic conditions and for a range of different purposes (for example pastureland, 
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biomass production, habitat restoration or golf courses) and continue to be refined. Farmers 
should be able to access relevant information without much difficulty.  

Costs/business benefits of implementation to farm businesses 

Introducing grassland into an existing arable system effectively changes it to a mixed 
arable/grassland system, with significant impacts on medium to long-term business planning 
and profitability. The main constraints will be the opportunity costs of converting productive 
arable land to extensive grassland; the possible impact on property rights (for example legal 
restrictions or CAP penalties limiting the option of future reversion to arable); and finding an 
economically viable use for the grass.  

The most likely use is for livestock grazing or fodder (in the form of silage, hay or zero grazed 
fresh grass) for cattle, sheep and horses, but the grass may also be used as a feedstock for 
biogas production. If the farm does not already have livestock, or access to a biogas plant, 
introducing either of these óend usesô will require a major change in farm practice with 
significant investment required in buildings, equipment and expertise. Even within an existing 
mixed farming system, converting arable land to permanent grassland will have some business 
impact, for example in terms of changing fodder crops and livestock diets. It is also counter to 
the long-term trend away from mixed farming towards increasing specialisation between and 
within livestock and arable systems.  

Farmers could, if they chose to, implement this climate mitigation action in the short-term 
(before 2020), but it is difficult to see arable farmers being interested in introducing this action 
as business improvement, because it is a major change to the arable farming system and there 
is uncertainty about profitable end uses for grass on an arable farm. 

Geographic relevance 

The conversion of arable land to grassland can take place only from land that is currently 
arable. The land currently in arable productions systems is shown in Figure 4 as the 
percentage of land in arable production in NUTS 2 areas.  
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Figure 4: Land in arable production as a percentage of total area for each NUTS 2 region 

 

 

The regional circumstances that influence the relevance of this activity will vary and are likely 
to be influenced by regional soil and water protection priorities such as the prevention of 
erosion and maintenance/ improvement of SOC. Figure 5 shows the SOC map across Europe 
at the low end or the spectrum (less than 2% SOM).   

 



Effective performance of tools for climate action policy - meta-review of  
Common Agricultural Policy (CAP) mainstreaming 

  34 
Ref: Ricardo-AEA/R/ED60006/Mitigation Potential/Issue Number V1.1 

Figure 5: Soil Organic Carbon Map (Low) 

 

 

Clay content is a factor in identifying areas suitable for conversion to grassland because the 
capacity to sequester carbon increases with the clay content of the soil. Historically, heavier 
land has been more suited to grassland systems as the land is more difficult and costly to 
cultivate. 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 5. 

 

Table 5: Summary of reporting issues for conversion of arable land to grassland to 
sequester carbon in the soil  

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 
result in a 
reduction in the 
inventory? 

Yes. The permanence of the impact is dependent on the period the land 
is in grass. Sequestration can last 30 to 50 years before equilibrium is 
reached. Arable land converted to grassland needs to be maintained as 
grassland as reversion to tillage land will release the C sequestered in 
previous years under grass.   

IPCC Guidelines have default carbon stocks for tillage land and 
grassland in different agro climatic zones and the implication is that 
reversion to cropland would lead to C loss and a return to the previous 
carbon stock. 
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Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

What is it? 

Yes. Refer to 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories: Chapter 6, 6.3.1.1. 

Tier 1: The effect of the Mitigation Action is detectable, divided into 
pools: biomass, dead OM, soil carbon. Uses default figures. 

Tier 2:  Relies on some country-specific estimates of the biomass in 
initial and final land uses rather than the defaults, as in Tier 1. Includes 
transfer between carbon pools, which changes the emissions total 

Tier 3: Increases the accuracy but also has increased costs. Requires 
countries to have country-specific emission factors, and substantial 
national data. 

Categories LG: Land converted to grassland. 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Land converted to grassland 

Which Member 
States included 
this as a Key 
Category in their 
2014 National 
Inventory Reports 

19 member states show Land converted to grassland as a Key 
Category 

AT,BE,BG,DK,EE,EL,ES,FI,FR,HR,HU,IE,LT,LU,LV,PT,SI,SK,UK 

Tiers used 16 MSs use Tier 1: 
AT,BE,BG,EE,EL,ES,FI,HR,IE,IT,LT,LU,NL,PL,RO,SK 

5 MSs use Tier 2: CZ,DK,FR,HU,SI 

2 MSs use Tier 3: SE,UK 

Not specified: 4 

Not assessed: 1 

Limitations of the 
Inventory 
reporting structure  

Although all tiers can report on changes, understanding the length of ley 
and permanence of impact requires a higher level approach.  

Data for land use are required. Annual data may be estimated from less 
frequent data sets. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

In most cases farmers will require an incentive to convert arable land to permanent grassland, 
because of the potential impact on the farm business.  

Several sources of EU funding have been used to support the conversion of arable to 
grassland but it is important to note that in most cases these were neither designed nor 
targeted for climate mitigation but for other environmental objectives, particularly reducing the 
risks of soil erosion, reducing pollution from run-off into watercourses, or restoring important 
and threatened wildlife habitats. Also, experience of widespread implementation of the CAP 
measure for set-aside showed clearly that where farmers have a choice of land to be converted 
from arable production they are likely choose the least productive land on the farm (Areté, 
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2008). These factors may have some effect on the mitigation potential of the new grassland, 
for example in the choice of location (which may not coincide with the soil types where there 
is greatest mitigation potential) or in the type of after management (nature conservation 
objectives and some types of riparian buffer strips are most likely to be associated with low 
intensity permanent grassland management without ploughing and reseeding).  

LIFE-Nature funding has supported the restoration of permanent grassland habitats on arable 
land in several projects that were focused was on habitat and species conservation but also 
brought benefits for soil carbon sequestration. LIFE projects usually last from 3 to 5 years and 
have an important role in testing and demonstrating land management and habitat restoration 
techniques and providing related educational and information materials. Examples from three 
Member States are described in Box 1. 

 

Box 1 LIFE funding for conversion of arable land to grassland 

In northern Italy most of the dry ómagrediô grasslands of the Friuli lowlands have been 
destroyed by changes in agricultural management and some were ploughed, fertilised and 
irrigated for production of soybean and maize. The LIFE project aims to restore dry 
grassland habitats on 119 ha of cultivated land by the end of 2015, using seeds and plants 
of typical native species, and to produce a handbook on grassland conservation4.  

In the Hortobágy National Park in Hungary the Egyek-Pusztakócs area is a mosaic of dry 
and wet grasslands, marshes and arable land. River regulation and drainage for intensive 
agriculture in the 19th century resulted in the almost complete disappearance of some 
steppic grasslands. The ambitious aims of this four-year LIFE project included the large-
scale grassland restoration in the Egyek-Puszakócs area and the reintroduction of grazing. 
Steppic grassland habitats were restored on a total of 747 ha of arable land, reducing the 
proportion of arable land within the protected area from 32% to 14%, and a grazing scheme 
was established involving 18 farmers/f arming companies on 2580 ha grasslands, including 
820 ha grasslands not grazed before the project and the newly restored grasslands5. 

In Denmark, expertise on the restoration of dry grasslands has been built up since 2004 
through several LIFE projects. One of the more recent projects, which aimed to restore semi-
natural dry grassland habitats in the Bøjden Nor nature reserve to a favourable conservation 
status, was able to purchase 25 ha of neighbouring arable land and develop around 20 ha 
of this area as dry grassland and convert the remaining 5 ha into wetland6. 

 

Under CAP cross-compliance, buffer strips along watercourses have been a compulsory 
standard since 2007 and in many cases the requirement is for a grass strip, which may already 
be in place. For 2015 cross-compliance requirements, several Member States also define the 
GAEC 5 standard for land management to limit erosion to include arable conversion to 
grassland among the options (e.g. in Bulgaria between rows of permanent crops, in Estonia 
as buffers across hillsides).  

From 2015 the CAP greening payment requirements include, for some arable farmers, the 
provision of EFAs most of which must be on or adjacent to arable land. Member States can 
decide to offer one or more types of EFA from a list of eleven, and farmers then choose which 
of the types on offer they will implement. Buffer strips are an EFA option in 17 Member States, 

                                                

4 LIFE MAGREDI GRASSLANDS - Restoration of Dry grasslands (Magredi) in four Sites of Community Importance of Friuli 
Lowland LIFE10 NAT/IT/000243 
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=4050  
5 Grassland restoration and marsh protection in Egyek-Pusztakócs LIFE04 NAT/HU/000119 
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=2667  
6 CONNECT HABITATS - Restoring dry grasslands at Bøjden Nor with a positive influence on vulnerable coastal lagoon habitat 
status LIFE09 NAT/DK/000371 
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=3837  

http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=4050
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=2667
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=3837
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and can include strips of permanent grassland but where these already exist there may be no 
change required in land management.  

Although the measure level reports and analyses of the 2007-13 RDPs are too broad brush to 
permit identification of support for conversion of arable land to grassland but several Member 
State are known to have used the agri-environment measure (214) for this purpose, for 
example to combat soil erosion (Czech Republic) and for biodiversity (Finland), as described 
in Box 2. 

 

Box 2 Use of agri-environment support in 2007-13 RDPs for conversion of arable land 
to permanent grassland. 

In the Czech Republic arable farming in fertile areas (usually lowlands) is rather intensive 
both in terms of machinery and input use and there are few landscape features for wildlife. 
Soil erosion is a significant problem, mostly by water but also by wind in some regions, with 
a significant area of arable land on slopes at severe risk of water erosion. Most Czech farms 
are mixed, and public support to establish grassland on sites not suitable for arable farming 
operated as a national scheme from mid 1990s until 2004 when it became part of the entry-
level agri-environment programme. By 2006 there had been an increase of 150,000 ha in 
the area of grassland over the whole territory. Initially the support was targeted at areas of 
greatest need (arable land in less favoured area (LFA) and arable fields elsewhere with soils 
vulnerable to erosion, for example on slopes, shallow soils and soils near water bodies). In 
practice this was not very efficient as fields are rather large in the Czech Republic and many 
have both steep slopes and flat land. The first step in improving targeting was to calculate 
the average slope per field, but this was not an accurate indicator of vulnerability. The next 
step has been to identify sensitive soils within fields, using detailed maps of soil 
characteristics developed by the Research Institute of Soil and Water Protection 

For the 2007-13 period there was detailed field-level targeting of this soil scheme, fully 
integrated with the LPIS system. Farmers could download from the website a detailed map 
of their fields (based on LPIS) and identify which areas of the field are eligible for the arable 
conversion scheme. They could choose from four different types of arable conversion: to 
grassland; to grassland along water bodies; to grassland using a regional seed mixture; and 
to grassland using regional seed mixture along water bodies. This GIS-based approach is 
regarded as both environmentally and financially efficient, and may be extended to other 
entry-level schemes (for example cover crops) in the 2014-20 programming period. 

In Finland a compulsory requirement for ónature management fieldsô on arable land, aimed 
at resource protection and biodiversity, was introduced within the basic agri-environment 
scheme for the 2007-13 RDP. Farmers in agri-environment contracts had to apply it to least 
5 per cent and up to 15 per cent of the arable land area, and could choose from two main 
options: long-term grassland with up to 20% legumes, not fertilised but may be used for 
fodder and must be mown at least once every 3 years (the bioenergy reed (Phalaris 
arundinacea) is an alternative to grass); and three types of biodiversity field, sown with one 
of three seed mixtures containing either low-competitive grasses and meadow plants, game 
food or amenity species to provide resources for wildlife as well as landscape benefits, which 
could not be used for fodder. Payments were substantial (ú170/ha or ú300/ha) compared to 
the other compulsory entry-level measures (ú94/ha).  The measure was very popular with 
farmers with participation rates in mainland Finland of 5.9 per cent in 2009, 7.4 per cent in 
2010 and 6.6 per cent in 2011. The factors contributing to the success were low cereal prices 
with high production costs, the payment rate, flexibility in management requirements 
(mowing only once in three years, no biomass removal required) and the possibility of using 
the mown biomass or grazing the land. The clear environmental outputs of the measure 
(including improved soil conditions) have been quoted as incentives to join (Herzon et al., 
2011). Most of the parcels enrolled in this scheme were former set-aside land or fields of 
low fertility, awkward size or situated far from the farm. About 40 per cent of all the land 
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entered was existing grassland or former set-aside and about 50 per cent were established 
after cereals (from a sample of about 100 fields) (Herzon et al., 2011). 

Source: Keenleyside et al., (2011) 

 

Relevant CAP measures to promote the conversion of arable land to grassland include: 

¶ GAEC 1 buffer trips along watercourses 

¶ GAEC 5 minimum land management to limit soil erosion 

¶ EFA under Pillar 1 greening requirement 

¶ support for non-productive investments linked to the achievement of agri-
environment-climate objectives (M4.4) could be used to support the initial investment 
costs of converting arable to grassland (e.g. seed, fencing and water supplies for new 
pastureland)  

¶ agri-environment-climate payments (M10.1) to compensate for the income foregone 
and additional costs of management compared to the previous arable production.  

¶ where the grassland is  part of an organic farming systems the measures for 
conversion to and maintenance of organic farming systems (M11.1 and 11.2) may be 
relevant. 
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New agroforestry 

Description  

Agroforestry is the practice of integrating trees and/or shrubs with the production of food crops 
or livestock. This has mutual benefit for each system: the carbon stocks tend to be increased 
over what they would be in a farming system without trees, and the trees face less competition 
than in a woodland environment. Agroforestry has the ability to maintain, or even increase, 
tree and crop productivity under climate change whilst also providing benefits for other 
ecosystem services (Nair and Garrity, 2013; cited in Rivest et al., 2013). Agroforestry also 
contributes to GHG mitigation through the production of woody biomass that can be used as 
a raw material and for bioenergy, replacing fossil-based materials and fuels. In this report we 
have evaluated Agroforestry only for its potential to sequester C in soils. 

Mode of action 

This mitigation action is considered with respect to its potential for sequestering C in the soil. 
Agroforestry is known to have an important role in carbon sequestration (Oelbermann et al., 
2004; Aertsens et al., 2013; Baah-Acheamfour et al., 2014). These systems are able to store 
more C than conventional arable systems (Baah-Acheamfour et al., 2014).  

Mitigation potential 

Influencing factors 

óThe types of agroforestry systems and their capacities to sequester C vary globallyô 
(Oelbermann et al., 2004). 

Table 6: Summary of influencing factors for new agroforestry   

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Arable and grassland systems 

Which soil types is this MA 
relevant to? 

All ï increased benefit on soils with low SOC 

Which climatic zones is 
this MA relevant to? 

All 

 

Values 

Frelih-Larsen et al., (2014) reported that agroforestry sequesters 138 kg carbon per hectare 
per year. Additionally, óExperiments in V®z®nobres (France, Mediterranean climate, sandy 
loam soil) indicate that poplars (140 trees/ha) of 13 years old have on average sequestered 
540 kg C/tree in the trunk and 60 kg C/tree in the root system. This parcel has a potential of 
sequestering 6.5 tonnes C/(ha year) in the trees itselfô (Aertsens et al., 2013).  

Agroforestry systems can vary widely (e.g. crop and tree species, crop rotation, share of land 
given to crops and trees, management practices used within the system), and therefore the 
potential for C sequestration is very variable. To reflect this variability we estimated the lower 
and lower values of C sequestration as ± 70% of the mean reported by Frelih Larsen et al., 
(2014). We used a range of 0.15 to 0.88 t CO2e sequestered in soil per ha per year. 

The mitigation potential at NUTS 2 level, CO2e/y is shown in Figure 6. 
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Figure 6: Mitigation potential at NUTS 2 level, kt CO2e/y 

 

 

Environmental co-benefits and risks of the MA 

There are other environmental benefits of agroforestry, additional to the effect on GHG 
emissions. These benefits could include:  

¶ improvements in soil moisture and efficiency of water use;  

¶ reduced risks of soil erosion and flooding (watershed management); 

¶ reduced NO3
- leaching; 

¶ improved biodiversity, depending on the tree species used and the intensity of 
management; 

¶ greater structural diversity of farmland habitats and landscapes;  

¶ improved pest control compared to monocultures; 

¶ benefits of  wind speed reduction, cooler microclimate and shade (for livestock); 

¶ improved resilience to climate change compared to monocultures; 

¶ more diverse soil microbial communities and improved soil fertility. 
 
There are also risks to the environment from implementing the action, and to GHG emissions 
as a result of the changes to production. These risks could include: 

¶ production displacement due to reductions in the area and yield of arable crops grown 
under agroforestry, leading to increased production elsewhere, possibly in regions 
where GHG emissions per tonne of crop or per livestock unit are greater than in the 
EU.  

¶ In some circumstances, negative effects on biodiversity if non-native tree 
species/genotypes are grown near semi-natural woodland habitats  

Both benefits and risks will vary considerably, depending on the scale at which tree crops are 
integrated with existing arable or grassland, the farming system, the tree species used, the 
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intensity of subsequent management and fertilisation and the frequency of harvesting the tree 
crop.  

Technological and socio-cultural barriers 

Agroforestry has not yet been not widely used in in most countries of the EU7, and uptake is 
growing slowly. The lack of practical experience and absence of reliable advice on the 
economics of new agroforestry systems could be a barrier to uptake, particularly as 
agroforestry systems are less flexible than traditional arable cropping.  

Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

From the farm business point of view agroforestry is a significant change to the farming system 
which will require initial investment and lead to loss of some agricultural production in the short-
term, but also the possibility of increased productivity from the trees, crops and livestock in the 
medium to long term. Agroforestry systems can vary widely in terms of crops, livestock, and 
tree species, crop rotations, share of land given to trees, management practices used within 
the system. For example, the tree crops range from high value orchard fruit, olive and carobs 
to fast-growing species such as poplar, and may be grown in lines, alleys or individually with 
annual or perennial crops or grass between the trees. Costs will include the investment and 
on-going costs of establishing the tree crop, and at least in the first year, income foregone from 
the arable crop or grass no longer grown on that land. 

Farmers need to be quite motivated to adopt this practice (Aertsens et al., 2013) as the 
introduction of agroforestry requires changes to farm management and the use of new skills, 
techniques or equipment. For example, field operations carried out for annual crops may need 
to be altered (Calfapietra et al., 2010) and trees will have to be protected from damage by 
machinery and livestock. Farmers may not be familiar with the longer production cycle of trees 
compared to crops and livestock, and the effect of this on income flows and the opportunity 
cost of leaving the land under a tree crop rather than arable or grassland. 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but the practicalities of introducing agroforestry may be a deterrent for farmers. These 
include the need for initial investment, the scale at which to implement agroforestry, 
unfamiliarity with the management required and the consequent need for (and availability of) 
technical advice and support. The benefits of carbon sequestration will take several years to 
accrue and these depend upon continuing to grow trees on the land. Farmers may also be 
concerned that agroforestry planting will affect the eligibility of their land for CAP direct 
payments8. 

