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EXECUTIVE SUMMARY

Carbon farming refers to farm management practices that aim to deliver climate mitigation in
agriculture. This involves the management of both land and livestock, all pools of carbon in soils,
materials, and vegetation, plus fluxes of carbon dioxide (CO2), methane (CH4), and nitrous oxide (N20).
It includes carbon removal (sequestration and permanent storage of carbon in soils and biomass),
avoided emissions (preventing the loss of already stored carbon), and emissions reductions (i.e,
reductions of GHGs below current levels of farm emissions). Allfarming systems can mitigate, although
the level of mitigation potential differs acrossfarm typesand differentgeographies.

Carbon farming also refers to the business model that aims to upscale climate mitigation by
paying farmers to implement climate-friendly farm management practices. Funding can come
from public funds such as the Common Agricultural Policy, or private sources via supply chains or
carbon markets. These different funding sources offer differentopportunitiesand risks for farmers and
for delivering on climate objectives.

Carbon farming has received increasing attention in recent years, reflecting the need for
agriculture to both contribute to meeting EU climate objectives and to adapt to climate impacts.
In December 2021, the European Commission intends to publish a ‘Carbon Farming Initiative’ and in
2022, it will develop a regulatory framework for certifying carbon removals, both aiming to offer
incentives to farmers to upscale carbon farming within the EU. This study identifies opportunities and
constraints for carbonfarming, as wellas open questions that need to be resolved to scale up carbon
farmingin a way that delivers robust climate mitigationand other EU Green Deal objectives.

Carbon farming: options, mitigation potential, and key challenges

Carbon farming in Europe offers significant climate mitigation potential, however, there is
considerable scientific uncertainty around the scale of the potential. This calls for careful policy
design. Animproved scientific basis for policymaking is needed. Research should be funded thattakes
an integrated, system-wide approach, considering interactions between different carbon farming
options, barriers to uptake, interactions with changes in consumptionpatterns, and impacts on other
environmental and socio-economic objectives.

Carbon farming can deliver co-benefits to farmers and society, but it also poses risks that need
to be carefully managed. Farming practices that work with natural processes can have benefits for
biodiversity, water, soil health, and animal welfare. Farmers can also benefit from productivity
improvements, reduced costs,and improvedfarm resilience. Some carbon farming practices, however,
can have negative impacts and lead to trade-offs (e.g., for soil health, biodiversity, or animal welfare).
To maximise win-wins and avoid trade-offs, carbon farming must be designed with safeguards and
incentives that favouractions with multiple benefits.

Two key issues pose challenges to scaling up carbon farming: 1) Monitoring, reporting and
verification (MRV) cost and accuracy: accurate MRV is important to ensure that carbon farming
delivers real mitigation, but it is expensive and therefore seen as a key barrier for funders and farmers.
2) Impermanence: carbon sequestered and stored in soils and biomass can be intentionally or
unintentionally released back into the atmosphere, undoing any positive climate benefit of carbon
farming.
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Using carbon farming to offset carbon mitigation in other sectors poses significant risks, due to
carbon farming’s relatively high risk of impermanence, uncertainty, and non-additionality. Carbon
farming mitigation should be additionaland mustnot reduce climate ambition in other sectors.

Carbon farming as a business model

There are a number of different ways that farmers can be paid to implement carbon farming

practices. These different payment types and mechanisms offer different opportunities and have
different strengths and weaknesses:

e Public funding through the Common Agricultural Policy (CAP) is the largest current source of
carbon farming funding:increasing the CAP’s climate effectiveness should be a priority.

e Payments throughsupply chainsand voluntary carbonmarketscan bring in private financing.
However, these must be matched by robust and transparent MRV.

Costs, funding options and incentives

Carbon farming can be costly: carbon farming incentives need to exceed set-up, ongoing, and
other costs for carbon farming to make economic sense to farmers. Farmers face upfront and
ongoing costs of implementing carbon farming actions, including lost income, e.g., linked to
potentially losing access to certain types of support payments. Key financial costs for administrators
include design and research costs, setting of baselines, and ongoing administration costs (including
verification). Transaction costs such as administrative and costs of learning can be significant barriers
for both farmers and administrators.

In addition to funding, the following actions are required to realise the potential of carbon
farming: investment in research and development, especially cost-effective MRV, piloting, and
research on socio-economic aspects and barriers to uptake; advisory and technical support; capadty
building; and removing policy barriers.

As a public source of finance, the new CAP offers multiple ways to support carbon farming. This
includes direct land management practice payments to farmers for implementing carbon farming
actions including direct paymentsfor meetinggood agriculturaland environmental conditions (GAEC),
eco-scheme payments for specific carbon farming-aligned activities, and a variety of CAP Pillar 2
options including multi-annual contracts, innovative approaches, and Natura 2000 payments). CAP,
along with EU research funding, can also support the fundamentals of carbon farming through
research, networking,and training.

Voluntary carbon market and supply chain financing can potentially increase the private
financing of carbon farming; however, they come with risks and face some challenges.
Transparent, robust MRV are essential to ensure that carbon farming delivers real mitigation. Given
concerns regarding the impermanence, non-additionality, and uncertain measurement of carbon
farming mitigation, relying on it to offset emissions reductions in other sectors poses significant risks
to climate objectives.

Carbon farming and itslinks to EU climate, agriculture, and biodiversity policies

The development of carbon farming will depend significantly on how the EU climate policy
evolves in the next years. The 2021 European Climate Law and the Fit for 55 package set more
ambitious targets for agriculture and land use, pointing to a bigger role for carbon farming going
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forward. There is still scope to increase ambition for agricultural and related-land use mitigation,
including setting sectoral targets and robust and transparent monitoring and verification of
agricultural mitigation; the EU Commission’s Carbon Farming Initiative and Carbon Removals
Certification Mechanism will have importantroles to play in that regard.

Close links between carbon farming and biodiversity mean that carbon farming can help deliver
biodiversity policy objectives, and vice versa. 40% of the Natura 2000 area is farmland, offering
potential for the Nature Directives to be used to implement biodiversity-friendly carbon farming
actions. Where carbonfarming leadsto restoration of degraded habitats, it can deliver win-win benefits
for climate as well as the EU Biodiversity Strategy and forthcoming EU Nature Restoration Plan. To
ensure win-wins, carbon farming must monitor biodiversity impacts, consider local context, and
exclude mitigation measuresthat areharmful to biodiversity.

The Common Agricultural Policy offers the most significant opportunities and barriers to
widescale carbon farming uptake. The 2023-2027 CAP delivery model is supposed to help CAP to
deliver on environmental objectives of the Farm to Fork and Biodiversity Strategies. The key tool to
ensure this will be the CAP Strategic Plans, where Member States must identify needs related to CAP
objectives (including mitigation) and identify how these will be addressed and monitored. Member
States have considerable flexibility in how they distribute CAPfundingand must take advantage of the
opportunity to support effective carbon farming action, which must be monitored by the European
Commission.

Conclusion - key messages

1. As a management practice, carbon farming offers significant potential in Europe to mitigate climate
change and deliver other benefits; promoting the widescale implementation of agricultural climate
mitigation should be a European priority.

2. Carbon farming should deliver societal co-benefits (including biodiversity, soil health, water quality,

and others). There is a risk that poorly implemented carbon farming could negatively impact other
societal objectives.

3. Carbonfarming mitigation must be permanent.

4. Incentivising carbon farming can be done through different models and payment structures. The
different opportunities and risks should be carefully considered when scaling up payments.

5. There is a need for further development of carbon farming monitoring methods, and increased
practical experience, and improved assessments of carbon farming potential to increase knowledge
and reduce barriers to carbon farming uptake.

6. Through setting dedicated emission reduction and sequestration targets to the agriculture and LULUCF
sectors, the EU climate policy could provide clear incentives for carbon farming actions addressing both
agricultural CO2 and non-CO2 emissions.
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1. INTRODUCTION

Carbon farminghasreceived widespread attentionin recentyears. The European Commission’s Carbon
Farming Initiative expected in December 2021 and the regulatory framework for certifying carbon
removals to followin 2022 will set out the Commission’s proposalsfor how to advance carbon farming
in the EU. The Fit for 55 package also indicates an increasing role for agriculture and land use in
delivering on climate mitigation objectives, increasing removals targetsfor 2026-2030 and aiming for
aclimate neutralagriculture, land use and forestry sector by 2035, as well as increasing monitoringand
compliancerequirements.

Carbon farming focuses on the “management of carbonpools,flows and greenhouse gas (GHG) fluxes
at farm level, with the purpose of mitigating climate change. This involves the management of both
land and livestock, all pools of carbon in soils, materials and vegetation, plus fluxes of carbon dioxide
(CO2) and methane (CH4), as well as nitrous oxide (N20)” (COWI, Ecologic Institute and IEEP, 2021a).
For the land managers, this definition means that carbon farming covers farming practices and land
use changes that deliver one or more of the following outcomes: 1) carbon removal (sequestration)
and subsequent storage in biomass above/below ground and in agricultural soils; 2) the avoidance of
future CO2 and other GHG emissions; and/or 3) the reduction of existing CO2 and other GHG
emissions.’

Figure 1: The main greenhouse gas emission sources/removals and processes in managed
farmland
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Source: IPCC, 2006.

' Although carbon farming is sometimes defined as focused only on carbon removals and sinksrather than the full greenhouse gas balane
atfarm level, this is problematic because it excludes N20 and CH4 emissions which make up a significant share of the mitigation impact
of agriculture. It also creates an artificial separation of activities and processes at farm level which are closely interlinked. As such it may
also fail to deliver the needed climate contribution by agriculture and land management.
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There is no one-size-fits-all approach to carbon farming, with different mitigation measures available
for different types of farming operations. Different farming systemsand biogeographical regions vary
in how effectively the different types of mitigation measure canbe implemented. Carbon farming often
delivers public and private co-benefits (such as biodiversity protection or cost savings to farmers).
Some mitigation measures, however, may help mitigate climate change but negatively affect other
environmental or societal objectives(e.g., soil health, animal welfare).

The term carbon farming is also often used torefer toa new business model for farmers, which consists
ofiincentives for farmers to take up farming practicesthat deliver a climate benefit at farm level. These
incentives can come from publicfunds, private payments, or a combination of the two. The Common
Agricultural Policy (CAP) already funds manyactionsthat can be considered as carbon farming (mainly
through co-financing Pillar 2 agri-environment-climate measures and environmental investment
measures), although the CAP as a whole has been criticised for failing to meaningfully reduce carbon
emission (EU Court of Auditors, 2021). The agreed legislation for the new CAP obliges Member States
to identify and prioritise climate needs in their CAP Strategic Plans and gives them a range of
opportunities to support more widespread and effective carbon farming practices using EU and
national funds and specificinterventionsfrom bothPillar 1and Pillar 2.

In addition to this public funding, in recent years, carbon farming mechanisms have been set up that
enable private actors to pay farmers for delivering climate mitigation. Transfers of private funds can
either happen via the supply chain for agricultural products (i.e., as a mark-up to product prices) or via
carbon markets. In turn, carbon markets can be set up as publicor private initiatives.

Carbon farming payments aim to reward farmers for mitigating climate change in order to align
farmers’ incentives more closely with those of society. In the absence of carbon farming incentives,
farmers do not benefit from mitigating climate change, and as a result mitigate less than would be
societally optimal. Carbon farming payments aim to reduce this gap by rewarding farmers for the
external societal benefit of their mitigation.

In practice, while carbon farming appears promising, existing experience and analytical work on carbon
farming mechanisms — be they public or private - point to several challenges and open questions
(COWI, Ecologic Institute and IEEP, 2021a). At a fundamental level, there are concerns about whether
carbon farming will deliver the promised robust mitigation outcome, societal co-benefits, and socio-
economic benefits to farmers. This is due to scientific uncertainties regarding the feasible mitigation
potential and the measurement of mitigation outcomes, concerns around permanence of these
impacts, barriers to farmer uptake, and risks of negative impacts on other environmental objectives.
There are also questions as to how effective carbon farming incentives can be, given the existing
complexregulation and subsidy context (e.g., CAP, EU climate and biodiversity policies).

There are also fundamental challenges related to the design of carbon farming incentives. Different
approaches to incentivise carbon farming have strengths and weaknesses but share a number of
challenges around the rigor and costs of monitoring, reporting, and verification (MRV), ensuring that
carbon farming mitigation is additional,and overcoming barriersto scaling up adoption.

This study identifies opportunities and constraints for carbon farming, as well as open questions that
need to be resolved to scale up carbon farmingin a way that delivers robust mitigation and other EU
Green Deal objectives. In this way, the study aims to support the European Parliament’s ENVI
Committee in critically assessingand responding to the European Commission’s proposals for a Carbon
Farming Initiative and the Carbon Removal Certification Mechanism.
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2. CARBON FARMING: OPTIONS AND MITIGATION POTENTIAL

2.1. Carbon farmingoptions

Carbon farming includes a range of agronomic practices - land use changes as well as more
technological solutions. Practices such as cover crops, improved rotations, peatland restoration or
expanding agroforestry systems rely on and work with natural processes in agro-ecosystems. On the
one hand, they may decrease agricultural output since they can involve reduced intensity of
production per hectare or land retirement. On the other hand, they can deliver many co-benéfits for
the environment andthe sustainability of agriculture. Furthermore, they can increase resilience against
climate impacts, thus contributing to improved stability of yields, and benefit the farm business
through more efficient use of crop nutrientsandlivestock feeding regimes, and diversification of crops.

More technological options, such as low-emission livestock housing, biogas digesters, or nitrification
inhibitors?can also reduce GHG emission intensity per unit of outputand improve resource efficiency,
especially in livestock farming, but these too can have negative or unintended consequences and do
not automatically deliver absolute emission reductions.

This points to the need tohave clarity about what is meant by carbon farming, what types of agronomic
and technological solutions are supported and promoted under this umbrella term, and the need to
simultaneously consider and balance GHG impacts with other environmental co-benefits, risks and
safeguards,including resilience of EU agriculture to a changing climate.

To facilitate the discussion, carbon farming can be separated into five main sub-categories of carbon
farminginterventions: 1) peatlandrewetting and restoration, 2) agroforestry system establishment and
maintenance, 3) maintenance and enhancement of soil organic carbon (SOC) on mineral soils, 4)
livestock and manure management, and 5) nutrient managementon croplandsand grasslands. These
sub-categories vary in their potential to increase carbonremovals or reduce GHG emissions. They also
pose different opportunities and challenges in terms of co-benefits, risks, costs, incentives, and know-
how (COWI, Ecologic Institute and IEEP, 2021a). Table 1 gives a summary of the options and their
characteristics.

2 Nitrification inhibitors are chemicals that can be added to soil to reduce nitrous oxide emissions (and nitrate leaching) by preventing

bacteria in the soil from converting nitrogen from fertiliser or animal urine into nitrates.
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Table 1: Overview of carbon farming options

Assessment criterion

Managing peatlands

Agroforestry

Maintain and enhance
SOC on mineral soils

Livestock and manure
management

Nutrientmanagementon
croplands and grasslands

Carbon farming actions

Total EU mitigation
potential (Mt COx-e/yr)

Per hectare mitigation
potential (t CO,-e/ha/yr)

Mitigation mechanism

Type of change

Co-benefits for farmers

Societal co-benefits

Risks

Source:

PE 695.482

Peatland rewetting/
maintenance /
management

51 - 54 Mt COx-e/yr

3.5-29

Avoided emissions

Land use

Potential for
paludiculture (productive
use of wet peatlands)

Biodiversity, flood
regulation, water quality

CH4 emissions (although
net GHG benefit),
decrease in production

Creation, restoration, and
management of woody
featuresin the landscape

8 -235 Mt CO,-e/yr

0.03-27

Removal

Management

Diversification of outputs
protects against single
crop failure

Improved water
retention, microclimate,
soil health, biodiversity

Non-native species’
impact on biodiversity

Authors’ own elaboration; sources given insection 2.1.1-2.1.4.

14

Cropland and grassland
management

9-70 MtCOz-e/yr

0.5-7

Removal and avoided
emissions

Managementand land
use

Improved water holding
capacity and workability
of soils, productivity

Improved water
retention, soil health,
biodiversity

Biochar and off-farm
compostimpacting soil
health/biodiversity

Technologies to reduce
enteric methane, manure
management, increased
herd and feed efficiency

14 -66 Mt CO,-e/yr

Not available

Reduced emissions

Management

Lowerinput costs (feed,
fertiliser, energy), soil
health, productivity

Decreased nutrient runoff;

decreased ammonia
emissions

Animal welfare; water
quality impacts of feed
additives

Improved nutrient
planning, timingand
application of fertilisers;
reductionin fertilisers

19 Mt COx-e/yr

Not available

Reduced emissions

Management

Lowerinput costs

Decreased nutrient
runoff; decreased
ammonia emissions

Water quality impacts of
nitrification inhibitors
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2.1.1. Managing peatlands

Definition: Peatlands are waterlogged land ecosystems that are typified by a high content of organic
matter and therefore stored carbon (COWI, Ecologic Institute, and IEEP, 2021b). * Drained peatlands
release previously stored carbon as well as other GHGs (especially nitrous oxide). Peatlands can be
managed to mitigate climate change in three ways: by keeping existing peatlands wet to avoid
emissions (either for nature conservation or through paludiculture?), by rewetting and restoring
previously drained peatlands (to avoid emissions from degrading peatlands), or by adapting the
managementofdrained peatlands in productive use thatcannotbe rewetted (Joosten, Tapio-Bistrom
andTol, 2012).

Mitigation potential: In Europe, peatlands store four to five times as much carbon as trees (Swindles
etal.2019), a huge carbon sink that mustbe maintained. In the EU, drained peatlands emit 220 Mt CO~
e per year, making up 5% of total EU GHG emissions in 2017 (Greifswald Mire Centre et al., 2019). Perez
Dominguez et al. (2020) estimated that the maximum annual additional mitigation through retiring
and rewetting organic soils in the EU would be 51.7 Mt CO;-e in 2030; in addition, ceasing peat
extraction could avoid annual emission of 9 Mt CO,-e (European Commission, 2020a). Roe et al. (2021)
estimate thatthe feasible mitigationfromrewetting peatlands would be 54 Mt CO2-e per year (average
over 2020-2050).

Ona per hectare basis, peatlandrestorationis a highly effective mitigation action. At the upperend of
therange, Glintheret al. (2020) estimate the level of avoided emissionsachieved by rewetting to be up
to 29 t CO2-e per ha per year’, while the MoorFutures methodology, a German carbon farming
mechanism, posits a range of potential impact of 3.5-24 t CO2-e per ha peryear, depending on previous
land use andfinalstate (Joosten etal., 2015). In addition toavoiding emissions, restoration of peatlands
canresultin some sequestration, though at alowrate of less than 1t CO2-e per ha per year (Wilson et
al., 2016). Although rewetting can lead to a short-term increase in methane emissions, this is
outweighed by CO2 savings and can be reduced by appropriate management (for example, mowing
and biomass removal before raising the water table) (Glintheret al., 2020).

Mitigation potential differs considerably across countries: mostpeatlands are in northern Europe, and
degradation levels —and therefore the mitigation potential of rewetting — differ significantly between
European countries. For example, 85% of Norway’ peatlands arein a healthy state, in contrast to only
2% in Germany (Tanneberger et al., 2017).

Peatlands can store carbon permanently provided theyare continuously managed for storage (COWI,
Ecologic Institute and IEEP, 2021b). Impermanence can be human induced, such as re-draining or
failing to maintain the peatlands, but also result from natural disasters or sea level rise (Royal Society
and Royal Academy of Engineering 2018).

Co-benefits and risks: Healthy peatlands provide numerous co-benefits, including biodiversity
conservation, flood protection, water filtration, and others (Joosten et al. 2015). Rewetting and
restoring drained peatlands can restore delivery of these co-benefits, but because restoring habitats
and ecosystems to their original stateis often difficult, restored peatlands may not deliver the same

COWI, Ecologic Institute and IEEP (2021b) define peatland as land with a histic horizon (“a soil layer near the surface which when not
subject to drainage consists of poorly aerated organic material which is water saturated (or would be in the absence of drainage) for 30
consecutive days or more in most years"”).

Paludiculture refers to the productive use of wet peatlands.

This level of avoided emissions would be achieved by rewetting peatland that were previously croplands, in boreal or temperate contexts
(see table 2 in Guntheretal (2020), which draws on IPCC emissions factors).
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level of biodiversity and otherbenefitsas preserved peatlands (Lamerset al., 2015; Renou-Wilson et al,
2019).

There is a risk that peatland rewetting potentially competes with BECCS (bioenergy with carbon
capture and storage), afforestation and agriculture, but competition will be relatively low since the total
peatland area s limited (Royal Society and Royal Academy of Engineering, 2018).

Safeguards needed: Peatland rewetting mustbe resilient to climate change impacts to ensure thatits
carbon storage is permanent. Care should be taken toensure thatrewetting on one farm does not have
ecological leakage impacts outside that farm (i.e., in hydrologically connected systems).

2.1.2. Agroforestry

Definition: Agroforestry systemsintegrate woody vegetation (trees or shrubs) with crop and/or animal
systems, storing carbonin above-ground biomass and in soils. Agroforestry coversapproximately 88%
of the EU’s utilised agricultural area and is concentrated in the Mediterranean and southeast Europe
(Burgess et al., 2018). Most existing systems in the EU are silvopastoral agroforestry systems, which
typically combine animal grazing, foraging or fodder productionwith trees or other woody perennials
with the pasture. Many of these are long-established, locally adapted systems, for example dehesa in
Spain, montado in Portugal, bocage agroforestryin France,meadow orchardsin the Alpine regionsand
wood pasturesin Romania and Hungary (Kay et al., 2019; Burgess et al., 2018). Modern silvoarable
agroforestry combines the cultivation of arable or horticultural crops with woody perennials, often in
theform of alternating strips across a field, known as alley-cropping.

Mitigation potential: The Agforward project estimated the carbon storage potential of agroforestry
in the EU27 (plus Switzerland) to be between 0.3 - 27 t CO>-e/ha/yr or a total of 7.7 — 234.8 Mt CO./yr
(Kay etal., 2019).° This estimate does not include below-ground soil organic carbon (SOC), so the total
sequestration potential is most likely underestimated as the SOC stocks underagroforestry are shown
to be higher than those under conventional arable croplands (for example, by 13%, in a poplar tree
silvo-arable system compared to arable land in England) (Upson and Burgess, 2013). A metastudy of
hedgerow potential found the SOCsequestration rate under hedgerowsto be between 1.1-3.3 t CO»-
e/ha/yr, and hedgerow biomass accumulation to be between 6.2 — 15.8 t CO,-e/ha/yr over 20 and 50
years respectively,comparable to forest sequestrationrates (Drexler et al., 2021).

The mitigation potential of agroforestry dependson the type of system implemented, the climate and
the previous land use. Silvoarable and silvopastoral systems integrated in fields offer high mitigation
potential, especially those with high density of fast-growing trees (Feliciano et al. 2018); increased
hedgerow or field boundary tree cover offerslower mitigation potential. Systems with lower mitigation
potential may be easier to integrate in the landscape as they would affect a small portion of the
agriculturalland (Drexler et al., 2021).

In terms of the overall GHG balance, agroforestry could reduce nitrogen-related emissions on land
where trees are planted (Garcia de Jalon et al., 2017). At the same time, emissions occurring during tree
planting due to soil disturbance need to be accounted for.

The permanence of the carbon removal in agroforestry dependson the type of trees and theirend use
(e.g., timber for fuel versus construction). Poor management and natural events can lead to losses of
sequestered carbon, although the fire risk is likely to be lower than in forest areas because the
intervening crops can act as firebreaks.

6 Assuming thatagroforestry is implemented on the 8.9% of EU farmland that faces multiple environmental pressures.
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The agroforestryapproach can be adapted toalmost anyfarming systemin Europe, with countries that
have high share of arable land and grasslands having particularly high potential for expanding
agroforestry. Uptake is constrained by various factors, including the permanent nature of the change,
significant shift in the farming systems with legal and economic implications and uncertainty for
farmers, as well as the fact that agroforestry is a more complex farming approach requiring specific
knowledge.Indeed, uptake of agroforestry measures under the 2014-2020 CAP has been low.

Co-benefits and risks: Most agroforestry systems deliver multiple ecosystemservices with fewto no
trade-offs for other ecosystem services. Agroforestry contributes to improved soil health, protects
against erosion, nitrate leaching and flooding, and has benéfits for biodiversity (improved habitat for
wildlife, insects, pollinators) (Kayet al.,2019; Burgeset al., 2019; Torralba et al.,2016; Drexler et al., 2021).
Diversification of farm outputsalso makes farmers less vulnerable to single crop failures.

Agroforestry systems that deliver the highest mitigation potential may decrease output of individual
food or feed crops compared to single arable or grassland systems. However, even in the short term,
these changes in yield are dependent on how the system is optimised and on the biophysicl
conditions. For example, data on poplar silvo-arable systems in the UK demonstrated reduced output
on growth of arable crops and trees when these were combined (Garcia de Jalén et al., 2017); whereas
in the Mediterranean context, silvo pastoral systems may improve arable yields underrecurring spring
temperatureincreases (Arenas-Corraliza et al., 2018). The effect of reduced output at plot level may also
diminish on a larger scale due to the efficient use of nutrients and light in agroforestry systems linked
to presence of both trees and crops (Aertsens et al., 2013). By improving microclimate, agroforestry
reduces damage from droughtsand increases resilience against climate impacts.

Safeguards needed: Agroforestry should not be targeted at peat soils, because of the risk of GHG
emissions during tree planting (COWI, Ecologic Institute and IEEP, 2021b). To safeguard biodiversity
benefits, the preservation and restoration of long-established agroforestry systems should be a priority
and new agroforestry should be locally appropriate (e.g., intensive short-rotation coppicing systems
should not beintroduced on farmland land with existing high biodiversity value).’

2.1.3. Maintain and enhance SOC on mineral soils

Definition: Maintaining and enhancing SOC requires a positive balance of carbon inputs and carbon
losses from soils. It is relevant to any farming system, and a wide range of carbon farming practices.
This section focuses on SOCsequestrationon croplandsand grasslands.

Practices with the highest potential for maintaining and improving SOC levels include: 1) cover
cropping; 2) improved crop rotations (e.g., through inclusion of legumes and other nitrogen fixing
crops); 3) maintaining grasslandwithout ploughingup; 4) conversionfrom arable land to grassland; 5)
organic farming; and 6) management of grazing land and grassland (for example, by optimising
stocking densities or grasslandrenovation).

Mitigation potential: The estimates for additional SOC sequestration in EU croplands range from 9 Mt
CO.eq/yr (Frank et al., 2015) to 58Mt CO.eq/yr per year (Lugato et al.,2014) to 70 Mt CO.eq/yr (Roe et
al., 2021). In addition, because a large share of cropland soils that are mineral soils would continue
losing SOC without changes in management, stopping and reversing the losses is equally important
(Wiesmeier et al., 2020). For grasslands, Roe et al. (2021) estimate that grasslandsin the EU could
feasibly sequester 27 Mt CO--e per year (at a cost of less than USD100/t). Compared to other carbon
farming options, the mitigation potential of SOC sequestration in croplands and grasslands is more

7 Coppicing is a form of woodland management where trees are cut in such a way that they put out new shoots and regrow.
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limited and uncertain, and feasible mitigation potential may be more constrained (Batjes, 2019). At
farm and plot level, the sequestration potential can vary substantially due to the heterogeneity of soils,
climatic conditions, existing SOC levels and management practices. Thisalso increases the costs of MRV
and makes the feasible potential difficult to assess. Clay soils and soils with lower current SOC content
have higher mitigation potential.

The mitigation potential is limited by soils reaching saturation levels of SOC. Risk of reversal is also
stronger than in the case of agroforestry, for example, as there are no legal protections on soil
management, unlike restrictions on felling trees or removinghedges.

A controversialissueis the use of biochar as a strategy to increase SOCin mineralsoils. The net effect
of biochar is highly uncertain when considering the whole lifecycle and negative effects on soil health
and biodiversity due to potential contaminants (Jeffery et al., 2017). Risks also come from the
application of municipal compost because quality standards are difficult to control and there is a risk
of contamination with micro plastics andother contaminants.

Co-benefits and risks: Maintaining and enhancing SOClevels improvessoil structureand soil fertility,
increasing water holding capacityand overall resilience to climate impacts. It also reduces compaction
riskand soil erosion. Some argue that maintaining and improving SOC should be promoted primarily
as an adaptation optiondue to significantbenefits for soil health and its uncertain mitigation potential
(e.g.,Amundsonund Biardeau, 2018).

Safeguards needed: Restrictions should be set on the use of biochar and municipal compost due to
risks to soil health and biodiversity.

2.14. Livestockand manure management

Definition: Livestock and manure management refers to any actions taken by livestock farmers to
reduce emissions fromtheir farming operation (COWI, EcologicInstitute, and IEEP, 2021b), covering all
types of livestock, including beef, dairy, sheep, pig, and others. Actionsinclude those aimed at: directly
reducing enteric methane (including feed additives and improved feed digestibility/efficiency);
reducing nitrous oxide emissions through manure management (including manure storage and
processing, anaerobic digestion and bio methane, and cover cropping); efficiency improvements
including animal management to improve productivity (through herd management and feed
management); and animalfertility improvements (Jia et al., 2019). Livestock farmers can also increase
soil carbon sequestration on their land through grazing and grassland management (discussed in
section 2.1.3.). This section focuses on reducing GHG emissions.

Mitigation potential: In 2019, methane from enteric fermentation and emissions from manure
managementin the EU generated 220 Mt CO»-e per annum (EEA, 2021a). International research and
existing livestock carbon farming experience in Europe suggest thatlivestockfarmscould reduce their
emissions by 12-30% by 2030 (COWI, Ecologic Institute, and IEEP, 2021b); this would imply annual
potential mitigation of 26-66 Mt CO,-e. Roe et al. (2021) suggest that annual average (2020-2050)
technical mitigation potential for enteric fermentation and manure management is 40 Mt CO--¢, of
which only 14 Mt CO--e is considered feasible at a cost of less than €100/t%. Perez Dominguez et al.
(2021) conclude similarly, finding that technological options on EU livestock farms could mitigate an
absolute maximum of 45 Mt CO,-e/yr.

Note there are some minor differences between the Roe et al. (2021) categorisations and the sub-categories we use in our report. For
example, the Roe etal. (2021) potential estimates for livestock and manure managementinclude all enteric fermentation management
options and manure management but exclude changes in nitrogen fertiliser application, which cannot be separated from nutrient
management related to croplands.
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Mitigation potential differs widely across different livestock farm types and locations, with confined
systems (such as pig farming) and high-intensity farming (such as dairy) better suited to implementing
feed additives/vaccines or manure managementoptions; these options would be less feasible in low-
intensity systems, which could however implement efficiency and sequestration options (Jia et al.,
2019).

Impermanenceis only a challenge for carbon sequestration, whereas livestock mitigation options are
focussed on emissions reductions (i.e., below the level of emissions that would otherwise occur, the
“baseline”). Care must be taken when considering livestock potential to ensure that the baseline is
realistic, as an artificially high baseline would overstate potential.

Co-benefits and risks: Different mitigation measures for livestock and manure management pose
different co-benefits and risks. For example, efficiency-focussed mitigation measures (such as
improved feed efficiency, herd management, breeding) can deliver significant cost savings to farmers
(COWI, EcologicInstitute, and IEEP, 2021a). Managing nutrient application to grass or fodder crops can
positively affect water quality (and related ecosystems); optimal grazing management can improve soil
health, reduce water use, decrease soil erosion andimprove soil healthand biodiversity (Griscom et al,
2017). Some actions can increase electricity use, while some manure management approaches can
increase nutrient pollution and negatively affect soil ecosystems, including through soil compaction
(Kumar, Park and Cho, 2013).

