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Annex 1. Candidate action screening

This document provides information for each of the 28 mitigation actions. The tables used to
present the information for each mitigation action use the format proposed in Table 2 on page
13 of the bid.

Table of abbreviations

Abbreviation Term

AD Anaerobic digestion

BG Biogas

C Carbon

CaCOs Calcium carbonate

CAP Common agricultural policy
CHa Methane

CO Carbon monoxide

CO: Carbon dioxide

COze Carbon dioxide equivalents

CSs Cattle slurry

CT Conventional tillage

DCD Dicyandiamide

DM Dry matter

DMPP 3,4- dimethylpyrazole phosphate
EC Elemental carbon

GHG Greenhouse gas

GNB Gross Nutrient Budget

Gt Gigatonne

GWP Global warming potential

IPCC International Panel on Climate Change
KNO3 Potassium nitrate

LW Live weight

MA Mitigation action

MACC Marginal abatement cost curves
MCF Methane Conversion factor

MS Member states

N Nitrogen

N20 Nitrous oxide
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NHs Ammonia

NH4* Ammonium

NIs Nitrification inhibitors

NO3s Nitrate

NRE Non-renewable energy

NUE Nitrogen use efficiency

NVZ Nitrate Vulnerable Zone

ocC Organic carbon

OSR Oilseed rape

P Phosphorous

PAHs Polycyclic aromatic hydrocarbons
PM Particulate matter

RMP Recommended management practices
RT Reduced tillage

SEAAs Synthetic essential amino acids
SFM Sustainable forest management
SO, Sulphur dioxide

SOC Soil organic carbon

ZT Zero tillage
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Conversion of arable land to grassland to sequester carbon
in the soil

Introduction
This mitigation action is considered with respect to its potential for sequestering C in the soil.

The CLIMSOIL project (Schils et al., 2008) concluded that grassland soils generally
accumulate C, although with a large uncertainty. Soussana et al., (2010) report a meta-analysis
of 115 studies on pastures and other grazing lands worldwide (Conant et al., 2001), which
indicated that soil C levels increased with improved management (primarily fertilization,
grazing management, and conversion from cultivation or native vegetation, improved grass
species) in 74% of the studies considered. For this candidate mitigation action we only consider
conversion from tillage land and exclude conversion from native species.

Table recording results of the evaluation of conversion of arable land to grassland to
sequester carbon in the soil

Mitigation The amount of C that can be sequestered will depend greatly on both
potential previous land use, including intensity of N application, and soil clay content
and subsequent grassland management.

In general, soils previously in long-term tillage, with a small SOC content
will be able to sequester more C. The capacity to sequester C increases
with increasing clay content.

Recent work from Scotland reports 31.1 (+/-0.3) g C m2 y’. (Rees, pers
comm).

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

Arable land converted to grassland will need to be maintained as grassland
as reversion to tillage land will release the C sequestered under grass.

How effective is | This will vary somewhat depending on current SOC status which will be
the action least on long-term arable soils. However, the action is likely to increase
across the EU? | SOC when any arable soil is converted to grassland.

How sensitive is | Not very sensitive since conversion of arable land to grassland is a clearly
the action to defined action.

farmer
implementation?

Compatibility The main constraint will be finding a use for the grass. The most likely use
with farming is for cattle and sheep but grass may also be used as a feedstock for
systems biogas (BG) production.

The sequestration potential will be greatest for soils that have been in
arable rotations. However, if the farm does not already have livestock, or a
BG plant, this will require a major change in farm practice and significant
investment.

Impact on farm | Could have a serious adverse impact on farm income if there is not a good
income market for the grass grown.

Verifiable See below.

Field sampling Difficult; soils need to be sampled to at least 1 m, and a rigorous protocol,
and testing including taking bulk density samples, needs to be followed.

Ref: Ricardo-AEA/R/ED60006/Final Report Annex/Issue Number V1.1 6



RICARDO-AEA

Annexes to:

Effective performance of tools for climate action policy - meta-review of Common Agricultural Policy

(CAP) mainstreaming

Verification by direct soil sampling is likely to be too expensive and subject
to large uncertainties.

Remote sensing

Can be used to record change in land use.

Record
Inspection

Can be used to record change in land use.

Other

Modelling soil C will be a less expensive option but also subject to
uncertainties

Co-benefits

Conversion from tillage land to grassland will reduce soil erosion and is
also likely to lead to reductions in nitrate (NOgs’) leaching and phosphorus
loss to watercourses. There should also be potential for increased
biodiversity. However, some of these potential co-benefits may be reduced,
or even lost, if the grass is intensively managed. Heavy deposits of excreta
by grazing livestock can increase NO3s™ and P losses, in particular by run-off

in areas of high rainfall, while intensively managed grassland may be no
more biodiverse than arable land. In addition, conversion of arable to
grassland is unlikely to be cost-effective unless it enables the
establishment or expansion of a profitable livestock enterprise or the grass
produced can be used by another farm.

Any adverse Arable production may be reduced, potentially leading to increased
environmental production in other regions where GHG emissions per tonne of product
impacts may be greater than in the EU.

Increasing the area of grassland in areas of livestock production may lead
to greater use of grass in ruminant diets countering trends to replace grass
forage with maize-based forage and thereby increasing emissions of
enteric CHa.

Social This is likely to be good, at least initially. However, if conversion to
acceptance grassland is accompanied by intensive livestock production, problems may
be caused by odour nuisance. Other factors arising from change in land
use may also influence social acceptance.

Ecologic evaluation

Frelih-Larsen et al., (2014) did not consider conversion to grassland, although the introduction
of 1 to 3 years of a perennial crop was one option reviewed. Compared with annual crops,
perennials (especially grasses) tend to allocate a relatively large proportion of C underground
and have a greater number of days per year of active plant primary productivity, resulting in
more potential biomass production and SOC storage. They can also generate more total
evapotranspiration, dry soils, and reduce soil C decomposition rates.

Conversion to grassland was found to have the greatest technical potential for C sequestration
of the six measures evaluated by Lugato et al., (2014), with median annual rates of
sequestration of c. 0.6 t/ha C up to 2020.

Key points
Factors influencing amount of carbon sequestration

¢ In mineral solils, fertilization of grassland is generally considered to enhance C storage
due to enhanced productivity (O'Mara, 2012). A positive correlation between C
sequestration and N fertilization has been observed in managed grasslands (Jones et
al., 2006).

e Sousanna et al.,, (2004) stated that N fertilization may increase net ecosystem
production in moderately fertile systems, as the increase in production outweighs any
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concurrent increase in decompaosition. In more organic-rich mountain pastures, due to
the relatively large pool of organic matter available for decomposition, N fertilization
may trigger large carbon losses. Morris et al., (2010) reported that ‘semi intensive’
grassland farming, with moderate levels of mineral and organic fertilizer, could offer a
commercially feasible peatland ‘conservation and carbon storage’ option, especially in
dairy areas, with modest returns of €65 to €270/ha. This would require high standards
of management in order to meet environmental objectives. The ‘opportunity cost’ of
taking land out of agricultural production is likely to reduce over time as peatlands are
degraded and become less agriculturally productive.

e Comparisons between management systems have shown that intensively managed
grasslands can sequester over 2t C ha! year! more than extensive systems (Ammann
et al., 2007).

¢ Irrigating grasslands can promote soil carbon gains (O'Mara. 2012).

e Enhancing species diversity and, in particular, introducing new deep-rooted grasses
with greater productivity into the species mix has been shown to increase soil carbon,
particularly on low-productivity pastures (Tilman et al., 2006).

Influence of grazing by livestock on carbon sequestration by livestock

The intensity and timing of grazing (and livestock species) can influence the removal, growth,
carbon allocation, and flora of grasslands, thereby affecting the amount of C accrual in soils.
Follett and Schuman (2005) reviewed grazing land contributions to C sequestration worldwide
using 19 regions. A positive relationship was found, on average, between the C sequestration
rate and the animal stocking density, which is an indicator of the pasture primary productivity.
However, the effects of grazing intensity are inconsistent. Both under- and over- grazing can
reduce carbon sequestration or lead to carbon loss from soils (Rice and Owensby, 2001, Liebig
et al., 2005): The CLIMSOIL report (Schils et al., 2008) attributed this variation to the many
types of grazing practices employed and the diversity of plant species, soils, and climates
involved.

Soussana et al., (2007) found that across sites, net C sequestration declined with the degree
of herbage utilisation by herbivores through grazing and cutting, which underlines that
grassland C sequestration per unit area is favoured by extensive management provided that
nutrients are not limiting (Allard et al., 2007; Klumpp et al., 2007).

Applicability

The method is applicable to all forms of tillage land, but whole-scale conversion is potentially
most suited to marginal tillage land that was historically kept as grazing land (e.g. steeply
sloping land, shallow soils) (Bhogal et al., 2009). Large scale conversion of tillage land to
permanent grassland is an extreme change in land use, requiring a change in farm business
outlook. It is unlikely to be adopted without the provision of suitable financial incentives, due to
the drastic impact on farm practice. It may be particularly suited to areas where the converted
land would have amenity or conservation value.

Timescale over which mitigation action becomes effective and duration

O'Mara (2012) reported the time-scale for grassland carbon equilibrium to range from 30 to 40
years. Other studies have shown that grasslands have a large potential to store additional
carbon and may continue to act as a carbon sink for longer periods of time (Poeplau et al.,
2011). Qian and Follett, (2002) reported SOC sequestration in golf courses continued for up
to about 31 years in fairways and 45 years in putting greens, with the most rapid increase
during the first 25 to 30 years after turfgrass establishment. Thus, once SOC is sequestered,
it remains in the soil as long as restorative land use or RMP are followed, and sequestration
rates can continue for 30 and up to 50 years.

Leakage (production displacement)
As a result of converting arable land to grassland, leakage may occur via two mechanisms.

Ref: Ricardo-AEA/R/ED60006/Final Report Annex/Issue Number V1.1 8
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First, arable production may be reduced potentially leading to increased production in other
regions where GHG emissions per t of product may be greater than in the EU.

Second, increasing the area of grassland in areas of livestock production may lead to greater
use of grass in ruminant diets countering trends to replace grass forage with maize-based
forage and thereby increasing emissions of enteric CH4. Additionally, whereas the capacity of
soil to sequester C is limited, and will reach an equilibrium even under grassland, any resultant
increases in enteric CH4 emissions arising from increased livestock numbers are likely to
continue, unless other mitigation actions are introduced to mitigate them.

Conclusions

e Conversion to grassland will sequester carbon in soil for as long as the land remains
as grassland.

o However, an equilibrium will be reached after which there will be no further increase in
C storage.

e The exact amounts of C sequestered are very difficult to predict as the process
depends on soil type, climate and grassland management. Cultivating to re-seed
pastures will release some of the C sequestered.

e This mitigation action should be considered further as it offers a well proven approach
to sequestering carbon in soils. However, given the potential for leakage this mitigation
action does not appear to be among the most suitable mitigation actions for further
promotion.
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New agroforestry

Introduction
This mitigation action is considered with respect to its potential for sequestering C in the soil.

Agroforestry is the practice of integrating trees and shrubs with the production of food crops or
livestock. This holds mutual benefit for each system: the carbon stocks tend to be increased
over what they would be in a farming system without trees, and the trees face less competition
than in a woodland environment. Agroforestry has the ability to maintain, or even increase,
tree and crop productivity under climate change whilst also providing benefits for other
ecosystem services (Nair and Garrity, 2013; cited in Rivest et al., 2013).

Table recording results of the evaluation of new agroforestry

Assessment Evaluation results

criteria

Mitigation Agroforestry is known to have an important role in carbon sequestration
potential (Oelbermann et al., 2004; Aertsens et al., 2013; Baah-Acheamfour et al.,

2014). These systems are able to store more C than conventional arable
systems (Baah-Acheamfour et al., 2014).

Frelih-Larsen et al., (2014) reported that agroforestry sequesters 138 kg
carbon per hectare per year. Additionally, ‘Experiments in Vézénobres
(France, Mediterranean climate, sandy loam soil) indicate that poplars
(140 trees/ha) of 13 years old have on average sequestered 540 kg
Cltree in the trunk and 60 kg C/tree in the root system. This parcel has a
potential of sequestering 6.5 tonnes C/(ha year) in the trees itself’
(Aertsens et al., 2013). However, ‘the type of agroforestry systems and
their capacity to sequester C vary globally’ (Oelbermann et al., 2004).

According to Povellato et al., (2007), whilst the agroforestry sector acts
as a sink for COa, it may also be a source of N,O and CH, emissions.

How effective is
the action across
the EU?

Widely applicable where soil type and topography allow cultivation of soll
for crop production.

How sensitive is
the action to
farmer
implementation?

Farmers need to be quite motivated to adopt this practice (Aertsens et
al., 2013) as the introduction of agroforestry requires significant changes
to crop husbandry and farm management.

Agroforestry systems can vary widely (e.g. crop and tree species, crop
rotation, share of land given to crops and trees, management practices
used within the system), and therefore the action is highly sensitive to
farmer implementation.

Compatibility with
farming systems

Farming systems will change when agroforestry is implemented, so the
action is not compatible with maintenance of non-agroforestry systems.

‘Europe has a potential of 90 million ha for productive growth of trees on
arable land (Dupraz et al., 2005) and on 65 million ha of arable land this
would lead to additional environmental benefits (e.g. less erosion, NOz

leaching, increase landscape diversity) (Reisner et al., 2007)’ (Aertsens
et al., 2013).

It is expected that some 50 million ha of pastureland would be available
in Europe for the introduction of agroforestry (Aertsens et al., 2013).
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However, when agroforestry is carried out, cultural practices carried out
for annual crops may need to be altered (Calfapietra et al., 2010). Thus
farmers may not choose to implement this mitigation action.

Impact on farm
income

Labour and material costs will be increased (at least in the first year
where profits may also be lower). However, a study cited within Kursten
(2000) found that four year profits were much greater for an agroforestry
system than either crops or forestry in isolation.

Verifiable

‘Processes in agroforestry systems are complex and many interactions
are difficult to measure or model’ (Luedeling et al., 2014).

Field sampling
and testing

Verifiable by field visits to identify change to agroforestry.

Remote sensing

Images could be used to determine the extent of land area converted to
agroforestry.

Record Inspection

Other

Co-benefits

Reduction in soil erosion

Reduction in NOs™ leaching

Pest control

Increased biodiversity

Soil fertilization

Creation of a cooler microclimate

Wind speed reductions

Enhanced soil moisture

Increased water use efficiency

Aesthetic value

More resilient to climate change than monocultures
Biomass production

Reduction in dependency on timber products from abroad
Watershed management

Reduction in flood risk

More diverse soil microbial communities

George et al., (2012) also argues that agroforestry will alleviate dryland
salinity as well as stabilising agricultural systems.

Agroforestry may result in a decrease in deforestation: Dixon (1995; cited
in Oelbermann et al., 2004) ‘estimated that for each hectare of
sustainable agroforestry production, up to 5 ha of deforestation could be
prevented’.

Rivest et al., (2013) suggest that agroforestry will bring increased
microbial substrate use efficiency and microbial resilience which would
increase crop productivity and improve tolerance to severe water stress,
particularly in heavier soils with older trees.

Any adverse
environmental
impacts

At the local level — the agricultural field where the trees are planted —
there may be a decrease in food production. However, globally, food
production would not be affected in theory because agroforestry is
estimated to be more efficient than food production and forestry systems
separately (Aertsens et al., 2013). The maintenance of food production
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would require balancing changes in production systems, between forest
to agroforestry and agriculture to agroforestry.

If yields decrease locally, even on a short term basis, additional land
elsewhere may be required to grow crops, leading to emissions
associated with crop displacement (leakage).

Social acceptance | Environmental benefits are likely to lead to good social acceptability. This
will be influenced by changes in economic performance, which may be
decreased in early years, so social acceptance may be improved by
financial support for conversion.

Some countries in the EU support the introduction of agroforestry in their
rural development programmes, however the support provided to date is
not representative of the societal value presented by agroforestry
(Aertsens et al., 2013). ‘If this value would be fully recognized by
internalizing the positive externality, we expect that agroforestry will be
introduced to a very large extent in the next decades, in Europe and the
rest of the world, and this will importantly change the rural landscapes’
(Aertsens et al., 2013).

Ecologic evaluation

The Ecologic report (Frelih-Larsen et al., 2014) mentions agroforestry as part of the measure
‘establishment and management of shelterbelts and hedges to provide multiple adaptation
benefit — adaptation’ but little detail is included.

Key points

‘Taking account only of the value for climate change mitigation, the introduction of agroforestry
is estimated to have a value of 282 euro/ha in 2012 that will gradually increase to 1007 euro/ha
in 2030’ (Aertsens et al., 2013).