Geographic relevance 

Agroforestry or short rotation forestry can be implemented on any arable or grassland, and is 
especially suited to land that is not extensive. The percentage of land that is currently in arable 
and grassland production is shown in Figure 7. 

 

                                                
7 This climate mitigation action refers only to agroforestry in the sense of introducing new tree crops into arable or grassland, but there are already 
10.6 million hectares of long-established agroforestry in the EU, and form a significant proportion of the UAA In some countries, more than 50 per 
cent in Greece and Portugal, and more than 16 per cent in Spain (den Herder et al., 2015). 
8 There is be an upper limit (set by the Member State) on the density of trees per hectare on land eligible for CAP direct payments.  
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Figure 7: Land in arable or grassland production (excluding LFAs) as a percentage of 
total area for each NUTS 2 region  

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 7. 

 

Table 7: Summary of reporting issues for new agroforestry 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that 
will result in a 
reduction in the 
inventory? 

Yes.  

Permanence of sequestration is dependent on the length of time biomass 
is retained. Equilibrium will be reached. 
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Is there a 
methodology 
that will show 
specific impact 
of the 
mitigation 
action? 

What is it? 

Yes, Refer to 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories Chapter 5, Cropland or Chapter 6 Grassland depending on the 
system agroforestry is applied to.  

 

Cropland remaining cropland (Chapter 5  5.2.1.1 (biomass)) 

 

Tier 1: shows the effect of this measure ï gives default values for the 
accumulation of carbon in the perennial woody crops.  

Tier 2: Using the same assumptions but takes into account climate zones 
more accurately.  

Tier 3: More accurate ï based on actual measurements or modelling.  

 

Grassland remaining grassland, (Chapter 6 6.2.1 (biomass)) 

Guidance offers much less methodological coverage in grassland 
remaining grassland chapter ï no specific reference to agroforestry. 

Tier 1: A Tier 1 approach assumes no change in biomass in Grassland 
Remaining Grassland  - will not account for agroforestry 

Tier 2: Tier 2 allows for estimation of changes in biomass due to 
management practices. Allows for the build-up on biomass stock 

Tier 3: Country specific methodology which could account for the build-up 
of biomass through the adoption of agroforestry with sufficient evidence. 

Categories Cropland remaining cropland 

Grassland remaining grassland 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Cropland remaining cropland 

Grassland remaining grassland 

Which Member 
States included 
this as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

Cropland remaining cropland: 22 Member States include cropland 
remaining cropland as a Key Category. 

AT,BG,CZ,DE,DK,EE,EL,ES,FI,FR,HR,HU,IT,LT,LU,LV,PL,RO,SE, 
SI,SK,UK 

Grassland remaining grassland: 13 Member States include Grassland 
Remaining Grassland as a Key Category. 

DK,EE,FI,FR,HU,IT,LT,LU,LV,NL,RO,SE,UK 
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Tiers used Cropland remaining Cropland 

19 MSs use Tier 1:  

BE,BG,CZ,EE,FI,HR,LT,LU, 
MT,PL,RO,SI,SK 

2 MSs use Tier 2: 

AT,HU 

2 MSs use Tier 3: 

SE,UK 

Not specified: 2 

Not Assessed: 3 

Grassland remaining Grassland 

13 MSs use Tier 1:  

BE,BG,CZ,EE,FI,HR,LT,LU, 
MT,PL,RO,SI,SK 

4 MSs use Tier 2: 

AT,DK,EL,HU 

4 MSs use Tier 3: 

IE,IT,SE,UK 

Not specified: 6 

Not assessed: 1 

Limitations of 
the Inventory 
reporting 
structure  

The ability to account for accumulation of woody biomass in the Grassland 
remaining Grassland category means that agroforestry in grassland 
systems would not be accurately accounted for unless a MS had a specific 
method (tier 3) for accounting for this. Accuracy and collection of activity 
data is likely to be challenging. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

EU research funding is supporting the four-year project AGFORWARD (AGroFORestry that 
Will Advance Rural Development) during 2014-17. AGFORWARD9 has four objectives: 

¶ to understand the context and extent of agroforestry systems in Europe; 

¶ to identify, develop and field-test innovations to improve the benefits and viability of 
agroforestry systems in Europe; 

¶ to evaluate innovative agroforestry designs and practices for locations where 
agroforestry is currently not-practiced or is declining, and to quantify the opportunities 
for uptake at a field-, farm- and landscape-scale; and  

¶ to promote the wider adoption of appropriate agroforestry systems in Europe through 
policy development and dissemination  

Member States have had the opportunity to offer specific RDP support for establishing 
agroforestry on agricultural land since 2007, but this has hardly been used (the following 
commentary refers only to CAP measures relevant to establishing new agroforestry systems. 
The wider range of RDP measures used by Member States to support long-established 
agroforestry systems are not considered here. 

In the 2007 to 2013 RDPs the agroforestry measure (222) was programmed initially in 19 RDPs 
but eight of them abandoned it, leaving only a minimal allocation of ú9 million for 11 
programmes. Even that may not all have been spent, as preliminary data shows expenditure 
of just ú0.8 million euro by the end of 2014, from five Member States implementing six 
programmes (Szedlak, 2015). 

Of the 2014-2020 RDPs (approved and draft versions) around 35 RDPs in eight Member 
States plan to offer support for establishment of new agroforestry: Belgium (1), France (16), 
Greece, Hungary, Italy (5), Portugal (3), Spain (5) and the UK (3), with total programmed 

                                                
9 http://www.agforward.eu/index.php/en/home-redirect.html  

http://www.agforward.eu/index.php/en/home-redirect.html
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expenditure of around ú90 million on more than 30,000 ha of new agroforestry (DG Agriculture 
and Rural Development. pers. comm.). 

Relevant CAP measures to promote the establishment of agroforestry within existing arable 
and grassland systems include: 

¶ under Pillar 1 greening requirements EFA can include areas of agroforestry that 
received RDP support under the 2007-14 or the 2014-20 RDPs 

¶ demonstration activities and information for farmers unfamiliar with agroforestry (M 
1.2) 

¶ RDP support for agroforestry (M 8.2) which covers up to 80% of the establishment 
costs and provides an annual maintenance payment per hectare for up to five years. 

¶ support for pilots and development of new products, practices, processes and 
technologies  (M16.2) 

¶ encouraging a landscape scale approach to agroforestry by supporting joint action for 
mitigating or adapting to climate change, (M 16.5) 

¶ EIP operational groups and pilot projects (M 16.2) 
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Wetland/peatland conservation/restoration 

Description  

This mitigation action includes consideration of both wetlands and peatlands, recognising that 
these overlap. We also consider both conservation and restoration. The applicability is limited 
to the presence of wetland/peatland, or former wetland that has been drained. 

A wetland is an area where water causes anaerobic soil conditions. There are four main kinds 
of wetlands. 

¶ Marsh ï herbaceous species, often transitional zones around lakes and rivers. 

¶ Swamp ï forested wetland. 

¶ Bog ï wet peatland, characterised by acidic water at ground surface and low nutrient 
contents. 

¶ Fen ï wet peatland, characterised by alkaline water and relatively high in mineral 
content.  

 

Healthy peatlands provide a long-term sink and store of carbon and have had a cooling effect 
on the climate (Frolking et al., 2006; cited in Bonn et al., 2014). Although they cover only 3% 
of the global land area, peat soils contain at least 550 Gt carbon, which accounts for 30% of 
the global soil carbon and about 75% of the total atmospheric carbon (Parish et al., 2008). 
Degraded peatlands therefore contribute disproportionally to global GHG emissions, with 
approximately 25% of all CO2 emissions from the land use sector (Bonn et al., 2014). 

Conservation is an action to prevent loss of wetland/peatland through drainage. Restoration 
requires re-wetting through blockage of drains or drainage channels (also known as grips). 
Following either conservation or restoration, appropriate land and water management is 
necessary to maximise climate benefits.  

Actions can include: 

¶ Restoration of wetlands through land consolidation, agri-environmental measures and 
investment measures on organic soils. 

¶ Extensification of wetland use and /or land use on wet peat soils (paludiculture), 
through decreased production. 

¶ No new drainages, renewal or deepening of drainages on organic soils. 

Mode of action 

This mitigation action is considered with respect to its potential for sequestering C in soil and 
reducing emissions of CH4 and N2O. 

The relationship between wetlands/ peatlands and GHG emissions is complex. The fluxes of 
CO2, CH4 and N2O vary depending on the condition and hydrological status of the wetland. 
The amount and type of GHG emissions depend on the water saturation in the soil, climatic 
conditions and the nutrient availability. The drainage of wetlands and peatlands exposes 
organic carbon to the air, decomposition of the organic material occurs and emits CO2. Drained 
organic soils with low water tables continue to degrade and to emit CO2, until either drainage 
is reversed or all peat is lost. Saturated soils however create anaerobic conditions and can 
release CH4 and N2O. Soil temperature can increase significantly following drainage, 
increasing the rate of C losses from peat soils. 

Restoration of wetlands help to reduce GHG emissions from decomposition of peat and 
restoring the natural water table of drained wetlands. With an increased water table in organic, 
carbon-rich soils, accumulation of organic substances is greater than the decomposition, which 
facilitates the conservation and accumulation of peat and reduces the carbon release from 
these soils (Frelih-Larsen et al., 2014). 
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Mitigation potential 

Influencing factors 

Table 8: Summary of influencing factors for wetland/peatland conservation/restoration 

Relevance to farming systems, soil types and climatic zones  

 Wetland/peatland 
conservation 

Wetland/peatland 
restoration 

Which farming 
sectors/systems is this MA 
relevant to? 

Extensive livestock, seasonal 
grazing 

Crop production; extensive 
livestock, seasonal grazing 

Which soil types is this MA 
relevant to? 

Soils with High SOC High SOC, Peat 

Which climatic zones is 
this MA relevant to? 

Boreal, Continental North, 
Atlantic North 

Boreal, Continental North, 
Atlantic North 

 

Values 

The GHG abatement will depend on the degree of previous drainage and the current land use 
intensity. Frelih-Larsen et al., (2014) reported abatement rates for restoration and 
extensification of wetlands on page 71, Table 1. For example the mitigation potential range for 
restoration of wetlands is 3.1 to 7.8 t CO2eq ha-1 year-1 

The net uptake factors for near-natural peatlands vary between -2.8 and -0.7 t CO2eq ha-1 year-

1 (Artz et al., 2012; cited in Feliciano et al., 2013). 

Emission reductions from a drained bog after ditch blocking, of 2.5 t CO2eq ha-1 
yr-1 may be expected within the first 10 years whereas climate benefits of 3.1 t CO2eq ha-1 yr-1 
will occur when peatlands are restored to near natural conditions (Bain et al., 2011; cited in 
Bonn et al., 2014). 

Using these sources we estimated a range of 1.3 to 8.2 t per ha per year. 

The mitigation potential at NUTS 2 level (kt CO2e/y) is shown in Figure 8. 
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Figure 8: Mitigation potential at NUTS 2 level, kt CO2e/y 

 

 

Environmental co-benefits and risks of the MA 

There are other environmental benefits of this action, additional to the effect on GHG 
emissions. These benefits could include:  

¶ significant biodiversity gains from the conservation and restoration of threatened 
habitats (helping to meet EU Biodiversity Action Plan targets and Member State 
obligations for the conservation of Natura 2000 habitats and species); 

¶ improved water quality as a result of reductions in diffuse pollution from fertilizers 
after conversion of arable or intensive grassland to wetland/peatland  

¶ improved water retention and storage, with benefits for flood risk management 
downstream and/or on floodplains; 

¶ reduced fire risk and reduced GHF emissions from burning dried peat as a fuel and 
from burning vegetation on drained upland peat soils 

¶ reduced risk of erosion of drained organic soils. 

There are also risks to the environment and to GHG emissions including: 

¶ potential transfer of emissions from CO2 to methane, if rewetting peat soils increases 
methane emissions, but in the longer term the net carbon capture is likely to outweigh 
this effect; 

¶ use of rewetted peatland for some (but not all) paludiculture crops may conflict with 
some biodiversity objectives. 
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Technological and socio-cultural barriers 

The techniques of peatland and wetland conservation and restoration are well understood and 
practical guidance is readily available, for example Joosten et al., (2012). Some restoration 
can be relatively simple (such as blocking drainage channels) but because changes to 
drainage systems affect the whole of a hydrological unit, if this is a large area restoration or 
conservation work may involve multiple parcels of land and several different owners or 
managers. 

Costs/business benefits to land managers of implementing the MA at farm/forest 
level      

Maintenance of existing permanent pastures on peat soils, and conservation of existing 
peatlands and wetlands may incur recurrent management costs and in some cases also 
significant opportunity costs, depending on the type of peatland. Acid peatland has limited 
agricultural potential and the current productivity of most nutrient poor peatlands is generally 
low, mainly from extensive grazing by hardy breeds of livestock. In contrast, the opportunity 
cost of not draining existing fen peatland may be very high (if it has potential to be arable land 
or intensive grassland), but this opportunity cost will be influenced by the costs and feasibility 
of drainage which will vary considerably. 

The restoration of peatland and wetland on existing agricultural land involves significant long-
term changes in land use and farming systems, both on the restored peatland area and 
possibly on buffer zones needed to protect it from nutrient run-off if there is intensively 
managed farmland nearby. Investment may be required for new drainage infrastructure and 
there may be additional costs of specialist machinery, advice and management skills. The 
restoration costs will included the opportunity costs of ceasing conventional agricultural 
production, which may be very high if the starting point is productive arable land (for example 
vegetable production on peat soils in north-western Europe).  

There may be opportunities to develop new economic uses for the restored peatland (Box 1), 
for example by introducing paludiculture10. The use of Phragmites australis for bioenergy or as 
a building material illustrates the technical and economic feasibility of paludiculture, and a 
database of potential paludiculture plants in one part of Germany identified 184 wetland 
species native to the area, with a wide range of possible uses including for energy, raw 
materials, medicine  and animal fodder (Abel et al., 2013). 

 

Box 1 New income sources for farmers from rewetted peatlands 

Carbon credits from peatland rewetting 

Scientists in Germany have developed guidance for peatland projects under the global 
Verified Carbon Standard (VCS) and were instrumental in setting up MoorFutures11 as the 
worldôs first voluntary carbon credits from peatland rewetting, which has been offered since 
2011 by the German Federal State of Mecklenburg-Western Pomerania. A key element is 
the Greenhouse gas Emission Site Type (GEST) approach, developed in the University of 
Greifswald. 

In the UK, the IUCN UK Peatland Programme12 and partners are working in collaboration 

with the Government Department for Food and Rural Affairs (Defra) to explore options for 
drawing in carbon funds through voluntary carbon markets, corporate social responsibility 

                                                
10 Paludiculture is defineed as  land management techniques that cultivate biomass from wet and rewetted peatlands under conditions that maintain 
the peat body, facilitate peat accumulation and sustain the ecosystem services associated with natural peatlands. 
11 http://www.greifswaldmoor.de/umsetzung-67.html  

  
12 http://www.iucn-uk-peatlandprogramme.org  

http://www.greifswaldmoor.de/umsetzung-67.html
http://www.iucn-uk-peatlandprogramme.org/
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schemes and payments for ecosystem services. The Programme has also provided an 
information hub which showcases peatland restoration projects in Europe and elsewhere13.  

Farmers cultivate Sphagnum moss as a paludiculture crop 

The award winning project TORFMOOS14 has pioneered a method of cultivating and 
processing Sphagnum moss (a characteristic plant of active wet peatlands) as a crop that 
can replace peat in horticultural consumer products. This provides the farmers participating 
in Torfmoose with an environmentally sustainable, permanent source of income from the 
restored raised bogs. 

 

 

photo: Sabine Wichmann http://www.land-der-ideen.de/ausgezeichnete-
orte/preistraeger/forschungsprojekt-kultivierung-von-torfmoos (accessed 1 November 2015) 

 

 

Restoration of UK peatlands is currently being promoted as a means of both climate mitigation 
and adaptation. However, formal economic analysis of the relative costs and benefits of 
restoration is hampered by scientific uncertainty and a lack of data on biophysical conditions 
as well as the impacts and costs of restoration. Consequently, there is a risk that the overall 
level of funding and/or targeting of restoration activities may be inappropriate (Moxey and 
Moran 2014). Voluntary carbon markets are now trading peatland carbon, but this market has 
been limited by a low voluntary carbon price, combined with high verification and accreditation 
costs (Kossoy and Guigon, 2012; cited in Bonn et al., 2014). 

Farmers could choose to implement this climate mitigation action in the short to medium term 
(before 2020), but individual decisions will be strongly influenced by the economic impact on 
the farm business and possibly other factors, such as carbon markets and alternative sources 
of income from restored peatlands and wetlands. 

Geographic relevance 

Wetland/peatland conservation/restoration is relevant where there is existing 
wetland/peatland, or where there is soil with high organic matter that has previously been wet 
and can be restored. As an indication of geographic relevance, Figure 9 shows the percentage 

                                                
13 http://www.iucn-uk-peatlandprogramme.org/peatland-gateway/gateway/europe  
14 http://www.land-der-ideen.de/ausgezeichnete-orte/preistraeger/forschungsprojekt-kultivierung-von-torfmoos (accessed 1 November 2015) 

http://www.land-der-ideen.de/ausgezeichnete-orte/preistraeger/forschungsprojekt-kultivierung-von-torfmoos
http://www.land-der-ideen.de/ausgezeichnete-orte/preistraeger/forschungsprojekt-kultivierung-von-torfmoos
http://www.iucn-uk-peatlandprogramme.org/peatland-gateway/gateway/europe
http://www.land-der-ideen.de/ausgezeichnete-orte/preistraeger/forschungsprojekt-kultivierung-von-torfmoos
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of arable land with greater than 30% soil organic matter. This land is predominantly in northern 
Europe. 

 

Figure 9: Percentage of arable land with >30% SOM  

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 9 and Table 10. 

 

Table 9: Summary of reporting issues for wetland/peatland conservation 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 
result in a reduction 
in the inventory? 

Yes, Providing the correct data is collected to be able to identify the 
activity and the appropriate methodology is used to understand the 
emissions factors. Conservation is ensuring that wetland/peatland is 
not lost with the resultant loss of carbon. Where action is taken to 
retain wetlands - this will impact on the inventory were the alternative 
is to show a loss of wetland areas. Identifying the specific action that 
led to the retention of wetlands will be challenging. 

Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

Identifying the impact of the action would rely on an assessment of 
potential wetland lost if the action were not implemented.  

Through our review of the National Inventory Reports across Member 
states, our assessment shows that the impact of wetland conservation 
would have an impact on the inventory by reducing losses of carbon 
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What is it? however, the specific impact of the action could not be quantified in 
most cases. Where appropriate activity data is being collected relating 
to the area of wetland retained due to specific actions for 
conservation, it is possible to account for the impact.  

Guidance on measurements of the following are provided in ó2013 
Supplement to the 2006 IPCC Guidelines for National Greenhouse 
Gas Inventories: Wetlandsô : 

CO2 emissions and removals for drained inland organic soils 2.2.1 ï
methods from p2.9 onwards. 

Non-CO2 emissions and removals from drained inland organic soils 
2.2.2.1  ï methods from p2.22 onwards 

N2O emissions from drained inland organic soils 2.2.2.2 ï methods 
from p 2.31 onwards 

 

Categories Wetlands remaining Wetlands 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Wetlands remaining Wetlands 

Which Member 
States included this 
as a Key Category 
in their 2014 
National Inventory 
Reports 

5 Member States count this as a Key Category  

DE,DK,EE,LV,PL, 

Tiers used 12 Member States use a Tier 1 approach:  

BE,DE,EL,ES,FI,HR,HU,IE,LU,LV,SI,UK 

3 Member States use a Tier 2 approach:  

DK,EE,SE 

No Member States use a Tier 3 approach:  

Not specified: 6 

Not assessed: 7 

Limitations of the 
Inventory reporting 
structure  

Quantification of the impact of the action is dependent on a 
comparative baseline. 

Activity data is likely to be a limitation to reporting the effects of this 
action.  

 

Table 10: Summary of reporting issues for wetland/peatland restoration 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 

Yes.  Providing accurate activity data is available. 
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result in a reduction 
in the inventory? 

Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

What is it? 

Yes.  

There as this is a simple transaction from one land category to 
another then the specific impact of this action should be reported on in 
the inventory providing the activity data is accurately collected. 

The accuracy of the impact will be dependent on the specific detail on 
how the emissions factor is calculated  

The guidance provided in Chapter 3 of the ó2013 Supplement to the 
2006 IPCC Guidelines for National Greenhouse Gas Inventories: 
Wetlandsô provide far more detail than was previously available on 
CO2 and CH4 emissions and removals and N2O emissions. The 
accuracy of the calculations on removals and emissions will increase 
with the tier level used 1-3. 

Categories Land Converted to Wetlands 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Land Converted to Wetlands 

Which Member 
States included this 
as a Key Category 
in their 2014 
National Inventory 
Reports 

9 Member States record this as a Key Category. 

AT,DE,DK,FI,FR,NL,PL,PT,RO 

 

Tiers used 12 Member States use a Tier 1 approach:   

,BE,BG,CZ,DE,EL,FI,HR,HU,IE,LU,SI,UK 

3 Member States use a Tier 2 approach: 

DK,EE,FR 

1 Member State uses a Tier 3 approach: 

AT, 

Not specified: 4 MSs 

Not Assessed: 8 MSs 

Limitations of the 
Inventory reporting 
structure  

Accuracy depends on the methodology for accounting.  

Activity data is likely to be a limitation to reporting the effects of this 
action. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

From 2000 to 2013, 49 LIFE Nature projects focused on the restoration of degraded raised 
bogs, primarily in northern Europe (including 11 projects in Germany, nine in Latvia and seven 
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in Belgium). Examples include LIFE Best Award-winners RERABOG-DK from Denmark 
(LIFE05 NAT/DK/000150) and Restoring raised bogs in Ireland (LIFE04 NAT/IE/000121). The 
ongoing German project Hannoversche Moorgeest (LIFE11 NAT/DE/000344) is aiming to 
optimise the hydrological balance in four large raised bogs north of Hannover to guarantee the 
ecological status (and carbon sink capacity) of 500 ha of active raised bogs and transition 
mires and some 1 000 ha of typical bog woodlands. A total of 16 LIFE Nature projects have 
carried out actions to restore blanket bogs, mainly in the UK and Ireland. For instance, a project 
in Scotland (LIFE00NAT/UK/007075) removed commercial forestry from 1 556 ha of land that 
had previously been blanket bog and through hydrological works benefited the condition of 
more than 16 600 ha of peatland. There have been 365 LIFE Nature projects that have directly 
or indirectly targeted fen restoration. Notable examples include LIFE FRIULI FENS (LIFE06 
NAT/IT/000060), a LIFE Best Nature project 2012. In Germany, two projects (LIFE98 
NAT/D/005085 and LIFE02 NAT/D/008456) restored 2 200 ha of the Western D¿mmer, a 
stopover area for migratory birds, by re-wetting drained degraded fen peatlands. The 
Hungarian project Grass-Tapolca (LIFE06 NAT/H/000102) led in surface water in two re-
wetting channels to improve the hydrology of more than 100 ha of Molinia fen meadows 
(European Commission 2014). 

The CAP greening measure requires all Member States to designate permanent grasslands in 
Natura 2000 as óenvironmentally sensitive grasslandsô which may not be converted or 
ploughed, and also offers Member States the option of giving similar protection to permanent 
grassland elsewhere, but only four countries have chosen to do so (for details please see 
Annex 5). There is no information on what proportion of the designated environmentally 
sensitive grassland is on peat, wetland or other carbon rich soils. 

The measure level reports and analyses of the 2007-13 RDPs are too broad brush to permit 
identification of this climate mitigation action and no summary information is available on the 
2015-2020 RDPs, but in the 2007-13 several Member States used RDP measures to restore 
and/or manage peatlands. For example, in 2007-13 the Netherlands used RDP funding for a 
meadow bird management scheme which involved raising groundwater levels in peat pasture 
areas and preventing further loss of permanent grassland. In Finland the creation and 
management of multi-functional wetlands used agri-environment support and the Leader 
approach. Further increase of new wetlands is expected, in line with priorities of the new 2007-
13 RDP (e.g. biodiversity, management of natural resources and climate change)15. 

In Denmark detailed soil maps were used in 2007-13 to target successful peatland 
conservation pilot projects on farmland (including conversion of arable land that had been used 
for growing potatoes and carrots). The experience of these projects, in which expert advice 
from government environmental experts and the voluntary participation of farmers were key 
factors, has been used to launch new initiatives in the 2014-20 period. These are targeted at 
locations offering multiple benefits for biodiversity, carbon sequestration, reduced N2O 
emissions, and reduced nitrate and phosphate pollution of water.  

In a recent policy statement the German Environment Minister called for setting up targets and 
pilot projects for extensive management of lowland moor (carbon-rich soils) including rewetting 
these areas16. 

Where it is appropriate to promote this action, and the requirements for verification and control 
can be met, the relevant CAP measures could include: 

¶ enabling farmers cultivating pauldiculture crops to claim CAP direct payments on their 
land, by defining these as ópermanent cropsô or óagricultural productsô within the 
meaning of the CAP direct payments Regulation17 

                                                
15 EC (unpublished) Synthesis report of Member State reports on information on LULUCF actions 
(draft Nov 2015) 
 
16 http://www.bmub.bund.de/fileadmin/Daten_BMU/Pools/Broschueren/naturschutzoffensive_2020_broschuere_bf.pdf  

17 EU Regulation 1307/2013, Article 4(c) and 4(g). 
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¶ Under CAP greening requirements, prohibition of converting or ploughing designated 
environmentally sensitive permanent grasslands on peat and wetland in Natura 2000 
areas and on carbon rich soils elsewhere  

¶  

¶ GAEC 7 Retention of landscape features (including ponds where appropriate)  

¶ support for non-productive investments linked to the achievement of agri-
environment-climate objectives (M4.4) for restoration work 

¶ agri-environment-climate payments (M10.1) for ongoing management, including the 
option for applying 30% transaction costs to group contracts to facilitate management 
of large hydrological units 

¶ support for prevention of damage to forests from forest fires and natural disasters and 
catastrophic events (M8.3) 

¶ support for investments improving the resilience and environmental value of forest 
ecosystems (M8.5) 

¶ compensation payment for Natura 2000 farmland areas (M12.1) 

¶ compensation payment for Natura 2000 forest areas (M12.2) 

¶ compensation payment for agricultural areas (M12.3) within river basin management 
plans 

¶ payment for forest-environmental and climate commitments (M15.1) 

¶ support for the conservation and promotion of forest genetic resources (M15.2) 

¶ support for joint action undertaken with a view to mitigating or adapting to climate 
change and for joint approaches to environmental projects and ongoing 
environmental practices (M16.5) 

¶ support for drawing up of forest management plans or equivalent instruments (M16.8) 
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Woodland planting 

Description  

We describe this action more widely than afforestation and reforestation, by including 
development of new farmland features that include planting of trees (shelterbelts, hedgerows, 
woody buffer strips and in-field trees). 

According to IPCC definitions, afforestation describes forest planting activities on sites that 
have not been forested within the last 50 years, while reforestation refers to sites that have 
been stocked by forest plants within the last 50 years (SFC, 2010).  

It is important to note that, in the context of carbon savings, it is assumed that measures 
taken in relation to forestry in Europe are permanent changes. This means that land that is 
afforested will remain forest. Permanence cannot be guaranteed, and the implications of this 
are much debated, specifically in the context of rewards that may be available for such 
measures and that may be linked to the global carbon market. As European countries are 
signatories to the Kyoto protocol, and thus signed the Marrakesh accords, they have officially 
committed to reporting changes in their emissions profiles that are permanent. This is, 
officially, a good reason to assume permanence in forestry changes. However, with a further 
increase in wood prices and as many European countries set up programmes to mobilise 
more wood from forests, there may be concerns about permanence in the future (Eisbrenner 
and Gilbert, 2009). 

Mode of action 

A major increase in the forest carbon reservoir is possible through afforestation of non-forest 
land. 

In principle, reforestation is a precondition following harvesting activities replacing formally 
existing carbon stock. Hence, it is not regarded as providing sequestration potential because 
it is an integral part of sustainable forest management (SFC, 2010). 

Mitigation potential 

Influencing factors 

 

Table 11: Summary of influencing factors for woodland planting 

Relevance to farming systems, soil types and climatic zones  

 Afforestation Reforestation Shelterbelts, hedgerows, 
woody buffer strips, and 
in-field trees 

Which farming 
sectors/systems is 
this MA relevant to? 

All All All 

Which soil types is 
this MA relevant to? 

All All All 

Which climatic 
zones is this MA 
relevant to? 

All All All 
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Values 

The IPCC estimates that the potential of afforestation in Europe is 115 Mt CO2e / year under 
a cost of 100 US $ / t CO2e (IPCC, 2007). The figure is based on an averaged output from 
three global forest sector models that provide estimates for all regions of the world (Sohngen 
and Sedjo, 2006; Sayathe et al., 2007; Benitez-Ponce et al., 2007). 

Frelih-Larsen et al., (2014) identified from the literature (Bhogal et al., 2009; Posthumus et al., 
2013) that with regard to the carbon loss avoided due to reduced erosion and the increase in 
carbon stored: 

¶ Hedgerows have a small effect in grasslands and a moderate effect in arable fields; 

¶ Shelterbelts have an impact of +14 kg C/ha/yr. 

 

Of the options evaluated under this MA we have made estimates of the annual carbon 
sequestration potential for woodland creation from arable land as this is the best documented 
of the options. The values below were taken from a recent UK study (Wiltshire et al., 2014). 

We used a range of 1.47 to 1.83 t CO2e sequestered in soil per ha per year. 

The mitigation potential at NUTS 2 level (kt CO2e/y) is shown in Figure 10. 

 

Figure 10: Mitigation potential at NUTS 2 level, kt CO2e/y 
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Environmental co-benefits and risks of the MA 

There are other environmental benefits from creating new woodland, hedgerows, woody buffer 
strips and planting trees, additional to the effect on GHG emissions. These benefits could 
include:  

¶ reduced risks of soil erosion  

¶ reduced risk of pollution of watercourses by run-off from farmland (riparian woodland) 

¶ improved water infiltration and reduced risk of flooding (watershed management); 

¶ improved biodiversity and habitat connectivity, depending on the species and diversity 
of tree/shrub species used and the subsequent management; 

¶ greater structural diversity of farmland habitats and landscapes;  

¶ benefits of wind speed reduction, cooler microclimate and shade (for livestock); 

¶ more diverse soil microbial communities and improved soil structure. 
 
There are also risks to the environment from implementing the action, and to GHG emissions 
as a result of the changes to production. These risks could include: 

¶ production displacement from the afforested area of agricultural land leading to 
increased production elsewhere, possibly in regions where GHG emissions per tonne 
of crop or per livestock unit are greater than in the EU.  

¶ negative effects on biodiversity in specific circumstances, for example if non-native tree 
species/genotypes are planted near semi-natural woodland habitats, or if existing 
valuable farmland habitats are converted to woodland (for example, species rich 
grassland manages as low-intensity pastures and meadows)  

Both benefits and risks will vary considerably, depending on the scale, location and type of 
farmland on which afforestation takes place, the tree/shrub species used and the intensity and 
timescale of subsequent management. 

Technological and socio-cultural barriers 

The ócrop rotationô of woodland is far longer than that of agricultural crops, and is measured in 
decades, not years. It is therefore very important, for maintaining the GHG and other 
environmental benefits and for the long-term economic value of the woodland, that the tree 
species and genotypes are resilient to the effects of climate change, particularly the spread of 
tree pests and diseases. Further technological developments may be required, for example in 
selecting resistant genotypes and using species mixes rather than monocultures. 

Although techniques of woodland creation are well known, whether by planting trees or by 
selecting from natural regeneration, many farmers may not have any experience of growing 
trees, especially in countries where there is no tradition of farmers also being forest owners, 
as there is in many northern Member States.  

Costs/business benefits to land managers of implementing the MA at farm/forest 
level      

Afforestation is a significant long-term change in the land use, taking land out of agricultural 
production altogether. The opportunity costs of creating woodland or planting trees or hedges 
depend on the agricultural potential of the newly wooded land. Farmers are likely to choose 
land of lower productivity in locations where woodland, trees and hedges could also bring 
agricultural benefits. Establishment and management costs of the woodland and hedging may 
include costs of specialist advice, machinery, contractors and fencing, in addition to the cost 
of the trees/shrubs. A study carried out in 2011 looked at the payment rates for a range of 
environmental actions in a selection of the 2007 to 2013 RDPs covering regions with different 
geographical, topographical and economic characteristics. Based on information from 11 
RDPs, the average payment for afforestation of agricultural land was ú1,976/ha (unpublished 
Annex to Hart et al., 2011).  
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There is a significant time lag between the initial establishment costs and any income from the 
trees, but how long this is depends very much on the type of the species used and the objective 
of subsequent management. In addition to income from producing biomass (for wood pulp or 
energy generation) and timber for many different purposes, farmers may also locate and 
manage their woodlands for other agricultural and personal benefits such as livestock shelter, 
reduced soil erosion, provision of timber or woodfuel for use on the farm, or for hunting. 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but individual decisions will be influenced by the economic impact on the farm business 
and possibly other factors, such as permanent loss of eligibility for CAP direct payments on 
the afforested land. 

Geographic relevance 

Woodland planting is related to all agricultural area, except forest. The percentage of 
agricultural area by NUTS 2 level is shown in Figure 11. Geographic relevance is particularly 
low in Scandinavia where there is much forest and other non-agricultural land.  

 

Figure 11: Land in agricultural production as a percentage of total area for each NUTS 
2 region 

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 12, Table 13 and Table 14. 
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Table 12: Summary of reporting issues for Afforestation 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a 
GHG 
reduction 
that will 
result in a 
reduction in 
the 
inventory? 

Yes.   

Is there a 
methodology 
that will show 
specific 
impact of the 
mitigation 
action? 

What is it? 

Yes.  

The impact of afforestation can be reported in in inventories using a tier 1, 2 
or 3 approach. 

Categories Land converted to Forestland 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Land converted to Forestland 

Which 
Member 
States 
included this 
as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

22 Member States, 

AT,BG,DE,EE,ES,FI,FR,HR,HU,IE,IT,LT,LU,LV,NL,PL, PT,RO,SE,SI,SK,UK 

 

Tiers used Tier 1: 4 MSs - AT,CZ,EE,LT 

Tier 2: 14 MSs - BE,BG,ES,FI,FR,HR,HU,IT,LU,LV,NL,PL,SI,SK 

Tier 3: 3 MSs - IE,SE,UK 

Not specified: 7 

Limitations of 
the Inventory 
reporting 
structure  

No major limitation with the methodology. Some member states have not 
detailed the method used. Providing the correct activity data is accessible 
there is species specific information in the IPCC guidance provided.  

Care needs to be taken to ensure that double counting is not occurring 
because of mixing and matching activity data.   
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Table 13: Summary of reporting issues for Reforestation 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a 
GHG 
reduction 
that will 
result in a 
reduction in 
the 
inventory? 

Yes.   

Is there a 
methodology 
that will show 
specific 
impact of the 
mitigation 
action? 

What is it? 

Yes.  

The impact of afforestation can be reported in in inventories using a tier 1, 2 
or 3 approach. 

Categories Land converted to Forestland (based on the assumption that the land has 
been in other land use since the previous forest was cleared within the last 
50 years) note differentiation between afforestation and reforestation 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Land converted to Forestland 

Which 
Member 
States 
included this 
as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

22 Member States, 

AT,BG,DE,EE,ES,FI,FR,HR,HU,IE,IT,LT,LU,LV,NL, PL,PT,RO,SE,SI,SK,UK 

 

Tiers used Tier 1: 4 MSs - AT,CZ,EE,LT 

Tier 2: 14 MSs - BE,BG,ES,FI,FR,HR,HU,IT,LU,LV,NL,PL,SI,SK 

Tier 3: 3 MSs - IE,SE,UK 

Not specified: 7 

Limitations of 
the Inventory 
reporting 
structure  

No major limitation with the methodology. Some member states have not 
detailed the method used. Providing the correct activity data is accessible 
there is species specific information in the IPCC guidance provided.  
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Care needs to be taken to ensure that double counting is not occurring 
because of mixing and matching activity data.   

 

Table 14: Summary of reporting issues for Shelterbelts, hedgerows, woody buffer 
strips, and in-field trees 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 
result in a reduction 
in the inventory? 

No 

Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

What is it? 

