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Abstract

This is the final report of the project “Mainstreaming climate change into rural
development policy post 2013”. The project aimed to support the mainstreaming of
climate change into Rural Development Programmes (RDPs) 2014-2020 by providing
Technical Guidance for Member States’ Managing Authorities on the design and
integration of new and innovative climate operations. The main body of the report,
which summarises the project methodology and key findings, is accompanied by six
Annexes which give more detailed guidance and examples. The Technical Guidance
includes 25 technical fiches for new and innovative climate actions. Moreover, the
project developed suggestions and guidelines for potential combinations of rural
development (RD) measures which could enhance synergies for climate objectives
under Priority 4 and Priority 5 of RDPs. The project also explored the potential for
increased climate action through LEADER and joint actions under the Cooperation
Measure, highlighting best practice examples of 2007-2013 LEADER climate action
projects, and developed suggestions for promoting climate action in future LEADER
activities, as well as examples of potential climate-focused topics for joint actions
under the Cooperation Measure. Finally, indicators were identified to evaluate the
contribution of the RDP measures and combinations of measures to climate change
mitigation and adaptation objectives, as well as green growth in the EU.
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Executive Summary

This is the final report of the project ‘Mainstreaming climate change into rural
development policy post 2013’. It presents the methodology and outcomes of a nine-
month project, undertaken between December 2013 and September 2014.

The project included five tasks: Task 1 identified new and innovative climate actions
and developed technical fiches for 25 actions. Task 2 examined how climate actions
have been and could further be integrated into LEADER, as well as the Cooperation
Measure. Task 3 identified possible combinations of RDP measures that would increase
synergies for climate objectives. Task 4 identified criteria and indicators for measuring
the contribution of RDP measures and combinations of measures to climate change
mitigation and adaptation and green growth. Task 5 focused on outreach and
consultation with practitioners as well as dissemination of project results through a
project workshop and outreach tools.

Task 1 aimed to: (a) identify a range of new and innovative RDP actions that could
have significant benefits in terms of mitigation and/or adaptation, and (b) create a
suite of technical fiches describing a subset of 25 of these actions. The fiches are brief
summary documents providing an explanation of how a particular action (such as
planting cover crops) could reduce GHG emissions or help to adapt to climate change,
and an example of how the action could be translated into an RDP operation. They
provide guidance on key points such as the conditions likely to favour the operation,
the likely mitigation/adaptation effect, and any ancillary effects. They also provide
brief explanations of the main cost elements likely to arise from the operation.

Mitigation of GHG and adaptation to climate change are complex processes and the
fiches, by necessity, somewhat simplify this complexity. Key parameters, such as
abatement rates, cost-effectiveness and likely uptake rates can be highly variable and
difficult to quantify, and the values presented in the fiches should be seen as
illustrative rather than definitive. However, the purpose of the fiches is to provide
inspiration and examples rather than detailed technical guidance. A workshop with
practitioners was held in the framework of the project. At this workshop, the following
potential barriers to the uptake of climate change actions were highlighted: (a) lack of
knowledge of the rate of climate change, and its implications; (b) lack of knowledge
regarding the potential (win-win) benefits of climate change actions; and (c) the
difficulties of measuring and verifying (and therefore rewarding) the impact of actions.
Improving understanding of the impacts could be achieved through more widespread
and consistent use of carbon audits; however reservations were expressed during the
workshop that measurement methods can be inconsistent and open to manipulation.
In general the fiches were welcomed by the participants at the project workshop.

Task 2 aimed to identify best practice examples of LEADER projects from the 2007-
2013 programming period, and outline the options for how to further promote climate
action through LEADER in 2014 - 2020, as well as through the joint actions under the
Cooperation Measure and thematic-sub-programmes. The LEADER instrument has so
far supported different types of climate actions, focusing more on capacity building,
renewable energy, and energy efficiency, with a limited focus on explicit adaptation
activities. The LEADER project factsheets illustrate that LEADER can deliver concrete
benefits beyond climate mitigation and adaptation such as for rural economies, social
development and rural quality of life. There is further potential to increase climate
action under LEADER, although a number of/several challenges need to be addressed
to realise the potential of this instrument for climate mitigation and adaptation.
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Managing Authorities can play an important role in increasing the role of climate action
in local development strategies and LEADER projects by how they administer the
LEADER instrument and by providing technical guidance to LAGs, and increasing
experience sharing and knowledge exchange. LEADER can continue to mobilise low
carbon initiatives in rural areas through capacity building for carbon consciousness
among rural population and rural business, low carbon planning activities, as well as
directly support the innovative actions outlined in Annex 1. In addition, more
emphasis can be placed on adaptation activities under LEADER.

Joint actions under the Cooperation Measure offer the opportunity for setting-up
cooperation groups to test and implement innovative collective projects. As a testing
ground for locally specific and appropriate solutions, joint actions can be used to
develop solutions related to emission reduction or climate adaptation, which can later
be rolled-out more broadly through other RD measures. The Cooperation Measure is
also a very useful instrument to support collective landscape level solutions, where the
added value of joint action is significant and required (for example, in the case of
wetland restoration).

The objective of Task 3 was to identify and describe appropriate combinations of
climate-oriented RD measures for promoting specific mitigation or adaptation
operations, considering requirements for programming and overall effectiveness of the
mix of measures. Although a combination of measures is often considered useful in
order to exploit synergies, only few member state Managing Authorities have
experience with the implementation of combined measures in a formal and obligatory
way, which means by joint programming and implementation. It is considered to be
associated with increased efforts for programming and administration. Measures have
been mostly implemented separately without using obligatory measure combinations
which leads to more flexibility. Nevertheless, synergies and complementarities
between measures can also be achieved if measures are combined on a voluntary
basis, i.e. beneficiaries have the flexibility to select one or several RD measures that
suit their specific conditions and needs. For this, RD programmes should be designed
to consist of a set of single measures that could also be implemented in combination
when they complement each other.

In Task 4 a number of criteria and indicators were compiled in order to evaluate the
contribution of the RD measures and measure combinations to climate change
mitigation and adaptation, as well as to green growth. While result indicators are
suited for the evaluation at the RD measure level, impact and green growth indicators
can be used on a sectoral or national scale. On this aggregated scale, effects of single
measures/measure combinations are difficult to separate from other influences and
might be too small to measure. Indicators that are used on local or regional levels,
however, normally cannot account for leakage effects (e.g. a displacement of GHG
emissions due to increased imports from other regions or countries). Nevertheless,
indicators measuring resource-use efficiency and relating GHG emissions to farm
outputs or GDP are especially useful for the evaluation of the contribution to green
growth objectives.

In Task 5, a project workshop was organised and outreach tools developed.
Complementing the ongoing consultations with experts and practitioners which were
carried out under Tasks 1 - 3, a one-day workshop was organised where preliminary
project results were presented, and feedback was sought from Managing Authorities
and other relevant stakeholders. Over 40 participants attended the workshop, and
valuable insights were obtained. The technical guidance for Managing Authorities,
comprising the different annexes to this report that can be read as stand-alone
documents or in combination with the final report, is the core output of the project. In
order to disseminate the project outputs to Managing Authorities and other relevant
RD practitioners involved in the design and implementation of RDPs (e.g., ministries,
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environmental and farming organisations), different outreach tools have been made
available.

The report is structured in two parts. In the main body of the report, the methodology
is presented and key findings are summarised. The annexes give more detailed
guidance and examples, and should be read in conjunction with the relevant chapter
(See Table 1 in Chapter 1).
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1. Introduction

Policy context

Climate change presents one of the most central challenges for agriculture and rural
areas in the European Union (EU). On the one hand, EU agriculture is an important
source of greenhouse gas (GHG) emissions (EEA 2014b). On the other hand,
agriculture and rural areas are heavily exposed to the effects of climate change. The
complex challenge of mitigating (i.e. reducing) GHG emissions while meeting the
global demand for food under a changing climate requires concerted and systematic
efforts across the EU.

Rural development programmes (RDPs) are a key funding instrument for sustainable
management of natural resources and climate action in the EU. In addition to the
greening of direct payments under Pillar 1 of the Common Agricultural Policy (CAP),
RDPs or Pillar 2 of the CAP provide significant opportunities to advance the response
to climate change, thereby delivering numerous benefits for farming, the countryside
and wider society.

Rural Development Programmes can provide funding for practical actions to help
mitigate emissions and adapt to the changing climate in the agricultural sector and
land management more broadly. In the programming period 2007 - 2013, and in
particular following the CAP Health Check in 2008, Member States already included
various climate activities in RDPs with the focus being more prominently on mitigation
actions, such as renewable energy (especially bioenergy, biomass and small-scale
hydro and wind), energy efficiency, afforestation, improved N-efficiency and manure
management.

In the programming period 2014 -2020, the European Agricultural Fund for Rural
Development (EAFRD, No. 1305/2013) Regulation builds on these past experiences.
The EAFRD Regulation contains several elements that aim to strengthen the strategic
programming and enhance the contribution of RDPs towards the EU’s climate
objectives. These elements include (EC 2013a):

= The setting of clear policy objectives through six strategic priorities, with two of
these priorities directly addressing climate change:

= Priority 4: Restoring, preserving and enhancing ecosystems dependent
on agriculture and forestry;

» Priority 5: Promoting resource efficiency and supporting the shift
towards a low carbon and climate resilient economy in the agriculture
and food sectors and the forestry sector;

= The requirement that climate change mitigation and adaptation are addressed in
RDPs horizontally as cross-cutting objectives

= Increased flexibility, enabling RD measures to be programmed in relation to
several priorities and focus areas

= Result-based orientation of programmes - setting targets for the programmes by
focus areas that are linked to rural development priorities.

The EAFRD Regulation allows for a range of measures that can be used to provide
targeted support for climate operations. Among others, the key rural development
measures for mitigation and adaptation include:
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= The agri-environment-climate measure (Article 28), which provides support
to farmers for adopting environmental or climate related management on their
land;

= Investments in physical assets (Article 17), providing support for tangible
and/or intangible investments which can improve the competitiveness of the
business or be non-productive in nature, linked to achieving requirements under
the agri-environment-climate or forest-environment measures;

= Knowledge transfer and information actions (Article 14) and providing
support for advisory services, farm management and farm relief services
(Article 15);

= Basic services and village renewal in rural areas (Article 20)

= Restoring agricultural production potential and introduction of appropriate
prevention actions (Article 18);

= Investments in irrigation (Article 46);
= Quality schemes for agricultural products and foodstuffs (Article 16); and

= Organic farming (Article 29).

Moreover, opportunities are also available to support coordinated climate actions
beyond farm holding level through the LEADER Instrument (Art. 42-44), the
Cooperation Measure (Art.35), as well as through combinations of several RD
measures.

The extent to which RDPs can effectively promote climate objectives, however,
depends on how the objectives and requirements are translated into the specific
programmes through the inclusion and design of specific climate actions and
operations.

Objectives of the study

In this context, the study aimed to further support the mainstreaming of climate
change into Rural Development Programmes 2014-2020 by providing Technical
Guidance for Member States’ Managing Authorities on the design and integration of
new and innovative climate operations. “New and innovative” actions are defined in
the study as:

= actions either not commonly implemented in the past RDPs (but which have
significant mitigation or adaptation potential), or

= actions which have already been commonly implemented in RDPs but which have
significant additional mitigation or adaptation potential that could be realised
through, for example, changed scope, content or requirements.

The specific objectives of the study were to:

= Develop an inventory of new and innovative types of climate operations which
are explicitly targeted to address climate objectives, and which can fit within
rural development measures while contributing to the EU’s ‘green growth’
priorities.

= Carry out an assessment of these operations according to relevant criteria and
provide technical guidance on how to design and incorporate these operations
within different rural development measures.
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= Provide guidance and best practice examples on how to address climate change
through LEADER, the Cooperation Measure, and the thematic sub-programmes.

= Develop guidance on relevant combinations of rural development measures and

sub-measures.

= Develop criteria for assessment of these combinations’ climate effects and
contribution to green growth in the EU, in particular the creation of jobs.

= Assist the Commission in disseminating the study results by preparing outreach
tools and supporting a workshop.

The overall structure of the project can be seen in Figure 1 below, where tasks are
linked to specific elements of the Technical Guidance.

Projecttasks [—— >

Figure 1: Project overview

S—

Feedback |::> Technical Guidance

Advisory
board
/Best practice LEADER projects 2007-2013; .
Promoting climate action through LEADER
_ External
exparts Examples of potential joint actions
Workshop

Guidelines to identify appropriate

"s’y, WL

Although the programming process for the 2014 - 2020 period is nearing completion,
the Technical Guidance remains relevant as inspiration for adjusting or improving the
climate aspects of RDPs, during informal annual modifications, as well as during a
potential mid-term review of the CAP, or also as inspiration for national activities that
might be taking place outside of the RD policy framework, whether this is in relation to
the Land Use Land Use Change and Forestry sector or other initiatives.

For easy reference, Table 1 below shows the links between individual project tasks and
the different sections of the report.
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Table 1. Overview matrix of tasks and sections of the report

W NS D] O N
gl o|o|o|a|lal a2 DTINe
ARAR AR AR AR IR I IR AR IR IR AR
M| M| M| M| M| G| M| S| S| S| S| | €
i cle|le|le|le|l |l e|lcs|E|E|E|E]|E
Tasks Description QO] V]|V a || ||| L
Designh new climate relevant
operations to be included
under the post 2013 rural
Task 1 development measures X X X
Addressing climate action in
Task 2 other RD instruments X | X X | X [ x| X
2.1 LEADER instrument X X | X X
2.2 Co-operation measure X X
2.3 Thematic sub-programmes X
Task 3 Combining measures X X
Indicators and criteria -
Task 4 green growth X
Task 5 Outreach activities X

Selection of farm classification scheme

In order to ensure that the technical fiches that were developed under the Task 1
cover a range of mitigation and adaptation actions across different types of farming
systems in Europe, the analysis and selection process for actions for fiche
development adopted a farm typology based on the types used in the CAPRI Modelling
System (see Britz and Witzke 2012, p195) farm categories after several classification
schemes were reviewed. Two of the CAPRI categories (4: Specialist cattle-rearing and
fattening (FT 42) and Cattle-dairying, rearing and fattening combined (FT 43)) were
disaggregated into two sub-categories (low roughage and high roughage) so that the
mitigation and adaptation operations better reflect the fundamental differences
between these systems. The final categories used, and their relationship to the CAPRI
farm categories are shown in Table 2. These categories were only used in relation to
Task 1.

Table 2. Farm categories

Farm category CAPRI farm categories
Cereal Specialist cereals, oilseed and protein crops (FT 13)
Field cropping General field cropping (FT 14) + Mixed cropping (FT 60)
Dairy Specialist dairying (FT 41)
Specialist cattle-rearing and fattening (FT 42)
Cattle low roughage Cattle-dairying, rearing and fattening combined (FT 43)
Specialist cattle-rearing and fattening (FT 42)
Cattle high roughage Cattle-dairying, rearing and fattening combined (FT 43)
Sheep Sheep, goats and other grazing livestock (FT 44)
Granivores Specialist granivores (FT 50)
Mixed livestock holdings (FT 7)
Mixed farms Mixed crops-livestock (FT 8)
Vineyards Specialist vineyards (FT 31)
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Farm category CAPRI farm categories

Fruits Specialist fruit and citrus fruit (FT 32)
Olives Specialist olives (FT 33)

Horticulture Specialist horticulture (FT 20)

Various permanent crops combined (FT 34)

Not included in analysis Non-classifiable holdings'

Structure of the report

Chapter 1 provides the background and context to this report and outlines the aims
and objectives of this study, as well as the structure of the report.

Chapter 2 presents the rationale and methodological approach for developing a
subset of 25 technical fiches for new and innovative climate actions addressing climate
change mitigation and adaptation. These fiches serve as guidance on key points of the
selected actions such as the conditions likely to favour the operation, the likely
mitigation/adaptation effect, any ancillary effects, but also explanations of the main
cost elements likely to arise from the operation. While the fiches are presented in
detail in Annex 1 to this report, the chapter gives a brief overview of all 25 actions.

Chapter 3 outlines the background and methodology for deriving reasonable
combinations of measures, and a summary of the results.

Chapter 4 presents the methodology applied to identify existing 2007-2013 LEADER
projects focusing on climate and to develop LEADER project factsheets, along with an
overview of LEADER projects that were identified. This chapter also addresses what
challenges exist to further promote climate action in LEADER post 2013 and gives an
overview of the guidance for Managing Authorities.

Chapter 5 focuses on the opportunities and potential to strengthen the integration of
climate change via joint actions under the Cooperation measure.

Chapter 6 discusses the green growth criteria and indicators which can be used to
evaluate the contribution of combined RD measures to climate change mitigation and
adaptation as well as to green growth objectives in line with the Europe 2020 strategy.

Chapter 7 details the consultation and outreach activities undertaken during the
project. The ongoing consultation activities are explained, as well as the project
workshop held in June 2014 in Brussels with RD practitioners and other stakeholders.
Conclusions and observations from the workshop are presented in individual chapters.

The report also contains six Annexes:

= Annex 1 contains 25 technical fiches for new and innovative climate RD actions

= Annex 2 contains suggestions for combinations of measures for the different
focus areas under Priority 4 and Priority 5 of RDPs.

= Annex 3 includes, best practice examples of 2007-2013 LEADER projects are
presented which could serve as a basis for further incorporation of climate action
into LEADER projects during the 2014-2020 period.
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In Annex 4 suggestions for promoting climate action into LEADER projects for
the 2014-2020 programming period are presented

Annex 5 provides examples of potential joint action topics

Annex 6 contains the long list of LEADER climate action projects identified in
Member States.
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2. Technical Fiches for new and innovative climate
actions

Background: Agriculture and climate change

Climate change presents a twin challenge for agriculture. On the one hand, it presents
the need to reduce GHG emissions and, on the other hand, agriculture needs to adapt
to a changing climatic environment.

Sources of agricultural GHG emissions

The major GHGs associated with agricultural production are:

= CH4 arising from the anaerobic decomposition of organic matter during enteric
fermentation and manure management.

= N2O arising from the microbial transformation of N in soils and manures (during
the application of manure and synthetic fertiliser to land and urine deposited by
grazing animals).

= (CO2 arising from energy use pre-farm, on-farm and post-farm and from changes
in above and below ground carbon stocks arising from land use and land use
change.

Soll Carbon

Figure 2: the main greenhouse gas emission sources, removals and processes
in managed ecosystems (IPCC 2006, p16).

Within the EU in 2012, on-farm CH4 and N,O emissions accounted for 469MtCO2e, or
approximately 10% of the EU28 total GHG emissions (EEA 2014, pxii). The
contribution of the different emissions categories are given in Figure 3 below. It is
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important to note that this total does not include CO, emissions arising from fuel
combustion on-farm (e.g. for field operations) or land use change on farm, or any
emissions that occur off-farm (such as those arising from the production of inputs
such as feed, energy and fertiliser).

2012
Other
0,

/ o 4 B 1 Cattle (CH4)

/ 5%
4 A 1 Cattle (CH4)_ -

6% 4B8 S‘znoze (CH4)
4 A3 Sheep (CH4)

4%

4 D 2 Animal Production
(N20)
6%

4 B 13 Solid Storage and
Dry Lot (N20)
5%

4 D 3 Indirect Emissions
(N20)
18%

4 D 1 Direct Soil Emissions .
(N20)
27%

Figure 3: Contribution of different emissions sources to on-farm non-CO,
agricultural GHG emissions in the EU28 in 2012 (EEA 2014b, p1175,
http://www.eea.europa.eu/publications/european-union-greenhouse-gas-
inventory-2014).

Greenhouse gas mitigation

Greenhouse gas mitigation involves the reduction of emissions at source or the
enhancement of removal of greenhouse gases from the atmosphere into long term
storage (see http://ec.europa.eu/clima/policies/forests/index_en.htm). As global
demand for food is forecast to increase significantly over the next 30 years (see
Alexandratos and Bruinsma, 2012). Therefore, the main (though not exclusive) focus
in this work is on mitigation actions that can reduce emissions intensity (i.e. the
kgCO,e/kg product) while either maintaining or increasing production. This focus is
chosen in order to avoid the reduction of emissions via the reduction of production,
and consequent displacement of production and emissions. While it is recognised that
emissions intensity may also be reduced while reducing production, the complex
consequential Life Cycle Assessment (LCA) required to quantify the net mitigation
effect is beyond the scope of this project. It is also recognised that member states
have commitments to reduce their total emissions, which means that any increase in
the total emissions from one sector (even if accompanied by a decrease in the
emissions intensity of that sector) would need to be offset by an emissions reduction
elsewhere in the economy.
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Adaptation to climate change

Adaptation to climate change has been described as “anticipating the adverse effects
of climate change and taking appropriate action to prevent or minimise the damage
they can cause, or taking advantage of opportunities that may arise” (see
http://ec.europa.eu/clima/policies/adaptation/index_en.htm).

Agriculture needs to adapt to the direct effects (e.g. changes in temperature) and the
indirect effects (e.g. increased volatility in feed prices) of a changing climate. The
focus in this work is on the direct biophysical effects of climate change. The main
impacts of climate change on agriculture are summarised by Hjerp et al. (2012, p34)
as:

“Water scarcity is already being experienced in some areas of Europe and longer and
more frequent droughts are anticipated in large parts of Southern Central and Eastern
Europe, as well as parts of Northern Europe, with significant risks to crop yields. More
arid conditions are likely to exacerbate soil degradation as a result of wind erosion and
will also cause heat stress for livestock. There is less clarity about the likely changes in
precipitation that might be experienced. The higher incidence of these types of
extreme weather events (e.g. droughts, storms) is likely to severely disrupt crop
production and increase the unpredictability and variability of crop yields. These higher
temperatures and increased rainfall are also likely to lead to a noticeable increase in
the incidence of disease, pests and pathogens, including the spread of invasive alien
species.”

Synergies between mitigation and adaptation

The fiches include actions targeting both mitigation (M1-M16) and adaptation (A1-A9).
However, actions targeting mitigation often have adaptation effects and vice versa.
These synergies are briefly explored in the fiches and summarised in Table 5.

Identifying new and innovative climate actions - method

In this study a distinction is made between actions (which are activities that can be
undertaken on-farm, e.g. planting cover crops is an action) and operations (which
refers to RDP operations that could be used to encourage uptake of an action, e.g.
providing area-based payments for the sowing of cover crops in arable rotations).

The main aims of this task were to (a) identify a range of new and innovative RDP
actions that have significant benefits in terms of mitigation and/or adaptation, and (b)
create a suite of technical fiches describing a subset of 25 of these actions. The fiches
are brief documents (typically 6-10 pages, see Annex 1), that provide an explanation
of how a particular action (such as planting cover crops) could reduce GHG emissions
or help to adapt to climate change, and an example of how the action could be
translated into an RDP operation. They provide guidance on key points such as the
conditions likely to favour the operation, the likely mitigation/adaptation effect, and
any ancillary effects. They also provide brief explanations of the main cost elements
likely to arise from the operation. Throughout the fiches, effort has been made to
provide links to the evidence underpinning key assumptions.

When reading the fiches, it is important to keep in mind that:

= Mitigation of GHG and adaptation to climate change are complex processes. The
fiches, which are overview summaries for communicating the main elements of the
measures, simplify this complexity somewhat.
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*» The contents of the fiches are not prescriptive; they seek to provide inspiration and
examples rather than detailed technical guidance.

» The scope of the 25 fiches is not exhaustive, and non-inclusion in the list does not
imply a lack of mitigation/ adaptation potential.

The method used is summarised in Figure 4 and the individual steps are explained
below.

Allocation to
farmtypes

Screening:
* Technical feasibility

* Uncertainty / variability of effects
* Negative ancillary effects

* Amenable to policy

Review of lists and
identification of top
15 actions

External review:
« Consistent with the RDP?