Overall, effectiveness will be influenced by the scale of uptake and the extent and direction of
indirect effects. Change from crop production to agroforestry will decrease crop production at
the field scale, because the solar radiation will be shared with the trees. The effect on crop
production across the EU and globally will depend on the extent of other changes, such as
change from forest to agroforestry. The overall balance of change in crop production will
determine whether there are additional emissions, and if so, the magnitude of these emissions,
from indirect land use change. The change from forest to agroforestry may also lead to large
emissions through loss of carbon stocks, at the time of conversion.

Conclusions

The value of agroforestry, based on the potential for carbon sequestration, is high on a field
scale. However, there is uncertainty about effects at a landscape scale, and about emissions
from crop displacement. With potential for many benefits to environmental services, as listed
above, and the possibility that both crops/livestock and trees would increase productivity from
agroforestry, we recommend this as a measure to take forward. However, the practicalities of
introducing this measure may be a deterrent for farmers, and thus an incentive may be
required.
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Wetland/ peatland conservation/ restoration

Introduction

This mitigation action is considered with respect to its potential for sequestering C in soil and
reducing emissions of CHs and NO.

A wetland is an area where water causes anaerobic soil conditions. There are four main kinds of
wetlands.
e Marsh — herbaceous species, often transitional zones around lakes and rivers.
e Swamp - forested wetland.
e Bog — wet peatland, characterised by acidic water at ground surface and low nutrient contents.
e Fen - wet peatland, characterised by alkaline water and relatively high in mineral content.

Healthy peatlands provide a long-term sink and store of carbon and have had a cooling effect
on the climate for c. 10,000 years (Frolking et al., 2006; cited in Bonn et al., 2014). Although
they cover only 3% of the global land area, peat soils accumulate at least 550 Gt carbon, which
accounts for 30% of the global soil carbon and about 75% of the total atmospheric carbon
(Parish et al., 2008). Degraded peatlands therefore contribute disproportionally to global GHG
emissions, with approximately 25% of all CO, emissions from the land use sector (Bonn et al.,
2014).

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

Soil temperature increases significantly with land use change, the conversion of peat swamp
forests to other land uses will have an impact on losses of soil C from peat soils.

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

Table recording results of the evaluation of avoiding drainage of wetland/ peatland
conservation/ restoration

Assessment Evaluation results
criteria

Mitigation Wetland

potential

Limited evidence of the mitigation potential of non-peat wetland was
found in the literature review.

GHG abatement and costs depend on the degree of drainage that
occurred within the wetland, the current land use intensity and the
realised land rents.

Overall net mitigation effect is positive.

Frelih-Larsen et al., (2014) reported abatement rates for restoration and
extensification of wetlands on page 71, Table 1.
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For example the mitigation potential range for restoration of wetlands is
3.1to 7.8t CO.eq ha' year™

Peatland

The net uptake factors for near-natural peatlands vary between -2.8 and -
0.7 t COzeq ha' year? (Artz et al., 2012; cited in Feliciano et al., 2013).

Restoration of peatland by rewetting has been found to decrease CO-
emissions.

Emission reductions from a drained bog after ditch blocking, of 2.5 t
COeq hat

yr! may be expected within the first 10 years whereas climate benefits of
3.1t CO; eq ha? yrt will occur when peatlands are restored to near
natural conditions (Bain et al., 2011; cited in Bonn et al., 2014).

However, restoration of peatlands can increase N,O and CH, emissions.

How effective is
the action across
the EU?

Degraded peatlands are responsible globally for 25% of CO, emissions
from the land use sector, and in the European Union for 75% of GHG
emissions from agricultural land use (Joosten, 2009; cited in Bonn et al.,
2014). Preventing further degradation of wetlands / peatlands and
restoration of these habitats will reduce net emissions of CO,.

The restoration of wetland is not addressed by national legislation in all
MS, and funding has been largely through nature protection funds,
because climate objectives have not been the primary focus of restoration
objectives. At the EU level, the Biodiversity Action Plan for the
Conservation of Natural Resources and the Water Framework Directive
include the objective to protect and restore wetlands (Frelih-Larsen et al.,
2014).

How sensitive is
the action to
farmer
implementation?

There is little sensitivity to farmer implementation as the action, to
conserve wetland / peatland through avoiding drainage, is not greatly
subject to interpretation.

However rewetting for restoration may be sensitive because the fluxes of
CO;, CH4 and N2O are very sensitive to management of the water table.

Compatibility with
farming systems

Restoration

Wetland /Peatland restoration is compatible with agricultural soils
classified as organic.

To implement restoration would require a farming system management
change, the scale of which depends on the size of the area for
restoration. Arable / horticultural reversion to grassland requires
significant management and infrastructure change to accommodate
livestock. Reduction in intensity / or type of livestock may be more
compatible.

Opportunity to introduce paludiculture would also require management
change.

Conservation

Protection of existing wetland/peatland will be compatible with the current
farm system but may require adjustments to create buffer zones around
the habitat to manage water levels and prevent nutrient enrichment.

Impact on farm
income

Mitigation will reduce the gross margin per hectare. The degree of impact
will depend on whether the mitigation is implemented on upland or
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lowland farms. There is the potential for offsetting through environmental
subsidies in some EU countries.

Restoration of wetlands will require land use change which is likely to
decrease productivity of the land involved.

Verifiable

Field sampling
and testing

GHG monitoring is difficult and can only be achieved in controlled sites
via technigues such as closed chamber techniques, which are impractical
at a field scale. Site inspection should be able to determine if the field has
been drained.

Remote sensing

Record Percentage change in wetland and peatland areas over time. Assisted by

Inspection farm scale record inspection.
Stocking rates could be used to measure the intensity of grazing on both
wetland and peatland.

Other To monitor the water level in wetlands/peatlands automatic loggers could
be used.

Co-benefits Carbon trading; voluntary carbon markets are now trading peatland

carbon, but this market has been limited by a low voluntary carbon price,
combined with high verification and accreditation costs (Kossoy and
Guigon, 2012; cited in Bonn et al., 2014).

Help to meet biodiversity action plan targets for blanket and raised bog
restoration.

Biodiversity gains, decreased risk of habitat /wildlife loss.

Improvements to water quality due to decreasing land productivity by
reversion from arable or intensive grassland.

Improved landscape value either through aesthetics or public
accessibility.

Mitigation for downstream flooding and fire risk by increasing water
retention potential of restored peat. Also act as floodplains.

Paludiculture could add value to wetlands
Energy conservation due to farm system change.

Reduction of carbon release from the action of burning drained peat.

Any adverse
environmental

Saturated soils can increase CH,4 emissions so potential pollution transfer
from CO; to CHa.

Impacts Although net capture is likely to outweigh the net loss of GHG.
Paludiculture could create conflicts with biodiversity.

Social Opportunity for other businesses to offset carbon emissions through

acceptance funding peatland restoration.

Reduced productivity can have a socio-economic impact as well as a
farm scale impact. E.g. reduced number of people living in the area due
reduced job opportunities and therefore a change in community service
provision such as schools.

The MA may also be unpopular if it leads to an increase in biting insects
such as mosquitos or midges.
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Ecologic evaluation

Frelih-Larsen et al., (2014) reviewed the restoration of wetlands to reduce GHG emissions.
Three measures were discussed:

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

o Extensification of wetland-use and /or land use on wet peat soils (paludiculture).
Achieved by decreasing production.

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

The Ecologic report concluded that the expected impacts on GHG emissions would be:

¢ Reduced emissions of CO; as result of decreased decomposition of organic material.

e Reduced N20 emission as a result of reduced soil mineralization.

¢ Increased CH, emission after rewetting should be avoided where possible by keeping
the water table right below the surface, i.e. no flooding.

Frelih-Larsen et al., (2014) (Page 71, Table 1) summarised the abatement rates found in a
literature review and also the associated costs of operations for the measures discussed
above.

Key points
Wetlands

Wetlands only become climate neutral when the water tables are very close to natural
conditions (mean annual water table is around 10 cm below the ground surface level, no
flooding to avoid CH. emissions) (Osterburg et al., 2013; cited in Frelih-Larsen et al., 2014).

Restoration of wetlands will be more cost effective than wetland extensification, because the
GHG savings are typically greater.

Losses of C from peatlands will increase with peat drainage and land use change. These
losses are magnified with arable conversion due to the soil disturbance.

Methane emissions more or less cease completely after drainage due to the change from
anaerobic conditions in the soil.

Nitrous oxide emerges at rates that exceed those from mineral agricultural soils by a factor of
2 to 10 (Freibauer et al., 2004). In total, average GHG emissions from agricultural peat soils
are estimated to range between 3.5 (2.2-5.2) t ha! year? C-equivalents in grasslands, 4.9 (3.3
to 6.5) in croplands, and 6.5 (3.8 to 9.5) under potatoes or sugar beet (Freibauer, 2003; cited
in Freibauer et al., 2004).

Morris et al., (2010) reported that ‘semi intensive’ grassland farming, with moderate levels of
mineral and organic fertilizer, could offer a commercially feasible peatland ‘conservation and
carbon storage’ option, especially in dairy areas, with modest returns of £50 to £200/ha. This
would require high standards of management in order to meet environmental objectives. The
‘opportunity cost’ of taking land out of agricultural production is likely to reduce over time as
peatlands are degraded and become less agriculturally productive.

Change as a result of climatic changes will also affect peatland GHG emissions (Farmer et al.,
2011). Results show that climate change is expected to have an important impact and reduce
the surface area of wetlands by 5.3 to 13.6%. In comparison, the impact of groundwater
abstraction (100% increase in the expected scenarios) would lead to a maximum decrease of
3.7% (Landes et al., 2014). By decreasing or stopping land drainage the impacts of climate
change and groundwater abstraction could be partially mitigated.
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Impact on direct GHG emissions and removals
Wetlands

The expansion of constructed wetland and riparian areas for nutrient, pesticide, and faecal
pathogen interception may elevate CH4 and N>O emissions, although such increases would
also be relatively minor in the context of the UK-wide GHG budget (Rounsevell et al., 2009).

A New Zealand study found that wetlands can emit about 140 kg CH4 ha year?, a figure that
can vary greatly with the type of wetland, with wetlands purely reliant on rainfall emitting less
CHas than wetlands kept hydrated by river systems (Saarnio et al., 2009; cited in Kirschbaum
et al., 2012). However as wetlands also act as carbon sinks this tends to counter balance any
CHs emissions.

Peatlands

The draining of peatlands typically results in an increase in net CO, emission and a decrease
in CH4 efflux, except in drainage ditches where increased CH4 flux has been reported
(Mahmood and Strack, 2011; Waddington and Day, 2007; cited in Strack et al., 2014).

Effectiveness (compared with current emissions) at a landscape scale

Although the Kyoto Protocol created an international market for carbon under the UN
Framework Convention on Climate Change it would require legislative changes at EU and
country level for these markets to be used to support peatland restoration in Europe (Bonn et
al., 2014).

In line with national and international obligations on biodiversity and climate, such as the 2020
EU Biodiversity Strategy (European Commission, 2011), the IUCNUK Commission of Inquiry
on Peatlands suggested as an actionable target of 1 Mha of peatlands in good condition or
under restoration management by 2020 (Bain et al., 2001; cited in Bonn et al., 2014).

The literature review suggested that incentive programs are viewed as being more flexible than
regulatory regimes as they allow farmers to weigh the costs and the benefits before they
choose to participate in the programme. However, incentive payments that conserve a
significant area of wetlands will be very expensive to taxpayers and therefore politically
unpopular (Claassen et al., 2001; cited in Neuman et al., 2011).

Indirect effects on GHG emissions (including leakage)

Negative effects include transfer of agricultural production to other sites and therefore the
associated leakage.

Rewetting can increase emissions of CH4 and N2O until near natural state is restored. However
GHG emissions are largely less than from drained wetlands.

Conclusions

It is recommended that the restoration of peatland wetland be considered for inclusion in the
CAP as a mitigation option, also and in particular in view of the long list of co-benefits with
regard to other ecosystem-services delivered by restored wetlands.

The inclusion of other wetland types would require more detailed review of the effectiveness
for GHG mitigation.
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Woodland planting

Introduction

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

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

Table recording results of the evaluation of using woodland planting

Assessment Evaluation results
criteria

Mitigation potential | A major increase in the forest carbon reservoir is possible through
afforestation of non-forest land. In principle, reforestation is a
precondition following harvesting activities replacing formally existing
carbon stock. Hence, it is not regarded as providing sequestration
potential because it is an integral part of sustainable forest management
(SFC, 2010).

based on an averaged output from three global forest sector models that
provide estimates for all regions of the world (Sohngen and Sedjo, 2006;
Sayathe et al., 2007; Benitez-Ponce et al., 2007).

The IPCC estimates that the potential of afforestation in Europe is 115 Mt
COze / year under a cost of 100 US $/t COze (IPCC, 2007). The figure is

the action across and expanding carbon stocks in the forests (including above- and below-
the EU? ground biomass, deadwood, litter, and soil), by producing renewable
materials in order to substitute fossil fuel and materials for which
production costs much fossil energy, and by storing carbon in harvested
wood products. Currently, Europe's forest cover is increasing by
approximately 500,000 ha per year (SFC, 2010).

How effective is Forests and forestry contribute to climate change mitigation by preserving

How sensitive is Sathaye et al., (2007) estimate that a maximum of 40 to 50 Mha of land
the action to farmer | in Europe will be available for afforestation based on the available land
implementation? base. At an afforestation rate of around 750 thousand ha / yr, this

maximum would be reached in 60 years.

Eggers et al., (2008) used modelling techniques to project the
development of forest resources in fifteen European countries (closely
mapped to the EU-15 but including Switzerland). In their three scenarios,
Eggers et al., (2008) arrived at an afforestation rate until 2030 that was
only slightly greater than the EU’s contemporary rate of 0.17% per year.
However, there are large uncertainties in projecting afforestation rates.

Compatibility with Many farmers need a significant extra incentive to encourage
farming systems afforestation and to compensate for perceived opportunity costs of
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reducing agricultural production. This incentive may also have to
compensate for any loss in land capital values (Bell and Greaves, 2010).

It is challenging to make farmers recognise the potential cost savings
gained through reductions in their labour requirements by planting more
trees. Farming is often more of a lifestyle than a business. This means
that farmers are often prepared to devote time to the business without full
financial recognition for their work. The average age of farmers is
increasing and those nearing retirement are likely to be most willing to
recognise the benefits of tree planting in reducing labour requirements
(Bell and Greaves, 2010).

The required incentives could come from either an increase in forestry
margins, a fall in agricultural margins or a combination of the two.
Increased forestry margins could arise from:

¢ Reduced planting and establishment costs.

¢ Increased planting and annual grant payment.

e Timber values.
Decreased agricultural margins could result from:

e Reduced market returns.
¢ Reduced subsidy payments.
e Increased costs (Bell and Greaves, 2010).

Impact on farm
income

Most woodland planting options are not competitive with average
agricultural returns under a full-farm-cost scenario except for broadleaved
plantings on unimproved land. In reality, however, most farms would be
able to reduce operational (labour and machinery) fixed costs over time,
as agricultural area fell, through the use of contractors, shedding labour
and reducing machinery. Under such a scenario all planting would
become competitive on both improved land and unimproved without
further improvements in margin except for conifers on improved land (Bell
and Greaves, 2010).

Verifiable

Forest information and monitoring systems of Member States differ,
having been established in order to meet specific national information
needs (e.g. timber stocks, increment, age class distribution, erosion,
etc.). In order to allow transnational use of the data collected at regional
or national level, consistency and comparability of monitoring is required
(SFC, 2010).

Field sampling and
testing

National Forest Inventories, which are the main source of forest
information, vary considerably, for example with regard to definitions,
sampling designs, plot configurations, and estimation methods. These
differences compromise the comparability and consolidation of wood and
carbon stock estimates, yearly annual increments and in-depth
knowledge of European forests (SFC, 2010).

Remote sensing

See above.

Record Inspection

See above.

Other

Co-benefits

Forests, new shelterbelts, hedgerows, woody buffer strips and in-field
trees provide many services. They can: protect biodiversity, enhance
water quality, delay and reduce flood flows, prevent landslides, protect
landscape values, soil fertility and downstream agricultural land, enhance

Ref: Ricardo-AEA/R/ED60006/Final Report Annex/Issue Number V1.1 22




RICARDO-AEA

Annexes to:

Effective performance of tools for climate action policy - meta-review of Common Agricultural Policy

(CAP) mainstreaming

air quality, provide shade and shelter, and prevent erosion caused by
wind, water and desertification (SFC, 2010).

Afforestation activities can support biodiversity, if they only convert
degraded land or ecosystems largely composed of invasive alien
species; include native tree species; consist of diverse, multi-strata
canopies; result in minimal disturbance, consider the invasiveness of
non-native species, and are strategically located within the landscape to
enhance connectivity (AHTEGBC, 2009).