No. There is not an obvious option. The methodology does not 
specifically account for boundary features inclusion of hedge rows and 
trees. From our analysis of NIRs and methodologies there is not an 
obvious place in categories that will account for this type of activity. In 
some respects this action is similar to the agroforestry action. Should 
the action be adopted on an agroforestry scale then the same 
methodological approach could apply. 

Shelter belts and in field trees may be picked up in land use change 
categories 

Categories Land converted to Forestland  

Cropland Remaining Cropland 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories N/A 

Which Member 
States included this 
as a Key Category 
in their 2014 
National Inventory 
Reports 

N/A 

Tiers used N/A 

Limitations of the 
Inventory reporting 
structure  

As stated earlier, there is not clear method to account for this level of 
activity 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

RDP support for afforestation of farmland and of other land is one of the long established 
environmental land management measures and, in the case of agricultural land may include 
compensation for loss of CAP direct payments on the land in the early years of establishing 
the woodland.  In the 2007-13 RDPs the measure for afforestation of agricultural land (221) 
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was programmed in 64 of the 88 RDPs. In the first six years of implementation this supported 
the establishment of almost 260,500 of hectares of new woodland, achieving 46% of the target 
uptake area for EU-27. By 2013 the total public expenditure on this measure in EU-27 was 
ú2.1 billion, 79.6% of the programmed expenditure. The measure for afforestation of non-
agricultural land (223) was programmed in 35 of the 88 RDPs and in the first six years of 
implementation supported the establishment of almost 80,000 of hectares of new woodland 
(mainly in Spain, the UK, Lithuania and Latvia) achieving 43% of the target uptake area for 
EU-27. By 2013 total public expenditure on this measure in EU-27 was ú0.19 billion, 48% of 
the programmed amount18. Preliminary information for the 2015 to 2020 Programmes indicates 
that 19 Member States may provide around ú1.6 billion of RDP support for establishment of 
more than 500,000 ha of forests and wooded areasOther Member States (e.g. Ireland) have 
chosen not to use the RDP afforestation measures and instead they plan to use national 
resources to support afforestation, in line with the new Forestry State Aid Guidelines. 

From 2015, under the CAP greening requirements, EFAs may be areas of woodland created 
with RDP support (in either 2007-13 or 2014-20) or national support which meets the RDP 
environmental requirements of afforestation. Fourteen of the EU-28 Member States have 
chosen to offer farmers this option (for details see Annex 5 Table 1).  

The EAFRD measure for non-productive investments (216) has been used by the UK and 
possibly other Member States to support planting trees in groups or fields and for hedge 
planting, but reports and analyses of the 2007 to 2013 RDPs at measure level do not identify 
these specific uses of this measure and no summary information is available on the 2015 to 
2020 RDPs. 

Where it is appropriate to promote this action, and the requirements for verification and control 
can be met, the relevant CAP measures could include: 

¶ Pillar 1 greening requirements for EFAs, which can be areas of woodland created with 
RDP or equivalent national support, or new hedges, trees in lines or groups and 
isolated trees on or adjacent to arable land 

¶ RDP support for non-productive investments linked to the achievement of agri-
environment-climate objectives (M4.4) for planting individual trees, groups of trees 
and hedges  

¶ RDP support for afforestation and creation of woodland on both agricultural and non-
agricultural land (M8.1) 
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Preventing deforestation and removal of farmland trees 

Description  

Forest or woodland management may contribute to GHG mitigation through prevention of 
deforestation and forest degradation.  

Mode of action 

Deforestation and forest degradation release stored carbon in soil and biomass.  

Mitigation potential 

Influencing factors 

Deforestation and forest degradation in developing countries account for almost 20% of global 
CO2 emissions. Hence, helping developing countries to reduce deforestation and forest 
degradation will be essential if dangerous climate change is to be averted. However, 
deforestation is not a problem in the EU (SFC, 2010). 

 

Table 15: Summary of influencing factors for woodland management: preventing 
deforestation and removal of farmland trees  

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Woodland and forestry 

Which soil types is this MA 
relevant to? 

All 

Which climatic zones is 
this MA relevant to? 

All 

 

Values 

The IPCC estimates the mitigation potential of preventing deforestation in Europe as only 10 
Mt CO2 / year under a cost of 100 US $ / t CO2 (IPCC, 2007). The figure is based on an 
averaged output from three global forest sector models that provide estimates for all regions 
of the world (Sohngen and Sedjo, 2006; Sayathe et al., 2007; Benitez-Ponce et al., 2007).  

The carbon sequestration potentials below are estimates of the additional carbon sequestered 
if deforestation is prevented. The smaller estimate is for Boreal woodlands which are slow 
growing. Maintaining existing woodland will not sequester carbon indefinitely as the soil's 
capacity for carbon will become saturated. These estimates are for up to 2030. The estimates 
of C sequestration cited below were derived from the CLIMSOIL report. 

We used a range of 0.73 to 7.3 t CO2e sequestered in soil per ha per year. 

The mitigation potential at NUTS 2 level (kt CO2e/y) is shown in Figure 12. 
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Figure 12: Mitigation potential at NUTS 2 level, kt CO2e/y 

 

 

Environmental co-benefits and risks of the MA 

There are other environmental benefits of this action, additional to the effect on GHG  
emissions but these benefits depend very much not only on retaining the woodland, trees or 
hedges but if and how these are managed, and what are the objectives of management. The 
benefits are similar to those for afforestation and include:  

¶ reduced risks of soil erosion  

¶ reduced risk of pollution of watercourses by run-off from farmland (riparian woodland) 

¶ improved water infiltration and reduced risk of flooding (watershed management); 

¶ biodiversity and habitat connectivity, depending on the management of the woodland; 

¶ structural diversity of farmland habitats and landscapes;  

¶ benefits of  wind speed reduction, cooler microclimate and shade (for livestock); 

¶ more diverse soil microbial communities and improved soil structure, depending on the 
management of the woodland 

 
There are few risks to the environment simply from preventing deforestation. However in some 
cases where forest plantations have been created on drained wet peatland, the most 
appropriate environmental management may be deforestation and rewetting the peatland 
(although this may initially increase methane emissions, in the longer term the net carbon 
capture is likely to outweigh this effect).  

Technological and socio-cultural barriers 

There are unlikely to be technological barriers or socio-cultural barriers to preventing 
deforestation in the EU. 
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Costs/business benefits to land managers of implementing the MA at farm/forest 
level      

Theoretically there are opportunity costs of not using the land for other, more profitable 
purposes such as tourist development or possibly agriculture, but in practice the removal of 
woodland is controlled in many EU countries through national or regional legislation which may 
prohibit removal and/or require replanting of woodland (and in some cases individual trees) 
except where this is required to control tree pests and diseases. It is important to note that 
legislation protecting forests, trees and hedges from removal may not require any active 
management of the trees.  

Farmers will already be implementing this action to the extent required by local or national 
regulations, but any decision to retain trees or hedges not protected by legislation could be 
taken in the short-term (before 2020). 

Geographic relevance 

Woodland management: preventing deforestation is related to woodland area. The percentage 
of woodland area at NUTS 2 level is shown in Figure 13. 

 

Figure 13: Woodland area as a percentage of total area for each NUTS 2 region 

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 16. 
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Table 16: Summary of reporting issues for woodland management: preventing 
deforestation and removal of farmland trees  

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that 
will result in a 
reduction in the 
inventory? 

Yes.  

As a prevention action, the impact is based on the alternative 
deforestation scenario. So the impact is assesses compared to the 
counterfactual scenario. 

Is there a 
methodology 
that will show 
specific impact 
of the mitigation 
action? 

What is it? 

No.  

óGreenhouse gas inventory for Forest Land Remaining Forest Land (FF) 
involves estimation of changes in carbon stock from five carbon pools (i.e., 
above-ground biomass, below ground biomass, dead wood, litter, and soil 
organic matter), as well as emissions of non-CO2 gases.ô 

 

The methodology does not provide assessment of the impact of actions 
that prevent deforestation. It would require analysis of the deforestation 
avoided to record the impact. 

Categories Forestland remaining Forestland 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Forestland remaining Forestland 

Which Member 
States included 
this as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

25 MSs 

AT,BG,CZ,DE,DK,EE,EL,ES,FI,FR,HR,HU,IT,LT,LU,LV,MT,NL,PL,PT,RO, 
SE,SI,SK,UK 

 

Tiers used Tier 1: 9 MSs - BG,CZ,EE,ES,HR,LT,LU,MT,SK 

Tier 2: 11 MSs - BE,DE,EL,FI,FR,HU,LV,NL,PL,RO,SE 

Tier 3: 5 MSs - AT,IE,IT,SI,UK 

Not specified: 3 

Limitations of 
the Inventory 
reporting 
structure  

Preventing deforestation will have an obvious impact on the inventory but 
identifying the impact will be difficult within the methodology provided as it 
requires the inventory to state how much deforestation has been avoided 
as a result of an action. 
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Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

For the 2014 to 2020 period Member States can choose to use both cross-compliance and 
greening payments in a way that helps to protect ówoodyô landscape features on farmland. In 
defining the GAEC 7 cross-compliance standard for landscape features Member States can 
require farmers to retain hedges, trees in lines or groups and isolated trees (although there is 
no obligation for farmers to actively maintain these features through appropriate management).  
Member States can also choose to include the same types of ówoodyô landscape features in 
the list of EFA options for farmers, whether or not these are included in the GAEC 7 standard.  

All but eight of the EU-28 Member States have chosen to include at least one type of ówoodyô 
feature their GAEC 7 standards and/or EFA landscape options (the exceptions are Austria, 
Cyprus, Denmark, Finland, Lithuania, Portugal, Slovenia and Spain).  For more details please 
see Annex 5, Table 2. 

The relevant CAP measures to prevent the removal of woodland, trees and hedges on 
farmland are: 

¶ GAEC 7 Retention of landscape features, including where appropriate, hedges, ponds, 
ditches, trees in line, in group or isolated, field margins and terraces, and including a 
ban on cutting hedges and trees during the bird breeding and rearing season; 

¶ SMR 2 (Birds Directive) and SMR 3 (Habitats Directive) standards where these prohibit 
the removal woodland or trees and shrubs;  

¶ Pillar 1 greening requirements for EFAs, which can be existing hedges, trees in lines 
or groups and isolated trees. 
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Management of existing woodland, hedgerows, woody 
buffer strips and trees on agricultural land 

Description  

Forest management activities influence on-site carbon stores, fluxes, and sequestration, both 
positively and negatively, either directly, for instance, by maintaining forest carbon stocks 
through forest conservation,  transferring carbon from óólive growing stockôô to the óóproductôô 
pools (e.g. thinning, final harvesting), or indirectly by altering growth conditions of trees (e.g. 
liming, fertilizing). The effects can be instantaneous (e.g. thinning) or evolve slowly (e.g. 
fertilisation). Activities may: affect the current stand (e.g. thinning regime) or future stands (e.g. 
regeneration); or be transient (e.g. minimizing site preparation, planting). 

Mode of action 

Forestry contributes to climate change mitigation by: conserving and increasing carbon stocks 
in forests (including above- and below-ground biomass, deadwood, litter, and soil); producing 
renewable materials that can be used to substitute fossil fuels and materials that are energy-
intensive to produce; and storing carbon in harvested wood products.  

Mitigation potential 

Influencing factors 

The capacity of forests to store carbon varies strongly between regions in Europe. While young 
forests have initially high carbon sequestration rates, these decline in ageing forests. Mature 
forests may eventually reach an equilibrium at which relatively little further sequestration takes 
place. Therefore, the mitigation potential from extensification of forest management has limits 
(SFC, 2010). In Mediterranean countries in particular, the risk of forest fires should also be 
taken into account in the mitigation strategies and choice of silvicultural methods, for example 
the length of rotations and the use of grazed firebreaks.   

 

Table 17: Summary of influencing factors for management of existing woodland, 
hedgerows, woody buffer strips and trees on agricultural land  

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Woodland and Forestry 

Which soil types is this MA 
relevant to? 

All 

Which climatic zones is 
this MA relevant to? 

All 

 

Values 

Frelih-Larsen et al., (2014) identified from the literature (Bhogal et al., 2009; Posthumus et al., 
2013) that with regard to the carbon loss avoided due to reduced erosion and the increase in 
carbon stored: 

¶ Hedgerows have a small effect in grasslands and a moderate effect in arable fields. 

¶ Shelterbelts have an impact of +14 kg C/ha/yr. 
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For this potential mitigation action we made the assessment of EU-wide mitigation based on 
the introduction of shelterbelts as this option had the best documented report of abatement 
potential, albeit data for this option were limited and insufficient to suggest a robust range. The 
values below were taken from a recent UK study (Wiltshire et al., 2014). 

We used a value of 0.37 t CO2e sequestered in soil per ha per year. 

The mitigation potential at NUTS 2 level (kt CO2e/y) is shown in Figure 14. 

 

Figure 14: Mitigation potential at NUTS 2 level, kt CO2e/y 

 

Environmental co-benefits and risks of the MA 

There are other environmental benefits of this action, additional to the effect on GHG emissions 
but these benefits depend how the woodland, trees and hedges are managed, and what are 
the objectives of management. The benefits are similar to those for afforestation and include  

¶ reduced risks of soil erosion;  

¶ reduced fire risk in drier areas (compared to unmanaged woodland); 

¶ reduced risk of pollution of watercourses by run-off from farmland (riparian woodland); 

¶ improved water infiltration and reduced risk of flooding (watershed management); 

¶ biodiversity and habitat connectivity, depending on the management of the woodland, 
trees and hedges; 

¶ maintaining structural diversity of farmland habitats and landscapes;  

¶ benefits of  wind speed reduction, cooler microclimate and shade (for livestock); 

¶ more diverse soil microbial communities and improved soil structure, depending on the 
management. 

 

There are also risks to the environment from changing current management in a way that 
reduces existing benefits. These risks could include: 
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¶ reducing the benefits for biodiversity, water quality and soils by changes in 
management (for example, replanting native woodland trees or woodland with exotic 
species, clear felling instead of continuous cover management, removing all dead wood 
and waste material from forest operations).   

Technological and socio-cultural barriers 

There are unlikely to be technological barriers to woodland management but owners may need 
specialist advice or machinery to manage valuable woodland habitats or protected woodlands. 
There may be public concern about some management operations in woodlands that are 
perceived to be of aesthetic or cultural importance. 

Costs/business benefits to land managers of implementing the MA at farm/forest 
level      

The costs of managing existing woodland, trees and hedges will vary depending on the 
management objectives, the type and frequency of the work, the extent of previous neglect 
and the need for restorative work. Similarly, any income from harvesting will vary in amount 
and frequency from one woodland to another, and will be influenced by the costs of extraction, 
transport to processors and market prices.  

Geographic relevance 

Management of existing woodland, hedgerows, woody buffer strips and trees on agricultural 
land is related to woodland and agricultural area (Figure 15). Relevant land use occurs widely 
across the EU.  

 

Figure 15: Land in woodland and arable production as a percentage of total area for 
each NUTS 2 region 
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Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 18. 

 

Table 18: Summary of reporting issues for management of existing woodland, 
hedgerows, woody buffer strips and trees on agricultural land 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 
result in a reduction 
in the inventory? 

Yes.  

Only if detailed activities relating to management practices are 
collected. We did not find examples where this was being done in any 
NIRôs.  Specific actions of woodland management relating to farm 
woodland and hedgerows not collected. 

Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

What is it? 

Yes.  

In theory a tier 3 approach should allow specific management 
activities to be identified and reported on. Tier 1 & 2 are general 
approaches and will not account for detailed management practices.   

Categories Forestland remaining Forestland 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Forestland remaining Forestland 

Which Member 
States included this 
as a Key Category 
in their 2014 
National Inventory 
Reports 

25 

AT,BG,CZ,DE,DK,EE,EL,ES,FI,FR,HR,HU,IT,LT,LU,LV,MT,NL,PL,PT, 
RO,SE,SI,SK,UK 

 

Tiers used Tier 1: 9 MSs - BG,CZ,EE,ES,HR,LT,LU,MT,SK 

Tier 2: 11 MSs - BE,DE,EL,FI,FR,HU,LV,NL,PL,RO,SE 

Tier 3: 5 MSs - AT,IE,IT,SI,UK 

Not specified: 3 

Limitations of the 
Inventory reporting 
structure  

There is likely to be a detectable change if the activity can be 
accurately captured. 
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Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

The following four measures were used to support woodland management in the 2007-13 
RDPs.  

The measure for forest Natura 2000 payments (224) was programmed in 35 of the 88 RDPs 
and in the first six years of implementation 142,00 hectares of forest in Natura 2000 areas 
received payments (mainly in Estonia, Latvia, Slovakia, Belgium and Germany) achieving 39% 
of the target uptake area for EU-27. By 2013 total public expenditure on this measure in EU-
27 was ú0.049 billion, 50% of the programmed amount. The forest-environment measure 
(225), providing annual payments for managing woodland for environment and climate 
services and forest conservation, was programmed in 28 of the 88 RDPs. In the first six years 
of implementation around 281,000 of hectares received support (mainly in the UK, Germany 
and Italy) achieving 18% of the target uptake area for EU-27. By 2013 the total public 
expenditure on this measure in EU-27 was ú0.086 billion, 36% of the programmed amount. 
The measure supporting the prevention and restoration of damage to forests by fires 
and natural disasters (226) was programmed in 58 of the 88 RDPs and in the first six years 
of implementation supported 52,100 preventative actions  (mainly in Spain and Austria) 
achieving 48% of the target for EU-27. By 2013 the total public expenditure on this measure in 
EU-27 was ú1.6 billion, 67% of the programmed amount. The measure for environmental 
investment in forests (227) was programmed in 70 of the 88 RDPs and in the first six years 
of implementation supported investments by than 75,000 forest holders, 41% of the target 
uptake for EU-27. By 2013 the total public expenditure on this measure in EU-27 was ú0.721 
billion, 58% of the programmed amount, most of it in Germany, Spain, Italy, the UK and 
Portugal19. 

A further two measures, for agri-environment (214) and non-productive investments (216) have 
been used to support management and restoration work on farmland hedges and trees in 
some Member States, but reports and analyses of the 2007-13 RDPs at measure level do not 
identify specific uses of these measures and no summary information is available for the 2015-
2020 RDPs. 