 *Would you support? s
Ass-checklng within
. Anv key omissions? the project team

(=25 external experts)

Figure 4: Overview of the method used to identify actions for the fiches
(M=mitigation action, A=adaptation action)

Creation of a list of mitigation and adaptation actions

A long list of potential mitigation (N=280) and adaptation (N=62) actions was drawn
up based on a review of existing evidence (see Annex 6 for the bibliography that was
used in this process). The mitigation actions were screened by SRUC and actions that
met the following criteria were removed:

Actions unlikely to be technically feasible during the RDP period.
Actions with a highly uncertain or variable mitigation/adaptation effect(s).
Actions posing a high risk of negative ancillary effects.

Actions not amenable to policy (e.g., difficult to verify), or facing legal barriers in
the EU (e.g., GM, some feed additives and medicines)

The results of the screening were reviewed by Thiinen Institute, and the remaining
actions allocated to specific farm categories, to create the interim lists by farm type.

Conversion of actions into potential farm specific RDP operations

During this sub-task, members of the project team identified a short list of potential
mitigation and adaptation operations for their subset of farm categories. In order to
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maintain a consistent approach, the task was structured, and detailed step-by-step
guidance provided explaining how to:

= Review the lists of actions and add or remove actions as appropriate.

= Select the 10 actions that would make the best (in terms of their likely effect and
their practical feasibility) mitigation operations, and the five actions that would
make the best adaptation operations.

= Suggest potential RDP operations for the shortlisted actions.

= Answer a series of questions for the proposed operations, relating to their
applicability, compatibility and potential ancillary impacts.

The findings were cross-checked and a short list of proposed operations for each farm
type was then agreed on.

Review of short lists by external experts

A range of external experts was identified to provide feedback on the short lists. They
were selected to cover a variety of agro-ecological zones, farm categories and sectoral
perspectives (government, industry, NGO and research). The short lists were sent to
the external experts along with guidance on the feedback required. The aim of the
review was to identify any key omissions and to highlight potential issues with the
proposed operations, notably:

= Inconsistency with the spirit and letter of the RDP

= Problems that may make the operations difficult for the experts to support (e.g.
the possibility of low acceptability and uptake of the operations, challenges with
monitoring compliance).

The 25 actions for which fiches were developed were identified based on the feedback
received from the external experts combined with judgment from the study team
(taking into account in particular mitigation potential, feasibility and reporting issues,
and side-effects). The 25 actions and the main GHG emissions categories and climate
change risks targeted by the fiches are shown in Table 3.
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Table 3. The main GHG emissions categories and climate change risks targeted by the fiches

Main emission categories affected

Main climate change risks
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On-farm farm (based on Iglesias et al. 2007)
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Fiche Mitigation action ] s s & [0 ) ] i O o el ol a @] = =S o | =2luns |So
M1 Extend the perennial phase of crop rotations X X X X X
M2 Use cover/catch crops and reduce bare fallow X X X
M3 Improved N efficiency X X X X X
M4 Precise N application X X X X X
M5 Bio N fixation in rotations and in grass mixes X X X X
M6 No-till X X X X X X X X
M7 Retain crop residues X X X X X X X
M8 Prevent/reduce soil compaction X X X X X X X X X
M9 Avoid drainage of wetlands/peatland conversion X X X X
M10 High fat diet (dietary lipids) X
M11 Precision and multi-phase feeding X X
M12 Solar fodder dryers X X X X X X X
M13 Behavioural change for energy efficiency X X X
M14 Climate proofing planned investments X X X
M15 Better livestock health planning X X X X X X X X
M16 Carbon audit X X X X X X X X X X
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Table 3 cont’'d

Main emission categories affected Main climate change risks
On-farm Off- (based on Iglesias et al. 2007)
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Al Use of adapted crops X X X X X X X X X X
A2 Cover crops/reducing bare fallow X X X
A3 Soil erosion control plan X X X
A4 Reduced tillage/minimum tillage X X X X X X X X
A5 Optimising benefits of shelterbelts and hedges X X X
A6 Optimising the adaptation benefits of drainage X X X
A7 Improved irrigation efficiency X X X X X X X
A8 On farm harvesting and storage of rainwater X X X
A9 Optimising greenhouse cultivation X X X X X
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Structure of technical fiches

The 25 fiches are included in Annex 1. There are 16 mitigation fiches (demotes M1-
M16) and nine adaptation fiches (denoted A1-A9). Each draft fiche was reviewed
internally by a member of the project team (see Table 1 in Annex 1), before being
reviewed by DG Climate Action (or their appointed experts) and then revised.

The contents of the fiches are summarised in Table 4. In the fiches a distinction is
made between actions (which are activities that can be undertaken on-farm, e.g.
planting cover crops is an action) and operations (which refers to RDP operations that
could be used to encourage uptake of an action, e.g. providing area-based payments
for the sowing of cover crops in arable rotations).

Table 4. Overview of the fiche contents

Section Content

Summary Summary of the intervention logic, brief description of the
proposed operation and any key issues arising.

Regulatory Relationship between proposed operation and other regulatory

requirements

requirements that have to be met (e.g., Nitrates Directive,
GAECs), indication, where possible, of current uptake rates.

Description of the
action

Brief explanation of the way in which the action leads to a
reduction in GHG emissions or climate change risk.

Proposed general
operation

Description of an example RDP operation that could be used to
encourage uptake of the action.

Commitments,
funding conditions
and eligibility

Suggestions for criteria that may be used when defining eligible
activities; appropriate timings and locations; synergies (both
positive and negative) with operations in the other fiches.

Expected impacts
on climate change
on-farm

Quantification of abatement rate and/or qualitative assessment
of adaptation benefits on farm. Off-farm GHG effects are
included in ancillary effects. Explanation of factors influencing
the abatement rate or adaptation benefits.

Ancillary effects

Description of potential ancillary effects (positive and negative)
in terms of: off-farm GHG; production; adaptation;
environment. Also highlight any potential maladaptation risks.

Guidance on costs
and payment
calculations

The private cost and savings - explanation of the main cost and
savings elements. Classification of the CE - (1) negative cost,
(2) no/low cost, (3) significant cost. Explanation of the main
drivers of variation in costs. Costs are provided to illustrate the
likely relative importance of the different cost elements. In
practice, the actual costs will vary considerably depending on
the specific context.

Control and | Explanation of how required undertakings could be verified.

verification Potential result indicators are suggested and the extent to
which the mitigation effect would be captured by National GHG
Inventories is explained.

Barriers to | Brief description of barriers to uptake and related key

implementation

risks/uncertainties.
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Section Content

References The fiches make reference, where feasible, to recent peer-
reviewed evidence, supplemented by expert opinions

The actions outlined in the fiches can be applied individually or in combination. When
applied in combination, actions can interact in a humber of ways (see MaclLeod et al.
2010). Positive synergies may arise through, e.g., shared costs or improved efficacy.
Alternatively, negative synergies may arise if the actions are mutually exclusive or
there is a risk of double funding. In addition, the abatement rates per ha or per animal
may be reduced if two actions target the same emission source, or if one action
reduces the total area or number of animals that can be targeted (for example,
extending the perennial phase of rotations reduces the area on which cover crops can
be planted). Potential synergies between actions should therefore be identified, where
possible. While these synergies will depend on the specific details of the operations
(e.g. when, where and how an action is to be undertaken), a summary of the potential
synergies between the actions in the fiches is provided in Table 5.

Estimating the cost-effectiveness of adaptation operations is more complicated as the
effects of adapting are not as readily quantified or converted into a common metric. In
theory, the benefits of adaptation can be quantified and monetised; however,
expressing the CE of the adaptation actions in a common metric is beyond the scope
of the present study. The estimates of CE provide only a rough guide as CE can vary a
great deal within and between countries.

September 2014 25



Mainstreaming of climate change into rural development policy post 2013

Table 5. Summary of potential positive (+) and negative (-) synergies when combining actions® (according to the fiches),
and estimated cost-effectiveness of the mitigation actions (note that this table refers to synergies between actions; synergies
between RD measures are discussed in Chapter 3)

Fiche |Action M1 [M2 M3 [M4 [M5 [M6 [M7 [M8 [M9 |[M10 |M11|M12 M13|M14|M15|M16|A1 |[A2 |A3 |A4 |A5 |A6 |A7 |A8 |A9 |CEP
M1 |Extend the perennial phase +/- + |+ |+/-|+ 2/3
M2 |Cover crops +/- + + |+ |+ |+ |+ - 3
M3 [Improved N efficiency + + + +/- 1/2/3
M4  |Precise N application + +/- - + + +/- 1/2/3
M5 |Bio N fixation + + |+ 3
M6  |No-till + +/- + - + + |+ 3
M7 |Retain crop residues + + + |+ + 1
M8  |Soil compaction + + + 2
M9 |Avoid drainage of wetlands - - + - - |1/2/3
M10 |High fat diet - +/- |+ 3
M11 |Precision feeding - +/- |+/- |+ 1/2
M12 |Solar fodder dryers + + + + |+ 2
M13 |Energy efficiency + + + + + |+ |+ 1
M14 |Climate proofing investments + |+ +/- + + |+ +/-|+/-11/2/3
M15 |Better livestock health +/- |+/- |+ + + 1/2
M16 |Carbon audit + |+ |+ |+ |+ |+ + |+ |+ |+ |+ |+ |+ |+ |+ 2/3
Al  |Use of adapted crops + |+ + |+ + + |+ + +

A2  |Cover crops +/- |+ + +

A3  |Soil erosion control plan + |+ + |+ + |+ |+ + |+ |+

A4 |Reduced tillage + +/- + + +

A5 |Shelterbelts and hedges + |+ +

A6 |Optimising drainage - + +

A7  |Improved irrigation efficiency - |+/- + + + |+ +

A8  |Rainwater harvesting +  |+/- + +

A9  |Optimising greenhouses - +  |+/- + |+ + |+

A) This matrix provides a high level overview of potential interactions; in practice the extent to which actions interact is more complex and
depends on the details of where, when and how they are implemented.

B) (1) negative cost, (2) no/low cost, (3) significant cost
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Insights from the Workshop

Background

A workshop was held in Brussels on the 17™ of June 2014 (see Chapter 7 for further
details). Two fiches were sent to participants prior to the workshop (one concerning
adaptation and one on mitigation actions). During the workshop a presentation was
given explaining the methodology used to select and develop the fiches, and two
discussion groups were held. The topics addressed in the discussion groups are
summarised below.

= GROUP 1: Technical Fiches - Brainstorming potential operations

The aim of this group was to improve the participants’ understanding of the fiches,
and awareness of: (a) the meaning of key terms used in the fiches, i.e.: measure,
action, operation, abatement rate and cost-effectiveness; (b) the scope and content of
the fiches, (c) the limitations of the fiches, (d) some of the questions likely to arise
when they seek to develop their own operations from the fiches.

» GROUP 2: Technical Fiches - Identifying ways of improving the usefulness and
uptake of the fiches

The aim of this group was to: (a) get feedback from the participants on the general
content of the fiches, and (b) obtain insights into what might encourage, or prevent,
RDP staff from using the fiches.

Summary of key points raised during the discussions
To what extent are climate change actions currently integrated into RDPs?

Moderate progress has been made in integrating climate change into the RDPs.
Interest in including climate change has increased, partly as a result of its status as a
cross-cutting theme. Climate change tends to be seen more as a secondary (i.e.
indirect) benefit of other policies objectives (e.g. improving the environment through
the Water Framework and Nitrates Directives, increasing productivity or encouraging
innovation) rather than a primary policy goal. In terms of the EU priorities for rural
development, priority 5 (promoting resource efficiency and supporting the shift
towards a low carbon and climate resilient economy) tends to be used less frequently
to introduce climate change than the other priorities: 1 (fostering knowledge transfer
and innovation), 4 (restoring, enhancing and preserving ecosystems) and (to a lesser
extent) 2 (enhancing farm viability and competitiveness). Where priority five is
targeted, it tends to be more in terms of 5b and c (energy efficiency and renewables)
rather than 5d (reducing GHG emissions).

What are the key barriers to integrating climate change actions into RDPs?

1. Verification and additionality

If mitigation or adaptation is cited as the primary reason for including an action, then
the effect needs to be verifiable (i.e. it is not just the action that needs to be verified,
but the outcome of the action). This is problematic as many actions do not have a
readily measured mitigation/adaptation effect. This was cited as one of the reasons
why RD programmers prefer to cite mitigation/adaptation effects as secondary
benefits. Some participants had included actions with climate change mitigation as the
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primary effects but these had been objected to on the basis that the impact was not
verifiable. This was seen as a particular problem with investments, though it
potentially applies to many mitigation actions as most do not have a directly
measurable effect. Verifying a sub-sample was proposed as a possible solution. Other
approaches not involving direct verification of the effect would be to use an accredited
carbon calculator to quantify the effect. Some previous experience already exists in
France through the Energy Performance Plan in which an energy and climate audit was
mandatory to get subsidies for investment. Other options would be to have a
catalogue of approved actions or an expert panel approach (although concerns were
raised that this may not be sufficiently transparent, and would be open to (accusations
of) abuse.

Lack of reliable baselines against which to measure the additional climate change
benefit can also be problematic. For example if a farm has planted cover crops in the
past (for private benefit) it may not be straightforward to determine the additional
uptake arising from an RDP operation.

2. Knowledge/attitudinal barriers

Lack of awareness (particularly amongst farmers) of the scale and rate at which
climate change is taking place was cited as a barrier. Improved communication of the
changing patterns of pest/disease prevalence was suggested as a way of illustrating
the pace of change.

Lack of awareness of the opportunities for simultaneously reducing emissions and
increasing profitability was also cited as a barrier. Improving industry understanding of
the specific links between productivity, profitability and emissions intensity was cited
as one of the keys to encouraging uptake of climate change actions, with the GHG
Implementation Partnership! in Northern Ireland provided as an example of this in
action.

Generally, co-benefits (of mitigation/adaptation actions) are numerous and could also
be sometimes significant. It was suggested that they should also be put forward to
convince farmers to implement the measure. Information and knowledge instruments
could be quite relevant to disseminate these co-benefits. In some countries (i.e.,
Netherlands RDP) the major problem is the lack of information on these
new/innovative technical operations rather than the amount of financial resources
available to favour the adoption of these technologies. In addition, the creation of new
markets for the production arising from "environmental" actions (e.g. biomass from
cover crops) could help to convince farmers on the validity of these new proposals.

Lack of awareness (amongst policy staff and technical experts) of the potential climate
change dimension of their own domain was cited as a potential barrier - e.g. the role
that genetic resources can play in mitigation/adaptation is not always immediately
apparent to geneticists.

3. Recognising the social benefits arising from implementing climate change actions
Reducing GHG emissions provides a benefit to society not always easily captured by
the provider, i.e. it is a positive externality. Recognising (and, where possible,
providing reward for) these benefits was suggested as a way of encouraging uptake.
Credit needs to be given (at a farmer and sectoral/policy level) when emissions are
reduced, however the current national GHG inventories do not fully capture some
mitigation effects (such as soil carbon sequestration).

b http://www.dardni.gov.uk/index/farming/climate-change-farming.htm
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How could the content of the fiches be made more useful to RDP staff?

Discussion of the fiche contents was tempered by the fact that most participants had
not studied the fiches in-depth prior to the workshop. However, many constructive
suggestions were made during the discussions, which are summarised below.

= When possible, it would be helpful to get a national scientific literature of the
GHG reductions or explain under which conditions the measure could be
successful or not. Furthermore, it could be pointed out which regions/areas the
mentioned abatement rates are appropriate.

= The rate of uptake in Europe could be indicated in the fiche. Quantitative
indications, when available, could be helpful to understand if the measure is
really new (which means innovative and then could get higher premium) or if it
has already been implemented but need to be developed. It is important to
highlight how many people are already implementing it and where. Also
qualitative assessment of the rate of implementation could be useful, when other
information is lacking.

= Clarification should be given that the costs in the fiches are provided to illustrate
the relative importance of the different cost elements, rather than to give an
absolute cost (which would vary considerably between systems, locations etc.).
A better definition of the typology of investment (commercial vs. non-
productive), characterised by different aid rates, could help to increase the
adoption of these technologies, that in many cases do not have particularly
significant private benefits.

= Recommending packages of mitigation/adaptation operations that exploit
synergies would be helpful (but perhaps challenging). A matrix showing the
interrelationships between fiches would provide a starting point.

= Providing packages of fiches on a thematic basis may make them more
accessible e.g. fiches could be grouped that relate to key themes such as: soil
health, nutrient management or improving water use efficiency (possibly
illustrated with actual examples - see below).

= Linking the fiches to actual examples of actions being applied in practice could be
a useful way of encouraging uptake, as it would provide reassurance that the
action could be applied, and a way of learning from others’ experience. It is also
worth considering how use of the fiches may be monitored, and networking
between people using the fiches could be facilitated in the future.

In general the fiches were welcomed by the participants and it is hoped that they will
help to address some of the barriers to integrating climate change-specific actions into
RDPs by raising awareness of how and why emissions arise and how mitigation and
adaptation can work.

Concluding remarks

There are a wide range of potential mitigation and adaptation actions. A subset of 25
actions was selected to be developed into fiches. The scope of the 25 fiches is
therefore not exhaustive, and non-inclusion in the list does not imply a lack of
mitigation/ adaptation potential.

It should also be noted that the values of some key parameters, such as abatement
rates, cost-effectiveness and likely uptake rates can be highly variable and difficult to
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quantify, and the values presented in the fiches should be seen as illustrative rather
than definitive.

Feedback from stakeholders at the workshop highlighted potential barriers to the
uptake of climate change actions arising from: lack of knowledge of the rate of the
implications of climate change; lack of knowledge regarding the potential (win-win)
benefits of climate change actions; and the difficulties of measuring and verifying (and
therefore rewarding) the impact of actions. Improving understanding of the impacts
could be achieved through more widespread and consistent use of carbon audits
(Fiche M16). However, carbon audits should be seen a way of moving the process on
rather than as panacea. Valid concerns were expressed during the workshop that
measurement methods can be inconsistent and open to manipulation, however this
risk can be minimised by keeping the measurements pre-competitive, and focussing
on benchmarking within peer groups.
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3. Combinations of rural development measures and
thematic sub-programmes

Background

Rural development (RD) measures (i.e. measures at RDP article level) are no longer
attributed to different axes, but rather to the different Union Priorities according to
their expected contribution. This enables greater flexibility for the programmming of RD
measures (EC 2013a). Specific needs identified by the SWOT analysis, including those
in relation to climate change mitigation and adaptation, can be addressed by
combining measures or by using thematic sub-programmes (Art. 7 EAFRD Regulation).
Through the combination, the RD support should be more targeted. The added value
of the measure combination in comparison to a separate implementation of single
measures needs to be justified (EC 2013a). The measures have to be complementary
and should not incur excessive additional effort for programming and administration.
However, some measures may exclude each other, for example where the
combination may lead to double counting or overcompensation through double
support. Task 3 in the project has examined how these new instruments can be
employed to mainstream climate change mitigation and adaptation objectives into
RDPs. Examples of practicable measure combinations with climate objective are
identified that contribute to the achievement of the Union Priorities 4 and 5 (see
Annex 2). Possibilities for reasonable appropriate combinations of measures are
identified in close collaboration with Task 1 (Technical fiches), Task 2 (LEADER and
Joint Action) and through consultation of EU Member State RD programmers . It is
important to mention that it is difficult to evaluate the combinations or rank the
combinations, as they are context specific. Their relevance and suitability depend on
site-specific circumstances and conditions, policies, and farming practices and vary
between beneficiaries.

The Union Priorities 4 and 5 and included focus areas are the following:

Priority 4: Restoring, preserving and enhancing ecosystems dependent on agriculture
and forestry, with a focus on the following areas:

= restoring and preserving biodiversity, including in Natura 2000 areas and high
nature value farming, and the state of European landscapes (with effects on
climate objectives as a side effect);

= improving water management;

= improving soil management.

Priority 5: Promoting resource efficiency and supporting the shift towards a low
carbon and climate resilient economy in agriculture, food and forestry sectors, with a
focus on the following areas:

= increasing efficiency in water use by agriculture;
= increasing efficiency in energy use in agriculture and food processing;

= facilitating the supply and use of renewable sources of energy, by-products,
wastes, residues and other non-food raw material for purposes of the bio-
economy;
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* reducing nitrous oxide and methane emissions from agriculture;

= fostering carbon sequestration in agriculture and forestry.

All focus areas of the priorities 4 and 5 potentially relate to climate mitigation and/or
adaptation.

Definitions for “combining measures”

The term “combining measures” is not defined in the EAFRD Regulation; however,
reference to “combinations of measures” is made in the Working Paper of the
European Commission “Guidelines for strategic programming for the period 2014-
2020"” (EC 2013a). According to these guidelines, combinations of measures are
supposed to lead to a simplification for the administration and for the beneficiaries in
the Member States. In theory all combinations are possible, if only they are
compatible and complement each other. The complementarity needs to be justified.
Implementation follows the rules of the single measures and the expenditure is
assigned to the dominant measure. If co-financing rates differ between measures, the
one of the dominant measure applies. The level of support should be determined by
also considering specific income foregone and further costs from the combination.
Commitments in respect to agri-environment-climate, organic farming and animal
welfare measures can be combined (in case they are complementary and compatible).
Integrated projects refer to a special case of measure combination, which always
involves “Investment in physical assets” (Art. 17). In this case the implementation of
the combination might lead to an increased support rate of additional 20% points
(provided that the maximum combined support does not exceed 90%) (see Annex II
of the EAFRD Regulation).

Different levels for “combining measures”

The combination of measures can occur at the level of the RD programme, within sub-
programmes, at regional or local level and addressing single or multiple beneficiaries.
The RD programmes offer a toolbox of complementary measures that in their entity
can be understood as a loose "Combination of measures”. This refers to the possibility
of the beneficiaries to implement more than one measure out of the toolbox of an RD
programme at the same time in case they do not exclude each other (e.g. to avoid
double funding and undesired indirect effects such as leakage and deadweight). Such
a combination of measures is an inherent characteristic of RDPs and was used in many
member states during the 2007-2013 programme period, mostly in an informal,
flexible way.

Different measures are combined in accordance with the RDP articles. These measures
can for instance be programmed under “Article 17 Investments in physical assets”
and “Article 28 Agri-environment-climate” and be combined with one-another. A new,
specific case to organise such “toolboxes” are the Thematic sub-programmes (see
below), a new programme format for grouping measures aiming at a specific
objective, e.g. climate change mitigation and adaptation.

Combinations of measures can occur at the level of a single beneficiary, who has
different commitments (i.e. realises several measures or operations). Such
combinations might be obligatory (i.e. as a fixed “package”) or voluntary. An example
is the combination of “Article 15 Advisory services, farm management and farm relief
services” with “Article 28 Agri-environment-climate”. In this example, the
effectiveness of agri-environment-climate measures can be improved through
additional information transfer. Thus programme authorities are obligated to provide
such information to beneficiaries of Article 28. This measure needs to be combined
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with advice (“Article 15 Advisory services, farm management and farm relief
services”):

"Member States shall endeavour to ensure that persons undertaking to carry out
operations under this measure are provided with the knowledge and information
required to implement such operations. They may do so through, inter alia,
commitment-related expert advice and/or by making support under this measure
conditional on obtaining relevant training.”

Another example, where an obligatory combination of measures would be reasonable,
is the improvement of the manure management including stable, storage and
application technologies and management. For this, a combination of measures
(“Article 17 Investment in physical assets” and “Article 28 Agri-environment-climate”)
is useful in order to address the whole manure “chain”. In this special case the
obligatory combination is necessary because all ammonia emissions saved along the
management chain (e.g. through investments into manure storage covers) can be lost
again during manure application. Therefore, we would recommend an obligatory
combination of measures related to manure management. As an alternative, support
could be preferential for those beneficiaries addressing all stages of manure
management on their farms.

Finally, at the regional or local level investments into infrastructure combined with
farm-level measures can be useful. For example, the local investment in irrigation
infrastructure could be combined with investment aid at single farm level in order to
improve the adaptation to climate change. Also, the restoration of wetlands requires
several activities at local and farm level, such as planning, advice, investment in the
local water infrastructure (change of the drainage system), investment aid and agri-
environment-climate measures at farm level. With a single measure, such complex
changes at landscape level could not be achieved. Further, the combination of
different measures addresses several actors with different needs that have to be
included (multiple beneficiaries).