Reforestation can provide both biodiversity and climate change mitigation
benefits if it uses an appropriate mix of native species, incorporates any
natural forest remnants, and results in a permanent, semi-natural forest.
If appropriately designed and managed, reforestation activities on
degraded lands can also relieve pressures on natural forests by
supplying alternative sources of sustainable wood products to local
communities, thereby providing additional biodiversity and climate
change mitigation benefits (AHTEGBC, 2009).

Any adverse
environmental
impacts

Afforestation that converts non-forested landscapes with high biodiversity
values (e.g. heathland, native grassland, savannah) and/or impacts on
valuable ecosystem services or increases threats to endemic biodiversity
through habitat loss, fragmentation and the introduction of invasive alien

species will have adverse impacts on biodiversity (AHTEGBC, 2009).

While reforestation with fast-growing monocultures, often exotics, can
yield high carbon sequestration rates and economic returns, it does not
benefit biodiversity conservation (AHTEGBC, 2009).

Social acceptance | Forests are individually multi-functional and serve diverse social,
environmental and economic functions. In addition to providing raw
materials and bioenergy, forests provide people with a wide range of
services including places to relax and enjoy. In consequence, the forestry
sector provides c. three million people with income, mainly in rural areas
(SFC, 2010).

Ecologic evaluation

Frelih-Larsen et al., (2014) did not consider afforestation and reforestation. However, they did
address the establishment of shelterbelts and hedges to provide multiple adaptation benefits,
but not woody buffer strips or in-field trees. They identified from the literature (Bhogal et al.,
2009; Posthumus et al., 2013) that with regard to the carbon loss avoided due to reduced
erosion and the increase in carbon stored:

¢ Hedgerows have a small effect in grasslands and a moderate effect in arable fields.
e Shelterbelts have an impact of +14 kg C/halyr.

Conclusions

Afforestation (including new shelterbelts, hedgerows, woody buffer strips and in-field trees)
needs to be taken forward as a practical GHG mitigation action. Reforestation does not require
further consideration because it is integral part of sustainable forest management and does
not, therefore, provide sequestration potential.
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Preventing deforestation and removal of farmland trees

Introduction

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

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

Ecologic evaluation
Frelih-Larsen et al., (2014) did not consider preventing deforestation.

Indirect effects on GHG emissions (including leakage)

None.

Conclusions

Preventing deforestation does not need to be taken forward as a practical GHG mitigation
action.
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Management of existing woodland, hedgerows, woody
buffer strips and trees on agricultural land

Introduction

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

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

Table recording results of the evaluation of Management of existing woodland,
hedgerows, woody buffer strips and trees on agricultural land

Assessment Evaluation results
criteria

Mitigation potential | The capacity of forests to store carbon varies strongly between regions in
Europe. While young forests have initially high carbon sequestration
rates, these decline in ageing forests. Mature forests may eventually
reach an equilibrium at which relatively little further sequestration takes
place. Therefore, the mitigation potential from extensification of forest
management has limits (SFC, 2010).

In general, a forest stand acts as a carbon source for some years after
final harvesting or thinning. Harvesting at small scales, retaining canopy
cover and/or early reforestation can limit loss of carbon. Close-to-nature
forestry with longer rotation periods maintains relatively higher soil-
carbon stocks. Whole-tree harvesting increases the amount of
harvested biomass by up to 40%, but can lead to losses of nutrients,
and carbon losses in soil (particularly after stump extraction) and
acidification unless appropriately compensated (e.g. through ash
recycling). Selection of appropriate species mixtures can increase the
overall production of forests. An important objective is to stabilize
stands against biotic and abiotic disturbances, for example, to avoid
large-scale loss of soil carbon (e.g. from drainage or wild fires) (SFC,
2010).

Carbon stocks in EU forests have been increasing in recent decades.
Currently, only 64% of Europe's annual growth is harvested. Around 3%
of European forests are protected for biodiversity conservation, and 25%
of EU forests are excluded from wood harvesting. Forest certification
schemes and sustainable forest management are increasingly common.
As a result, EU forests are accumulating carbon and currently act as a
net carbon sink removing c. 0.5 Gt of CO./yr. However, the combined
effects of climate change, prevalence of older stands and potential
increases in timber harvesting without proper regeneration may have an
impact on this sink capacity. According to projections up to 2020, EU
forests will decline as a carbon sink due to aging stands, and forests in
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some Member States may become net sources by 2020 and beyond
(SFC, 2010).

Wood produced from sustainable forest management (SFM) in the EU
has a low carbon footprint. Wood contains an equivalent of about 0.9 t of
CO2/m?3, which is stored in harvested wood products throughout their
lifetime. At the end of their life cycle, most wood products can be
recycled, thereby extending the carbon storage effect, and/or used to
substitute fossil fuels. A meta-analysis has shown that for each tonne of
carbon in wood substituted for non-wood products GHG emissions are
reduced by approximately 2.1 tonnes of carbon (Sathre and O’Connor
2010).

How effective is
the action across
the EU?

Forests are particularly sensitive to climate change because trees’ long
lifespan does not allow rapid adaptation to environmental changes.
European forests are very heterogeneous and SFM that takes due
account of climate change mitigation and adaptation is challenging (SFC,
2010).

How sensitive is
the action to farmer
implementation?

Developing optimal regional strategies for climate change mitigation (in
combination with adaptation) involving forests will require analyses of the
complex trade-offs and synergies between forests' wide-ranging
environmental, economic and social functions. Most notable is the
potential conflict between SFM and promoting harvesting for product
substitution (SFC, 2010).

Compatibility with
farming systems

Location specific, as noted above, only 64% of Europe's annual forest
growth is currently harvested.

Impact on farm
income

Positive but variable.

Verifiable

Forest information and monitoring systems of Member States differ
having been established in order to meet specific national information
needs (e.g. timber stocks, increment, age class distribution, erosion,
etc.). In order to allow transnational use of the data collected at regional
or national level, consistency and comparability of monitoring is required.
There is no commonly agreed framework to monitor the forest-wood
supply chain in the Member States. Flows along the various product
chains are usually based on predetermined ratios, not on observed
values (SFC, 2010).

Field sampling and
testing

National Forest Inventories, which are the main source of forest
information, vary considerably, for example with regard to definitions,
sampling designs, plot configurations, and estimation methods. These
differences compromise the comparability and consolidation of wood and
carbon stock estimates, yearly annual increments and in-depth
knowledge of European forests (SFC, 2010).

Remote sensing

See above

Record Inspection

See above

Other

Only broad-brush projections of climate change impacts on European
forests are available. The knowledge base needs to be broadened
through monitoring, experiments and modelling, including for increased
emissions scenarios. Knowledge and projections of impacts need to be
regionally specific, and consider relations with forest management, other
local factors (including predominant types of forest production,
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disturbances, pests, genetic resources etc.), and address the full range of
forests’ environmental, social and economic values (SFC, 2010).

The role of European forests in the carbon cycle is reasonably
understood. However, to what degree SFM can influence the carbon
cycle under climate change and how it affects provision of other services
remains an important field of research (SFC, 2010).

Co-benefits

SFM maintains forests’ multi-functionality through emulating natural
processes. It contributes to delivery of the Europe 2020 strategy’s
objectives, which are to: generate more growth using fewer resources;
and achieve a low-carbon economy through sustainable management of
natural resources. Sustainable forest management contributes to smart,
sustainable and inclusive growth by helping society to mitigate and adapt
to climate change (SFC, 2010).

In forest landscapes currently subject to harvesting, climate change
mitigation, biodiversity conservation and sustainable use can be best
achieved by SFM, which takes account of multiple values, appropriate
temporal and spatial scales, and suitable rotation lengths. SFM often
decreases logging intensities, and minimizes collateral damage to ground
cover and soils. The application of internationally accepted principles of
SFM in forests that are being degraded by current forestry practices can
contribute to climate change mitigation, biodiversity conservation and
sustainable use by enhancing carbon stocks and reducing GHG
emissions (AHTEGBC, 2009).

The conservation of existing primary forests provides important
opportunities for protecting carbon stocks, preventing future GHG
emissions, and conserving biodiversity. Most of the carbon in a primary
forest is stored in older trees or the soil. Land-use activities that involve
clearing and logging reduce standing carbon stocks, cause collateral
losses from soil, litter and deadwood and reduce biodiversity and thus
ecosystem resilience. This creates a carbon debt which can take
decades to centuries to recover, depending on initial conditions and the
intensity of land use (AHTEGBC, 2009).

Any adverse
environmental
impacts

If SFM practices are applied to previously intact primary forests, this
could lead to increased carbon emissions and biodiversity loss,
depending on the specific practices and the forest type (AHTEGBC,
2009).

Social acceptance

Forests are individually multi-functional and serve diverse social,
environmental and economic functions. In addition to providing raw
materials and bioenergy, forests provide people with a wide range of
services including places to relax and enjoy. In consequence, the forestry
sector provides c. three million people with income, mainly in rural areas
(SFC, 2010).

Ecologic evaluation

Frelih-Larsen et al., (2014) did not consider woodland management of existing forests,
although they did cover the management of shelterbelts and hedges to provide multiple
adaptation benefits, but not woody buffer strips or in-field trees. They identified from the
literature (Bhogal et al., 2009; Posthumus et al., 2013) that with regard to the carbon loss
avoided due to reduced erosion and the increase in carbon stored:

¢ Hedgerows have a small effect in grasslands and a moderate effect in arable fields
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e Shelter belts have an impact of +14 kg C/ha/yr.

Conclusions

Conserving existing primary forests provides important opportunities to protect carbon stocks
and prevent future GHG emissions. More generally, promoting SFM that provides timber and
wood for product substitution and carbon storage in products may be the most important
element of forest management to take forward as a practical GHG mitigation action.
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Improving grassland management to increase carbon
sequestration

Introduction
This mitigation action is considered with respect to its potential for sequestering C in soil.

The objective of this candidate mitigation action is to increase carbon sequestration in existing
grassland soils. The option of converting arable land to grassland in order to sequester carbon
in soils is considered as candidate mitigation action 4, ‘conversion of arable land to grassland
to sequester carbon in the soil'. This candidate mitigation action therefore comprises
management options for existing grassland. Soussana et al., (2010) report a meta-analysis of
115 studies in pastures and other grazing lands worldwide (Conant et al., 2001), which
indicated that soil C levels increased with improved management (primarily fertilization,
grazing management and improved grass species) in 74% of the studies considered. O'Mara
(2012) considered there are a number of practices that could contribute to increasing the
carbon content of soils under grazing lands:

Grazing intensity. Both under and over grazing can reduce carbon sequestration or lead to
carbon loss from sails.

Increased productivity. Improving the productivity of pastures through practices such as
fertilization and irrigation can improve carbon storage in pastures. There can be some
offsetting of these gains by N,O emissions from N fertilizers and the energy used in irrigation.

Nutrient management. A positive correlation between C sequestration and N fertilization has
been observed in managed grasslands. Comparisons between management systems have
shown that intensively managed grasslands can sequester over 2 tonnes C ha! year! more
than extensive systems.

Enhancing grass species diversity. In particular, introducing new deep-rooted grasses with
greater productivity can increase soil carbon, particularly on low-productivity pastures.

Table recording results of the evaluation of grassland management

Mitigation
potential

The increase in carbon sequestration by improved grassland management
will vary considerably depending upon: the management practice adopted;
previous management; soil type; climate. Reported estimates range from 0
to > 2.0 t C/halyear (Buckingham et al., 2014).

How effective is
the action
across the EU?

Likely to vary greatly across the EU depending upon current grassland
management practices.

How sensitive is
the action to
farmer
implementation?

Likely to be sensitive to farmer implementation. The degree to which an
individual may implement an improved practice is likely to vary somewhat
unless very prescriptive rules are devised. However, given the uncertainty
over the effectiveness of individual management approaches, very
prescriptive rules would not be appropriate.

Compatibility
with farming
systems

This will also depend greatly on the management option and the farming
system.

For example, in some areas of western Europe, with a mild winter climate,
cattle farmers have extended the grazing season (adopting practices
developed in New Zealand) to reduce costs. Such farmers would be
reluctant to revert to a shorter grazing season. Conversely, some dairy
farmers are reducing the amount of time spent grazing in order to provide
higher-energy diets, generally providing a greater proportion of maize-
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based silage, in order to increase milk yield. Moves to reduce early- or late-
season grazing would fit well with such systems.

Impact on farm
income

In many cases, improved grassland management may lead to a net
increase in farm income as a result of using inputs more efficiently but on
farms with a high stocking rate costs may increase if more feed needs to
be imported.

Verifiable

Verification would be difficult as it would need to be specific to the
management practice and farm type.

Field sampling
and testing

Field sampling is possible but would be expensive as sampling would need
to be to at least 90 cm depth and on an equivalent mass basis.

Remote sensing

Not appropriate.

Record Probably the best means of monitoring uptake of appropriate actions.
Inspection

Other

Co-benefits Increasing soil carbon, and thereby increasing soil organic matter, will

improve soil structure. This will therefore reduce the risk of soil damage
from machinery and livestock and reduce the risk of soil erosion.

Any adverse
environmental

Increasing inputs to increase grass production and thereby increasing
carbon returns to the soil, may lead to increases in other emissions,

impacts especially NOs and ammonia (NHs).
Social This is likely to depend upon the change in management practice and the
acceptance locality where the change is introduced.

Ecologic evaluation

This potential mitigation action was not assessed in the Frelih-Larsen et al., (2014) report.

Key points

Factors influencing carbon sequestration

Soussana et al., (2010) proposed the following options to increase C storage on existing
grassland:

1

2.
3.
4

Reducing N fertilizer inputs in highly intensive grass leys

Increasing the duration of grass leys

Converting these leys to grass-legume mixtures or to permanent grasslands
Moderately intensifying nutrient-poor permanent grasslands

By contrast, the intensification of nutrient-poor grasslands developed on organic soils may lead
to large C losses, and the conversion of permanent grasslands to leys of medium duration is
also conducive to the release of soil C.

In mineral soils, fertilization of grassland is generally considered to enhance C storage
due to enhanced productivity (O'Mara, 2012). A positive correlation between C
sequestration and N fertilization has been observed in managed grasslands (Jones et
al., 2006). Sousanna et al.,, (2004) stated that N fertilization may increase net
ecosystem production in moderately fertile systems, as the increase in production
outweighs any concurrent increase in decomposition. In more organic-rich mountain
pastures, due to the relatively large pool of organic matter available for decomposition,
N fertilization may trigger large carbon losses. Morris et al., (2010) reported that ‘semi
intensive’ grassland farming, with moderate levels of mineral and organic fertilizer,

Ref: Ricardo-AEA/R/ED60006/Final Report Annex/Issue Number V1.1 31




RICARDO-AEA Annexes to:
Effective performance of tools for climate action policy - meta-review of Common Agricultural Policy
(CAP) mainstreaming
could offer a commercially feasible peatland ‘conservation and carbon storage’ option,
especially in dairy areas, with modest returns of £50- £200/ha. This would require high
standards of management in order to meet environmental objectives. The ‘opportunity
cost’ of taking land out of agricultural production is likely to reduce over time as
peatlands are degraded and become less agriculturally productive. Comparisons
between management systems have shown that intensively managed grasslands can

sequester over 2 t C ha! year! more than extensive systems (Ammann et al., 2007).

e Irrigating grasslands, similarly, can promote soil C gains (O'Mara, 2012).

Enhancing species diversity and, in particular, introducing new deep-rooted grasses with
greater productivity into the species mix has been shown to increase soil carbon, particularly
on low-productivity pastures (Tilman et al., 2006).

The uncertainties concerning the estimated values of C storage or release after a change in
grassland management are still very high (estimated at 25 g C/m? per year).

Applicability

The applicability of this mitigation action to an individual farm will depend upon the extent to
which the farm currently applies best management practice with respect to sequestering
carbon in soil.

Timescale over which mitigation action becomes effective and duration
The timescale will vary according to the changes made to the grassland management system.
Leakage (production displacement)

If changes to grassland management lead to reduced production within the EU, there could be
some switch in production to regions where emission intensity is greater. The likelihood of this
risk will depend upon the management practice adopted.

Conclusions

This mitigation action has potential for adoption in the CAP in order to reduce emissions of
GHGs. The action will need to be implemented on a farm by farm basis so that actions
supported by CAP are in addition to current management practices.
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Use of grasslands to reduce fire risk

This mitigation action was not evaluated as there were insufficient data to screen this potential
action.
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Reduced tillage

Introduction

In this assessment ‘Reduced tillage’ (RT) is used to describe all non-plough based cultivation
practices. This mitigation action is considered with respect to its potential for sequestering
carbon (C) in the soil. There are many approaches to reduced tillage. The common factors are
that reduced tillage does not completely invert the soil and less energy is required to carry out
cultivation. There are very many approaches to reduced tillage. The common factors are that
reduced tillage does not completely invert the soil and less energy is required to carry out

cultivation.