Where it is appropriate to promote this action the relevant RDP measures could include: 

¶ support for non-productive investments linked to the achievement of agri-
environment-climate objectives (M4.4) for restoration of farmland trees and hedges; 

¶ agri-environment-climate payments, as equivalence for EFAs or separately (M10.1) 
for management of farmland trees and hedges; 

¶ support for prevention of damage to forests from forest fires and natural disasters and 
catastrophic events (M8.3) 

¶ support for restoration of damage to forests from forest fires and natural disasters and 
catastrophic events (M8.4)  

¶ support for investments improving the resilience and environmental value of forest 
ecosystems (M8.5) 

¶ compensation payment for Natura 2000 forest areas (M12.2) 

¶ payment for forest-environmental and climate commitments (M15.1) 

¶ support for the conservation and promotion of forest genetic resources (M15.2) 

                                                
19 Source: ENRD Progress Snapshot 2013 (updated May 2014) Measure 221 ï First afforestation of agricultural land (data on financial 
implementation up to 2013, output data up to 2012) http://enrd.ec.europa.eu/enrd-static/app_templates/enrd_assets/pdf/measure-information-
sheets/C_Infosheet_221.pdf 

http://enrd.ec.europa.eu/enrd-static/app_templates/enrd_assets/pdf/measure-information-sheets/C_Infosheet_221.pdf
http://enrd.ec.europa.eu/enrd-static/app_templates/enrd_assets/pdf/measure-information-sheets/C_Infosheet_221.pdf
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¶ support for joint action undertaken with a view to mitigating or adapting to climate 
change and for joint approaches to environmental projects and ongoing 
environmental practices (M16.5) 

¶ support for drawing up of forest management plans or equivalent instruments (M16.8) 
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Reduced tillage  

Description 

Reduced tillage is used to describe all non-plough based cultivation practices. There are many 
approaches to reduced tillage. The common factors are that reduced tillage does not 
completely invert the soil and less energy is required to carry out cultivation.  

Mode of action 

This mitigation action is considered with respect to its potential for saving energy used for soil 
cultivation, and sequestering carbon (C) in the soil. Only where crop yields are increased by 
the introduction of reduced tillage is C sequestration likely to occur. 

There may also be changes in emissions of N2O from soil, but this is not considered further 
because of a lack of evidence. 

Mitigation potential 

Influencing factors 

Table 19: Summary of influencing factors for reduced tillage 

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Arable (cropland) systems, and any other systems with annual 
crops (e.g. field vegetables). 

Which soil types is this 
MA relevant to? 

Light (i.e. course) soils and soils high in CaCO3. 

Which climatic zones is 
this MA relevant to? 

Any, but especially useful in dry regions because there is some 
conservation of soil water. 

 

Values 

In a meta-analysis of experiments carried out in Europe, Van den Putte et al., (2010) reported 
yield reductions of 4% for winter cereals and 13% for maize, but no impact on other crops. 
However, the large range of cultivations that can be considered as reduced tillage makes a 
balanced comparison of C sequestration, between reduced tillage and conventional tillage, 
very difficult. The lack of consistent evidence to indicate that reduced tillage sequesters C in 
soils leads us to recommend that this mitigation potential by this mode of action is not 
considered further, and a value of zero is used. 

However, CO2 emissions from fuel consumption will be reduced due to the decreased need 
for cultivation. Estimates of reduced fuel use are taken from the UK MACC for farm energy 
consumption, and expert knowledge of field operations in arable crops.  

We used a range of 2.5 to 7.5% of the fuel used in field operations; 76 L of fuel per ha (Nix, 
2013), and 3.144 kg CO2 per L. 

The calculated mitigation potential range was 0.0059 to 0.0180 t CO2e /ha/y. 

The mitigation potential at NUTS 2 level (kt CO2e/y) is shown in Figure 16. 
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Figure 16: Mitigation potential at NUTS 2 level, kt CO2e/y 

 

 

Environmental co-benefits and risks of the MA 

There other environmental benefits of this action, additional to the effect on GHG emissions. 
These benefits could include:  

¶ less risk of soil erosion by wind or water, because soil exposure is significantly 
reduced. 

There are also risks to the environment from implementing the action and to GHG emissions 
as a result of the changes to production. These risks could include: 

¶ increased use of herbicides to kill weeds that would otherwise be controlled by 
ploughing and increased application of slug pellets; 

¶ production displacement if zero tillage is adopted in regions or cropping systems in 
which yield is reduced (Van den Putte et al., 2010), leading to increased production 
elsewhere, possibly in regions where GHG emissions per tonne of crop produced 
are greater than in the EU. 

Technological and socio-cultural barriers 

Reduced tillage is already used in a number of Member States, the techniques are well 
understood and a variety of mechanical cultivation options are available. There are no known 
socio-cultural barriers to uptake of this climate mitigation action. 
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Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

Introducing reduced tillage will have an effect on the cropping system of the farm as a whole 
and maybe more difficult for farmers who have manure to dispose of. 

Regional differences in the effects on crop yields, weeds and soil-borne plant pests and 
diseases will affect the balance of costs and savings for the farmer. Although costs of tillage 
will be lower, crop protection costs may rise if there is a need for increased use of herbicides 
to kill weeds that would otherwise be controlled by ploughing increased application of slug 
pellets, or of fungicides to control plant disease carried from crop residues left on the soil 
surface. 

Individual studies from a few Member States provides a snapshot of costs but cannot be 
extrapolated to other regions e.g. one study In Poland found that reduced tillage yields almost 
the same profit as conventional tillage, because the lower financial return from the crop was 
compensated by reduced fuel use and (although not included in the financial evaluation) by 
reduced labour needs. There was no additional need for crop protection (Pronk et al., 2015). 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but individual decisions will be influenced by the economic impact on the farm business 
and possibly other factors. 

Geographic relevance 

Reduced tillage can take place on arable land. The percentage of land currently in arable 
production systems, by NUTS 2 areas, is shown in Figure 17.  

 

Figure 17: Land in arable production as a percentage of total area for each NUTS 2 
region 
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Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 20. 

Table 20: Summary of reporting issues for reduced tillage  

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a 
GHG 
reduction that 
will result in a 
reduction in 
the inventory? 

Yes 

There are several potential mechanisms through which this action may 
mitigate GHG emissions, including change in soil organic carbon content 
and saving in energy for soil cultivations. The latter will result in a reduction 
in emissions estimated by a national inventory; other mechanisms may or 
may not influence the national inventories because of availability of activity 
data. 

Is there a 
methodology 
that will show 
specific 
impact of the 
mitigation 
action? 

What is it? 

Yes 

For soil carbon stock change: Refer to 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories: Vol 4, Ch 5 (cropland), 5.17, section 5.2.3.2, 
Table 5.5, stock change factors. 

Tier 1: The effect of the Mitigation Action is detectable, divided into pools: 
biomass, dead OM, soil carbon. Uses default figures. 

Tier 2:  Relies on some country-specific estimates of the biomass in initial 
and final land uses rather than the defaults, as in Tier 1. Includes transfer 
between carbon pools, which changes the emissions total. 

Tier 3: Increases the accuracy but also has increased costs. Requires 
countries to have country-specific emission factors, and substantial national 
data.  

 

 

For CO2 emissions from energy use: Vol 2, Ch 3, Section 3.3. 

Tiers 1, 2 and 3 can all be used; the accuracy increases with tier. 
Agriculture is not necessarily disaggregated from other off-road use of 
energy. 

Categories Cropland remaining Cropland 

Energy, fuel combustion, other sectors 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Cropland remaining Cropland 

Public Electricity and Heat Production 

Other Transportation 

Which 
Member 
States 
included this 

Cropland remaining Cropland  

23 MSs: 
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as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

AT,BE,BG,CZ,DE,DK,EE,EL,ES,FI,FR,HR,HU,IT,LT,LU,LV,PL,RO,SE, 
SI,SK,UK 

Public Electricity and Heat Production  

25 MSs: 

AT,BE,BG,CY,CZ,DE,EE,EL,ES,FI,FR,IE,IT,LT,LU,LV,MT,NL,PL,PT,RO, 
SE,SI,SK,UK 

Other Transportation 

11 MSs: AT,BG,DE,ES,FI,FR,HU,IE,IT,LT,LU 

Tiers used Cropland remaining Cropland  

Tier 1: 16 MSs 

BE,BG,CZ,DE,EE,EL,FI,IE,IT,LU,LV,MT,PL,RO,SI,SK 

Tier 2: 4 MSs AT,ES,FR,HU 

Tier 3: 2 MSs ,SE,UK 

Not specified or not applicable: 6 MSs 

 

Public Electricity and Heat Production 

Tier 1: 9 MSs BE,DE,DK,EE,HR,HU,LT,NL,RO 

Tier 2: 11 MSs AT,BG,CY,EL,FR,LU,LV,PT,SE,SK,UK 

Tier 3: 5 MSs CZ,FI,IE,IT,SI 

Not specified or not applicable: 3 MS 

 

Other transportation 

Tier 1: 16 MSs BE,CY,DE,DK,EE,EL,HR,HU,LT,LU,MT,NL,PL,RO,SI,SK 

Tier 2: 7 MSs AT,BG,FR,IT,LV,PT,SE 

Tier 3: 4 MSs CZ,FI,IE,UK 

Not specified or not applicable: 1 MS 

 

Limitations of 
the Inventory 
reporting 
structure  

The main limitation is the accuracy of activity data, specifically the area of 
land to which this action is applied. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

The measure level reports and analyses of the 2007-13 RDPs are too broad brush to permit 
identification of any support for this climate mitigation action and no summary information is 
available on the 2014-2020 RDPs. Within the 2014-20 RDPs, one example is Austria, which 
proposes to use the agri-environment-climate measure (M10.1) to support strip-till seeding20.  

                                                
20 Identified in the LULUCF Article 10 report for Austria. 
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Where it is appropriate to promote this action the relevant RDP measures could include: 

¶ demonstration activities and information (M 1.2), for example to improve farmersô 
understanding of how to address potential problems, (for example by the use of 
mechanical weed control, integrated pest management); 

¶ setting up farm and forestry advisory services (M2.2) to provide through the Member 
Stateôs Farm Advisory Service information on: GHG emissions of the relevant farming 
practices; on the contribution of the agricultural sector to mitigation through improved 
farming and agroforestry practices; and on how to improve and optimise soil carbon 
levels21; 

¶ agri-environment-climate payments (M10.1) targeted at land where there is a 
significant risk of soil erosion (provided the requirements of  verification and payment 
control can be met); 

¶ EIP operational groups and pilot projects (M 16.2). 
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Zero tillage  

Description of the MA 

Zero tillage is the elimination of all soil tillage. Seed is drilled directly into an uncultivated soil 
or simply broadcast onto the soil surface. The adoption of zero tillage removes the need for 
fallow, allowing crops to be grown in every year. 

Zero tillage is most suitable to semi-arid areas and is generally less compatible with farming 
systems in high rainfall areas where yields and crop residues are large. This mitigation action 
is better suited to self-structuring soils with significant clay content, than to sandy soils.  

Mode of action 

This mitigation action is considered with respect to its potential for saving energy used for soil 
cultivation, and sequestering carbon (C) in the soil. Only where crop yields are increased by 
the introduction of reduced tillage is C sequestration likely to occur. 

There may also be changes in emissions of nitrous oxide from soil, but this is not considered 
further because of a lack of evidence. 

Zero tillage has been advocated as a means of sequestering soil carbon. However, more 
recent reviews and meta-analyses have concluded that, in many cases, zero tillage alters the 
distribution of C within the soil profile but does not change the total amount of C in soil. A 
consideration of the mechanisms that lead to SOC accumulation suggests reasons why zero 
tillage might increase SOC (increased mycorrhizal activity) but also reasons why zero tillage 
might reduce SOC (incorporating crop residues is more effective at producing stable SOC than 
leaving residues on the surface). 

Increases in SOC occur when: 

¶ The adoption of zero tillage removes the need for fallow, allowing crops to be grown in 
every year. This increases total dry matter production and can increase soil C as a 
result of increased crop residue returns. 

¶ Yields of a few crops, e.g. soybeans, can be increased by zero tillage. Again, this 
increases total dry matter production and can increase soil C as a result of increased 
crop residue returns. 

Mitigation potential 

Influencing factors 

The mitigation potential of zero tillage depends upon the impacts on crop yields. Only where 
crop yields (or total production through avoidance of fallow) are increased by the introduction 
of zero tillage is C sequestration likely to occur. Where zero tillage does sequester C, the 
practice needs to be maintained as occasional cultivation can release the C sequestered in 
previous years. 

In dry areas, where crop yields can be increased by zero tillage, there can be net C 
sequestration in soils. However, the exact amounts are difficult to quantify as they will vary 
according to the crops grown and the soil type. 

 

Table 21: Summary of influencing factors for zero tillage 

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Arable (cropland) systems, and any other systems with annual 
crops (e.g. field vegetables). 
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Which soil types is this MA 
relevant to? 

Light (i.e. course) soils and soils high in CaCO3. 

Which climatic zones is 
this MA relevant to? 

Any, but especially useful in dry regions because there is some 
conservation of soil water. 

 

Values 

For carbon sequestration, a value of 1.13 t CO2e /ha, +/- 50%, is used, based on information 
for Spain (representing a semi-arid area) in the SmartSoil report. 

Emissions (CO2) from fuel consumption will be reduced due to the decreased need for 
cultivation. Estimates of reduced fuel use are taken from the UK MACC for farm energy 
consumption, and expert knowledge of field operations in arable crops.  

We used a range of 5 to 15% of the fuel used in field operations; 76 L of fuel per ha (Nix, 2013), 
and 3.144 kg CO2 per L. 

The calculated mitigation potential range was 0.0121 to 0.0359 t CO2e /ha/y. 

The mitigation potential at NUTS 2 level, CO2e/y is shown in Figure 18. Figure 19 and Figure 
20 show the mitigation potential looking at carbon sequestration only and energy only.  

 

Figure 18: Mitigation potential at NUTS 2 level, kt CO2e/y 
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Figure 19: Mitigation potential at NUTS 2 level, kt CO2e/y (Carbon sequestration only) 

 

Figure 20: Mitigation potential at NUTS 2 level, kt CO2e/y (Energy only) 

 
 



Effective performance of tools for climate action policy - meta-review of  
Common Agricultural Policy (CAP) mainstreaming 

  87 
Ref: Ricardo-AEA/R/ED60006/Mitigation Potential/Issue Number V1.1 

Environmental co-benefits and risks of the MA  

There other environmental benefits of this action, additional to the effect on GHG emissions. 
These benefits could include:  

¶ zero tillage is an effective means of reducing soil erosion, because soil exposure is 
significantly reduced; 

¶ possible reduction in the dust nuisance caused by field operations; and 

¶ improved soil moisture conservation in semi-arid areas. 

There are also risks to the environment from implementing the action and to GHG emissions 
as a result of the changes to production. These risks could include: 

¶ increased use of herbicides to kill weeds that would otherwise be controlled by 
ploughing and increased application of slug pellets; 

¶ production displacement if zero tillage is adopted in regions or in cropping systems in 
which yield is reduced (Van den Putte et al., 2010), leading to increased production 
elsewhere, possibly in regions where GHG emissions per tonne of crop produced are 
greater than in the EU;  

¶ in semi-arid areas removing fallow from the rotation may have an adverse impact on 
biodiversity. 

Technological and socio-cultural barriers 

Zero tillage systems are well understood and a variety of mechanical cultivation options are 
available. There are no known socio-cultural barriers to uptake of this climate mitigation action.  

Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

Zero tillage is a major change to the farming system and will have an effect on the cropping 
system of the farm as a whole.  

The economic impact on individual farms will be influenced by several factors. Zero tillage 
requires up-front investment in new field equipment but on-going operational costs will be 
lower. In most regions crop yields are likely to be similar or less (although some crops, such 
as soybeans, may show increased yields). There will be savings in field operations (fuel and 
labour) but crop protection costs may rise if there is a need for increased use of herbicides to 
kill weeds that would otherwise be controlled by ploughing, increased application of slug 
pellets, or of fungicides to control plant disease carried from crop residues left on the soil 
surface. If zero tillage replaces fallow in the rotation it will be possible to grow crops every year.  

Individual studies from a few Member States provide snapshots of costs but cannot be 
extrapolated to other regions e.g. one study estimated a saving in input costs for zero tilled 
cereals in Scotland of Ã35(ú50) per hectare (McVittie, 2014) but potential additional costs 
associated with increased use of phytosanitary measures (and possibly fertilizers).  An earlier 
study using full costs of introducing zero tillage estimated that, compared to conventional 
cultivation, non-inversion tillage brought economic benefits of about ú60 to ú160 per hectare 
in different parts of Germany (Pronk, 2015, citing Schneider, M., PhD Thesis Munich, 2009). 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but this decision may be tempered at farm level by the fact that it is a major change to 
the arable farming system and requires up-front investment. 

Geographic relevance 

Reduced tillage can take place on arable land. The percentage of land currently in arable 
production systems, by NUTS 2 areas, is shown in Figure 21.  
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Figure 21: Land in arable production as a percentage of total area for each NUTS 2 
region 

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 22. 

 

Table 22: Summary of reporting issues for zero tillage 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a 
GHG 
reduction that 
will result in a 
reduction in 
the inventory? 

Yes 

There are several potential mechanisms through which this action may 
mitigate GHG emissions, including the primary intended mechanism of 
change in soil organic carbon content. Other changes may be emissions of 
N2O and saving in energy for soil cultivations. The latter will result in a 
reduction in emissions estimated by a national inventory; other mechanisms 
may or may not influence the national inventories because of availability of 
activity data. 

Is there a 
methodology 
that will show 
specific 
impact of the 

Yes 

For soil carbon stock change: Refer to 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories: Vol 4, Ch 5 (cropland), 5.17, section 5.2.3.2, 
Table 5.5, stock change factors. 
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mitigation 
action? 

What is it? 

Tier 1: The effect of the Mitigation Action is detectable, divided into pools: 
biomass, dead OM, soil carbon. Uses default figures. 

Tier 2:  Relies on some country-specific estimates of the biomass in initial 
and final land uses rather than the defaults, as in Tier 1. Includes transfer 
between carbon pools, which changes the emissions total. 

Tier 3: Increases the accuracy but also has increased costs. Requires 
countries to have country-specific emission factors, and substantial national 
data.  

 

 

For CO2 emissions from energy use: Vol 2, Ch 3, Section 3.3. 

Tiers 1, 2 and 3 can all be used; the accuracy increases with tier. 
Agriculture is not necessarily disaggregated from other off-road use of 
energy. 