Thematic sub-programmes (TSP)

Thematic sub-programmes according to Art. 7 of the EAFRD Regulation are a new
option to formally combine measures that address a specific need (e.g. related to
young farmers, small farmers, mountain areas, short supply chains, women in rural
areas, climate change mitigation and adaptation and biodiversity). Measures are
programmed within a separate sub-programme, in order to better contribute to the
achievement of the Union Priorities. The use of thematic sub-programmes needs to be
justified and a specific SWOT analysis, a needs assessment, target identification and a
separate indicator plan are required, which will not be included in the main indicator
plan. The financial plan is covered by the main RDP financial programming. Thematic
sub-programmes related to small farmers, short supply chains, climate change and
biodiversity can receive higher support rates (increase by 10 percentage points).
Management and implementation can be conducted by intermediate bodies designated
by the Managing Authority.
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Identifying combinations of measures and thematic sub-programmes
- method

The method that was used in the project to identify the relevant combinations of
measures and thematic sub-programmes is illustrated in Figure 5.

LEADER and Co-
operation measure -

* Identify reasonable combinations /
Expert survey thematic sub-programmes

Workshop feedback * Describe synergies
Sl e o \ * Identify barriers
K4

| Options for reasonable

combinations
Summary tables of reasonable Guidelines for
combinations identifying reasonable
16 combinations: Two combinations foreach | combinations
«_Foous Area of the Union Priorities 4 & 5

Figure 5: Overview of method for identifying relevant combinations of
measures and thematic sub-programmes

In identifying the relevant combinations of measures and investigating options for
thematic sub-programmes, the outputs of Technical Fiches and the work on LEADER
projects was used. A questionnaire was developed and follow-up interviews were
conducted with experts from RDP Managing Authorities in selected Member States. We
sought to identify experiences from the 2007 - 2013 period and plans for 2014 - 2020
period. We received 10 questionnaires from six European member states (France,
Germany, Hungary, Italy, Portugal, and UK (Northern Ireland, England)). However,
some questionnaires were filled by several experts at the same time as they decided
to bundle their expertise and responded on the questionnaire in collaboration with
each other. Moreover, insights from other countries were obtained during the
workshop.

As many experts were still busy with programming and many RDPs are in a
preliminary state, only few responses to our questionnaire were received. We
experienced that it was difficult for the interviewed experts to respond to the whole
questionnaire as it considers two programme periods. Often they only had knowledge
about one of these periods. However, we received responses from different MS that
provide an overview on the experiences and status of combined measures in the RD
programmes.
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Opportunities for combinations of measures and thematic sub-
programmes: Insights from the stakeholder consultation and the
workshop

A questionnaire on appropriate combinations of climate-oriented RD measures was
developed to gain insights into the experiences with the implementation of combined
measures in the last period (2007-2013) as well as plans for the new programming
period (2014-2020). The survey aimed to identify “real world” examples of combining
measures. Further, during the project workshop, a group discussion on combined
measures with the participants was organised. The aim was to present the approach of
Task 3, including initial results from the stakeholder consultation and to gain feedback
from practitioners. Participants provided feedback on the presented work and reported
on the implementation of and experiences with measure combinations in their
country’s RD programmes. The discussion at the workshop confirmed the impressions
obtained from the questionnaire results.

a) Combinations of measures

Programming period 2007 - 2013

Although a combination of some measures is considered useful in order to increase
synergies, only few Managing Authorities have made experiences with the
implementation of combined measures in an official way, which means by joint
programming and implementation. Measures have been mostly programmed and
implemented as single measures, not as obligatory measure combinations. In the
programming period 2007 -2013 only few experiences with the implementation of
combined measures exist, however not for climate related measures, as climate was
not a priority in the last programming period. Several respondents mentioned that for
some measures combinations were considered useful so that farmers were
encouraged to implement additional measures jointly in order to use their synergies
(see section Possible combination of measures with a focus on climate change,
Programming period 2007-2013). Although land managers implemented several
measures in the last programme period and combination may have been encouraged
by advisory services, the measures were not particularly designed for combined
implementation in the RDPs. A combined implementation was mentioned to be
associated with increased workload for administrations.

In addition to combined implementation of two measures with different RD articles as
laid down in the Guidelines for strategic programming (EC, 2013a), the combination of
two or more operations under the same article was mentioned by some respondents of
the questionnaire as having potential benefits. For instance this relates to the
combination of Modernisation of livestock buildings and an Energy performance plan,
where both operations belong to article 20 (b) (I), “"Measure 121 Modernisation of
agricultural holdings”. This combination would increase the energy efficiency (Priority
5b) by considering the optimisation of energy use when planning the modernisation of
livestock buildings.

Only a few Member States have experience with obligatory combinations of measures
in the previous programme period. In Slovenia, agri-environment measures were
made subject to participation in a RDP funded farm advisory service. Such obligatory
combinations can pose risks to scheme performance, if advisory services are not
available as required. Furthermore, the co-ordination of the funds for such combined
measures requires more management capacities. For Hungary, a combination of agri-
environment measures with public farm advice not funded from the RDP was reported.
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Programming period 2014-2020

For the new programming period 2014-2020 it was mentioned that several measures
are closely linked to each other and synergies exist and should be used (e.g. technical
advice and training for other measures). However, these measures are mostly not
implemented as formally combined measures in the sense of the Guidelines for
Strategic Programming of the EC (EC 2013a). Voluntary and flexible implementation of
combinations of measures is more common largely because obligatory combinations
would complicate programming.

Nevertheless, in Northern Ireland (UK), an obligatory combination of investment in
drainage with participation in agri-environment-climate measure is planned for the
new programme period as a mechanism to avoid that all funds are used for the
drainage investment.

b) Thematic Sub-programmes

Thematic sub-programmes with climate priority are not planned for any of the RDPs
covered by the survey and represented by workshop participants. Reasons mentioned
are that climate mitigation and adaptation measures are being embedded within the
RDP scheme, rather than a stand-alone sub-programme. One respondent mentioned
that two other thematic sub-programmes are planned in the national RDP (young
farmers and short supply chains) on the background of political decisions to give
priority to these areas. However, the programming is associated with a high additional
administrative burden. As climate-related measures are implemented in the RDP, the
administration did not consider it necessary to establish a third sub-programme with
climate priority.

At the workshop, almost none of the experts saw the need to establish thematic sub-
programmes due to the large additional burden to design a programme apart. In the
on-going programming process, the administrations are already occupied with
preparation of the new regular RDPs. In Italy, and in the next programme period also
in France, several regional programmes are implemented which are adapted to the
regional needs, so that there is no scope for additional sub-programmes. Even it was
criticised that potentially multifunctional measures would be grouped into sub-
programmes with only one objective. For example, measures for improving nutrient
cycling in Finland are both addressing water quality and climate change mitigation.

All useful measure combinations described in this section (particularly section
“Examples of combinations of measures with a focus on climate change” and Annex II)
can be used in thematic-sub-programmes. The difference is that a 10% higher co-
financing rate is attributed to thematic sub-programmes and that a specific budget is
allocated to it. However, in the considered RD programmes, no examples of potential
sub-programmes are suggested in this project. The associated additional work load
and insufficient incentives impede the adoption of this new feature which should be
reviewed for its additional benefits and necessity.

Examples of combinations of measures with a focus on climate change

Several examples for how measures with a focus on climate objectives can be
combined were obtained from the questionnaires. These are presented in Table 6 and
Table 7 below.
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Table 6. Possible climate-focused combinations of measures from the
programming period 2007-2013

technologies
(121)

Measure 1 Measure 2, 3... Explanation

Agri- Slurry/manure Agri-environment measures can be

environment management measures reasonably combined with several

measures to improve the transport, | measures to increase their

(214) storage and application of | effectiveness. This could be
manure (e.g.121) investments in manure storage and
Advi . application in order to cover the whole

visory services and . < C
training (111) manure _chaln . AIs_o, comb_lnatlons
with training and advice or with non-

Non-productive productive investments can have
investments (216 and synergies.
227)

Investments Promotion of water use The combination of these measures

in irrigation | efficiency by farmers increases the effectiveness of improved

(111)

technologies by optimizing the water
saving potential and support a targeted
water use. Besides investment support
the correct use of the new technologies
is included.

Promotion of
water use
efficiency by
farmers (111)

Legume rich pastures for
carbon sequestration

This combination links the improvement
of physical (technological) and human
capital in farming with efficiency on the
use of water (adaptation) and promotes
carbon sequestration through the use of

Permanent pastures rich in legumes.
Therefore, climate mitigation and
adaptation are considered from

different starting points.

Table 7. Possible climate-focused combinations of measures planned for the
programming period 2014 - 2020

Measure 1 Measure 2, 3... Explanation

Land Farm business Capital support for drainage or

management improvement scheme advanced slurry spreading systems may

Programme (Art. 17) be dependent on the applicant’s

(Art. 28) participation in the Land Management
Programme (either from the outset or
later). This is to ensure that the capital
investment is directed towards those
who will derive most benefit from it,
thus ensuring maximum impact of RDP
support.

Business EIP operational groups/ This combination envisages that

development pilot projects/ participants in Business Development

groups  (Art. | demonstration projects Groups may develop into an EIP and

14) (Art. 35) (see also then potentially take part in a Pilot

Chapter 5) project or Demonstration project. Such

projects can address on-farm mitigation
technologies or renewable energy.
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Further examples for combining measures were identified in collaboration with the
other Tasks of the projects related to LEADER projects and joint actions (see Chapter
4 and 5). A possible example for combined measure implementation related to joint
action is the restoration of wetlands as it often requires a variety of activities, such as
the extensification of land use, deconstruction of drainage systems, the rewetting of
land (e.g. through extensive grazing) and land consolidation via purchase of land
and/or leasing. Further the participation and collaboration of different actors such as
Water and Land Associations, land owners (municipalities, forest authorities,
Foundation for Nature Conservation, private owners), administration for agriculture,
water and nature conservation is necessary.

Experiences with collective action for wetland restoration were obtained in the Eider
valley in Germany. There, the Water and Land Association undertakes negotiations
with land owners in order to purchase land. The land will be rewetted and drainage
systems are deconstructed. Several farmers and land owners work together and use
this land for collective extensive pasture management. Special breeds for selective
grazing are used and thus enhance biodiversity (OECD, 2013b).

In principle, the LEADER instrument can also be combined with other RD measures.
The screening of 2007 — 2013 LEADER projects (see in particular Annex 3) illustrates
that some LEADER local action groups (LAGs) administered projects which drew on
other RD measures to implement activities. In Italy, for example, the LAG coordinating
the Est Sesia project provided a mobilising and animation role to improve the
irrigation network whereby an Irrigation Association obtained funding through Measure
125a (water management and protection of irrigated land). In future, LAGs can
continue to mobilise community-led projects which could also include climate actions
such as carbon audits for farms, or establishment and management of shelterbelts and
hedges (linked to recreational goals) (see also Annex 4).

Further possible combinations of measures including brief explanations which refer
mainly to the Technical Fiches are presented in Annex 2.

Guidelines for how to identify effective measure combinations

The following box contains recommendations on how to identify potentially effective
combinations. These guiding notes address the most important aspects that need to
be considered when planning a combination of measures to enable its effective
implementation.
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Box 1: Guidelines for the identification of effective measure combinations

e Identify the additional benefit of a combined implementation of measures for
climate actions compared to single measures. The logic behind the combination
has to be clearly defined.

e Measures have to be complementary. The synergies and expected benefits as
well as potential barriers and disadvantages for measure combinations have to
be considered.

e Define the adequate level for the measure combination (e.g. RD programme,
sub-programmes, single or multiple beneficiaries, regional or local level).

e Decide on compulsory or voluntary measure packages: examine if it is more
useful to establish the measure combination on a voluntary basis depending on
the particular case or obligatory as a part of a "package"”. If two measures do
not make sense as stand-alone measures, an obligatory combination is
recommended. However, in some cases an obligation could decrease the
acceptance and thereby the application of a measure. Voluntary combinations
leave more flexibility and may be more suitable for differing conditions. In case
of voluntary combinations, providing beneficiaries with the capacity for the
selection of beneficial measure combinations would be essential (e.g. by
training or use of carbon navigators).

e Assess the impacts on programming of the combined implementation of
measures: If the combination is associated with high additional programming
and administration efforts it might not be advisable to consider it (e.g. avoid
double counting and exclude overcompensation or overlapping support).

e Reflect on capacities associated with a potentially higher uptake due to the
combination of measures (e.g. advisory services, knowledge transfer, and
training). The sufficient amount of service providers (e.g. public or private
agencies) with adequate knowledge on measure combinations need to be
available.

Concluding remarks

In a wide sense, RDPs include a toolbox of measures which can be combined as
needed. Combining measures according to the strict definition of the EU COM, as an
obligatory “package”, or thematic sub-programmes require more administrative effort
for programming and implementation. The Member State experts consulted see the
need for programming complementary measures, but are reluctant to impose
obligatory links between the measures, or to establish thematic sub-programmes.
They prefer instead to keep combinations of commitments voluntary, so that
beneficiaries have flexibility to choose appropriate measures.

Nevertheless, synergies and complementarities between measures can be realized
also when measures are less strictly combined. For this, the design of the single
measures should allow for more flexible and voluntary combinations, and the
implementation of appropriate combinations should be explained and encouraged. It
has to be considered that some measures do exclude each other and should not be
combined with each other, e.g. in order to avoid the risk of double counting and
double support.
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Some measures, such as advice and training activities, can be reasonably combined
with several other measures and should therefore always be considered for a
combined implementation. Another key measure for climate change mitigation is the
“Carbon audit”, which provides an initial analysis of potential mitigation activities at
farm level and can then be combined with several other measures.
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4. Addressing climate action through the LEADER
Instrument

Background

The 2014 - 2020 EARFD Regulation places an increased emphasis on flexibility,
cooperation, innovation, and facilitating of action at a broader landscape level, beyond
the individual farm holdings. This provides further opportunities to support
coordinated climate actions and increase their effectiveness both for adaptation and
mitigation, enhancing the provision of public goods and effective climate responses.
Mutual learning and capacity building also arise as important benefits of cooperation.

The predicted impacts of climate change will meet differing existing capacities of EU
Member States and regions to respond to these impacts, and there is also variation in
opportunities across regions to contribute to mitigation in rural areas. The
opportunities for collective action under the LEADER instrument and Cooperation
measure, can be used to build capacities, collaborative initiatives and responses by
rural communities, all of which can in turn contribute to climate abatement as well as
increase resilience to climate change at community and regional levels. In this
chapter, we examine how the LEADER instrument has been and can be further used to
promote climate action, whereas chapter 5 examines opportunities for joint climate
actions under the Cooperation measure.

The LEADER approach focuses on bottom-up community-led innovation through the
development and implementation of local development strategies by local actors. The
LEADER approach is well-established across Member States and has been proven to be
effective in stimulating innovative activities. LEADER enables the development of joint
initiatives and pilot type projects which are not possible under other RD measures,
except for the Cooperation measure. The EAFRD Regulation stipulates that a minimum
of 5% of RDP spending has to be allocated to LEADER. This approach thus represents
an important instrument through which innovative climate action can be supported.

In the LEADER approach, Local Action Groups (LAGs) have the freedom to identify the
key issues and how they wish to address them in their local development strategies
(LDSs). The Managing Authorities set out the framework for the type of content that
development strategies have to contain, conditions for operating LAGs, as well as the
criteria for selecting LAGs which can receive LEADER funding. However, within this
framework the LAGs have the flexibility to address local or regional problems that they
deem most relevant in their context. The flexibility that local actors have in developing
the LDS and projects means that the approach is less prescriptive than other RD
measures such as the agri-environment-climate measure.

For the 2014 - 2020 period, the LEADER approach is situated as one element of the
Community Led Local Development (CLLD) concept. In addition to LEADER LAGs, the
Common Provisions Regulation (No. 1303/2013) sets out the possibility of local action
groups linked to the other EU Funds, and there is potential for existing LEADER LAGs
to act as local action groups within a broader, coordinated approach for the use of EU
Funds.

In this chapter, we first outline the method for how existing climate focused projects
for the 2007 - 2013 period were identified, followed by an overview of the main
characteristics of the projects included in the 2007 -2013 LEADER project database
(Annex 6) and selected best practice examples (Annex 3). We then examine the key
challenges that need to be addressed to increase the role of climate action in LEADER
in 2014-2020, and give an overview of the guidance that is contained in Annex 4.
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Identifying climate-focused LEADER projects from 2007 - 2013 -
method

In order to illustrate the opportunities for supporting climate action through the
LEADER instrument, a screening of climate-focused LEADER projects in the 2007 -
2013 programming period was first undertaken. A project database of climate-focused
LEADER projects was compiled. Drawing on this database, best practice examples
were identified and described according to selected criteria (see Annex 3).

A comprehensive screening of LEADER projects at MS level was beyond the scope of
this project due to limited resources as well as the fact that information on funded
LEADER projects is often only partial and dispersed across many different information
sources (for example, some MS have publicly available databases of best practice
examples, while others do not, and where such databases exist they only present a
selection of projects).

The overview of the method used to identify LEADER projects and to develop
descriptions of LEADER best practice examples is summarized in Figure 6. The
individual steps are explained below.

Screening for climate

Sources: ENRD database and LEADER projects
email survey, national
database and queries

{ LEADER database (130 ]

projects)

Balance of countries, type of
action, project size, data
availability +

Questionnaires and
interviews with project
coordinators

{ Shortlist of projects

Descriptions of best
practice examples

Figure 6: Overview of method for developing best practice LEADER examples

Screening for LEADER projects

In order to identify existing 2007 - 2013 LEADER projects, various information
sources were used, including:

= Examples of best practice LEADER projects highlighted in the ENRD publications
and project profiles available in the RDP database (http://enrd.ec.europa.eu/)

= National RDP / LEADER databases (e.g. Germany and Austria)
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= Examples identified by the consortium partners and external experts in their
respective countries (by consulting Managing Authorities, national rural
development networks, and published materials)

= Email survey administered through the ENRD national contact points

= Inputs from participants at the project workshop

A project specific database of LEADER projects from 2007-2013 was compiled with
short project profiles, and categorised according to focus areas relevant to climate
change mitigation and adaptation. In this database, a total of 130 climate focused
projects were included. The list of projects that were included in the database with
some key characteristics of these projects (and contacts where available) can be found
in Annex 6.

Shortlist of projects

From the long list of projects in the database, a shortlist was developed using the
following criteria:

= Balance of country & agro-climatic zones

= Balance of categories of action (primary focus area)

= Balance of mitigation and adaptation, and different types of actions
= Data availability (clear contacts)

= Innovation aspects and range of types of activities supported

= Project size

Develop project descriptions

A questionnaire was developed to gather information on shortlisted projects. Some
information on projects was available through project leaflets, or even websites;
however, in many cases only very basic project characteristics were available so that
the questionnaire was the primary source of information. Project coordinators were
contacted and asked to fill out the questionnaire, and in most cases the questionnaires
were followed up by phone interviews to clarify uncertainties or open questions.

An example of the Cheviot Futures project description was presented at the project
workshop in Brussels where feedback was obtained on the content and presentation
features.

Climate action in LEADER projects from 2007 - 2013

The LEADER climate action projects identified from the 2007 - 2013 programming
period include 130 projects. The projects were compiled in a database and categorised
according to thematic areas, country, project title, objectives, activities, mitigation
and adaptation elements, and contact information. The thematic areas of the climate
action projects include:

= Afforestation
= Agroforestry
= Capacity Building
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= Energy Efficiency

= Forest Fire Prevention

= Forest Management

= Landscape / Resource Efficiency
= Nature Conservation

= Recycling

= Renewable Energy

= Tourism / Local Economy

= Water

Figure 7 below shows the distribution of projects across the thematic areas.
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Figure 7: Number of LEADER projects in the database per thematic area

The identified climate action projects were distributed across the EU, although they
were geographically spread unevenly amongst the Member States. There are fewer
climate action projects within the Eastern European countries. Some countries are
better represented due to assistance provided by in-country contacts and access to
resources (brochures etc) available online. Figure 8 below shows the distribution of
projects across the Member States.
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Figure 8: Distribution of LEADER projects in the database per Member State

The long list of projects in the LEADER database was narrowed down and 20 projects
coordinators were contacted with questionnaires. Table 8 below lists the 14 LEADER
projects for which detailed descriptions were prepared (see Annex 3), including the
country where they were implemented and their thematic area.

Table 8. Best practice examples of LEADER climate action projects from 2007
— 2013 included in Annex 3

Thematic area LEADER project Country

Capacity Building Carbon Buster Clusters Project UK

Capacity Building Cheviot Futures - United in a Changing Rural | UK
Landscape

Renewable Energy - | CO, Recycling - Climate Protection through | Austria

Agricultural Waste Soil, Humus, and Habitat Management

Capacity Building Creating CSmart Organisations UK

Renewable Energy The Hungarian Virtual Micronetwork Balance | Hungary
Circle Cluster - "1 Village - 1 MW"

Agroforestry Zala Termalvélgye  Association: Local | Hungary
Traditional Orchard Program for Sustainable
Agriculture

Water Est Sesia - Maintenance works for the | Italy
improvement of water infrastructures at
Sartirana, Cavo Corsica

Forest Management OFT "Forestry Organisation of the Territory" Italy

Agroforestry L'arbre en Champ - Agro-forestry Audit on | Joint Project -
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Thematic area LEADER project Country
the Farm and Mobilisation of Innovative | France and
Models Belgium

Landscape / | Connection Runde - Integrating peat | Netherlands
Resource Efficiency restoration and protection with river

restoration in Southeast Drenthe
Renewable Energy - | Solar panels for farmers in Northeast | Netherlands
Solar Energy Overijssel

Renewable Energy

Texel Energie

Netherlands

Improving the use of renewable energy

Energy Efficiency Development of a local energy management | Germany
for the LEADER region 'Westlausitz'
Renewable Energy ‘Shadows and Sun’ and ‘Catching the Sun’ - | Slovenia

Questionnaires were sent to the various projects to gain more detailed information
about the project’s development, implementation, and results. The topics covered in

the questionnaires were:

= Project description and background

= Objectives and drivers

= Links to local development strategy(ies)

= Funding
= Qutputs

= Benefits (including mitigation, adaptation, socio-economic, and other
environmental benefits)

= Actors

= Success factors and barriers

= Project as initiator of future activities in the region

Completed questionnaires as well as additional project reports, evaluations, brochures,
and project information were reviewed and individual project descriptions were drafted
in the form of project factsheets. Annex 3 contains factsheets of LEADER projects
which describe the above information for each best practice example.