Effective carbon farming on livestock farms will be likely to lead to production decreases: indeed, the
EU Court of Auditors (2021) found that no effective and approved actions reduced emissions without
reducing production (except for animal breeding, feed, and health impacts, which only have relatively
small impacts and over long time periods). They also identified the risk of relying on efficiency
improvements (i.e., decreasesin the amount of emissions per litre of milk or kg of meat), which can lead
to rebound effects where lower production costsinduce higherlevels of production (and hence overall
emissions).

Safeguards needed: Animal welfare and health must be considered when assessing carbon farming
actions. The lifecycle impacts of food production mustalso be considered, i.e., it isimportant to guard
against carbon leakage (where mitigation measures within the carbon farming system result in
increases in emissionsoutside the system); for example, GHG emissionsassociated with imported feed
should be considered (Pieper, Michalke, and Gaugler, 2020). In addition, to ensure that real climate
benefits result, farmers must not be rewarded for efficiency improvements, but only for actual
reductions in emissions (i.e., reductions in t CO,-e).

2.1.5. Nutrient management on croplands and grasslands

Definition: Nutrient management focuseson activities that avoid N20 emissions that result from the
application of fertilisers and manure management. For the purpose of this briefing, manure
management and application are treated together with livestock management (under section 2.1.4).
In this section the focus is on reducingemissionsfrom theuse of syntheticfertilisers. Key strategies are
improved nutrient planning and improving timing and application of fertilisers to avoid over-
fertilisation. Also, some estimates considerthe use of nitrification inhibitors. The impact of the nutrient
management practices can be more significant when combined with agronomic practices such as
legume crops, residue management/incorporation, or inclusion of temporary leys/grasslands in the
croprotation.

Mitigation potential: Roe et al. (2021) estimate 19 Mt CO2e/yr cost-effective mitigation potential from
improved nutrient management in the EU. Their estimates consider direct and indirect N20 emission
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reductions and upstream CO2 emissions savings from reduced fertiliser manufacturing, as well as
nitrification inhibitors.

Improving fertiliser efficiency by itself doesnot lead toabsolute emissionreductions, if applied on only
part of the farm. A whole farm approach monitoring total fertiliser use is needed to ensure absolute
emission reductions.

Co-benefits and risks: Improving fertilisation efficiency reduces totalfertiliser applications and over-
fertilisation and thus alsonitrogen leaching and runoff. This in turn protects surface and ground water
and reduces costs associated with reducing nitrate levels in drinking water, aswell as negative impacts
of eutrophication. Improved efficiency does not lead to reduced yields. The measure is cost-effective
for farmers since they save on inputcosts,however,depending on the type of activities involved, they
may also incur investments costs (precision technologies) which can lock farmers into the status quo
in terms of productiontype and scale.

Safeguards needed: To maintain soil health and water holding capacity, improving the efficiency of
syntheticfertiliser use should be combined with measures thatimprove soil health, such as improved
crop rotations, cover crops, inclusion of temporary grasslands, and preventing soil compaction.
Nitrification inhibitors have been detected in dairy products and carry the risk of ecotoxicity for
terrestrial and aquatic organisms (Kossler et al., 2019). The precautionary principle should be applied
to the use of nitrification inhibitors.

2.2. Mitigation potential of carbon farming in the EU and key
considerations

2.2.1. EU mitigation potential and sources of uncertainty

Our review of studies (reported in section 2.1.) identifies a total, additional EU carbon farming
mitigation potential of 101-444 Mt CO.-e per year. This is equivalent toapproximately 3-12% of the EU's
total annual GHG emissions.’ It also implies that even at the low end of estimated potential, carbon
farming could offset 26% of the EU’s annual agricultural emissions (i.e. including nitrous oxide
emissions from soils, manure management, and livestock enteric fermentation but excluding carbon
sequestration/release).' However, as indicated by this wide range, there is considerable uncertainty
about the true potential of carbon farming in the EU. There are several reasons for the wide range of
estimates, and the need to be cautiousin interpreting study results:

Differing definitions of potential: some studies report technical potential (what can possibly be
achieved using current technologies); " others report feasible potential (which consider how much of
technical potential is actually likely to be realised, given e.g., costs and other barriers). “Feasibility” is
defined differently by different studies, with some studies basing feasibility on cost (e.g., Roe et al.
(2021) define mitigation as feasible if its assumed cost pert CO,eq is lessthan USD100) and others using
more in-depth assessmentsto identify realistic potential.

Different study types: EU-scale mitigation potential can be estimated either by upscaling
local/regional estimates for individual options (or even specific mitigation measures) or by

Total EU emissions in 2019 (excluding land use, land use change and forestry, and excluding the UK) were 3637 Mt Co2 (EEA, 2021b).

In 2019, agricultural emissions (covering N20 from soils, manure management, and enteric fermentation but excluding carbon
sequestration) were 389 Mt CO2eq/yr (EEA, 2021a).

An example is Perez Dominguez etal (2021), which assesses the technical maximum potential of all mitigation options available for EU
agriculture.
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downscaling from global studies; these different approaches arrive at different values. Individual
potential studies focus on specific contexts, making them potentially more detailed and accurate
(although transferring or multiplying these results to identify EU numbers can introduce significant
uncertainty). Global studies draw on integrated climate assessment models (referredto as “top-down”)
or scale upindividual studies (“bottom-up”). Given the global focus, their estimates forthe EU are likely
to be coarser and more uncertain than individual, EU-focussed studies. However, they have the
advantage of considering all carbon farming sub-categories at once and can therefore capture the
potential competition betweendifferent carbon farming land uses.

Leakage and land competition: Bottom-up studies of carbon farming mitigation potential commonly
evaluate potential for one specific carbon farming sub-category or mitigation measure in isolation,
assuming that all else remains the same. This ignores the significant potential for leakage. Leakage
occurs when implementinga carbon farming action onone farm leads elsewhere to increases (orlower
reductions) in emissions. This “waterbed” effect reduces the actual mitigation impact of the carbon
farming, as pushing down emissions in one area causes ripple effects elsewhere.”? Bottom-up studies
also fail to consider potential trade-offs and interactions between different carbon farming sub-
categories or land use changes. Agricultural land can often transition fromone land use to another. As
incentives for carbon-friendly farming increase, there will not only be management changes within
farm types, but also shiftsfrom high-emissions intensity farming to lower-emissions intensity farms: in
thelongrun,land use should reflect (among otherfactors) the relative efficiency at which the land can
produce human food percarbonemission(van Zanten et al., 2016). Failing toaccount for these leakage
andland-competition aspects significantly affects the reliability of mitigation potential estimates.

Underlying uncertainties: The variability of mitigation potential estimatesalsoreflects the underlying
uncertainty associated with measuring the impact of carbon farming actions. Taking soil carbonas an
example, thereis alack of agreement on soil carbon measurementand monitoring approaches, highly
variable biophysical contexts, andlack of data on carbon farming actionsin many contexts (Rodrigues
etal.,, 2021). Variable methodologies alsoresult in different results from global studies."

2.2.2. Distribution of carbon farming potential

The mitigation potential of different carbon farming options differs widely between and even within
EU member states (PerezDominguezetal.,, 2021). Figure 2 draws on Roe et al. (2021) datato indicate
the relative mitigation potential for different carbon farming sub-categories in southern and eastern
Europe relative to northern and western Europe. A clear difference is that mitigation through the
restoration and avoided degradation of peatland soils is centred in northern Europe, with only a small
total potential in southern Europe; this variability is even greater when looking at country-level
statistics, which illustrate the majority of potential lies in northern, westernand central Europe: Finland,
Germany, Poland, Ireland and Sweden represent 74% of feasible potential. The inverse is true for
agroforestry, with cost-effective mitigation potential focused predominantly in southern and eastern
Europe; the largest potential can be found in Spain, Italy, Germany, Poland and Romania, who
collectively represent 66% of feasible potential. Cost-effective mitigation potential related to livestock

Leakage can take the form of activity shifting, where farmers reduce activity in one area butincrease in other areas e.g. by moving stock
to another farm. Leakage can also arise due to market effects, where carbon farming actions reduce outputand this can lead to price rises
that stimulate increased production elsewhere). Ecological leakage can also occur, such as when the rewetting of peatland on one farm
results in lower water tables in neighbouring fields and therefore higher emissions).

Section 2.1. features prominently the results from Roe et al (2021), a recent global review study. Global study uncertainty can be seen by
comparing different estimates of cost-effective global annualland-based mitigation: Roe et al (2021) estimates 13.8+ 3.1 GtCO,-e/yr of
mitigation potential available at costs less than USD 100, while Griscom etal (2017) estimates 11.3 GtCO,-e/yr.
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and mineralsoils is more evenly spreadacross theEU regions. Improved understanding of potentials is
needed to guide policy design. For example, the expected potential at national and regional scale, as
well as an understanding of what specificfarming practices have the most significant SOC effects, can
facilitate targeting of SOC measures to those areas that have the highest mitigation potential, in
particular degraded soils (COWI, EcologicInstitute and IEEP, 2021b).

Figure 2: Distribution of feasible carbon farming mitigation potential across European
regions'

Nutrient management | ——
Livestock and manure | L —
Agroforestry | —

Soil carbon on mineral soils | ——

Managing peatlands | ——

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Feasible mitigation potential (Mt Co2-e/yr)

B Southern and eastern Europe B Northern and western Europe

Source: Authors' own elaboration, based on Roe et al., 2021.

2.3. Cross-cutting challenges for carbon farming

Four cross-cutting issues pose challenges for designing policies or other incentives that will translate
carbon farming mitigation potentialinto realactionson Europe’sfarms: the monitoring, reportingand
verification (MRV) of carbon farming mitigation impact, the permanence and the additionality of the
impact, and the co-benefits/risks of carbonfarming.

2.3.1. Monitoring, reportingand verification (MRV)

To ensure that carbon farming actions havea realand positiveimpact on the climate, one needsto be
able to measure them and be confident that they are occurring. This is achieved through monitoring,
reporting, and verification: monitoring refers to measuring the decrease in emissions or theincreasein
sequestration; reporting to the processes for communicating these results; and verification to the
ability of administratorsor other external parties toensure the truthfulnessand accuracy of the results.
Robust MRV is essential to ensure that GHG mitigation and carbon removals have environmental
integrity and are real, additional, measurable, permanent, and avoid carbon leakage and double
counting.

While robust MRV is essential, it also poses a major challenge as it can be expensive to accurately
measure and validate the GHG impact of carbon farming, resulting in a trade-off between MRV accuracy

" Southern and eastern European countries: Bulgaria, Croatia, Cyprus, Czech Republic, Greece, Hungary, ltaly, Malta, Poland, Portugal,

Romania, Slovak Republic, Slovenia, Spain. Northern and western Europe countries: Estonia, Finland, France, Germany, Ireland, Latvia,
Lithuania, Luxembourg, Netherlands, Sweden.
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and cost. High MRV costs (financial or time) decrease the net-benefit of carbon farming and can act as
a significant barrier to farmers voluntarily implementing carbon farming actions or to administrators
establishing policies.

The monitoring part of MRV poses a particular challenge for carbon farming. Monitoring can be
achieved by direct measurement, modelling, or combined modelling/measurement approaches, each
of which has different strengthsand weaknesses:

¢ Direct measurement: on-site measurement of carbon stored e.g., in trees or soil and of GHG
gases emitted. Direct measurement can monitor GHG impacts with considerable accuracy but
can be prohibitively expensive.

¢ Modelling: GHG emissions and removals are estimated based ona combination of measurable
proxy data and already-known scientific relationships. Modelling requires previous scientific
research to establish relationships between proxies and estimated emissions/sequestration.
Modelling has higher uncertainty thandirect measurementbut lower costs.

Itis important that MRV captures all carbonfarmingimpactson the climate.Given that carbonfarming
actions have an impact on multiple GHGs and carbon stores, it is important that all are monitored;
failing to monitor all GHGs can result in perverse outcomes. For example, there is evidence that
planting trees on peatlands can result in net negative carbon storage (as the lost soil carbon from the
drained peatland outweighsanyincrease in above-ground carbonstorage (in trees) (Sloanet al., 2018);
both of these carbon stores must be monitored, as well as emissions of nitrous oxide, methane, and
carbon dioxide.

As shown by Table 2, different monitoring approaches are commonly applied to monitor farm-level
carbon farming in the different carbon farming sub-categories. These can monitor GHG impact with
different levels of uncertainty and cost, depending on inherent challenges in the different carbon
farming sub-categories, and dueto different levels of MRV methodology and technology development.

Table 2: Costs and uncertainty of different MRV approaches in carbon farming sub-categories

MRV

Carbon farming sub-
category

Type of monitoring Uncertainty Costs

Modelling Medium Medium
Managing peatlands

Measurement Low-medium _
Soil carbonon Modelling High Medium

mineral soils .

Combined (modelling +

Agroforestr . :
? Y measurement) High High
Livestock + )

ivestock + manure Modelling Medium P
management

Source : Based on COWI, Ecologic Institute and IEEP, 2021b; own elaboration.

Note:  Nutrient management is not included in the COWI, Ecologic Institute and IEEP (2021b), so excluded from this table.
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Given the importance of monitoring as an enabler of carbon farming, research and development
should focus on affordable, robust MRV technologies (such as remote sensing, the EU Commission-
supported Farm Sustainability tool (FaST)) or data sources. New MRV technologies must be critically
assessed to ensure robustness, for example, to ensure they capture the full GHG impacts (rather than
capturing only singular GHGs or partial impacts of mitigationmeasures).

Reporting and verification processes are especially important if carbon farming mitigation is used to
generate offset credits that will be used by other sectors in lieu of their own emissions reductions.
Without robust reporting and verification - including random and targeted auditing, secure registry
systems, and long-term reporting obligations — there is significant risk that carbon farming mitigation
could be low-quality.

2.3.2. Permanence

For carbon farming to have a positive impact on the climate, mitigation must be permanent (i.e., GHG
levels must be lower than they otherwise would have been in the long-term). Given the long-term
nature of the climate challenge, there s very little point in storing carbon for short periods of time if it
is likely to released again, making it essential that carbon farming mitigation is permanent.

Permanenceis a particular challenge for carbon farming mitigation through sequestration and storage
(i.e., carbon removed from the atmosphere and stored on agricultural land in biomass (above and
below ground and in soils).” This sequestered carbonis unstable and can be released intentionally or
unintentionally: for example, stored soil carbon can be quickly released through intentional actions,
such as changing cropping patterns or reintroducing tillage; carbon can also be unintentionally
released e.g., if drought or fire results in the loss of agroforestry trees, releasing their stored carbon
(COWI, Ecologic Institute and IEEP, 2021b). The challenge of impermanence is compounded for soil
carbon (in peatlands or mineral soils),because monitoring permanence is much harder.

Permanenceis notarisk for carbonfarming mitigation actions that reduce emissions, suchas livestock
and manure management or nutrient management actions that reduce methane and nitrous oxide
emissions. Once these emission reductions occur, the GHG remain out of the atmosphere and cannot
be intentionally or unintentionally released later.

2.33. Additionality

It can be challenging to identify whether mitigation would have occurredin the absence of a carbon
farming incentive scheme, i.e,, whether mitigation is additional. Additionality is important when
designing mechanismsto incentiviseand reward carbon farming for two reasons:

e Cost effectiveness: to avoid rewarding farmers for nothing, carbon farming payments should
only pay for mitigation that goes beyond what farmers would have done without the prospect
ofreceiving a financial reward.'®

e Robust impact on the climate: only carbon farming mitigation that goes beyond what would
have happened without carbon farming policies is additional. This is crucial if the carbon
farming mitigation is used to generate offsets that other sectors can use as an alternative to
mitigating within their own sector. If carbon farming mitigationis not additional (i.e., there are

This type of mitigation is referred to in carbon markets as carbon removals (where new sequestration occurs) or as avoided emissions
(where carbon that would have been released instead continues to be stored).

Note this does not imply that farmers should only get paid for taking actions; they could also be rewarded for avoiding actions that would
release stored carbon (e.g., not draining wet peatlands if they otherwise would).
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no real reductions or sequestration relative to business-as-usual), then using them as offsets
instead of reducing emissions elsewhere will make climate change worse.

Additionality is often assessed against a baseline, which aims to describe what would have happened
in the absence of policies to incentivise carbon farming. This baseline (often referred to as “business-
as-usual”) acts as a counterfactual against which actual mitigation is compared. Anything that goes
beyond it (i.e., any sequestration in excess of the baseline or emission reductions below the baseline
emissions) is considered additional. Baselines can be developedin different ways, which have different
strengths and weaknesses.'” Developing complex baselines can be costly and time-consuming for
participants and administrators, in some cases requiring historical data that is not always available
(COWI, Ecologic Institute, and IEEP, 2021a). However, simple baseline setting methods are susceptible
to being manipulated by participants, resultingin non-additional mitigation (Badgley et al., 2021).'®

Additionality can be particularly difficult to ascertain within Europe, given that CAPrequirements (e.g,
Member States’ cross-compliance standards) and additional incentives (e.g., agri-environment-climate
payments) are diverse, context specific, can have uncertain impacts on mitigation, and change over
time. This can make it challenging to set realisticbaselines or ascertain additionalityat the farm scale,
with the potential that farmers are paid multiple times for the same mitigation (e.g., through CAP and
through carbonfarmingmechanisms).

Carbon farming mitigation is only additional if each unit of mitigation is counted no more than once.
This issue of double counting can be challenging when voluntary carbon markets exist alongside
national requirements for offsetting emissions, and when offset credits can be traded internationally.
Carbon farming mechanisms must have strict guidance and transparent registries in place to track
carbon credit ownership and to ensure that any mitigation associated with international trade of offset
credits is only recorded in one Member State’s climate contributions. For example, the UK Peatland
Code has implemented a registry system that ensures credits are tracked directly to its owner to
prevent double-counting (COWI, EcologicInstitute and IEEP, 2021b).

Additionality is also affected by leakage.If carbon farming actions end up increasingemissions outside
of the monitored system (for example, due to animals being moved from monitored farms to
unmonitored farms), then the actual additionalimpact of the carbon farming action on the climateis
proportionatelyreduced.

234, Co-benefits and risks of carbon farming

While carbon farming explicitly targets climate mitigation impacts, often these same actions deliver
other environmental, climate adaptation and socio-economic co-benefits. Some of these co-benefits

For example, baselines can be set backwards looking (i.e., based on historical levels of sequestration, such as average sequestration on
the farm over the last three years), forward looking scenarios (e.g. what level of sequestration would we expect on the farm over the next
ten years, given current policy and farm characteristics) or benchmark based (e.g. what level of emissions/sequestration would we expect
given the type of farm). They can be developed specifically for an individual farm or can be standardised, where the same baseline is
applied toall farms (or average standardised rules are used to generate baselines for individual farms) (COWI, Ecologic Institute, and IEEP,
2021b).

This “adverse selection” occurs when farmers only choose to participate when they receive an erroneously generous baseline due to
errors in the simple baseline setting method. For example, they are erroneously given a baseline thatis below their true current carbon
storage level, meaning thatif they join the mechanism they do not have to implement actions, they will already appear to have carried
out sequestration (or conversely, the baseline estimate of emissions is erroneously above their true current emissions level, meaning that
even without taking actions they will appear to have carried out emissions reductions). Farmers who receive an erroneously ungenerous
baseline would choose not to participate, biasing the system. Badgley et al (2021) found that adverse selection in the California forest
carbon offset program introduced systemic bias and meant that 30% of credits were non-additional.
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accruetofarmers (suchas cost savings, productivity increase), making carbonfarming more attractive;
other co-benefits are public goods (such as biodiversity conservation, water quality impacts), which
can justify greater public funding for carbon farming. At the same time, there is the risk that some
mitigation measures may deliver mitigation but negatively affect other farmer or societal objectives.
Examples of these risks include the potential for negative soil health impacts of some soil organic
carbon mitigation measures (such as biochar or municipal compost), or negative biodiversity or
adaptation impacts associated with implementing agroforestry measures that are not locally
appropriate. Carbon farming actions that sustainably take advantage of natural systems such as soils
andtrees and therefore deliver biodiversity benefits,improve human well-being as well as mitigation
can be referred to as nature-basedsolutions (IUCN, 2016)."

To ensure that carbon farming supports the social, environmental, and socio-economic objectives of
the European Green Deal, it is important to maximise co-benefitsand reduce risks when designingand
implementing carbon farming payments and mechanisms. In addition to monitoring the mitigation
impacts of carbon farming, theimpacts on otherobjectives should also be monitored (e.g, biodiversity
protection and enhancement, water quality/quantity benefits, farm resilience, reduction of flood risk
and soil erosion). In addition, carbon farming incentive policies must include sufficient safeguards to
avoid negative impacts, e.g., “negative lists” excluding carbon farming actions that will be harmful in
particular contexts, regular policy evaluation, and monitoring that covers all GHGs. Given carbon
farming’s potential scale and impact, a failure to consider climate and non-mitigation impacts poses
significant risk or could fail to capture the multiple benefits that carbon farming financing has to offer.

¥ Not all carbon farming actions are nature-based solutions, for example, technology-based actions such as anaerobic digesters or
nitrification inhibitors do not deliver biodiversity benefits and therefore fail to qualify.
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3. CARBON FARMING AS A BUSINESS MODEL

Chapter 2 discussed carbon farming as a suite of farm management practices aimed at mitigating
climate change. The term carbon farming is also used to refer to a business model where farmers are
paid to reduce emissions or sequester carbon, in order to incentivise farmers to implement carbon
farming practices.® The focus of this chapter is on this second interpretation of carbon farming,
describing different types of carbon farming payments and different carbon farming mechanism
models, and their strengthsand weaknesses for farmersand society.

3.1. Models for carbon farming payments and mechanisms

3.1.1. Carbon farming paymenttypes

How do farmers earnmoneyfrom carbon farming? And whatdo farmers have to deliver in return? The
answer to these questions depends on the carbon farming payment type, of which there are three,
each with its own strengthsand weaknesses:

e Action-based: farmers receivea set paymentfor takinga particularaction, e.g., complying with
a defined farming practice or implementing specific technologies. Action-based payments are
commonly applied in CAP (e.g., agri-environmental-climate payments under Pillar 2). Action-
based payments are relatively simple, with low monitoring requirements for farmers and
administrators. However, the actual mitigation impact of action-based paymentsis uncertain,
as payment depends onlyon the action, not theresult.

e Result-based: farmers receive a paymentthatdependson the actual mitigation outcome that
they deliver (typically in t CO2-e that are either sequestered or not emitted), regardless of the
specific actions taken. Result-based payments require that the mitigation outcome can be
quantified and verified, which requires costly and complex MRV, and if prices and mitigation
are uncertain also posesuncertainty forfarmers. A strengthis thatenvironmental certainty and
credibility are high due to the explicit link between the mitigation contributionand payment,
also, the flexibility can encourage farmers to innovate and adapt mitigation measures to the
local context.

e Hybrid payments: Hybrid payments mixaction-and result-based payments, combining low-
risk, up-front or guaranteed payment for farmers forimplementing specific farm management
actions, with additional payments based on actual measured mitigation results. Upfront
payments can be used to cover implementation costs, or toreduce thefinancial risk forfarmers.
Hybrid models can increase farmer uptake by lowering risk and removing upfront financial
barriers, whilst still providing flexibility to farmers to implement optimal actions for their farms
and guaranteereal climate results for society.

3.1.2. Models for carbon farming mechanisms

Carbon farming paymentsare paid to farmers through a carbon farming mechanism. Table 3 explains
four common carbon farming mechanism structures. These differ in terms of who ultimately pays the
farmers, what form of paymentthe farmer receives (i.e., cash oran offset credit tradeable for payment),
and, most significantly, the level of monitoring, reporting and verification that is required. The extent
and stringency of MRVand the overall complexity of the mechanism determinethe cost of participation
forfarmers, as well as the administrative costs borne by operators of the mechanism. These elements

2 These incentives are in addition to any co-benefits enjoyed by the farmer, such as efficiency savings, productivity increases, etc.
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also determine the environmental certainty of mitigation, with associated risks forfarmers and society,
which is exploredin section 3.2.

Table 3: Models for carbon farming mechanisms

A central funder pays farmers areward for implementing climate carbon farming management actions (related
to crops, soil, land use, livestock)

g -:c}:- r‘\ MRV requirements: Low -medium

g =< NMRV’ Funder: Public or NGO

= 3 Funder (public ) .

- @ or NGO) Example: CAP Greening payments, CAP
5 ;:'; _:':_m € Pillar 2 payments
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g s .‘ hybrid/result-based possible)

£
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B f\ e MRV requirements: Low - high
K+ — . Adari-

E —~ <€\ Agri-food ¢ 0000 Funder: Agri-food company
2 company A ‘}m\” ”[[}v ) Example: Arla Climate Check, SPAR
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S S<| Payment: Cash (generally action-based;
o ‘- hybrid/result-based possible)
3
(]
g
3 Agri-food companies pay farmers within their own supply chain to reduce their impact on the climate,

motivated by the possibility of price premiums from customers, or to meet own company climate objectives.
Also known as “insetting” or managing “scope 3 emissions”.

MRV requirements: Medium - high

A central intermediary pays farmers for implementing mitigation measures, monitors and verifies mitigation
impact, and sells offset credits to private buyers. The intermediary can be the private or public mechanism
developer or a project developer. They often provide farmer training/support.

£ -:':- . Funder: Private companies/individuals
E = ﬂ’ /g/ - Example: MoorFutures, Label bas
(] -
x - € Intermediary E Carbone CarbonAgri, Woodland Carbon
gk _m € T Code, Peatland Code
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= vmrRv | O E = 1 Payment:Freely tradeable offset credit

(result-based)

exchange-based

Farmers implement mitigation measures in accordance with approved methodologies to produce offset
credits that they trade directly with buyers. A certification mechanism aims to ensure that the offset credits
produced are matched by high quality, unique climate mitigation/sequestration (i.e., equivalent to
removals/reductions in other sectors and therefore tradable).

Voluntary carbon market -

Source: Authors’ own elaboration.
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3.2. Advantages and disadvantages of different carbon farming
mechanism models

In this section we identify the relative strengths of different carbon farming mechanism models and
highlight key risks; text boxes provide European examples of existing mechanisms.

Land-management practice payments: Up until relatively recently, land-management practice
payments were the primary source of carbon farming funding. Europe’s Common Agricultural Policy
(CAP) has used this model for farm support payments for decades, with an increase in the use of
practice-based payments to incentivise improved environmental and climate performance in recent
years. Land-management practice payments have the advantage of being simple and therefore low-
cost to administer, generally with low MRV requirements. They pose low risk for farmers, who know
when they apply what the payment will be. While land-management practice payments can beresult-
based, generally they are action-based, which further lowers the risk for farmers (COWI, Ecologic
Institute, and IEEP, 2021a). ' However, this type of funding generally depends on public financing,
which is arelatively limited funding source. Given that land-management practice paymentfinandng
is predominantly action-basedwith limited MRV, the mitigationimpact is commonly uncertain; result-
based land-management practice payments would involve higher MRV requirements (and costs) but
deliver more certainty about the mitigation outcome.

EAFRD agri-environment funding for soil management - Medved farm example,
https://enrd.ec.europa.eu/projects-practice/medved-farm-investing-soil-conservation-

practices en

Structure: Land-management practice payments Location: Slovenia
Category: Soil organiccarbon on mineral soils Since:2014  Impact: Unknown

The Medved family farm is an example of CAP-funded payments for implementing agri-
environmental practices that help mitigate climate change. On their 55ha of mixed
dairy/cropping farm, they have received payments for implementing specific practices including
sowing of green manure crops (i.e. cover crops thatare grown thenincorporated into the soil for
nutrients), no tillage, and direct application of organic fertilisers. This has increased organic
content of soils, with mitigation, fertility,and resilience benefits.

Corporate supply chains: Growing public concern with climate change has motivated someagrifood
companies to commit to corporate climate pledges, or to market products as climate-friendly in the
hope of earning price premiums or access to new markets. This model can bring in private sources of
funding for carbon farming, where agri-food companies are motivatedeither by price premiums or for
marketing reasons. An additional advantage is that agri-food companies have existing relationships
with many farmers, giving them the ability to set minimum standards or effectively communicate and
attract voluntary farmer participation. However, one main risk of this model is that the processes are
often opaque. To be credible, these mechanisms need to be transparent, which includes application of
proven and published methodologies for quantifying and verifying the results of carbon farming (with
associated high MRV requirements, costs and complexity). A number of standards have been

21 Result-based land management practice payments examples were demonstrated for farmland biodiversity in the four-year pilot schemes

co-funded by the European Commission (Byrne etal. 2018; Chaplin etal. 2019).
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developed to support this transparency (including Science Based Targets,?” Green House Gas
Protocol, ISO Standard 14064,** among others). There is also a need to regulate the claims that
corporates can make to consumers.

Arla Foods https://www.arla.com/sustainability/sustainable-dairy-farming/how-arla-
farmers-reduce-dairys-carbon-footprint/

Structure: Corporate supply chain Location: Northern Europe

Category: Livestock Since: 2013 Impact: Objective 30% reduction by 2030

Arla dairy farmers are visited by a farm consultant who uses an Arla-built farm carbon audit tool
to calculate current (baseline) farm emissions. Farmers update this baseline annually. Farmers
were paid a bonus 0.01EUR/litre of milk to complete the audit (action-based).

Voluntary carbon markets: Since the early 2000s, governments, NGOs, and private companies have
developed markets to incentivise mitigation measures (Nogues et al.,, 2021). These markets link
voluntary buyers who want to pay for mitigation measures with projects or individuals willing to
implement those actions in return for payment (oftenin the form of “offset credits” that equate to a
removal or reduction of 1t CO>-e).” These voluntary carbon markets are growing quickly, with a global
trading volume of 178 Mt CO.e in 2020, up 80% from 2019, and projected 2021 global market value of
over USD1 billion (Forest Trends’ Ecosystem Marketplace, 2021). While most voluntary marketremovals
and reductions come from forestry and renewable energy, agricultural methodologies (livestock
emissions reductions, peatland rewetting, and soil carbon sequestration) are emergingwithin Europe
(Cevallos, Grimault, and Bellassen, 2019). Voluntary carbon markets could significantly increase private
funding for carbon farming, but they also pose risks and face challenges, depending on the type of
market:

¢ Voluntary carbon markets - exchange-based are the most scalable, theoretically capable of
enticing large scale private financing for carbon farming - provided there is sufficientdemand.
They are relatively laissez-faire, based on methodologies that are applied similarly across
different farms, with the quality of the removals/mitigation assessed through relatively
stringent MRV. The resulting offset credits are assumed to be “fungible”, i.e., equivalent (and
tradeable) with those created through other mitigation methods (such as afforestation oreven
renewable energy reductions). However, there are significant disadvantages: the high MRV
costs and the relatively complex, open market structure lower the cost for buyers and other
market actors, but raise costs for participating farmers, often excluding smaller farms (who
cannot benefit from economies of scale) and reducing thenet benefits of farmer participation.
In addition, the fact that the price is determined on the market increases uncertainty and risk
for market participants. The fungibility of offset credits results in a general feature of offset
markets: if all allowances are considered as equivalent, the requirements for credits to enter
the market must be sufficiently high and stringent. If this cannot be ensured, it leads to a risk
for the market —and ultimately the environment. If carbon farming credits of low quality enter
the market (e.g., due to uncertainty, impermanence, or vulnerability to fraud), this can

2 See: https://sciencebasedtargets.org/

See: https://ghgprotocol.org/

23

2 See: https://www.iso.org/standard/66453.html

% Animportant distinction of voluntary markets is that, while offset credits are generated that can be boughtand sold on a market, these
credits are notused to comply with legal obligations (unlike emission allowances in a compliance ETS. Instead, buyers use these credits
to voluntarily offset the emissions for which they are responsible.
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undermine and erode trust in the market. If such credits are then still used to offset mitigation
in other sectors, this could undermine the achievementof overall climate targets.