Categories Cropland remaining Cropland 

Direct N2O emissions from managed soils 

Indirect N2O emissions from managed soils 

Energy, fuel combustion, other sectors 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Cropland remaining Cropland 

Public Electricity and Heat Production 

Other Transportation 

Which 
Member 
States 
included this 
as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

Cropland remaining Cropland  

23 MSs: 

AT,BE,BG,CZ,DE,DK,EE,EL,ES,FI,FR,HR,HU,IT,LT,LU,LV,PL,RO,SE, 
SI,SK,UK 

Public Electricity and Heat Production  

25 MSs: 

AT,BE,BG,CY,CZ,DE,EE,EL,ES,FI,FR,IE,IT,LT,LU,LV,MT,NL,PL,PT,RO, 
SE,SI,SK,UK 

Other Transportation 

11 MSs: AT,BG,DE,ES,FI,FR,HU,IE,IT,LT,LU  

Tiers used Cropland remaining Cropland  

Tier 1: 16 MSs 

BE,BG,CZ,DE,EE,EL,FI,IE,IT,LU,LV,MT,PL,RO,SI,SK, 

Tier 2: 4 MSs AT,ES,FR,HU, 

Tier 3: 2 MSs SE,UK 



Effective performance of tools for climate action policy - meta-review of  
Common Agricultural Policy (CAP) mainstreaming 

  90 
Ref: Ricardo-AEA/R/ED60006/Mitigation Potential/Issue Number V1.1 

Not specified or not applicable: 6 MSs 

 

Public Electricity and Heat Production 

Tier 1: 9 MSs BE,DE,DK,EE,HR,HU,LT,NL,RO 

Tier 2: 11 MSs AT,BG,CY,EL,FR,LU,LV,PT,SE,SK,UK 

Tier 3: 5 MSs CZ,FI,IE,IT,SI 

Not specified or not applicable: 3 MS 

 

Other transportation 

Tier 1: 16 MSs BE,CY,DE,DK,EE,EL,HR,HU,LT,LU,MT,NL,PL,RO,SI,SK 

Tier 2: 7 MSs AT,BG,FR,IT,LV,PT,SE 

Tier 3: 4 MSs CZ,FI,IE,UK 

Not specified or not applicable: 1 MS 

Limitations of 
the Inventory 
reporting 
structure  

The main limitation is the accuracy of activity data, specifically the area of 
land to which this action is applied. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

The measure level reports and analyses of the 2007-13 RDPs are too broad brush to permit 
identification of this climate mitigation action and no summary information is available on the 
2015-2020 RDPs. The analysis of the 21015 GAEC standards for 15 Member States showed 
that eight of them included a standard for minimum soil cover which could be met by zero 
tillage (although this was not specifically mentioned). It was reported at the project workshop 
that at least one Mediterranean Member State used the agri-environment measure (M214) to 
support zero tillage in the 2007-13 RDP. 

 Where it is appropriate to promote this action the relevant RDP measures could include: 

¶ GAEC 5 minimum land management to limit soil erosion. 

¶ demonstration activities and information (M 1.2), for example to improve farmersô 
understanding of how to address potential problems, (for example by the use of 
mechanical weed control, integrated pest management). 

¶ setting up farm and forestry advisory services (M2.2) to provide through the Member 
Stateôs Farm Advisory Service information on: GHG emissions of the relevant farming 
practices; on the contribution of the agricultural sector to mitigation through improved 
farming and agroforestry practices; and on how to improve and optimise soil carbon 
levels22. 

¶ support for investments in agricultural holdings (M4.1)  

                                                
22 This information is an option for Member States, not a required part of the Farm Advisory Service. Article 12.3 and Annex 1 of Regulation (EU) 
1306/2013 
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¶ agri-environment-climate payments (M10.1) targeted at land where there is a 
significant risk of soil erosion (provided the requirements of  verification and payment 
control can be met) 

¶ EIP operational groups and pilot projects (M 16.2)  
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Leaving crop residues on the soil surface 

Description  

Crop residues are left on the soil surface after harvest. The greater the crop yield, the more 
residues will be available and the greater the C sequestration potential will be. 

Mode of action 

This mitigation action is considered with respect to its potential for sequestering C in the soil. 
Leaving crop residues in the field will enable greater C retention in soils than removing crop 
residues. However, two factors need to be considered. 

First, if crop residues are used for livestock bedding they will ultimately be returned to the soil 
and lead to increased soil C. 

Second, incorporation of crop residues into soil is a more effective means of increasing soil C 
than leaving residues on the surface. Incorporation of residues may also be more effective in 
utilising organic matter to improve soil structure. 

While retaining crop residues may also reduce the demand for N fertilizer and the associated 
emissions of N2O, there will also be additional N2O emissions from retaining crop residues. 
The balance between these in very uncertain and therefore the impacts on N2O emissions 
have not been estimated. However, reporting of N2O emissions is considered in the section 
below on reporting the mitigation effect. 

Mitigation potential 

Influencing factors 

The greater the crop yield, the more residues will be available and the greater the C 
sequestration potential will be. In dry areas, where crop yields can be increased as a result of 
crop residues acting as a mulch and conserving moisture, there can be additional net C 
sequestration in soils. However, the exact amounts are difficult to quantify as they will vary 
according to the crops grown and the soil type. 

Crop residues mixed with soil appear to lead to more longer-lasting increases in SOC than 
crop residues left on the surface (Angers and Eriksen-Hamel, 2008). Balesdent et al., (2000) 
suggested that the contact of organic matter with the clay matrix following incorporation of crop 
residues by mouldboard ploughing may reduce biodegradation. Furthermore, the efficiency of 
C stabilization of fresh residues increased when incorporated in the top 30 cm compared with 
a shallower depth (15 cm) (Olchin et al., 2008). Accumulation of transformed SOC in tilled soils 
is supported by field observations where conventional tillage was compared with zero tillage 
systems. Microbial biomass C was found to be greater under conventional tillage than zero 
tillage at the 15 to 30 cm depth in several soils (Doran, 1987; Doran et al., 1998). Humic acid 
and the humification index (Hor§ļek et al., 2001), as well as the incorporation of crop residues 
in humic fractions (Murage and Voroney, 2008), were significantly greater under conventional 
tillage than zero tillage below 5 cm. Furthermore, adsorption of organic molecules to the fine 
mineral particles may be more effective in deeper horizons because mineral surfaces are 
probably less saturated than at the surface (Rasse et al., 2006). 

The complexity of the influencing factors leads to a wide range of mitigation potential values. 
In summary, this is justified by the considerable variation in potential C sequestration as a 
result of the following factors: 

¶ The C sequestration potential of soils will depend upon the initial soil C content and 
how much that value is below the potential soil C capacity. 

¶ The C sequestration potential of soils will depend upon the soil clay content with greater 
potential for clay soils. 
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¶ The greater the amounts of crop residues that can be retained the greater will be the 
potential sequestration. The amounts available will depend upon soil type and climate 
being greatest on soils with the greatest available water-holding capacity and in regions 
with adequate rainfall during the growing season and/or irrigation. 

¶ The nature of the crop residues, in particular the C:N ratio, with smaller C:N ratios 
favouring C sequestration. 

 

Table 23: Summary of influencing factors for leaving crop residues on the soil surface 

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Many arable crops in arable (cropland) systems. 

Which soil types is this MA 
relevant to? 

Any. 

Which climatic zones is this 
MA relevant to? 

Any. 

 

Values 

We used a range of 0.11 to 2.2 t/ha/y CO2e, based on values reported by Frelih-Larsen et al., 
(2014), and Posthumus et al., (2013). 

The mitigation potential at NUTS 2 level, CO2e/y is shown in Figure 22. 

Figure 22: Mitigation potential at NUTS 2 level, kt CO2e/y 
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Environmental co-benefits and risks of the MA 

There other environmental benefits of this action, additional to the effect on GHG emissions. 
These benefits could include:  

¶ leaving crop residues on the soil surface can help to reduce soil erosion; 

¶ the residues can improve soil moisture conservation in semi-arid areas; and 

¶ incorporating crop residues can improve soil fertility and benefit soil biodiversity. 

There are also risks to the environment from implementing the action and to GHG emissions 
as a result of the changes to production. These risks could include: 

¶ increased use of fungicides and slug pellets; 

¶ production displacement if zero tillage is adopted in regions or in cropping systems in 
which yield is reduced (Van den Putte et al., 2010), leading to increased production 
elsewhere, possibly in regions where GHG emissions per tonne of crop produced are 
greater than in the EU.  

Technological and socio-cultural barriers 

There are no technological or socio-cultural barriers associated with leaving crop residues on 
the soil surface, and the practice is straightforward to implement. 

Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

Leaving crop residues on the soil surface can save costs by reducing labour and fuel inputs 
and by reducing wear on machinery, but crop protection costs may rise if there is a need for 
increased application of slug pellets, or of fungicides to control plant diseases carried from 
crop residues left on the soil surface. Returning crop residues to the soil is likely to bring 
benefits to soil quality. 

The net impact on farm income is variable, but depends principally on whether or not there is 
an alternative economic use for the residues, for example using straw as fodder or bedding 
for livestock or if there is a local market for straw or pruning from permanent crops as 
biomass for renewable energy production. If the crop residues have no economic end use 
the savings in costs, mainly labour, from leaving them in the field can exceed the reductions 
in income from lower yield, with the balance between the two most likely to be favourable 
where labour costs are greatest and where there is potential for increased crop yields.  

A recent analysis for regions in six Member States indicated an average loss of income from 
selling straw or additional costs incurred for animal feed if straw was no longer used fodder to 
vary widely, at ú53.7/ha in Denmark, ú47.5/ha in Hungary, ú20.4/ha in Italy, ú154.3/ha in 
Poland, ú58.8/ha in Spain and105.8/ha in the UK (SMartSOIL, 2015). 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but individual decisions will be influenced by the economic impact on the farm business 
and possibly other factors. 

Geographic relevance 

Reduced tillage can take place on arable land. The percentage of land currently in arable 
production systems by NUTS 2 area is shown in Figure 23.  
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Figure 23: Land in arable production as a percentage of total area for each NUTS 2 
region 

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 24.  

Table 24: Summary of reporting issues for leaving crop residues on the soil surface  

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a 
GHG 
reduction 
that will 
result in a 
reduction in 
the 
inventory? 

Yes 

The mechanisms through which this action may mitigate GHG emissions 
include change in soil organic carbon content and change in emissions of N2O 
from soil. However, these mechanisms may or may not influence the national 
inventories because of availability of activity data. 

Is there a 
methodolog
y that will 
show 
specific 
impact of 
the 

Yes 

For direct N2O emissions: Vol 4, Ch 11, Section 11.2. 

Tiers 1, 2 and 3 can all be used; the accuracy increases with tier. Tier 1: gives 
a simple linear relationship between the amount of N2O emissions and the 
amount of nitrogen applied. More specific emission factors are used in tiers 2 
and 3, improving accuracy. 
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mitigation 
action? 

What is it? 

For indirect N2O emissions: Vol 4, Ch 11, Section 11.2. 

Tiers 1, 2 and 3 can all be used; the accuracy increases with tier. Tier 1: gives 
a simple linear relationship between the amount of N2O emissions and the 
amount of nitrogen applied. More specific emission factors are used in tiers 2 
and 3, improving accuracy. 

 

For soil carbon stock change: Refer to 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories: Vol 4, Ch 5 (cropland), 5.17, section 5.2.3.2, 
Table 5.5, stock change factors. 

Tier 1: The effect of the Mitigation Action is detectable, divided into pools: 
biomass, dead OM, soil carbon. Uses default figures. 

Tier 2:  Relies on some country-specific estimates of the biomass in initial and 
final land uses rather than the defaults, as in Tier 1. Includes transfer between 
carbon pools, which changes the emissions total. 

Tier 3: Increases the accuracy but also has increased costs. Requires 
countries to have country-specific emission factors, and substantial national 
data. 

Categories Direct N2O emissions from managed soils 

Indirect N2O emissions from managed soils 

Cropland remaining Cropland 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Agricultural soils 

Cropland remaining Cropland 

Which 
Member 
States 
included this 
as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

Agricultural soils, direct 

27 MSs:  

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,FR,HR,HU,IE,IT,LT,LU,LV,MT,NL,PL, 
PT,RO,SE,SI,SK,UK 

Agricultural soils, indirect 

27 MSs:  

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,FR,HR,HU,IE,IT,LT,LU,LV,MT,NL,PL, 
PT,RO,SE,SI,SK,UK 

Cropland remaining Cropland  

21 MSs: 
AT,BG,CZ,DE,DK,EE,EL,ES,FI,FR,HR,IT,LT,LU,LV,PL,RO,SE,SI,SK,UK 

Tiers used Agricultural soils, direct 

Tier 1: 23 MSs 

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,HR,IT,LT,LU,LV,MT,PL,PT,RO,SE,SI,SK,
UK 

Tier 2: 4 MSs FR,HU,IE,NL 
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Tier 3: 0 MSs  

Not specified or not applicable: 1 MS 

 

Agricultural soils, indirect 

Tier 1: 23 MSs 

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,HR,IT,LT,LU,LV,MT,PL,PT,RO,SE,SI,SK,
UK 

,,,,,Tier 2: 4 MSs ES,FR,HU,IE 

Tier 3: 0 MSs  

Not specified or not applicable: 1 MS 

 

Cropland remaining Cropland  

Tier 1: 18 MSs 

BE,BG,CZ,DE,DK,EE,EL,FI,IE,IT,LT,LU,LV,MT,PL,RO,SI,SK 

Tier 2: 4 MSs AT,FR,HR,HU 

Tier 3: 2 MSs SE,UK 

Not specified or not applicable: 4 MSs 

Limitations 
of the 
Inventory 
reporting 
structure  

The main limitation is the accuracy of activity data, specifically the area of 
land to which this action is applied. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

The GAEC standards for arable stubble management are relevant to this climate mitigation 
action if these apply to the crop residues as well as to the stubble itself (but this not always 
clear). In the 2014 GAEC standards burning stubble on arable land was prohibited in all 
Member States (although it does not appear to be specified as a GAEC requirement in FR, HU 
and IE; this may be because it is already a requirement in national legislation). Several Member 
States put additional requirements in place related to ploughing-in stubbles, including Bulgaria 
and Cyprus (where appropriate) and in special circumstances in Greece, Italy, Malta and the 
UK. Exceptions to the arable stubble management requirements were allowed, and these 
related to plant health in Austria, Croatia, Cyprus, Denmark, Finland, Lithunia, Malta and 
Spain) to weather in Austria; straw is used for soil cover in DK and LU (during March to 
September) or is waste in Lithuania. Other Member States did not define the exceptions but 
simply required farmers to seek special permission, in Greece, in southern regions of Italy 
(where stubble burning is part of traditional land management); in Portugal and the 
Netherlands. 

Of the 2015 GAEC standards examined for this study, eight referred to a ban on burning straw 
or residues in the summary text (but for the others it is possible that the detailed national 
legislation on which the standard is based does make reference to residues). 
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The measure level reports and analyses of the 2007-13 RDPs are too broad brush to permit 
identification of any support for this climate mitigation action and no summary information is 
available on the 2015-2020 RDPs.  

Some LIFE projects focused on soil management have not only demonstrated improvements 
in agricultural practices but have also taken steps to measure the amount of carbon that is 
sequestered in the soil along with the organic matter increase. For example the oLIVE-CLIMA 
project (LIFE11 ENV/GR/000942) demonstrated ways of improving farming techniques in olive 
production such as pruning, crop cover, returning organic matter to the soil (European 
Commission, 2014). 

Where it is appropriate to promote this action the most relevant CAP measures could include: 

¶ GAEC 6 maintenance of soil organic matter (to prevent burning of crop residues) 

Incentive payments for leaving residues in the field are unlikely to be appropriate because 
individual farmers will choose the most economically effective way of dealing with crop 
residues, which will vary from farm to farm and year to year. 
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Ceasing to burn crop residues and vegetation  

Description  

This mitigation action involves ceasing to burn vegetation and crop residues. Legislation within 
the EU has largely outlawed the practice of field burning agricultural wastes, but there are 
minor exceptions. Burning of vegetation and crop residues was banned in England in 1992, as 
cited in Feliciano et al., (2013). Burning is still carried out in other parts of the world to clear 
the field of organic debris, enhance soil fertility and control unwanted diseases, weeds and 
pests (Erenstein, 2003). Estrellan and Lion (2010) explain burning of agricultural residues as 
óan inexpensive means to advance crop rotation and control insects, disease, and the 
emergence of invasive weed speciesô. 

Mode of action 

Burning crop residues produces carbon monoxide (CO), methane (CH4), N2O and other oxides 
of nitrogen (NOx) (Eurostat, 1999). The ceasing of burning crop residues would therefore lower 
the emissions of these gasses. 

Removing crop residues results in a reduction of SOC (Smith et al., 2012). As stated by 
Reijnders, (2008), ófull return of crop residues to arable soils may increase soil SOC levels by 
up to 0.7 Mg C haī1 yearī1ô.  

Mitigation potential 

Influencing factors 

The main influencing factor is the current level of GHG emissions that can be prevented by 
ceasing the activity.  

Table 25: Summary of influencing factors for ceasing to burn crop residues and 
vegetation  

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

All crop types, including annual and perennial crops, and forage 
crops in livestock systems. 

Which soil types is this MA 
relevant to? 

Any. 

Which climatic zones is 
this MA relevant to? 

Any. 

 

Values 

óBurning of residues contributed to 0.3% of CH4 emissions at the European Level in 1996ô 
(Eurostat, 1999). A small mitigation potential is therefore possible if residues are not burnt. 

0.1% of N2O sources in the United States are from field burning (Johnson et al., 2007). 

It was also noted by Toma et al., (2010; cited in Dufosse et al., 2014) that soil carbon in the 
topsoil layer did not change before and after the burning of crop residues. It was also stated 
that ó57% of C accumulation from biomass remains after burning, as ashes and charcoalô. 

While burning crop residues produces very small emissions of CH4 and N2O the major gain 
from allowing crop residues to remain unburnt will be to add carbon to the soil. The values 
below were derived from studies evaluated in this report. 
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Reijnders, (2008), reported that the return of crop residues to arable soils may increase soil 
SOC levels by up to 0.7 t C haī1 yearī1. We took a conservative estimate of 0.6 t haī1 yearī1 
as the upper end of the range and 0.2 t C haī1 yearī1 as the lower end. 

We used a simple approach of recording the GHG emissions from this source, as given in 
national inventory reports for 2012 (2014 submission), by Member State, as the mitigation 
potential. Values were zero for many Member States, and the maximum value was 0.512 Mt 
CO2e per year for Spain. 

The mitigation potential at Member State level (kt CO2e/y) is shown in Figure 24. 

Figure 24: Mitigation potential at Member State level, kt CO2e/y 

 

 

Environmental co-benefits and risks of the MA 

There are other environmental benefits of this action, additional to the direct effect on GHG 
emissions. These benefits could include:  

¶ less  smoke, soot and particulate matter released into the air, with positive benefits for 
public health and road safety; 

¶ availability of crop residues as biomass for energy production; 

¶ reduced risk of fire damage to trees, woodland, forests, heathland, buildings and 
infrastructure.  