Table 9. Overview of climate focused themes and activities in LEADER 2007-

2013

Area

Examples of project activities

Renewable =
Energy

= Installation of new renewable energy systems

Community emission reduction and/or renewable energy development plans
= Zero-carbon-footprint plans (potentially sector-specific, such as transport)

= Collective organisation of renewable energy supply and energy cooperatives
= Feasibility studies to determine local capacities and cost-benefit analyses

= Community biomass barter system (delivery of biomass to central location
in exchange for alternate forms of compensation)
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Area Examples of project activities
= Community renewable energy fund which is revenue generating and helps
increase access to renewable energy systems for local stakeholders
= Collective biogas / biomass plant
= Reducing waste through alternative uses, e.g., biomass energy generation
Capacity = Educational programmes on climate change for schools
Building = Carbon footprinting for businesses and organisations
= Carbon management action plans
= Community / stakeholder workshops for climate awareness raising
= Resilience planning
= Audits to determine where climate actions could lower emissions
= Site visits to demonstrate climate actions by local actors
= Support for future LEADER project developers in developing applications
Energy = Installing additional insulation in buildings
Efficiency = Upgrading energy equipment (e.g., heat pumps)
= Analyses to identify carbon losses
= Community schemes to increase low-carbon behaviours (e.g., mobile phone
scheme to promote car sharing)
= Substituting energy efficient light bulbs in all public buildings
Landscape/ = Adaptation / resilience-building through land management planning
E;fgg;ii = Flood risk management plans
= Increasing coordination between local stakeholders for reduced landscape
fragmentation and sustainable management
= Encouraged planting of traditional cultivars
= Restoration of peatlands / wetlands
= Native tree planting
= Enhancement of depleted agricultural soils for increased humus content and
carbon sequestration potential
Water = Irrigation infrastructure improvements
= Improvement of water availability and quality through improved landscape
management (e.g., natural filtration through restored wetlands)
= Waste water storage in reservoirs or disposal in forests for filtration
= Feasibility study for how to raise groundwater table
= Capacity building for stakeholders to comply with WFD
= Small-scale financing for equipment, e.g., upgrade to drip irrigation
systems
= Restoring riverbanks for improved water quality / reduced erosion
Nature = Habitat restoration

Conservation

Reintroduction of hedges
New equipment to improve the biological and ecological condition of lakes

Encouraging stakeholders to visit nature sites to increase understanding
and dedication to protection

Tourism/
Local

Restoration of local resources to enhance recreational opportunities
Revitalising rural areas for increased tourism as well as climate change
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Area Examples of project activities

Economy response and resilience (energy efficiency / self-sufficiency as well as
increased carbon sequestration potential)

= Revitalising rural areas to avoid abandonment and landscape degradation

= Implementation of collective food processing facilities for reduced external
reliance (reduced emissions from local sourcing)

= Enhancing local markets through producer and area promotion

= Coordination of local supply chains for reduced emissions and enhanced
production / sale potential

Afforestation Support in establishing new forest and determining appropriate composition

according to local conditions

Agroforestry Training to increase uptake of agroforestry on farms
= Diversification of local farming businesses

= Increased carbon sequestration through above- and below-ground biomass

Forest Fire |= Wildfire prevention and response plans

Prevention = Network of infrastructure to aid with fire extinguishing
= Creation of fire barriers, new and restoration of old fire trails
= Separation of combustible forest materials
= Reconstruction of reservoirs to address increasing forest fire events
Forest = Coordinated schemes to improve forest management and habitats
Management |, Training programmes for forest owners to increase capacity and knowledge
= Community coordination to identify disease and prevent tree infection
Recycling = Closing CO, cycles through reduced waste and reuse

= Feasibility studies to identify capacities for a recycling programme
= Green waste collection and composting

= Zero-waste planning for communities

As seen above, a wide range of different types of themes and projects are possible for
integrating climate action into LEADER projects. Best practice examples of LEADER
projects which include a climate action element exemplify these various project
activities (see Annex 3). However, projects vary in terms of whether climate is the
main focus of the project or a driving factor behind creation of the project, as opposed
to one of several issues addressed by the project.

The best practice examples of Carbon Buster Clusters, Cheviot Futures, CSmart
Organisations, 1 Village 1 MW, Solar Panels, Texel Energie, and Westlausitz all include
climate as a key element in the project design. Carbon Buster Clusters and CSmart
Organisations aimed at raising awareness and capacity on climate issues within the
local populations, whether school children and the surrounding communities or local
businesses in terms of lowering their carbon footprint / increasing their energy
efficiency. Two Dutch projects, Solar Panels and Texel Energie, focused on renewable
energy development within the local regions and were initiated in response to climate
change issues. The Slovenian project targeted renewable energy uptake by the local
population, utilising a collective working group format for the solar panel installation
as well as raising awareness about the biomass potential in the region. Additionally,
the 1 Village 1 MW project from Hungary involved multiple installations of new
renewable energy equipment in order to increase the energy self-sufficiency of the
local region, which was influenced by a long-term climate perspective. The Westlausitz
project from Germany also aimed to increase energy self-sufficiency for the region,
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but rather through local energy efficiency plans, coordinated improvements for energy
efficiency, and increased uptake of renewable energies. Finally, Cheviot Futures was a
site-specific project developed in response to climate change in order to increase
adaptation capacity and resilience for the local area.

In contrast, the best practice examples in Annex 3 also contain projects which
integrate climate action as a side element. CO, Recycling specifically focuses on
climate mitigation through reusing green waste, but a major element is also the use of
compost made from such green waste for enhancement of the local soil humus
quality. Additionally, the joint French and Belgian project L'arbre en Champ, OFT
“Forestry Organisation of the Territory” project from Italy, and the Hungarian Local
Traditional Orchard Programme contribute to climate change mitigation by the local
area through agroforestry encouragement. These climate benefits are sought in
addition to local economic benefits (e.g., fruit processing), environmental benefits
(e.g., habitat restoration), and cultural/heritage benefits (e.g., re-establishment of the
traditional mosaic landscape), as well as utilising a cooperative approach to landscape
management and project implementation. The Est Sesia project from Italy contributes
to climate adaptation through improved irrigation infrastructure in response to
increasing water scarcity concerns, as well as the Connection Runde project from the
Netherlands providing climate mitigation benefits through restoration of a peat
stream. However, the additional focuses of the latter project were to improve the local
natural resources and increase recreational use / opportunities associated with those
resources, thereby improving the local quality of life.

The extent to which Member States and regions have already integrated climate action
into LEADER differs widely. For example, in the UK, Germany, Austria, France, and the
Netherlands there are many projects which have a specific climate action element. In
other regions it is a less visible part of this approach. There is potential to learn from
those who have already made valuable experiences, and the best practice examples
(see Annex 3 as well as Annex 6) provide a useful starting point. In particular, the UK
has many examples of successful capacity building projects to raise awareness about
climate change. Germany and Austria both have many projects in which regional or
community-based renewable energy plans have been developed. France provides good
examples of natural resource management and/or restoration projects which could be
used as models for future LEADER project development within this thematic area. In
general, the search for climate action LEADER projects as well as the feedback
received during the break-out LEADER session of the project workshop in Brussels
indicated that LEADER projects in Eastern European countries do not integrate climate
into the project objectives.

In addition to the above examples which demonstrate potential project aims and
activities as well as the multiple different benefits resulting from projects which
include climate objectives, there were key success factors identified for the best
practice examples. Recognition of these factors in the design of future climate action
LEADER projects would help to roll out or mainstream climate uptake under the
LEADER programme. Key success factors for climate action LEADER projects from the
2007-2013 programming period included:

= Local stakeholder support through participation in project design and raising
awareness of the multiple benefits available from climate action projects

= Staff dedicated to implementation of the project rather than strictly on a
voluntary basis

= Elimination of administrative barriers

= Technical training available for implementation of the project activities as well as
advice and support from local expert
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Climate action in LEADER projects in 2014 - 2020

The range of LEADER projects that we identified for the 2007 - 2013 period and their
different thematic areas illustrate the opportunities of the LEADER instrument for
promoting climate activities. While it was not possible to estimate the share of climate
action projects in the pool of all LEADER projects, the screening exercise showed that
climate focused projects were more easily identified in a few countries where climate
in LEADER seems to have a higher presence (e.g. UK, Germany, Austria). The
geographic skewedness of the results is partially a reflection of how publicly visible
climate focused-LEADER projects are. The discussion with practitioners at the Brussels
workshop confirmed that climate topics did not feature strongly in LEADER in the
previous programming period. This in turn suggests that there is still room to improve
the presence of climate topics in the LEADER instrument.

In developing guidance on how climate action could be further supported through the
LEADER instrument in the 2014 - 2020, we drew on the insights from the project
database and the best practice examples. In addition, selected expert interviews were
conducted to gather experiences from practitioners. The project workshop in Brussels
offered an additional opportunity to discuss how to promote climate action in future
LEADER implementation, highlighting a number of barriers as well as possible
solutions for the 2014-2020 LEADER programming period.

Based on the interviews conducted with LEADER project coordinators, other experts,
and feedback obtained from the workshop, the project identified significant challenges
that need to be addressed in order to further develop climate activities in LEADER:

= Traditionally, the emphasis of LEADER projects has been on diversification of
rural economies, creation of jobs, protection of natural heritage, and there was a
perception among practitioners at the workshop that climate action is not a big
issue for LEADER and may not fit well within this instrument. However, the best
practice examples in Annex 3 illustrate that climate focused LEADER projects can
have positive effects in terms of job creation, social and cultural heritage and
natural heritage. The challenge is to elucidate more clearly the links between
climate action and rural economies and the protection of local heritage.

= LEADER is designed to be a bottom-up programme responding to contextually
specific local needs. The local action groups (LAGs) perform SWOT analyses,
uncover local needs which are incorporated into their local development
strategies (LDS), and LEADER projects are designed to address those needs. If
climate is not identified as a priority need by the LAG, then the RDP does not
force that issue to be included in the LDS. Additionally, the RDP sets objectives
for the LEADER programme, but if climate is incorporated later after the LDS has
been designed, it may be too late.

= There is a lack of a clear idea for how climate can be promoted through LEADER.
In absence of climate action being an explicit objective of LDSs, climate action
within LEADER projects only has the possibility to be a “side effect” rather than a
priority focus.

= While it would be more effective for climate to be an explicit objective, the
restrictions on delivering on this need to be recognised given the advanced stage
of programming for RDPs 2014 - 2020, and complementary tools used (e.g.
promotion, knowledge exchange). Member States have already begun the
preparation phase for 2014-2020. Although the objectives for the national
LEADER frameworks are already being determined, the objectives could be
reviewed if there is a mid-term review of CAP, and options can be explored for
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how to update the LEADER preparatory materials to incorporate climate
dimensions.

= Because of the traditional focus on rural economies, quality of life and economic
diversification, practitioners at the workshop stressed that there is also limited
awareness or understanding among LAGs on how climate action can be done
through LEADER. Increased awareness of opportunities for climate action
through LEADER is required (including on *how to do climate projects’) and there
is a need for climate action to be accepted and for LAGs to take ownership of
climate challenges. Communicating the multiple benefits of climate action
projects and establishing training and awareness raising for LAGs can increase
climate action in LEADER projects.

= More broadly, an overall holistic shift is required from the top-down regulation in
order to increase the visibility and priority given to climate issues in LEADER.
Because the LEADER approach is focused on bottom-up action, Managing
Authorities can only guide and encourage Local action groups (LAGs) while
allowing the flexibility and autonomy of LAGs to respond to their context-specific
challenges.

= A balance needs to be struck that respects the basic mandate and principles of
LEADER yet enables better promotion of climate objectives. Since all RDP
funding needs to contribute to the horizontal objectives of mitigation and
adaptation this should in principle be implicit in LEADER mechanisms that are put
in place. Managing Authorities have some tools at their disposal. Nonetheless,
how to make effective use of these tools is a challenge.

Annex 4 outlines some ideas for how climate action could be further supported
through the LEADER instrument. First, Managing Authorities could take a number of
steps to support LAGs to address climate action in local development strategies and
LEADER are presented:

= MAs can promote the inclusion of climate action in local development strategies
by highlighting climate action as a thematic focus area in their national LEADER
rules, setting quantitative targets for climate action (earmarking funds,
establishing a reward system for LAGs addressing climate), as well as
introducing climate proofing criteria for LDS and LEADER projects and monitor
how climate action is addressed by projects.

= MAs can provide different forms of technical guidance for LAGs, specifically by
disseminating examples of how climate action can be integrated in LDS
objectives, and incorporating climate change topics in national training and
experience sharing for LAGs.

Second, in terms of technical guidance, an especially relevant area to address is the
contribution of climate action to rural economy and social development in rural areas.
The MAs can demonstrate to LAGs how LEADER climate action can be an opportunity
and also contribute to social development, and Annex 4 points to the main types of
economic and social benefits from LEADER, as well as the types of indicators that can
be used to monitor the benefits of LEADER projects.

Finally, Annex 4 also gives an overview of the types of topics which can be supported
by LEADER in the future. What is innovative for a particular region and LAG depends
on the already existing initiatives, resources, and conditions in the region. Given the
disparity in how much climate topics have been addressed by LEADER so far in
different MS, the choice of most appropriate topics will differ. There is, however, much
room across the MS for LEADER to address systematically the planning and
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implementation of adaptation activities. It may also be easier for local communities to
see how adaptation activities fit with the more traditional LEADER objectives of
economic and social development. In terms of mitigation activities, in addition to
topics of renewable energies and low carbon mobility concepts, energy efficiency, and
capacity building for mitigation, there is potential to support newer topics such as
those outlined in Annex 1 (Technical Fiches), in particular on carbon audits for farms
and businesses, Shelterbelts and hedges (linked to recreational goals), and restoration
of wetlands.

Concluding remarks

The LEADER approach has proven to be effective for stimulating bottom-up and
innovative activities, and can contribute to climate actions as illustrated in this chapter
as well as Annex 3, 4 and 6. Our review of LEADER projects from the 2007-2013
period indicates that LEADER has supported different types of climate actions, focusing
more on capacity building, renewable energies, and energy efficiency. There has,
however, been limited focus on explicit adaptation activities. The LEADER project
factsheets also illustrate that climate action under LEADER have already delivered
concrete benefits beyond climate mitigation and adaptation also for rural economies,
social development and rural quality of life (see Annex 3 project factsheets). There is
nonetheless further potential to increase climate action under LEADER, and several
challenges that need to be addressed in realising the potential of LEADER for climate
mitigation and adaptation. Managing Authorities can play an important role in
increasing the role of climate action in local development strategies and LEADER
projects by how they administer the LEADER instrument and by providing technical
guidance to LAGs, and increasing experience sharing and knowledge exchange.
LEADER can continue to mobilise low carbon initiatives in rural areas through capacity
building for carbon consciousness among rural population and rural business and low
carbon planning activities (including, for example, audits). It can directly also support
the types of innovative actions outlined in Annex 1. In addition, more emphasis can be
placed on adaptation activities under LEADER which can lead to increased awareness
of climate change predictions, vulnerabilities, and adaptation options, contribute to
establishing local strategies and action plans for adaptations, and select and support
the implementation of adaptation options.
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5. Climate Action under the Cooperation Measure

Background

The scope and ambition for joint actions have been expanded under the Cooperation
measure (Article 35) for the 2014-2020 programming period. Joint actions are defined
as involving at least two entities and the measure can also be combined with other
measures. The joint actions can directly address mitigation and adaptation to climate
change.

This Cooperation Measure offers the opportunity for setting-up cooperation groups but
also for implementing projects. It offers the possibility for implementing pilot projects,
and testing solutions to specific/localised problems. The Cooperation Measure can be
used as a testing ground to analyse a specific climate-focused problem and identify
mitigation and/or adaptation solutions by bringing together a range of stakeholders,
including advisors, farmers, researchers, the industry, local communities,
municipalities, and environmental agencies. The solutions can be tested on the
ground, practical experience can be gained, and the solutions can then be applied
broadly using other RD measures such as the agri-environment-climate measure.

Collective approaches to agri-environment and in particular climate issues, where
several farmers cooperate in achieving a certain objective, have not been widely
implemented until now (Franks and McGloin, 2007). However, these approaches have
been recognised to offer a number of advantages for delivering environmental
benefits, in particular for projects which require landscape level action such as
development of green infrastructure or increasing flooding resilience (OECD 2013b).
For example, in Tuscany, voluntary agreements between local government and a
group of mountain farmers facilitated effective responses to increase resilience to
flooding through better hydrogeological management and improvement of landscapes
(Vanni 2013). The Farming for a Better Climate initiative in Scotland has facilitated
effective knowledge exchange and problem solving for farm level mitigation through
creation of farmer-led focus groups.

Joint actions enable opportunities to increase the scale and extent of climate
mitigation and adaptation impacts through joint planning, design, and financing
structures. There are risks associated with this implementation method though, such
as issues regarding efficiency, transparency, and stakeholder participation, which need
to be considered in order to design effective new and innovative operations (Davies et
al. 2004).

For this task, a literature review was conducted, and practitioners were consulted at
the workshop and through interviews. In this chapter, the process used to identify the
potential climate topics that could be supported under the Cooperation Measure are
explained, which includes our understanding of the differences and similarities
between the LEADER and the Cooperation Measure. Moreover, an overview of the
types of topics that can be supported under the Cooperation Measure is given.

Identifying potential climate-focused topics for joint actions

In Annex 5, we elaborate examples of climate focused topics that can be pursued
through joint actions under the Cooperation Measure (Art.35).
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The potential examples of joint actions were identified by drawing on the experiences
in preparing technical fiches, the guidance on combinations of measures, as well as
the work on LEADER projects. The topics for joint actions are being proposed that
meet the following criteria:

= Are well suited to collective action

= There is a strong added value for climate mitigation and adaptation from
pursuing the action through joint initiatives

= There is not yet sufficient experience or clarity on particular mitigation or
adaptation measures so that the topic is not yet suitable for implementation, but
rather needs to be first pursued through pilot projects

Five potential topics are elaborated in more details, including:

= Rationale and objectives for the joint action

= Potential actors

= Types of activities that can be supported

= Expected impact on mitigation and/or adaptation

= Combinations with other RDP measures

This list of potential topics needs to be seen as illustrative, rather than conclusive.

Demarcation between LEADER and the Cooperation Measure

To a certain degree, both the LEADER instrument and the Cooperation measure can
support similar types of themes and activities. Both of these measures enable joint
and collaborative activities, and the requirements in the EAFRD Regulation leave
flexibility to Member States and regional / local communities to use these measures in
the most relevant way given their contexts. The inherent flexibility built into the
measures is a major strength of both measures. There are, nevertheless, some
differences in the way the measures are set up, in particular their starting point. The
starting point for LEADER are local development strategies and territorial cooperation,
whereas the starting point for the Cooperation measure is co-operation that is more
sector-specific or thematically narrow.

The LEADER approach is traditionally focused on territorial (and within a given
territory cross-sectoral) or inter-territorial cooperation, and projects need to respond
directly to local development strategies. Since the Cooperation Measure does not
require a direct link with a territorial development strategy, it in a way allows more
flexibility for climate action. If LDS do not incorporate climate action as explicit
objectives, the Cooperation Measure can in principle be used in place. However, this
requires that the Member State approach to implementing the Cooperation Measure
incorporates a climate focus.

The range of project sizes that can be supported by LEADER is significant. LEADER
could support very small projects, for example with size of less than 10,000 Euros and
lasting only a couple of months, to large projects (for example, 400,000 Euros) and
lasting over several years. In principle, there is no lower limit for joint actions under
the Cooperation Measure, so very small projects could also be supported, although the
types of actors that may have access to LEADER (through local communities) may not
be able as easily able to access Cooperation Measure funding.
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Due to its traditional focus, LEADER can be applied well for capacity building for
communities and for cross-sectoral initiatives which have a direct link to economic
development and rural quality of life. In terms of underutilised yet highly relevant
topics, LEADER is particularly well suited for capacity building for adaptation at local
community level since climate impacts have significant implications for economic
development across sectors.

The Cooperation Measure can be effectively used for actions explicitly focusing on
climate mitigation through improved resource efficiency or landscape level projects
addressing both mitigation and adaptation, which can also have a strong link to
economic development and quality of life (e.g. through provision of opportunities for
tourism). The Cooperation Measure is well suited for pilot projects for agri-
environment-climate schemes, or the development of climate audit tools for farms
which can be applied across the whole country. These may otherwise be more difficult
to tie to a particular LDS. The Cooperation Measure also appears more suitable for
linking research and practice on specific, narrower, in particular on agri-environment-
climate approaches and resource efficiency enabling the testing and transfer of
possible solutions, technical approaches, which may not yet be suitable to be funded
under the other RD measures. The Cooperation Measure can be used to set up
collective actions for delivery of environmental services at landscape level which have
a climate focus or component and projects focusing on resource efficiency.

The two measures could be combined. The LAGs can apply for joint action funding to
implement their objectives. Moreover, existing LEADER networks (including existing
LAGs) can be used strategically to reduce the administrative effort and increase the
stakeholder buy-in needed to develop joint actions. This is particularly relevant for
joint actions aimed at delivering environmental and climate services at landscape level
(whether included in or independent from local development strategies). These
projects which target issues potentially spanning multiple LAG areas and requiring
coordinated rather than isolated responses could build on the organisational network
already mobilised by LEADER.

Testing and implementing new and collective methods for climate
actions

Examples of the types of joint actions that can address climate objectives include:

= Establishment of cooperatives for sharing of equipment that facilitates improved
nitrogen or soil management

= Climate action networks which facilitate peer-to-peer learning and exchange of
information

= Establishment and operation of operational groups of European Innovation
Partnership (EIP) for agricultural productivity and sustainability focusing on
climate topics

Five examples of joint actions which have the potential to address key areas climate
mitigation and/or adaptation needs and opportunities are also explained in more
detail. These include:

= EIP operational group: Testing of regionally appropriate ‘payment by result’
schemes for N-efficiency

= EIP operational group: Development and/or improvement of regionally
appropriate climate audit tools
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= EIP operational group: Testing of innovative contracts for voluntary schemes to
develop expansion tanks to store water for dry periods or to provide natural
retention in case of heavy rains

= Climate action networks

= EIP operational group: Develop a methodology for farm resilience plans for
particular farm types/sectors, focussing on risks that farmers are currently
underprepared for

Equally well, joint actions could also deal with issues such as:

= Pilot projects focusing on the development and implementation of wetland
restoration concepts and collective projects either through establishing
cooperatives, or other types of partnerships between public and private actors

= How to adjust fertilisation without affecting yield quality (e.g. remove ‘late
quality fertilisation with nitrogen’ for bread wheat)

= Screening and options to improve herd health status
= Building design for adaptation
= Development and transfer into practice of adapted crop varieties,

= Events and activities which aim to increase awareness or adaptive capacity of
farmers to deal with climate change, including for example, the inclusion of
virtual learning platforms such as those targeting young farmers.

These examples of joint actions are related to the actions outlined in the Technical
Fiches (Annex 1), yet the focus is on testing and developing new, or thus far
unexamined or open aspects or questions. As in the case of LEADER, what is new will
depend on the regional circumstances and conditions. Such cooperation actions bring
in a degree of flexibility in the design of specific solutions and schemes, so that these
could be better tailored to regional and farm conditions, and thus the stakeholder buy-
in can also be increased. The joint actions can also enable the testing of performance
of developed measures and schemes so that feedback from users can be incorporated
and effectiveness increased. The success of the joint action projects can be also
increased if, where possible, they build on continuity with already existing initiatives.

Participants at the workshop saw the Cooperation Measure as a tool that can be more
easily applied than the LEADER instrument in terms of direct support for climate
action, in particular if climate activities are presented as contributing to resource
efficiency in the agricultural sector. Greenhouse gas emissions from this perspective
are presented as a wasted resource. The operational groups under the EIP can frame
climate issues in terms of the logic of efficiency and productivity of the production
system rather than it being framed as a separate issue. This makes climate objectives
more concrete and understandable to the farming sector. Benefits of climate action to
farmers can be more directly demonstrated.

The workshop participants also stressed that climate mitigation and adaptation issues
can be approached by the EIP operational groups as part of a broader question ‘How
do we farm sustainably in the future’. And in particular, the possibility to test concrete
ideas, demonstrate concrete benefits and find ways to implement actions presents a
valuable space through which farmers can be convinced of the impact and
effectiveness of proposed solutions, also because they are able to be involved in the
collective approach and be part of designing the solutions.
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The Cooperation Measure can be used to identify practical needs for research, and
enhance uptake of results at farm level (incl. for example demonstration sites and
projects) - develop pilot initiatives on ‘interactive knowledge creation’ around climate
change topics (incl. through climate networks).

Concluding remarks

Joint actions under the Cooperation Measure offer the opportunity for setting-up
cooperation groups to test and implement innovative collective projects. As a testing
ground for locally specific and appropriate solutions, joint actions can be used to
develop solutions related to emission reduction or climate adaptation which can later
be rolled-out more broadly through other RD measures. The Cooperation Measure is
also a very useful instrument to support collective landscape level solutions, where the
added value of joint action is significant and required (for example, in the case of
wetland restoration). Where feasible and relevant, the existing LEADER networks and
LAGs could be built on strategically to increase the feasibility of joint actions at
landscape level.
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6. Indicators and criteria — green growth
Background

The aim of Task 4 was to review existing criteria and indicators (OECD, European
Commission) which can be used to evaluate the contribution of combined RD
measures to climate change mitigation and adaptation as well as to objectives of
green growth that are in line with the Europe 2020 strategy. In this context, the term
“combined RD measures” also refers to all measures of a RD programme related to
the relevant EU priorities 4 and 5, which in a wider sense can be understood as a
broad combination of measures.