Table recording results of the evaluation of reduced tillage

Mitigation
potential

Depends upon the impacts on crop yields. Only where crop yields are
increased by the introduction of RT is C sequestration likely to occur.

Where RT does sequester C, the practice needs to be maintained as even
only occasional cultivation can release the C sequestered in previous
years.

How effective is
the action
across the EU?

In most EU regions, crop yields are likely to be similar or less with RT than
from conventional tillage (CT) and hence the action will not be effective.

In dry areas, where crop yields can be increased by RT, there can be net C
sequestration in soils. In addition, emissions of nitrous oxide (N2O) are less
likely to be increased by RT in dry areas. However, the exact amounts are
difficult to quantify as they will vary according to the crops grown and the
soil type.

How sensitive is
the action to
farmer
implementation?

There are several options for reduced tillage and the choice and application
of method is likely to influence the outcome. There are a great many
approaches to reduced tillage and not all have been evaluated for C
sequestration. All approaches will involve replacing ploughing with non-
inversion methods of cultivation.

Compatibility
with farming
systems

Generally less compatible with farming systems in high rainfall areas where
yields, and crop residues are large.

Generally better suited to self-structuring soils with significant clay content
than to sandy soils.

Poor weed control in the long term is one of the main issues with this
mitigation action.

Most suitable to semi-arid areas.

Impact on farm
income

This mitigation action can offer cost savings from a reduction in the number
of cultivations in all areas.

Verifiable Difficult, see comments below.
Field sampling Soils need to be sampled to at least 1 m, and a rigorous protocol, including
and testing taking bulk density samples, needs to be followed.

Verification by direct soil sampling is likely to be too expensive and subject
to large uncertainties.

Modelling soil C will be a less expensive option but is also subject to
uncertainties.

Remote sensing

May record the action but not the impact on soil organic C (SOC).
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Record May record the action but not the impact on SOC.

Inspection

Other Perhaps an approach using modelling supplemented by soil sampling
would be the most cost-effective and reliable method of verification.

Co-benefits Reducing cultivation saves costs by reducing labour and fuel inputs and by

reducing wear on machinery. The size of these cost reductions will depend
on the extent to which the number of cultivations is reduced. In some cases
the reduction in tillage operations, and hence cost, will be small.

Can be an effective means of reducing soil erosion.

Conserves moisture in semi-arid areas.

Any adverse
environmental

Reduced tillage may increase the use of herbicides to kill weeds that would
otherwise be controlled by ploughing and may require increased

impacts application of slug pellets. There can also be increased carry-over of fungal
disease from crop residues left on the soil surface.

Social Likely to be acceptable as, in addition to the reduction in erosion, reducing

acceptance cultivation will reduce dust formation during dry weather.

However, reducing labour requirements may be less acceptable if it leads
to fewer jobs; especially in areas where there are few other sources of
employment.

Ecologic evaluation
Frelih-Larsen et al., (2014) did not evaluate RT.

Key points

Impact of reduced tillage on crop yields

In a meta-analysis of experiments carried out in Europe, Van den Putte et al., (2010) reported
yield reductions of 4% for winter cereals and 13% for maize, but no impact on other crops.

Leakage (production displacement)

Adoption in regions or in cropping systems in which yield is reduced (Van den Putte et al.,
2010) would lead to increased production elsewhere, possibly in regions where GHG
emissions per tonne of crop produced are greater than in the EU.

Conclusions

The large range of cultivations that can be considered as RT makes a balanced comparison
of C sequestration by RT with CT very difficult. Nevertheless, the lack of consistent evidence
to indicate that RT sequesters C in soils leads us to recommend that this mitigation action is
not considered further.
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Zero tillage

Introduction

This mitigation action is considered with respect to its potential for sequestering carbon in the
soil.

Zero tillage (ZT), is the elimination of all soil tillage. Seed is drilled directly into an uncultivated
soil or simply broadcast onto the soil surface. Although ZT has been advocated as a means of
sequestering soil C, more recent reviews and meta-analyses have concluded that, in many
cases, ZT alters the distribution of C within the soil profile but does not change the total amount

of C in soil. Exceptions occur when:

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

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

returns.

Table recording results of the evaluation of zero tillage

Mitigation
potential

Depends upon the impacts on crop yields. Only where crop yields are
increased by the introduction of ZT is C sequestration likely to occur.

Where ZT does sequester C, the practice needs to be maintained as even
only occasional cultivation can release the C sequestered in previous
years.

How effective is
the action
across the EU?

In most regions, crop yields are likely to be similar or less than from CT and
hence the action will not be effective.

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

How sensitive is
the action to
farmer
implementation?

Zero-tillage is a fairly clear action likely to be implemented consistently.

Compatibility
with farming
systems

Zero tillage is generally less compatible with farming systems in high
rainfall areas where yields and crop residues are large.

This mitigation action is generally better suited to self-structuring soils with
significant clay content than to sandy soils.

Most suitable to semi-arid areas.

Impact on farm
income

This mitigation action can offer cost savings from reduction in the number
of cultivations in all areas.

Verifiable

Can be verified from farm records.

Field sampling
and testing

Difficult; soils need to be sampled to at least 1 m and a rigorous protocol,
including taking bulk density samples, needs to be followed.

Verification by direct soil sampling is likely to be too expensive and subject
to large uncertainties.

Remote sensing

Unlikely that it will be possible to distinguish ZT fields from those
conventionally cultivated.
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Record It will be possible to confirm implementation of action from farm records.
Inspection
Other Modelling soil C will be a less expensive option but will also be subject to

uncertainties.

Co-benefits Reducing cultivation saves costs by reducing labour and fuel inputs and by
reducing wear on machinery.

Can be an effective means of reducing soil erosion.

Conserves moisture in semi-arid areas.

Any adverse Zero tillage may increase the use of herbicides to kill weeds otherwise

environmental controlled by ploughing and may require increased application of slug

impacts pellets. There can also be increased carry-over of fungal disease from crop
residues left on the soil surface.

Social Likely to be acceptable as in addition to the reduction in erosion, reducing

acceptance cultivation will reduce dust formation during dry weather.

However, reducing labour requirements may be less acceptable if it leads
to fewer jobs, especially in areas where there are few other sources of
employment.

Ecologic evaluation

Frelin-Larsen et al., (2014) acknowledged the growing evidence that ZT leads to little or no C
sequestration. Frelih-Larsen et al., (2014) emphasise the other potential benefits of ZT:

Soil quality improvement

Saving in fuel and labour

Reduction in soil erosion

Increase biodiversity (soil microorganism)
Better water efficiency/quality

Key points
Mechanisms that lead to SOC accumulation

A consideration of the mechanisms that lead to SOC accumulation suggest reasons why ZT
might increase SOC (increased mycorrhizal activity) but also reasons why ZT might reduce
SOC (incorporating crop residues is more effective at producing stable SOC than leaving
residues on the surface).

The impact of zero tillage on crop yields

This will be a major reason why so many studies have found no net C sequestration from either
RT or ZT.

A review of European studies indicated that there was a mean yield reduction of 8.5% from ZT
(compared with a mean yield reduction of 4.0% for RT) (Van den Putte et al., 2010), while
Soane et al., (2012) reported yield reductions of 5 to 10% for northern Europe but for SW
Europe yields were similar. A strong correlation was observed between yield and precipitation
during the wheat cycle. Regression lines crossed at 300 mm of growing season rainfall, a point
at which below ZT was superior to CT and at which above CT was superior to ZT. A study in
Spain, by Orddnez Fernandez et al., (2007), found that zero tillage resulted in greater yields
than conventional tillage in dry conditions, but not in wet conditions. Similar results were
obtained in southern Italy by De Vita et al., (2007). Yield loss in Sweden (Arvidsson et al.,
2014) was greater for spring than for autumn-sown crops. Yield reductions were associated
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with disease carryover and poor establishment (losses greater following cereals than following
OSR or peas) rather than compaction.

The impact of zero tillage on yield varies among crops

Yields of soybeans were not decreased (Alvarez and Steinbach, 2009) and in some cases
significantly increased by ZT (Franchini et al., 2012). But yields of maize and wheat could be
decreased by ZT when N fertilizer was limiting (Alvarez and Steinbach, 2009) but similar when
the N supply was adequate.

Leakage (production displacement)

Adoption in regions or in cropping systems in which yield is reduced (Van den Putte et al.,
2010) would lead to increased production elsewhere, possibly in regions where GHG
emissions per tonne of crop produced are greater than in the EU.

Changes in tillage practice and residue treatment are often confounded. Hence it is difficult to
identify the mechanism by which C may be sequestered.

For example, in Mediterranean conditions, ZT is often associated with straw retention, whereas
when soils are tilled, residues are removed (Lopez-Bedillo, et al., 2010).

For this reason the impacts of leaving crop residues on the soil surface are considered as a
separate mitigation action.

Conclusions

Manley et al., (2005): ‘Our statistical analyses of more than 100 studies and some 900
estimates suggest that, compared to CT, ZT seems to sequester too little carbon at too high a
cost to make this means of mitigating climate change an attractive alternative to emissions
reduction. However, there are some exceptions where an effort to switch from conventional to
no till agriculture does lead to a low-cost carbon benefit’. Nevertheless, even in locations where
ZT can increase soil C, it needs to be maintained. This can be difficult and ZT can lead to build
up of weeds which can only be controlled by cultivation. The recent review by Buckingham et
al., (2014) concluded that ZT will only sequester C in soils when crop yields are increased, e.g.
by eliminating the need for fallow to conserve moisture and hence enabling a crop to be grown
every yeatr.

We therefore do not consider that this mitigation action should be considered further as an
option to reduce GHG emissions from agriculture. It may be worthwhile to consider adoption
into CAP for other reasons, e.g. erosion control.
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Leaving crop residues on the soil surface

This mitigation action is considered with respect to its potential for sequestering C in the soil.

Table recording results of the evaluation of leaving crop residues on the soil surface

Mitigation
potential

The greater the crop yield, the more residues will be available and the
greater the C sequestration potential will be. Alternative uses for crop
residues, e.g. biofuels, may reduce the amount of resource available.

In most regions, crop yields are likely to be similar or slightly less than if
crop residues were removed, but soil C will increase due to the addition of
the residues.

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

How effective is
the action
across the EU?

This action should be effective across all regions.

How sensitive is
the action to
farmer
implementation?

Either the action is carried out or it is not, so implementation should be
consistent.

Compatibility
with farming
systems

Generally less compatible with farming systems in high rainfall areas where
yields and crop residues are large.

Care needs to be taken to avoid inhibiting germination of small-seeded
crops. There are also microclimatic effects of mulch (e.g. suppression of
temperature) which may reduce the effective growing season and issues
associated with pest control (e.g. slugs).

Even spreading is necessary to minimise risks of reduced crop emergence
or poor weed control.

Conservation of soil moisture in the root zone by residue mulch is an
advantage in arid and semi-arid climates.

Impact on farm
income

Variable. Savings in costs, mainly labour, can be greater than reductions in
income from reduced yield. The balance is most likely to be favourable
where labour costs are greatest and where there is potential for increased
crop yields.

Verifiable

Field sampling
and testing

Difficult; soils need to be sampled to at least 1 m, and a rigorous protocol,
including taking bulk density samples, needs to be followed.

Verification by direct soil sampling is likely to be too expensive and subject
to large uncertainties.

Remote sensing

It may be possible to distinguish fields where crop residues have been left
on the soil surface from those where residues have been removed.

Record
Inspection

It will be possible to confirm implementation of action from farm records.
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Other Modelling soil C will be a less expensive option but also subject to
uncertainties.

Co-benefits Leaving crop residues on the soil surface can save costs by reducing
labour and fuel inputs and by reducing wear on machinery.

Can be an effective means of reducing soil erosion.

Conserves moisture in semi-arid areas.

Any adverse Leaving crop residues on the soil surface may require increased
environmental application of slug pellets. There can also be increased carry-over of fungal
impacts disease from crop residues left on the soil surface.

Social Likely to be acceptable where the mitigation action reduces erosion.
acceptance

Reducing labour requirements may be less acceptable if it leads to fewer
jobs, especially in areas where there are few other sources of employment.

Ecologic evaluation

Frelih-Larsen et al., (2014) concluded that retaining crop residues can mitigate GHG emissions
in four main ways:

e Reducing direct emissions from N fertilizers

e Reducing the CO; emissions from fertilizer manufacture

¢ Increasing carbon sequestration

¢ Reducing the amount of N that needs to be applied to the following crop
Key points

Leaving crop residues in the field will enable greater C retention in soils than removing crop
residues. However, two factors need to be considered.

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

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

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

Trigalet et al., (2014) found that residue management can increase the storage of C in more
stable fractions in agricultural soils, even when no changes are detected in bulk soil C.

The greatest potential soil C sequestration from returning cereal straw will be in those regions
where cereal yields are greatest (Lugato et al., 2014).
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Leakage (production displacement)

Returning crop residues to soil does not appear to pose the risk of significant leakage.

Conclusions

We recommend this mitigation action be considered further for inclusion in the CAP as a GHG
mitigation option.
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Ceasing to burn crop residues and vegetation

Introduction

This mitigation action is considered with respect to its potential for reducing emissions of CH,4
and N20.

Burning of vegetation and crop residues was banned in England in 1992, as cited in Feliciano
et al., (2013).

Burning is still carried out in other parts of the world to clear the field of organic debris, enhance
soil fertility and control unwanted diseases, weeds and pests (Erenstein, 2003). Estrellan and
Lion (2010) explain burning of agricultural residues as ‘an inexpensive means to advance crop
rotation and control insects, disease, and the emergence of invasive weed species’.

Table recording results of ceasing to burn crop residues and vegetation

Assessment Evaluation results

criteria

Mitigation ‘Burning of residues contributed to 0.3% of CH4 emissions at the European
potential Level in 1996’ (Eurostat, 1999). A small mitigation potential is therefore

possible if residues are not burnt.

A further statistic is that 0.1% of N>O sources in the United States are from
field burning (Johnson et al., 2007).

In contrast, it is stated by Eurostat (1999) that ‘In Western Europe, it is
assumed that emissions of CO; due to burning agricultural waste are part
of a cycle, with emissions being reabsorbed by an equivalent amount by
crops and vegetation regrowing in the following season. Therefore net
emissions are considered to be zero'.

Burning crop residues produces carbon monoxide (CO), methane (CHa,),
N2O and other oxides of nitrogen (NOx) (Eurostat, 1999). The ceasing of
burning crop residues would therefore lower the amount of these gasses
being produced. Yokelson et al., (2011; cited in Thangarajan et al., 2013)
also stated that burning of crop residues results in GHG emissions;
therefore again we would expect a reduction of GHG emissions when
burning of crop residues was ceased.

Removing crop residues results in a reduction of SOC (Smith et al., 2012).
As stated by Reijnders, (2008), ‘full return of crop residues to arable soils
may increase soil SOC levels by up to 0.7 Mg C ha™' year™.

Worrall et al., (2010; cited in Bell et al., 2014) stated that with the cessation
of managed burning, C sequestration will occur in grasslands.

How effective is | This will be most effective in those regions where significant amounts of
the action crop residues are still burned.
across the EU?

How sensitive is | There should be little sensitivity: residues will be burned or they will not.
the action to
farmer
implementation?

Compatibility There has been a preference, for some farming systems to burn residues
with farming rather than incorporate them into soil, mainly to reduce cultivations and
systems improve seedbed quality. However, in MSs where the practice has been

banned farmers have been able to adapt to new practices.
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Impact on farm
income

Unlikely to affect farm income unless crop residues are being sold as a
biofuel feedstock.

Verifiable Should be verifiable from field inspection.
Field sampling NA
and testing

Remote sensing

Should be verifiable from aerial surveys.

Record This should be verifiable from farm records.

Inspection

Other

Co-benefits The health effects associated with burning of crop residues — emissions of

PM2.5 resulting in children and adults suffering more severe and frequent
asthma attacks — are eliminated when crop residues are no longer burnt
(McCarty et al., 2009). Not only does this particulate matter and trace gas
emissions associated with burning of crop residues lead to adverse health
effects but they also reduce air quality (McCarty et al., 2009).

Additionally, ceasing burning vegetation and crop residues results in a
reduction in soot, smoke and particulate matter (Estrellan and Lino, 2010).

If residues are not burnt in the field, they can be collected and used for
energy production (Reijnders, 2008).

Complementary changes to crop management may occur as a result of
ceasing to burn crop residues; farmers may instead retain these as a mulch
(Erenstein, 2003).

Any adverse
environmental

As burning can be an inexpensive means to control insects, disease, and
the emergence of invasive weed species, there may be an increase in

impacts herbicide and pesticide use.
Social Lower public health problems and better air quality would imply that this
acceptance measure would have social acceptance.

Ecologic evaluation

Frelih-Larsen et al., (2014) did not evaluate this option.