Voluntary carbon markets with intermediaries: these markets generally involve closer
cooperation between farmersand an intermediary, with the intermediary effectively reducing
the risk and complexity of farmer participation. The credits produced in these markets are
usually limited to a single type of mitigation measure or carbonfarming, and the offset credits
are often only allowed to be sold once and then retired (i.e., are not considered fungible).
Intermediaries commonly guarantee a set price for farmers. For this reasonand because offset
credit buyers can rely on the reputation of the intermediary, MRV may not need to be as
stringent to be convincing to buyers, relative to an exchange-based voluntary carbon market.
This can lower complexity and costsfor farmers (and therefore increase farmer uptake) without
increasing environmental uncertainty, relative to exchange markets. However, due to the large
role of the intermediary (commonly supported by farming consultants), and the cost of the
services provided by the intermediary, it is more challenging to scale up these markets.

Carbon by Indigo, https://www.indigoag.com/carbon

Structure: Exchange-based voluntary carbon market Location: USA, Europe
Category: Soil carbon sequestration Since: 2019 Impact: unknown (3.3 million
acres)

Carbon by Indigo developeda Verra Voluntary Carbon Standard methodology for quantifying soil
carbon increases on croplands. Baselines are set using direct measurement. Sequestration over
theten-year project duration is then estimated either by direct measurementor modelling using
data on farm characteristics/management. There is some uncertainty concerning the
environmental robustness of the methodology, due to leakage, permanence, and
model/measurement uncertainty. Creditsare sold to corporate buyers (current prices USD15).

MoorFutures https://www.moorfutures.de/

Structure: Voluntary market with intermediary Location: Germany

Category: Peatland rewetting Since: 2010 Impact: 69,000 t CO2-e (by 2060)
MoorFutures works with landowners to establish a baseline scenario and then estimate the
expected avoided emissions of rewetting peatlands. Farmers sign 50+ year contracts andreceive
result-based payments (of €40-80/t). MoorFutures funds these by selling offset certificates to
corporates (e.g., McDonalds, banks) and individuals.
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4. COSTS, FUNDING OPTIONS AND INCENTIVES

4.1. Carbon farmingcosts andbarriers

4.1.1. Financial costs

From a business point of view, carbon farming only makes sense for farmers if the benefits (reward
payments plus the co-benefits that they enjoy) outweigh the costs that they face.” From a societal
perspective, decision makers must ensure that the benefits of carbon farming (including climate
mitigation, biodiversity, and other external benefits) exceed the costs (including costs faced by both
thefarmers andadministrators). Table 4 identifies the types of coststo set-up andrun a carbon farming
mechanism faced by farmersand administrators, and what these depend on.

Costs vary widely dependingon the mechanismtype, carbonfarming sub-category, specific mitigation
measures implemented, and the local context. Few studies evaluate administrator costs, with most
studies focused on a narrow definition of farmer costs. An illustrative example is the LIFE
CarbonFarmingScheme (2021), which evaluated seven potential carbon farming actions, all result-
based voluntary carbon market models with stringent MRV.They considered farmer baseline setting,
implementation, and transaction costs, finding that the total cost per t CO,-e range from €20 (for
afforestation) to €84 (for peatland actions).

MRV costs can make some carbon farming mechanisms uneconomic for farmers. In mechanismswith
high MRV requirements, the costs of quantifying emissions/removals and proving this to
administrators can be prohibitively expensive, outweighing the potential carbon farming payments
and therefore reducing farmer uptake (COWI, Ecologic Institute, and IEEP, 2021b). This is a particular
issue where mechanismsrequire on-site visits and sampling to measure baselinesand changesin e.g,
soil carbon stocks. This varies considerably by carbon farming mechanism model: Label bas Carbone
CarbonAgri estimates that cost of consultant site visits is €2000 per farm every 5 years; GoldStandard
projects face USD67,500-87,500 of verification, validation, and registry costs in thefirst 5 years (COW,
Ecologic Institute, and IEEP, 2021b); the LIFE CarbonFarmingScheme (2021) estimates project
validation, verification, and market registration costs of €110,000-240,000 within thefirst five years. In
addition to reducing net benefits, these high MRV costs can mean that onlylarge farmsor farmers can
participatein high-MRV mechanisms. Accordingly, carbon farming MRV should only be as stringent as
it needs to be.” However, the trade-off — lower MRV and lower environmental certainty - may not be
acceptablein many cases.

% Farmer costs can include lost income, including subsidies. From a societal perspective, any reduction in subsidy payments would not be

a cost.

The level of necessary stringency depends on the importance of accuracy; if carbon farming will be used to create offset credits (see
section 3.), then stringency must be very high. COWI, Ecologic Institute and IEEP (2021a) identify a number of ways to minimise the trade-
off between overall MRV accuracy and cost: MRV should be looser on smaller farms and on farms where regulators have greater certainty
about results (e.g. farms that have been recently audited); mitigation measures that are easy to monitor should be favoured while
mitigation measures with expensive monitoring or high uncertainty can be excluded; existing data and science should be utilised to
decrease farmer costs.

27
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Table 4: Administrator and farmer costs associated with carbon farming

Mechanism design: Development of the methodology
(i.e., how to quantify mitigation, how to monitor, report
and verify mitigation measures); developingall
governance and operating rules.

Administrator
Set-up costs

Administrator:

Ongoing costs

Scientific research/data collection: Calculating
mitigation depends on locally appropriate research and
data.

Baseline setting*and validation: Administrators may
bear the cost of setting participant baselines (e.g.,
sampling, consultant visits) and validating new
participants/projects.

Outreach, training: Costs of attracting farmer
participants.

Monitoring andverification: Assessment of farmer
mitigation measures to ensure they comply with the
methodology and verify results, any auditing costs.
Mechanism administration: Administrative costse.g.,
contracting, registry management, governance, system
evaluation etc.

Funding*: Costs associated with getting funding e.qg.,
marketing and selling offset credits to buyers.

Set-up costs are generally fixed
costs, sowill be lower per
t/COy-e or per participantin
larger mechanisms. They will be
higherfor more complex
mechanisms.

Research and baseline costs will
be lowerwhen there is existing
data and research to support
implementation, and where
scheme design builds on
existing examples.

Ongoing costs are variable, i.e.,
higher the more participants
are involved (though with some
economies of scale).

More complex mechanisms will
have higher MRV costs and
administrative costs.

Farmer
Set-up costs

Farmer
Ongoing costs

Learning costs: Carbon farming requires additional
knowledge and potentially training. Farmers must also
learn how to operate within the carbon farming
mechanism.

Baseline setting*: Farmers may bear baseline-setting
costs.

Implementation costs: Farmer costs of implementing

carbon farming action (e.g. technology purchase costs,
tree planting, rewetting).

Implementation costs: Direct ongoing costs of
implementing the mitigation measure (including time
costs, additional equipment, running costs).
Opportunity costs: Income foregone due to
implementing mitigation measures.

Transaction costs*: Farmer MRV and administrative
costs.

* Costs can be borne by farmers or by administrators, depending on scheme design.

Source:

Authors’ own elaboration.
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To maximise farmer uptake,
administrators can support
farmers to reduce these set-up
costs (e.g., through training,
consultant support).

Set-up costs are fixed costs, so
larger participants have lower
average costs.

Transaction costs depend
principally on MRV
requirements: complex
schemes and high MRV pose
significant costs for farmers.
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4.1.2. Non-financial barriers to carbon farming uptake

In addition to costs, non-financial barriers can also pose a significant challenge to upscaling carbon
farming. Previous studies have identified the following priority issues, which mustalso be addressed to
upscale carbon farming (European Commission, 2021a; Nogues et al., 2021).

Farmer barriersinclude:
e Learning costs - Carbon farming and interacting with new mechanisms requires new
knowledge and skills, requiring training, support, outreach, and practical examples (and
potentially up-front payments).

e Risks — Result-based mechanismsand the price uncertainty of exchange-based markets pose
risks for farmers.

Administratorbarriersinclude:

e MRV cost and uncertainty - Carbon farming MRV is oftenrelatively uncertain orexpensive (or
both).

e Other design challenges - As explored in Chapter 2, issues of permanence and defining
additionality (especially with leakage and land-competition) and interactions with existing
agricultural and environmental regulations make carbon farming challenging for
administrators.

e Administrator knowledge - Carbon farming requiresadministrator knowledge, ability, anda
baseline of data and scientificunderstanding.

4.2. Funding availability for carbon farming: public and private options

The different kinds of costs identified in section 4.1. can be covered by private or public funds,andin
some cases by a mixture of the two.

4.2.1. Private sources of finance for carbon farming - market-based and corporate
supply chain mechanisms

Private and corporate sources of finance predominate in carbon-farming mechanisms linked to
voluntary carbon markets or to companies in the farm sector supply chain. These private sector
payments offer the potential to increase funding available for carbon farming though they do face
some challenges andissues.

Thereareanincreasingnumber of voluntary carbon markets, where private actors pay foroffset credits
generated by carbon farming (Cevallos, Grimault and Bellassen, 2019). These mechanisms are typified
by result-based payments and either intermediary or exchange-based carbon markets. Label bas
Carbone CarbonAgri is one example of such a market: it sells emissions reduction certificates to
corporate and private buyers, which are matched by emissions reductions on French livestock farms.
The revenue from the sales of emissions reduction certificates is used to pay farmers per t CO2-e
emissions reduced, as well as cover training and administrative costs (COWI, Ecologic Institute, and
I[EEP, 2021b).

Administrators’ up-frontdevelopmentcostsare significant and private finance may notbe available to
fully cover these costs, especially in the early years when income from credit sales is small. Public
support may therefore have a role to play in getting projects off the ground. Such projects that are
jointly funded by both public and private actors are increasingly common, but require safeguards to
avoid double-funding of the same action, double-counting of carbon credits, or public funding
crowding out private capital. The peatland restoration max.moor scheme in Switzerland is a public-
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private partnership, with public start-up financing to cover establishment costs, which are not directly
recouped from the sale of offset credits. To avoid the double-counting issues, the Swiss authorities
retire one CDM credit for each credit issued by the max.moor initiative (COWI, Ecologic Institute, and
IEEP, 2021b). The Label bas Carbone CarbonAgrimechanism was also developed and established using
public funding:in addition to being administered by the French Ministry for Ecological Transition, the
methodologywas developed in partthrough anEU LIFE research project and utilises tools and research
developed by publicagencies (COWI, EcologicInstitute, and IEEP, 2021b).

As a different type of funding mechanism, corporate supply chain finance for carbon farming comes
from companies wanting to reduce the carbon footprint of their products. They do so by offering
farmers in their supply chain a small financial incentive to implement action-based carbon farming,
with MRV costs lower than they would bein a carbon market. For example, Arla Food's Climate Check
sustainable dairy project uses data from a publicly available digital reporting tool, verified by an
external auditor. Supply chain support can be in kind or in cash. The Swiss food retailer Coop
encourages farmers to plant timber and wild fruit trees in combination with standard fruit trees, in
return for a paymentof CHF 75 per tree plus free advice on the choice, location and regular care of the
trees. The paymentis additional to any otherformof agricultural support (COWI, Ecologic Institute and
I[EEP, 2021a).

Several factors will influence the amount of private finance available. A key limit for the growth of
private offset markets is the potential perception of carbon farming offset credits as having relatively
low environmental robustness due to concerns about permanence and non-additionality, and
uncertainty in measuring mitigationimpact (as discussed in section 2.3.). Until these concerns are
adequately addressed, there is significant risk of using carbon farming credits to offset mitigation in
other sectors, which should reduce demand within voluntary carbon markets. While this challenge
could in the future be addressed through more stringent MRV, the current cost of such MRV is a
significant barrier to farmer voluntary uptake, as is risk faced by farmers (COWI, Ecologic Institute, and
IEEP, 2021a).

42.2. Public sources of finance for carbon-farming

In considering publicfunding for carbon farming, by far the most significant source is the wide range
of opportunities Member States will have to use their CAPfundsfrom 2023 onwardsto supportcarbon
farming. A large amount of the overall EU budget contribution to climate objectiveis expected to come
from the CAP, which is ‘expected to contribute’ 40% of its budget, almost EUR 155 billion, towards
climate spending between 2023 to 2027. This is an expectation, not an obligation, and crucially its
effectiveness will depend on how Member States choose to meet their climate and other
environmental needs (which will be wider than just carbon farming) in their draft CAP Strategic Plans
(CSPs); the extent to which these choices are modified during the Commission approval process; and
theresponse of farmersto the CAP carbon farming standardsand payments in their Member State.

This section discusses, from the point of view of a farmer or landowner, the carbon farming baseline
requirements and the types of funding that could be available under both Pillars of the CAP 2023-27.
Whether or not these payments will actually be available to individual farmers is down to Member
States decisions, which are discussed in section 5.3.

CAP finance could support carbonfarming in a number of ways: by setting baseline standards of land
management; through a suite of practice-based land management contracts for specific carbon
farming actions at several levels of climate ambition, which in combination could make a considerable
contribution to funding on-going costs of carbon farming; upfront investment support for farm-level
land use changes to enable carbon farming; advisoryand capacity building support thatcould help to
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cover farmers’ costs of learning; finally, the EAFRD could contribute to R&D costs for farmers and
administrators setting up new carbon farming mechanisms locally, and also at national and EU level
(thelatter throughthe CAP Network andthe agricultural European Innovation Partnership (EIP-AGRI)).
The farm-level CAP measuresavailable from 2023 are detailed below.

Potential for farm-level CAP funding for carbon farming from 2023

Significantly, the agreement on the new CAP extends the underlying eligibility for CAP Pillar 1 direct
payments, to include the carbon farming practices of paludiculture and agroforestry (European
Parliament, 2021b). This change could remove significant barriersfor farmers rewetting peatlands, for
example, because they might no longer stand to lose their direct payments. The new GAEC
conditionality standards set the baseline land management requirements for all farmers receiving
direct payments under Pillar 1 and land management payments under Pillar 2. Several are directly
relevant to the management of peatlandsand wetlands, retention of grassland, and retention of SOC,
as shownin Table 5. Failure to comply with GAEC standards can lead to quite high financial penalties
which act as a deterrent for farmers.

Eco-schemes are new, area-based payments fully funded under Pillar 1. The Commission’s proposed
list of examples includes: conservation agriculture; rewetting wetlands/peatlands, paludiculture;
minimum water table level during winter; appropriate management of residues (i.e., burying them),
seeding on residues; establishment and maintenance of permanent grassland and extensive use of
permanent grassland; agroforestry (European Commission, 2021c). Eco-schemes can be paid per
hectare either on a cost incurred orincome forgone basis or, in some cases, a top up income payment
which farmers enterunder an annual contract. Groupsof farmersare also eligible.

Using their EAFRD co-funding under Pillar 2 of the CAP, Member States have a wider choice of
interventions they could make available to farmers to support carbon farming. These include multi-
annual environmental management contracts for carbon farming, which can be tailored to suit the
national or regional need and farming context, as well as the opportunity for innovative approaches
like result-based environmental management contractsand pilot schemes. Area-based annual Natura
2000 compensation payments (for the requirements farmers have to fulfilunder the EU’s nature laws)
could underpin appropriate carbon farming within Natura 2000 sites, e.g., for permanent grassland,
peatland and wetland habitats.
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Table 5: CAP standards from 2023 for good agricultural and environmental condition of land relevant to carbon farming

Requirements and standards Main objective of the standard

Climate change GAECT
(mitigation of
and adaptation
to) GAEC 2
GAEC3
GAEC6
Soil
(protection and
quality) GAEC7
GAEC 8
Biodiversity GAEC9
and landscape
(protection and
quality)
GAEC10
Source:

Maintenance of permanent grassland based on a ratio of permanent grassland in relation to
agricultural area at national, regional, sub- regional, group-of-holdings or holding level in
comparison to the reference year 2018; Maximum decrease of 5% compared to the reference
year.

Protection of wetland and peatland®

Ban on burning arable stubble, exceptfor plant health reasons

Tillage management, reducing the risk of soil degradation and erosion, including
consideration of the slope gradient.

Minimum soil cover to avoid bare soil in periods that are most sensitive 2

Crop rotation in arable land, exceptfor crops growing under water 3°

[partial extract] Minimum share of agricultural area devoted to non-productive areas or
features; Minimum share of at least 4% of arable land at farm level devoted to non-productive
areas and features, including land lying fallow; ...; Retention of landscape features; Ban on
cutting hedges and trees during the bird breeding and rearing season

Ban on converting or ploughing permanent grassland designated as environmentally-
sensitive permanent grasslands in Natural 2000 sites

European Parliament (2021b).

28

29

30

General safeguard against conversion to
otheragricultural uses to preserve
carbon stock

Protection of carbon-rich soils

Maintenance of soil organic matter

Minimum land management reflecting
site specific conditions to limit erosion

Protection of soilsin
periods that are most sensitive

Preserve the soil potential

Maintenance of non- productive features
and areato improve on-farm biodiversity

Protection of habitats and species

Member States may provide in their CAP strategic plans that this GAEC will only be applicable as from claim year 2024 or 2025. In such cases, Member States shall demonstrate that the delay is necessary for
the establishment of the management system in accordance with a detailed planning. Member States, when establishing the standard for GAEC 2, shall ensure that on the land concerned an agricultural activity
suitable for qualifying the land as agricultural area may be maintained.

In duly justified cases, Member States may adapt the minimum standards to take into account the short vegetation period resulting from the length and severity of the winter period.

There is a more detailed definition of the requirements and exemptions in the agreed text of the legislation.
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4.2.3.

Contribution of EU researchfunding to carbon farming

EU funds under the LIFE, Horizon Europe and INTERREG programmes could make a significant
contribution to innovation and R&D in carbon faming (see box text for examples of recent relevant
projects). Examples of EU research and project fundingrelated to carbon farming include:

4.3.

LIFE: The LIFE Carbon Farming Scheme, which started in 2020, aims: to develop guidance for
policymakers on implementation of a carbon farming incentive scheme; to identify
characteristics of efficient markets by studying demand from sectors mandated to GHG
reductions, and supply from the agricultural and forest sectors:and to demonstrate the rules
in 10 test farms and 10 forests, two of each from five different soil-climatic regions in Europe.
The project has already released fourreports.

The five-year LIFE PEAT RESTORE?' project in Germany, Poland and the three Baltic Member
States has rewetted about 5,300 ha of degraded peatlands, created guidelines for peatland
restoration and management, tested techniques for Sphagnum farming on bare peat and
creating floating islands in a former peat extraction area. It hasalsoestimated the climate effect
of the restoration measures and tried to raise public awareness with events, booklets, panel
discussions, photography exhibitionsand short films.The results of the project were presented
at a final conference in October 2021 and are available at https:/life-peat-
restore.eu/en/welcome-to-life-peat-restores-online-conference/

Horizon 2020: The recently completed H2020 project CIRCASA*? aims to strengthen the
coordination and synergies in European and global research on SOC sequestration in
agriculturalsoils, leading toan improved understanding and scientific basis totargetambitious
practices required to preserve and enhance SOC. A new Horizon Europe call* for projects on
thetopicInternational Research Consortiumon (agricultural) soil carbon (HORIZON-CL6-2021-
CLIMATE-01-07) closed in October 2021, with the grant award expected in early 2022.

INTERREG: The INTERREG North Sea Region’s Carbon Farming?* project focuses on the
implementation of carbon farming techniques that will improve soil structure, increase soil
biodiversity and offer better water holding capacity and nutrient availability. The seven
partners, from The Netherlands, Belgium, Germany and Norway, including farmers’
associations and research centres. have been working to promote and showcase uptake of
carbon farming techniques. One of the outputsof the project are policy recommendations on
how to incentivise carbon farming. The main recommendation is to develop a holistic
framework in which the climate, biodiversity and water-related objectives do not conflict with
each other at the farm level and provide a clear and motivating framework (Nijman, 2021).
Peatland restoration and paludiculture have been the focus of the DESIRE project supported
by the INTERREG Baltic Sea Region Programme of the European Regional Development Fund).

Additional requirements for carbon farming uptake and
effectiveness

In addition to monetary reward, a number of additional actions will be needed to address the non-
financial barriers to carbon farming (4.1.2) if carbon farming is to be adopted by administrators and

31

See : https:/life-peat-restore.eu/en/

32 See: https://cordis.europa.eu/project/id/774378

33

See : https://eceuropa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details /horizon-cl6-2021-climate-01-

07;callCode=HORIZON-CL6-2021-CLIMATE-01

3 See:https:/northsearegion.eu/carbon-farming/

PE 695.482 38


https://www.st1.com/st1-life/news-and-updates
https://life-peat-restore.eu/en/
https://life-peat-restore.eu/en/welcome-to-life-peat-restores-online-conference/
https://life-peat-restore.eu/en/welcome-to-life-peat-restores-online-conference/
https://cordis.europa.eu/project/id/774378
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-cl6-2021-climate-01-07;callCode=HORIZON-CL6-2021-CLIMATE-01;freeTextSearchKeyword=;matchWholeText=true;typeCodes=1;statusCodes=31094501,31094502,31094503;programmePeriod=null;programCcm2Id=null;programDivisionCode=null;focusAreaCode=null;destination=null;mission=null;geographicalZonesCode=null;programmeDivisionProspect=null;startDateLte=null;startDateGte=null;crossCuttingPriorityCode=null;cpvCode=null;performanceOfDelivery=null;sortQuery=sortStatus;orderBy=asc;onlyTenders=false;topicListKey=callTopicSearchTableState
https://northsearegion.eu/carbon-farming/
https://life-peat-restore.eu/en/
https://cordis.europa.eu/project/id/774378
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-cl6-2021-climate-01-07;callCode=HORIZON-CL6-2021-CLIMATE-01
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-cl6-2021-climate-01-07;callCode=HORIZON-CL6-2021-CLIMATE-01
https://northsearegion.eu/carbon-farming/

Carbon farming | Making agriculture fitfor 2030

farmers at the scale required to make an effective contribution to EU environmental policy in the next
10 years:

Removing policy barriers by adjusting implementation of existing policies and/or development of
new policies could strengthen carbon farming uptake and effectiveness. Here, it is particularly
important to identify and redress existing, counterproductive incentives for farming under the CAP,
some of which discourage carbon farming or encourage farming that increase rather than decrease
agricultural GHG emissions. To realise this opportunity, it will be important for the Commission to
ensure that theapproved CAP Strategic Plans from 2023 encourage uptakeof targeted carbonfarming
actions where they will have greatest mitigation benefit. This requires designing GAEC requirements
and practice-based payments for carbon farming that take full account of the variability within each
Member State in soils, climatic conditions, farming systems structures, current land uses and the real
costs/benefits to thefarmer of carbon farming, ratherthan a “one size fits all” approach. Member States
could further leverage uptake of carbon farming by differentiating payment rates and targeting eco-
schemes and environmental/climate land management contracts where they will achieve greatest
mitigation benefit and positively impact other societal goals such as biodiversity conservation. This
would give a clear signalto farmers that level of paymentis linked to both the scale of change required
andtheresulting GHG benefits to society.

A related policy barrier is that CAP payments are subject to a seven-year policy cycle with funding
levels, regulations, and priorities all liable to change between cycles. This 7-year CAP cycle is a
significant barrier for the permanence and additionality of CAP carbon farming support for carbon
sequestration/storage and long-term actions to avoid GHG emissions (e.g., for agroforestry
management, peatland restoration/rewetting, converting arable land to permanent grassland, raising
water tables). Longer environmental and climate management contracts under CAP Pillar 2 would
address this problem,enable long-term business planning by farmersand encourage uptake of action-
based carbon farming mechanisms. There is a CAP precedent for 20-year contracts ‘for environmental
reasons and for the protectionof natural resources’.*

Investment in R&D could strengthen carbon farming uptake and effectiveness by addressing the
accuracy and costof MRV methods, as well as potential synergies and conflicts with other EU objectives.
Thereis currently an MRV trade-off between the affordability (i.e., low-cost) and certainty of the results
achieved. If levels of uncertainty are high, it may be an obstacle to market-based funding carbon
farming scheme, for both administrators and farmers, who typically share both the MRV costs and the
financialrisk. Therefore, priority should be given forR&D investment towards developing cost-effective
and accurate MRV systems (and the data and models that underpin them). These investments should
be complemented by continuing practical experience that can identify new barriers, catalyse new
solutions, and develop lessons that can be applied in subsequent schemes (COWI, Ecologic Institute
and IEEP, 2021a).

A second priority should be research and demonstration of cost-effective carbon farming methods in
different pedo-climatic conditions, ideally with co-benefits for the farmer and society, but at a
minimum ensuring the principle of ‘do no harm’. Existing carbon farming schemes have shown
evidence of significant co-benefits but also potential trade-offs between environmental objectives.
Factoring these into the delivery of the scheme and rewarding farmers for delivering specific co-

% For CAP payments ‘to set aside farmland for at least 20 years with a view to its use for purposes connected with the environment, in

particular for the establishment of biotope reserves or natural parks or for the protection of hydrological systems’ (Council of the EU,
1992; Article 2(1)f).
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benefits will be an important contribution to increasing farmer participation and delivering other EU
environmental priorities.

The third priority for R&D should be to understand the sociological aspects of farmers’ attitudes to
carbon farming, their awareness of the opportunities and barriers for their business and the key
influences on their decision making. Investment in enhancing farmers’knowledge and perceptions of
carbon-and non-carbon benefits, attitudes towards climate change andfarming practices andfinandial
uncertainty could help overcome currentsocial-cultural barriers to uptake of carbon farming practices
and funding opportunities (COWI, EcologicInstitute andIEEP, 2021a, b).

Advisory and technical support for potential funders (public and private), scheme operators, and
farmers will support setting up new market-based initiatives or expanding or endorsing existing
schemes and initiatives. Any effective scheme and effective MRV system will need to be informed and
run by people with appropriate knowledge and technical expertise to understand the results that the
scheme is intended to produce. Further, providing the necessary advisory and technical support to
farmers builds trust between farmers and advisers. This trust and adequate provision of advice to
farmers is important for the functioning and success of any environmental land management, but
especially for results-based carbon farming mechanisms. Scaling up training and advisory services for
farmers, funders and schemes operators could further incentivise the uptake of carbon farming
schemes (COWI, EcologicInstitute and IEEP, 2021a).

Capacity building and information and awareness raising support to increase institutional capacity in
scheme funders, and skills and knowledge capacity among farmersand their advisers and workers are
crucial elements for scheme development and operation, whether market-based or action-based.
Member States currently have opportunities to strengthen carbon farming skills and capacity using
CAP and other publicfunding (as discussedin 4.2.2).
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5. CARBON FARMING AND ITS LINKS TO KEY EU POLICY AREAS

In addition to the issues discussed in the previous chapters, the success of the EU carbon farming
initiative will inevitably depend on whether there are sufficient policy incentives in place to drive the
demand for carbon farmingactions/schemes, whetherthatis from Member States or private actors. In
addition to the Common Agricultural Policy (CAP), which remains the main driver of actions in the EU
farming sector, other EU policies, the EU policy framework for climate and biodiversity are also
important here and described and assessed in this section.

5.1. EUclimate policy

The EU climate and energy policy framework playsa crucial role as it sets the overall climate ambition
and prescribes obligations to certain sectors of the economy. Over the past decade, EU climate
mitigation targets became more ambitious, increasing from 20% reduction from 1990 levels by 2020
(EU 2020 climate and energy package) to 55% by 2030 and economy-wide climate neutrality by mid-
century (European Climate Law under the European Green Deal). At the same time, the scope of the
relevant legislation has also changed with implications for climate action in the agriculture and land
use sectors. The following section provides an overview of how carbon farming has been promoted by
EU climate policy, including a brief assessment of the implications of the recently proposed Fit for 55
package.

5.1.1. Agriculture in the EU 2030 climate and energy policy framework

The EU 2030 climate and energy policy framework was adopted in 2018 to deliver an EU-wide emission
cut of at least 40% by 2030. Agricultural activitiesemit andremove both CO2 and non-CO2 greenhouse
gases (GHGs). Theseemissionsare addressed under different pillars of the framework. Agricultural non-
CO2 GHGs, together with emissions fromothersectors outside the scope of the EU’s Emission Trading
System (EU ETS), are covered by the Effort Sharing Regulation (ESR). The ESR sets binding targets for
Member States butwith flexibility on the potential contribution of individual ESR sectors.Targets range
from 0% to 40% reduction by 2030 (compared to 2005 levels), reflecting the relative wealth of Member
States, and they are meantto collectively deliver a 30% emissions cut in those sectors by 2030.

Agricultural CO2 emissions (or removals) linked to changes in carbon stored in soils and biomass due
to cropland and grasslandmanagement practicesare on the other hand covered by the Land use, land
use change and forestry (LULUCF) Regulation. The Regulation sets a “no-debit” rule, requiring Member
States to ensure that accounted emissions (debits) from all land-use categories within the LULUCF
sector are less than accounted removals (credits) in the period of 2021 - 2030. There are several
flexibilities integrated into the legislation to help Member States comply with the no-debit rule
including banking credits for later periods, transferring credits between different land use categories
and Member States as wellas a compensation mechanismin the managed forest land category thatis
only available under certain conditions. While the LULUCF sector does not count towards the 2030
emission reduction target, Member States are allowed to use the LULUCF sink to offset 280 Mt of
emissions from their ESR sectors in 2021-2030. This flexibility has been criticised claiming that it
disincentivises the reduction of GHG emissionsin the ESR sector (Fern,2018).

From a carbon farming pointof view, the following observations can be made aboutthe current(2030)
EU climate and energy policy framework:

e TheESRand LULUCF Regulation set targetsand requirements for Member States and therefore
they provide no direct incentives for individual farmers. As such, it does not alone provide
sufficient incentives for the reduction of non-CO2 GHGs from the agriculture sector. Across all
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5.1.2.

effort sharing sectors, agricultural emissions decreased the least in the period of 2005-2018.
Agriculture remainsthe sector where projections foresee only limited changes in emissionsin
the period up to 2030 (EEA, 2020).

Existing rules do not prevent the decreaseof the EU’s carbon sink. Between 2010and 2019, the
LULUCF sinkinthe EU decreased by 21% from -315 Mt CO2-e to -249 Mt CO2-e. While this isin
part due to age structure of forests, a Commission impact assessment from 2020 concluded
that “left without a revised policy framework, the net removal of CO2 from the atmosphere by the
LULUCF sector in the EU will at best remain stable — or even decrease” (European Commission,
2020a).

The Fit for 55 package

To set Europe on a responsible path towards becoming climate neutral by mid-century, the European
Climate Law, which was adopted in June 2021, increased the 2030 EU-wide emission reduction target
to atleast 55% compared to 1990 levels. The contributionof the LULUCF sectorto thistarget is capped
at 225 Mt CO2e*. In July 2021, the European Commission proposed a set of revisions (Fit for 55
package) to the current 2030 climate andenergy policy frameworkto meetthe higher ambition set out
in the European Climate Law.

Key elements of the Fit for 55 package include the revision of the Effort Sharing and LULUCF
Regulations. Amongstthe mostrelevantchangesare:

The ambition levelin the ESR sectors is proposed to increase from the current 30% to 40% by
2030 (compared to 2005 levels). Flexibilities remain, but with a number of changes that will
likely restrict offsettinguntil 2030, although after this it is then expectedto increase again (Fern,
2021).

An overall target of 310 Mt CO2-e of removals is proposed in the land use and forestry sector
for the period from 2026 to 2030, which will be divided between Member States as annual
national targets based on theverified emissionsand removals from years 2021, 2022 and 2023.
This has been proposed to encourage Member States to increase the size of carbon sinks
beyond 225 Mt CO2-¢, i.e., the maximum contribution of the LULUCF sector to the 55% target.
This will defacto increase the 2030 net target to 57% (EuropeanParliament, 2021a).

An integrated policy framework covering agriculture, forestry and land use (AFOLU) is
proposed from 2030 with the view of achieving carbon neutrality in the AFOLUsector by 2035.
The transition to this integrated frameworkis foreseento happen through several stages:

o 2021-2025: No major changes in the LULUCF regulatoryframework.
o 2026-2030: Anoverall EU removaltargetof 310 Mt CO2-e willapply as describedabove.

o From 2031 onwards the LULUCF sector will include the non-CO2 GHG emissions from
agriculture with the objective of reaching a climate neutral EU land sector by 2035 at
thelatest.

o From 2036 onwards the EU land sector will be expected to become net sink. These
removals from the land sector are foreseento be used to balance remaining emissions
in other sectors that have exhausted their emissions reduction possibilities, or that
have achieved for instance over 90% emission reductions.