Box 2: Green growth

The idea of green growth or green economy has been formulated by different
international organisations (i.e. UNEP, UNDP, World Bank, OECD and the European
Environmental Agency). Although their definitions vary, green growth or green
economy essentially focuses on three objectives (EEA 2014a):

= Improving resource-use efficiency
* Maintaining ecosystem resilience

= Enhancing social equity

Green growth represents a concept to support the transition to an economy that
experiences growth while at the same time fosters sustainable and inclusive
development (ESCAP et al. 2012; EEA 2014a). It moves away from the short-term
thinking that costs associated with sustainable development impair economic growth,
but instead emphasizes long-term benefits (EEA 2014a). As green growth has key
focus on improved resource-use efficiency, it closely relates to the concept of a
circular economy, which basically comprises recycling and re-use of physical and
material resources (EC 2014).

Criteria for evaluating the contribution to climate protection and green
growth

In order to evaluate the contribution of measures and measure combinations to
climate protection effects and green growth, a number of criteria need to be
considered.

= As the European Union aims at achieving a low carbon economy, the GHG
emission abatement potential or the actual reduction of GHG emissions plays
an important role for the evaluation of measure combinations.

= Cost effectiveness is a key criterion in order to evaluate the contribution of
measure combinations to green growth. It relates the associated costs with the
achievable reduction in emissions. Many climate change measures are associated
with net private cost (i.e. the costs to the farmer are greater than the benefits
they receive) but a net social benefit (i.e. the total benefits to the farmer and to
society (including the environmental improvement) outweigh the total costs).
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= Ancillary effects (e.g. social benefits) give an indication on such net social
benefits. Multi-functional measures are particularly beneficial from a social
perspective, as they contribute to multiple aims (e.g. Technical Fiches M4 and
M14 where the operations both contribute to a reduction in GHG emissions and
ammonia emissions) and thus contribute to an inclusive and sustainable
economy.

= As green growth can only be achieved in the long run, the durability of the
impacts of the measure combinations is very important. If these measures are
supported (e.g. by RDPs), it should be taken care that the positive effects are
not reversible when the support phases out.

= Especially when reducing GHG emissions, displacement effects need to be
considered. Associated decreases in production might lead to leakage effects as
production increases elsewhere in order to satisfy the unchanged demand.

Although single measures and measure combinations need to fulfil the above criteria
in order to contribute to GHG mitigation and green growth, the actual evaluation of
their contribution is difficult. The causal relationships between measures at the micro
scale and green growth effects on the macro scale (national/sectoral level) cannot be
identified easily (further discussed below).

For GHG mitigation measures, the link to green growth is the objective to reach higher
resource efficiency (e.g. less N fertiliser input per tonne of output) and reduced
emissions (e.g. less GHG emissions per tonne of output). In the case of climate
change adaptation, the relevance for green growth is the aim to maintain productivity
of land-based production systems and to limit negative impacts of extreme weather
events. While for the evaluation of GHG mitigation measures, the challenge is how to
quantify net effects on global GHG emissions, for climate change adaptation the
assessment of climate change impacts with and without adaptation measures is
crucial.

Indicators

Methods and criteria for indicators selection

In order to identify relevant indicators a literature review was conducted, focusing on
the indicators of the EU’s Common Monitoring and Evaluation Framework (CMEF) and
the Green Growth indicators of the OECD (2011, 2013).

Box 3: CMEF indicator definitions for the CAP post 2013 (EC 2012)

Context indicators

e “provide information on relevant aspects of the general contextual trends that
are likely to have an influence on the performance of the policy, e.g. GDP per
capita, rate of unemployment.”

Output indicators

e "measure activities directly realised within policy interventions as the first
step towards realising the immediate aim of the intervention. They are
measured in physical or monetary units, e.g. number of farmers supported by
young farmer scheme, number of farm holdings supported by investment
measure, number of Ha supported with the basic payment”.
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Result indicators

e "measure the direct and immediate effects of the intervention providing
information on changes in, for example, the behaviour, capacity or
performance of direct beneficiaries. They are measured in physical or
monetary terms e.g. share of direct payments in farm income, percentage of
UAA under management contracts preserving soil.”

Impact indicators

e ‘refer to the benefits of the intervention beyond the immediate effects on its
direct beneficiaries and evaluations are normally used to identify their net
effects (i.e. subtracting effects that cannot be attributed to the intervention
and taking into account indirect effects), e.g. total factor productivity in
agriculture, rural employment rate compared to rest of economy. Impact
indicators are common for Pillar I and Pillar II1.”

Appropriate indicators were selected considering the following criteria:

= The focus is on result and impact indicators, as we are interested in evaluating
the impact of RDP measure combinations and the impact of the whole RD
programme

» Indicators need to measure the impact on climate change mitigation or
adaptation

= With respect to Green Growth, indicators should focus on:
= Mitigation: (changes in)resource efficiency and GHG emissions
= Adaptation: (changes in) productivity
= Indicators need to comply with the SMART-criteria (ENRD, 2012)
= Specific
= Measurable
» Available/achievable in a cost-effective way
= Relevant for the programme

* Available in a timely manner

Evaluation and monitoring of the CAP in the EU is mainly based on output, result and
impact indicators. Depending on the degree of aggregation, indicators can be used to
evaluate different levels of the CAP. Output indicators reflect the activity directly
related to the implementation of the specific measures (e.g. number of beneficiaries,
hectares or amount of public support of a specific operation or RD measure). Due to
their focus on the activity itself, output indicators can be used to describe the overall
implementation and acceptance of an operation, measure or the whole programme,
but they do not indicate whether a measure successfully meets the related targets.
These output indicators are mainly used for monitoring the implementation of RD
programmes and are thus excluded from the compilation.
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Result and impact indicators

In contrast to output indicators, result indicators measure the direct and immediate
effects of measure implementation. Different result indicators are used for the two
pillars of the CAP. For the evaluation of the RDP, they relate to the different Union
Priorities and Focus Areas. For the priorities 2-6, a few result indicators that are easy
to capture and monitor are defined as target indicators (this can also include
combinations of several result indicators) that need to be quantified ex-ante. Table 10
specifies result indicators that can be drawn on for the evaluation of the contribution
of RD measure combinations to the Union Priorities. Many of these result indicators
can be used for the monitoring of different operations and are recommended in the
Technical Fiches (See Annex 1).

Table 10: Result indicators for the Union Priorities 4 and 5 (Evaluation Expert
Committee 2013; EC 2012) and related Technical Actions that can be
evaluated by the different indicators

Union Priority and Result indicator Fiches
Focus Area
P4 A _ _ Absolute area and % of forest or other
Restoring, preserving and | wooded area under management
enhancing biodiversity, contracts supporting biodiversity
including in NATURA
2000 areas, areas facing
natural or other specific | Apsolute area and % of agricultural land
constraints and high under management contracts supporting
nature value farming, biodiversity and/or landscapes
and the state of
European landscapes
P4 B ) Absolute area and % of agricultural land A7
Improving water under management contracts improving
management, including water management
fertiliser and pesticide
management Absolute area and % of forestry I_and
under management contracts to improve
water management
P4 C ) ) ) Absolute area (ha) and % of agricultural M1, M2,
Preventing soil erosion land under management contracts M6, M8,
and improving soil improving soil management and or A2, A3,
management preventing soil erosion AS
Absolute area (ha) and % of forestry land A5
under management contracts to improve
soil management and or preventing soil
erosion
P5 A
Increasing efficiency in Total water savings in m>
water use by agriculture
% of irrigated land switching to more
efficient irrigation system
Increase in efficiency of water use in A7, A8
agriculture in RDP supported projects
(output/m?® water used)
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Union Priority and Result indicator Fiches
Focus Area
PS5 B ] . ) Tonnes of oil equivalent saved per volume
Increasing efficiency in of outputs
energy use in agriculture
and food processing Total investment in energy savings and
efficiency (€)
Increase in efficiency of energy use in M13
agriculture and food-processing in RDP
supported projects (output/MJ energy
used)
P5C . .
Facilitating the supply gggzlulcrg/:;t(ngint in renewable energy
and use of renewable
sources of energy, of by- M12
[r)ggi?:lucsat:’a\;\vdascffr?ér non- Renewable energy produced from
u . supported projects (Tonnes of oil
food raw material for equivalent)
purposes of the q
bioeconomy
LU concerned by investments in live-stock m:;’l M142’
management in view of reducing GHG M14’ !
and/or ammonia emissions
% of agricultural land under management milM‘l’
contracts targeting reduction of GHG
and/or ammonia emissions
P5D M3, M4,
Reducing greenhouse gas | Reduced emissions of methane and M10, 11,
and ammonia emissions nitrous oxide (measured in CO, M14
from agriculture equivalent)
Reduced ammonia emissions (measured M3, M4,
in CO, equivalent) M14
Tonnes of CO,-eq. saved from RDP
supported projects, expressed as annual
savings per project, aggregated across
projects
P5 E . M1, M2
. Absolute area (ha) and % of agricultural ! !
Fostering _carbon and forest land under management M6, A3,
conservation and A A5
S contracts contributing to carbon
sequestration in sequestration
agriculture and forestry q

The result indicators are suited to evaluate the effects and contribution of measures
and operations to the climate objectives of the Union Priorities 4 and 5. However, they
can only evaluate the impacts on Green Growth to a limited extent, since they rarely
consider impacts on economy or society.

Impact indicators are used to evaluate the programme impact on a more aggregated
scale. They describe effects in relation to wider effects of the implemented
programme, such as net GHG emissions from the agricultural sector as a whole. They
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are used to evaluate the contribution of the whole CAP (first and second pillar) to the
different objectives. Table 11 shows a subset of such indicators. With regard to
environmental effects, this includes especially the effects of greening and cross
compliance.

Table 11. Impact indicators for the evaluation of first and second pillar of the

CAP (EC 2013b)

agriculture

Indicator Definition

GHG emissions from | Net GHG emissions from agriculture including agricultural
agriculture soils

Water abstraction in | Volume of water which is applied to soils for irrigation

purposes

Soil organic matter

Organic carbon content in soils

Soil erosion

a Estimated rate of soil loss by water erosion

b Estimated agricultural area or share of estimated
agricultural areas affected by a certain rate of soil erosion
by water

Rural employment rate

Employed persons aged 15-64 and 20-64 as a share of the
total population of the same age groups in thinly populated
areas (used as proxy for rural areas)

Degree of rural
poverty

Share of population at risk of poverty or social exclusion in
thinly populated areas (used as proxy for rural areas).

Rural GDP per capita

GDP per capita in predominantly rural regions, in PPS

(purchasing power standard)

As the impact indicators are more general they could as well be used on a sectoral or
national level. In addition to the monitoring of GHG emissions and resource state
(estimated rate of soil loss by water erosion, organic carbon content in soils) and use
(water abstraction in agriculture), they also link to socio-economic aspects such as
employment, income and poverty in rural areas (see the last three indicators in Table
11) and can thus be used to evaluate the contribution of RD programmes to green
growth objectives.

In order to be able to derive meaningful information from these result and impact
indicators, their values need to be compared over different points in time (which might
be difficult because of data availability) since they mostly only display absolute
numbers. Indicators that relate different information such as GDP and net GHG
emissions and thus express efficiencies would be suited better to evaluate the
contribution to climate change mitigation/ adaptation and green growth.

Green growth indicators

During the evaluation of measures/ programmes, cost effectiveness poses a key
criterion. Most climate change mitigation or adaptation measures are associated with
substantial costs and might thus have negative effects on economic growth, at least in
the short-term. A green economy, however, takes into account that over-exploitation
of resources leads to welfare losses in the long run. Thus, a sustainable and efficient
use of resources is necessary in order to maintain economic growth.
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Some climate change measures have a net private cost (i.e. the costs to the farmer
are greater than the benefits they receive) but a net social benefit (i.e. the total
benefits to the farmer and to society, including the environmental improvement,
outweigh the total costs). Multi-functional measures can be particularly beneficial from
a social perspective, as they contribute to multiple aims (e.g. Technical Fiches M4 and
M14 where the operations both contribute to a reduction in GHG emissions and
ammonia emissions). Without public support (such as the RDP), underinvestment in
these socially beneficial measures is likely to occur.

RD programmes promote innovation (e.g. through the EIP) and support rural
development and the initial use of innovative measures/operations until the innovation
is well-established and a new level of development is reached. When the innovative
measure or operation has become the standard procedure, the support through RD
programmes should be terminated. This is the case especially for measures/operations
that relate to innovative technologies (e.g. M4 Precise N-application, M14 Climate
proofing planned investments, A7 Improved irrigation efficiency). As the European
Union aims at becoming a “smart, sustainable and inclusive economy” (EC 2010), it
promotes green growth, which includes increased resource efficiency and a low carbon
economy. Thus the RD measures and combinations shall also be evaluated in relation
to their contribution to Green Growth.

The Green Growth indicators of the OECD, are even more aggregated than the CMEF
impact indicators and also focus on macroeconomic effects at the sectoral or national
level (Table 12).

Table 12. Green growth indicators of the OECD (OECD 2011, 2013)
Indicator

Production based CO, productivity (GDP per unit of energy related CO, emitted)

Demand based CO, productivity (Real income per unit of energy-related CO,
emitted)

Energy productivity (GDP per unit of Total primary energy supply (TPES))

Energy intensity per sector
Share of renewable energy (of TPES in electricity production)

Demand based material productivity (Real income per unit of materials consumed)
Production based (domestic) material productivity (GDP per unit of materials
consumed

Biotic materials: food, other biomass

Abiotic materials: metallic minerals, industrial minerals)

Waste generation intensity and recovery ratios (by sector, per unit of GDP or value
added, per capita)

Nutrient balance in agriculture (N,P) (per agricultural land area and change in
agricultural output)

Water productivity (Value added per unit of water consumed, by sector)

Land resources: land cover conversions and cover changes from natural state to
artificial state (Land use: state and changes)

Soil resources: degree of topsoil losses on agricultural land, on other land
(Agricultural land area affected by water erosion, by class of erosion)

In addition to increased resource efficiency and reducing GHG emissions, Green
Growth also focuses on socio-economic aspects such as economic growth,
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productivity, labour markets, education and income. However, as the contribution of
the agricultural sector to these aspects is rather small in relation to other sectors in
most EU Member States, potential impacts will not be significant at a macroeconomic
scale. Thus, for evaluating climate-relevant overall impacts of RD programmes and the
CAP only indicators are proposed that directly relate to reducing GHG emissions and
improved resource efficiency. These indicators should be applied to the agricultural
and land use sector, its productivity and GHG emissions.

So depending on the level on which impacts shall be evaluated, different types of
indicators need to be utilised. It is difficult to evaluate effects of single
operations/measures (or combinations) on a sectoral or national scale, as their impact
cannot be easily separated from other influences. Further, these effects will be hardly
visible on a national scale, since the contribution of the agricultural sector to economic
or social issues will be rather small in comparison to that of other sectors (e.g.
industrial sector). Here result indicators are suited better. However, currently many
EU result and impact indicators are represented by absolute numbers (e.g. “Reduced
nitrous oxide and ammonia emissions” or "“Total investments into renewable
energies”). These indicators would become much more meaningful if they -like the
green growth indicators- relate these absolute numbers to a reference and would thus
be able to express efficiencies (e.g. output per unit of CO,. emitted). The green
growth indicators are especially suited for the evaluation at a sectoral or national level
and are thus very general. For the evaluation of measures/operations they need to
become more specific (e.g. not based on the GDP, but on farm outputs). N-efficiency
for example could be measured at farm level in order to get an indication on how
sustainably fertiliser is used on farm. However, if such indicators (adapted result and
green growth indicators) are used at a local/farm scale, it is important to consider that
the results cannot easily be scaled up to a sectoral/national level.

Limitations of indicator use

A number of potential indicators have been identified that could measure green growth
(Table 11 and Table 12). However, their explanatory power might be limited. A main
problem relates to the availability and accessibility of appropriate data. More data
needs to be gathered and integrated in physical accounts in order to allow for the
setting up of a more complete statistical base. In order to combine economic and
environmental data, the OECD (2011, 2013) suggests using the System of
Environmental-Economic Accounting (SEEA) of the United Nations in order to be able
to derive reasonable Green Growth indicators. SEEA is a statistical framework, which
consists of physical and monetary accounts and thus interrelate economic and
environmental data. SEEA approaches allow for the analysis of national and sectoral
indicators for resource efficiency and GHG emission intensity, related to the total
output of commodities. Such indicators at the macro-economic level can be compared
with indicators for specific GHG emissions per unit of output at the micro level, which
are based on life cycle assessments of specific products.

For a detailed analysis of the state and improvement of the GHG emission intensity,
the quality of the data needs to be improved. Amounts of GHG emissions for example
can be estimated using different approaches (Tier 1, 2 or 3 methodology, representing
increased level of detail and national specificity). The applied GHG reporting
methodologies vary in their level of detail and ability to depict improvements of
technologies and management. Another important point for quantifying climate
mitigation impacts is the consideration of leakage effects and the assessment of net
mitigation effects. The mere reduction of production activities and the related
decrease of GHG may not necessarily provide net GHG mitigation effects at global
level. The displacement of production activities may results in increasing GHG
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emissions elsewhere at global level. Thus, substitution and displacement effects as
well as foreign trade balances in order to control for effects at international level have
to be considered. Many indicators applied at national level are not appropriate to
depict global leakage effects and are thus not really useful for the evaluation of the
contribution to Green Growth at macro-economic and global level. For a broader
analysis, in the terms of life cycle assessments, a system expansion is required in
order to consider effects at the global level.

Leakage effects at global level cannot be measured exactly, but must be estimated on
the basis of quantitative modelling. For the assessment of overall effects of mitigation
policies, Pérez Dominguez et al. (2012) quantified the overall effects on the foreign
trade balance of the EU using the CAPRI model and specific emission intensities per
unit of traded agricultural commodities for different world regions. Osterburg et al.
(2013) used a similar approach for the evaluation of mitigation scenarios for the
German farm sector. They quantified cumulated GHG emissions (i.e. farm sector and
upstream emissions), cumulated energy inputs and farm land requirements, mainly on
the basis of the German situation, considering commodity imports and exports and
their respective specific average emissions, energy and land requirements. Using such
approaches, simultaneous changes of production, trade balances, productivity, input
use and emissions can be evaluated. They should be used to assess impacts of major
changes at sectoral and global level.

The contribution of the CAP and RD programmes to overall GHG mitigation can be
based on estimates of gross GHG mitigation effects of the single measures plus their
impacts on production and resource productivity. Challenges for the evaluation of
adaptation to climate change are how to quantify climate change impacts without
adaptation measures. For this, modelling methodologies for quantitative assessment
of climate change impacts and effects of adaptation measures are required.

Concluding remarks

In order to evaluate the contribution of RDP measures/operations to climate change
mitigation/adaptation and green growth, GHG abatement potential, the cost
effectiveness, ancillary effects, the durability of effects and possible displacement
effects of measures and measure combinations should be considered. Result and
impact indicators for RD programmes provide a useful entry point for the evaluation of
the contribution to climate change mitigation and adaptation. The result indicators are
more specific and can be used for measuring the impact of operations outlined in
different technical fiches. Impact indicators are less specific and evaluate the
contribution of the whole CAP programme. Especially indicators that relate to resource
efficiency (e.g. output/m? water used, N-efficiency, etc.) provide useful information on
the impacts, as they relate impacts to a reference and thus allow for comparisons. The
evaluation of the contribution to green growth based on quantitative indicators
however remains difficult. Existing indicators are very general and were intended for
the evaluation on a sectoral or national level. The impacts of single measures
(measure combinations) cannot be separated from other influences and might not
even be visible on a national scale. The green growth indicators of the OECD can be
adapted in order to evaluate a less aggregated level, however then leakage effects
cannot be considered. In order to account for leakage effects, quantitative modelling
needs to be conducted.
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7. Consultation and outreach tools
Introduction

Experts and practitioners in the area of rural development, agriculture and climate
change were consulted at different points during the project in order to gain insights
from practical experiences, on-the-ground implementation, success factors and
barriers, as well as to validate preliminary project results. These consultations enabled
the project team to take into account sectoral and regional perspectives, and provided
an additional layer of quality control. Previous chapters in the report outline how the
consultations fed into the results of different tasks. In this chapter, an overall
overview of the consultations and the project workshop is given, complemented with a
summary of the outreach tools produced by the project.

Consultation with practitioners and project workshop

Ongoing consultations with practitioners

An Advisory Board was established at the beginning of the project with representatives
from a range of Member States. The Advisory Board provided support to the
consortium with Tasks 1 - 3, and on occasion with ad-hoc queries. In addition, each
task identified relevant experts that could support with more specific requests. The
ongoing consultations were carried out over E-mail or as phone interviews.

Technical experts were involved extensively in the shortlisting process under Task 1,
reviewing potential new and innovative mitigation and adaptation actions and helping
to prioritise those which should be promoted through RDPs. In Task 2 practitioners
were consulted to identify and present examples of climate focused LEADER projects,
gain insights into the current implementation of LEADER and community-led climate
actions, as well as options for new concepts for LEADER and Joint Actions. Under Task
3, Managing Authorities were consulted using a questionnaire to obtain information on
their experiences with combinations of measures and thematic sub-programmers, and
to help identify most relevant potential combinations of measures. In Task 4,
practitioners were not contacted separately, but instead contributed with feedback
during the workshop.

Project workshop

Under Task 5, a one-day workshop was organised in Brussels on 17 June 2014 where
preliminary project results were presented, and feedback was sought from RD
Managing Authorities and other relevant stakeholders. The target group for the
workshop were practitioners involved directly in the design and implementation of
RDPs. In addition, some stakeholders working at the intersection of agriculture and
climate change also participated. Over 40 participants attended the workshop.

A website was created where resources were made available to participants prior to
the workshop, including:

= An overview of the 25 technical fiches, and full-length sample fiches

= An example of a LEADER project factsheet and list of short-listed LEADER
projects
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= Preliminary ideas for new concepts to further support climate action through
LEADER and Joint Actions

= An information sheet regarding combinations of measures and thematic sub-
programmes

= Questions for small-group discussions
= List of participants

= Workshop agenda

The workshop participants were invited to read through the materials prior to the
workshop in order to contribute ideas and critical commentary.

The workshop was structured in three parts. First, general context for the project was
given and task leaders introduced the methodology and preliminary findings for each
task. Secondly, four 25-minute group discussions were held using the World Café
discussion format. The workshop participants rotated across four different groups
covering the following themes:

= Technical fiches - brainstorming potential operations

= Technical fiches - identifying ways of improving the usefulness and uptake of the
fiches

= LEADER projects and Joint Actions

= Combinations of measures and thematic sub-programmes

A moderator and note-taker in each discussion group facilitated the discussion and
recorded participant feedback. Lively discussions vyielded numerous comments,
suggestions, and experiences. Finally, the workshop concluded with a plenary session
where group discussions were summarised and key take-away messages were agreed
upon.

Following the workshop, all 25 technical fiches were made available on the workshop
website. Participants were invited to provide written feedback on specific fiches and
further links to LEADER and joint action initiatives.

Outreach tools

The project developed technical guidance for RD Managing Authorities to effectively
integrate mitigation and adaptation operations into Rural Development Programmes.
This technical guidance is composed of the different annexes to this report which can
be read as stand-alone documents or in combination with the final report.

In order to disseminate project outputs to Managing Authorities and other relevant RD
practitioners involved in the design and implementation of RDPs (e.g., ministries,
environmental and farming organisations), different outreach tools are made
available. These outreach tools provide an overview of the project and enable access
and efficient use of the technical guidance. The tools include:

= A project workshop website where the preliminary technical guidance and tools
were made available prior to the workshop

= A project leaflet (highlighting the need and opportunities for integrating climate
action in RDPs and introducing technical guidance)
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= A project brochure, outlining in 10 pages the key findings of the project and
introducing the technical guidance

= A scientific article (to be submitted for peer-review upon completion of the
project)

The project was also introduced at the Good Practice Workshop “Climate change
mitigation and adaptation in RDPs - assessing the scope and measuring the
outcomes” organised by the ENRD in Larnaca, Cyprus, in February 2014. Participants
at the workshop were invited to become involved in project activities as external
experts. Moreover, preliminary results, focusing on the methodology and the content
of the 25 technical fiches, were presented at the meeting of the Working Group 5
"Implementation of the LULUCF Decision and policy development of the land use, land
use change and forestry sector" under the Climate Change Committee. This meeting
took place in May 2014.