There are also risks to the environment from implementing the action, which may include: 

¶ increased use of herbicides and pesticides to control crop pests, diseases and invasive 
weed species which would be controlled by burning. 

Technological and socio-cultural barriers 

There has been a preference in some farming systems to burn residues rather than incorporate 
them into the soil, mainly to reduce cultivations and improve seedbed quality. However, in 
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Member States where the residue burning has been banned farmers have been able to adapt 
to new practices. In many countries controlled burning of semi-natural pastureland has long 
been used as a management tool to remove dead or overgrown vegetation and encourage 
new, more palatable growth. 

Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

Ceasing burning crop residues is unlikely to have an impact on farm income, and some farms 
may already have found an economic end use for the residues, for example as fodder or 
bedding for livestock or as biomass for renewable energy production. Where this is not the 
case a ban on burning residues could possibly stimulate a market for alternative uses within 
the rural economy. 

Those farmers not already implementing this climate mitigation action could do so in the short-
term (before 2020), but individual decisions will be influenced by the economic impact on the 
farm business and possibly other factors, for example traditional use of burning as a 
management technique on rough grazing. 

Geographic relevance 

Ceasing to burn crop residues and vegetation can take place on any arable land where burning 
is practiced. The map of mitigation potential at Member State level (kt CO2e/y; Figure 24) 
therefore illustrates the geographic relevance. 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 26. 

Table 26: Summary of reporting issues for ceasing to burn crop residues and vegetation  

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 
result in a reduction 
in the inventory? 

Yes 

Field burning of agricultural residues does not occur in many MSs. 
Where it does occur it leads to emissions of CO2 and other non-CO2 
GHGs. Only the non-CO2 GHGs are reported because it is assumed 
that the CO2 emissions would be counterbalanced by CO2 removals 
from the subsequent re-growth of the vegetation within one year. 

Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

What is it? 

Yes 

Refer to 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories: Vol 4, Ch 5, section 5.2.4 Non- CO2 greenhouse gas 
emissions from biomass burning; this refers to Vol 4, Ch 2, Section 
2.4. 

Tier 1: activity data highly aggregated, default emissions factors. GHG 
emissions as a result of the MA would be detected.  

Tier 2: increased accuracy, estimates for the major crop types by 
climate zone, using country-specific residue accumulation rates and 
country-specific combustion and emission estimates. 

Tier 3: very country-specific, involving process modelling and/or 
detailed measurement. 

Accuracy will increase with increasing tiers but all of the tiers would 
detect this measure. 
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Categories Field burning of agricultural residues 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Field burning of agricultural residues 

Which Member 
States included this 
as a Key Category 
in their 2014 
National Inventory 
Reports 

2 MSs: FR,PL 

Tiers used Tier 1: 10 MSs AT,BG,CY,DK,EE,FI,HU,IT,RO,UK 

Tier 2: 0 MSs  

Tier 3: 0 MSs  

Not specified or not applicable: 18 MSs 

Limitations of the 
Inventory reporting 
structure  

The Tier 1 method deals with only four specific crop types ï so if the 
crop is not one of these the closest approximation would have to be 
used. Activity data on the area burnt is needed. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

The GAEC standards for arable stubble management are relevant to this climate mitigation 
action where they apply to the crop residues as well as to the stubble itself (although this 
distinction is not always clear in the summary documents reviewed for this study). In the 2014 
GAEC standards burning stubble on arable land was prohibited in all Member States (with 
exceptions where burning is necessary for phyto-sanitary reasons) although it does not appear 
as a specific GAEC requirement in FR, HU and IE, perhaps because it is already a requirement 
in national legislation. Several Member States put additional requirements in place related to 
ploughing-in stubbles, including Bulgaria and Cyprus (where appropriate) and in special 
circumstances in Greece, Italy, Malta and the UK. Exceptions to the arable stubble 
management requirements were allowed, and these related to plant health in Austria, Croatia, 
Cyprus, Denmark, Finland, Lithuania, Malta and Spain) to weather in Austria; straw is used for 
soil cover in DK and LU (during March to September) or is waste in Lithuania. Other Member 
States did not define the exceptions but simply required farmers to seek special permission for 
burning, in Greece, in southern regions of Italy (where stubble burning is part of traditional land 
management), in Portugal and the Netherlands23. 

From 2015, under the new EU framework for cross-compliance, all Member States must 
include a ban on burning arable stubble, except for plant health reasons in their GAEC 6 
definition. Of the fifteen GAEC standards for 2015 reviewed for this study, eight referred to a 
ban on burning straw or residues in the summary text (in the other cases the detailed national 
legislation on which the standard is based does make reference to residues). Seven of the 15 
standards banned the burning of grassland and/or other vegetation (e.g. heathland, reeds) or 
defined specific requirements for burning vegetation.  

                                                

23 Data is for 2014 standards except for UK (Wales) which is 2013) Source: Mars Wiki JRC (2014) downloaded on 4 December 
2014  https://marswiki.jrc.ec.europa.eu/gaec/appl.php 

https://marswiki.jrc.ec.europa.eu/gaec/appl.php
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Where burning residues or vegetation is not already specifically prohibited by GAEC standards 
or national legislation the relevant CAP measure to promote it is: 

¶ GAEC 6 maintenance of soil organic matter  

¶ demonstration activities and information (M 1.2) 

¶ setting up farm and forestry advisory services (M 2.2) to provide through the Member 
Stateôs Farm Advisory Service information on: GHG emissions of the relevant farming 
practices; on the contribution of the agricultural sector to mitigation through improved 
farming and agroforestry practices; and on how to improve and optimise soil carbon 
levels24. 
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Use cover/catch crops  

Description  

Decreasing the area and/or duration of bare fallow has been used as an action to reduce GHG 
emissions and SOC loss (Abdalla et al., 2014). Cover crops are used to reduce the period of 
time that soil is left bare in order to reduce the risk of soil erosion. Catch crops are grown to 
reduce the duration of bare soil between harvest and the following spring in order to take up 
mobile nutrients, such as nitrate, and hence reduce pollution of watercourses. The same crops 
may often be used for the two purposes or both together. Such crops can be óannual, biennial, 
or perennial herbaceous plants grown in a pure or mixed stand during all or part of the year 
(Abdalla et al., 2014). A cover crop can be undersown in the previous crop, sown before 
harvest, or sown post-harvest (Thorup-Kristensen et al., 2003; cited in Petersen et al., 2011). 

This mitigation action is considered with respect to its potential for sequestering C in soil and 
reducing emissions of N2O. 

Mode of action 

Depending on the type of crop used, a number of benefits can be seen. Legume cover crops 
can suppress weeds, increase SOC, and reduce the amount of N fertilizer required for 
subsequent crops, as they are able to biologically fix N (Abdalla et al., 2014). Non-legume 
cover crops also bring benefits by taking up excess soil nutrients, and improving the structure 
of the soil (Abdalla et al., 2014).  

Sowing a catch/cover crop in the autumn before cultivation of a spring crop to reduce the fallow 
period reduces losses of N2O and soil nitrate (Sundermeier, 2009; cited in Abdalla et al., 2014).  

Soil organic carbon inputs are also increased by cover crops due to the increased duration of 
vegetation cover (Campbell et al., 2001; cited in Abdalla et al., 2014). 

The main emissions categories and climate change risks that cover crops/reducing bare fallow 
protect against are CO2 emissions from soil carbon loss, soil erosion and the consequences 
of this (e.g. productivity changes in the long-term) (Frelih-Larsen et al., 2014). 

óCover crops can mitigate GHG emissions in the following ways: 

¶ Increase of soil organic carbon content (sequestration). 

¶ Decrease soil erosion during the fallow period. 

¶ Reduction in N leaching and in the amount of N that needs to be applied to the 
following crop, leading to lower N2O emissions. 

Mitigation potential 

Influencing factors 

As stated by Parkin et al., (2006; cited in Abdalla et al., 2014), óRye cover crops accumulate 
significant proportions of applied N, greatly reducing the amount of NO3 lost in drainage water, 
reduce soil inorganic N levels, increase evapotranspiration, and reduce drainage losses and 
N2O emissionsô. 

A contrasting view, however, is that crop residues with low C:N ratios, e.g. legume crops, may 
increase N2O emissions (Toma and Hatano, 2007; cited in Abdalla et al., 2014). Gomes et al., 
(2009) also stated that óIt has been shown that cover crops can enhance soil nitrous oxide 
(N2O) emissions, but the magnitude of increase depends on the quantity and quality of the 
crop residuesô. Li et al., (2014) state that N2O emissions from legume based catch crops are 
similar to those from fallow land and non-legume based catch crops. 

Gomes et al., (2009) state that an increase in N2O emissions is seen in the short term following 
cover crop management. This is supported by Brozyna et al., (2013): óPeriods of high N2O 
emissions coincided with cover crop and grass-clover residue turnoverô.  
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N2O emissions from this measure are generally greater following tillage in the spring (Brozyna 
et al., 2013; Li et al., 2014); however, peak N2O emissions occur at different times depending 
on the catch crop (Li et al., 2014). Higher emissions from cover cropped areas are also seen 
after freezing events (Petersen et al., 2011). However, the amount of N2O emissions stimulated 
following spring cultivation can be reduced through the use of reduced tillage; this may be a 
method for reducing any small increases in GHG emissions (Petersen et al., 2011).  

It is thought that the application rate of N will determine whether cover crops will have an 
impact on N2O emissions (Jarecki et al., 2009).  

 

Table 27: Summary of influencing factors for using cover/catch crops  

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Many arable crops in rotational arable (cropland) systems. 

Which soil types is this MA 
relevant to? 

Any. 

Which climatic zones is this 
MA relevant to? 

Any. 

 

Values 

Poeplau and Don (2015) used data from 139 plots at 37 different sites to determine that cover 
crops significantly increased SOC in comparison with reference croplands and that this 
increase in SOC persists beyond the length of the cover crop introduction; They found a mean 
annual SOC sequestration of 0.32 +/- 0.08 Mg ha-1 yr-1 to an average maximum increase of 
16.7 Mg ha-1ô. From this study we used a range of 0.88 to 1.47 t CO2e sequestered in soil per 
ha per year, using the the upper and lower confidence intervals reported. 

The mitigation potential at NUTS 2 level (kt CO2e/y) is shown in Figure 25. 
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Figure 25: Mitigation potential at NUTS 2 level, kt CO2e/y 

 

 

Environmental co-benefits and risks of the MA 

There are other environmental benefits of this action, additional to the effect on GHG 
emissions. These benefits could include:  

¶ cover/catch crops can reduce exposure of the soil surface and thus can help to reduce 
soil erosion by wind and water and; 

¶ benefits for water quality from reduced nitrate leaching; 

¶ possibly improved soil moisture status (but in drier areas the catch/cover crops may 
lead to an increased requirement for water, compared to bare fallow) 

There are also risks to the environment from implementing the action and to GHG emissions 
as a result of the changes to production. These risks could include: 

¶ decreased water quality if herbicides are used to remove the crops; 

¶ if the use of cover/catch crops reduces the yield of the following crop there may be a 
risk of production displacement, leading to increased production elsewhere, possibly in 
regions where GHG emissions per tonne of crop produced are greater than in the EU; 

¶ negative impacts on farmland biodiversity resulting from the loss of bare fallow habitats.  

 

Technological and socio-cultural barriers 

There should be no technological or other barriers to the use of cover/catch crops, but technical 
support from a farm advisor may be required to select carefully a cover/catch crop appropriate 
for the farm, as the balance of costs/benefits differs widely (SmartSOII, 2015). 
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Costs/business benefits to land managers of implementing the MA at farm/forest 
level      

This action involves a change to the cropping system and there will be additional costs 
associated with cultivation of the catch/covercrop, compared to bare fallow, as well as potential 
agronomic benefits (e.g. to soil quality) and possibly additional income from the crop. At farm 
level the change in gross margin depends on whether the cover/catch crop is implemented 
during the winter or spring, what kind of crop is used (e.g., legume, rye) as these may have 
varying yield impacts, and the region under consideration (SmartSOII, 2015).  

A recent study found a wide range of economic effects from using catch/cover crops. The 
researchers tried to establish average values for the EU, taking into account that gross margin 
impacts depend on whether high, middle or low yield scenarios are considered. The study 
concluded that adding cover/catch crops may increase gross margin by ú16.60 /ha or decrease 
gross margin by ú270 /ha, but on average it is estimated that gross margin in the short term 
will decrease by ú174.50 /ha. (SmartSOII, 2015). 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but individual decisions will be influenced by the economic impact on the farm business 
and possibly other factors. 

Geographic relevance 

The use of cover/catch crops is related to arable land. óCover crops are widely applicable on 
different soil types in arable rotations; however, they are best suited to light soils types, due to 
the spring ploughing requirement, and light-textured free-draining soils to enable preparation 
of a good seedbed for the succeeding cropô (Frelih-Larsen et al., 2014). Therefore this action 
will be most effective in areas with a large area of annual crop production and with light-
textured free-draining soils. 

The percentage of land currently in arable production systems at NUTS 2 level is shown in 
Figure 26. 
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Figure 26: Land in arable production as a percentage of total area for each NUTS 2 
region 

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 28. 

Table 28: Summary of reporting issues for using cover/catch crops 

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a 
GHG 
reduction that 
will result in a 
reduction in 
the 
inventory? 

Yes 

The mechanisms through which this action may mitigate GHG emissions 
include change in soil organic carbon content and change in emissions of 
N2O from soil. However, these mechanisms may or may not influence the 
national inventories because of availability of activity data. 

Is there a 
methodology 
that will show 
specific 
impact of the 
mitigation 
action? 

What is it? 

Yes 

For direct N2O emissions: Vol 4, Ch 11, Section 11.2. 

Tiers 1, 2 and 3 can all be used; the accuracy increases with tier. Tier 1: 
gives a simple linear relationship between the amount of N2O emissions and 
the amount of nitrogen applied. More specific emission factors are used in 
tiers 2 and 3, improving accuracy. 

 

For indirect N2O emissions: Vol 4, Ch 11, Section 11.2. 
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Tiers 1, 2 and 3 can all be used; the accuracy increases with tier. Tier 1: 
gives a simple linear relationship between the amount of N2O emissions and 
the amount of nitrogen applied. More specific emission factors are used in 
tiers 2 and 3, improving accuracy. 

 

For soil carbon stock change: Refer to 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories: Vol 4, Ch 5 (cropland), 5.17, section 5.2.3.2, 
Table 5.5, stock change factors. 

Tier 1: The effect of the Mitigation Action is detectable, divided into pools: 
biomass, dead OM, soil carbon. Uses default figures. 

Tier 2:  Relies on some country-specific estimates of the biomass in initial 
and final land uses rather than the defaults, as in Tier 1. Includes transfer 
between carbon pools, which changes the emissions total. 

Tier 3: Increases the accuracy but also has increased costs. Requires 
countries to have country-specific emission factors, and substantial national 
data. 

Categories Direct N2O emissions from managed soils 

Indirect N2O emissions from managed soils 

Cropland remaining Cropland 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories Agricultural soils 

Cropland remaining Cropland 

Which 
Member 
States 
included this 
as a Key 
Category in 
their 2014 
National 
Inventory 
Reports 

Agricultural soils, direct 

27 MSs: 

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,FR,HR,HU,IE,IT,LT,LU,LV,MT,NL,PL, 
PT,RO,SE,SI,SK,UK 

Agricultural soils, indirect 

27 MSs: 

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,FR,HR,HU,IE,IT,LT,LU,LV,MT,NL,PL, 
PT,RO,SE,SI,SK,UK 

,Cropland remaining Cropland  

21 MSs: AT,CZ,DE,DK,EE,EL,ES,FI,FR,HR,HU,IT,LT,LU,LV,PL, 
RO,SE,SI,SK,UK 

Tiers used Agricultural soils, direct 

Tier 1: 23 MSs  

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,HR,IT,LT,LU,LV,MT,PL,PT, 
RO,SE,SI,SK,UK 

Tier 2: 5 MSs ES,FR,HU,IE,NL 

Tier 3: 0 MSs  
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Not specified or not applicable: 0 MSs 

 

Agricultural soils, indirect 

Tier 1: 23 MSs 

AT,BE,BG,CY,CZ,DE,DK,EE,EL,FI,HR,IT,LT,LU,LV,MT,PL,PT, 
RO,SE,SI,SK,UK 

Tier 2: 5 MSs ES,FR,HU,IE,NL 

Tier 3: 0 MSs  

Not specified or not applicable: 0 MSs 

 

Cropland remaining Cropland  

Tier 1: 16 MSs 

CZ,DE,EE,EL,FI,HR,IE,IT,LT,LU,LV,MT,PL,RO,SI,SK 

Tier 2: 3 MSs AT,ES,FR,HU 

Tier 3: 2 MSs SE,UK 

Not specified or not applicable: 7 MSs 

Limitations of 
the Inventory 
reporting 
structure  

The main limitation is the accuracy of activity data, specifically the area of 
land to which this action is applied. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

The measure level reports and analyses of the 2007 to 2013 RDPs are too broad brush to 
permit identification of this climate mitigation action and no summary information is available 
on the 2015 to 2020 RDPs.  

The most significant policy change in 2015 was the introduction of greening requirements with 
the opportunity for Member States to offer catch crops or green cover as an EFA choice for 
farmers. This EFA element was offered as a choice for farmers in 19 Member States (but not 
in Estonia, Greece, Spain, Italy, Cyprus, Lithuania, Malta, Portugal, Finland, or in Northern 
Ireland and Wales in the UK).  It is important to note that uptake of this EFA option at farm-
level is not yet known and will not necessarily be linked to the introduction of catch crops or 
green cover in an arable rotation, because existing use can count towards EFA requirements. 

There is a degree of flexibility in relation to the rules that are put in place to inform Member 
States how some EFA elements are to be implemented in practice. For example, for catch 
crops/green cover Member States have a choice to make about the types of crops permitted, 
as well as where, when and how they can be grown (i.e. whether fertilizers and pesticides are 
permitted and when the crops must be in the ground). These rules will have an impact on the 
degree to which their climate mitigation potential is realised in practice.   