36

i.e. maximum contribution of net removals from LULUCF are 225Mt; any additional will not count for 55% reduction.
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In addition to these changes in the Effort Sharing and LULUCF Regulations, two other relevant policy
initiatives should be highlighted:

e TheCommission’sCarbonFarming Initiative, which is expected to be launched before the end
of 2021, will promote a new business model in the EU farming sector that rewards climate-
friendly management practices by land managers.Whilst the exact scopeof theinitiative is yet
to be seen, the Commission’s focus seems to be on carbon removal and storage (as opposed
tonon-CO2emissions).

e A new regulatory framework for carbon removal certification, for which the Commission’s
proposalis expected at the end of 2022, will lay out detailed rules for monitoring, verifyingand
accounting carbon removalsin the EU to ensure robustnessand transparency.

These changes, ifapproved as proposed, may have a number ofimplications for carbonfarming. First
and foremost, the launch of a sequestration-focused EU carbon farming initiative and the foreseen
target on removals will most likely encourage Member States to take action to increase the absorption
of CO2 in agricultural and forest land. At the same time, the proposed target of 310 Mt CO2e remain
well belowthe potential identified in recent scientific literature that indicates that annual removals of
up to 600 Mt CO2e can be achieved in the EU LULUCF sector by 2030 (B6ttcheretal., 2021)%. Secondly,
theincentives provided throughthe EU climate policy to implement carbon farming actions targeting
agricultural non-CO2 emissions remain weak. This is the case, even though there is widespread
evidence thatagricultural GHG emissions can be reduced cost-efficiently. The proposed integration of
agriculture into the LULUCF sector may further delay action in the farming sector to reduce non-CO2
emissions. Thirdly, the environmental integrity of the EU carbon farming initiative will depend upon
the forthcoming regulatory framework to monitor and verify carbon removals in agriculture and
forestry.

In order to overcomethese challengesand ensure thatcarbonfarmingmakesa significant and lasting
contribution to the EU’s climate mitigation efforts, the following policy recommendations can be
made:

e Avoiding and reducing GHG emissions should be the first and main priority of climate
mitigation efforts in the land use sectors. This avoidance and reduction of emissions first
principle should be reflected in the carbon farming initiative. In particular, this requires that
non-CO2 emissions are within the scope of theinitiative.

e Setting a quantified GHG emission reduction target for agriculture could help reduce the risk
that Member States rely extensively onremovals to meet net targets (see e.g., in Germany).This
is especially importantin the context of a combined agriculture and LULUCF sector (AFOLU)
foreseen after 2030.

e The development of a robust, transparent and science-based certification system for carbon
removals is essential to ensure the environmental integrity of the EU carbon farming initiative
and the wider climate policy regime.

¥ The mitigation potentials in section 2. are for additional mitigation; these here refer to total net mitigation.
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National climate policies addressing agriculture - Germany’s Federal Climate Change Act

In 2019, Germany’s government implemented a climate law which provides sectoral climate
targets, including for agriculture. Through combining annual emission budgets, annual
mitigation targetsand climate protection measures, theoverall target of net zerogreenhouse gas
emission has been set for 2045. The steps towards climate neutrality are reduction of GHG
emissions in comparison to 1990 of at least 65% by 2030 and of 88% by 2040. For agriculture in
particular the aim is to reduce emissions to 56 million tonnes of CO2-e by 2030. The contribution
of the LULUCF sector is set to at least 25Mt CO2-e by 2030 and 40 Mt CO2-e by 2045.

The climate protection measures and monitoring are in the hand of the responsible ministries.
Ministries are also responsible for compliance in their sectors. For agriculture, the foreseen
measures address both CO2 and non-CO2 emissions and removals. For non-CO2 emissions,
measures include the reduction of nitrogen surpluses (ammonia emissions, nitrous oxide
emissions and targeted measures to reduce nitrogen emissions from agricultural soils) and the
improvement of nitrogen efficiency (together 1.9 to 7.5 million tonnes of CO, equivalents
annually) and management of livestock manure and agricultural residues (2.0 to 2.4 million
tonnes of CO2-e annually). Carbon sequestration and storagewill be encouraged through humus
build up in agriculturally used soils, by conserving and rewetting peatlands, and by rewarding
ecosystem servicesin forests (reduction potentialis estimated to 1.0-3.0 million tonnes of CO2-e
annually).

The emission reduction targets reflect the recent changes to the law, which the government
implemented after a ruling by the Federal Constitutional Court. The Court concluded that missing
interim targets after 2030 are not compatible with the principle of intergenerational justice by
referring to Article 20 of the ‘Grundgesetz’ — the protection of the natural foundations of life in
responsibility for future generations. Based on the ruling, the government was ordered define
further reduction paths for 2030 to 2050 and amend the Climate Protection Act in order to reach
climate neutrality, with CO2 budgets used as a basis for the climate targets. In response, in June
2020, the government passed an Emergency Climate Protection Programme, with an additional
EUR 8 billion funding for climate measures,including EUR 480 million for agriculture and land use,
land use change and forestrysectors.

5.2. EUbiodiversity policy

As agriculturallandscapes are of great importance to biodiversity protection, carbonfarming measures
have significant potential to deliver biodiversity co-benéfits (as well as some potential disbenéefits or
trade-offs). Carbon farming policy initiatives and implementation should therefore be carefully aligned
with current and developing EU biodiversity policy commitments, at both EU and Member
State/regional level.

The EU Biodiversity Strategy (BDS) sets out the EU’s planned actionsto putnature ona pathto recovery
by 2030. It replaces the previous Biodiversity Strategy to 2020 which, despite some success, failed to
halt the decline of biodiversity in Europe. The new BDS aims to address these gaps both by
strengthening the implementation of existing biodiversity policies, such as the EU Nature Directives,
and by introducing new initiatives, such as an EU Nature Restoration Plan. This section will outline the
key overlaps between carbon farming and biodiversity policy objectives including how biodiversity
policies can support carbon farming, and how carbon farming can in turn help to achieve biodiversity
goals.
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Although thefocus will be on contributing to the protection and restoration of farmland biodiversity,
carbon farming initiatives can also help achieve other BDS headline targets. Forexample, reducing the
use of pesticides by 50%, bringing back 10% of agricultural area under high diversity landscape
features, and contributing to the goal for zero pollution by reducing the use of fertilisers by at least
20%. Moreover, depending on the way in which they are implemented, some carbon farming actions
may indirectly help to achieve other biodiversity targets such as reversing the loss of pollinators.

5.2.1. Legal obligations of Member States/regions for the conservation of farmland
habitats and species under the EU Nature Directives

The Nature Directives set out obligations for Member States for protecting habitats and species both
inside and outside designated Natura sites. They also apply to farmland and can overlap with carbon
farming, since around 40% of the Natura 2000 totalareais farmland (EASME, 2020). There are over 50
habitat types and 260 protected species underthe Habitats Directive which are closely associated with
agriculture (European Commission,2017).

Article 6(1) of the Habitats Directive requires Member States to establish the necessary conservation
measures for Special Areas of Conservation (designated Naturasites). Article 6(2) requires themto take
the appropriate steps to avoid the deterioration of natural habitats and the habitats of species. Both
Articles include requirements which can include restoration measures (Coalition, 2020). Article 6(2) has
beeninterpreted by the EU Court of Justice to include an obligation to “ensure that damaged habitats
areallowed to recover”.

Carbon farming can have implications for the Nature Directives. There are around 200 habitat types
that are defined and protected at the EU level under Annex|of the Habitats Directive.3® Someof these
habitats containsignificantamounts of carbon,but thedegradation of ecosystems by human activities
adversely affects their carbon sink capacity. The carbon stored is then released, having negative and
dangerous consequencesfor theclimate and forthe ecosystems (IUCN, 2017). Restoring these habitats
through carbon farming practices could help achieve favourable conservation status of the habitat
types protected underthe Directives.

e Peatland ecosystems are covered by thirteendifferent habitattypesin the Habitats Directive.
In total, 33 000 km2 of these habitat types are protected in more than 8,700 Natura 2000 sites
(European Commission, 2020b). The Natura2000 network hasa positive impact on biodiversity
and habitat protectionof peatland in the EU (Peters and Unger, 2017) and therefore, restoring
these habitat types and maintaining them in a favourable conservation status under the
obligations of the Directive will have positive consequencesfor biodiversity and forthe climate.

e Agroforestry systems have the potential to be deployedacross a large area of farmland across
the EU. 85 forest habitat types are listed in Annex | of the Habitats Directive, including long
established silvo-pastoral systems. New agroforestry systems have the potential to deliver
carbon sequestration and can provide wider benéefits for ecosystem services and biodiversity,
such as a greater diversity of landscapes and habitat connectivity (COWI, Ecologic Institute and
IEEP, 2021a).

% The Habitats Directive Annex | lists 58 habitat types which are considered to be dependent on or associated with extensive agricultural

practices, and Annex Il lists 197 species or subspecies of plants or animals (other than birds) associated with agro-ecosystems or grassland
ecosystems. Additionally, 62 of the 195 birds listed in Annex | of the Birds Directive are considered to be key farmland species (European
Commission, 2014).
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Despite the importance of this legislation, Member States’ lack of implementation by of their
obligations under the Nature Directives is preventing many protected habitat types from reaching
favourable conservation status.

e Peatland ecosystems: their overall conservation status remains unsatisfactory, despite the
protection and restoring obligations set out in the Nature Directives. According to the
reporting assessment made under Article 17 of the Habitats Directive forthe 2013-2018 period,
only 11% of the assessments of peatland habitat types currently show a favourable
conservationstatusat the EU level (European Commission, 2020b).*

e Agroforestry systems: the overall conservation status of forest habitats under the Habitats
Directive also remains largely unsatisfactory. According to the same assessment under Article
17, none of the agroforestry habitat assessments showed a favourable conservation status®.
The Montado agroforestry project in Portugal is an experimental approach demonstratinghow
payments to farmers based on indicators of habitat quality such as carbon farming practices
could help to achieve the obligations of the NatureDirectives while delivering positive climate
benefits (see box text).

Payment for environmental results in the Portuguese Montado,
https://www.rbpnetwork.eu/country-infos/portugal/montado-produzir-e-conservar-payment-
for-environmental-results-in-the-portuguese-montado-43/

Montado is a traditional agroforestry system combining oak trees with natural or semi-natural
pasture and extensive grazing, which represents approximately 4 million hectares of farmland.
Some of these habitats are protected under Natura 2000 legislation but are threatened by
inappropriate management.

In the Central Alentejo region of southern Portugal an innovative pilot project is under
development thataimsto reward farmers forimprovements in the conservation of the ecosystem
through result-based payments fora set of 11 verifiable indicators of healthy and functional soils;
oak tree regeneration; and Mediterranean biodiverse pasture. The indicators are being field
tested.

Finally, the Nature Directives can have implications for carbon farmingin terms of research funding.
The LIFE programme, has supported thousands of exemplary biodiversity restoration projects for
conservationof Natura habitatsand species across Member States, supporting carbon farming (EASME,
2020).

5.2.2. Implementation ofthe EU Nature Restoration Plan

The BDS announced the creation an EU Nature Restoration Plan aiming to restore degraded
ecosystems by 2030. This plan will include a proposal for legally binding nature restoration targets
which should prioritise the restoration of ecosystems with the highest potential to capture carbon, as
well to deliver further benefits, such ashazard risk mitigation, soil healthand pollination. The European
Commission is planning to publishits proposal forthe EU nature restorationtargets on December 14th,
2021.

3 Based on the total number of habitat assessments (56 assessments of bog, mire and fen habitat types).

“ Habitat types 6310 dehesa (and montado) (in Mediterranean biogeographical region), 6530 Fennoscandian wooded meadows (in boreal
and continental biogeographical regions), 9070 wooded pastures (in alpine, boreal and continental biogeographical regions).
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Carbon farming and habitat restoration should address the climate and biodiversity crises in an
integrated way asthese areintrinsically linked (COWI, Ecologic Institute and IEEP, 2021). Indeed, carbon
farming schemes can achieve win-win solutionsfor climate and biodiversity throughthe restoration of
habitats because restoration re-establishes the natural carbon storage and long-term sequestration
capacities of degraded habitats.

Several key carbon farming practices can achieve benefits for both climate and biodiversity through
ecosystem restoration:

Carbon farming on peatlands includes actions to rewet and restore drained peatlands, and
to improve their management. Healthy, wet peatlands are some the most important
ecosystems in terms of climate benefits due to their exceptionally high carbon storage
capacities. Their restoration is therefore closely aligned with the EU Nature Restoration Plan’s
aim torestore significant areas of degraded and carbon-rich ecosystems by 2030. In addition,
the rewetting and restoration of peatlands can contribute to hazard risk mitigation through
increased water retention and reduced run-off. Nature restoration targets also aim to restore
habitats and species showing a deterioration in conservation trends and status (European
Commission, 2020b). Peatlands are home to several unique and specialised plant, animal, and
microbial species many of which are currently threatened. EU peatlands have been historically
drained for agriculture and continue toface important pressures, especially ploughing. Around
30% of Annex 1 peatland areain the EU is probably degraded and in need of restoration and,
according to the European Red List of Habitats, 85% of peatland habitat types are threatened
(Janssenetal,2016). “

Carbon farming on mineral soils includes measures to enhance SOC on mineral soils under
cropland and grassland. Increasing SOC can directly contribute to biodiversity restoration as
healthy SOC levels are needed for the biochemical processes which underpin life both
underground and above ground. Moreover, high agricultural biodiversity canin turn enhance
SOCaccumulation. Soil healthand biodiversityare clearly tightly linked, asreflected in the BDS,
which announced the proposal in 2021 for a new soil strategy to address soil degradation in
Europe.Infact,the EU Nature Restoration Plan will be a key part of this strategyas it is expected
toinclude soil restoration targets to protect soil fertility, reduce soil erosion and increase SOC
(European Commission, 2020b). Carbon farming can therefore directly contribute to this and
could be used toimplement national restoration plans, which Member States will be expected
to draft by 2023. In addition, co-benefits of carbon farming measures can indirectly contribute
to farmland biodiversity restoration. For example, cover cropping, improved crop rotations,
and landscape features can restore cropland biodiversity, and the restoration of permanent
grassland can provide valuable habitats for endangered species. Finally, carbon farming can
reduce pressures on biodiversity. SOC enhances nutrient availability, soil structure and water
retention leading to higher productivity and, as a result, decreased need for fertilisers. In
addition, carbon farming on mineral soil can achieve the hazard risk mitigation objectives of
the EU nature restoration law through increased water retention and reduced run-off and
decreased erosion risk.

Agroforestry: In drier EU climates, the restoration of long-established agroforestry carbon
farming systems (e.g, the dehesaand montado of the Iberian Peninsula) would help to achieve
the Nature Restoration Plan’s aim of restoring degraded ecosystems with high potential to

41

This calculation is based on Member State habitat condition reporting under Article 17 of the Habitats Directive, applying the

methodology in Romao etal (2020).
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capture and store carbon. New agroforestry systems can create important farmland habitat
which can support key species. In fact, the EU BDS highlights the potential of agroforestry to
deliver for biodiversity.

Risks of carbon farming for Nature Restoration Plan

While carbon farming actions can deliver huge win-wins for biodiversity, they can also pose significant
risks to biodiversity if impacts are not carefully considered at the planning stage. Carbon farming
measures must be designed, targeted and implemented in a way that ensures they also achieve
biodiversity outcomes. This includes:

¢ Monitoring biodiversity impacts: To ensure biodiversity objectives are achieved alongside
carbon removaland avoidance of or reduction in GHG emissions, biodiversity outcomes should
be monitored and reported, as well as climate outcomes.

e Considering local context: Biodiversity conservation needs are highly location-specific (no
one-size-fits-all), so carbonfarming initiatives should be tailored to local contexts. Forexample,
landscapefeatures such as wildflower strips and hedges can increase carbonsequestration no
matter where they are, yet their spatial location can lead to very different outcomes for small
invertebrates which need well-connected habitats. Similarly, considering the location of
restored sites within the broader ecological landscape can enhance their biodiversity value if
they increase connectivity. In some cases, ecosystems adjacent to restoration sites can also
determine biodiversity outcomes. For example, carbon farming on grassland may achieve
better biodiversity outcomesif adjacent to an existing species-rich grassland that canactas a
seed source.

¢ Excluding mitigation measures harmful to biodiversity: Some practices which enhance
carbon in ecosystems can lead to poor biodiversity outcomes. For example, adding external
organic material, such as biochar and municipal waste, can increase soil carbon, but can lead
to habitat contamination. Planting trees can also lead to negative biodiversity impacts if they
arenotintheright place’,e.g.,on peatland or on species-rich grassland. Choices of tree spedies
for agroforestry, or of wildflower and shrub species for landscape features can also have
adverse biodiversity impacts if these are non-native species which can threaten native ones.
Similarly, intensification of species-rich grasslands to increase biomass/SOC can damage both
the habitat and the species that depend oniit.

5.3. EUCommon Agricultural Policy

In section 4.2., we discussed the carbon farming baseline requirements and the types of funding that
could be available to farmers and landowners under both Pillars of the CAP 2023-27, pointing out that
whether or not these payments will actually be available to farmers is down to individual Member
States’ decisions. Here we focus on the key points in decision-making and progress-tracking of the
Member States’ 28 CAP Strategic Plans 2023-27% (now being drafted) that will determine the specific
carbon-farming requirements and payments for farmers in each EU country.

42 26 national CAP Strategic Plans and 2 regional plans for Belgium.
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5.3.1. The new CAP delivery model for 2023-27

Oneof the main features of the post-2020 CAPis the shift to a ‘new delivery model’, which is supposed
to movetheentire CAPtowards a performance-basedapproach. This reflects the existing approach to
the EARFD rural development co-financing under ‘Pillar 2', where Member States had to programme
different measures according to EU-set objectives. In the new CAP, Pillar 1 is also brought into this
‘programming’, meaning that Member States will also have to justify, and receive the European
Commission’s approval on, their EAGF-funded interventions. Each Member State will submit their
proposals for EAGF and EAFRD spending and choice of interventions in a single ‘CAP Strategic Plan’
(CSP).

Carbon farming in the Farm to Fork Strategy

Launched in May 2020, the Farmto Fork Strategy aims toaccelerate the transition to a fair, healthy
and environmental-friendly EU food system. It proposes quantitative but non-legally binding
targets for 2030in some key areas, including pesticide and fertiliser use, sales of antimicrobials as
well as organicfarming. Carbon farming appearsin the Strategy as a new green business model
that rewards farmers for removing CO2 from the atmosphere and thereby contributes to the
sustainability of the EU food supply chain. The Strategy foresees a potential role for both the CAP
and other public and private initiatives in financing carbon farming. It specifically highlights the
ecoschemes under the 2023-2027 CAP as a key source of funding for carbon farming and other
sustainable land use and management practices.

Whilst thereis no legally binding referencein the CAP to delivering on the quantitative targets of the
Farm to Fork and Biodiversity Strategies, the environmental objectives of the CAP are supposed to
ensure delivery onthese Strategies. Well-designed support for carbonfarming provides Member States
with opportunities to leverage CAP finance to do this, for example helping to achieve both favourable
conservationstatus and long-lasting carbon benefits on peatlands, wetlands, and agroforestry systems.

Each Member State must include a ‘needs assessment’ as part of their CSP, and the European
Commission has already made recommendations to Member States on the issues that they should
address in this assessment, with a focus on those linked to the Strategies’ targets. The needs
assessments(and the CSPas a whole) will be subject to approval by the EuropeanCommission.

The CAP has an explicit objective to deliver on climate: ‘contribute to climate change mitigation and
adaptation, including by reducing greenhouse gas emissions and enhancing carbon sequestration...”
(European Parliament, 2021¢) However, Member States also have to decide how to deploy CAP
interventionsand allocate budgets relative to the eight otherspecific CAP objectives.

Under the new CAP’s Performance Framework, each CSP must include uptake targets set by the
Member State according to a suite of ‘resultindicators’ that relate to the delivery of the nine EU level
objectives, of which three objectives relate to the climate and environment it is important to note that
in this CAP context the term ‘resultindicators’ has a different meaning from the term used in market-
based or action-based payments to farmers discussedin section 3.1.1.). Each Member State will be
assessed over the course of the CAP cycle on their delivery on these uptake targets. If Member States
fall short of their targets by more than a certain amount it can trigger a process that can culminate in
anaction plan, and, ultimately, affect their EAGF or EAFRD payments.

The‘resultindicators’ that relate to the CAP climate objective include: the share of total livestock under
support to reduce emissions; the agricultural area under commitmentsto reduce emissionsfrom soils

49 PE695.482



IPOL | Policy Department for Economic, Scientificand Quality of Life Policies

or enhance carbon storage in soils and biomass; the agricultural area under commitments to improve
adaptation, supported investmentsin renewable energy production, including bio-based; share of farms
benefitting from climate-related investment support; the area under CAP support for afforestation,
agroforestry and restoration and total investment to improve the performance of the forestry sector
(EuropeanParliament, 2021c¢). Targets willalso need to be set under some of the other eight objectives
that may indirectly support carbon farming, for example areaunder commitments to improvesoils (such
as reduced tillage), or area undercommitments to improve nutrient management.

Finally, in the CAP’s performance framework there are also impact indicators that relate to carbon
farming, including the level of soil organic carbon in agricultural land and GHG emissions from
agriculture. Data tomeasure these areexpected to comefrom established data sources, suchas the Farm
Accountancy DataNetworkand Eurostat. Whilst there isno direct link betweenimpact indicators and the
penalties for Member States, they will play arolein the approval processas Member States will have to
justify how their plans provide increased ambition in relation to the climate and environment with
reference to theimpactindicators.

5.3.2. Member States’ choices onhow to support carbonfarming intheir CSPs

There is no specific minimum amount (ringfencing) that Member States must put towards climate or
carbon farming schemes, given that the ringfencing for eco-schemes in the EAGF and environmental
paymentsin the EAFRD cover both environmentand climate spending. It is also unclear if the expected
contribution of 40% of the CAP budget will in practice lead to Member States funding climate schemes
or propose adequate conditionality GAEC standards for climate, because there is an automatic 40%
marker on Pillar 1 directpayments.Thereisa risk Member States CSPswill not bestrongenough to secure
adequate climateaction to justify this 40% climatelabel for the CAP.Indeed, this has been the experience
with the current CAP, where various analyses have concluded thatthe European Commission’s claim that
20% of the CAP constitutes climate spending is not justified due to requirements being too weak*.
Moreover, the European Commission has doubled the amount that the CAP is claimed to contribute to
climate action, from 20% to 40%. This was based on the ‘enhanced conditionality’ requirements (see
Table 5 for details), however, given that therequirementsare still to be set by Member States, who also
arguably introduced potential loopholes in the co-decision process, this has also been questioned,
including in analyses by the IEEP.*

Ontheother hand, theflexibility affordedto Member States,and the Commission’s role in the approval
of their CSPs, means that significant support could be given to farmers and otherland managers for
carbon farming throughthe CAP - provided the Member States choose to doso. Therefore, tojustify the
40% marker, Member States should include stronger requirements in their farm-level standards for
conditionality and the voluntary measures listed in section 4.2.2, corresponding to each Member States’
needs regarding protecting carbon rich soils, existing agroforestry and woody features and avoiding or
reducing farming GHG emissions. Of these by farthe most importantto achieveEU climatetargetsin the
2023-27 CAPand beyond will be farm-level obligationsand payments for climate-effective actions land
and livestock management that also contribute to other CAP objectives, notably on biodiversity and
water policy. In Table 6, we illustrate the best practice choices that MSs could make in their CSPs for the
carbon farming actions that are the focus of this report (references are to the text of the CAP Strategic
Plan regulationas adopted on 23 November 2021 in European Parliament(2021c).

“ Seefor example the European Court of Auditors report on climate spending in the CAP (European Court of Auditors 2021).

*  See for example Bas-Defossez, Hart and Mottershead (2020).
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Table 6: Best practice carbon farming choicesfor Member States’ CSPs 2023-27

CSP Best practice choices for effective carbon farming support
decision

point

Identify specific carbon farming needs and opportunities to achieve the CAP climate
Needs and objectivesin the Member State’s different farming systems, soil types and land cover

Strength, (including drained peatland and existing agroforestry systems).

gVeaI;:ti;s}, Identify, for each of these different contexts and farming systems a ‘long-list’ of the most
Thﬁzat b effective, evidence-based, carbon farming practices and where these should be targeted.
(SWOT) Refine the list by identifying the other environmental co-benefits (and risks) of each these

assessment practices and target locations (e.g., for biodiversity, soil quality, water quality, flood risk
management), and rejecting any which lack co-benefits or pose arisk.

Detail how the short-list of carbon farming practices are to be addressed through four
integrated ‘packages’ of CAP interventions for peatland restoration and rewetting,
agroforestry, managing SOC on mineral soils and livestock and manure management. Each

package should make coherent financial sense for individual farmers and be built up from the
following elements, each underpinning or complementing the next:

o eligibility definitions for EAGF payments for ‘agricultural activity’ and ‘agricultural area’
to include paludiculture agroforestry, and pastures whichform part of established local
practices and/or where grasses and other herbaceous forage are traditionally not
predominantorabsentin grazing areas.

o clearly specified GAEC conditionality requirements aimed at raising baseline standards
for carbon farming (see section 4.2.2. for relevant GAEC standards). Conditionality
standards must ‘take into account, where relevant, the specific characteristics of the
areas concerned, including soil and climatic condition, existing farming systems,
farming practices...". In effect, these standards set the baseline requirements for further
CAP-funded carbon farming actions but, as experience of previous CAP imple mentation

Intervention has shown, the level at which Member States set these requirements may not be
strategy optimum for an effective baseline.

o EAGF eco-schemes in the form of an annual top-up to basic income support for: existing
agroforestry systems, for other farming systems proportional to the average density/ha
of woody or wetland landscape features on the farm (above a minimum threshold); for
paludiculture and other restored peatlands/wetlands; for permanent grasslands which
are never ploughed or cultivated outside Natura 2000 sites.

e EAGF sectoral support for paludiculture on rewetted peatland, as a'non-food crop used
for the production of products that have the potential to substitute fossil fuels.’

e EAFRD investment aid to cover the initial costs of the switch to carbon farming (e.g,
blocking drains to rewet peatland, restoration of low-intensity traditional agroforestry
systems under threat and creation of new agroforestry systems, converting arable land
to permanentgrassland).

e EAFRD compensation payments/ha for Natura 2000 disadvantages on peatland and
wetland, and action-based environmental land management contracts for
implementation of relevant carbon farming practices.

e EAFRD funded up-to-date technical advice on needs/benefits of carbon farming and
also more specialised advice and training services (public and private).
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CcsP Best practice choices for effective carbon farming support
decision

point

e EAFRD support for innovative and pilot projects for carbon farming, bringing together

farmers, advisors, researchers, enterprises or non-governmental organisations in
European Innovation Partnership Operational Groups and/or LEADER initiatives.

Increased » . . - .
o Setambitious targets and milestones for climate resultindicators to be achieved by the end
ambition for . . .
. of the CSP implementation period.
climate

Source: Own compilation based on COWI, Ecologic Institute and IEEP (2021a).

5.3.3. Other CAP support for trans-national sharing of best practices and innovation in
carbon farming

At EU level the EAFRD supports two important ‘umbrella’ networks that could assist the transition to
the widespread uptake of CAP support for carbon farming that is needed to deliver EU climate
objectives for the AFOLU sector. These are the new ENRD Contact Point (which will change its name to
CAP Network under the 2023-2027 CAP), and EIP-AGRI. Both work on the basis annual thematic
programmes approved by DG AGRI, and these could offer clear opportunities to support and
encourage Member States to upscale carbon farming.
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6. CONCLUSIONS AND RECOMMENDATIONS

1.

As a management practice, carbon farming offers significant potential in Europe to mitigate
climate change and deliver other benefits. Promoting the widescale implementation of
agricultural climate mitigation should be a European priority.

There is some uncertainty about the EU-wide potential of agricultural climate mitigation; it is
important that the realistic feasible potential of carbon farming is not overstated so as not to
stifle ambition in other sectors. More regionally specific researchinto mitigation potential that
addresses sources of uncertainty in these estimates would allow development of more
targeted, and ultimately more effective, policy responses.

All farming operations have some ability to mitigate climate change, though the potential
differs widely across farm types and regions. In addition to classical on-farm mitigation
activities (e.g., more efficient fertiliser use), carbon farming involves more systemic shifts,
including land-use change and shifts in type and location of production. Carbon farming
should be accompaniedby demand-side changes, including dietary shiftsaway fromemissions
intensive foods such as meatand dairy, and reduced food waste.

Carbon farming has the potential to deliver significant societal co-benefits (including
biodiversity, soil health, water quality, and others). Poorly implemented carbon farming,
however, runs the risk of negatively impacting other societal objectives.

Carbon farming can deliver co-benefits for farmers and society. For example, actions that
increase soil carbon storage provide adaptation and productivity benefits for farmers, as well
as biodiversity conservationand water storage and quality benefits tosociety. However, thisis
not true of all carbon farming actions, some of which poserisks other societal objectives such
as biodiversity conservation orwater availability.

Any carbon farming policies or mechanisms must develop sufficient safeguards to protect
against negative impacts, monitor the impact of carbon farming on climate and other
objectives, and design incentivesto encourage carbonfarming actions that maximise multiple
societal benefits.

To facilitate this, it is important that monitoring and certification capture and reward non-
mitigation impacts.

Co-benefits such as decreased costs, increased productivity or higher revenues can be a
significant selling point for farmers.

Carbon farming mitigation must be permanent. Impermanent mitigation offers little benefit
for the climate.

Existing carbon stocks (in soil carbon, agroforestry, non-degraded peatlands) must be
protected. These non-degraded ecosystems also provide high biodiversity benefits.
Regulations to protect existing carbon stocks and increased CAP cross-compliance
requirements could be effective.

Mitigation through sequestration (in soil, trees and otherbiomass) is at significant risk of being
either reversed, either intentionally through management change or unintentionally e.g., due
to climate change impacts. Carbon farming mechanisms must carefully manage this risk.
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4. Incentivising carbon farming can be done through many different models and payment
structures. The different opportunities and risks should be carefully considered when
designing and scaling up payments.

e TheCommon Agricultural Policy is the most significant source of funding for climate action in
the EU agriculture, however, research shows that it has had limited impact on agricultural
emissions (European Court of Auditors, 2021; Alliance Environnement, 2019). The 2023-2027
CAP offers a number of options to help increase carbon farming uptake but impacts on the
ground will largely depend on how Member States use the high degree of flexibility given to
them throughout the design and implementation of the relevant interventions. In addition to
new carbon farming incentives, there is a need to identify and reduce counterproductive CAP
subsidies that increase agricultural emissions.

e Payments within agricultural supply chains offersome potential to implement carbonfarming.
However, to guard againstthe potential for “greenwashing” it is crucial to ensure high levels of
transparency, use of proven methodologies, and regulating of corporate claims.

e Voluntary carbon markets could facilitate private financing for carbon farming, though their
relatively high MRV costs pose a significant barrier to widespread uptake and needs careful
assessment of risks and effectiveness and robust certification before scaling up.

e Using carbon farming to offset mitigationin other sectors poses significantrisks. This is due to
relatively high MRV uncertainty, impermanence concerns, and difficulty ensuring thatremovals
areadditional.

5. There is a need for further development of carbon farming monitoring methods, and
increased practical experience, and improved assessments of carbon farming potential to
increase knowledge and reduce barriers to carbon farming uptake.

e Akey cross-cuttingchallenge for carbon farming is measuring the mitigationimpact of carbon
farming actions at low-cost. The development of new methods and tools should be a priority
to enable widescale uptake of carbon farming.

e Carbon farming MRV must capture the fullimpact on the climate by considering all relevant
GHGs and carbon stores,and by monitoring carbonleakageimpacts. Failing to monitor whole-
farm and system impacts of carbon farming poses therisk of perverse outcomes. Monitoring
must also consider non-mitigation impacts.

e Carbon farming often involves new skills and knowledge. Farmers and administrators should
be supported to develop and exchange these skills.

e Piloting and gathering and sharing practical experience with carbon farming will be essential
to develop robust, cost-effective policies with high farmer uptake.

e To improve policy design, integrated assessments of carbon farming mitigation potential at
regional scale should be developed that consider together all carbon farming mitigation
options and interactions, while also considering how to optimise climate and other co-benefits.