Key points

Below-ground biomass is not affected by burning of crop residues (Toma et al., 2010; cited in
Dufosse et al., 2014).

It was also noted by Toma et al., (2010; cited in Dufosse et al., 2014) that soil carbon in the
topsoil layer did not change before and after the burning of crop residues. It was also stated
that '57% of C accumulation from biomass remains after burning, as ashes and charcoal'.

Leakage (production displacement)

Ceasing to burn crop residues is unlikely to reduce output and displace production elsewhere.

Conclusions

It is stated in Estrellan and Lino (2010) that ‘data from simulated and in situ open burning
experiments of various agricultural product residues such as rice, wheat, sugar cane and other
crops showed a variety of emissions such as soot and particulate matter (PM), CO, CH., and
volatile organic compounds. More recently, polycyclic aromatic hydrocarbons (PAHS),
polychlorinated dibenzo-p-dioxins, and polychlorinated dibenzofurans (PCDD/Fs) have been
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reported to have been detected in gaseous phase emissions, in the particulate matter, and in
the residual ash, along with ionic species, elemental carbon (EC), and organic carbon (OC)'.
This demonstrates that ceasing to burn crop residues brings many benefits in the way of
reducing GHGs emitted and also in terms of reducing the amount of soot and PM released into
the air; consequently having additional beneficial impacts on health.

It is difficult to find quantifiable estimates of the reduction in GHG emissions.
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Use cover/catch crops

Introduction

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

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

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

Table recording results of the evaluation of using cover/catch crops

Assessment Evaluation results
criteria

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

Soil organic carbon inputs are also increased by cover crops due to the
increased duration of vegetation cover (Campbell et al., 2001; cited in
Abdalla et al., 2014). This is supported by Poeplau and Don (2015) who
used data from 139 plots at 37 different sites to determine that cover
crops significantly increased SOC in comparison with reference
croplands and that this increase in SOC persists beyond the length of
the cover crop introduction; ‘we comprised the majority of available
cover crop studies worldwide and found a mean annual SOC
sequestration of 0.32 +/- 0.08 Mg ha! yr! to an average maximum
increase of 16.7 Mg ha'™".

As stated by Parkin et al., (2006; cited in Abdalla et al., 2014), ‘Rye
cover crops accumulate significant proportions of applied N, greatly
reducing the amount of NOs lost in drainage water, reduce soil inorganic
N levels, increase evapotranspiration, and reduce drainage losses and
N>O emissions’

A contrasting view, however, is that crop residues with low C:N ratios,
e.g. legume crops, may increase N>O emissions (Toma and Hatano,
2007; cited in Abdalla et al., 2014). Gomes et al., (2009) also stated that
‘It has been shown that cover crops can enhance soil nitrous oxide
(N20) emissions, but the magnitude of increase depends on the quantity
and quality of the crop residues’. Li et al., (2014) state that N.O
emissions from legume based catch crops are similar to those from
fallow land and non-legume based catch crops.

Gomes et al., (2009) state that an increase in N.O emissions is seen in
the short term following cover crop management. This is supported by
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Brozyna et al., (2013): ‘Periods of high N>O emissions coincided with
cover crop and grass-clover residue turnover’.

N2O emissions from this measure are generally greater following tillage
in the spring (Brozyna et al., 2013; Li et al., 2014); however, peak N.O
emissions occur at different times depending on the catch crop (Li et al.,
2014). Higher emissions from cover cropped areas are also seen after
freezing events (Petersen et al., 2011). However, the amount of N.O
emissions stimulated following spring cultivation can be reduced through
the use of reduced tillage; this may be a method for reducing any small
increases in GHG emissions (Petersen et al., 2011).

It is thought that the application rate of N will determine whether cover
crops will have an impact on N>O emissions (Jarecki et al., 2009).

Igbal et al. (2015) cited the review of Basche et al. (2015) of the impact
of cover crops on N2O emissions which reported 60% of studies found
that cover crops increased N.O emissions while 40% decreased them.

How effective is
the action across
the EU?

‘Cover crops are widely applicable on different soil types in arable
rotations; however, they are best suited to light soils types, due to the
spring ploughing requirement, and light-textured free-draining soils to
enable preparation of a good seedbed for the succeeding crop’ (Frelih-
Larsen et al., 2014). Therefore this action will be most effective in areas
with a large area of annual crop production and with light-textured free-
draining soils.

How sensitive is
the action to
farmer
implementation?

It is stated in Thorup-Kristensen et al., (2003; cited in Gabriel et al.,
2013a) that the adoption of cover crops by farmers is limited.

‘Cover crops need to be carefully targeted in order to achieve cost-
effective mitigation. This operation is unlikely to be cost-effective in
areas where cultivation costs are high, or where there is a risk of yield
penalties through use of the cover crop’ (Frelih-Larsen et al., 2014).

Potential barriers to uptake include concerns about herbicide use and
resistance and the possibly negative affect of the yield of the following
crop (Frelih-Larsen et al., 2014).

Compatibility with
farming systems

e ‘Cover crops are widely applicable on different soil types in
arable rotations; however, they are best suited to light soils
types, due to the spring ploughing requirement, and light-
textured free-draining soils to enable preparation of a good
seedbed for the succeeding crop.

e Cover crops are more suitable where there is a relatively high
spring rainfall as the cover crop will deplete soil moisture
reserves and, hence, where there is insufficient rainfall, the main
crop can suffer (Dabney et al., 2001).

e Cooler soil temperatures under cover crop residues can retard
early growth of subsequent crops grown near the cold end of
their range of adaptation (Dabney et al., 2001).” This is all cited
within Frelih-Larsen et al., (2014).

In dry regions, the uptake of this measure has been limited in the past
due to unsuccessful establishment and low water use efficiency (Unger
and Vigil, 1998; cited in Gabriel et al., 2013a). In dry regions, if not killed
at the right time, cover crops can compete against the cash crop for
nutrients and water (Gabriel et al., 2013b). This is supported by
Hiltbrunner et al., (2007) who state that competition can develop
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between the crop and the cover crop if the dry matter of the cover crop
becomes too large.

Cover crops may be particularly useful in organic systems as a way of
recycling N within the cropping system; they may also help increase N
use efficiency in such systems (Li et al., 2014).

‘Cover crops are becoming increasingly popular in perennial
agroecosystems like vineyards as a way to minimize erosion and
increase SOM’ (Steenwerth and Belina, 2008).

Impact on farm
income

This measure may reduce the costs of weed control and
fertilizer/herbicide. Cover crops have the potential to increase the yield
of the following crop, and therefore profits, through N fixation.

However, there are costs of this measure; for example, there may be a
cost forgone of producing a cash crop, cost of seed, establishment,
increased field operations, harvesting, killing, and sometimes new
equipment may also be required (Gabriel et al., 2013a).

Establishing a cover crop involves an extra expense over leaving a field
fallow (Gabriel et al., 2013a); ‘The extra cost of CC was €67.91 ha™* for
barley, €72.70 ha for rapeseed, and €71.65 ha for vetch when the
residues were left in the field. When CC biomass was lifted and sold as
animal feeding the extra cost of CC was reduced to €27.91 ha* for
barley, €32.70 ha for rapeseed, and €31.63 ha* for vetch’ (Gabriel et
al., 2013a). However, these costs do not take into account fertilizer
savings — see Gabriel et al., (2013a) for these figures and more detail.

Growing cover crops in a rotation with vegetable crops is described by
Wells et al., (2000) as a way to ‘optimize profit while minimising
environmental impact’.

Verifiable

Field sampling and
testing

Verifiable by field visits to identify standing crop(s) and assess ground
cover by the crop.

Remote sensing

Images could be used to determine extent of ground cover at intervals
through the year.

Record Inspection

Verifiable through farm records of field operations

Other

Co-benefits

Cover and catch crops are efficient at reducing N leaching (Gabriel et
al., 2013a; Gabriel et al., 2013b; Abdalla et al., 2014, Li et al., 2014). In
a paper by Constantin et al., (2010) catch crops decreased N leaching
by between 36% and 62%; it was argued here that establishing catch
crops is the ‘most efficient way to decrease the N leaching and to
maintain long-term nitrate concentrations below 50 mg LY. This is
supported by Tonitto et al., (2006; cited in Li et al., 2014) who state that
systems with legume based catch crops, compared with fertilizer-based
systems, reduce NOs leaching by an average of 40%. However, it is
noted by Askegaard et al., (2011, cited in Li et al., 2014) that the
increase in soil fertility associated with the long-term use of legume
based catch crops may result in increased risks of N leaching.
Leguminous cover crops can also fix large amounts of N; this can supply
N to the next crop and hence may boost its yield (Erenstein, 2003;
Brozyna et al., 2013). However, if the cover crop is harvested and not

Ref: Ricardo-AEA/R/ED60006/Final Report Annex/Issue Number V1.1 49




RICARDO-AEA

Annexes to:

Effective performance of tools for climate action policy - meta-review of Common Agricultural Policy

(CAP) mainstreaming

returned to the soil, there may be a smaller benefit, or no benefit of
increased yield (Li et al., 2014).

Askegaard and Eriksen (2007) and Doltra and Olesen, (2013; both cited
in Brozyna et al., 2013) found typical autumn values for above-ground N
in cover crops to be 20 to 60 kg N ha™". This may enable leguminous
cover crops to act as an alternative to N fertilizer in some cases
(Erenstein, 2003).

Cover crops have the additional benefits of preventing water and wind
erosion, enhancing nutrient efficiency, decreasing soil decomposition
rates, increasing water use and correcting saline soil (Gabriel et al.,
2013b; Abdalla et al., 2014; Poeplau and Don, 2015). Their protective
layer also means that soils are kept drier for longer in wet climates
(Desjardins et al., 2005; Reicosky and Forcella, 1998; both cited in
Abdalla et al., 2014). Furthermore, cover crops can assist in pest and
weed control (Erenstein, 2003; Poeplau and Don, 2015).

Catch crops are described by Constantin et al., (2010) as a ‘win/win
technique with respect to nitrate leaching and C and N sequestration in
soil'. However, a study by Bavin et al., (2009) indicates that there is
limited potential for carbon sequestration through the use of spring cover
cropping, unless residue is removed.

Palese et al., (2014) stated that due to improved soil structure and the
presence of vegetation, cover crops are able to increase soil water
storage. However, this effect trades off against greater
evapotranspiration from a cover crop compared with bare fallow
(Dabney et al., 2001; cited in Frelih-Larsen et al., 2014).

Cover crops can increase biodiversity (Lal, 2004; cited in Poeplau and
Don, 2015).

Soil ammonium is greater in systems with cover crops than those under
cultivation (Steenwerth and Belina, 2008).

Lehman et al., (2012) demonstrated that the mycorrhizal inoculum
potential of the soils was increased substantially by autumn cover crops.

Any adverse
environmental
impacts

The removal of cover/catch crops by pesticides may decrease water
quality (Ferrant et al., 2013).

Social acceptance

No reports were found concerning the social acceptability of cover
crops. There may, however, be effects through changes in farm income.
Furthermore, decreases in nitrate leaching may improve drinking water
quality, with social benefits.

Ecologic evaluation

There was thorough examination of this measure in the Ecologic report.

The main emissions categories and climate change risks that cover crops/reducing bare fallow
protect against are CO, emissions from soil carbon loss, soil erosion and the consequences
of this (e.g. productivity changes in the long-term), and protecting against the future increased
risk of flooding (Frelih-Larsen et al., 2014).

‘Cover crops can mitigate GHG emissions in four main ways:

Increase of soil organic carbon content.

Decrease soil erosion during the fallow period.

Reduction in N leaching.

Reduction in the amount of N that needs to be applied to the following crop’.
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Indirect effects on GHG emissions (including leakage)

In most situations there will be no leakage (displacement of production) because there is no
negative effect on production in well-managed systems.

Conclusions

Cover crops can reduce GHG emissions and provide many other environmental benefits,
however the amount of mitigation seen is largely dependent on how the crop is utilised — e.g.
whether it is used in anaerobic digestion, used as a fertilizer or mulched. It is suggested by
Steenwerth and Belina (2008) that the potential increase in N.O emissions needs to be
evaluated taking into account the range of benefits associated with cover cropping. Whilst a
slight increase in GHG emissions may be seen with the use of this measure, in particular in
spring, it is generally accepted that the benefits of increased SOC and N fixation offset this
increase.

‘The advantage of cover crops as compared with other management practices that increase
soil organic carbon (SOC) is that they neither cause a decline in yields, like extensification, nor
carbon losses in other systems, like organic manure applications may do’ (Poeplau and Don,
2015).

Overall, we recommend that use of cover crops is taken forward as a practical GHG mitigation
action.
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Biochar applied to soil

Introduction

This mitigation action is considered with respect to its potential for sequestering C in soil and
reducing emissions of CHs and NO.

Definitions of biochar vary widely, and can include criteria related to physical properties,
particle size, chemical properties, feedstock material, and sustainability characteristics of the
production feedstock. Because of the wide range of definitions, we do not attempt to present
a consensus, which is lacking. Broadly, biochar is a form of charcoal, produced from biomass

by pyrolysis.

Biochar can be added to soil, where it amends the soil properties, and is a carbon store.
Mitigation potential may arise through several mechanisms, including increased crop yields,
effects on the N cycle and N.O emissions, carbon storage in soil, and more efficient use of

mineral nutrients. There is much recent research published, and many claims, and counter
claims, for mitigation potential.

There is evidence of positive effects on yield and reductions of N.O emissions, but these
effects are not well understood at the soil process level.

Table recording results of the evaluation of biochar application

Assessment Evaluation results

criteria

Mitigation At present there is no consensus from the data on the realistic mitigation
potential potential.

The impact on direct GHG emissions and removals from farming systems
is mainly through changes in soil emissions of N.O and CH,4 (Smith et al.,
2014). A meta-analysis has shown a mean decrease of 54% in N,O
emissions from biochar-amended soils (Cayuela et al., 2014). However,
much of the understanding of interactions between biochar and the soil N
cycle comes from laboratory studies and these interactions are not
predictable, especially under field conditions (Smith et al., 2014).

Biochar has been shown to increase CH,4 oxidation in soil
(Schimmelpfennig et al., 2014), thereby decreasing CH4 emissions;
however, there were large interactions with other factors (e.g. application
of slurry), and other forms of carbon addition to the soil had similar effects.

Potential beneficial effects of biochar soil amendment on GHG emissions
must be viewed in the context of trade-offs against indirect increases in
GHG emissions (carbon leakage, see below), and the carbon balance of
associated activities such as energy generation during pyrolysis.

How effective is | The potential effectiveness of this action varies with soil type, and
the action therefore will vary geographically. Benefits reported in experimental
across the EU? | studies are likely to be realisable across the EU, where the farming system
allows incorporation into soil. The mechanism of the mitigation potential
will vary with soil type.

Effect of Implementation may be varied by using different materials (e.g. biochar
variation in made from different feedstocks and with different particle size
farmer distributions), by incorporating differently (e.g. depth and extent of mixing),

implementation? | by the quantity applied, and by the land use.
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Compatibility Compatible with farming systems that include soil cultivation to allow
with farming incorporation.

systems

Impact on farm Highly variable and depends on effects on crop yields and demand for
income inputs. At present these cannot be forecast with any certainty.
Verifiable Field sampling and testing:

¢ Verifiable by soil sample and analysis
Record Inspection:

e Verifiable through farm records of applications

Co-benefits The biochar production process yields energy.

Any adverse A large area of land would be needed to supply sufficient biochar
environmental feedstock for widespread implementation of the action. This will take land
impacts from food production or from provision of other ecosystem services, with

potential for many adverse environmental impacts including biodiversity
loss and GHG emissions from indirect land use change.

The following environmental issues of concern, related to the application of
biochar to soil, are listed by Camps Arbestain et al., (2014):

¢ unbalanced addition of nutrients to soil
e possible negative impact on soil biota

e expected sorption of residual herbicides and pesticides and
subsequent implications in the efficiency of these products

e potential addition of heavy metals, PAHs and dioxins along with
biochar

¢ environmental pollution from dust, erosion and leaching of biochar
particles

e aerosol emissions during improper pyrolysis

e effect on soil surface albedo

Social Unclear.

acceptance There could be large social changes through change of land use for

biochar production processes.

Ecologic evaluation
This action is not addressed in the Ecologic report (Frelih-Larsen et al., 2014).

Key points
Effectiveness (compared with current emissions) at a landscape scale

The effects at a landscape scale are unclear because of uncertainty about indirect effects (see
below). Experimental data indicate the potential for decreases in GHG emissions in some
landscapes (those dominated by crop production in cultivated soils; see section above on
impact of biochar application on direct GHG emissions and removals). However, there is
potential for increased GHG emissions in some landscapes through indirect land use change
as a consequence of direct land use change for biochar feedstock production (see section
below on indirect effects on GHG emissions). The balance between direct decreases and
indirect increases in emissions is highly uncertain.
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Indirect effects on GHG emissions (including leakage)

Of major importance is the area of land that would be needed for biochar feedstock production.
There is much conflicting literature on this subject, and we have not found good estimates that
are independent of interests in commercial development of biochar.