Concluding remarks

The technical guidance developed by the project can offer valuable information and
inspiration to Managing Authorities and other RD practitioners on how to integrate
climate action in Rural Development Programmes. It is hoped that the guidance will
stimulate further targeted action on climate change, as well as trigger exchange of
experiences and knowledge around the issue. The technical guidance will be
disseminated through appropriate channels beyond the lifespan of the project, drawing
on the network of experts and practitioners who were involved in the project activities.
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Glossary

Adaptation

Adaptation is defined by the IPCC as the ‘adjustment in natural or human systems in
response to actual or expected climatic stimuli or their effects, which moderates harm
or exploits beneficial opportunities.” It can be understood as the process of managing
climate risks.

Adaptive capacity (in relation to climate change impacts)

The ability to adjust to climate change (including climate variability and extremes) to
moderate potential damages, to take advantage of opportunities, or to cope with the
consequences.

Abatement rate

This is the rate at which greenhouse gas emissions are reduced. Abatement rates can
be expressed in variety of units, depending on the context and approach, such as: %
change in total emissions, % change in emissions intensity, reduction in kgCO2e/ha or
in kgCO2e/head.

Climate Mainstreaming

The process of ensuring that climate concerns and responses are integrated in
relevant policies, plans and programmes at different levels of governance. In the
context of this study, the focus is on Rural Development Programmes.

Life cycle assessment (LCA)

Life cycle assessment is a technique for assessing the environmental aspects and
potential impacts associated with a product, process, or service, by: (a) Compiling an
inventory of relevant energy and material inputs and environmental releases; (b)
Evaluating the potential environmental impacts associated with identified inputs and
releases, and (c) Interpreting the results to help with more informed decision making.
(http://www.epa.gov/nrmrl/std/Ica/lca.html)

Mitigation

Mitigation can refer to the reduction in total greenhouse gas emissions or the
reduction in emissions intensity (i.e. the kgCO,-e/kg product). In this study it is
defined as a reduction in emissions intensity while either maintaining or increasing
production.

Rural development measure

Rural development measure is defined as a “set of operations contributing to one or
more of the Union priorities for rural development” and corresponding to Articles 14 -
46 of the EAFRD Regulation (Art. 2(c)). The EAFRD Regulation (Art. 2) defines an
operation according to the definition provided in the Common Provision Regulation
(Art. 2(9)), which states an operation is “a project, contract, action or group of
projects selected by the managing authorities of the programmes concerned, or under
their responsibility, that contributes to the objectives of a priority or priorities; in the
context of financial instruments, an operation is constituted by the financial
contributions from a programme to financial instruments and the subsequent financial
support provided by those financial instruments.” In the context of this proposal, we
understand operations in a slightly more restricted sense to mean the technical or
non-technical actions at the basic / disaggregated level of activity. A distinction can be
made between technical operations (specific farming practices, installation of specific
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technologies), and non-technical operations (e.g., provision of farm advice,
dissemination actions).

Sub-measures

Sub-measures are specific, programmed measures to be implemented in Member
States and regions. They can include single operations as well as coherent categories
of operations that have a clear common focus and whose effect is increased if they are
implemented at the same time. For example, this is particularly relevant for the agri-
environment-climate measure of the EAFRD Regulation (Art. 28) where numerous
different types of operations can be implemented. However, sub-measures can also
refer to other measures (e.g., provision of climate-oriented advice with explicit climate
objectives).

In designing climate operations as part of rural development measures, Member
States must define a number of different parameters. The aspects that are of major
importance are discussed below.

Eligibility criteria

Such criteria allow for definition of the addressed beneficiaries, as

well as targeted land. Eligibility criteria thus help to target the measures, focussing on
beneficiaries or areas most appropriate for the positive performance of the respective
measure. As a new eligibility feature of the new EAFRD, group contracts for agri-
environment and climate payments can be used for groups of farmers or groups of
farmers and other land managers. Further, the definition of eligible land in Pillar 1 and
Pillar 2 of the CAP will change. Eligibility criteria for RD measures have to be clearly
defined to allow for yes/no decisions. Beneficiaries have to fulfil all eligibility criteria
without exemption. Eligibility criteria are not remunerated for through RD payments,
and not meeting eligibility means a 100 % reduction of RD support. In contrast, non-
compliance with commitments leads to payments reductions which are proportional to
severity, extent, duration and intention. Thus, eligibility criteria should be easy to
understand and to verify, and clearly distinguished from commitments.

Commitments

The commitments to be complied with are the core element for many measures such
as agri-environment and climate measures. They describe the additional requirements
beyond the baseline which contribute to the intended effect of the measure.
Commitments have to be easy to understand and to control, and must be essential for
the effect of the respective measure. Often, several specific commitments have to be
combined to reach the intended effects with high probability.

Calculations of the payments

Payments shall compensate for additional cost and income foregone resulting from the
commitments or payments granted on the basis of standard cost. For the agri-
environment and climate payments, also transaction costs can be covered. According
to EAFRD Regulation Article 62(2), Member States have to ensure that the relevant
calculations are adequate and accurate and established in advance. For the
calculations, specific requirements have to be fulfilled. Agri-environment and climate
payments should be differentiated with regard to regional conditions and production
practices, and the application of flat-rate payments has to be justified by the Member
States.

Payment by result (output or result-oriented measures)

Payments to beneficiaries based on the results achieved instead of additional cost and
income foregone can be an efficient way to implement agri-environment and climate
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measures. However, the calculation of payments has to be based on assumed
commitments leading to the respective result.

Targeting

Targeting means focusing measures on those beneficiaries or land areas where best
measure performance is expected: Targeting can be realised through eligibility criteria,
through bidding systems (auctions, tenders) or ranking of RD applications. Approaches
based on auctions or ranking require an excess of applicants compared to the budget
to be allocated. Targeting can restrict RD measures to selected areas (environmental
zone, land use type, soil type etc.) or towards specific farm types.

Selection of operations

Article 49 allows RDP Managing Authorities to establish selection criteria for operations
for the allocation of limited RD funds. For example, calls for tender can be used to
select most cost-efficient offers in terms of targeting and claimed payments.

Controllability

Member States need to ensure that all RD measures are verifiable and controllable
under Article 62(1) of the EAFRD Regulation (2013). The Managing Authority and the
paying agency have to provide an ex ante assessment of the verifiability and
controllability of the planned RD measures. This means that control of commitments
has to be feasible and based on objective criteria easy to verify. Also, verification of
eligibility criteria has to be feasible and unambiguous. Especially for measures
improving input efficiency, e.g. nitrogen fertiliser, these requirements are a challenge.
For area-related RD payments, inaccurate size of the contract area is a main source of
high error rates. This is true especially on marginal grassland. Guidance how to keep
the risk of such errors low is therefore of special importance.

Monitoring and evaluation

For climate protection and adaptation measures, there are few experiences how to
define and quantify result and impact indicators. For climate protection, the definition
of target indicators (e.g. land related versus product output related change of GHG
emissions) and of system boundaries is crucial. As results and impacts cannot be
directly measured in most cases, calculation methods have to be established which
should be in line with the national GHG accounting systems of the Member States.

Vulnerability

Vulnerability is the degree to which a system is susceptible to, and unable to cope
with, adverse effects of climate change, including climate variability and extremes.
Vulnerability is a function of the character, magnitude, and rate of climate change and
variation to which a system is exposed, its sensitivity, and its adaptive capacity.
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Introduction to the Technical Fiches

This Annex contains 16 fiches for mitigation actions (M1-M16) and 9 fiches for
adaptation actions (A1-A9) - see Table Al-1. The fiches are summary documents
(typically 6-10 pages), that provide an explanation of how a particular action (such as
planting cover crops) could reduce GHG emissions or help adapt to climate change,
and an example of how the action could be translated into an RDP operation. The
fiches provide guidance on key points such as the conditions likely to favour the
operation, the likely mitigation/adaptation effect, and any ancillary effects. They also
provide brief explanations of the main cost elements likely to arise from the operation.
Throughout the fiches, effort has been made to provide links to the evidence
underpinning key assumptions.

The method used to select the actions for the fiches is explained in Chapter 2 of the
main report. The following caveats should be borne in mind when using the fiches:

e Mitigation of GHG and adaptation to climate are complex processes. The fiches,
which are short documents written within strict time constraints, by necessity,
simplify this complexity somewhat.

e The contents of each are not prescriptive; they seek to provide inspiration and
examples rather than detailed technical guidance.

e The scope of the 25 fiches is not exhaustive, and non-inclusion in the list does
not imply a lack of mitigation/ adaptation potential.

Table Al1-1 Fiche lead authors and internal reviewers
(M = mitigation action, A = adaptation action)

Internal
Fiche | Action Lead reviewer
M1 Extend the perennial phase of crop rotations AKI SRUC
M2 Use cover/catch crops and reduce bare fallow SRUC SRUC
M3 Improved N efficiency TI Solagro
M4 Precise N application TI SRUC
M5 Biological N fixation in rotations and in grass mixes SRUC INEA
M6 No-till INEA TI
M7 Retain crop residues SRUC AKI
M8 Loosen compacted soils / Prevent soil compaction SRUC TI
M9 Avoid drainage of wetlands / conversion of peatlands | TI SRUC
M10 High fat diet (dietary lipids) SRUC Solagro
M11 Precision and multi-phase feeding SRUC SRUC
M12 Solar fodder dryers Solagro SRUC
M13 Behavioural change towards better energy efficiency | SRUC Solagro
M14 Climate proofing planned investments TI SRUC
M15 Better livestock health planning SRUC SRUC
M16 Carbon audit Solagro SRUC
Al Use of adapted crops Solagro SRUC
A2 Cover crops/reducing bare fallow SRUC INEA
A3 Soil erosion control plan AKI SRUC
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A4 Reduced tillage/minimum tillage SRUC AKI
Optimising adaptation benefits of shelterbelts and

A5 hedges SRUC SRUC

A6 Optimising the adaptation benefits of drainage SRUC TI

A7 Improved irrigation efficiency INEA SRUC

A8 On farm harvesting and storage of rainwater SRUC INEA

A9 Optimising greenhouse cultivation SRUC AKI

Table A1-2 Structure of the fiches

Section Content

Summary Summary of the intervention logic, brief description of the
proposed action and operation and any key issues arising.

Regulatory Relationship between proposed operation and other regulatory

requirements

requirements that have to be met (e.g., Nitrates Directive,
GAECSs), indication, where possible, of current uptake rates.

Description of the
action

Brief explanation of the way in which the action leads to a
reduction in GHG emissions or climate change risk.

Proposed general
operation

Description of an example RDP operation that could be used to
encourage uptake of the action.

Commitments,
funding conditions
and eligibility

Suggestions for criteria that may be used when defining eligible
activities; appropriate timings and locations; synergies (both
positive and negative) with operations in the other fiches.

Expected impacts
on farm-level GHG
emissions

Quantification of abatement rate and/or qualitative assessment
of adaptation benefits on farm. Off-farm GHG effects are
included in ancillary effects. Explanation of factors influencing
the abatement rate or adaptation benefits.

Ancillary effects

Description of potential ancillary effects (positive and negative)
in terms of: off-farm GHG; production; adaptation; environment.
Also highlight any potential maladaptation risks.

Guidance on costs
and payment
calculations

The private cost and savings - explanation of the main cost and
savings elements. Classification of the CE - (1) negative cost, (2)
no/low cost, (3) significant cost. Explanation of the main drivers
of variation in costs. Costs are provided to illustrate the likely
relative importance of the different cost elements. In practice,
the actual costs will vary considerably depending on the specific
context.

Control and Explanation of how the required undertakings could be verified.

verification Potential result indicators are suggested and the extent to which
the mitigation effect would be captured by National GHG
Inventories is explained.

Barriers to Brief description of barriers to uptake and related key

implementation risks/uncertainties.

References The fiches make reference, as far as possible to recent peer-

reviewed evidence, supplemented by expert opinions
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Fiche M1: Extend the perennial phase of crop rotations
- MITIGATION

Proposed RDP article and measure

Article Measure
2007-2013 36 (a) (iv); 39 214: Agri-environmental payments
2014-2020 28 Agri-environment-climate

Summary
Area based payments for growing perennial crops is proposed. Benefits include:

e Reduced GHG emissions (direct N,O and CO, from fertiliser manufacture)
e Reduced energy use in agriculture (less field operations)
e Sequester soil C

Regulatory requirements that have to be met

There are no specific policy requirements that farmers must meet or measures to
support the extended use of perennial crops in European agricultural systems.
However, in the details of current agri-environment payments, there are requirements
suitable to be met by perennial crops, although not necessary in explicit form.

General description of the action and operation

Incorporating 1-3 years of a perennial crop (often alfalfa or grass hay) into annual
crop rotations diversifies the rotation and can also sequester soil C, although it may be
difficult to separate the impact of crop changes from tillage-reduction effects®. In the
US it is estimated that incorporating 1-3 years of a perennial crop such as alfalfa or
grass hay into annual crop rotations captures soil C at an average rate of 0.5t CO, ha™
yr'! (range from 0 to 1.2). Reduced need for fertiliser N, fewer field operations, and
some N,0 emission reductions result in an estimated net GHG mitigation of 0.7t CO,e
ha! yr! for including perennials in annual rotations. Since U.S. data are somewhat
limited, these estimates are supplemented by research from Canada (e.g., Gregorich
et al., 2001; Hutchinson et al., 2007; VandenBygaart et al., 2003). There is certainly
CO, release during the switch from perennial phase to arable one, but the degree
varies according to local conditions, therefore it is advisable to prepare good practice
instructions or other advice that takes local conditions into account.

Compared with annual crops, perennials (especially grasses) tend to allocate a
relatively high proportion of C underground and have a greater number of days per
year of active plant primary productivity, resulting in more potential biomass
production and soil organic carbon (SOC) storage. They can also generate more total
evapotranspiration, drying soils, and lowering soil C decomposition rates (Paustian et
al., 2000). Therefore, while good for maintaining SOC, in the long run this can be
problematic in dry climates with rain-fed agriculture, as high water demand could lead
to low-yielding annual crops in following seasons (Paustian et al., 1997, 2000). For
irrigated cropland, the impact on water requirements (and associated energy and
GHGs) will also need to be considered, while in more humid regions, these
considerations are unimportant.

In general, altered crop rotations have a limited effect on N,O and CH,4 fluxes (Johnson
et al., 2010; Omonode et al., 2007), although increases in plant cover (and deeper

Inclusion of perennial crops is most often associated with fewer tillage operations, since seedbed preparation is dramatically
reduced, and management generally does not involve growing-season tillage for weed control.
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root development) over a longer period of time throughout the year will scavenge
mineral N and reduce N losses, with possible N,O emission reductions as well (Delgado
et al., 2007; Robertson et al., 2000). In contrast to annual crops, perennial crops
(particularly where these include a leguminous species) have similar or lower fertiliser
N requirements, and legumes, in particular, not only require less fertiliser N but also
tend to reduce N,O emissions. Rochette et al. (2004) found that N,O emissions with
legume crops are much lower than would be estimated from calculations of N
additions through fixation. For alfalfa and soybean, an average of 0.48% % 0.33% and
0.39% = 0.27%, respectively, of fixed N was emitted as N,O versus the assumed
1.25% from the IPCC Tier I factor that is used for fertiliser and other N additions.
Even with much higher soil mineral N concentrations under legume crops (compared
with timothy grass), the N,O emissions with legume crops were similar to that with
the grass. With less seed-bed preparation and typically lower fuel requirements for
harvest, the process-related GHG emissions are lower during the perennial crop
portion of such an adapted rotation. For example, California cost-studies find that fuel
costs for grain corn are three times that of alfalfa hay (Frate et al., 2008; Mueller et
al., 2008).

At the farm or field level, multiple activities on the land interact with one another to
affect the biogeochemical cycling of carbon (C), nitrogen (N), and other elements,
affecting soil C storage and other GHG emissions. Some intensively managed
grasslands (those receiving large fertiliser additions and in the absence of legumes)
can be significant sources of non-CO, GHGs (Flechard et al. 2007). One activity may
enhance or be additive to the GHG mitigation potential of another, or trade-offs can
occur where one activity reduces or eliminates the benefits of another. (Sparks
2012.) The overall effect of the extended use of perennial crops- ceteris paribus — may
very well depend on the utilisation. Also, the switch back from perennial to annual
crops needs attention. Soil temperature was a driving factor affecting CO, flux, which
accounted for approximately 59% in variation of CO, flux. It was concluded that less
intensive tillage, such as no-till or strip tillage, along with careful irrigation
management will reduce soil CO, evolution from land being converted from perennial
forages to annual crops (Jabro et al., 2008).

Perennial crops can mitigate GHG emissions in five main ways:
1. Sequestering C to soil

Reducing direct emissions from N fertilisers

Reducing the CO,e emissions from fertiliser manufacture

Reduction in N leaching

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

i AW

Proposed general operation
In order to achieve mitigation via the extended use of perennial crops in the crop
rotation the following operation is proposed:

e Provision of area-based payments for the incorporation of perennial crops in
arable rotations to improve long run mitigation.

Under the measure, perennial crops are established and kept in production for certain
minimum duration and/or share of land cultivated. The programming authorities (PA)
have to provide specific guidelines in relation to perennial production (establishment,
nutrient-, disease insect- management) in order to guarantee efficiency and
acceptable cost-benefit ratio.
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Commitents, funding conditions and eligibility
When developing a specific operation, PA should provide detailed conditions. Guiding
principles are set out below.

Activities

In case of arable areas, perennial crops should be incorporated in the rotation in a
deliberate way in order to utilise positive and minimise possible negative effects of the
perennial crop. Two activities should be distinguished: establishment and
management. PA should specify a minimum seed sowing rate to provide a sufficiently
dense canopy.

Timing and duration

PA should provide species specific advice on operation timing (either time slots or
restricting periods) and durations for the specific crop required to keep in production
based on the national recommendation systems. In general, perennial crops are kept
in the rotation based on economics, therefore it vary site-to-site and farm-to-farm.
Inclusion of perennial crops also decreases flexibility.

Location
PA should define the areas within which the operation is available, taking into account
the following points:

e Establishment of perennial crops is widely applicable on different soil types in
arable rotations. Requirements for successful establishments should be set.
Preference towards erosion threatened areas should be applied.

e In case the perennial crop is utilised by grazing, appropriate measures should
be in place (e.g. stocking density) in order to avoid any unwanted impact.

Synergies - Incompatible operations and recommended combinations

This measure might overlap with measures aiming to reduce erosion, especially in
case of sloping areas. Moreover, for certain species it might overlap with bioenergy
incentives in case perennial bioenergy is subsidised.

Expected impacts on farm-level GHG emissions

The climate change impact of the operation depends on the crop planted and the way
it is utilised (e.g. forage vs. bioenergy; mowing vs. grazing). Indirect effects should
also be considered.

The main on-farm mitigation effects of perennial crops are reduced or avoided nitrous
oxide emissions and C sequestration (see Table 1).

Table 1. Abatement rates for perennial crops

Mitigation effect Abatement rate Source

Reduced need for Net GHG mitigation of 0.7t CO,e ha-1 | Sparks (ed.) 2012.
fertiliser N, fewer field | yr-1
operations, and some
N,O emission

reductions

C Sequestration Miscanthus: 826 £ 26 g Cm2/ 3.5 Anderson-Teixeira
yr, et al., 2013
Switchgrass: 798 £ 27 gCm™/ 3.5 Sparks (ed.) 2012.
yr
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Mitigation effect Abatement rate Source
Avg.: 0 to 1.2 CO, ha'! yrt
N,O emissions* (direct | Grain legumes in arable systems: Pellerin et al.,
and indirect) linked to 1,706 / 1,100 kgCO»,e/year 2013
mineral fertilisers Legumes on grassland: 283 / 170 kg
CO,e/year
N,O emissions* Grain legumes in arable systems: - Pellerin et al.,
(direct) linked to the 1,191 / -77 kgCO,e/year 2013
legume Legumes on grassland: 0
kgCO,e/year
Direct CO, emissions* | Grain legumes in arable systems: 21 Pellerin et al.,
(diesel) kg CO,e/year 2013
Legumes on grassland: 1.36
kgCO,e/year
Induced CO, emissions | Grain legumes in arable systems: 947 | Pellerin et al.,
(upstream) kg CO,e/year 2013
Legumes on grassland: 156 kg
CO,e/year

Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects Source

Off-farm Extensive root system directly helps to Sparks (ed.) 2012.

water filter water, while lower pesticide and

quality fertiliser rate helps to achieve better water
quality.

Reduce Perennial grasses and trees provide year- | Sparks (2012);

erosion round cover, extensive rooting systems Thompson and Luckman,
and an increased level of raindrop 1993; Meyer et al.,
interception, which collectively contributes | 1995; Kort et al., 1998;
to reduced erosion and run-off losses Pimentel and Kounang,

1998; Dabney et al.,
1999; Self-Davis et al.,
2003).

Adaptation Perennial crops can provide significant
adaptation benefits, by decreasing soil
erosion and increasing soil water retention
capacity.

Environment | Create high value habitats and increase
biodiversity, decrease environmental load
from nutrients and pesticides

Negative effects

Off-farm In case the following crop is not

GHG “matching” with the perennial, it might
induce increased pesticide use.

Production Depends on the utilisation of the perennial
crop, it might result displacement effect.
Adaptation No significant effects.

Environment | Significant water use, in case water
demanding species are used.
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Safeguards against maladaptation
No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is reversible (shift back to annual cropping system).

Guidance on costs and payment calculations

Establishment

The establishment of perennial crops depends on the site conditions and operations
required to sowing preparation and management activities during establishment. Field
should be carefully selected and soil test should be required.

Maintenance
The maintenance of perennial crops includes:

e nutrient management (fertiliser and/or manure)
e weed/disease/insect management
e harvest management

Input savings

Savings may be made from reduced synthetic fertiliser application rates and related
operation, and savings related to tillage.

The cost-effectiveness vary between (2) and (3) [to Kuhlman and Linderhof, 2014].

According to Kuhlman and Linderhof (2014), considering two common legume-
supported agricultural systems - faba bean/wheat(1) and grass/clover (2) - that was
studied, the estimated cost (€/ha) to farmers is €50(1) - €400(2). On the other hand,
the expected benefit brought by reduction of GHG is 1.975(1) and 1.347(2) t COxe.

The main driver of variation in cost-effectiveness is likely to be the loss of income as a
result of alternative land uses (row crops).

Control and Verification
Compliance could be verified in a number of ways:

1. Integrated into current monitoring programmes.
2. Via remote sensing or aerial photography (Pellerin et al. 2013, p47)

Potential result indicators
P4B (agriculture): % of agricultural land under management contracts improving
fertiliser management

P4C (agriculture): % of agricultural land under management contracts improving soil
management and/or preventing soil erosion (ha)

P5E: % of agricultural and forest land under management contracts to foster carbon
sequestration/conservation

Extent to which the mitigation effect would be captured by National GHG Inventories
N,O reduction from reduced rates of fertiliser application would be captured by current
inventories.
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Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source
Lack of machinery result of stakeholder consultation
Disease/pest risk Cox et al. 2005

Lack of market/utilisation potential (no | result of stakeholder consultation
livestock and/or bioenergy option)
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Fiche M2: Cover crops/reducing bare fallow -
MITIGATION

Proposed RDP article and measure

Article Measure
2007-2013 36 (a) (iv) 214: Agri-environmental payments
2014-2020 28(1) Agri-environment-climate

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

e Increase of soil organic carbon content

e Decrease soil erosion during the fallow period

e Reduction in N leaching

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

The RDP could achieve GHG mitigation by encouraging uptake of cover crops through
the provision of area-based payments for the sowing of cover crops in arable rotations
during the fallow period. 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. Potential barriers to the uptake of this operation are cover crops include
the risk of negative affect on yield of following crop and concerns about herbicide use
and resistance.