Where it is appropriate to promote this action, and the requirements for verification and control 
can be met, the relevant CAP measures could include: 

¶ under Pillar 1 greening requirements, crop diversification and use of N-fixing crops as 
EFAs  
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¶ demonstration activities and information (M 1.2) 

¶ agri-environment-climate payments, as equivalence for EFAs (M10.1) 
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Livestock disease management  

Description  

Mode of action 

Livestock diseases that cause long-term impairment of health may indirectly increase GHG 
emissions from livestock production due to reduced performance decreasing output and hence 
increasing the ratio between emissions and output, leading to greater GHG emissions per 
tonne of produce. Lameness, mastitis, infertility in cattle and calf pneumonia are among the 
most common conditions that can, if not correctly and promptly treated, cause considerable 
production losses. The assessments of effectiveness of available controls are variable, 
probably due to the multi-factorial nature of the conditions and the criteria adopted to define 
success. However, it is generally agreed that some improvements to the incidence and/or 
severity of these conditions are possible on most dairy farms. Moreover, it may be the case 
that larger production units are better able to implement such improvements due to the 
economies of scale enabling greater investment in monitoring stock health and responding to 
problems. 

This mitigation action is considered with respect to its potential for reducing emissions of 
primarily CH4 but also N2O. 

Mitigation potential 

Influencing factors 

Emission reductions will depend on the specific disease, the efficacy of the intervention and 
the extent to which this operation encourages uptake of the disease intervention (Frelih-Larsen 
et al., 2014). 

The effectiveness is likely to vary considerably depending upon the current state of herd health. 

Table 29: Summary of influencing factors for livestock disease management  

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Ruminant livestock systems. 

Which soil types is this MA 
relevant to? 

N/A 

Which climatic zones is 
this MA relevant to? 

N/A 

 

Values 

Potential emission reductions were reported by Frelih-Larsen et al., (2014) to range from a 
1.5% reduction from the beef herd to a 22% reduction in emissions intensity for sheep in 
Scotland. Since there are several livestock health issues that can be potentially addressed via 
this mitigation action, either individually or together, there is great uncertainty over the potential 
effectiveness of this mitigation action. There are also relatively few published reports of 
emission reductions achieved. We therefore took a deliberately conservative view of the 
potential upper end of the range and a conservative view of the lower end of the range as well. 

There will be a very wide range of abatement potentials arising from the adoption of this MA 
depending upon current stock health and the disease(s) to be reduced. The estimates of 
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mitigation below were derived from the range of mitigation potentials reported in studies 
reviewed for this project. 

We used a range of 1 to 10% of baseline emissions, where the baseline is CH4 emissions from 
enteric fermentation (0.03 to 28.20 Mt CO2e), and all GHG emissions from manure 
management (0.03 to 15.08 Mt CO2e) in the 2012 national inventory reports (2014 
submission). Although emissions occur in these categories, the effect of the mitigation action 
will not be shown in NIRs (see section below on ñReporting of the mitigation effectò). 

The mitigation potential at Member State level (kt CO2e/y) is shown in Figure 27. The mitigation 
potential at Member State level per 1000 head of livestock is shown in Figure 28. 

 

Figure 27: Mitigation potential at Member State level, kt CO2e/y 
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Figure 28: Mitigation potential at Member State level per 1000 head of livestock  

 

 

Environmental co-benefits and risks of the MA 

Improving livestock health is unlikely to lead to any environmental benefits or risks in addition 
to the climate mitigation benefits from increased efficiency of production. 

Technological and socio-cultural barriers 

Although the techniques for improving disease management are well understood by veterinary 
professionals, not all farmers will necessarily be aware of the options or recognise the 
opportunities to use them.  Implementation at farm level depends on the farmer being able to 
identify that a health problem exists and being willing to call on veterinary services to resolve 
it.   

Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

Improved management of livestock disease incurs recurrent costs, including veterinary 
services and advice. For some interventions these costs may to some extent be offset by 
improvements in productivity and business efficiency, for example where improvements in the 
health of dairy herds leads to increased milk yields. Other interventions will be a net cost to the 
business. 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but individual decisions will be influenced by the economic impact on the farm business 
and possibly other factors, including the herdsmanôs skill and motivation to improve livestock 
health. 
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Geographic relevance 

The relevance of livestock disease management as a climate mitigation action is related to 
livestock density. Livestock density by Member State is shown in Figure 29. Livestock density 
by NUTS 2 level is shown in Figure 30. 

 

Figure 29: Livestock density by Member State  
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Figure 30: Livestock density by NUTS 2 level  

 

 

Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 30. 

 

Table 30: Summary of reporting issues for livestock disease management  

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 
result in a reduction 
in the inventory? 

The inventory may be partially sensitive to disease reduction but this 
would only be on the basis that animals produce less methane or 
there are less animals. Both scenarios could theoretically occur as 
animals could be more productive e.g. finished earlier, produce more 
milk or produce more progeny. 

Despite the potential positive impacts, accounting for this would be 
very challenging. Firstly identifying the impact of improved disease 
management on increased productivity within the activity data will not 
be possible. But the main issue is that the improved productivity does 
not necessarily lead to a reduction in emissions unless the market 
demand for a product remained static which would be a false 
assumption as the market will react to price triggered by supply 
variation. 
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Disaggregating the impact of an improved disease status in the 
inventory would be exceedingly challenging and at present no 
member states are equipped to do so. 

Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

What is it? 

Using a tier 3 approach a member state can create its own 
methodology. But even then it may not pick this up. The cost 
associated with tier 3 is likely to be high. There would need to be an 
action for every endemic disease as they would have different 
emissions factors. 

Categories Enteric Fermentation 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories N/A 

The impact of this mitigation action is not shown in any category of the 
2014 submission of National Greenhouse Gas inventories because 
activity data and appropriate methodologies are not available.  

Which Member 
States included this 
as a Key Category 
in their 2014 
National Inventory 
Reports 

N/A 

Tiers used N/A 

Limitations of the 
Inventory reporting 
structure  

The impact of improved disease management on increased 
productivity is not possible with available activity data. 

The improved productivity does not necessarily lead to a reduction in 
emissions unless the market demand for a product remains static 
which would be a false assumption as the market will react to price 
variation triggered by supply variation. 

 

Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

No examples were found of CAP support for improved management of livestock disease (going 
beyond the cross-compliance requirement of SMR 925), but it is possible that this may have 
been promoted through RDP-funded government advisory services. In some Member States 
there may be links with government programmes to improve herd and flock health and 
eradicate endemic diseases. 

Where it is appropriate, the relevant CAP measures to promote improved management of 
livestock disease include: 

¶ demonstration activities and information (M 1.2) 

                                                
25 Relating to the prevention, control and eradication of certain transmissible spongiform encephalopathies (Article 93 and Annex II of Regulation 
(EU) 1306/2013 



Effective performance of tools for climate action policy - meta-review of  
Common Agricultural Policy (CAP) mainstreaming 

  119 
Ref: Ricardo-AEA/R/ED60006/Mitigation Potential/Issue Number V1.1 

¶ setting up farm and forestry advisory services (M 2.2) to provide through the Member 
Stateôs Farm Advisory Service information on: GHG emissions of the relevant farming 
practices; on the contribution of the agricultural sector to mitigation through improved 
farming and agroforestry practices; and on how to improve and optimise soil carbon 
levels26; 

¶ possibly EIP operational groups and pilot projects (M 16.2). 

Reference 

Frelih-Larsen, A., MacLeod, M., Osterburg, B., Eory, A. V., Dooley, E., Kätsch, S., Naumann, 
S., Rees, B., Tarsitano, D., Topp, K., Wolff, A., Metayer, N., Molnar, A., Povellato, A., Bochu, 
J.L., Lasorella, M.V and Longhitano, D (2014) ñMainstreaming climate change into rural 
development policy post 2013.ò Final report. Ecologic Institute, Berlin. 

                                                
26 This information is an option for Member States, not a required part of the Farm Advisory Service. Article 12.3 and Annex 1 of Regulation (EU) 
1306/2013 
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Use of sexed semen for breeding dairy replacements 

Description  

Sexed semen (90% X-sorted) will alter the ratio of heifer to bull calves from 50:50 to 90% heifer 
calves and 10% bull calves (Teagasc, 2014). Sperm can be sorted because sperm containing 
an X-chromosome (female offspring) contain approximately 4% more DNA than sperm 
containing a Y-chromosome (male offspring).  

Mode of action 

This mitigation action is considered with respect to its potential for reducing emissions of CH4. 

Dairy cows need to give birth to produce milk. However, a dairy cow completing n lactations 
requires only c. 1/n viable heifer calves to maintain the dairy herd. In practice, slightly more 
than 1/n are needed as some heifers are infertile. As a result the majority of the n calves born 
(males plus surplus females) may be sold to beef producers to be raised for meat. However, 
modern dairy breeds such as Holsteins are not considered to be well conformed to be raised 
as beef cattle. If this situation could be improved, the sourcing of calves from the dairy sector 
has the potential to reduce GHG emissions from beef production by reducing the need for 
suckler cattle. 

In summary, use of sexed semen results in fewer calves from dairy bull semen (because most 
are female, so fewer calves are needed to provide dairy cow replacements), and a higher 
proportion of calves are sired by beef bulls, giving dairy-beef crossbred cattle and more 
efficient meat production. 

Mitigation potential 

Influencing factors 

Relative to the number of sperm required for each AI straw, sperm sorting is slow. As a result, 
the number of sperm per sexed semen AI straw is only 10% of that in conventional AI straws 
(2 million sperm vs. 20 million sperm). Due to a combination of the lower dose and unavoidable 
sperm damage sustained during the sorting process, the fertility of sexed semen is reduced 
compared with conventional semen. Previous studies in the USA have found a reduction in 
conception rates using frozen sexed semen of approximately 75 to 80% of those achieved with 
conventional semen. A study in New Zealand using fresh sexed semen indicated conception 
rates were approximately 94% of those achieved with conventional semen. 

 

Table 31: Summary of influencing factors for use of sexed semen for breeding dairy 
replacements 

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Livestock  - Dairy 

Which soil types is this MA 
relevant to? 

N/A 

Which climatic zones is 
this MA relevant to? 

N/A 
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Values 

There are only two estimates of the mitigation potential of this mitigation action. The lower 
estimate is from Webb et al., (2014) who concluded that sexing semen, even if 100% 
successful, only achieves a 1% decrease in GHG emissions from beef production. The upper 
estimate, made during the course of this project was taken from the update of the UK MACC 
for GHG mitigation from agriculture. 

We used a range of 1 to 3.5% of baseline emissions, where the baseline is CH4 emissions from 
enteric fermentation and all GHG emissions from manure management in the 2012 national 
inventory reports (2014 submission).  

The mitigation potential at Member State level (kt CO2e/y) is shown in Figure 31. The mitigation 
potential per 1000 head of cattle by Member State is shown in Figure 32. 

 

Figure 31: Mitigation potential at Member State level, kt CO2e/y 
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Figure 32: Mitigation potential per 1000 head of cattle by Member State  

 

 

Environmental co-benefits and risks of the MA 

Use of sexed semen for breeding dairy replacements is unlikely to lead to any environmental 
benefits or risks in addition to any climate mitigation benefits from increased efficiency of meat 
production. 

Technological and socio-cultural barriers 

The technology is available as a commercial veterinary service for dairy farms. 

Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

Using sexed semen for breeding dairy replacements is relatively expensive. Although it 
improves the quality of beef calves produced from the dairy herd and may reduce the number 
of calves sent for immediate slaughter, it does not alter the proportions of beef/dairy calves 
that the herd produces. It may also reduce incidence of calving difficulty (because heifer calves 
are lighter than bull calves) and improve biosecurity by allowing farmers to increase herd size 
while maintaining a closed herd (Teagasc, 2014). 

Farmers could choose to implement this climate mitigation action in the short-term (before 
2020), but individual decisions will be influenced by the economic impact on the farm business 
and possibly other factors. 

Geographic relevance 

The potential use of sexed semen for breeding dairy replacements will be related to dairy cow 
density. Dairy cow density by Member State is shown in Figure 33. Dairy cow density by NUTS 
2 level is shown in Figure 34.  
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Figure 33: Dairy cow density by Member State  

 

 

Figure 34: Dairy cow density by NUTS 2 level  
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Reporting of the mitigation effect 

A summary of how the mitigation from implementation of this action is reported in national 
inventory reports, is given in Table 32. 

 

Table 32: Summary of reporting issues for use of sexed semen for breeding dairy 
replacements  

Summary of how the impact of this mitigation action is shown using the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories 

Is there a GHG 
reduction that will 
result in a reduction 
in the inventory? 

No. 

This is an efficiency measure that could theoretically lead to a 
reduction in the beef suckler cow numbers as an indirect impact of the 
action being adopted. Similarly to the disease reduction action, the 
assumptions on GHG abatement rely on a static market demand. 

Is there a 
methodology that 
will show specific 
impact of the 
mitigation action? 

What is it? 

No. 

The inventory will record different numbers of livestock within species 
and sector groups (beef and dairy). Attributing the fluctuations as a 
result of increased use of sexed semen would not be possible. 

Categories Possible impacts on enteric fermentation and manure management 

Summary of how the impact of this mitigation action is shown in the 2014 submission 
of National Greenhouse Gas inventories, using the Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories 

Categories N/A 

The impact of this mitigation action is not shown in any category of the 
2014 submission of National Greenhouse Gas inventories because 
activity data and appropriate methodologies are not available. 

Which Member 
States included this 
as a Key Category 
in their 2014 
National Inventory 
Reports 

N/A 

Tiers used N/A 

Limitations of the 
Inventory reporting 
structure  

It is not practical to obtain activity data. The inventory will record 
different numbers of livestock within species and sector groups (beef 
and dairy). Attributing the fluctuations as a result of increased use of 
sexed semen would not be possible. 
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Policy measures that could be or have been used to encourage implementation 
of the MA in the EU 

The measure level reports and analyses of the 2007 to 2013 RDPs are too broad brush to 
permit identification of this climate mitigation action and no summary information is available 
on the 2015 to 2020 RDPs. One example was found of the use of coupled Pillar 1 funding in 
Ireland in 2007 to 2013 to improve efficiency of dairy herds (Box 2) although the summary of 
the scheme did not specifically mention the use of sexed semen.  

 

Box 2 Dairy Efficiency Programme in Ireland 

The idea came from a dairy sector group looking at how to achieve the government agri-
food strategy. The Dairy Efficiency Programme was funded by CAP Pillar 1 coupled 
payments measure, used in this case to address specific disadvantages in the dairy sector. 
Farmers were paid an incentive of ú1,000 per year to participate in regular on-farm 
discussion groups to help them adopt best practice in relation to grassland management, 
breeding using genomic bulls, and financial management. Each participant had to implement 
a specified programme of activities on their farms and attended discussion group events. 
The incentive payment was an encouragement to become involved in the programme and 

experience showed that participants saw a benefit in continuing with the discussion groups27. 

 

Where it is appropriate, the relevant CAP measures to promote improved management of 
livestock disease include: 

¶ demonstration activities and information (M 1.2) 
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Breeding lower methane emissions in ruminants 

Description   

This mitigation action is to breed ruminants with reduced emissions of CH4 per tonne of 
product. 

Mode of action 

Historically, selection for efficiency of production in ruminant species has also led to reductions 
in emissions of CH4. In many cases this has been achieved through selection of production 
traits and traits related to the efficiency of the entire production system (e.g., fertility and 
longevity). The impact of selection on these traits is twofold: 

¶ Reducing the number of animals required to produce a fixed amount of output. This 
leads to a reduction in emissions of CH4 per kg of meat or litre of milk produced. 

¶ Increasing the efficiency of production will help reduce the finishing period for meat 
animals, therefore reducing emissions per unit output. Moran et al., (2008) reported 
that the efficiency of beef production systems was paramount in reducing the GHG 
emissions per unit output; intensive concentrate based systems produced the least 
emissions. While this study did not consider the externalities of the system such as the 
carbon cost of producing concentrate diets, some energy-rich crops, such as forage 
maize, require substantially less N fertilizer input than conserved grass.  There is also 
a significant breed difference suggesting that bigger breeds of cattle produced less 
emissions/unit output than the smaller, traditional, breeds. 

Mitigation potential 

Influencing factors 

Defra project AC0204 (Genesis Faraday Partnership, 2008) modelled the effect of genetic 
improvement on emissions from UK livestock systems using Life Cycle Assessment. This 
study showed that historic genetic improvement in UK livestock species has had a favourable 
effect on the overall productivity of livestock species. It has also had a favourable associated 
effect on the reduction of emissions from many livestock species via improvements in efficiency 
of the production system. However the impact of genetic improvement in beef cattle and sheep 
has a far lower penetration rate and the best genetics do not disseminate through all strata of 
the livestock population. 

 

Table 33: Summary of influencing factors for breeding lower methane emissions in 
ruminants 

Relevance to farming systems, soil types and climatic zones  

Which farming 
sectors/systems is this MA 
relevant to? 

Livestock, ruminant animals 

Which soil types is this MA 
relevant to? 

N/A 

Which climatic zones is 
this MA relevant to? 

N/A 
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Values 

Improvement in livestock species has resulted in a 0.8 to 1.2% per annum decrease in 
emissions from species that readily adopt genetic improvements throughout the population 
(i.e., pigs, poultry and dairy cattle) (Defra Project AC204, Genesis Faraday Partnership, 2008). 

We used a range of 0.5 to 1.0% of baseline emissions, where the baseline is CH4 emissions 
for enteric fermentation (category 4.A) from ruminant species in the 2012 national inventory 
reports (2014 submission). These estimates were derived from the UK Defra project AC0204 
(Genesis Faraday Partnership, 2008). 

The mitigation potential at Member State level (kt CO2e/y) is shown in Figure 35. The mitigation 
potential per 1000 head of livestock (ruminants only) by Member State is shown in Figure 36. 

 

Figure 35: Mitigation potential at Member State level, kt CO2e/y. 
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Figure 36: Mitigation potential per 1000 head of livestock (ruminants only) by Member 
State 

 

Environmental co-benefits and risks of the MA 

At this stage in development it is not possible to assess what, if any, other environmental 
benefits or risks are likely to arise from selectively breeding ruminants for lower methane 
emissions, in addition to the climate mitigation effects. 

Technological and socio-cultural barriers 

Breeding programmes for low methane emissions in ruminants have only recently started and 
there are several technical barriers to be overcome, including maintaining lower levels of 
methane emissions during the lifetime of the animal as this is also influenced by the microbial 
population of the rumen, not just the genotype of the animal.  

Costs/business benefits to land managers of implementing the MA at farm/forest 
level 

If the breeding programme is successful, the new lower methane breeds are likely to be more 
expensive than conventional breeds, at least initially. It is impossible to estimate at this stage 
to what extent these costs may be offset by other economic advantages that may be enhanced 
during the breeding programme (e.g. more efficient feed conversion or higher yields of meat 
or milk per head).  

It is not possible to estimate the timescale of implementation by farmers because this depends 
on these improved breeds are becoming commercially available, but this is likely to be in the 
medium term. 

 




























































































































































































































































































