The quantity of biochar needed to materially influence GHG emissions depends on the half-
life of the biochar in soil, and this is likely to be variable and, overall, is not known. Biochar may
also influence breakdown of other soil organic carbon (e.g. humus; Kleiner, 2009), which would
counteract sequestration of carbon through the long-term persistence of biochar.

Biochar can be produced using crop residues and waste materials (e.g. forest residues), but it
is not clear how much material from these sources could be available for biochar production.

Conclusions

Use of biochar on a landscape scale is a long-term possibility, as the required infrastructure
and feedstock supply are not in place for immediate implementation. Furthermore, there are
large uncertainties in the outcomes for GHG emissions. Further research and field testing is
needed to increase the understanding of the overall effects on GHG emissions, alongside other
effects on the environment.

Overall, we recommend that application of biochar is not taken forward as a practical GHG
mitigation action within the current period of CAP policy (2014 to 2020).
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Extend the perennial phase of crop rotations

Introduction

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

The Ecologic report (Frelih-Larsen et al., 2014) describes this action as “incorporating 1-3
years of a perennial crop (often alfalfa or grass hay) into annual crop rotations”.

Table recording results of the evaluation of extending the perennial phase of crop
rotations

Assessment Evaluation results

criteria

Mitigation Estimates of mitigation potential are given in Frelih-Larsen et al., (2014)
potential as arange of 0to 1.2 t CO, ha! yr?, for carbon sequestration in soil, and

a saving of 0.7 t CO.e ha yr? from other sources such as fertilizer N,
field operations, and N>O emission from soil. However, it is not made
clear whether the sequestration estimate takes account of cultivation on
return to annual crops, and whether the area used in the calculations
incudes the whole rotation or just the area of perennial crops.

Franzluebbers et al., (2014) provide evidence that inclusion of perennial
forage crops in a rotation, compared with a rotation that did not include a
perennial crop, has a long-term benefit of increased SOC over several
rotations, i.e. the benefit was maintained beyond the duration of the
perennial crop.

How effective is
the action across
the EU?

This action is effective in areas with farming systems under annual soil
cultivation, and with a use for perennial crops for energy or livestock
grazing. Thus, effectiveness will be limited in areas with few livestock and
no demand for perennial energy crops.

How sensitive is
the action to
farmer
implementation?

This action is highly sensitive to the share of land used for perennial
crops, and the type of perennial crops used. Carbon sequestration is also
influenced by the quantity of N fertilizer used (Franzluebbers et al., 2014;
more N fertilizer leads to greater biomass production).

Plant density (sowing rate) is another implementation factor that
influences effectiveness, with denser crop stands likely to provide greater
soil carbon sequestration.

Compatibility with
farming systems

Farming systems will need to change, e.g. a move from specialist arable
farming to mixed arable and livestock farming, to provide a use for
perennial crops). This conflicts with trends towards more specialised
farming systems over recent decades.

Impact on farm
income

Market drivers will affect prices of annual and replacement perennial crop
products, and these are difficult to predict.

There are savings in cultivation/input costs for perennial crops compared
with annual crops, with values highly dependent on the detail of
implementation method (crop types, share of land in perennial crops).

The specialisation of modern agriculture suggests that there is an
economic disincentive for greater diversity of land use.

Verifiable
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Field sampling Verifiable by field visits to identify standing crop(s).
and testing

Remote sensing Images could be used to determine ground cover and crop type at
intervals through the year.

Record Inspection | Verifiable through farm records of field operations.

Other

Co-benefits Based on the Ecologic report (Frelih-Larsen et al., 2014):

e Biodiversity increase as a result of crop diversity increase.

e Less soil erosion.

e Better water infiltration and storage in soil.

e Decrease in environmental load from nutrients and pesticides.

Any adverse There are potentially large emissions of GHGs from crop displacement
environmental (leakage). See section below on indirect effects.
impacts

Social acceptance | Greater diversity of land use is likely to improve provision of some
ecosystem services (e.g. biodiversity), suggesting that this action is
socially acceptable. However, social acceptance will also be influenced
by effects on farm income (see above).

Ecologic evaluation

The Ecologic report (Frelih-Larsen et al., 2014) covers this action and describes it as:
“incorporating 1-3 years of a perennial crop (often alfalfa or grass hay) into annual crop
rotations”. The five main ways that Perennial crops can mitigate GHG emissions are given as
follows:

1. Sequestering C to soil.

2. Reducing direct emissions from N fertilizers.

3. Reducing the COze emissions from fertilizer manufacture.

4. Reduction in N leaching.

5. Reduction in the amount of N that needs to be applied to the following crop.

Estimates of mitigation potential are given as a range of 0 to 1.2 t CO, ha? yr?, for carbon
sequestration in soil, and a saving of 0.7 t CO.e ha? yr! from other sources such as fertilizer
N, field operations, and N>O emission from soil. However, it is not made clear whether the
sequestration estimate takes account of cultivation on return to annual crops, and whether the
area used in the calculations incudes the whole rotation or just the area of perennial crops.
Key points

Impact on direct GHG emissions and removals

See section above (Ecologic report).

Effectiveness (compared with current emissions) at a landscape scale

This action is likely to be effective at a landscape scale in areas where the action can be widely
implemented.

Indirect effects on GHG emissions (including leakage/crop displacement)

Indirect effects are expected through crop displacement (leakage). The magnitude of indirect
emissions will depend on the extent to which the market demands products from displaced
crops (our review has not found predictions).
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There may also be negative leakage through a smaller area of perennial crops grown in other

locations. However, many livestock production regions have soils and topography that is not

suitable for soil cultivation and annual crop production, so the geographic re-allocation of
production is complex.

Conclusions

Care is needed to avoid large emissions from displaced crops, and more research is needed
to predict the displacement and quantify the emissions. For this reason, we recommend that
this measure is not taken forward as a practical GHG mitigation action within the current period
of CAP policy (2014 to 2020).
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Maintain soil pH at suitable levels for crop/grass
production

Introduction
This mitigation action is considered with respect to its potential for reducing emissions of N.O.

Soil acidity (low pH) affects growth and yield of crops. Some fertilizers decrease soil pH,
increasing the importance of this issue in modern agriculture. Soil acidity can be corrected (i.e.
the pH can be raised) by soil application and incorporation of lime. Correction of an acid soil
to optimum pH increases uptake of N and crop yield, influences soil microbial processes, and
releases CO; as calcium carbonate dissolves.

Table recording results of the evaluation of soil pH maintenance

Assessment Evaluation results

criteria

Mitigation There is large uncertainty in the balance between additional emissions
potential when lime is applied, and saved emissions, especially of N2O, as a

consequence of changes to N uptake and effects on soil microbial
processes. This uncertainty increases when the indirect effects on
emissions are calculated, especially through indirect land use change.

We note that many farms already maintain soil pH well, especially for
arable and root crops and high-value horticultural crops.

How effective is
the action across
the EU?

The need for the action varies with soil type, so there will be geographic
variation in the need for soil pH adjustment. Where there is a need for the
action, and the action is implemented, the effects will improve productivity
across the EU.

Effect of variation
in farmer
implementation?

By definition, the aim of the action is to optimize pH. The detail of how this
is achieved (e.g. type of lime applied, type of machinery used) will have
little effect on the outcome, so long as the goal of optimum pH is
achieved.

Compatibility with
farming systems

Highly compatible and already practiced, but improvement is possible
through encouragement of soil pH monitoring and maintenance on poor-
performing farms.

Impact on farm
income

Improved business performance is expected (positive, increase in wealth
of rural communities).

Verifiable Field sampling and testing:
e The effectiveness of liming for soil pH correction can be checked
by soil sample and analysis.
Record Inspection:
e Verifiable through farm records of soil pH assessment and
correction (liming).
Co-benefits Improved business performance through:

e optimization of yields
o efficient use of inputs (e.qg. fertilizers).

Any adverse
environmental
impacts

Emission of CO; occurs as CaCOs dissolves and the carbonate is
released as CO,. There are also environmental impacts of activities to
source and transport liming materials.
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Social Neutral — no major effects on social acceptability of production systems.

acceptance Improved business performance is expected to improve social
acceptability of farming activities through increase in wealth of rural
communities.

Ecologic evaluation

This action is not addressed in the Ecologic report (Frelih-Larsen et al., 2014).

Key points
Impact of soil pH maintenance on direct GHG emissions and removals

Emission of CO. occurs as CaCOs dissolves and the carbonate is released as CO; (Barton et
al., 2014). In grassland this emission has been shown to exceed the savings in GHG emissions
(CO2e) associated with more efficient use of N (Gibbons et al., 2014). The timing of the
emission from carbonate is uncertain, and probably differs from the usual carbon accounting
assumption that all carbonate dissolves and is released as CO; within a year of application
(Barton et al., 2014).

There are also potential direct effects on N>O emissions through effects on microbial
processes, but the effects under differing climatic conditions and soil types are not clear.
Furthermore, the long-term effects may differ from effects within an annual cycle, as microbial
populations adapt to changed pH.

Research work in semi-arid environments has shown that liming of N fertilized soils decreased
N2O emissions and increased CH, uptake (Barton et al., 2013).

Effects on quality of forage crop and therefore on enteric methane emissions?
We have not found literature on this subject.
Effectiveness (compared with current emissions) at a landscape scale

Effectiveness at a landscape scale of all the above potential mitigation mechanisms depends
on the extent to which this action is already adopted/practiced on farms. Many farms already
maintain soil pH well, especially for arable and root crops, and high-value horticultural crops.

Leakage (production displacement) Indirect effects on GHG emissions

The effect on GHG emissions depends upon the impacts on crop yields, which have an indirect
impact on total emissions through land use changes in response to market pressures. This is
very uncertain and therefore not usefully quantified. However, it would be possible to estimate
the likely order of magnitude of this effect.

Conclusions

There is poor evidence to support soil pH maintenance as a GHG emissions mitigation action.
There is large uncertainty about the balance between, on the one hand, emissions from lime
application, and on the other hand, removals (e.g. additional removal of CH4) and saved
emissions (especially N2O). The possibility of changes to GHG emissions through changes in
land use (expected to be a decrease in LUC emissions as a consequence of increased
production) add to the uncertainty. A recent review (Paraledo et al., 2015) concluded that the
impact of liming on C sequestration should be a priority for research due to continued
uncertainty over the overall impacts of liming on soil C stocks. As a result of these
considerations we do not recommend that this MA should be considered further.
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Delay applying mineral N to a crop that has had slurry
applied

Introduction
This mitigation action is considered with respect to its potential for reducing emissions of N.O.

Readily decomposable C in organic manures has the potential to enhance denitrification of
NOs present in soil and emissions of N.O. The potential is perhaps greatest when farmers
apply manures and NOs-containing fertilizers at the same time to meet the nutrient
requirements of the next crop (Stevens and Laughlin, 2001).

Table recording results of the evaluation of a delay in applying mineral N to a crop that

has already had slurry applied

Mitigation
potential

By delaying the application of N-containing fertilizers, emissions of N2O
can be reduced. There are insufficient field data to quantify the effect.

How effective is
the action across
the EU?

This is likely to vary across the EU with the greater potential for
abatement in regions with frequent rainfall in late spring and summer.

How sensitive is
the action to
farmer
implementation?

This would be sensitive to farmer implementation as the interval between
slurry and N fertilizer application would need to be strictly observed.

Compatibility with
farming systems

This depends on the crop and time of year when slurry and N fertilizer are
to be applied. The greatest risk of conflict is likely to be when fertilizer is
to be applied to grass cut for silage. At these times farmers are keen to
apply the N requirement as soon as possible after the cut grass is
removed from the field in order to minimise the risk of grass yield being
reduced.

Impact on farm
income

Verifiable

Field sampling
and testing

Not applicable.

Remote sensing

Not applicable.

Record The time interval between slurry and N fertilizer application may be
Inspection verified from farm records.

Other

Co-benefits None.

Any adverse
environmental
impacts

Social
acceptance

Not a mitigation action likely to attract attention.

Ecologic evaluation

Frelih-Larsen et al., (2014) did not evaluate this option.
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Key points

Stevens and Laughlin (2001) carried out field experiments in which N2O and N fluxes were
measured from grassland when cattle slurry (CS) and potassium nitrate (KNOg) fertilizer were
applied at the same time. On average, applying CS at the same time as KNOs increased the
flux of N.O by 0.63% of the applied NOs—N 104 hours after application. The maximum flux of
N2O was always observed in the first measurement period (5 to 7 hours) after CS application.
All of the N2O was formed by reduction from NO3 apart from in August when 10% was formed
by nitrification in the CS treatment.

We found no further results of work to evaluate the mitigation potential of this approach.
Leakage (production displacement)
This mitigation action is unlikely to lead to leakage.

Conclusion

There are not enough data reporting reductions in GHG emissions from adoption of the
mitigation action to recommend this mitigation action be considered further within this project.
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Livestock disease management

Introduction

This mitigation action is considered with respect to its potential for reducing emissions of
primarily CH4 but also N2O.

Livestock diseases that cause long-term impairment of health may indirectly increase GHG
emissions from livestock production due to reduced performance decreasing output and hence
increasing the ratio between emissions and output, leading to greater GHG emissions per
tonne of produce. Lameness, mastitis, infertility in cattle and calf pneumonia are among the
most common conditions that can, if not correctly and promptly treated, cause considerable
production losses. Over a period of time these will be seen to a greater or lesser extent on
most (80 to 100%) UK dairy herds. The assessments of effectiveness of available controls are
variable, probably due to the multi-factorial nature of the conditions and the criteria adopted to
define success. However, it is generally agreed that some improvements to the incidence
and/or severity of these conditions are possible on most dairy farms. Moreover, it may be the
case that larger production units are better able to implement such improvements due to the
economies of scale enabling greater investment in monitoring stock health and responding to
problems.

In a study of the costs of maintaining the health of herds of dairy cows in France, Fourichon et
al., (2001) found the average cost €1.14 per 100 kg milk. Costs tended to increase with
intensification. The variability of health control costs among the farms studied indicated there
was potential to improve health management.

A recent UK study by Elliot et al., (2014) did find some cost-effective approaches by improving
cattle health. These were:

e Vaccination against calf pneumonia (-£172).

e Udder routine at milking to counter mastitis - including cleaning and post-milking
dipping (-£158).

Vaccination against Infectious Bovine Rhinotracheitis (IBR) (-£95).

Colostrum management and hygiene to reduce incidence of Johne’s disease (-£82).
Dry Cow Therapy for mastitis (-£51).

Buying policy, test and cull to reduce incidence of Johne’s disease (-£51).

Strategic treatment of Liver Fluke (-£40).

Vaccination against Bovine Viral Diarrhoea (-£20).

The value in brackets is the net saving from reducing the incidence of the disease in
£/tCOzequivalent abated.

Table recording results of the evaluation of livestock disease management

potential intervention and the extent to which this operation encourages uptake of
the disease intervention (Frelih-Larsen et al., 2014).

Potential emission reductions were reported by Frelih-Larsen et al., (2014)
to range from a 1.5% reduction from the beef herd to a 22% reduction in
emissions intensity for sheep in Scotland.

Mitigation Emission reductions will depend on the specific disease, the efficacy of the

the action state of herd health.
across the EU?

How effective is | The effectiveness is likely to vary considerably depending upon the current
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How sensitive is
the action to
farmer
implementation?

Likely to be sensitive as although any actions will be implemented by vets,
the farmer will need to both identify that a health problem exists and also
be willing to call on a vet.

Compatibility
with farming
systems

This is likely to be highly compatible with farming systems as reduced
disease incidence should improve performance and returns.

Impact on farm
income

Some proposed actions are already cost-effective. However, some are not.

Verifiable

Very difficult. An accurate assessment would require:

¢ Reliable estimates of the reduction in GHG emissions (or emission
intensity) from reducing disease incidence.

¢ Reliable information on the current incidence and severity of a
range of livestock diseases.

¢ Reliable records of improvements in the disease status of livestock
populations.

Field sampling
and testing

Not appropriate.

Remote sensing

Not appropriate.

Record Can be used to monitor if action taken.

Inspection

Other

Co-benefits Reducing the emissions intensity of livestock production should lead to a

range of co-benefits due to more efficient production.

Any adverse
environmental

Improving livestock health should not have any adverse impacts as
increasing production without increasing either inputs or livestock numbers

impacts will reduce all emissions per tonne of product.
Social This is likely to be good. Improvements to livestock health should also lead
acceptance to improvements in livestock welfare which is an issue of considerable

public concern in at least some EU MS.