Regulatory requirement that have to be met

Existing policy incentives for cover crops include the Nitrates Directive (specifically the
use of catch crops) and the Rural Development Programmes (for example, in England
payments are available for cover cropping under the agri-environment Higher Level
Scheme). Despite these incentives, low rates of use of cover crops in some member
states (MSs) indicates potential to increase uptake.

General description of the action and operation

A cover crop is a fast growing crop grown at the same time as, or between plantings
of, @ main crop. They provide a variety of benefits, notably: reduce soil erosion,
improved soil structure, N fixation, weed suppression and insect habitat provision (Lu
et al. 2000). Catch crops are a type of cover crop grown for the purpose of scavenging
surplus N remaining after harvest of the main crop, and thereby reducing the rate at
which N is lost from the soil.

Cover crops can be grown following the early harvest of main summer crops such as
cereals or horticultural crops (typically in June/July), and in the autumn during the
break between a summer/autumn harvested crop and a following spring crop. An
alternative is to under-sow spring crops with a cover crop that will be in place to take
up nutrients and provide vegetation cover once the spring crop has been harvested.
The establishment of a temporary cover or catch crop can provide green cover over
winter using crops such as grass, winter rye, winter barley or mustard (Wiltshire et al.
2014).

“The principal loss pathway for carbon within a tillage system is the extended fallow
period, during which time there is no uptake of CO,, whilst ploughing affects the
recalcitrant C pools (Willems et al., 2011). Cover crops are traditionally used to reduce
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leached N emissions to groundwater during the fallow period. However, winter cover
has also been observed to reduce net soil CO, emissions, due to the fact that there is
net photosynthetic uptake of CO, by the cover crop (Ceschia et al., 2010).” Schulte et
al. (2012)

Cover crops can mitigate GHG emissions in four main ways:
e Increase of soil organic carbon content

e Decrease soil erosion during the fallow period
e Reduction in N leaching
e Reduction in the amount of N that needs to be applied to the following crop.

Proposed general operation
In order to achieve mitigation via the use of cover crops, the following operation is
proposed:

Provision of area-based payments for the sowing of cover crops in arable rotations
during the fallow period (and potentially, if verifiable, reduction of N application to
following crop).

Other potential cover crop operations include (a) the planting of permanent or
temporary green cover in orchards and vineyards and (b) buffer strips. However
Pellerin et al. (2013, p47) found planting in orchards to have a much smaller
abatement potential than including cover crops in arable rotations in France due to
the relatively small area under orchards and vineyards. Buffer strips are expensive as
a stand alone option (Pellerin et al. 2013) but may be more cost-effective as part of a
soil erosion control plan (see Fiche A3).

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities
Planting of cover crops in arable rotations during the fallow period.

PA should provide a list of eligible rotations and cover crops, based on local agronomic
expertise. In general suitable cover crops will be fast growing with good N uptake
characteristics, such as mustard (Sinepsis alba) (Schulte et al. 2012, p19).

PA should specify a minimum seed sowing rate to provide a sufficiently dense canopy.
No fertiliser (synthetic or organic) should be applied to the cover crop.

Timing and duration

PA should define the appropriate period of planting and the minimum and maximum
length of the cover crop period. Autumn sown cover crops should be established early
to enable uptake of N before the onset of winter. For some cover crops it may be
beneficial to set a date by which the cover crop should be destroyed, in order to
negate the impacts on spring production.

The presumption is that cover crops will have to be used during each year of the RDP,
although exemption criteria may be provided to enable suspension of the operation on
farms under specified conditions (e.g. rainfall beyond certain thresholds).
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Location
PA should define the areas within which the operation is available, taking into account
the following points (based on Wiltshire et al. (2014):

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).

Synergies - Incompatible operations and recommended combinations

Hristov et al. (2013, p100) note that “Interactions with other soil conservation
practices are significant (tillage system, for example) and must be considered when
the goal of cover cropping is reducing whole-farm GHG emissions.” Related actions
include:

M1 Extend the perennial phase of crop rotations
A2 Cover crops (adaptation)

A3 Soil erosion control plan

A7 Improved efficiency of irrigation

Expected impacts on farm-level GHG emissions

The main on-farm mitigation effect of cover crops is via enhanced soil carbon storage
(see Table 1). They can also reduce N,O emissions through the uptake of nitrate and
ammonium, but the uncertainty regarding this effect led this mitigation effect to be
excluded from the mitigation calculations in the French MACC (Pellerin et al. 2013,
p44). Small reductions in N,O can also arise if the cover crops lead to a reduction in
the amount of synthetic fertiliser applied, but these are likely to be offset by the small
increase in diesel used for cultivation of the cover crop.

Table 1. Abatement rates for cover crops sown during the fallow period of arable
rotations

Mitigation effect | Abatement rate Source
Increased soil C 0.874+/- 0.393 tCO,e/ha/yr Pellerin et al. (2013) (based
on Justes et al. 2012)
1tCO,e/ha/yr Schulte et al. (2012)
“small, but significant Kirk et al. (2012)
increase in SOC”
1.75tCO,e/ha/yr Posthumus et al. (2013)
Reduce direct and | Highly variable Pellerin et al. (2013)
indirect N>N,O 0.49tC0O,e/ha/yr Schulte et al. (2012)
EFs Leached N reduced by Cameron et al. (2002) (cited
30kgN/ha = 0.11tC0O,e/ha in O'Hara 2003)
Reduce amount of | 0.06tCO,e/ha/yr Pellerin et al. (2013)
applied N
Fieldwork CO, - -0.062tCO,e/ha/yr Pellerin et al. (2013)
increased diesel
use
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Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects

Source

Off-farm Reduction in emissions arising from Pellerin et al. (2013,
GHG fertiliser manufacture if synthetic fertiliser | p45)
application is reduced
Production No significant effect
Adaptation Cover crops can provide significant See Fiche A2 for

adaptation benefits, by decreasing soil
erosion and increasing soil water retention
capacity

further details

Environment

Improved water quality via reduced runoff

Schulte et al. (2012,
p39)

Kirk et al. (2012,
p36)

Wiltshire et al. (2014,
p23)

Negative effects

Off-farm No significant effects

GHG

Production Potential loss of production if they lead to | Wiltshire et al. (2014,
switching from winter to spring p24)
cultivation.

Adaptation No significant effects, if the operation is

applied in areas with suitable soils and
adequate rainfall.

Environment

Increased herbicide use

Schulte et al. (2012)
Wiltshire et al. (2014,
p23)

Safeguards against maladaptation

No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is easily reversible.

Guidance on costs and payment calculations
No significant one-off costs arising from the operation are predicted. Recurring costs
arise from seed purchase and additional fieldwork for cultivation and
destruction/incorporation of the cover crop. Savings may be made from reduced
synthetic fertiliser application rates (see Table 3).

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source

Reduced fertiliser purchase (€41/ha/yr) Pellerin et al. (2013)
CC planting and destruction €160/tCO,e

Purchase of seed and fuel costs €71.20/ha/yr Schulte et al. (2012)
associated with cultivation of the crop ~€50/tC0O,e

Seed (£55/ha/yr) €165/ha/yr Posthumus et al.
Cultivation/drilling (£60/ha/yr) (2013)
Incorporating crop residues

(£25/ha/yr)

The cost-effectiveness is categorised as being in category 3, significant cost.
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The main driver of variation in cost-effectiveness is likely to be the cost of the cover
crop cultivation and incorporation, which will depend on the efficiency of cultivation.
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. Given the
limited private benefits of cover crops, payments are likely to need to offset a
significant proportion of the farmers’ costs of implementing the operation. These costs
will vary depending on, for example, the particular cover crop, but should be
sufficient to meet seed purchase costs and most, if not all, of the costs of planting and
incorporating the cover crop. Payments should not provide compensation for lost
production.

Control and Verification
Compliance could be verified in a number of ways:
e Integrated into current monitoring programmes (if they coincide with the cover
crop cultivation timing).

e Via provision of proof of purchase of cover crop seeds
e Via remote sensing or aerial photography (Pellerin et al. 2013, p47)

Potential result indicators
P4C % of agricultural land under management contracts improving soil management
and/or preventing soil erosion (ha)

P5E % of agricultural and forest land under management contracts to foster carbon
sequestration/conservation

Extent to which the mitigation effect would be captured by National GHG Inventories
Changes in soil carbon stocks would require specific soil C emissions factors and would
not be captured in most current approaches. N,O reduction from reduced rates of
conversion of applied N to N,O, could be captured with a tier 2 approach if EFs for N
losses under cover crops could be derived and verified. N,;O from reduced N
application could be captured under T1 if cover crops lead to a reduction in total N
application, and reduction in N due to cover crop could be established. Off-farm
changes in emissions would not be captured.

Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake

Source

Establishment of cover crop coincides with busy
period in the farming calendar
Reduces time to establish the following crop

Kirk et al. (2012, p34)

Wiltshire et al. (2014, p21)

Cost of seed and cultivation

Kirk et al. (2012, p34),
Wiltshire et al. (2014, p21)

Risk of damage to soil from establishing or
destroying the cover crop in wet conditions

Kirk et al. (2012, p34)

Risk of negative affect on yield of following crop

Wiltshire et al. (2014, p21)

Concerns about herbicide use and resistance

Wiltshire et al. (2014, p21)

Lack of suitable land

Wiltshire et al. (2014, p21)

Other key risks/uncertainties

Effect on N,O emissions uncertain

Pellerin et al. (2013, p44)
Kirk et al. (2012, p33)
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Fiche M3: Improved N efficiency - MITIGATION

Proposed RDP article and measure:

Article Measure
2007-2013 36 (a) (iv) 214: Agri-environmental payments
20 (a) (iv) 114 Farm advisory services
111 Vocational training and information actions
2014-2020 28 Agri-environment-climate
14 Knowledge transfer and information actions
15 Advisory services, farm management and farm
relief services

Summary

Improved N efficiency was selected as a GHG mitigation measure as it reduces N
surpluses and the use and production of mineral fertiliser while maintaining yield
levels. Improved N efficiency reduces direct N,O emissions from fertilized soils,
indirect N,O emissions that occur by the release of NHs; and NOs'and upstream
emissions of the production and transport of mineral fertilisers. The proposed
operation is a result-oriented approach to improve N efficiency by providing payments
when N-surpluses are reduced below a defined threeshold. As farmers are responsible
for the selection, implementation and control of the management changes, it is a
flexible operation and enables a learning process of the farmers. The monitoring and
implementation of this operation is associated with an increased workload for farmers
and managing authorities, however the cost of reduced N fertiliser application and
positive environmental effects could make this an attractive operation. It should be
combined with advisory services and training.

Regulatory requirements that have to be met

The regulatory law is defined by requirements of Nitrates Directive and related
national legislation, which regulates the good agricultural practice of nitrogen
fertilisation (Flessa et al., 2012). However, requirements vary between Member
States, and while some Member States apply codes of good agricultural practice
according to Nitrates Directive in their whole territory, others limit it to selected
“nitrate vulnerable zones”.

Further important regulations are the Water Framework Directive (WFD) and the EU
NEC (National emission ceilings) Directive (Osterburg et al., 2013). Changes of the
baseline may occur in line with amendments of the action plans according to Nitrates
Directive, and the implementation of WFD. These changes have to be considered when
designing the operation.

General description of the action and operation

“N use efficiency” is the ratio of the amount of N in the harvested product and the
amount of N that was introduced into the production system (relation of N-output to
N-input). The objective of this measure is to increase N use efficiency (in brief: N
efficiency) by reducing the mineral fertiliser application and reduction of N surpluses
while maintaining yield levels. An improved N efficiency means that a larger share of
the N fertiliser is used by the plants. Thereby the N input per unit of output is
decreased. Yield decline needs to be prevented in order to avoid indirect land use
changes which would decrease the emission reduction potential (Flessa et al., 2012).
Improved N efficiency has the effect to reduce direct N,O emissions from fertilized
soils and indirect N,O emissions that occur by the release of NH; and NO3™ as well as
to reduce upstream emissions of the production and transport of mineral fertilisers.
The amount of direct and indirect emissions depend on the amount of N applied, the
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type of fertiliser or manure, respectively, and a variety of factors related to site-
specific, climatic, plant production, technical and management conditions (Osterburg
et al., 2013). An improved N efficiency means also decreased N farm surplus
(assuming equal N output). While the N use efficiency of mineral fertilisers is
comparatively high under good management conditions, organic fertilisers such as
manure tend to show lower efficiencies due to higher gaseous losses and the fraction
of organic N which is not immediately available for plant growth.

This action focuses on improving N efficiency by optimising the amount of fertiliser
applied and factors that are influencing it while at the same time maintaining the yield
level. This allows the saving on non-productive nitrogen, e.g. by reducing N fertiliser
application and avoiding indirect effects by keeping yields at the same level. The
optimisation of applied N is enabled by improved fertilisation planning as well as
improved N application technology, amounts, and timing. Further, the setting of more
realistic yield targets for the various arable crops (in view of the yields actually
obtained) allows better adjustment of fertilisation and is a strong lever for mitigation
(see Pellerin et al., 2013, p27).

Fertiliser planning means to specify the fertiliser demand by plants and nutrient
availability in order to optimise it. This is supported by farm data analysis and testing
of soil and farmyard manure samples. This includes analysis of nutrient content of
farmyard manure and other organic fertilisers as well as of the mineral N content in
the soil and nutrient contents of plants and the calculation and interpretation of the
farm N balance, including parcel-specific balances. Actions which can be performed in
order to improve N efficiency are the use of appropriate types of fertilisers, better
timing of application and according to the nutrient contents of plants, using
measurements and technologies for precision application (Flessa et al., 2012). For
improving the fertiliser application technology see the Fiche M4 Precise N application.

N-efficiency might also be improved by the use of controlled-release fertilisers that are
matching nutrient release with crop demand. NOs leaching and N,O losses are thereby
decreased (Weiske 2006; Flessa et al., 2012). This is a promising technology but not
mature enough for widespread recommendation via RDPs at the moment. Further pilot
studies are recommended in the hope that these may be included in future RDPs.

Voluntary measures with the objective to improve N efficiency are:
e Improved fertilisation planning

e Result-oriented approaches

e Investment support (see Fiche Precise N application and Climate proof planned
investments)

As the impacts of the different measures interfere with each other, it is difficult to
clearly attribute impacts to the single measures. Also the total impact of the
cumulated measures is associated with uncertainties. However, a reduction of N
balances by 20 kg N per ha seems to be a realistic objective for comparatively
intensive conditions of German agriculture (Flessa et al. 2012), with even higher
reductions in intensive livestock systems. A recent French study about mitigation
potential related to nitrogen fertilisation also conclude to an average rate reduction of
20 kg N/ha, which is 10 to 20% of the total amount, without impacting crop yields
(Pellerin et al., 2013, p27).
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Proposed general operation
In order to achieve mitigation via the improvement of N efficiency, the following
operation is proposed:

Payment by result approach to improve N efficiency by providing payments when N-
surpluses are reduced to a certain amount

The reference level for the N balance could be either
e a legally defined maximum level of the N surplus,

e a typical surplus level in farms compliant with the codes of good farming
practice,

e a surplus level derived from a standard calculation based on minimum N
efficiencies for mineral and organic N inputs

e or the farm specific starting level at the beginning of the measure.

The data basis to measure the result should be an average over two or three years, as
the performance of N efficiency varies depending on weather conditions.

The aim of this operation is to improve N efficiency by reducing the mineral fertiliser
application and N surpluses. Farmers receive a premium if they agree voluntarily to
reduce N surpluses to a lower level than defined by a reference level. In the case of
Germany the Fertiliser Ordinance implementing Nitrates Directive limits N surplus to
60 kg N/ha/year on a three-years average. Each year farm balances have to be
calculated. In this case, the limit for a voluntary agreement could be 40 kg N/ha/year
(Flessa et al., 2012). Such agri-environment measures have been applied in three
German regions in the EAFRD (European Agricultural Fund for Rural Development)
period 2007-2013.

Result-oriented approaches provide an incentive to achieve a target value of
environmental outcomes. In comparison, action-oriented approaches are paying the
farmer to not perform specific management practices with detrimental effects to the
environment, or to adopt beneficial practices. Result-oriented approaches are often
seen to be able to deliver better environmental outcomes than action-oriented
approaches as it is a cooperative approach that allows farmers to incorporate existing
knowledge and to develop further skills in a learning process. Further, as the payment
depends on the outcomes, farmers are encouraged to perform activities only, but to
achieve measurable results (Burton and Schwarz, 2013).

As the farmer is responsible for the selection, implementation and control of the
measures he is more actively involved than in action-oriented measures were these
tasks are mainly done by the managing authority. In case the target value is not
reached, the farmer is able by himself to adapt and select appropriate measures in the
following year. This allows a greater flexibility and enables a learning process how to
improve N efficiency (Osterburg and Schmidt, 2008).

This operation should be accompanied by technical advice and/or training operations
in order to identify weaknesses and potentials of the farms and to identify where
additional knowledge or improved management and technologies are necessary (e.g.
fertilisation planning, optimisation of fertiliser application, calibration of sprayers- see
Fiche M4 Precise N application) (Osterburg and Schmidt, 2008; Flessa et al., 2012;
Osterburg et al. 2013). This operation could be further developed to improve efficiency
to promote the reduction of losses during the management of farmyard manure
(Flessa et al. 2012).
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Operations aiming to reduce N surpluses exist in some states of Germany (Lower-
Saxony (pilot project), Saxony-Anhalt, Thuringia and Brandenburg) since 2009/2010.
They have potential to be further developed for livestock farms and the whole farm
level. Therefore, further requirements for farm management should be specified that
are to some extend integrated in good agricultural practices, such as documentation of
farm and plot balances, data at farm level about purchases and sales, additional
indicators, e.g. soil samples of the plots, farmyard manure and feed samples as well
as samples of urea in milk (Flessa et al., 2012).

Commitments, funding conditions and eligibility (description of the
operation)

No specific management conditions are necessary besides to consistently provide data
for nitrogen accounting on input and output at farm level in order to allow a
documentation of the N balance surplus and to calculate N efficiency (utilisation)
(Osterburg et al., 2008).

Eligible activities

The performance of N efficiency should be evaluated at the level of the whole farm,
and not on a single parcel basis, in order to avoid displacement effects within the
farm. Instead of detailed prescriptions, farm specific N management adaptations
should be undertaken. A reliable and consistent nutrient accounting system is
necessary. It is recommended to elaborate a fertiliser plan (using EDV technique) on
parcel level to have an overview over the on farm N management and to detect
possibilities to reduce fertiliser input. Further, analysis of soil mineral N in spring
should be assessed to take N reserves into account, for maize, sugar beet and
vegetables in the late spring. Analysis of the slurry before spreading enables to know
the N content and to determine the amount of fertiliser needed. To improve the
acceptance this measure has to be supported by technical advice, at least in the
beginning (Osterburg et al., 2008).

Timing and duration

No timing restrictions exist. When deciding about the duration of the commitments (5,
7 or more years), it has to be considered that the measurement of results is based on
the average of farm balances over several years, and such balances are calculated ex-
post.

Location

All farms are suitable for this operation. However, the focus of this result-oriented
approach should be on farms with potentially high N surplus, e.g. on livestock farms,
particularly in target areas of the Water Framework Directive (WFD) and in intensive
livestock farming regions, where it is necessary to reduce N surplus.

Synergies - Incompatible operations and recommended combinations

This operation should not be combined with other operations targeting to reduce N
surpluses, e.g. action-oriented measures, as this would lead to double funding (e.g.
M4 Precise N application, M14 Climate proof planned investments). A compatible
combination could be with M16 Carbon audit, as an initial analysis and advice.

Expected impacts on farm-level GHG emissions

The mitigation effect of improved N efficiency is positive. GHG emissions, in particular
direct and indirect N,O, develop through the application of N fertilisers as well as
during the production of synthetic fertilisers. Reducing the amount of fertiliser applied
through improved fertiliser planning, e.g. by the improvement of the accounting and
use of N from farmyard manure leads to emissions savings. Therefore, also the
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application of N mineral fertiliser can be reduced resulting in a further reduction on

GHG emissions.

Improved N-efficiency contributes to GHG abatement as:
e It reduces ammonia emissions and thus indirect N2O emissions.

e Less fertiliser is needed, which saves emissions from the production of

synthetic N

Table 1. Abatement rates for improved N efficiency

Mitigation effect

| Abatement rate

| Source

Abatement rates of reduced N input

Reduction of GHG
emissions by saving
1 kg of non-utilised
nitrogen from N
fertilisation

17.5 kg CO,e/kg N

Including direct and indirect N,O
emissions and emissions from synthetic
fertiliser production(12.5 g N,O-N/kg N
6.1 kg CO,e/kg N)

Flessa et al. 2012
Based on IPCC,
1996 (emission
coefficients)

Reduce the
nitrogen rate (19.7
kg/ha)

Unitary abatement potential (direct +
indirect N,O, upstream CO, and N,O
emissions from manufacture) = 299 to
331 kg CO,e/ha (about 16 kgCO,e/kg N)

Pellerin et al.,
2013 (p28)

Potential reductions of N input

Improved fertiliser
planning (reduce
amount of applied
N)

Expert interviews: Saving potential of 40
kg N/ha N-surplus and 20 kg N/ha of
mineral N content in soil in autumn (Lower
Saxony, Germany)

Saving potential of 20 kgN/ha for French

Osterburg et al.
2007

Pellerin et al.,

farms 2013
Ancillary effects
Table 2. Ancillary effects of the operation
Positive effects Source

Off-farm GHG

Reduction in emissions arising from fertiliser
manufacture if synthetic fertiliser application is
reduced

Flessa et al. 2012

Production No shift in production level as yields shall be Pellerin et al.,
maintained while increasing N use efficiency 2013; Osterburg
etal. 2013
Adaptation -

Environment

Reduced risk of nitrate leaching

Positive environmental impacts, e.g. on
biodiversity and improved water quality via
reduced/more suited N application (reduced
pollution, eutrophication and acidification)

Schulte et al.
2012

Flessa et al. 2012
Osterburg et al.
2013

Negative effects

Off-farm GHG

No significant effects

Production

No significant effects

Adaptation

Environment

No significant effects
Increased export of organic N fertilisers can
lead to displacement effects which can be

Schulte et al.
2012
Osterburg et al.
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avoided depending on the design of the 2008
measure (e.g. considering minimum N
efficiencies for mineral and organic N inputs)

Safeguards against maladaptation

When N efficiency is improved and yields are maintained no leakage effects occur. A
decline of yields would lead to a shift of emissions to other production sites (Flessa et
al., 2012).

Coefficients for N-efficiency are calculated separately for mineral and organic N to
allow for a documentation of efficiency improvements independent from structural
changes, e.g. a reduction of livestock which would lead almost automatically to lower
N surplus (Osterburg et al., 2008).

Guidance on costs and payment calculations

The EU requires agri-environmental measure payments to be calculated based on
additional cost and income foregone, considering the legal baseline. Payments by
result do not require defined actions on which such calculations could be based on,
thus they do not fit into the standard EAFRD approach. In order to be able to pay
incentives based on results, the payment can be fixed via tendering, or (as is the case
in the German programmes) in addition to the result component, activities such as
participation in training sessions, detailed documentation of fertilisation and balances
(beyond legal requirements), regular testing of soils, manure and plant etc. can be
remunerated.

For this operation, costs arise for the additional time of the farmer for accounting N
balances and fertiliser planning. Savings may be made from reduced synthetic
fertiliser application rates (see Table 3). If this operation is combined with technical
advice born by the farmer, the cost for this activity needs to be considered as well.