6. The EU climate policy, including the Fit for 55 package, should provide clear incentives for
carbon farming actions addressing agricultural non-CO2 emissions. Specifically:

e Avoiding and reducing GHG emissions should be the first and main priority of climate
mitigation efforts in the land use sectors. This avoidance and reduction of emissions first
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principle should be reflected in the carbon farming initiative. In particular, this requires that
non-CO2 emissions are in the scope of the initiative.

Setting a quantified GHG emission reduction target for agriculture could help reduce the risk
that Member States rely extensively on removals to meet net targets. This is especially
importantin the context of acombined agricultureand LULUCF sector (AFOLU) foreseen after
2030.

The development of a robust, transparent and science-based certification system for carbon
removals is essential to ensure the environmental integrity of the EU carbon farming initiative
and the wider climate policy regime.
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	EXECUTIVE SUMMARY
	Carbon farming refers to farm management practices that aim to deliver climate mitigation in agriculture. This involves the management of both land and livestock, all pools of carbon in soils, materials, and vegetation, plus fluxes of carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). It includes carbon removal (sequestration and permanent storage of carbon in soils and biomass), avoided emissions (preventing the loss of already stored carbon), and emissions reductions (i.e., reductions of GHGs below current levels of farm emissions). All farming systems can mitigate, although the level of mitigation potential differs across farm types and different geographies.
	Carbon farming also refers to the business model that aims to upscale climate mitigation by paying farmers to implement climate-friendly farm management practices. Funding can come from public funds such as the Common Agricultural Policy, or private sources via supply chains or carbon markets. These different funding sources offer different opportunities and risks for farmers and for delivering on climate objectives.
	Carbon farming has received increasing attention in recent years, reflecting the need for agriculture to both contribute to meeting EU climate objectives and to adapt to climate impacts. In December 2021, the European Commission intends to publish a ‘Carbon Farming Initiative’ and in 2022, it will develop a regulatory framework for certifying carbon removals, both aiming to offer incentives to farmers to upscale carbon farming within the EU. This study identifies opportunities and constraints for carbon farming, as well as open questions that need to be resolved to scale up carbon farming in a way that delivers robust climate mitigation and other EU Green Deal objectives. 
	Carbon farming: options, mitigation potential, and key challenges
	Carbon farming in Europe offers significant climate mitigation potential, however, there is considerable scientific uncertainty around the scale of the potential. This calls for careful policy design. An improved scientific basis for policymaking is needed. Research should be funded that takes an integrated, system-wide approach, considering interactions between different carbon farming options, barriers to uptake, interactions with changes in consumption patterns, and impacts on other environmental and socio-economic objectives. 
	Carbon farming can deliver co-benefits to farmers and society, but it also poses risks that need to be carefully managed. Farming practices that work with natural processes can have benefits for biodiversity, water, soil health, and animal welfare. Farmers can also benefit from productivity improvements, reduced costs, and improved farm resilience. Some carbon farming practices, however, can have negative impacts and lead to trade-offs (e.g., for soil health, biodiversity, or animal welfare). To maximise win-wins and avoid trade-offs, carbon farming must be designed with safeguards and incentives that favour actions with multiple benefits.
	Two key issues pose challenges to scaling up carbon farming: 1) Monitoring, reporting and verification (MRV) cost and accuracy: accurate MRV is important to ensure that carbon farming delivers real mitigation, but it is expensive and therefore seen as a key barrier for funders and farmers. 2) Impermanence: carbon sequestered and stored in soils and biomass can be intentionally or unintentionally released back into the atmosphere, undoing any positive climate benefit of carbon farming. 
	Using carbon farming to offset carbon mitigation in other sectors poses significant risks, due to carbon farming’s relatively high risk of impermanence, uncertainty, and non-additionality. Carbon farming mitigation should be additional and must not reduce climate ambition in other sectors.  
	Carbon farming as a business model
	There are a number of different ways that farmers can be paid to implement carbon farming practices. These different payment types and mechanisms offer different opportunities and have different strengths and weaknesses: 
	 Public funding through the Common Agricultural Policy (CAP) is the largest current source of carbon farming funding: increasing the CAP’s climate effectiveness should be a priority.
	 Payments through supply chains and voluntary carbon markets can bring in private financing. However, these must be matched by robust and transparent MRV.
	Costs, funding options and incentives
	Carbon farming can be costly: carbon farming incentives need to exceed set-up, ongoing, and other costs for carbon farming to make economic sense to farmers. Farmers face upfront and ongoing costs of implementing carbon farming actions, including lost income, e.g., linked to potentially losing access to certain types of support payments. Key financial costs for administrators include design and research costs, setting of baselines, and ongoing administration costs (including verification). Transaction costs such as administrative and costs of learning can be significant barriers for both farmers and administrators.
	In addition to funding, the following actions are required to realise the potential of carbon farming: investment in research and development, especially cost-effective MRV, piloting, and research on socio-economic aspects and barriers to uptake; advisory and technical support; capacity building; and removing policy barriers. 
	As a public source of finance, the new CAP offers multiple ways to support carbon farming. This includes direct land management practice payments to farmers for implementing carbon farming actions including direct payments for meeting good agricultural and environmental conditions (GAEC), eco-scheme payments for specific carbon farming-aligned activities, and a variety of CAP Pillar 2 options including multi-annual contracts, innovative approaches, and Natura 2000 payments). CAP, along with EU research funding, can also support the fundamentals of carbon farming through research, networking, and training. 
	Voluntary carbon market and supply chain financing can potentially increase the private financing of carbon farming; however, they come with risks and face some challenges. Transparent, robust MRV are essential to ensure that carbon farming delivers real mitigation. Given concerns regarding the impermanence, non-additionality, and uncertain measurement of carbon farming mitigation, relying on it to offset emissions reductions in other sectors poses significant risks to climate objectives. 
	Carbon farming and its links to EU climate, agriculture, and biodiversity policies
	The development of carbon farming will depend significantly on how the EU climate policy evolves in the next years. The 2021 European Climate Law and the Fit for 55 package set more ambitious targets for agriculture and land use, pointing to a bigger role for carbon farming going forward. There is still scope to increase ambition for agricultural and related-land use mitigation, including setting sectoral targets and robust and transparent monitoring and verification of agricultural mitigation; the EU Commission’s Carbon Farming Initiative and Carbon Removals Certification Mechanism will have important roles to play in that regard. 
	Close links between carbon farming and biodiversity mean that carbon farming can help deliver biodiversity policy objectives, and vice versa. 40% of the Natura 2000 area is farmland, offering potential for the Nature Directives to be used to implement biodiversity-friendly carbon farming actions. Where carbon farming leads to restoration of degraded habitats, it can deliver win-win benefits for climate as well as the EU Biodiversity Strategy and forthcoming EU Nature Restoration Plan. To ensure win-wins, carbon farming must monitor biodiversity impacts, consider local context, and exclude mitigation measures that are harmful to biodiversity. 
	The Common Agricultural Policy offers the most significant opportunities and barriers to widescale carbon farming uptake. The 2023-2027 CAP delivery model is supposed to help CAP to deliver on environmental objectives of the Farm to Fork and Biodiversity Strategies. The key tool to ensure this will be the CAP Strategic Plans, where Member States must identify needs related to CAP objectives (including mitigation) and identify how these will be addressed and monitored. Member States have considerable flexibility in how they distribute CAP funding and must take advantage of the opportunity to support effective carbon farming action, which must be monitored by the European Commission.
	1. Introduction
	Carbon farming has received widespread attention in recent years. The European Commission’s Carbon Farming Initiative expected in December 2021 and the regulatory framework for certifying carbon removals to follow in 2022 will set out the Commission’s proposals for how to advance carbon farming in the EU. The Fit for 55 package also indicates an increasing role for agriculture and land use in delivering on climate mitigation objectives, increasing removals targets for 2026-2030 and aiming for a climate neutral agriculture, land use and forestry sector by 2035, as well as increasing monitoring and compliance requirements. 
	Carbon farming focuses on the “management of carbon pools, flows and greenhouse gas (GHG) fluxes at farm level, with the purpose of mitigating climate change. This involves the management of both land and livestock, all pools of carbon in soils, materials and vegetation, plus fluxes of carbon dioxide (CO2) and methane (CH4), as well as nitrous oxide (N2O)” (COWI, Ecologic Institute and IEEP, 2021a). For the land managers, this definition means that carbon farming covers farming practices and land use changes that deliver one or more of the following outcomes: 1) carbon removal (sequestration) and subsequent storage in biomass above/below ground and in agricultural soils; 2) the avoidance of future CO2 and other GHG emissions; and/or 3) the reduction of existing CO2 and other GHG emissions. 
	Figure 1: The main greenhouse gas emission sources/removals and processes in managed farmland
	/
	Source: IPCC, 2006.
	There is no one-size-fits-all approach to carbon farming, with different mitigation measures available for different types of farming operations. Different farming systems and biogeographical regions vary in how effectively the different types of mitigation measure can be implemented. Carbon farming often delivers public and private co-benefits (such as biodiversity protection or cost savings to farmers). Some mitigation measures, however, may help mitigate climate change but negatively affect other environmental or societal objectives (e.g., soil health, animal welfare). 
	The term carbon farming is also often used to refer to a new business model for farmers, which consists of incentives for farmers to take up farming practices that deliver a climate benefit at farm level. These incentives can come from public funds, private payments, or a combination of the two. The Common Agricultural Policy (CAP) already funds many actions that can be considered as carbon farming (mainly through co-financing Pillar 2 agri-environment-climate measures and environmental investment measures), although the CAP as a whole has been criticised for failing to meaningfully reduce carbon emission (EU Court of Auditors, 2021). The agreed legislation for the new CAP obliges Member States to identify and prioritise climate needs in their CAP Strategic Plans and gives them a range of opportunities to support more widespread and effective carbon farming practices using EU and national funds and specific interventions from both Pillar 1 and Pillar 2.
	In addition to this public funding, in recent years, carbon farming mechanisms have been set up that enable private actors to pay farmers for delivering climate mitigation. Transfers of private funds can either happen via the supply chain for agricultural products (i.e., as a mark-up to product prices) or via carbon markets. In turn, carbon markets can be set up as public or private initiatives. 
	Carbon farming payments aim to reward farmers for mitigating climate change in order to align farmers’ incentives more closely with those of society. In the absence of carbon farming incentives, farmers do not benefit from mitigating climate change, and as a result mitigate less than would be societally optimal. Carbon farming payments aim to reduce this gap by rewarding farmers for the external societal benefit of their mitigation.  
	In practice, while carbon farming appears promising, existing experience and analytical work on carbon farming mechanisms – be they public or private - point to several challenges and open questions (COWI, Ecologic Institute and IEEP, 2021a). At a fundamental level, there are concerns about whether carbon farming will deliver the promised robust mitigation outcome, societal co-benefits, and socio-economic benefits to farmers. This is due to scientific uncertainties regarding the feasible mitigation potential and the measurement of mitigation outcomes, concerns around permanence of these impacts, barriers to farmer uptake, and risks of negative impacts on other environmental objectives. There are also questions as to how effective carbon farming incentives can be, given the existing complex regulation and subsidy context (e.g., CAP, EU climate and biodiversity policies). 
	There are also fundamental challenges related to the design of carbon farming incentives. Different approaches to incentivise carbon farming have strengths and weaknesses but share a number of challenges around the rigor and costs of monitoring, reporting, and verification (MRV), ensuring that carbon farming mitigation is additional, and overcoming barriers to scaling up adoption. 
	This study identifies opportunities and constraints for carbon farming, as well as open questions that need to be resolved to scale up carbon farming in a way that delivers robust mitigation and other EU Green Deal objectives. In this way, the study aims to support the European Parliament’s ENVI Committee in critically assessing and responding to the European Commission’s proposals for a Carbon Farming Initiative and the Carbon Removal Certification Mechanism.
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	Carbon farming includes a range of agronomic practices - land use changes as well as more technological solutions. Practices such as cover crops, improved rotations, peatland restoration or expanding agroforestry systems rely on and work with natural processes in agro-ecosystems. On the one hand, they may decrease agricultural output since they can involve reduced intensity of production per hectare or land retirement. On the other hand, they can deliver many co-benefits for the environment and the sustainability of agriculture. Furthermore, they can increase resilience against climate impacts, thus contributing to improved stability of yields, and benefit the farm business through more efficient use of crop nutrients and livestock feeding regimes, and diversification of crops.
	More technological options, such as low-emission livestock housing, biogas digesters, or nitrification inhibitors can also reduce GHG emission intensity per unit of output and improve resource efficiency, especially in livestock farming, but these too can have negative or unintended consequences and do not automatically deliver absolute emission reductions. 
	This points to the need to have clarity about what is meant by carbon farming, what types of agronomic and technological solutions are supported and promoted under this umbrella term, and the need to simultaneously consider and balance GHG impacts with other environmental co-benefits, risks and safeguards, including resilience of EU agriculture to a changing climate. 
	To facilitate the discussion, carbon farming can be separated into five main sub-categories of carbon farming interventions: 1) peatland rewetting and restoration, 2) agroforestry system establishment and maintenance, 3) maintenance and enhancement of soil organic carbon (SOC) on mineral soils, 4) livestock and manure management, and 5) nutrient management on croplands and grasslands. These sub-categories vary in their potential to increase carbon removals or reduce GHG emissions. They also pose different opportunities and challenges in terms of co-benefits, risks, costs, incentives, and know-how (COWI, Ecologic Institute and IEEP, 2021a). Table 1 gives a summary of the options and their characteristics. 
	Table 1: Overview of carbon farming options
	Source:  Authors’ own elaboration; sources given in section 2.1.1-2.1.4.
	Definition: Peatlands are waterlogged land ecosystems that are typified by a high content of organic matter and therefore stored carbon (COWI, Ecologic Institute, and IEEP, 2021b).  Drained peatlands release previously stored carbon as well as other GHGs (especially nitrous oxide). Peatlands can be managed to mitigate climate change in three ways: by keeping existing peatlands wet to avoid emissions (either for nature conservation or through paludiculture), by rewetting and restoring previously drained peatlands (to avoid emissions from degrading peatlands), or by adapting the management of drained peatlands in productive use that cannot be rewetted (Joosten, Tapio-Biström and Tol, 2012). 
	Mitigation potential: In Europe, peatlands store four to five times as much carbon as trees (Swindles et al. 2019), a huge carbon sink that must be maintained. In the EU, drained peatlands emit 220 Mt CO2-e per year, making up 5% of total EU GHG emissions in 2017 (Greifswald Mire Centre et al., 2019). Perez Dominguez et al. (2020) estimated that the maximum annual additional mitigation through retiring and rewetting organic soils in the EU would be 51.7 Mt CO2-e in 2030; in addition, ceasing peat extraction could avoid annual emission of 9 Mt CO2-e (European Commission, 2020a). Roe et al. (2021) estimate that the feasible mitigation from rewetting peatlands would be 54 Mt CO2-e per year (average over 2020-2050). 
	On a per hectare basis, peatland restoration is a highly effective mitigation action. At the upper end of the range, Günther et al. (2020) estimate the level of avoided emissions achieved by rewetting to be up to 29 t CO2-e per ha per year, while the MoorFutures methodology, a German carbon farming mechanism, posits a range of potential impact of 3.5-24 t CO2-e per ha per year, depending on previous land use and final state (Joosten et al., 2015). In addition to avoiding emissions, restoration of peatlands can result in some sequestration, though at a low rate of less than 1 t CO2-e per ha per year (Wilson et al., 2016). Although rewetting can lead to a short-term increase in methane emissions, this is outweighed by CO2 savings and can be reduced by appropriate management (for example, mowing and biomass removal before raising the water table) (Günther et al., 2020). 
	Mitigation potential differs considerably across countries: most peatlands are in northern Europe, and degradation levels – and therefore the mitigation potential of rewetting – differ significantly between European countries. For example, 85% of Norway’ peatlands are in a healthy state, in contrast to only 2% in Germany (Tanneberger et al., 2017). 
	Peatlands can store carbon permanently provided they are continuously managed for storage (COWI, Ecologic Institute and IEEP, 2021b). Impermanence can be human induced, such as re-draining or failing to maintain the peatlands, but also result from natural disasters or sea level rise (Royal Society and Royal Academy of Engineering 2018). 
	Co-benefits and risks: Healthy peatlands provide numerous co-benefits, including biodiversity conservation, flood protection, water filtration, and others (Joosten et al. 2015). Rewetting and restoring drained peatlands can restore delivery of these co-benefits, but because restoring habitats and ecosystems to their original state is often difficult, restored peatlands may not deliver the same level of biodiversity and other benefits as preserved peatlands (Lamers et al., 2015; Renou-Wilson et al., 2019).
	There is a risk that peatland rewetting potentially competes with BECCS (bioenergy with carbon capture and storage), afforestation and agriculture, but competition will be relatively low since the total peatland area is limited (Royal Society and Royal Academy of Engineering, 2018). 
	Safeguards needed: Peatland rewetting must be resilient to climate change impacts to ensure that its carbon storage is permanent. Care should be taken to ensure that rewetting on one farm does not have ecological leakage impacts outside that farm (i.e., in hydrologically connected systems).
	Definition: Agroforestry systems integrate woody vegetation (trees or shrubs) with crop and/or animal systems, storing carbon in above-ground biomass and in soils. Agroforestry covers approximately 8.8% of the EU’s utilised agricultural area and is concentrated in the Mediterranean and southeast Europe (Burgess et al., 2018). Most existing systems in the EU are silvopastoral agroforestry systems, which typically combine animal grazing, foraging or fodder production with trees or other woody perennials with the pasture. Many of these are long-established, locally adapted systems, for example dehesa in Spain, montado in Portugal, bocage agroforestry in France, meadow orchards in the Alpine regions and wood pastures in Romania and Hungary (Kay et al., 2019; Burgess et al., 2018). Modern silvoarable agroforestry combines the cultivation of arable or horticultural crops with woody perennials, often in the form of alternating strips across a field, known as alley-cropping. 
	Mitigation potential: The Agforward project estimated the carbon storage potential of agroforestry in the EU27 (plus Switzerland) to be between 0.3 – 27 t CO2-e/ha/yr or a total of 7.7 – 234.8 Mt CO2/yr (Kay et al., 2019). This estimate does not include below-ground soil organic carbon (SOC), so the total sequestration potential is most likely underestimated as the SOC stocks under agroforestry are shown to be higher than those under conventional arable croplands (for example, by 13%, in a poplar tree silvo-arable system compared to arable land in England) (Upson and Burgess, 2013). A metastudy of hedgerow potential found the SOC sequestration rate under hedgerows to be between 1.1-3.3 t CO2-e/ha/yr, and hedgerow biomass accumulation to be between 6.2 – 15.8 t CO2-e/ha/yr over 20 and 50 years respectively, comparable to forest sequestration rates (Drexler et al., 2021).  
	The mitigation potential of agroforestry depends on the type of system implemented, the climate and the previous land use. Silvoarable and silvopastoral systems integrated in fields offer high mitigation potential, especially those with high density of fast-growing trees (Feliciano et al. 2018); increased hedgerow or field boundary tree cover offers lower mitigation potential. Systems with lower mitigation potential may be easier to integrate in the landscape as they would affect a small portion of the agricultural land (Drexler et al., 2021). 
	In terms of the overall GHG balance, agroforestry could reduce nitrogen-related emissions on land where trees are planted (Garcia de Jalón et al., 2017). At the same time, emissions occurring during tree planting due to soil disturbance need to be accounted for. 
	The permanence of the carbon removal in agroforestry depends on the type of trees and their end use (e.g., timber for fuel versus construction). Poor management and natural events can lead to losses of sequestered carbon, although the fire risk is likely to be lower than in forest areas because the intervening crops can act as firebreaks. 
	The agroforestry approach can be adapted to almost any farming system in Europe, with countries that have high share of arable land and grasslands having particularly high potential for expanding agroforestry. Uptake is constrained by various factors, including the permanent nature of the change, significant shift in the farming systems with legal and economic implications and uncertainty for farmers, as well as the fact that agroforestry is a more complex farming approach requiring specific knowledge. Indeed, uptake of agroforestry measures under the 2014-2020 CAP has been low.
	Co-benefits and risks: Most agroforestry systems deliver multiple ecosystem services with few to no trade-offs for other ecosystem services. Agroforestry contributes to improved soil health, protects against erosion, nitrate leaching and flooding, and has benefits for biodiversity (improved habitat for wildlife, insects, pollinators) (Kay et al., 2019; Burges et al., 2019; Torralba et al., 2016; Drexler et al., 2021). Diversification of farm outputs also makes farmers less vulnerable to single crop failures. 
	Agroforestry systems that deliver the highest mitigation potential may decrease output of individual food or feed crops compared to single arable or grassland systems. However, even in the short term, these changes in yield are dependent on how the system is optimised and on the biophysical conditions. For example, data on poplar silvo-arable systems in the UK demonstrated reduced output on growth of arable crops and trees when these were combined (García de Jalón et al., 2017); whereas in the Mediterranean context, silvo pastoral systems may improve arable yields under recurring spring temperature increases (Arenas-Corraliza et al., 2018). The effect of reduced output at plot level may also diminish on a larger scale due to the efficient use of nutrients and light in agroforestry systems linked to presence of both trees and crops (Aertsens et al., 2013). By improving microclimate, agroforestry reduces damage from droughts and increases resilience against climate impacts. 
	Safeguards needed: Agroforestry should not be targeted at peat soils, because of the risk of GHG emissions during tree planting (COWI, Ecologic Institute and IEEP, 2021b). To safeguard biodiversity benefits, the preservation and restoration of long-established agroforestry systems should be a priority and new agroforestry should be locally appropriate (e.g., intensive short-rotation coppicing systems should not be introduced on farmland land with existing high biodiversity value).  
	Definition: Maintaining and enhancing SOC requires a positive balance of carbon inputs and carbon losses from soils. It is relevant to any farming system, and a wide range of carbon farming practices. This section focuses on SOC sequestration on croplands and grasslands. 
	Practices with the highest potential for maintaining and improving SOC levels include: 1) cover cropping; 2) improved crop rotations (e.g., through inclusion of legumes and other nitrogen fixing crops); 3) maintaining grassland without ploughing up; 4) conversion from arable land to grassland; 5) organic farming; and 6) management of grazing land and grassland (for example, by optimising stocking densities or grassland renovation). 
	Mitigation potential: The estimates for additional SOC sequestration in EU croplands range from 9 Mt CO2eq/yr (Frank et al., 2015) to 58Mt CO2eq/yr per year (Lugato et al., 2014) to 70 Mt CO2eq/yr (Roe et al., 2021). In addition, because a large share of cropland soils that are mineral soils would continue losing SOC without changes in management, stopping and reversing the losses is equally important (Wiesmeier et al., 2020). For grasslands, Roe et al. (2021) estimate that grasslands in the EU could feasibly sequester 27 Mt CO2-e per year (at a cost of less than USD100/t). Compared to other carbon farming options, the mitigation potential of SOC sequestration in croplands and grasslands is more limited and uncertain, and feasible mitigation potential may be more constrained (Batjes, 2019). At farm and plot level, the sequestration potential can vary substantially due to the heterogeneity of soils, climatic conditions, existing SOC levels and management practices. This also increases the costs of MRV and makes the feasible potential difficult to assess. Clay soils and soils with lower current SOC content have higher mitigation potential.
	The mitigation potential is limited by soils reaching saturation levels of SOC. Risk of reversal is also stronger than in the case of agroforestry, for example, as there are no legal protections on soil management, unlike restrictions on felling trees or removing hedges. 
	A controversial issue is the use of biochar as a strategy to increase SOC in mineral soils. The net effect of biochar is highly uncertain when considering the whole lifecycle and negative effects on soil health and biodiversity due to potential contaminants (Jeffery et al., 2017). Risks also come from the application of municipal compost because quality standards are difficult to control and there is a risk of contamination with micro plastics and other contaminants. 
	Co-benefits and risks: Maintaining and enhancing SOC levels improves soil structure and soil fertility, increasing water holding capacity and overall resilience to climate impacts. It also reduces compaction risk and soil erosion. Some argue that maintaining and improving SOC should be promoted primarily as an adaptation option due to significant benefits for soil health and its uncertain mitigation potential (e.g., Amundson und Biardeau, 2018).
	Safeguards needed: Restrictions should be set on the use of biochar and municipal compost due to risks to soil health and biodiversity. 
	Definition: Livestock and manure management refers to any actions taken by livestock farmers to reduce emissions from their farming operation (COWI, Ecologic Institute, and IEEP, 2021b), covering all types of livestock, including beef, dairy, sheep, pig, and others. Actions include those aimed at: directly reducing enteric methane (including feed additives and improved feed digestibility/efficiency); reducing nitrous oxide emissions through manure management (including manure storage and processing, anaerobic digestion and bio methane, and cover cropping); efficiency improvements including animal management to improve productivity (through herd management and feed management); and animal fertility improvements (Jia et al., 2019). Livestock farmers can also increase soil carbon sequestration on their land through grazing and grassland management (discussed in section 2.1.3.). This section focuses on reducing GHG emissions. 
	Mitigation potential: In 2019, methane from enteric fermentation and emissions from manure management in the EU generated 220 Mt CO2-e per annum (EEA, 2021a). International research and existing livestock carbon farming experience in Europe suggest that livestock farms could reduce their emissions by 12-30% by 2030 (COWI, Ecologic Institute, and IEEP, 2021b); this would imply annual potential mitigation of 26-66 Mt CO2-e. Roe et al. (2021) suggest that annual average (2020-2050) technical mitigation potential for enteric fermentation and manure management is 40 Mt CO2-e, of which only 14 Mt CO2-e is considered feasible at a cost of less than €100/t. Perez Dominguez et al. (2021) conclude similarly, finding that technological options on EU livestock farms could mitigate an absolute maximum of 45 Mt CO2-e/yr. 
	Mitigation potential differs widely across different livestock farm types and locations, with confined systems (such as pig farming) and high-intensity farming (such as dairy) better suited to implementing feed additives/vaccines or manure management options; these options would be less feasible in low-intensity systems, which could however implement efficiency and sequestration options (Jia et al., 2019). 
	Impermanence is only a challenge for carbon sequestration, whereas livestock mitigation options are focussed on emissions reductions (i.e., below the level of emissions that would otherwise occur, the “baseline”). Care must be taken when considering livestock potential to ensure that the baseline is realistic, as an artificially high baseline would overstate potential. 
	Co-benefits and risks: Different mitigation measures for livestock and manure management pose different co-benefits and risks. For example, efficiency-focussed mitigation measures (such as improved feed efficiency, herd management, breeding) can deliver significant cost savings to farmers (COWI, Ecologic Institute, and IEEP, 2021a). Managing nutrient application to grass or fodder crops can positively affect water quality (and related ecosystems); optimal grazing management can improve soil health, reduce water use, decrease soil erosion and improve soil health and biodiversity (Griscom et al., 2017). Some actions can increase electricity use, while some manure management approaches can increase nutrient pollution and negatively affect soil ecosystems, including through soil compaction (Kumar, Park and Cho, 2013). 
	Effective carbon farming on livestock farms will be likely to lead to production decreases: indeed, the EU Court of Auditors (2021) found that no effective and approved actions reduced emissions without reducing production (except for animal breeding, feed, and health impacts, which only have relatively small impacts and over long time periods). They also identified the risk of relying on efficiency improvements (i.e., decreases in the amount of emissions per litre of milk or kg of meat), which can lead to rebound effects where lower production costs induce higher levels of production (and hence overall emissions). 
	Safeguards needed: Animal welfare and health must be considered when assessing carbon farming actions. The lifecycle impacts of food production must also be considered, i.e., it is important to guard against carbon leakage (where mitigation measures within the carbon farming system result in increases in emissions outside the system); for example, GHG emissions associated with imported feed should be considered (Pieper, Michalke, and Gaugler, 2020). In addition, to ensure that real climate benefits result, farmers must not be rewarded for efficiency improvements, but only for actual reductions in emissions (i.e., reductions in t CO2-e).
	Definition: Nutrient management focuses on activities that avoid N2O emissions that result from the application of fertilisers and manure management. For the purpose of this briefing, manure management and application are treated together with livestock management (under section 2.1.4). In this section the focus is on reducing emissions from the use of synthetic fertilisers. Key strategies are improved nutrient planning and improving timing and application of fertilisers to avoid over-fertilisation. Also, some estimates consider the use of nitrification inhibitors. The impact of the nutrient management practices can be more significant when combined with agronomic practices such as legume crops, residue management/incorporation, or inclusion of temporary leys/grasslands in the crop rotation. 
	Mitigation potential: Roe et al. (2021) estimate 19 Mt CO2e/yr cost-effective mitigation potential from improved nutrient management in the EU. Their estimates consider direct and indirect N2O emission reductions and upstream CO2 emissions savings from reduced fertiliser manufacturing, as well as nitrification inhibitors. 
	Improving fertiliser efficiency by itself does not lead to absolute emission reductions, if applied on only part of the farm. A whole farm approach monitoring total fertiliser use is needed to ensure absolute emission reductions. 
	Co-benefits and risks: Improving fertilisation efficiency reduces total fertiliser applications and over-fertilisation and thus also nitrogen leaching and runoff. This in turn protects surface and ground water and reduces costs associated with reducing nitrate levels in drinking water, as well as negative impacts of eutrophication. Improved efficiency does not lead to reduced yields. The measure is cost-effective for farmers since they save on input costs, however, depending on the type of activities involved, they may also incur investments costs (precision technologies) which can lock farmers into the status quo in terms of production type and scale. 
	Safeguards needed: To maintain soil health and water holding capacity, improving the efficiency of synthetic fertiliser use should be combined with measures that improve soil health, such as improved crop rotations, cover crops, inclusion of temporary grasslands, and preventing soil compaction. Nitrification inhibitors have been detected in dairy products and carry the risk of ecotoxicity for terrestrial and aquatic organisms (Kössler et al., 2019). The precautionary principle should be applied to the use of nitrification inhibitors. 
	Our review of studies (reported in section 2.1.) identifies a total, additional EU carbon farming mitigation potential of 101-444 Mt CO2-e per year. This is equivalent to approximately 3-12% of the EU’s total annual GHG emissions. It also implies that even at the low end of estimated potential, carbon farming could offset 26% of the EU’s annual agricultural emissions (i.e. including nitrous oxide emissions from soils, manure management, and livestock enteric fermentation but excluding carbon sequestration/release). However, as indicated by this wide range, there is considerable uncertainty about the true potential of carbon farming in the EU. There are several reasons for the wide range of estimates, and the need to be cautious in interpreting study results: 
	Differing definitions of potential: some studies report technical potential (what can possibly be achieved using current technologies); others report feasible potential (which consider how much of technical potential is actually likely to be realised, given e.g., costs and other barriers). “Feasibility” is defined differently by different studies, with some studies basing feasibility on cost (e.g., Roe et al. (2021) define mitigation as feasible if its assumed cost per t CO2eq is less than USD100) and others using more in-depth assessments to identify realistic potential.
	Different study types: EU-scale mitigation potential can be estimated either by upscaling local/regional estimates for individual options (or even specific mitigation measures) or by downscaling from global studies; these different approaches arrive at different values. Individual potential studies focus on specific contexts, making them potentially more detailed and accurate (although transferring or multiplying these results to identify EU numbers can introduce significant uncertainty). Global studies draw on integrated climate assessment models (referred to as “top-down”) or scale up individual studies (“bottom-up”). Given the global focus, their estimates for the EU are likely to be coarser and more uncertain than individual, EU-focussed studies. However, they have the advantage of considering all carbon farming sub-categories at once and can therefore capture the potential competition between different carbon farming land uses. 
	Leakage and land competition: Bottom-up studies of carbon farming mitigation potential commonly evaluate potential for one specific carbon farming sub-category or mitigation measure in isolation, assuming that all else remains the same. This ignores the significant potential for leakage. Leakage occurs when implementing a carbon farming action on one farm leads elsewhere to increases (or lower reductions) in emissions. This “waterbed” effect reduces the actual mitigation impact of the carbon farming, as pushing down emissions in one area causes ripple effects elsewhere. Bottom-up studies also fail to consider potential trade-offs and interactions between different carbon farming sub-categories or land use changes. Agricultural land can often transition from one land use to another. As incentives for carbon-friendly farming increase, there will not only be management changes within farm types, but also shifts from high-emissions intensity farming to lower-emissions intensity farms: in the long run, land use should reflect (among other factors) the relative efficiency at which the land can produce human food per carbon emission (van Zanten et al., 2016). Failing to account for these leakage and land-competition aspects significantly affects the reliability of mitigation potential estimates.
	Underlying uncertainties: The variability of mitigation potential estimates also reflects the underlying uncertainty associated with measuring the impact of carbon farming actions. Taking soil carbon as an example, there is a lack of agreement on soil carbon measurement and monitoring approaches, highly variable biophysical contexts, and lack of data on carbon farming actions in many contexts (Rodrigues et al., 2021). Variable methodologies also result in different results from global studies.
	The mitigation potential of different carbon farming options differs widely between and even within EU member states (Perez Dominguez et al., 2021). Figure 2 draws on Roe et al. (2021) data to indicate the relative mitigation potential for different carbon farming sub-categories in southern and eastern Europe relative to northern and western Europe. A clear difference is that mitigation through the restoration and avoided degradation of peatland soils is centred in northern Europe, with only a small total potential in southern Europe; this variability is even greater when looking at country-level statistics, which illustrate the majority of potential lies in northern, western and central Europe: Finland, Germany, Poland, Ireland and Sweden represent 74% of feasible potential. The inverse is true for agroforestry, with cost-effective mitigation potential focused predominantly in southern and eastern Europe; the largest potential can be found in Spain, Italy, Germany, Poland and Romania, who collectively represent 66% of feasible potential. Cost-effective mitigation potential related to livestock and mineral soils is more evenly spread across the EU regions. Improved understanding of potentials is needed to guide policy design. For example, the expected potential at national and regional scale, as well as an understanding of what specific farming practices have the most significant SOC effects, can facilitate targeting of SOC measures to those areas that have the highest mitigation potential, in particular degraded soils (COWI, Ecologic Institute and IEEP, 2021b). 
	Figure 2: Distribution of feasible carbon farming mitigation potential across European regions
	/
	Source:  Authors' own elaboration, based on Roe et al., 2021.
	Four cross-cutting issues pose challenges for designing policies or other incentives that will translate carbon farming mitigation potential into real actions on Europe’s farms: the monitoring, reporting and verification (MRV) of carbon farming mitigation impact, the permanence and the additionality of the impact, and the co-benefits/risks of carbon farming.
	To ensure that carbon farming actions have a real and positive impact on the climate, one needs to be able to measure them and be confident that they are occurring. This is achieved through monitoring, reporting, and verification: monitoring refers to measuring the decrease in emissions or the increase in sequestration; reporting to the processes for communicating these results; and verification to the ability of administrators or other external parties to ensure the truthfulness and accuracy of the results. Robust MRV is essential to ensure that GHG mitigation and carbon removals have environmental integrity and are real, additional, measurable, permanent, and avoid carbon leakage and double counting. 
	While robust MRV is essential, it also poses a major challenge as it can be expensive to accurately measure and validate the GHG impact of carbon farming, resulting in a trade-off between MRV accuracy and cost. High MRV costs (financial or time) decrease the net-benefit of carbon farming and can act as a significant barrier to farmers voluntarily implementing carbon farming actions or to administrators establishing policies. 
	The monitoring part of MRV poses a particular challenge for carbon farming. Monitoring can be achieved by direct measurement, modelling, or combined modelling/measurement approaches, each of which has different strengths and weaknesses: 
	 Direct measurement: on-site measurement of carbon stored e.g., in trees or soil and of GHG gases emitted. Direct measurement can monitor GHG impacts with considerable accuracy but can be prohibitively expensive. 
	 Modelling: GHG emissions and removals are estimated based on a combination of measurable proxy data and already-known scientific relationships. Modelling requires previous scientific research to establish relationships between proxies and estimated emissions/sequestration. Modelling has higher uncertainty than direct measurement but lower costs.
	It is important that MRV captures all carbon farming impacts on the climate. Given that carbon farming actions have an impact on multiple GHGs and carbon stores, it is important that all are monitored; failing to monitor all GHGs can result in perverse outcomes. For example, there is evidence that planting trees on peatlands can result in net negative carbon storage (as the lost soil carbon from the drained peatland outweighs any increase in above-ground carbon storage (in trees) (Sloan et al., 2018); both of these carbon stores must be monitored, as well as emissions of nitrous oxide, methane, and carbon dioxide. 
	As shown by Table 2, different monitoring approaches are commonly applied to monitor farm-level carbon farming in the different carbon farming sub-categories. These can monitor GHG impact with different levels of uncertainty and cost, depending on inherent challenges in the different carbon farming sub-categories, and due to different levels of MRV methodology and technology development. 
	Table 2: Costs and uncertainty of different MRV approaches in carbon farming sub-categories
	Source : Based on COWI, Ecologic Institute and IEEP, 2021b; own elaboration.
	Note:  Nutrient management is not included in the COWI, Ecologic Institute and IEEP (2021b), so excluded from this table.
	Given the importance of monitoring as an enabler of carbon farming, research and development should focus on affordable, robust MRV technologies (such as remote sensing, the EU Commission-supported Farm Sustainability tool (FaST)) or data sources. New MRV technologies must be critically assessed to ensure robustness, for example, to ensure they capture the full GHG impacts (rather than capturing only singular GHGs or partial impacts of mitigation measures). 
	Reporting and verification processes are especially important if carbon farming mitigation is used to generate offset credits that will be used by other sectors in lieu of their own emissions reductions. Without robust reporting and verification - including random and targeted auditing, secure registry systems, and long-term reporting obligations – there is significant risk that carbon farming mitigation could be low-quality. 
	For carbon farming to have a positive impact on the climate, mitigation must be permanent (i.e., GHG levels must be lower than they otherwise would have been in the long-term). Given the long-term nature of the climate challenge, there is very little point in storing carbon for short periods of time if it is likely to released again, making it essential that carbon farming mitigation is permanent. 
	Permanence is a particular challenge for carbon farming mitigation through sequestration and storage (i.e., carbon removed from the atmosphere and stored on agricultural land in biomass (above and below ground and in soils). This sequestered carbon is unstable and can be released intentionally or unintentionally: for example, stored soil carbon can be quickly released through intentional actions, such as changing cropping patterns or reintroducing tillage; carbon can also be unintentionally released e.g., if drought or fire results in the loss of agroforestry trees, releasing their stored carbon (COWI, Ecologic Institute and IEEP, 2021b). The challenge of impermanence is compounded for soil carbon (in peatlands or mineral soils), because monitoring permanence is much harder. 
	Permanence is not a risk for carbon farming mitigation actions that reduce emissions, such as livestock and manure management or nutrient management actions that reduce methane and nitrous oxide emissions. Once these emission reductions occur, the GHG remain out of the atmosphere and cannot be intentionally or unintentionally released later.
	It can be challenging to identify whether mitigation would have occurred in the absence of a carbon farming incentive scheme, i.e., whether mitigation is additional. Additionality is important when designing mechanisms to incentivise and reward carbon farming for two reasons:
	 Cost effectiveness: to avoid rewarding farmers for nothing, carbon farming payments should only pay for mitigation that goes beyond what farmers would have done without the prospect of receiving a financial reward.
	 Robust impact on the climate: only carbon farming mitigation that goes beyond what would have happened without carbon farming policies is additional. This is crucial if the carbon farming mitigation is used to generate offsets that other sectors can use as an alternative to mitigating within their own sector. If carbon farming mitigation is not additional (i.e., there are no real reductions or sequestration relative to business-as-usual), then using them as offsets instead of reducing emissions elsewhere will make climate change worse. 
	Additionality is often assessed against a baseline, which aims to describe what would have happened in the absence of policies to incentivise carbon farming. This baseline (often referred to as “business-as-usual”) acts as a counterfactual against which actual mitigation is compared. Anything that goes beyond it (i.e., any sequestration in excess of the baseline or emission reductions below the baseline emissions) is considered additional. Baselines can be developed in different ways, which have different strengths and weaknesses. Developing complex baselines can be costly and time-consuming for participants and administrators, in some cases requiring historical data that is not always available (COWI, Ecologic Institute, and IEEP, 2021a). However, simple baseline setting methods are susceptible to being manipulated by participants, resulting in non-additional mitigation (Badgley et al., 2021). 
	Additionality can be particularly difficult to ascertain within Europe, given that CAP requirements (e.g., Member States’ cross-compliance standards) and additional incentives (e.g., agri-environment-climate payments) are diverse, context specific, can have uncertain impacts on mitigation, and change over time. This can make it challenging to set realistic baselines or ascertain additionality at the farm scale, with the potential that farmers are paid multiple times for the same mitigation (e.g., through CAP and through carbon farming mechanisms).
	Carbon farming mitigation is only additional if each unit of mitigation is counted no more than once. This issue of double counting can be challenging when voluntary carbon markets exist alongside national requirements for offsetting emissions, and when offset credits can be traded internationally. Carbon farming mechanisms must have strict guidance and transparent registries in place to track carbon credit ownership and to ensure that any mitigation associated with international trade of offset credits is only recorded in one Member State’s climate contributions. For example, the UK Peatland Code has implemented a registry system that ensures credits are tracked directly to its owner to prevent double-counting (COWI, Ecologic Institute and IEEP, 2021b).
	Additionality is also affected by leakage. If carbon farming actions end up increasing emissions outside of the monitored system (for example, due to animals being moved from monitored farms to unmonitored farms), then the actual additional impact of the carbon farming action on the climate is proportionately reduced. 
	While carbon farming explicitly targets climate mitigation impacts, often these same actions deliver other environmental, climate adaptation and socio-economic co-benefits. Some of these co-benefits accrue to farmers (such as cost savings, productivity increase), making carbon farming more attractive; other co-benefits are public goods (such as biodiversity conservation, water quality impacts), which can justify greater public funding for carbon farming. At the same time, there is the risk that some mitigation measures may deliver mitigation but negatively affect other farmer or societal objectives. Examples of these risks include the potential for negative soil health impacts of some soil organic carbon mitigation measures (such as biochar or municipal compost), or negative biodiversity or adaptation impacts associated with implementing agroforestry measures that are not locally appropriate. Carbon farming actions that sustainably take advantage of natural systems such as soils and trees and therefore deliver biodiversity benefits, improve human well-being as well as mitigation can be referred to as nature-based solutions (IUCN, 2016). 
	To ensure that carbon farming supports the social, environmental, and socio-economic objectives of the European Green Deal, it is important to maximise co-benefits and reduce risks when designing and implementing carbon farming payments and mechanisms. In addition to monitoring the mitigation impacts of carbon farming, the impacts on other objectives should also be monitored (e.g., biodiversity protection and enhancement, water quality/quantity benefits, farm resilience, reduction of flood risk and soil erosion). In addition, carbon farming incentive policies must include sufficient safeguards to avoid negative impacts, e.g., “negative lists” excluding carbon farming actions that will be harmful in particular contexts, regular policy evaluation, and monitoring that covers all GHGs. Given carbon farming’s potential scale and impact, a failure to consider climate and non-mitigation impacts poses significant risk or could fail to capture the multiple benefits that carbon farming financing has to offer.
	3. Carbon farming as a business model
	3.1. Models for carbon farming payments and mechanisms
	3.1.1. Carbon farming payment types
	3.1.2. Models for carbon farming mechanisms