Ecologic evaluation

Frelih-Larsen et al., (2014) found that there is significant potential for mitigating emissions by
improving animal health. They also considered that due to the productivity benefits that arise
from improving animal health, much of this mitigation potential could be achieved at low or
negative cost.

Key points
Factors influencing health control costs

Fourichon et al., (2001) cite selection of animals for increased milk yield, greater milk solids
and larger animals increased requirements for health care. Health costs were also greater for
open than for closed farming systems. Farming systems that lessen contact between farm staff
and the cattle, i.e. due to extensification or diversification, also lead to increased health costs.
For example, costs were greater in mixed beef and dairy farms than in specialized dairy farms.
There was no effect of herd size on health control costs.
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Applicability

While the mitigation potential of reducing disease is starting to be recognised, only a small
number of studies have attempted to quantify it within the EU (Frelih-Larsen et al., 2014).

Timescale over which mitigation action becomes effective and duration

The timescale should be short, with the mitigation action maintained for as long as stock health
remains satisfactory.

Leakage (production displacement)

Improvements to livestock health should lead to increases in production and production
efficiency. These are likely to improve the competitiveness of EU livestock production. Hence
improving livestock health within the EU would not be expected to lead to transfer of production
elsewhere.

Conclusions

This mitigation action should be given further consideration as an option for GHG abatement
that should be encouraged and promoted. In some cases it is likely to prove difficult to establish
the abatement that can be achieved but it would be worthwhile to identify those diseases which
lead to the greatest impairment of livestock performance and which of those are amenable to
treatment. Verification of actions should be straightforward from veterinary records but
estimating GHG abatement would need to be modelled and the validity of current models
needs to be assessed. However, it is more appropriate for promotion to improve animal health
and welfare motivations. The impacts on GHG emissions at the farm scale may be detectable
using a Carbon Calculator tool and further consideration for adoption under the CAP could be
through that MA.
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Use of sexed semen for breeding dairy replacements

Introduction
This mitigation action is considered with respect to its potential for reducing emissions of CHa.

Dairy cows need to be pregnant to produce milk. However, a dairy cow completing n lactations
requires only c. 1/n viable heifer calves to maintain the dairy herd. In practice, slightly more
than 1/n are needed as some heifers are infertile. As a result the majority of the n calves born
are surplus to requirements and may be sold to beef producers to be raised for meat. However,
modern dairy breeds such as Holsteins are not considered to be well conformed to be raised
as beef cattle. If this situation could be improved, the sourcing of calves from the dairy sector
has the potential to reduce GHG emissions from beef production by reducing the need for
suckler cattle.

Technology, such as semen sexing (which may be expensive now but could become more
economical), would improve the beef quality of the calves from the dairy herd and should
increase the proportion of the beef from the dairy herd (Webb et al., 2014). Sexed semen (90%
X-sorted) will alter the ratio of heifer to bull calves from 50:50 to 90% heifer calves and 10%
bull calves (Teagasc, 2014). Sperm can be sorted because sperm containing an X-
chromosome (female offspring) contain approximately 4% more DNA than sperm containing a
Y-chromosome (male offspring). Relative to the number of sperm required for each Al straw,
sperm sorting is slow. As a result, the number of sperm per sexed semen Al straw is only 10%
of that in conventional Al straws (2 million sperm vs. 20 million sperm). Due to a combination
of the lower dose and unavoidable sperm damage sustained during the sorting process, the
fertility of sexed semen is reduced compared with conventional semen. Previous studies in the
USA have found a reduction in conception rates using frozen sexed semen of approximately
75 to 80% of those achieved with conventional semen. A study in New Zealand using fresh
sexed semen indicated conception rates were approximately 94% of those achieved with
conventional semen.

Table recording results of the evaluation of use of sexed semen for breeding dairy
replacements in ruminants

Mitigation Appears to be quite small, perhaps only 1% (Webb et al., 2014). There is
potential little work on the topic.

How effective is | Likely to be equally effective across all MS.
the action
across the EU?

How sensitive is | Will not be sensitive as the action will be implemented by vets.
the action to
farmer
implementation?

Compatibility Would be compatible with intensive dairy systems in which animal health is
with farming closely monitored.

systems

Impact on farm | Currently expensive.

income

Verifiable

Field sampling Not appropriate.

and testing

Remote sensing | Not appropriate.
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Record Easily verified by reference to farm and veterinary records.

Inspection

Other

Co-benefits Would reduce the number of calves sent for immediate slaughter. May also

calves), and improve biosecurity by allowing farmers to increase herd size
while maintaining a closed herd (Teagasc, 2014).

reduce the incidence of calving difficulty (heifer calves are lighter than male

Any adverse
environmental

impacts
Social Probably acceptable, given the favourable welfare implications, but may be
acceptance considered unnecessarily intrusive.

Ecologic evaluation

Frelih-Larsen et al., (2014) did not evaluate this option.

Key points

Webb et al. (2014) concluded that sexing semen, even if 100% successful, only achieves a
1% decrease in GHG emissions from beef production. It is noted that there are, not necessarily
good, implications for the breed type of the beef.

Applicability
Technology such as semen sexing, is expensive now but if costs come down this mitigation

could become feasible. This would improve the beef quality of the calves from the dairy herd,
but does not increase the proportion of the beef from the dairy herd.

Leakage (production displacement)
This mitigation action is unlikely to lead to leakage.

Conclusion

There is not enough data reporting reductions in GHG emissions from adoption of the
mitigation action to recommend this mitigation action be considered further within this project.
The primary motivation for a farmer to implement this action is likely to be of economic nature
rather than introducing this measure for greenhouse has mitigation.
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Breeding lower methane emissions in ruminants

Introduction

This mitigation action is considered with respect to its potential for reducing emissions of CHa.
This mitigation action is envisaged as breeding distinct breeds of ruminants with reduced
emissions of CH4 per tonne of product.

Historically, selection for efficiency of production in ruminant species has also led to reductions
in emissions of CH4. In many cases this has been achieved through selection of production
traits and traits related to the efficiency of the entire production system (e.g., fertility and
longevity). The impact of selection on these traits is twofold:

¢ Reducing the number of animals required to produce a fixed amount of output. This
leads to a reduction in emissions of CH4 per kg of meat or litre of milk produced.

e Increasing the efficiency of production will help reduce the finishing period for meat
animals, therefore reducing emissions per unit output. Moran et al., (2008) reported
that the efficiency of beef production systems was paramount in reducing the GHG
emissions per unit output; intensive concentrate based systems produced the least
emissions. While this study did not consider the externalities of the system such as the
carbon cost of producing concentrate diets, some energy-rich crops, such as forage
maize, require substantially less N fertilizer input than conserved grass. There is also
a significant breed difference suggesting that bigger breeds of cattle produced less
emissions/unit output than the smaller, traditional, breeds.

Defra project AC0204 (Genesis Faraday Partnership, 2008) modelled the effect of genetic
improvement on emissions from UK livestock systems using Life Cycle Assessment. This
study showed that historic genetic improvement in UK livestock species has had a favourable
effect on the overall productivity of livestock species. It has also had a favourable associated
effect on the reduction of emissions from many livestock species via improvements in efficiency
of the production system. Improvement in livestock species has resulted in a 0.8 to 1.2% per
annum decrease in emissions from species that readily adopt genetic improvements
throughout the population (i.e., pigs, poultry and dairy cattle). However the impact of genetic
improvement in beef cattle and sheep has a far lower penetration rate and the best genetics
do not disseminate through all strata of the livestock population.

Table recording results of the evaluation of breeding lower methane emissions in
ruminants

Mitigation To be determined
potential

How effective is Likely to depend upon the livestock currently in use.
the action across

the EU?

How sensitive is | If more productive breeds can be developed which emit significantly less
the action to CHa than current, implementation should be independent of the farmer.
farmer

implementation?

Compatibility with | Compatible. Breeding for improved production is well established.
farming systems

Impact on farm Depends on the ratio of additional cost to additional input.
income

Verifiable
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Field sampling Not appropriate.
and testing

Remote sensing | Not appropriate.

Record Can be done by presenting evidence of breed.
Inspection

Other

Co-benefits

Any adverse
environmental

impacts
Social There may be some concerns that such breeding is changing the inherent
acceptance characteristics of ruminants.

Ecologic evaluation
Frelih-Larsen et al., (2014) did not evaluate this option.

Key points

Applicability

This action cannot be implemented on farms until a breeding programme has been carried out.
Leakage (production displacement)

Since the mitigation action is linked with improved productivity, and may therefore increase the
competitiveness of the UK livestock industry, it does not appear to be a mitigation action likely
to lead to leakage.

Conclusions

Selection to produce breeds of ruminants that emit less CH4 has been initiated in at least one
Member State (MS). Once breeds that emit less CH, become available, their adoption by
farmers could be incorporated into CAP. However, it may be considered that promoting
measures that can also increase productivity is not appropriate for CAP.
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Feed additives for ruminant diets

Introduction
This mitigation action is considered with respect to its potential for reducing emissions of CHa.

There are a several materials which may be added to livestock feeds in order to reduce CHa,
emissions. Such additives may work directly, by reducing the conversion of carbohydrate to
CHa4 or indirectly, by improving animal performance and thereby reducing emissions intensity.

Propionate precursors

Hydrogen produced in the rumen through fermentation can react to produce either CH4 or
propionate. By adding propionate precursors (e.g., fumarate) to animal feed, more hydrogen
is used to produce propionate and less CH, is produced (Moran et al., 2008). Moran et al.,
(2008) reported that increasing the percentage of propionate at the expense of acetate by 25%
reduced CH4 emissions by c. 22%. Milk yield increased by 15%.

Fat supplementation
Increasing the fat content of the diet proportionally reduces enteric CH4 emissions.

Conventional ruminant diets contain 1.5 to 3% DM fat; the fat content of forages (Frelih-Larsen
et al., 2014). Concentrates also typically contain c. 2 to 3% fat.

An additional fat supplementation of 2 to 4% fat to increase the total fat content to 5 to 6% was
evaluated by Frelih-Larsen et al., (2014). The evaluation reported that some farmers already
use supplementary fat in the diets, but there is potential for additional uptake. There are
differences among fat sources in terms of their effect on land use and land use change, these
differences need to be taken into account.

There are three mechanisms by which fat reduces enteric CH4 emissions:

e The increased amount of fat replaces other energy sources in the diet, mainly
carbohydrates. While carbohydrates are digested in the rumen, fats are digested in the
intestine and do not contribute to enteric CH4 emissions.

¢ Medium chain fatty acids (e.g. those in coconut and palm kernel oil) and unsaturated
fatty acids (e.g. those in linseed, rapeseed, sunflower, soybean) selectively reduce
some of the rumen microbes, thus reducing CHs emissions. Rumen-protected fat
products and long-chain saturated fatty acids do not have these effects.

e Unsaturated fatty acids also act as a hydrogen sink in the rumen, reducing CHa
production. However, this is a less important effect compared to the other two
mechanisms (Frelih-Larsen et al., 2014).

The overall reduction in enteric CH4 emissions is proportional to the amount of fat in the diet
(Frelih-Larsen et al., 2014). However, nutritional and practical aspects impose a limit of 5 to
6% DM total fat content.

Probiotics

Probiotics are microbes used to divert hydrogen from methanogenesis towards acetogenesis
in the rumen, resulting in a reduction in CH4 produced by enteric fermentation. There is an
added benefit in that acetate is a source of energy for the animal and therefore can improve
overall productivity of the animal. These additives can be used in diets with high grain content.
There is variation in the extent to which probiotic additives reduce CH, emission. Moran et al.,
(2008) used an abatement efficiency of 7.5%. They also estimated an improvement in
production of 10%.

lonophores

lonophore antimicrobials (e.g., monensin) can improve the efficiency of livestock production
by decreasing the dry matter intake (DMI) and increasing performance and decreasing CH4
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production (Moran et al., 2008). The effect of these types of feed additives on production and/or

CHa4 is variable. Moran et al., (2008) used a reduction in CH4 emissions of 25% with a 25%
improvement in production. This option was studied for beef and dairy cattle.

Table recording results of the evaluation of using feed additives in ruminant diets

Mitigation
potential

Depending upon the feed additive used, CH4 emissions may be reduced
by up to c. 20%.

How effective is
the action across
the EU?

Should be effective in all regions of the EU.

How sensitive is
the action to
farmer
implementation?

Likely to be more sensitive on cattle and sheep farms where a greater
proportion of feeds are made from forages grown on the farm.

Compatibility with
farming systems

Variable and will depend upon the additive used. Likely to be compatible
with most farming systems since the additives also increase production.
However some additives will not be used by organic farmers.

Impact on farm
income

Likely to boost net farm income.

Verifiable

Verification of emission reductions may be problematic until more robust
data are available on the GHG mitigation associated with feed additives.

Field sampling
and testing

Not appropriate.

Remote sensing

Not appropriate.

Record The use of additives will be easy to verify from farm records.
Inspection

Other

Co-benefits There will be increased production per animal which should reduce

overall emission intensity leading to reductions in other emissions.

Any adverse
environmental

impacts
Social Will depend greatly on the feed additive used. Fat addition should not
acceptance cause concern but the use of probiotics or hormones is likely to do so

because of legal issues.

The use of lonophores are forbidden in the EU — see further detail in
lonophore section below.

Ecologic evaluation

The Frelih-Larsen et al., (2014) study only considered fat supplementation. They concluded
that support for direct costs (i.e. increased feeding costs) is not practical to implement.
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Key points
Applicability

Some farmers with high productivity dairy and beef herds are already supplementing livestock
diets with fat to boost the energy content of the diet, especially in the most productive periods
of the year. However, even for those animals, the total fat content might be below 5 to 6% DM
(Frelih-Larsen et al., 2014). Pellerin et al., (2013; cited in Frelih-Larsen et al., 2014) suggested
that in France 5% of dairy cows receive feed that is supplemented with fats.

lonophores

It should be noted that the use of ionophores is currently forbidden in the EU but they have
been routinely used as a growth promoter in some non-EU countries. The urgent need to
reduce GHG emissions may lead to the acceptance of ionophores since their use can reduce
emissions of CH4. There have been some reports of potential unfavourable side-effects with
the application of this treatment with an increase in metabolic disorders in the animal (Moran
et al., 2008).

Fat supplementation

According to Frelih-Larsen et al., (2014) the persistence of the mitigation effect has not been
adequately addressed yet: some studies do report long-term effects, but data are inconsistent.

Leakage (production displacement)

As feed additives improve animal performance, thereby increasing productivity, it is unlikely
that adoption of the mitigation action will lead to leakage.

Conclusions

This topic covers a number of options. The adoption of some of these would be difficult.
However, the topic should be further examined to determine which, if any, feed additives might
be suitable for promotion under CAP. In subsequent work only fat supplementation is
evaluated further.
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Optimized feeding strategies for livestock

Introduction

This mitigation action is considered with respect to its potential for reducing emissions of CH,4
and N20.

This mitigation action aims to optimise dietary intake by matching feed intake to the
requirements of the animals. Farm animals are often fed diets with more crude protein than
they need as a safeguard against a loss of production arising from a protein deficit through
inaccurate analysis and/or formulation of the diet. Surplus N is not utilised by the animal and
is excreted. The main source of dietary N use inefficiency, for the dairy cow at least, is the
rumen (Moorby et al., 2007). Restricting diets to only the required amounts of N can limit the
amounts excreted without affecting animal performance. Excretion can also be reduced by
changing the composition of the diet to increase the proportion of dietary N utilised by the
animal; for example, by optimizing the balance of N to carbohydrate in ruminant diets or by
reducing the proportion of rumen-degradable protein (Moorby et al., 2007). This requires better
characterisation of animal diets (e.g. conserved forages) to allow any supplementary feeds
(concentrates or straight mix feeds) to be chosen to complement them (Moorby et al., 2007).

Best practice is to apply multi-phase feeding to animals grouped according to their growth
stage, sex, reproductive status, exercise level, etc. The feed conversion ratio and nitrogen (N)
utilisation are optimized for each group.

A diet closely matched with the animal’s requirements improves general health and fertility,
improving production at the herd level (Frelih-Larsen et al., 2014). Enteric CHs emission per
unit of product may also be reduced through maintaining a healthy rumen and maximizing
microbial protein synthesis. The main GHG reductions are achieved through reductions in
direct and indirect NoO emissions from excreta and manure as a result of reducing N excretion.

Reduction in N excretion is achieved by adjusting protein content to match animal
requirements. This often involves supplementing diet with synthetic essential amino acids.
Frelih-Larsen et al., (2014) cite reductions of 5 to 60%, 10 to 35% and 25 to 50% reduction in
N excretion for pigs, poultry and cattle, respectively.