	3.2. Advantages and disadvantages of different carbon farming mechanism models

	Chapter 2 discussed carbon farming as a suite of farm management practices aimed at mitigating climate change. The term carbon farming is also used to refer to a business model where farmers are paid to reduce emissions or sequester carbon, in order to incentivise farmers to implement carbon farming practices. The focus of this chapter is on this second interpretation of carbon farming, describing different types of carbon farming payments and different carbon farming mechanism models, and their strengths and weaknesses for farmers and society. 
	How do farmers earn money from carbon farming? And what do farmers have to deliver in return? The answer to these questions depends on the carbon farming payment type, of which there are three, each with its own strengths and weaknesses: 
	 Action-based: farmers receive a set payment for taking a particular action, e.g., complying with a defined farming practice or implementing specific technologies. Action-based payments are commonly applied in CAP (e.g., agri-environmental-climate payments under Pillar 2). Action-based payments are relatively simple, with low monitoring requirements for farmers and administrators. However, the actual mitigation impact of action-based payments is uncertain, as payment depends only on the action, not the result. 
	 Result-based: farmers receive a payment that depends on the actual mitigation outcome that they deliver (typically in t CO2-e that are either sequestered or not emitted), regardless of the specific actions taken. Result-based payments require that the mitigation outcome can be quantified and verified, which requires costly and complex MRV, and if prices and mitigation are uncertain also poses uncertainty for farmers. A strength is that environmental certainty and credibility are high due to the explicit link between the mitigation contribution and payment, also, the flexibility can encourage farmers to innovate and adapt mitigation measures to the local context. 
	 Hybrid payments: Hybrid payments mix action- and result-based payments, combining low-risk, up-front or guaranteed payment for farmers for implementing specific farm management actions, with additional payments based on actual measured mitigation results. Upfront payments can be used to cover implementation costs, or to reduce the financial risk for farmers. Hybrid models can increase farmer uptake by lowering risk and removing upfront financial barriers, whilst still providing flexibility to farmers to implement optimal actions for their farms and guarantee real climate results for society.
	Carbon farming payments are paid to farmers through a carbon farming mechanism. Table 3 explains four common carbon farming mechanism structures. These differ in terms of who ultimately pays the farmers, what form of payment the farmer receives (i.e., cash or an offset credit tradeable for payment), and, most significantly, the level of monitoring, reporting and verification that is required. The extent and stringency of MRV and the overall complexity of the mechanism determine the cost of participation for farmers, as well as the administrative costs borne by operators of the mechanism. These elements also determine the environmental certainty of mitigation, with associated risks for farmers and society, which is explored in section 3.2.
	Table 3: Models for carbon farming mechanisms
	MRV requirements: Low -medium 
	Funder: Public or NGO
	Example: CAP Greening payments, CAP Pillar 2 payments
	Payment: Cash (generally action-based; hybrid/result-based possible) 
	/
	A central funder pays farmers a reward for implementing climate carbon farming management actions (related to crops, soil, land use, livestock) 
	Land-management practice payments
	MRV requirements: Low - high
	Funder: Agri-food company
	Example: Arla Climate Check, SPAR Austria Healthy Soils for Healthy Foods
	Payment: Cash (generally action-based; hybrid/result-based possible) 
	 /
	Agri-food companies pay farmers within their own supply chain to reduce their impact on the climate, motivated by the possibility of price premiums from customers, or to meet own company climate objectives. Also known as “insetting” or managing “scope 3 emissions”.
	Corporate supply chain
	MRV requirements: Medium - high
	Funder: Private companies/individuals
	Example: MoorFutures, Label bas Carbone CarbonAgri, Woodland Carbon Code, Peatland Code
	Payment: Offset certificate - non-fungible, only traded once then retired (result/hybrid/action-based)
	 
	/
	A central intermediary pays farmers for implementing mitigation measures, monitors and verifies mitigation impact, and sells offset credits to private buyers. The intermediary can be the private or public mechanism developer or a project developer. They often provide farmer training/support.  
	Voluntary carbon market with intermediary
	MRV requirements: High
	Funder: Private companies/individuals
	Example: Verra VCS, Gold Standard, puro.earth
	Payment:Freely tradeable offset credit (result-based)
	 
	/
	Farmers implement mitigation measures in accordance with approved methodologies to produce offset credits that they trade directly with buyers. A certification mechanism aims to ensure that the offset credits produced are matched by high quality, unique climate mitigation/sequestration (i.e., equivalent to removals/reductions in other sectors and therefore tradable). 
	Voluntary carbon market - exchange-based
	Source:  Authors’ own elaboration.
	In this section we identify the relative strengths of different carbon farming mechanism models and highlight key risks; text boxes provide European examples of existing mechanisms.
	Land-management practice payments: Up until relatively recently, land-management practice payments were the primary source of carbon farming funding. Europe’s Common Agricultural Policy (CAP) has used this model for farm support payments for decades, with an increase in the use of practice-based payments to incentivise improved environmental and climate performance in recent years. Land-management practice payments have the advantage of being simple and therefore low-cost to administer, generally with low MRV requirements. They pose low risk for farmers, who know when they apply what the payment will be. While land-management practice payments can be result-based, generally they are action-based, which further lowers the risk for farmers (COWI, Ecologic Institute, and IEEP, 2021a).  However, this type of funding generally depends on public financing, which is a relatively limited funding source. Given that land-management practice payment financing is predominantly action-based with limited MRV, the mitigation impact is commonly uncertain; result-based land-management practice payments would involve higher MRV requirements (and costs) but deliver more certainty about the mitigation outcome. 
	EAFRD agri-environment funding for soil management – Medved farm example, https://enrd.ec.europa.eu/projects-practice/medved-farm-investing-soil-conservation-practices_en
	/
	Corporate supply chains: Growing public concern with climate change has motivated some agri-food companies to commit to corporate climate pledges, or to market products as climate-friendly in the hope of earning price premiums or access to new markets. This model can bring in private sources of funding for carbon farming, where agri-food companies are motivated either by price premiums or for marketing reasons. An additional advantage is that agri-food companies have existing relationships with many farmers, giving them the ability to set minimum standards or effectively communicate and attract voluntary farmer participation. However, one main risk of this model is that the processes are often opaque. To be credible, these mechanisms need to be transparent, which includes application of proven and published methodologies for quantifying and verifying the results of carbon farming (with associated high MRV requirements, costs and complexity). A number of standards have been developed to support this transparency (including Science Based Targets, Green House Gas Protocol, ISO Standard 14064, among others). There is also a need to regulate the claims that corporates can make to consumers. 
	Arla Foods https://www.arla.com/sustainability/sustainable-dairy-farming/how-arla-farmers-reduce-dairys-carbon-footprint/
	/
	Voluntary carbon markets: Since the early 2000s, governments, NGOs, and private companies have developed markets to incentivise mitigation measures (Nogues et al., 2021). These markets link voluntary buyers who want to pay for mitigation measures with projects or individuals willing to implement those actions in return for payment (often in the form of “offset credits” that equate to a removal or reduction of 1 t CO2-e). These voluntary carbon markets are growing quickly, with a global trading volume of 178 Mt CO2e in 2020, up 80% from 2019, and projected 2021 global market value of over USD1 billion (Forest Trends’ Ecosystem Marketplace, 2021). While most voluntary market removals and reductions come from forestry and renewable energy, agricultural methodologies (livestock emissions reductions, peatland rewetting, and soil carbon sequestration) are emerging within Europe (Cevallos, Grimault, and Bellassen, 2019). Voluntary carbon markets could significantly increase private funding for carbon farming, but they also pose risks and face challenges, depending on the type of market: 
	 Voluntary carbon markets – exchange-based are the most scalable, theoretically capable of enticing large scale private financing for carbon farming – provided there is sufficient demand. They are relatively laissez-faire, based on methodologies that are applied similarly across different farms, with the quality of the removals/mitigation assessed through relatively stringent MRV. The resulting offset credits are assumed to be “fungible”, i.e., equivalent (and tradeable) with those created through other mitigation methods (such as afforestation or even renewable energy reductions). However, there are significant disadvantages: the high MRV costs and the relatively complex, open market structure lower the cost for buyers and other market actors, but raise costs for participating farmers, often excluding smaller farms (who cannot benefit from economies of scale) and reducing the net benefits of farmer participation. In addition, the fact that the price is determined on the market increases uncertainty and risk for market participants. The fungibility of offset credits results in a general feature of offset markets: if all allowances are considered as equivalent, the requirements for credits to enter the market must be sufficiently high and stringent. If this cannot be ensured, it leads to a risk for the market – and ultimately the environment. If carbon farming credits of low quality enter the market (e.g., due to uncertainty, impermanence, or vulnerability to fraud), this can undermine and erode trust in the market. If such credits are then still used to offset mitigation in other sectors, this could undermine the achievement of overall climate targets. 
	 Voluntary carbon markets with intermediaries: these markets generally involve closer cooperation between farmers and an intermediary, with the intermediary effectively reducing the risk and complexity of farmer participation. The credits produced in these markets are usually limited to a single type of mitigation measure or carbon farming, and the offset credits are often only allowed to be sold once and then retired (i.e., are not considered fungible). Intermediaries commonly guarantee a set price for farmers. For this reason and because offset credit buyers can rely on the reputation of the intermediary, MRV may not need to be as stringent to be convincing to buyers, relative to an exchange-based voluntary carbon market. This can lower complexity and costs for farmers (and therefore increase farmer uptake) without increasing environmental uncertainty, relative to exchange markets. However, due to the large role of the intermediary (commonly supported by farming consultants), and the cost of the services provided by the intermediary, it is more challenging to scale up these markets.
	Carbon by Indigo, https://www.indigoag.com/carbon
	/
	MoorFutures https://www.moorfutures.de/
	/
	4. Costs, funding options and incentives
	4.1. Carbon farming costs and barriers
	4.1.1. Financial costs
	4.1.2. Non-financial barriers to carbon farming uptake

	4.2. Funding availability for carbon farming: public and private options
	4.2.1. Private sources of finance for carbon farming - market-based and corporate supply chain mechanisms
	4.2.2. Public sources of finance for carbon-farming
	4.2.3. Contribution of EU research funding to carbon farming