Precision grazing offers improved targeting of the nutritional requirements of pasture-based
ruminants. Both animal performance and grass yield and quality are monitored and animals
are matched to the best suitable fields (Frelih-Larsen et al., 2014). Precision feeding of
ruminants receiving a high amount of grass silage includes monitoring the forage quality and
adjusting the concentrate ratio. Potentially the protein content of forages can be reduced by
increasing the maize or wheat silage content of the diet at the expense of grass products,
though it has undesirable effects on land use change (Frelih-Larsen et al., 2014). If ruminants
are being fed large amounts of concentrates, the diet can be adjusted by changing the
composition of the concentrates.

Table recording results of the evaluation of optimized feed strategies for livestock

Mitigation The GHG mitigation potential is uncertain as it will depend upon current
potential feeding practice. Many EU farmers are already using best practice but there
is likely to be potential to improve diets in newer MS and in regions where
livestock are raised extensively.

How effective The effectiveness will vary greatly among farms and regions depending

is the action upon the composition of diets currently being fed. Components needed to
across the EU? | improve precision of feeding, e.g. synthetic essential amino acids (SEAAS)
may not be readily available in all parts of the EU.

How sensitive For pig and poultry farmers there will be little sensitivity as a range of feeds
is the action to | appropriate to the animal’s growth stages are already available from feed
farmer
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implementation
?

manufacturers. For cattle and sheep farms the sensitivity will be greater as
feeds are more likely to be mixed on farm.

Compatibility May not be compatible with all farming systems as information of animal
with farming performance may not be available.

systems

Verifiable

Field sampling | Not appropriate.

and testing

Remote Not appropriate.

sensing

Record The adoption of phase feeding will be easy to verify from feed records.
Inspection

Other

Co-benefits The main benefits from optimized feeding practices will be in reduced NHs

emissions and NOs" leaching.

Any adverse
environmental

impacts
Social Likely to be generally good. May also bring benefits in terms of job creation
acceptance or security in providing advice on diet formulation.

There may be concerns in grassland areas if grass-based forages are
replaced by maize - or cereal-based feeds.

The use of SEAAs is not permitted in organic farming systems.

Ecologic evaluation

Frelih-Larsen et al., (2014) evaluated ‘precision feeding and multi-phase feeding for livestock’.
The report concluded there was additional uptake potential mainly on medium-sized farms, in
the ruminant sector and in improving current practice. This mitigation action can reduce
pollution by reducing N inputs and excretion. However, the greatest proven emission reduction
was of ammonia. The effects on direct NoO emissions from manure were not considered
conclusive. While savings can be achieved in terms of feed costs, the capital investment
required is likely to be an important barrier, especially for middle-sized and smaller farms.

Key points

Factors influencing feed optimization

The impacts of reducing N excretion on direct emissions of N-O and emissions of CH, during
manure storage were reported by Frelih-Larsen et al., (2014) to be inconclusive.

Applicability

Precision and multi-phase feeding can be implemented for all types of livestock, including
poultry, pigs and cattle. A wide range of technologies is available both for collecting information
about the animals’ requirements (e.g. by checking their yield or N excretion) and for precise
feed formulation, including feed analysis and feed mixing.

The number of phases and the GHG mitigation potential depend on the type of the animals
and should be adapted to local circumstances (Frelih-Larsen et al., 2014). In Europe,
nutritional recommendations are widely available, but the availability of feedstuff needed for
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precise feed formulation (e.g. SEAA) might vary among countries and might limit the
applicability of the operation (Frelih-Larsen et al., 2014).

Precision and multi-phase feeding are more applicable to pigs and poultry than to ruminants,
partly because it is easier to control and change the nutrient content of concentrates than of
forages, and partly because ruminants’ nutrient (in particular protein) requirements can be
predicted with less accuracy than those of monogastrics due to the biochemical processes in
the rumen (Frelih-Larsen et al., 2014). Poultry usually can be fed in three to five phases (six
phases are used for broilers in the UK), while two to five phases are generally applied for pigs.

Precision and multi-phase feeding are mostly applicable to bigger farms due to economies of
scale. The capital investment and personnel requirements make the action less affordable to
small farms. For example, in Denmark for pig farms it is considered to be applicable above
1,300 pig places (JRC, 2013; cited in Frelih-Larsen et al., 2014).

A reduced N content in the manure implies that more N fertilizer would be required in field
application, giving rise to increased GHG emissions from N fertilizer (JRC, 2013; cited in Frelih-
Larsen et al., 2014). However, Pellerin et al., (2013; cited in Frelih-Larsen et al., 2014)
suggests that there is little impact on the fertilizing value of manure.

Moran et al., (2008) evaluated the cost-effectiveness of increasing concentrates and maize
silage in the diets of dairy and beef cattle and reported the greater use of maize silage to be a
cost effective option for dairy cattle.

Timescale over which mitigation action becomes effective and duration

The mitigation action will become effective as soon as improved diets or phase feeding are
introduced.

Leakage (production displacement)

As improved feeding practices are implemented to at least maintain, if not increase
productivity, it is unlikely that adoption of the mitigation action will lead to leakage.

Conclusions

This mitigation action is recommended for consideration for adoption into the CAP.
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Anaerobic digestion (to reduce GHG emissions during
manure storage)

Introduction

This mitigation action is considered with respect to its potential for reducing emissions of CH4
and N20.

For the purpose of this project, anaerobic digestion (AD) is considered only as an option to
reduce GHG emissions during manure storage.

During storage of manures the GHGs CH4 and N>O may be emitted. Emissions of N.O take
place when crusts form on slurries which are held in open stores as a result of nitrification and
denitrification of mineral N. Anaerobic digestion converts volatile carbon compounds in slurry
into CH4 during digestion, thereby reducing or eliminating the potential for CHs generation
during storage of the digestate. The reduction in easily-degradable carbon also reduces the
potential for nitrification and denitrification during subsequent storage of the digestate and
hence N20O emissions.

As well as reducing GHG emissions, Massé et al., (2011) reported the following benefits that
may be derived from AD:

e Reducing the P surplus by precipitating up to 25% of it in batch or semi-batch operated
bioreactors, and by precipitating and concentrating up to 70% of bioreactor effluent P
in long term storage bottom sludge.

o AD digestates are better balanced to meet crop nutrient requirements than raw slurries,
thereby reducing the need for supplementary fertilizer N and P.

¢ Reduction of the risk of water pollution associated with slurries (i.e., eutrophication) by
removing 0.80—0.90 of soluble chemical oxygen demand.

e Some AD eliminate zoonotic pathogens and parasites in livestock manures.

e AD reduces odour emissions by 70 to 95%, allowing more frequent and better timing
of manure land application.

¢ Both timing of application and improved nutrient balance have the potential to increase
nutrient uptake by crops and minimize nutrient losses to the environment.

e Reduction in the viability of weed seeds during AD reduces the need for herbicides and
makes bioreactor effluent more acceptable to organic farmers.

However, Massé et al., (2011) cautioned that inadequate regulatory policies and incentives
are obstacles to widespread implementation of AD in developed and developing countries.
However, adoption of AD is an alternative which could substantially reduce the carbon and
environmental footprint of housed livestock operations.

Soland et al., (2013) reported acceptance of biogas plants by local residents in Switzerland is
relatively high.

Table recording results of the evaluation of anaerobic digestion

Mitigation The adoption of AD can reduce emissions of CH4 from manure storage.
potential

How effective is The action is likely to be more effective in warmer regions as the emission
the action across | of CH4 from stored manure increases with temperature.
the EU?

How sensitive is Farmer implementation of AD should not vary significantly. However, the
the action to management of stored manures is likely to vary considerably among
farmer farmers, hence there will be variation in unabated emissions.
implementation?
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Compatibility with | AD can be compatible with farming systems. The digestate can contain
farming systems | more available N and a more consistent content of available N than
untreated manures. This increases the confidence in manure as a reliable
source of N from crops.

The main barriers to the uptake of AD on farms are the large capital cost
and, for cattle farms, the lack of a consistent supply of manure feedstock
throughout the year.

The most promising approach to using livestock manures for biogas
production is to build centralised AD plants that also use liquid food
wastes as a substrate and utilise the energy on site in food processing.

Impact on farm Would provide an additional source of income from the CH, and/or
income electricity produced.

Verifiable

Field sampling Not applicable

and testing

Remote sensing | May be possible to identify AD plants but not their impact on emissions
during manure storage.

Record The adoption of AD can be readily verified by recording digester output.

Inspection

Other Verification of the GHG emissions abated would need to be based on
modelling of the emissions of manures that would otherwise have been
untreated.

Co-benefits There can be other environmental benefits such as better utilization of

manure-N, reduced risk of P entering watercourses and overall reduced
risk of water pollution.

In particular, the use of centralised AD plants can enable a better
distribution of livestock manures by diverting digestate from farms with
surplus manure to farms with capacity to apply more manures.

Battini et al., (2014) reported that GHG emissions from dairy farming on
the Po valley could be reduced by 24% if digestate is stored in an open
tank but by 37% if digestate is stored in a closed tank. This would also
reduce NHs; emissions.

Any adverse
environmental

impacts
Social This is likely to be good. However, there may be objections to centralised
acceptance AD plants as these will require transport of livestock manures to the AD

plant and then transport of the digestate to farms for application to land.

Ecologic evaluation

This option was not evaluated by Frelih-Larsen et al., (2014).

Key points
Factors influencing GHG reduction

More recent work by Rodhe et al., (2014) indicates that GHG emissions during manure storage
may be greater from digestate than from raw slurry during summer. No differences were
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reported for slurry stored over winter. Rodhe et al., (2014) reported that the volatile fatty acid
content of the digestate was ‘low’ while the CH,4 conversion factor (MCF) of the digestate was
2.2% in summer and 0.5% in winter. Both values are less than the typical 2.7% MCF reported
for cattle slurry in Sweden. Rodhe et al., (2014) suggested the greater emissions of CH, from
digestate could be the result of a larger microbe population and more active anaerobic
microbes converting lignocellulose to CH4. The retention time in the digester was cited as 30
days by Rodhe et al., (2014). This duration may have been insufficient to allow full conversion
of potentially labile carbon to CH4 during the digestion process (Wulf, 2014, pers. comm.).

Covering the digestate store significantly reduced CH4 emissions. Storage under gas-tight
covers and collection of any CH4 generated was suggested as a means of reducing CH,
emissions and increasing overall CH4 production.

Applicability

Brown et al., (2007), in a study of farms in Nova Scotia, concluded that without incentive
schemes, on-farm biogas energy production was not economically feasible across the farm
size ranges studied (200 to 800 sows; 50 to 500 dairy cows, except for 600 and 800 sow units).
Among single policy schemes investigated, green energy credit policy schemes generated the
greatest financial returns, compared with cost-share and low-interest loan schemes.
Combinations of multiple policies that included cost-share and green energy credit incentive
schemes generated the most improvement in financial feasibility of on-farm biogas energy
production, for both pig and dairy farms.

The potential for reducing on-farm GHG emissions, for both cattle and pig farms, has been
reported across the EU from Spain (Marafion et al., 2011) to Finland (Kaparaju and Rintala,
2011).

However, the extent to which the technology may be taken up is uncertain. Tranter et al.,
(2011) assessed potential uptake in England from a survey of 381 farmers. Around 40% of
respondents indicated they might install AD on their farms. The possible adopters tended to
have large farms and might utilise some of their land for feedstock production along with the
manure from their livestock. Further, there are considerable perceived barriers to the
widespread adoption of AD on farms in England. These include the capital costs of installing
AD and doubts about the economic returns being adequate to repay the investment.

Mbzibain et al., (2013), in a survey of 2000 farmers in England, found AD to be the form of
renewable energy least commonly adopted by farmers.

Timescale over which mitigation action becomes effective and duration

The action would become effective as soon as stores containing undigested manure have
been emptied.

Impacts on other emissions

Battini et al., (2014) reported a worrying increase of c. 42% in ozone formation due to
emissions of NOx from gas combustion. Storing digestate in closed stores will reduce
emissions of NHz during storage.

Leakage (production displacement)

Since production will not be compromised, adoption of this mitigation action is unlikely to cause
leakage.

However, since an AD plant is a long-term investment which can be optimised by having a
continuous source of feedstock, it can create incentive to use material with higher energy
content than manure or waste and lead to farmers growing crops such as grain maize to
provide an additional, buffer, feedstock replacing other crops. This might lead to (considerable)
leakage effect and has also negative effects on biodiversity etc.
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Conclusions

The adoption of AD in only to reduce GHG emissions during manure storage will not be a cost-
effective action. Anaerobic digestion should only be adopted if it produces renewable energy
cost-effectively. However, an AD plant is a long-term investion and requires feedstock to run
and thus it can create an incentive to use material with a greater energy content than livestock
manures or biodegradable wastes (e.g. on-farm wastes of wastes from food processing)
thereby motivating farmers to grow maize monoculture to provide a high-energy feedstock.
This might lead to (considerable) leakage and negative effects on biodiversity.

We conclude that AD is beneficial as long as it is ensured that only livestock manures and
wastes are used. If this restricition is included then this action could be adopted under CAP to
ensure that digestate stores are covered so that CH4 emissions are minimised, or the CHa is
collected and added to the overall production, to ensure net CH4 emissions during storage are
reduced.
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Soil management plans

Introduction
This mitigation action is considered with respect to its potential for reducing emissions of N»O.

A soil management plan identifies inherent and management risks for soil erosion by wind or
water at a farm / field scale. A plan provides a structured framework to record and implement
multiple techniques which are cost effective over a number of years. Actions should be
reviewed and updated annually.

Table recording results of the evaluation of soil management plans

Assessment
criteria

Mitigation potential

How effective is
the action across
the EU?

How sensitive is
the action to
farmer
implementation?

Compatibility with
farming systems

Impact on farm
income

Verifiable

Evaluation results

The mitigation potential depends on the action(s) included in the
plan, and the implementation of those actions.

Mitigation potential will vary between seasons depending on
differences in weather and crop performance.

The action is effective across a wide range of soil types and farming
systems, and so is effective across the EU.

The validity of a soil management plan is reliant on the accuracy of
data entered into the plan, frequency of monitoring implementation
of recommended actions and recording outcomes and amendments
from the plan to reflect actual performance on farm over the year.
Therefore the action is highly sensitive to farmer implementation.
For example recording if a field was identified as compacted and
the details of any remedial actions taken.

These management plans can be used on all farm systems.

There are associated costs with preparation of a management plan.
Frelih-Larsen et al., (2014) suggested costs of €100/farm/yr based
on expert estimation for an erosion prevention plan, but did not
indicate if this is establishment or an annual review. Expert
judgement suggests that initial preparation can take 1 to 2 days of
advisor time dependent on the size of the farm and 0.5 to 1 day for
an annual review. Advisor day rates vary considerably across the
EU. Cost savings can be achieved if the farmer is suitably skilled to
complete their own soil management plan.

There may also be capital and maintenance costs associated with
the establishment of a mitigation option recommended and selected
from the management plan. For example: subsoiling.

The use of soil management plans can assist in identifying issues
and management requirements, but also quantify frequency of
mitigation actions and therefore the associated costs.

Soil Management Plans

As for nutrient management plans, we recommend a detailed
verification of the appropriate design of the plan. Soil erosion plans
are a long commitment with a minimum duration of five years.

Verification can include:
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¢ Visual soil assessments to assist in identifying soil types and
soil structure issues, and to verify soil classification maps
which can have a range of scales.

e Use of penetrometers to assess compaction levels within
fields.

e Use of remote sensing or aerial photography to identify soil
movement.

Field sampling and
testing

Remote sensing
Record Inspection = The planning action is verifiable by record inspection.
Other

Co-benefits e Reduced nutrient loss to water and losses of air pollutants to

the atmosphere.

¢ Improved soil structure, macro and micro porosity.
Soil water retention and availability.

e Improved potential for increased root mass and therefore
yield potential.

e Targeted mechanisation and potential for reduced
machinery costs.

Any adverse None identified.
environmental
impacts

Social acceptance = Anecdotal evidence indicates management plans can be seen as
compliance tools e.g. for Nitrate Vulnerable Zones (NVZs) - not as
business management tools to influence capital expenditure and
management decisions.

Requires additional investment in education and guidance to ensure
uptake whether at a farm or advisor level.

Ecologic evaluation
Erosion control plans were reviewed in the Ecologic report, (Frelih-Larsen et al., 2014)
Benefits include:

Increased efficiency of soil erosion prevention in order to achieve:
e Reduced SOC loss
e Reduced GHG emissions (direct N2O and CO: from fertilizer manufacture)
e Reduced energy use

The use of an erosion control plan can increase the efficiency of actions that contribute to:
Reducing direct emissions from N fertilizers

Reducing the CO2ze emissions from fertilizer manufacture

Reduction in N leaching

Reduction in the amount of N that needs to be applied to the following crop

In order to accomplish adaptation by the application of the control plan the following operation or
combination of operations is/are proposed:

e Provision of payments for the development of soil erosion plan

e Provision of payments for the documentation of the implementation of the plan
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