	4.3. Additional requirements for carbon farming uptake and effectiveness

	From a business point of view, carbon farming only makes sense for farmers if the benefits (reward payments plus the co-benefits that they enjoy) outweigh the costs that they face. From a societal perspective, decision makers must ensure that the benefits of carbon farming (including climate mitigation, biodiversity, and other external benefits) exceed the costs (including costs faced by both the farmers and administrators). Table 4 identifies the types of costs to set-up and run a carbon farming mechanism faced by farmers and administrators, and what these depend on. 
	Costs vary widely depending on the mechanism type, carbon farming sub-category, specific mitigation measures implemented, and the local context. Few studies evaluate administrator costs, with most studies focused on a narrow definition of farmer costs. An illustrative example is the LIFE CarbonFarmingScheme (2021), which evaluated seven potential carbon farming actions, all result-based voluntary carbon market models with stringent MRV. They considered farmer baseline setting, implementation, and transaction costs, finding that the total cost per t CO2-e range from €20 (for afforestation) to €84 (for peatland actions). 
	MRV costs can make some carbon farming mechanisms uneconomic for farmers. In mechanisms with high MRV requirements, the costs of quantifying emissions/removals and proving this to administrators can be prohibitively expensive, outweighing the potential carbon farming payments and therefore reducing farmer uptake (COWI, Ecologic Institute, and IEEP, 2021b). This is a particular issue where mechanisms require on-site visits and sampling to measure baselines and changes in e.g., soil carbon stocks. This varies considerably by carbon farming mechanism model: Label bas Carbone CarbonAgri estimates that cost of consultant site visits is €2000 per farm every 5 years; GoldStandard projects face USD67,500-87,500 of verification, validation, and registry costs in the first 5 years (COWI, Ecologic Institute, and IEEP, 2021b); the LIFE CarbonFarmingScheme (2021) estimates project validation, verification, and market registration costs of €110,000-240,000 within the first five years. In addition to reducing net benefits, these high MRV costs can mean that only large farms or farmers can participate in high-MRV mechanisms. Accordingly, carbon farming MRV should only be as stringent as it needs to be. However, the trade-off – lower MRV and lower environmental certainty – may not be acceptable in many cases. 
	Table 4: Administrator and farmer costs associated with carbon farming
	* Costs can be borne by farmers or by administrators, depending on scheme design. 
	Source:  Authors’ own elaboration.
	In addition to costs, non-financial barriers can also pose a significant challenge to upscaling carbon farming. Previous studies have identified the following priority issues, which must also be addressed to upscale carbon farming (European Commission, 2021a; Nogues et al., 2021). 
	Farmer barriers include: 
	 Learning costs – Carbon farming and interacting with new mechanisms requires new knowledge and skills, requiring training, support, outreach, and practical examples (and potentially up-front payments).
	 Risks – Result-based mechanisms and the price uncertainty of exchange-based markets pose risks for farmers.
	Administrator barriers include:
	 MRV cost and uncertainty – Carbon farming MRV is often relatively uncertain or expensive (or both). 
	 Other design challenges – As explored in Chapter 2, issues of permanence and defining additionality (especially with leakage and land-competition) and interactions with existing agricultural and environmental regulations make carbon farming challenging for administrators. 
	 Administrator knowledge – Carbon farming requires administrator knowledge, ability, and a baseline of data and scientific understanding.
	The different kinds of costs identified in section 4.1. can be covered by private or public funds, and in some cases by a mixture of the two.
	Private and corporate sources of finance predominate in carbon-farming mechanisms linked to voluntary carbon markets or to companies in the farm sector supply chain. These private sector payments offer the potential to increase funding available for carbon farming though they do face some challenges and issues. 
	There are an increasing number of voluntary carbon markets, where private actors pay for offset credits generated by carbon farming (Cevallos, Grimault and Bellassen, 2019). These mechanisms are typified by result-based payments and either intermediary or exchange-based carbon markets. Label bas Carbone CarbonAgri is one example of such a market: it sells emissions reduction certificates to corporate and private buyers, which are matched by emissions reductions on French livestock farms. The revenue from the sales of emissions reduction certificates is used to pay farmers per t CO2-e emissions reduced, as well as cover training and administrative costs (COWI, Ecologic Institute, and IEEP, 2021b). 
	Administrators’ up-front development costs are significant and private finance may not be available to fully cover these costs, especially in the early years when income from credit sales is small. Public support may therefore have a role to play in getting projects off the ground. Such projects that are jointly funded by both public and private actors are increasingly common, but require safeguards to avoid double-funding of the same action, double-counting of carbon credits, or public funding crowding out private capital. The peatland restoration max.moor scheme in Switzerland is a public-private partnership, with public start-up financing to cover establishment costs, which are not directly recouped from the sale of offset credits. To avoid the double-counting issues, the Swiss authorities retire one CDM credit for each credit issued by the max.moor initiative (COWI, Ecologic Institute, and IEEP, 2021b). The Label bas Carbone CarbonAgri mechanism was also developed and established using public funding: in addition to being administered by the French Ministry for Ecological Transition, the methodology was developed in part through an EU LIFE research project and utilises tools and research developed by public agencies (COWI, Ecologic Institute, and IEEP, 2021b). 
	As a different type of funding mechanism, corporate supply chain finance for carbon farming comes from companies wanting to reduce the carbon footprint of their products. They do so by offering farmers in their supply chain a small financial incentive to implement action-based carbon farming, with MRV costs lower than they would be in a carbon market. For example, Arla Food’s Climate Check sustainable dairy project uses data from a publicly available digital reporting tool, verified by an external auditor. Supply chain support can be in kind or in cash. The Swiss food retailer Coop encourages farmers to plant timber and wild fruit trees in combination with standard fruit trees, in return for a payment of CHF 75 per tree plus free advice on the choice, location and regular care of the trees. The payment is additional to any other form of agricultural support (COWI, Ecologic Institute and IEEP, 2021a).
	Several factors will influence the amount of private finance available. A key limit for the growth of private offset markets is the potential perception of carbon farming offset credits as having relatively low environmental robustness due to concerns about permanence and non-additionality, and uncertainty in measuring mitigation impact (as discussed in section 2.3.). Until these concerns are adequately addressed, there is significant risk of using carbon farming credits to offset mitigation in other sectors, which should reduce demand within voluntary carbon markets. While this challenge could in the future be addressed through more stringent MRV, the current cost of such MRV is a significant barrier to farmer voluntary uptake, as is risk faced by farmers (COWI, Ecologic Institute, and IEEP, 2021a). 
	In considering public funding for carbon farming, by far the most significant source is the wide range of opportunities Member States will have to use their CAP funds from 2023 onwards to support carbon farming. A large amount of the overall EU budget contribution to climate objective is expected to come from the CAP, which is ‘expected to contribute’ 40% of its budget, almost EUR 155 billion, towards climate spending between 2023 to 2027. This is an expectation, not an obligation, and crucially its effectiveness will depend on how Member States choose to meet their climate and other environmental needs (which will be wider than just carbon farming) in their draft CAP Strategic Plans (CSPs); the extent to which these choices are modified during the Commission approval process; and the response of farmers to the CAP carbon farming standards and payments in their Member State. 
	This section discusses, from the point of view of a farmer or landowner, the carbon farming baseline requirements and the types of funding that could be available under both Pillars of the CAP 2023-27. Whether or not these payments will actually be available to individual farmers is down to Member States decisions, which are discussed in section 5.3. 
	CAP finance could support carbon farming in a number of ways: by setting baseline standards of land management; through a suite of practice-based land management contracts for specific carbon farming actions at several levels of climate ambition, which in combination could make a considerable contribution to funding on-going costs of carbon farming; upfront investment support for farm-level land use changes to enable carbon farming; advisory and capacity building support that could help to cover farmers’ costs of learning; finally, the EAFRD could contribute to R&D costs for farmers and administrators setting up new carbon farming mechanisms locally, and also at national and EU level (the latter through the CAP Network and the agricultural European Innovation Partnership (EIP-AGRI)). The farm-level CAP measures available from 2023 are detailed below.
	Potential for farm-level CAP funding for carbon farming from 2023
	Significantly, the agreement on the new CAP extends the underlying eligibility for CAP Pillar 1 direct payments, to include the carbon farming practices of paludiculture and agroforestry (European Parliament, 2021b). This change could remove significant barriers for farmers rewetting peatlands, for example, because they might no longer stand to lose their direct payments. The new GAEC conditionality standards set the baseline land management requirements for all farmers receiving direct payments under Pillar 1 and land management payments under Pillar 2. Several are directly relevant to the management of peatlands and wetlands, retention of grassland, and retention of SOC, as shown in Table 5. Failure to comply with GAEC standards can lead to quite high financial penalties which act as a deterrent for farmers. 
	Eco-schemes are new, area-based payments fully funded under Pillar 1. The Commission’s proposed list of examples includes: conservation agriculture; rewetting wetlands/peatlands, paludiculture; minimum water table level during winter; appropriate management of residues (i.e., burying them), seeding on residues; establishment and maintenance of permanent grassland and extensive use of permanent grassland; agroforestry (European Commission, 2021c). Eco-schemes can be paid per hectare either on a cost incurred or income forgone basis or, in some cases, a top up income payment which farmers enter under an annual contract. Groups of farmers are also eligible.
	Using their EAFRD co-funding under Pillar 2 of the CAP, Member States have a wider choice of interventions they could make available to farmers to support carbon farming. These include multi-annual environmental management contracts for carbon farming, which can be tailored to suit the national or regional need and farming context, as well as the opportunity for innovative approaches like result-based environmental management contracts and pilot schemes. Area-based annual Natura 2000 compensation payments (for the requirements farmers have to fulfil under the EU’s nature laws) could underpin appropriate carbon farming within Natura 2000 sites, e.g., for permanent grassland, peatland and wetland habitats. 
	Table 5: CAP standards from 2023 for good agricultural and environmental condition of land relevant to carbon farming 
	Minimum land management reflecting site specific conditions to limit erosion 
	Tillage management, reducing the risk of soil degradation and erosion, including consideration of the slope gradient. 
	Soil 
	(protection and quality) 
	Protection of soils in 
	Minimum soil cover to avoid bare soil in periods that are most sensitive 
	GAEC 7
	periods that are most sensitive 
	Preserve the soil potential 
	Crop rotation in arable land, except for crops growing under water  
	GAEC 8
	Maintenance of non- productive features and area to improve on-farm biodiversity 
	GAEC 9 
	Biodiversity and landscape 
	(protection and quality) 
	Protection of habitats and species 
	GAEC 10 
	Ban on converting or ploughing permanent grassland designated as environmentally- sensitive permanent grasslands in Natural 2000 sites 
	 Source:  European Parliament (2021b).
	EU funds under the LIFE, Horizon Europe and INTERREG programmes could make a significant contribution to innovation and R&D in carbon faming (see box text for examples of recent relevant projects). Examples of EU research and project funding related to carbon farming include:
	 LIFE: The LIFE Carbon Farming Scheme, which started in 2020, aims: to develop guidance for policymakers on implementation of a carbon farming incentive scheme; to identify characteristics of efficient markets by studying demand from sectors mandated to GHG reductions, and supply from the agricultural and forest sectors: and to demonstrate the rules in 10 test farms and 10 forests, two of each from five different soil-climatic regions in Europe. The project has already released four reports. The five-year LIFE PEAT RESTORE project in Germany, Poland and the three Baltic Member States has rewetted about 5,300 ha of degraded peatlands, created guidelines for peatland restoration and management, tested techniques for Sphagnum farming on bare peat and creating floating islands in a former peat extraction area. It has also estimated the climate effect of the restoration measures and tried to raise public awareness with events, booklets, panel discussions, photography exhibitions and short films. The results of the project were presented at a final conference in October 2021 and are available at https://life-peat-restore.eu/en/welcome-to-life-peat-restores-online-conference/ 
	 Horizon 2020: The recently completed H2020 project CIRCASA aims to strengthen the coordination and synergies in European and global research on SOC sequestration in agricultural soils, leading to an improved understanding and scientific basis to target ambitious practices required to preserve and enhance SOC. A new Horizon Europe call for projects on the topic International Research Consortium on (agricultural) soil carbon (HORIZON-CL6-2021-CLIMATE-01-07) closed in October 2021, with the grant award expected in early 2022.
	 INTERREG: The INTERREG North Sea Region’s Carbon Farming project focuses on the implementation of carbon farming techniques that will improve soil structure, increase soil biodiversity and offer better water holding capacity and nutrient availability. The seven partners, from The Netherlands, Belgium, Germany and Norway, including farmers’ associations and research centres. have been working to promote and showcase uptake of carbon farming techniques. One of the outputs of the project are policy recommendations on how to incentivise carbon farming. The main recommendation is to develop a holistic framework in which the climate, biodiversity and water-related objectives do not conflict with each other at the farm level and provide a clear and motivating framework (Nijman, 2021). Peatland restoration and paludiculture have been the focus of the DESIRE project supported by the INTERREG Baltic Sea Region Programme of the European Regional Development Fund).
	In addition to monetary reward, a number of additional actions will be needed to address the non-financial barriers to carbon farming (4.1.2) if carbon farming is to be adopted by administrators and farmers at the scale required to make an effective contribution to EU environmental policy in the next 10 years: 
	Removing policy barriers by adjusting implementation of existing policies and/or development of new policies could strengthen carbon farming uptake and effectiveness. Here, it is particularly important to identify and redress existing, counterproductive incentives for farming under the CAP, some of which discourage carbon farming or encourage farming that increase rather than decrease agricultural GHG emissions. To realise this opportunity, it will be important for the Commission to ensure that the approved CAP Strategic Plans from 2023 encourage uptake of targeted carbon farming actions where they will have greatest mitigation benefit. This requires designing GAEC requirements and practice-based payments for carbon farming that take full account of the variability within each Member State in soils, climatic conditions, farming systems structures, current land uses and the real costs/benefits to the farmer of carbon farming, rather than a “one size fits all” approach. Member States could further leverage uptake of carbon farming by differentiating payment rates and targeting eco-schemes and environmental/climate land management contracts where they will achieve greatest mitigation benefit and positively impact other societal goals such as biodiversity conservation. This would give a clear signal to farmers that level of payment is linked to both the scale of change required and the resulting GHG benefits to society. 
	A related policy barrier is that CAP payments are subject to a seven-year policy cycle with funding levels, regulations, and priorities all liable to change between cycles. This 7-year CAP cycle is a significant barrier for the permanence and additionality of CAP carbon farming support for carbon sequestration/storage and long-term actions to avoid GHG emissions (e.g., for agroforestry management, peatland restoration/rewetting, converting arable land to permanent grassland, raising water tables). Longer environmental and climate management contracts under CAP Pillar 2 would address this problem, enable long-term business planning by farmers and encourage uptake of action-based carbon farming mechanisms. There is a CAP precedent for 20-year contracts ‘for environmental reasons and for the protection of natural resources’.
	Investment in R&D could strengthen carbon farming uptake and effectiveness by addressing the accuracy and cost of MRV methods, as well as potential synergies and conflicts with other EU objectives. There is currently an MRV trade-off between the affordability (i.e., low-cost) and certainty of the results achieved. If levels of uncertainty are high, it may be an obstacle to market-based funding carbon farming scheme, for both administrators and farmers, who typically share both the MRV costs and the financial risk. Therefore, priority should be given for R&D investment towards developing cost-effective and accurate MRV systems (and the data and models that underpin them). These investments should be complemented by continuing practical experience that can identify new barriers, catalyse new solutions, and develop lessons that can be applied in subsequent schemes (COWI, Ecologic Institute and IEEP, 2021a).
	A second priority should be research and demonstration of cost-effective carbon farming methods in different pedo-climatic conditions, ideally with co-benefits for the farmer and society, but at a minimum ensuring the principle of ‘do no harm’. Existing carbon farming schemes have shown evidence of significant co-benefits but also potential trade-offs between environmental objectives. Factoring these into the delivery of the scheme and rewarding farmers for delivering specific co-benefits will be an important contribution to increasing farmer participation and delivering other EU environmental priorities. 
	The third priority for R&D should be to understand the sociological aspects of farmers’ attitudes to carbon farming, their awareness of the opportunities and barriers for their business and the key influences on their decision making. Investment in enhancing farmers’ knowledge and perceptions of carbon- and non-carbon benefits, attitudes towards climate change and farming practices and financial uncertainty could help overcome current social-cultural barriers to uptake of carbon farming practices and funding opportunities (COWI, Ecologic Institute and IEEP, 2021a, b).
	Advisory and technical support for potential funders (public and private), scheme operators, and farmers will support setting up new market-based initiatives or expanding or endorsing existing schemes and initiatives. Any effective scheme and effective MRV system will need to be informed and run by people with appropriate knowledge and technical expertise to understand the results that the scheme is intended to produce. Further, providing the necessary advisory and technical support to farmers builds trust between farmers and advisers. This trust and adequate provision of advice to farmers is important for the functioning and success of any environmental land management, but especially for results-based carbon farming mechanisms. Scaling up training and advisory services for farmers, funders and schemes operators could further incentivise the uptake of carbon farming schemes (COWI, Ecologic Institute and IEEP, 2021a). 
	Capacity building and information and awareness raising support to increase institutional capacity in scheme funders, and skills and knowledge capacity among farmers and their advisers and workers are crucial elements for scheme development and operation, whether market-based or action-based. Member States currently have opportunities to strengthen carbon farming skills and capacity using CAP and other public funding (as discussed in 4.2.2). 
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	In addition to the issues discussed in the previous chapters, the success of the EU carbon farming initiative will inevitably depend on whether there are sufficient policy incentives in place to drive the demand for carbon farming actions/schemes, whether that is from Member States or private actors. In addition to the Common Agricultural Policy (CAP), which remains the main driver of actions in the EU farming sector, other EU policies, the EU policy framework for climate and biodiversity are also important here and described and assessed in this section. 
	The EU climate and energy policy framework plays a crucial role as it sets the overall climate ambition and prescribes obligations to certain sectors of the economy. Over the past decade, EU climate mitigation targets became more ambitious, increasing from 20% reduction from 1990 levels by 2020 (EU 2020 climate and energy package) to 55% by 2030 and economy-wide climate neutrality by mid-century (European Climate Law under the European Green Deal). At the same time, the scope of the relevant legislation has also changed with implications for climate action in the agriculture and land use sectors. The following section provides an overview of how carbon farming has been promoted by EU climate policy, including a brief assessment of the implications of the recently proposed Fit for 55 package.
	The EU 2030 climate and energy policy framework was adopted in 2018 to deliver an EU-wide emission cut of at least 40% by 2030. Agricultural activities emit and remove both CO2 and non-CO2 greenhouse gases (GHGs). These emissions are addressed under different pillars of the framework. Agricultural non-CO2 GHGs, together with emissions from other sectors outside the scope of the EU’s Emission Trading System (EU ETS), are covered by the Effort Sharing Regulation (ESR). The ESR sets binding targets for Member States but with flexibility on the potential contribution of individual ESR sectors. Targets range from 0% to 40% reduction by 2030 (compared to 2005 levels), reflecting the relative wealth of Member States, and they are meant to collectively deliver a 30% emissions cut in those sectors by 2030. 
	Agricultural CO2 emissions (or removals) linked to changes in carbon stored in soils and biomass due to cropland and grassland management practices are on the other hand covered by the Land use, land use change and forestry (LULUCF) Regulation. The Regulation sets a “no-debit” rule, requiring Member States to ensure that accounted emissions (debits) from all land-use categories within the LULUCF sector are less than accounted removals (credits) in the period of 2021 - 2030. There are several flexibilities integrated into the legislation to help Member States comply with the no-debit rule; including banking credits for later periods, transferring credits between different land use categories and Member States as well as a compensation mechanism in the managed forest land category that is only available under certain conditions. While the LULUCF sector does not count towards the 2030 emission reduction target, Member States are allowed to use the LULUCF sink to offset 280 Mt of emissions from their ESR sectors in 2021-2030. This flexibility has been criticised claiming that it disincentivises the reduction of GHG emissions in the ESR sector (Fern, 2018). 
	From a carbon farming point of view, the following observations can be made about the current (2030) EU climate and energy policy framework:
	 The ESR and LULUCF Regulation set targets and requirements for Member States and therefore they provide no direct incentives for individual farmers. As such, it does not alone provide sufficient incentives for the reduction of non-CO2 GHGs from the agriculture sector. Across all effort sharing sectors, agricultural emissions decreased the least in the period of 2005-2018. Agriculture remains the sector where projections foresee only limited changes in emissions in the period up to 2030 (EEA, 2020).
	 Existing rules do not prevent the decrease of the EU’s carbon sink. Between 2010 and 2019, the LULUCF sink in the EU decreased by 21% from -315 Mt CO2-e to -249 Mt CO2-e. While this is in part due to age structure of forests, a Commission impact assessment from 2020 concluded that “left without a revised policy framework, the net removal of CO2 from the atmosphere by the LULUCF sector in the EU will at best remain stable – or even decrease” (European Commission, 2020a).
	To set Europe on a responsible path towards becoming climate neutral by mid-century, the European Climate Law, which was adopted in June 2021, increased the 2030 EU-wide emission reduction target to at least 55% compared to 1990 levels. The contribution of the LULUCF sector to this target is capped at 225 Mt CO2e. In July 2021, the European Commission proposed a set of revisions (Fit for 55 package) to the current 2030 climate and energy policy framework to meet the higher ambition set out in the European Climate Law. 
	Key elements of the Fit for 55 package include the revision of the Effort Sharing and LULUCF Regulations. Amongst the most relevant changes are:
	 The ambition level in the ESR sectors is proposed to increase from the current 30% to 40% by 2030 (compared to 2005 levels). Flexibilities remain, but with a number of changes that will likely restrict offsetting until 2030, although after this it is then expected to increase again (Fern, 2021).
	 An overall target of 310 Mt CO2-e of removals is proposed in the land use and forestry sector for the period from 2026 to 2030, which will be divided between Member States as annual national targets based on the verified emissions and removals from years 2021, 2022 and 2023. This has been proposed to encourage Member States to increase the size of carbon sinks beyond 225 Mt CO2-e, i.e., the maximum contribution of the LULUCF sector to the 55% target. This will de facto increase the 2030 net target to 57% (European Parliament, 2021a).
	 An integrated policy framework covering agriculture, forestry and land use (AFOLU) is proposed from 2030 with the view of achieving carbon neutrality in the AFOLU sector by 2035. The transition to this integrated framework is foreseen to happen through several stages:
	o 2021-2025: No major changes in the LULUCF regulatory framework. 
	o 2026-2030: An overall EU removal target of 310 Mt CO2-e will apply as described above. 
	o From 2031 onwards the LULUCF sector will include the non-CO2 GHG emissions from agriculture with the objective of reaching a climate neutral EU land sector by 2035 at the latest.
	o From 2036 onwards the EU land sector will be expected to become net sink. These removals from the land sector are foreseen to be used to balance remaining emissions in other sectors that have exhausted their emissions reduction possibilities, or that have achieved for instance over 90% emission reductions.
	In addition to these changes in the Effort Sharing and LULUCF Regulations, two other relevant policy initiatives should be highlighted:
	 The Commission’s Carbon Farming Initiative, which is expected to be launched before the end of 2021, will promote a new business model in the EU farming sector that rewards climate-friendly management practices by land managers. Whilst the exact scope of the initiative is yet to be seen, the Commission’s focus seems to be on carbon removal and storage (as opposed to non-CO2 emissions).
	 A new regulatory framework for carbon removal certification, for which the Commission’s proposal is expected at the end of 2022, will lay out detailed rules for monitoring, verifying and accounting carbon removals in the EU to ensure robustness and transparency.
	These changes, if approved as proposed, may have a number of implications for carbon farming. First and foremost, the launch of a sequestration-focused EU carbon farming initiative and the foreseen target on removals will most likely encourage Member States to take action to increase the absorption of CO2 in agricultural and forest land. At the same time, the proposed target of 310 Mt CO2e remain well below the potential identified in recent scientific literature that indicates that annual removals of up to 600 Mt CO2e can be achieved in the EU LULUCF sector by 2030 (Böttcher et al., 2021). Secondly, the incentives provided through the EU climate policy to implement carbon farming actions targeting agricultural non-CO2 emissions remain weak. This is the case, even though there is widespread evidence that agricultural GHG emissions can be reduced cost-efficiently. The proposed integration of agriculture into the LULUCF sector may further delay action in the farming sector to reduce non-CO2 emissions. Thirdly, the environmental integrity of the EU carbon farming initiative will depend upon the forthcoming regulatory framework to monitor and verify carbon removals in agriculture and forestry.
	In order to overcome these challenges and ensure that carbon farming makes a significant and lasting contribution to the EU’s climate mitigation efforts, the following policy recommendations can be made:
	 Avoiding and reducing GHG emissions should be the first and main priority of climate mitigation efforts in the land use sectors. This avoidance and reduction of emissions first principle should be reflected in the carbon farming initiative. In particular, this requires that non-CO2 emissions are within the scope of the initiative.
	 Setting a quantified GHG emission reduction target for agriculture could help reduce the risk that Member States rely extensively on removals to meet net targets (see e.g., in Germany). This is especially important in the context of a combined agriculture and LULUCF sector (AFOLU) foreseen after 2030. 
	 The development of a robust, transparent and science-based certification system for carbon removals is essential to ensure the environmental integrity of the EU carbon farming initiative and the wider climate policy regime.
	As agricultural landscapes are of great importance to biodiversity protection, carbon farming measures have significant potential to deliver biodiversity co-benefits (as well as some potential disbenefits or trade-offs). Carbon farming policy initiatives and implementation should therefore be carefully aligned with current and developing EU biodiversity policy commitments, at both EU and Member State/regional level. 
	The EU Biodiversity Strategy (BDS) sets out the EU’s planned actions to put nature on a path to recovery by 2030. It replaces the previous Biodiversity Strategy to 2020 which, despite some success, failed to halt the decline of biodiversity in Europe. The new BDS aims to address these gaps both by strengthening the implementation of existing biodiversity policies, such as the EU Nature Directives, and by introducing new initiatives, such as an EU Nature Restoration Plan. This section will outline the key overlaps between carbon farming and biodiversity policy objectives including how biodiversity policies can support carbon farming, and how carbon farming can in turn help to achieve biodiversity goals. 
	Although the focus will be on contributing to the protection and restoration of farmland biodiversity, carbon farming initiatives can also help achieve other BDS headline targets. For example, reducing the use of pesticides by 50%, bringing back 10% of agricultural area under high diversity landscape features, and contributing to the goal for zero pollution by reducing the use of fertilisers by at least 20%. Moreover, depending on the way in which they are implemented, some carbon farming actions may indirectly help to achieve other biodiversity targets such as reversing the loss of pollinators.
	The Nature Directives set out obligations for Member States for protecting habitats and species both inside and outside designated Natura sites. They also apply to farmland and can overlap with carbon farming, since around 40% of the Natura 2000 total area is farmland (EASME, 2020). There are over 50 habitat types and 260 protected species under the Habitats Directive which are closely associated with agriculture (European Commission, 2017). 
	Article 6(1) of the Habitats Directive requires Member States to establish the necessary conservation measures for Special Areas of Conservation (designated Natura sites). Article 6(2) requires them to take the appropriate steps to avoid the deterioration of natural habitats and the habitats of species. Both Articles include requirements which can include restoration measures (Coalition, 2020). Article 6(2) has been interpreted by the EU Court of Justice to include an obligation to “ensure that damaged habitats are allowed to recover”.
	Carbon farming can have implications for the Nature Directives. There are around 200 habitat types that are defined and protected at the EU level under Annex I of the Habitats Directive. Some of these habitats contain significant amounts of carbon, but the degradation of ecosystems by human activities adversely affects their carbon sink capacity. The carbon stored is then released, having negative and dangerous consequences for the climate and for the ecosystems (IUCN, 2017). Restoring these habitats through carbon farming practices could help achieve favourable conservation status of the habitat types protected under the Directives.
	 Peatland ecosystems are covered by thirteen different habitat types in the Habitats Directive. In total, 33 000 km2 of these habitat types are protected in more than 8,700 Natura 2000 sites (European Commission, 2020b). The Natura 2000 network has a positive impact on biodiversity and habitat protection of peatland in the EU (Peters and Unger, 2017) and therefore, restoring these habitat types and maintaining them in a favourable conservation status under the obligations of the Directive will have positive consequences for biodiversity and for the climate.
	 Agroforestry systems have the potential to be deployed across a large area of farmland across the EU. 85 forest habitat types are listed in Annex I of the Habitats Directive, including long established silvo-pastoral systems. New agroforestry systems have the potential to deliver carbon sequestration and can provide wider benefits for ecosystem services and biodiversity, such as a greater diversity of landscapes and habitat connectivity (COWI, Ecologic Institute and IEEP, 2021a).
	Despite the importance of this legislation, Member States’ lack of implementation by of their obligations under the Nature Directives is preventing many protected habitat types from reaching favourable conservation status.
	 Peatland ecosystems: their overall conservation status remains unsatisfactory, despite the protection and restoring obligations set out in the Nature Directives. According to the reporting assessment made under Article 17 of the Habitats Directive for the 2013-2018 period, only 11% of the assessments of peatland habitat types currently show a favourable conservation status at the EU level (European Commission, 2020b). 
	Agroforestry systems: the overall conservation status of forest habitats under the Habitats Directive also remains largely unsatisfactory. According to the same assessment under Article 17, none of the agroforestry habitat assessments showed a favourable conservation status. The Montado agroforestry project in Portugal is an experimental approach demonstrating how payments to farmers based on indicators of habitat quality such as carbon farming practices could help to achieve the obligations of the Nature Directives while delivering positive climate benefits (see box text).
	Finally, the Nature Directives can have implications for carbon farming in terms of research funding. The LIFE programme, has supported thousands of exemplary biodiversity restoration projects for conservation of Natura habitats and species across Member States, supporting carbon farming (EASME, 2020). 
	The BDS announced the creation an EU Nature Restoration Plan aiming to restore degraded ecosystems by 2030. This plan will include a proposal for legally binding nature restoration targets which should prioritise the restoration of ecosystems with the highest potential to capture carbon, as well to deliver further benefits, such as hazard risk mitigation, soil health and pollination. The European Commission is planning to publish its proposal for the EU nature restoration targets on December 14th, 2021.
	Carbon farming and habitat restoration should address the climate and biodiversity crises in an integrated way as these are intrinsically linked (COWI, Ecologic Institute and IEEP, 2021). Indeed, carbon farming schemes can achieve win-win solutions for climate and biodiversity through the restoration of habitats because restoration re-establishes the natural carbon storage and long-term sequestration capacities of degraded habitats.
	Several key carbon farming practices can achieve benefits for both climate and biodiversity through ecosystem restoration:
	 Carbon farming on peatlands includes actions to rewet and restore drained peatlands, and to improve their management. Healthy, wet peatlands are some the most important ecosystems in terms of climate benefits due to their exceptionally high carbon storage capacities. Their restoration is therefore closely aligned with the EU Nature Restoration Plan’s aim to restore significant areas of degraded and carbon-rich ecosystems by 2030. In addition, the rewetting and restoration of peatlands can contribute to hazard risk mitigation through increased water retention and reduced run-off. Nature restoration targets also aim to restore habitats and species showing a deterioration in conservation trends and status (European Commission, 2020b). Peatlands are home to several unique and specialised plant, animal, and microbial species many of which are currently threatened. EU peatlands have been historically drained for agriculture and continue to face important pressures, especially ploughing. Around 30% of Annex 1 peatland area in the EU is probably degraded and in need of restoration and, according to the European Red List of Habitats, 85% of peatland habitat types are threatened (Janssen et al., 2016).  
	 Carbon farming on mineral soils includes measures to enhance SOC on mineral soils under cropland and grassland. Increasing SOC can directly contribute to biodiversity restoration as healthy SOC levels are needed for the biochemical processes which underpin life both underground and above ground. Moreover, high agricultural biodiversity can in turn enhance SOC accumulation. Soil health and biodiversity are clearly tightly linked, as reflected in the BDS, which announced the proposal in 2021 for a new soil strategy to address soil degradation in Europe. In fact, the EU Nature Restoration Plan will be a key part of this strategy as it is expected to include soil restoration targets to protect soil fertility, reduce soil erosion and increase SOC (European Commission, 2020b). Carbon farming can therefore directly contribute to this and could be used to implement national restoration plans, which Member States will be expected to draft by 2023. In addition, co-benefits of carbon farming measures can indirectly contribute to farmland biodiversity restoration. For example, cover cropping, improved crop rotations, and landscape features can restore cropland biodiversity, and the restoration of permanent grassland can provide valuable habitats for endangered species. Finally, carbon farming can reduce pressures on biodiversity. SOC enhances nutrient availability, soil structure and water retention leading to higher productivity and, as a result, decreased need for fertilisers. In addition, carbon farming on mineral soil can achieve the hazard risk mitigation objectives of the EU nature restoration law through increased water retention and reduced run-off and decreased erosion risk. 
	 Agroforestry: In drier EU climates, the restoration of long-established agroforestry carbon farming systems (e.g., the dehesa and montado of the Iberian Peninsula) would help to achieve the Nature Restoration Plan’s aim of restoring degraded ecosystems with high potential to capture and store carbon. New agroforestry systems can create important farmland habitat which can support key species. In fact, the EU BDS highlights the potential of agroforestry to deliver for biodiversity. 
	Risks of carbon farming for Nature Restoration Plan
	While carbon farming actions can deliver huge win-wins for biodiversity, they can also pose significant risks to biodiversity if impacts are not carefully considered at the planning stage. Carbon farming measures must be designed, targeted and implemented in a way that ensures they also achieve biodiversity outcomes. This includes:
	 Monitoring biodiversity impacts: To ensure biodiversity objectives are achieved alongside carbon removal and avoidance of or reduction in GHG emissions, biodiversity outcomes should be monitored and reported, as well as climate outcomes.
	 Considering local context: Biodiversity conservation needs are highly location-specific (no one-size-fits-all), so carbon farming initiatives should be tailored to local contexts. For example, landscape features such as wildflower strips and hedges can increase carbon sequestration no matter where they are, yet their spatial location can lead to very different outcomes for small invertebrates which need well-connected habitats. Similarly, considering the location of restored sites within the broader ecological landscape can enhance their biodiversity value if they increase connectivity. In some cases, ecosystems adjacent to restoration sites can also determine biodiversity outcomes. For example, carbon farming on grassland may achieve better biodiversity outcomes if adjacent to an existing species-rich grassland that can act as a seed source. 
	 Excluding mitigation measures harmful to biodiversity: Some practices which enhance carbon in ecosystems can lead to poor biodiversity outcomes. For example, adding external organic material, such as biochar and municipal waste, can increase soil carbon, but can lead to habitat contamination. Planting trees can also lead to negative biodiversity impacts if they are not in the ‘right place’, e.g., on peatland or on species-rich grassland. Choices of tree species for agroforestry, or of wildflower and shrub species for landscape features can also have adverse biodiversity impacts if these are non-native species which can threaten native ones. Similarly, intensification of species-rich grasslands to increase biomass/SOC can damage both the habitat and the species that depend on it.
	In section 4.2., we discussed the carbon farming baseline requirements and the types of funding that could be available to farmers and landowners under both Pillars of the CAP 2023-27, pointing out that whether or not these payments will actually be available to farmers is down to individual Member States’ decisions. Here we focus on the key points in decision-making and progress-tracking of the Member States’ 28 CAP Strategic Plans 2023-27 (now being drafted) that will determine the specific carbon-farming requirements and payments for farmers in each EU country.
	One of the main features of the post-2020 CAP is the shift to a ‘new delivery model’, which is supposed to move the entire CAP towards a performance-based approach. This reflects the existing approach to the EARFD rural development co-financing under ‘Pillar 2’, where Member States had to programme different measures according to EU-set objectives. In the new CAP, Pillar 1 is also brought into this ‘programming’, meaning that Member States will also have to justify, and receive the European Commission’s approval on, their EAGF-funded interventions. Each Member State will submit their proposals for EAGF and EAFRD spending and choice of interventions in a single ‘CAP Strategic Plan’ (CSP). 
	Whilst there is no legally binding reference in the CAP to delivering on the quantitative targets of the Farm to Fork and Biodiversity Strategies, the environmental objectives of the CAP are supposed to ensure delivery on these Strategies. Well-designed support for carbon farming provides Member States with opportunities to leverage CAP finance to do this, for example helping to achieve both favourable conservation status and long-lasting carbon benefits on peatlands, wetlands, and agroforestry systems.
	Each Member State must include a ‘needs assessment’ as part of their CSP, and the European Commission has already made recommendations to Member States on the issues that they should address in this assessment, with a focus on those linked to the Strategies’ targets. The needs assessments (and the CSP as a whole) will be subject to approval by the European Commission.
	The CAP has an explicit objective to deliver on climate: ‘contribute to climate change mitigation and adaptation, including by reducing greenhouse gas emissions and enhancing carbon sequestration…” (European Parliament, 2021c) However, Member States also have to decide how to deploy CAP interventions and allocate budgets relative to the eight other specific CAP objectives. 
	Under the new CAP’s Performance Framework, each CSP must include uptake targets set by the Member State according to a suite of ‘result indicators’ that relate to the delivery of the nine EU level objectives, of which three objectives relate to the climate and environment (it is important to note that in this CAP context the term ‘result indicators’ has a different meaning from the term used in market-based or action-based payments to farmers discussed in section 3.1.1.). Each Member State will be assessed over the course of the CAP cycle on their delivery on these uptake targets. If Member States fall short of their targets by more than a certain amount it can trigger a process that can culminate in an action plan, and, ultimately, affect their EAGF or EAFRD payments.
	The ‘result indicators’ that relate to the CAP climate objective include: the share of total livestock under support to reduce emissions; the agricultural area under commitments to reduce emissions from soils or enhance carbon storage in soils and biomass; the agricultural area under commitments to improve adaptation, supported investments in renewable energy production, including bio-based; share of farms benefitting from climate-related investment support; the area under CAP support for afforestation, agroforestry and restoration and total investment to improve the performance of the forestry sector (European Parliament, 2021c). Targets will also need to be set under some of the other eight objectives that may indirectly support carbon farming, for example area under commitments to improve soils (such as reduced tillage), or area under commitments to improve nutrient management. 
	Finally, in the CAP’s performance framework there are also impact indicators that relate to carbon farming, including the level of soil organic carbon in agricultural land and GHG emissions from agriculture. Data to measure these are expected to come from established data sources, such as the Farm Accountancy Data Network and Eurostat. Whilst there is no direct link between impact indicators and the penalties for Member States, they will play a role in the approval process as Member States will have to justify how their plans provide increased ambition in relation to the climate and environment with reference to the impact indicators.
	There is no specific minimum amount (ringfencing) that Member States must put towards climate or carbon farming schemes, given that the ringfencing for eco-schemes in the EAGF and environmental payments in the EAFRD cover both environment and climate spending. It is also unclear if the expected contribution of 40% of the CAP budget will in practice lead to Member States funding climate schemes or propose adequate conditionality GAEC standards for climate, because there is an automatic 40% marker on Pillar 1 direct payments. There is a risk Member States CSPs will not be strong enough to secure adequate climate action to justify this 40% climate label for the CAP. Indeed, this has been the experience with the current CAP, where various analyses have concluded that the European Commission’s claim that 20% of the CAP constitutes climate spending is not justified due to requirements being too weak. Moreover, the European Commission has doubled the amount that the CAP is claimed to contribute to climate action, from 20% to 40%. This was based on the ‘enhanced conditionality’ requirements (see Table 5 for details), however, given that the requirements are still to be set by Member States, who also arguably introduced potential loopholes in the co-decision process, this has also been questioned, including in analyses by the IEEP.
	On the other hand, the flexibility afforded to Member States, and the Commission’s role in the approval of their CSPs, means that significant support could be given to farmers and other land managers for carbon farming through the CAP – provided the Member States choose to do so. Therefore, to justify the 40% marker, Member States should include stronger requirements in their farm-level standards for conditionality and the voluntary measures listed in section 4.2.2., corresponding to each Member States’ needs regarding protecting carbon rich soils, existing agroforestry and woody features and avoiding or reducing farming GHG emissions. Of these by far the most important to achieve EU climate targets in the 2023-27 CAP and beyond will be farm-level obligations and payments for climate-effective actions land and livestock management that also contribute to other CAP objectives, notably on biodiversity and water policy. In Table 6, we illustrate the best practice choices that MSs could make in their CSPs for the carbon farming actions that are the focus of this report (references are to the text of the CAP Strategic Plan regulation as adopted on 23 November 2021 in European Parliament (2021c). 
	Table 6:  Best practice carbon farming choices for Member States’ CSPs 2023-27
	 eligibility definitions for EAGF payments for ‘agricultural activity’ and ‘agricultural area’ to include paludiculture agroforestry, and pastures which form part of established local practices and/or where grasses and other herbaceous forage are traditionally not predominant or absent in grazing areas.
	 clearly specified GAEC conditionality requirements aimed at raising baseline standards for carbon farming (see section 4.2.2. for relevant GAEC standards). Conditionality standards must ‘take into account, where relevant, the specific characteristics of the areas concerned, including soil and climatic condition, existing farming systems, farming practices…’. In effect, these standards set the baseline requirements for further CAP-funded carbon farming actions but, as experience of previous CAP implementation has shown, the level at which Member States set these requirements may not be optimum for an effective baseline. 
	 EAGF eco-schemes in the form of an annual top-up to basic income support for: existing agroforestry systems, for other farming systems proportional to the average density/ha of woody or wetland landscape features on the farm (above a minimum threshold); for paludiculture and other restored peatlands/wetlands; for permanent grasslands which are never ploughed or cultivated outside Natura 2000 sites.
	 EAGF sectoral support for paludiculture on rewetted peatland, as a ‘non-food crop used for the production of products that have the potential to substitute fossil fuels.’
	 EAFRD investment aid to cover the initial costs of the switch to carbon farming (e.g., blocking drains to rewet peatland, restoration of low-intensity traditional agroforestry systems under threat and creation of new agroforestry systems, converting arable land to permanent grassland).
	 EAFRD compensation payments/ha for Natura 2000 disadvantages on peatland and wetland, and action-based environmental land management contracts for implementation of relevant carbon farming practices.
	 EAFRD funded up-to-date technical advice on needs/benefits of carbon farming and also more specialised advice and training services (public and private).
	 EAFRD support for innovative and pilot projects for carbon farming, bringing together farmers, advisors, researchers, enterprises or non-governmental organisations in European Innovation Partnership Operational Groups and/or LEADER initiatives.
	Source:  Own compilation based on COWI, Ecologic Institute and IEEP (2021a). 
	At EU level the EAFRD supports two important ‘umbrella’ networks that could assist the transition to the widespread uptake of CAP support for carbon farming that is needed to deliver EU climate objectives for the AFOLU sector. These are the new ENRD Contact Point (which will change its name to CAP Network under the 2023-2027 CAP), and EIP-AGRI. Both work on the basis annual thematic programmes approved by DG AGRI, and these could offer clear opportunities to support and encourage Member States to upscale carbon farming.
	6. Conclusions and recommendations
	1. As a management practice, carbon farming offers significant potential in Europe to mitigate climate change and deliver other benefits. Promoting the widescale implementation of agricultural climate mitigation should be a European priority. 
	 There is some uncertainty about the EU-wide potential of agricultural climate mitigation; it is important that the realistic feasible potential of carbon farming is not overstated so as not to stifle ambition in other sectors. More regionally specific research into mitigation potential that addresses sources of uncertainty in these estimates would allow development of more targeted, and ultimately more effective, policy responses. 
	 All farming operations have some ability to mitigate climate change, though the potential differs widely across farm types and regions. In addition to classical on-farm mitigation activities (e.g., more efficient fertiliser use), carbon farming involves more systemic shifts, including land-use change and shifts in type and location of production. Carbon farming should be accompanied by demand-side changes, including dietary shifts away from emissions intensive foods such as meat and dairy, and reduced food waste.
	2. Carbon farming has the potential to deliver significant societal co-benefits (including biodiversity, soil health, water quality, and others). Poorly implemented carbon farming, however, runs the risk of negatively impacting other societal objectives.
	 Carbon farming can deliver co-benefits for farmers and society. For example, actions that increase soil carbon storage provide adaptation and productivity benefits for farmers, as well as biodiversity conservation and water storage and quality benefits to society. However, this is not true of all carbon farming actions, some of which pose risks other societal objectives such as biodiversity conservation or water availability.
	 Any carbon farming policies or mechanisms must develop sufficient safeguards to protect against negative impacts, monitor the impact of carbon farming on climate and other objectives, and design incentives to encourage carbon farming actions that maximise multiple societal benefits. 
	 To facilitate this, it is important that monitoring and certification capture and reward non-mitigation impacts.
	 Co-benefits such as decreased costs, increased productivity or higher revenues can be a significant selling point for farmers. 
	3. Carbon farming mitigation must be permanent. Impermanent mitigation offers little benefit for the climate. 
	 Existing carbon stocks (in soil carbon, agroforestry, non-degraded peatlands) must be protected. These non-degraded ecosystems also provide high biodiversity benefits. Regulations to protect existing carbon stocks and increased CAP cross-compliance requirements could be effective. 
	 Mitigation through sequestration (in soil, trees and other biomass) is at significant risk of being either reversed, either intentionally through management change or unintentionally e.g., due to climate change impacts. Carbon farming mechanisms must carefully manage this risk. 
	4. Incentivising carbon farming can be done through many different models and payment structures. The different opportunities and risks should be carefully considered when designing and scaling up payments. 
	 The Common Agricultural Policy is the most significant source of funding for climate action in the EU agriculture, however, research shows that it has had limited impact on agricultural emissions (European Court of Auditors, 2021; Alliance Environnement, 2019). The 2023-2027 CAP offers a number of options to help increase carbon farming uptake but impacts on the ground will largely depend on how Member States use the high degree of flexibility given to them throughout the design and implementation of the relevant interventions. In addition to new carbon farming incentives, there is a need to identify and reduce counterproductive CAP subsidies that increase agricultural emissions.
	 Payments within agricultural supply chains offer some potential to implement carbon farming. However, to guard against the potential for “greenwashing” it is crucial to ensure high levels of transparency, use of proven methodologies, and regulating of corporate claims. 
	 Voluntary carbon markets could facilitate private financing for carbon farming, though their relatively high MRV costs pose a significant barrier to widespread uptake and needs careful assessment of risks and effectiveness and robust certification before scaling up. 
	 Using carbon farming to offset mitigation in other sectors poses significant risks. This is due to relatively high MRV uncertainty, impermanence concerns, and difficulty ensuring that removals are additional. 
	5. There is a need for further development of carbon farming monitoring methods, and increased practical experience, and improved assessments of carbon farming potential to increase knowledge and reduce barriers to carbon farming uptake.
	 A key cross-cutting challenge for carbon farming is measuring the mitigation impact of carbon farming actions at low-cost. The development of new methods and tools should be a priority to enable widescale uptake of carbon farming. 
	 Carbon farming MRV must capture the full impact on the climate by considering all relevant GHGs and carbon stores, and by monitoring carbon leakage impacts. Failing to monitor whole-farm and system impacts of carbon farming poses the risk of perverse outcomes. Monitoring must also consider non-mitigation impacts. 
	 Carbon farming often involves new skills and knowledge. Farmers and administrators should be supported to develop and exchange these skills. 
	 Piloting and gathering and sharing practical experience with carbon farming will be essential to develop robust, cost-effective policies with high farmer uptake. 
	 To improve policy design, integrated assessments of carbon farming mitigation potential at regional scale should be developed that consider together all carbon farming mitigation options and interactions, while also considering how to optimise climate and other co-benefits. 
	6. The EU climate policy, including the Fit for 55 package, should provide clear incentives for carbon farming actions addressing agricultural non-CO2 emissions. Specifically: 
	 Avoiding and reducing GHG emissions should be the first and main priority of climate mitigation efforts in the land use sectors. This avoidance and reduction of emissions first principle should be reflected in the carbon farming initiative. In particular, this requires that non-CO2 emissions are in the scope of the initiative.
	 Setting a quantified GHG emission reduction target for agriculture could help reduce the risk that Member States rely extensively on removals to meet net targets. This is especially important in the context of a combined agriculture and LULUCF sector (AFOLU) foreseen after 2030. 
	 The development of a robust, transparent and science-based certification system for carbon removals is essential to ensure the environmental integrity of the EU carbon farming initiative and the wider climate policy regime.
	References
	 Aertsens, J., De Nocker, L., Gobin, A. (2013): Valuing the carbon sequestration potential for European agriculture. Land Use Policy 31, 584–594. Online available at https://doi.org/10.1016/j.landusepol.2012.09.003
	 Albrecht, A., and Kandji, S. T. (2003): Carbon sequestration in tropical agroforestry systems. Agriculture, Ecosystems and Environment, 99(1–3) 15–27. Online available at https://doi.org/10.1016/S0167-8809(03):00138-5 
	 Alliance Environnement, European Commission. Directorate General for Agriculture and Rural Development (2019): Evaluation study of the impact of the CAP on climate change and greenhouse gas emissions: final report. Publications Office, LU. Online available at https://op.europa.eu/en/publication-detail/-/publication/29eee93e-9ed0-11e9-9d01-01aa75ed71a1#
	 Amundson, R. and Biardeau, L. (2018): Opinion: Soil carbon sequestration is an elusive climate mitigation tool. Proceedings of the National Academy of Sciences of the United States of America, vol. 115, no. 46, pp. 11652–11656.
	 Barbero M., Leip A. (2020): Economic assessment of GHG mitigation policy options for EU agriculture: A closer look at mitigation options and regional mitigation costs EcAMPA 3 European Commission. Joint Research Centre. Publications Office, Luxembourg, 2020, ISBN 978-92-76-17854-5, doi:10.2760/4668, JRC120355
	 Badgley, G., Freeman, J., Hamman, J. J., Haya, B., Trugman, A. T., Anderegg, W. R. L., & Cullenward, D. (2021): Systematic over-crediting in California's forest carbon offsets program. Global Change Biology, 00, 1– 13. https://doi.org/10.1111/gcb.15943 
	 Batjes, N. H. (2019): Technologically achievable soil organic carbon sequestration in world croplands and grasslands. In: Land Degradation and Development 30 (1), pp. 25–32. DOI: 10.1002/ldr.3209.
	 Bas-Defossez F, Hart K and Mottershead D (2020): Keeping track of climate delivery in the CAP? Report for NABU by IEEP. Online available at https://ieep.eu/uploads/articles/attachments/13e4df53-1932-4cf6-ae7c-311b89fb9dca/NABU%20Climate%20tracking%20briefing%20IEEP%20FINAL.pdf?v=63748800992 
	 Böttcher, H., Reise, J., and K., Henneberg (2021): Exploratory analysis of an EU sink and restoration target. Oeko Institut e.V. Available at: Online available at https://www.oeko.de/fileadmin/oekodoc/GP-Sink-Target.pdf 
	 Burgess, P.J., Rosati, A. (2018): Advances in European agroforestry: results from the AGFORWARD project. Agroforest Syst 92, 801–810. Online available at https://doi.org/10.1007/s10457-018-0261-3 
	 Byrne D., Astrain Massa C., Beaufoy G., Berastegi Garciandia A., Bleasdale A., Campion D., Andy; Copland A., Dunford B., Edge R., Finney K., Iragui Yoldi U., Jones G., Lopez Rodriguez F., Maher C., Moran J., McLoughlin D. and O’Donoghue B., (2018): Non-technical Summary: Results-based Agri-environment Pilot Schemes in Ireland and Spain. Report prepared for the European Union, Agreement No. 07.027722/2014/697042/SUB/B2. https://rbaps.eu/documents/guidance-documents/ 
	 Cevallos, G., Grimault, J., and V., Bellassen (2019): Domestic carbon standard in Europe: Overview and perspectives. I4CE, EIT Climate-Kic and ADEME. December 2019. Online available at: https://www.i4ce.org/wp-core/wp-content/uploads/2020/02/0218-i4ce3153-DomecticCarbonStandards.pdf 
	 Chaplin, S., V. Robinson, A. LePage, H. Keep, J. Le Cocq, D. Ward, D. Hicks, E. Scholz (2019): Pilot Results-Based Payment Approaches for Agri-environment schemes in arable and upland grassland systems in England. Final Report to the European Commission, Natural England and Yorkshire Dales National Park Authority. http://publications.naturalengland.org.uk/publication/6331879051755520 
	 Coalition (2020): Position Paper: Restoring EU’s Nature. Available at: https://ec.europa.eu/environment/nature/info/pubs/docs/brochures/Farming-brochure.pdf 
	 Commission v. Ireland (2002): European Court of Justice, (Red Grouse, 2002) Commission v. Ireland, Case C-117/00, European Court Reports 2002 I-05335. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A62000CC0117
	 Council of the EU (1992): Council Regulation (EEC) of 30 June 1992 on agricultural production methods compatible with the requirements of the protection of the environment and the maintenance of the countryside. No 2078/92. Article 2(1)f. Online available at http://data.europa.eu/eli/reg/1992/2078/oj
	 COWI, Ecologic Institute and IEEP (unpublished): Analytical Support for the Operationalisation of an EU Carbon Farming Initiative: Lessons learned from existing result-based carbon farming schemes and barriers and solutions for implementation within the EU. Report to the European Commission, DG Climate Action under Contract No. CLIMA/C.3/ETU/2018/007. 
	 COWI, Ecologic Institute and IEEP (2021a): Technical Guidance Handbook - setting up and implementing result-based carbon farming mechanisms in the EU Report to the European Commission, DG Climate Action, under Contract No. CLIMA/C.3/ETU/2018/007. COWI, Kongens Lyngby. Online available at https://op.europa.eu/en/publication-detail/-/publication/10acfd66-a740-11eb-9585-01aa75ed71a1/language-en 
	 COWI, Ecologic Institute and IEEP (2021b): Annexes to Technical Guidance Handbook - setting up and implementing result-based carbon farming mechanisms in the EU. Report to the European Commission, DG Climate Action on Contract No. CLIMA/C.3/ETU/2018/007. COWI, Kongens Lyngby. Online available at https://op.europa.eu/en/publication-detail/-/publication/99138c98-a741-11eb-9585-01aa75ed71a1/language-en 
	 Drexler, S., Gensior, A. and Don, A. (2021): Carbon sequestration in hedgerow biomass and soil in the temperate climate zone. Reg Environ Change 21, 74. Online available at https://doi.org/10.1007/s10113-021-01798-8 
	 EASME (2020): Bringing nature back through LIFE. The EU LIFE programme’s impact on nature and society. Executive Agency for Small and Medium-sized Enterprises, Brussels. 
	 EEA (2020): Changes in GHG emission trends and projections under the scope of the Effort Sharing Decision in the EU, 2005-2018, 2018-2030. Available at: Online available at https://www.eea.europa.eu/data-and-maps/daviz/changes-in-ghg-emission-trends#tab-dashboard-01 
	 EEA (2021a): Greenhouse gas emissions from agriculture in Europe (webpage). Online available at  https://www.eea.europa.eu/ds_resolveuid/c93be39f240e41a8bd41063960d31592. Accessed 26.10.2021.
	 EEA (2021b): Annual European Union greenhouse gas inventory 1990–2019 and inventory report 2021: Submission to the UNFCCC Secretariat. European Environmental Agency, Copenhagen. Online available at https://www.eea.europa.eu/ds_resolveuid/f454ae4c825646b2a15497b17a71dbf0 
	 EIP-AGRI (2018): Agricultural Knowledge and Innovation Systems: Stimulating creativity and learning. Online available at https://ec.europa.eu/eip/agriculture/sites/default/files/eip-agri_brochure_knowledge_systems_2018_en_web.pdf 
	 EIP-AGRI (2021a): Profitability of permanent grassland. Online available at https://ec.europa.eu/eip/agriculture/en/focus-groups/profitability-permanent-grassland 
	 EIP-AGRI (2021b): Agroforestry: Introducing woody vegetation into specialised crop and livestock systems. Online available at https://ec.europa.eu/eip/agriculture/en/focus-groups/agroforestry-introducing-woody-vegetation 
	 European Commission (2014): Farming for Natura 2000. Guidance on how to support Natura 2000 farming systems to achieve conservation objectives, based on Member States good practice experiences. European Commission, Brussels. Online available at http://ec.europa.eu/environment/nature/natura2000/management/guidance_en.htm#art6 
	 European Commission (2017): Farming in Natura 2000, In Harmony with Nature. Available at: https://ec.europa.eu/environment/nature/info/pubs/docs/brochures/Farming-brochure.pdf 
	 European Commission (2020a): Commission Staff Working Document: Impact assessment accompanying the document communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions. Investing in a climate-neutral future for the benefit of our people. Online available at https://eur-lex.europa.eu/resource.html?uri=cellar:749e04bb-f8c5-11ea-991b-01aa75ed71a1.0001.02/DOC_1&format=PDF 
	 European Commission (2020b): Peatlands for LIFE. Available at: https://cinea.ec.europa.eu/system/files/2021-02/PeatlandsforLIFE-19062020.pdf  
	 European Commission (2021a): Reviewing the Contribution of the Land Use, Land-use Change and Forestry Sector to the Green Deal: Workshop IV Report: Carbon Farming in the CAP Strategic Plans. European Commmission. Online available at https://ec.europa.eu/clima/sites/default/files/forests/docs/20210525_workshop_iv_report_en.pdf 
	 European Commission (2021b): Commission staff Working Document of the impact of the CAP measures on the general objective 'viable food production’. Online available at https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/eval-supp-study-impact-cap-viable-food-prod-final-report_2021_en.pdf 
	 European Commission (2021c): List of potential agricultural practices that eco-schemes could support. Online available at https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/factsheet-agri-practices-under-ecoscheme_en.pdf 
	 European Court of Auditors (2021): Common Agricultural Policy and climate: Half of EU climate spending but farm emissions are not decreasing. Special report 16/2021. Online available at https://www.eca.europa.eu/Lists/ECADocuments/SR21_16/SR_CAP-and-Climate_EN.pdf 
	 European Parliament (2021a): EU Climate Law: MEPs confirm deal on climate neutrality by 2050 (press release). Online available at: https://www.europarl.europa.eu/news/en/press-room/20210621IPR06627/eu-climate-law-meps-confirm-deal-on-climate-neutrality-by-2050
	 European Parliament (2021b): Common agricultural policy (package of legislation adopted on 23 November 2021, to be published in OJ). Online available at: https://www.europarl.europa.eu/doceo/document/TA-9-2021-11-23-TOC_EN.html
	 European Parliament (2021c): Legislative resolution of 23 November 2021 on the proposal for a regulation of the European Parliament and of the Council establishing rules on support for strategic plans to be drawn up by Member States under the Common agricultural policy (CAP Strategic Plans) and financed by the European Agricultural Guarantee Fund (EAGF) and by the European Agricultural Fund for Rural Development (EAFRD) and repealing Regulation (EU) No 1305/2013 of the European Parliament and of the Council and Regulation (EU) No 1307/2013 of the European Parliament and of the Council (COM(2018)0392 – C8-0248/2018 – 2018/0216(COD)). Online available at: https://www.europarl.europa.eu/doceo/document/TA-9-2021-0456_EN.html 
	 European Parliament and the Council (30 May 2018): Regulation 2018/841 on the inclusion of greenhouse gas emissions and removals from land use, land use change and forestry in the 2030 climate and energy framework, and amending Regulation (EU): No 525/2013 and Decision No 529/2013/EU (2018): Official Journal L156, p. 1-25 
	 European Parliament and the Council (30 May 2018): Regulation 2018/842 on binding annual greenhouse gas emission reductions by Member States from 2021 to 2030 contributing to climate action to meet commitments under the Paris Agreement and amending Regulation (EU): No 525/2013 (2018): Official Journal L156, p. 26-42. 
	 European Parliament and the Council (30 June 2021): Regulation 2021/1119 om establishing the framework for achieving climate neutrality and amending Regulations (EC): No 401/2009 and (EU): 2018/1999, European Climate Law (2021): Official Journal L243, p. 1-17. 
	 Feliciano, D., Ledo, A., Hillier, J., Nayak, D.R.(2018): Which agroforestry options give the greatest soil and above ground carbon benefits in different world regions? Agriculture, Ecosystems and Environment 254, 117–129. Available at https://doi.org/10.1016/j.agee.2017.11.032
	 Fern (2018): Fern analysis of the EU’s LULUCF Regulation. Online available at https://www.fern.org/fileadmin/uploads/fern/Documents/Analysis%20of%20trilogue%20outcome%20on%20LULUCF%20Regulation_final_0.pdf 
	 Fern (2021): What does ’Fit for 55’ mean for forests? Online available at https://www.fern.org/fileadmin/uploads/fern/Documents/2021/Fit_for_55_response.pdf 
	 Forest Trends’ Ecosystem Marketplace (2021): ‘Market in Motion’, State of Voluntary Carbon Markets 2021, Installment 1. Forest Trends Association, Washington DC. Online available at https://www.ecosystemmarketplace.com/publications/state-of-the-voluntary-carbon-markets-2021/ 
	 Frank, S., E. Schmid, P. Havlík et al. (2015): The dynamic soil organic carbon mitigation potential of European cropland. Global Environmental Change, vol. 35, pp. 269–278. 
	 García de Jalón, S.; Graves, A.; Palma, J. H. N.; Williams, A.; Upson, M.; Burgess, P. J. (2017): Modelling and valuing the environmental impacts of arable, forestry and agroforestry systems: a case study. Agroforestry Systems, 92(4), 1059-1073. DOI: 10.1007/S10457-017-0128-Z.
	 Greifswald Mire Centre, National University of Ireland (Galway) and Wetlands international Europ. Association (2019): Peatlands in the EU – Common Agriculture Policy (CAP): After 2020 Online available at https://www.greifswaldmoor.de/files/dokumente/Infopapiere_Briefings/202003_CAP%20Policy%20Brief%20Peatlands%20in%20the%20new%20EU%20Version%204.8.pdf 
	 Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., Schlesinger, W. H., Shoch, D., Siikamäki, J. V., Smith, P., Woodbury, P., Zganjar, C., Blackman, A., Campari, J., Conant, R. T., Delgado, C., Elias, P., Gopalakrishna, T., Hamsik, M. R., … Fargione, J. (2017): Natural climate solutions. Proceedings of the National Academy of Sciences, 114(44):, 11645. Online available at https://doi.org/10.1073/pnas.17104 65114 
	 Günther, A., Barthelmes, A., Huth, V. et al. (2020): Prompt rewetting of drained peatlands reduces climate warming despite methane emissions. Nat Commun 11, 1644: Online available at https://doi.org/10.1038/s41467-020-15499-z 
	 IUCN (2016): Nature-based Solutions. Online available at https://www.iucn.org/commissions/commission-ecosystem-management/our-work/nature-based-solutions, last updated on 16 Sep 2020, last accessed on 12 May 2021
	 IUCN (2017): Blue Carbon. Available at: https://www.iucn.org/sites/dev/files/blue_carbon_issues_brief.pdf 
	 IPCC (2006) 2006 IPCC guidelines for national greenhouse gas inventories. Intergovernmental Panel on Climate Change, Geneva. 
	 Jeffery, S., Abalos, D., Prodana, M., Bastos, A.C., van Groenigen, J.W., Hungate, B.A., Verheijen, F. (2017): Biochar boosts tropical but not temperate crop yields. Environ. Res. Lett. 12, 053001. Online available at https://doi.org/10.1088/1748-9326/aa67bd
	 Jia, G., E. Shevliakova, P. Artaxo, N. De Noblet-Ducoudré, R. Houghton, J. House, K. Kitajima, C. Lennard, A. Popp, A. Sirin, R. Sukumar, L. Verchot, (2019): ‘Land–climate interactions.’ In: Climate Change and Land: an IPCC special report on climate change, desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V. Masson-Delmotte, H.-O. Pörtner, D.C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E. Huntley, K. Kissick, M, Belkacemi, J. Malley, (eds.)]. In press.
	 Janssen et al (2016): European Red List of Habitats Part 2. Terrestrial and freshwater habitats. European Commission. 
	 Joosten, H., Brust, K., Couwenberg, J., Gerner, A., Holsten, B., Permien, T., Schäfer, A., Tanneberger, F., Trepel, M., and Wahren, A. (2015): MoorFutures: Integration of additional ecosystem services (including biodiversity): into carbon credits – standard, methodology and transferability to other regions. BfN-Skripten 207. Federal Agency for Nature Conservation. Online available at https://www.bfn.de/f ileadmin/BfN/service/Dokumente/skripten/Skript407.pdf 
	 Joosten, Hans and Tapio-Bistrom, M.L. and Tol, S. (2012): Peatlands – guidance for climate changes mitigation through conservation, rehabilitation and sustainable use. Mitigation Of Climate in Agriculture Series 5. 
	 Kay, Sonja, Carlo Rega, Gerardo Moreno, Michael den Herder, João H. N. Palma, Robert Borek, Josep Crous-Duran, et al. (2019): Agroforestry Creates Carbon Sinks Whilst Enhancing the Environment in Agricultural Landscapes in Europe. Land Use Policy 83 (April): 581–93. 
	 Kösler, J.E., Calvo, O.C., Franzaring, J. et al. (2019): Evaluating the ecotoxicity of nitrification inhibitors using terrestrial and aquatic test organisms. Environ Sci Eur 31, 91. Online available at https://doi.org/10.1186/s12302-019-0272-3
	 Kumar, R.R., Park, B.J. and Cho, J.Y. (2013): Application and environmental risks of livestock manure. J Korean Soc Appl Biol Chem 56, 497–503. Online available at https://doi.org/10.1007/s13765-013-3184-8 
	 Laban, Peter, Graciela Metternicht, and Jonathan Davies(2018): Soil Biodiversity and Soil Organic Carbon: keeping drylands alive. Gland, Switzerland: IUCN 
	 Lamers, L. P. M., Vile, M. A., Grootjans, A. P., Acreman, M. C., van Diggelen, R., Evans, M. G., Richardson, C. J., Rochefort, L., Kooijman, A. M., Roelofs, J. G. M., and Smolders, A. J. P. (2015): Ecological restoration of rich fens in Europe and North America: From trial and error to an evidence‐based approach. Biological Reviews, 90(1), 182–203. Online available at https://doi.org/10.1111/brv.12102 
	 LIFE Carbon Farming Scheme (2021): Incentive scheme to encourage foresters and farmers to adopt agricultural practices enforcing removal of CO2 from the atmosphere. LIFE19 PRE FI/001 – SI2.828588. Online available at https://content.st1.fi/sites/default/files/2021-10/LIFE-CarbonFarmingScheme-Incentive%20scheme%20to%20encourage%20foresters%20and%20farmers%20to%20adopt%20agricultural%20practices%20enforcing%20removal%20of%20CO2%20from%20the%20atmosphere_0.pdf 
	 Lugato, E, F. Bampa, P. Panagos et al. (2014): Potential carbon sequestration of European arable soils estimated by modelling a comprehensive set of management practices. Global change biology, 20 (11), 3557–3567. 
	 Nogues, Matthieu, Mirabelle Husson, Grousset Paul, Suzanne Reynders, Jean-Francois Soussana. (2021): Framework of possible business models for the implementation of a carbon demonstrator: Territorial demonstrators of soil carbon sequestration. INRAE; LISIS; NATAÏS. 2021. Online available at https://hal.inrae.fr/hal-03327011  
	 Pellerin, A., L. Bamiere, D. Angers, F. Beline, and others. (2013). Quelle Contribution de L’agriculture Française à La Réduction Des émissions de Gaz à Effet de Serre? Potentiel D'atténuation et Coût de Dix Actions Techniques. Délégation à l’Expertise scientifique, à la Prospective et aux Etudes (DEPE): INRA. Online available at https://librairie.ademe.fr/changement-climatique-et-energie/3468-quelle-contribution-de-l-agriculture-francaise-a-la-reduction-des-emissions-de-gaz-a-effet-de-serre-.html
	 Pérez Domínguez I., Fellmann T., Witzke P., Weiss F., Hristov J., Himics M., Barreiro-Hurle J., Gómez Peters and von Unger (2017): Peatlands in the EU Regulatory Environment – Survey with case studies on Poland and Estonia. Federal Agency for Nature Conservation. Bundesamt für Naturschutz. Available at: https://www.bfn.de/fileadmin/BfN/service/Dokumente/skripten/Skript454.pdf 
	 Pieper, M., Michalke, A. and Gaugler, T. (2020): Calculation of external climate costs for food highlights inadequate pricing of animal products. Nat Commun 11, 6117. Online available at https://doi.org/10.1038/s41467-020-19474-6 
	 Renou-Wilson, F., Moser, G., Fallon, D., Farrell, C. A., Müller, C., and Wilson, D. (2019): Rewetting degraded peatlands for climate and biodiversity benefits: Results from two raised bogs. Ecological Engineering, 127, 547–560. Online available at https://doi.org/10.1016/j.ecoleng.2018.02.014 
	 Rodrigues, L., Hardy, B., Huyghebeart, B., Fohrafellner, J., Fornara, D., Barančíková, G., Bárcena, T.G., De Boever, M., Di Bene, C., Feizienė, D., Kätterer, T., Laszlo, P., O’Sullivan, L., Seitz, D., Leifeld, J. (2021): Achievable agricultural soil carbon sequestration across Europe from country‐specific estimates. Glob. Change Biol. 27, 6363–6380. Online available at https://doi.org/10.1111/gcb.15897
	 Roe, S.; Streck, C.; Obersteiner, M.; Frank, S.; Griscom, B.; Drouet, L.; Fricko, O.; Gusti, M.; Harris, N.; Hasegawa, T.; Hausfather, Z.; Havlík, P.; House, J. et al. (2019): Contribution of the land sector to a 1.5 °C world. In: Nature Climate change 9 (11):, pp. 817–828. DOI: 10.1038/s41558-019-0591-9.
	 Roe, S., Streck, C., Beach, R., Busch, J., Chapman, M., Daioglou, V., Deppermann, A., Doelman, J. et al. (2021): Land‐based measures to mitigate climate change: Potential and feasibility by country. Glob Change Biol 27, 6025–6058. Online available at https://doi.org/10.1111/gcb.15873
	 Roe, S., Streck, C., Beach, R., Busch, J., Chapman, M., Daioglou, V., Deppermann, A., Doelman, J., Emmet-Booth, J., Engelmann, J., Fricko, O., Frischmann, C., Funk, J., Grassi, G., Griscom, B., Havlik, P., Hanssen, S., Humpenöder, F., Landholm, D., Lomax, G., Lehmann, J., Mesnildrey, L., Nabuurs, G.-J., Popp, A., Rivard, C., Sanderman, J., Sohngen, B., Smith, P., Stehfest, E., Woolf, D., Lawrence, D. (2021) Land-based measures to mitigate climate change: Potential and feasibility by country. Global Change Biology 27, 6025–6058. https://doi.org/10.1111/gcb.15873
	 Romao, C. (2020): Restoration of Annex I habitat types. COR, 9-01-2020, European Environment Agency.
	 Royal Society and Royal Academy of Engineering (2018): Greenhouse Gas Removal. Online available at https://royalsociety.org/-/media/policy/projects/greenhouse-gas-removal/royal-society-greenhouse-gas-removal-report-2018.pdf 
	 Sloan, T.J., Payne, R.J., Payne, R.J., Anderson, A.R., Bain, C., Chapman, S.J., Cowie, N.R., Gilbert, P., Lindsay, R., Mauquoy, D., Newton, A.J., and Andersen, R. (2018): Peatland afforestation in the UK and consequences for carbon storage. Mires and Peat, 23, 1-17. DOI: 10.19189/MAP.2017.OMB.315
	 Swindles, G. T., Morris, P. J., Donal J. Mullan, Richard J. Payne, Thomas P. Roland, Matthew J. Amesbury, Mariusz Lamentowicz, T. Edward Turner, Angela Gallego-Sala, Thomas Sim, Iestyn D. Barr, Maarten Blaauw, Antony Blundell et al. (2019): Widespread drying of European peatlands in recent centuries. In: Nat. Geosci. 12 (11) 922–928. DOI: 10.1038/s41561-019- 0462-z 
	 Tanneberger et al. (2017): The Peatland Map of Europe. Mires and Peat, 19 (22) 1–17. DOI: 10.19189/MaP.2016.OMB.264 
	 Torralba, M.; Fagerholm, N.; Burgess, P. J.; Moreno, G.; Plieninger, T. (2016): Do European agroforestry systems enhance biodiversity and ecosystem services? A meta-analysis. Agriculture, Ecosystems and Environment, 230, 150-161. DOI: 10.1016/J.AGEE.2016.06.002 
	 Upson, M.A., Burgess, P.J. (2013): Soil organic carbon and root distribution in a temperate arable agroforestry system. Plant Soil 373, 43–58. Online available at https://doi.org/10.1007/s11104-013-1733-x
	 van Zanten, H.H.E., H. Mollenhorst, C. W. Klootwijk et al. (2016): Global food supply: land use efficiency of livestock systems. International Journal of Life Cycle Assessment 21 (5) 747–758. 
	 Wiesmeier, M., Mayer, S., Burmeister, J., Hübner, R., Kögel-Knabner, I. (2020): Feasibility of the 4 per 1000 initiative in Bavaria: A reality check of agricultural soil management and carbon sequestration scenarios. Geoderma 369, 114333. Online available at https://doi.org/10.1016/j.geoderma.2020.114333
	 Winder J.S. (2013): Restoring species-rich grassland at New Grove Meadows, Monmouthshire, Wales, UK. Conservation Evidence, 10, 20-23 
	 Wittman, Hannah K. and Caron, Cynthia (2009): Carbon Offsets and Inequality: Social Costs and Co-Benefits in Guatemala and Sri Lanka. Society and Natural Resources, 22(8) 710 — 726. Online available at http://dx.doi.org/10.1080/08941920802046858
	 Yang, Y., Tilman, D., Furey, G. et al. (2019): Soil carbon sequestration accelerated by restoration of grassland biodiversity. Nat Commun 10, 718. https://doi.org/10.1038/s41467-019-08636-w 