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source
Cost of nutrient analysis and 1 -5¢€/ ha/ year Interwies et al.
technical advice 2004
When 50 % of the (0.15and 0.75 €/kg N
recommendations are reduced)
implemented
N balance: N reduced/ 30 kg N/ ha Osterburg et al.
Cost-effectiveness (2.7 €/kg N) 2007
Improved fertilisation
management
Reduce the nitrogen rate (19.7 Management tool: 9.3 €/ha Pellerin et al., 2013
kg/ha) Savings of mineral nitrogen | p28 & 85
purchased: (18 €/ha)
= Gain of (8.7 €/ha)
Transaction cost: -
18€/ha/yr
= 9.3 €/ha/yr
N efficiency calculation €706 per farm/year (1 day’s | Crabtree et al.,
(calculation of the N balance of work of a consultant, €529, 2008

2 The cost of this publication was originally expressed in British pounds. For the calculation of the cost in
Euro, the conversion rate £0.85 = 1 € was used.
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the farm) and cost of information
provision by the farmer
€176
€2.35 per ha/year
Use fertiliser rate 10 % below €57.4 per ha Crabtree et al.,
the recommended rate for 2008
arable crops (loss in gross
margin: €75 per ha; costs
saved: €18 per ha)

The cost-effectiveness is categorised as being in category (1) negative cost or (2) no
or low cost depending on the reference situation and required activities. Negative cost
means that farmers show irrational behaviour when “over-fertilising” their crops.
However, for many farmers it is not clear how far fertilisation could be reduced
without losing yield technological, and fertilisation is often planned for optimal weather
conditions while weather in reality varies within a wide range. Considering the need
for incentive payments for changes of the management, and the transaction cost for
advice and control, even category 3, significant cost, may occur from the perspective
of the total cost of operation.

The GHG-abatement cost related to the reduction of N-surplus is relatively low.
Sometimes it is possible that the abatement costs are higher than the additional cost.
In recent years, N prices increased strongly which contributes to the improvement of
the cost-effectiveness. Additional workload or necessary investments could however
increase the cost. Further, in needs to be considered that the improvement of N-
efficiency also contributes to other environmental objectives such as water quality and
biodiversity. Therefore, the cost should not be attributed solely to climate mitigation
(Osterburg et al., 2013). When distributing the cost between different environmental
objectives, the cost-effectiveness of the operation is increased.

Control and Verification

The effectiveness of the operation is verified by calculating the farm gate balance or
with an area-based balance. The monitoring of these balances enables to proof if the
targets are achieved (Flessa et al., 2012). The three-year average of the N balances in
the years before the participation or the planned participation provides the reference
levels for N use efficiency (calculated separately for organic and mineral fertilisers)
(Osterburg et al., 2008).

As farmers are implementing the required analysis and calculating the nutrient
balances by themselves increased requirements for controlling the results occur.
Controls can be based on proofing the farmers activities regarding improved N
efficiency such as participation in obligatory training courses, implementation of Nmin
and manure analyses and the presence of own testing equipment and documentation.
Further, a plausibility check on nutrient accounting is necessary. The verification of N
balances is not possible at 100%, but adequate plausibility checks through different
control approaches (e.g. control balances for completeness, correctness, plausibility of
yields and N inputs and N test results of the parcel diary) which are complemented by
training and advice can show the effectiveness of this operation (Osterburg and
Techen, 2011).

Potential result indicators

% of agricultural land under contracts to reduce the N surplus to a certain amount
which is lower than the regulative law (ha)

Amount of N input reduced (in metric tonnes)
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P5 D “Reducing greenhouse gas and ammonia emissions from agriculture”
e Target indicator:

o LU concerned by investments in livestock management in view of
reducing GHG and/or ammonia emissions

o % of agricultural land under management contracts targeting reduction
of GHG and/or ammonia emissions

e Complementary result indicators:

o Reduced emissions of methane and nitrous oxide (measured in CO,
equivalent)

o Reduced ammonia emissions (measured in CO, equivalent)

Source: EU (2013) Draft target indicator fiches for Pillar II + complementary result
indicators. Working document. Evaluation Expert Committee 18/9/2013, Rural
Development Committee meeting on 19/09/2013.

Extent to which the mitigation effect would be captured by National GHG Inventories
The reduction of direct and indirect N,O emissions that are related to decreased
fertiliser application is captured in the national GHG inventories (IPCC). Emission
reductions related to fertiliser production is captured for the national fertiliser
production but not credited for the agricultural sector. However, effects on fertiliser
imports are not depicted in the national GHG accounts. Improved N efficiency relating
to increased yields without the reduction of N-fertiliser is not causing reductions of
GHG emission but of emissions per unit of output. These changes of efficiency are not
captured in the national GHG inventories (Flessa et al., 2012).

Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source

Result-oriented approach more risky than Osterburg et al., 2008
action oriented approach as farmers are only
rewarded if the desired effect on N use
efficiency is achieved.

A reliable and consistent nutrient accounting Osterburg et al., 2008
system is necessary.

Leakage effects: for participants with low N
balances it is beneficial to participate
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Fiche M4: Precise N-application - MITIGATION

Proposed RDP article and measure:

Article Measure
2007-2013 26 121 Modernisation of agricultural holdings
2014-2020 17 Investments in physical assets

Summary

Precise N-application may be achieved by supporting the use of more efficient and
specialised technologies (e.g. more efficient machineries and equipment). The three
proposed operations promote this through 1) financial support for the purchase of
site-specific fertilisation and precise fertiliser application technologies, 2) the financial
support for hiring contractors that use these technologies and 3) the calibration of
fertiliser spreaders. All three actions/operations mainly reduce NH; and thus indirect
N,O emissions and reduce N-excess on the field. Thus, less fertiliser is needed and
emissions from the production of synthetic fertiliser are reduced as well. There are
substantial costs for the purchase of technology. However, the saved amounts of
mineral fertiliser partly or even over-compensate these costs. Still, investment support
is a reasonable measure in order to promote technological change, as high initial
investment costs might discourage framers from switching to more efficient
technologies. In addition, the operations do not only promote emissions reduction,
they also have a number of positive ancillary effects (e.g. reduced eutrophication and
biodiversity loss, reduction of odour emissions, possible promotion of further
technological change and innovation).

Regulatory requirements that have to be met

On EU level the EU NEC (National Emission Ceilings) Directive, which restricts
emissions of nitrogen oxides and NHs; and the Nitrates Directive need to be complied
with. These specifications are implemented in national regulations (e.g. the fertiliser
ordinance in Germany). In addition, the EU technological norms for agricultural
machinery (Norm DIN EN 13406) need to be considered when defining norms for
different RDP operations. As the technological state differs between the Member
States, the operations should be adapted to current technological situation in the
Member State and requirements should be designed as top-ups to existing national
regulations in order to avoid deadweight effects (i.e. avoid supporting beneficiaries
that would also have invested into more efficient technologies without support
incentives). The uptake of these operations could promote technological development
in some Member States.

General description of the action and operation

The precise application of nitrogen considers plant requirements and site conditions
while aiming at an efficient use of N-fertilisers in order to avoid excess amounts of
nitrogen and related emissions. In addition to N,O emissions, N-application mainly
causes NH; emissions and thereby also contributes to indirect N,O emissions. Several
aspects contribute to a precise N-application. The identification of plant specific needs
via yield potential maps, (optical) sensor technology and the use of plant growth
models and artificial neural networks allows for the determination of the appropriate
amount of fertiliser and thus site-specific application of nitrogen. As the yield map
approach does not always provide accurate predictions (Blackmore et al. 2003), Ehlert
and Thole (2008) recommend to combine these maps with a sensor approach. As the
spectral signature of plants changes if they experience stress, the sensor approach
can be used to measure different plant growth parameters (e.g. via optical
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measurements) and identify their specific needs. Plant growth models and artificial
neural networks are then applied to interpret these measurements and help to derive
management recommendations (e.g. for fertilisation). Site-specific N-application and
precision farming can best deploy their potential on heterogeneous fields (Flessa et al.
2012).

The application process as such can also be improved in order to reduce emissions.
Immediate incorporation of urea containing fertiliser (e.g. via injection) is proven to
significantly reduce ammonia emissions (Velthof et al. 2003; Liu et al. 2006;
Schmidthalter et al. 2010). Furthermore, a precise calibration of fertiliser spreaders
reduces N-losses. According to the Lower Saxony Water Management, Coastal Defence
and Nature Conservation Agency (NLWKN) (2008), a variation coefficient of 15% of
fertiliser distribution leads to a 10% increase in N-losses and an 8% increase in nitrate
leaching in comparison to a “perfect” distribution. An ideal coefficient of variation
should stay below 10%. Although the same principles apply to synthetic fertilisers and
farm yard manure, it should be discerned between them as different technologies are
needed. The technology for site specific N-application is only suited for mineral
fertiliser so far (Flessa et al. 2012).

In order to reduce emissions due to the application of farmyard manure and
digestates, broadcast spreading techniques should be replaced by more accurate ones
such as the use of trailing hoses/shoes. The higher precision of these technologies also
allows for the application of manure into the growing crops. Injection is also an
efficient technique in order to reduce NH; emissions, but it might increase N,O
emissions (Boeckx and Van Cleemput 2001; Rihling et al. 2005; Webb et al. 2010;
Weiske and Michel 2007; Wulf et al. 2002). Further research is necessary. Overall,
GHG emissions of injection and trailing hose application do not differ much, if mineral
fertiliser production is considered as well (Flessa et al. 2012). In contrast to injection,
trailing hose/shoe application does not cause increased direct N,O emissions. High
losses of NHs, however, reduce the fertiliser value of manure and thus additional
mineral fertiliser is needed. However, as the higher NHs losses with the trailing hose
and the associated reduction in fertiliser value need to be replaced by mineral
fertiliser, there is no big difference between the GHG emissions of both techniques
(Flessa et al. 2012). As described in the operation fiche “Increase N-efficiency”,
precise N-application also relates to fertiliser type and the right timing for fertilisation.
In order to avoid ineffective investments, farms should incorporate efficient N-
application into an overall strategy for manure handling and fertilisation (Flessa et al.
2012). Here precise N-application plays an important role, since emissions saved
during previous manure handling can be released during application (Weiske et al.
2006).

Proposed general operations
In order to achieve mitigation via precise N-application, the following operations are
proposed:

1) Investments in precise N-application technology
a) Financial support for the acquisition of the site specific fertilisation technology
(using a GPS systems can help to save inputs such as fertilisers, fuel and
reduces N-excess on the fields).
b) Financial support towards buying fertiliser spreaders, which have a low
coefficient of variation (synthetic fertilisers and farm yard manure) (e.g. place
N in the soil via injection)
2) Financial support for hiring contractors who are using these techniques
3) Financial support for the calibration of spreaders
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Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities

Operation 1) The Programming Authorities (PA) should formulate a list of eligible
technologies that can be supported according to the state of technology in their
country. It is important to consider the current state of technology, in order to avoid
deadweight effects.

For site-specific fertilisation (1a), only sensor and modelling /artificial neural network
approaches are supported. The map approach is only supported in combination with a
sensor approach, as the fertilisation based on yield maps alone is no reliable option for
reducing GHG emissions (Flessa et al. 2012). It cannot be used with farm yard
manure/slurry.

The list mentioned above should also specify eligible coefficients of variation for
fertiliser spreaders (1b).

Recommended coefficients of variation:

e for synthetic fertiliser spreaders: less than 10% (NLWKN 2008)
e Trailing hose: 5 - 10% (manure) (Flessa et al. 2012)

e Broadcast spreading: the EU norm DIN EN 13406 requests a maximal
coefficient of variation of less than 30%. However, a coefficient of less than
10% (manure) (Flessa et al. 2012) is possible. The coefficient of variation can
be improved by replacing splash plates by trailing hoses or improved broadcast
technologies (to be used only in combination with immediate incorporation of
manure into the soil).

e For manure tankers the classifications presented in Table 1 are developed by
Frick (1999). Only spreaders that are classified as very good shall be
supported.

Table 1 Classification of coefficients of variation for manure spreaders (Frick 1999)

Coefficient of variation (manure Classification (Frick 1999)
tankers)

<10% Very good

10 - 15% Good

15 - 20% Satisfactory

20 - 30% Insufficient

> 30% Unsatisfactory

Real performance of spreading machinery is unknown throughout the EU, and EU
norms have to be complied with on a voluntary basis. To establish an objective basis
for investment aid, variation coefficients of each type of agricultural spreading
machine should be evaluated according to the existing EU norms by independent
authorities, and results should be published.

As the variation of emissions between the different application technologies is smaller
than between different amounts of manure produced, the size of farm/amount of
manure produced should be taken into account (Weiske 2006; Weiske et al. 2006). PA
should define a threshold for minimum farm size/ manure production amount in order
for farms to be able to get support for new technology. If the threshold is not reached,
cross-farm solutions should be considered e.g. the hiring of contractors (see operation
2).
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Operation 2) The hiring of contractors can only be supported, if they also comply with
the technological standards defined for operation 1.

Operation 3) Calibration is always an option to improve fertilisation. However,
calibration should be part of good farming practice to be recommended through
technical advice. It can be promoted by financially supporting the hiring of contractors
that do the calibration. Another option would relate to technical advice on how to
calibrate their spreaders (Fiche for "*Improved N-efficiency”).

Timing and duration

Existing banning periods and soil conditions (frozen, snow-covered, and waterlogged)
have to be considered according to legal requirements implementing Nitrates
Directive. In order to reach a high uptake of improved spreading technology,
investment aid could be offered for a limited period, during a transition time until
obligatory requirements are introduced.

Location

Operation 1a) Site-specific fertilisation should especially be applied to heterogeneous
fields. Their occurrence depends on different types of landscapes and soil conditions.
Operation 1b) Trailing hose and trailing shoes are less manoeuvrable and are only of
limited use on slopes (KTBL 2011).

Synergies - Incompatible operations and recommended combinations

As the use of optimised fertilisation technology also reduces the amount of N
application, it should not be combined with other measures that are evaluated
according to the reduction of N-excess on the field in order to avoid double funding
(Flessa et al. 2012).

As all emissions from manure that are saved due to other mitigation operations can be
emitted during N-application, they should be combined with a precise N-application.
This relates especially to:

M 14 Climate proofing planned investments (e.g. covering of manure and digestate
storages)

Expected impacts on farm-level GHG emissions
Precise N-application contributes to GHG abatement as:

e It reduces ammonia emissions and thus indirect N2O emissions.
e Less fertiliser is needed, which saves direct N20O emissions and emissions from
the production of synthetic N

Because of a more precise application and incorporation of fertiliser into the soil, direct
N,O emissions might increase.

Operation 1a) The abatement potential (CO,e/ha) of site specific fertilisation differs
with respect to the approach:
e sensor approach: mean: -315 CO2e/ha, range:-368 CO2e/ha - 123 CO2e/ha
(mean with weighted median according to the number of experiments; Ehlert
und Théle 2008; Werner et al. 2008, Maidl 2009, Wagner et al. 2005)

e plant growth model: -26 CO2e/ha (Link et al. 2008),

o artificial neural network: -621 CO2e/ha (Wagner et al. 2005, Werner et al.
2008)

Operation 1b) According to the the results of the flow-based FARM GHG Model (Olesen
et al. 2004) the application with trailing hose and the use of injection reduce farm
GHG emissions (CO,e/kg milk) for conventional farms (incl. indirect gaseous emissions
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and saved emissions from reduced synthetic N-production) by 0.7%, and 3.2%
respectively compared to broadcasting (Weiske et al. 2006). Table 2 displays possible
CO,e savings that can be attained by using different application techniques instead of
broad cast application. The CO,e were estimated based on NH; emissions from manure
application (based on KTBL 2011). Although more precise application also reduces
direct N,O emissions from the soil and indirect N,O emissions from leaching, the
calculation was only based on the NH3 emissions. Due to less ammonia emissions the
fertiliser value of manure increases and less mineral fertiliser is needed. The saving of
the upstream emissions for fertiliser production makes up a main share of the
abatement potential. The data was calculated according to the assumption that the
whole amount of N in the manure that is saved due to ammonia emission reduction
replaces N of synthetic fertiliser. In reality this might not be the case, however, the
emission savings due to reduced direct N,O emissions more than cancel this effect. In
case cattle manure is used, abatement rates are higher as cattle manure is less fluid
and does not infiltrate into the soil as fast as pig manure.

Table 2 Estimated CO,e abatement potentials of different manure application
techniques (Reference technology: broadcast spreading) (calculations based on KTBL
2011).

Cattle Pig
manure manure
Technology |Saved CO.e from: kg CO.e /m?
Trailing hose | NHs reduction 2.39 1.92
Synthetic N|1.48 1.48
production
Sum 3.87 3.40
Trailing shoe | NH; reduction 4.84 3.90
Synthetic N|3.00 3.00
production
Sum 7.84 6-90
Injection NH; reduction 7.25 5.85
Synthetic N|{4.51 4.51
production

Operation 2) as the used technologies are the same as in 1a +b, similar effects are
expected when contractors are engaged.

Operation 3) no quantitative assessments exist for calibration.

Ancillary effects
Table 3 Ancillary effects of the operation

Positive effects Source
Off-farm Reduction in emissions arising from Flessa et al. 2012
GHG fertiliser manufacture if less synthetic
fertiliser is needed.
Production Due to higher fertiliser values and Flessa et al. 2012.
optimised spreaders, productivity is
increased. Weiske et al. 2006
More precise application of farm yard
manure leads to a lower contamination of
crops and high quality of products.
Adaptation
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Positive effects Source
Environment | Reduced NH; emissions reduce Flessa et al. 2012 p.
eutrophication of water bodies and 181
preserves biodiversity,
reduction of odour emissions due to Weiske et al. 2006
incorporation.
other Operations might induce further technical

development and innovation.

Negative effects

Off-farm

GHG

Production

Adaptation

Environment

other Possible deadweight effects, greater costs
for additional storage (in case less manure
is applied).

Safeguards against maladaptation
No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is easily reversible.

Guidance on costs and payment calculations

One-off costs arising from the operation:

Operation la+b) Machine costs: purchase of technology/equipment, maybe machines
with more tractive force are needed (Weiske 2006)

Operation 1a) Here the focus is on the sensor approach (Résch et al. 2005):

e Data collection: 5,800 -26,000 €;
e Application technology: several thousand euros;
¢ Navigation technology (not absolutely necessary): 15,000 - 25,000 €

Recurring costs:

Operation la+b) Operating costs might be higher: increased cost for labour (-> more
time consuming) and higher fuel demand (Weiske 2006). A more efficient geometry,
however, might reduce fuel demand, negative costs result from reduced costs for
fertiliser purchase and potentially higher yields.

Operation 1b) see table 4
Table 4 Cost for manure application in relation to application technique and amount of

manure application and conserved N (figures in brackets are savings) (synthetic N
price: 0.9 €/kg N) (KTBL 2011).

Amount of | 1,000 3,000 10,000 100,000 | Pig Cattle
manure manure | manure
application (m?
year'h)

Cost for manure application (€/m? of Credit for

manure applied) conserved N
(€/m3)

Broadcast 6.61 4.31 3.04 2.49 - -
spreading
(reference)
Trailing hose 8.76 5.08 3.38 2.57 (0.27) (0.23)
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Trailing shoe 9.68 5.87 4.11 - (0.45) [ (0.45)
Injection 9.97 6.16 4.37 2.89 (0.68) | (0.54)

Costs for manure application decrease with increasing amounts of applied manure
irrespectively of the used technology. Thus, cross-farm solutions would be more
efficient, if the amounts of manure applied are too small. Broadcast spreading is the
cheapest technology for application. However, less fertiliser is needed using more
precise technologies. As pig manure flows more easily, it infiltrates into the soil much
faster than cattle manure and thus conserves even more N (KTBL 2011).

Operation 2) As contractors better use the full capacities of the applied technologies,
the costs are lower than for small farms and small amounts of manure applied. The
costs are similar to those in operation 1, where huge amounts of manure are applied.

Operation 3) Costs for fertiliser calibration are included in Table 5. The calibration of a
spreader by a contractor costs 210 € on average, which results in about 1.69 € per ha.
Due to the more efficient use of fertiliser in comparison with spreaders that are not
calibrated, 18.1 € per ha can be saved. This leads to a net benefit of 16.2 € per ha.

Table 5: Costs of fertiliser calibration (Crabtree et al. 2008), £ converted to € (1€ =
0.85£) (figures in brackets are savings)

Mean Range
Cost per spreader (€) 210 217 - 377
Cost (€ per ha) 1.69 0.24 - 6.22
Benefits (€ per ha) (18.1) (1.76) - (57.6)
Net benefit (€ per ha) 16.7 -0.02 - 57.4

Cost effectiveness:

The variation in cost-effectiveness depends on the reference case, the necessary
investments into technology and the size of the agricultural area/ amount of fertiliser
that needs to be applied. This operation is unlikely to be cost-effective in areas where
technology standards are high already. Cost of the measure should not be attributed
only to climate protection, but also to other environmental benefits, e.g. water quality.

Operation 1a) Category 3: significant cost (Abatement costs (Lower Saxony) 51 -327
€/t CO,e, costs depend on the necessary capital investment, the size of arable land
(Osterburg et al. 2013))

Operation 1b): the cost category depends on the degree of utilisation of the machines
(Table 6 and 7). Thus for small amounts of manure costs are relatively high (category
3), for medium amounts (10,000 m*® of manure) costs for some technology are in
category 2 and for 100,000 m? costs are even negative (category 1). As NH; reduction
also contributes to cleaner air, the abatement costs need to be allocated between the
climate targets and the clean air targets. Here the costs were evenly distributed
between both targets (50% allocation) in order to account for the multifunctional
effects of NH5 reduction.

More precise manure application technologies are only profitable where huge amounts
of manure are applied. Thus the purchase should only be supported in case enough
manure is applied (e.g. via cross-farm solutions and co-operation between farmers).
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Table 6 Abatement costs for different manure application techniques in relation to
amount of cattle manure applied (Reference technique: broadcast spreading) (figures
in brackets are savings) (calculations based on KTBL 2011).

Cattle Amount of manure application (m?)
1000 3000 10000 30000 100000

Technology | Abatement cost €/t COse

Trailing hose | Total cost 487.3|137.3 |28.5 (24.1) | (40.1)
50% allocation to climate |243.7|68.7 14.2 (12.1) | (20.1)
aim

Trailing shoe | Abatement cost 332.9(141.0 |79.1 58.4
50% allocation to climate |166.4|70.5 39.5 29.2
aim

Injection Abatement cost 227.5(99.4 55.3 67.8 |(23.8)
50% allocation to climate [113.7|49.7 27.6 33.9 |(11.9)
aim

Table 7 Abatement costs for different manure application techniques in relation to
amount of cattle manure applied (Reference technique: broadcast spreading, synthetic
N price: 0.9 €/kg) (calculations based on KTBL 2011).

Pig Amount of manure application (m?)
1000 3000 10000 30000 100000

Technology | Abatement cost €/t COse

Trailing Total cost 542.7 |144.7|20.6 (38.0) |56.9)

hose 50% allocation to climate |[271.3|72.4 |10.3 (19.0) |(28.5)
aim

Trailing Abatement cost 378.6 |160.6|89.9 66.3

shoe 50% allocation to climate |189.3|80.3 |45.0 33.2
aim

Injection Abatement cost 272.31126.3|76.2 90.5 (13.6)
50% allocation to climate |95.0 [75.9 |35.7 41.5 (8.3)
aim

Operation 2) Cost effectiveness assumed similar as in operation 1. In general,
contractors would utilise the capacities of their machines better and thus abatement
costs probably belong to category 1 or 2.

Operation 3) Category 1: negative costs. Money can be saved as less fertiliser is
needed.

Control and Verification
Compliance could be verified in a number of ways:

e Operation 1, 2) Via provision of proof of purchase of machines/ contracts with
contractors for such machines, and submission of documentation about
fertiliser planning including documentation stemming from the application of
the computerised sensing and distributing system.

e Operation 3) Certificates for machine calibration.

e Operation 3) Random inspection of spreaders and their coefficients of variation,
proof via certificates of contractors or result tables of the calibration tests.
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Potential result indicators
P5 D “Reducing greenhouse gas and ammonia emissions from agriculture”

e Target indicators:

o LU concerned by investments in live-stock management in view of
reducing GHG and/or ammonia emissions

o % of agricultural land under management contracts targeting reduction
of GHG and/or ammonia emissions

e Complementary result indicators:

o Reduced emissions of methane and nitrous oxide (measured in CO,
equivalent)

o Reduced ammonia emissions (measured in CO, equivalent)

P2 A “Improving the economic performance of all farms and facilitating farm
restructuring and modernisation, notably with a view to increase market participation
and orientation as well as agricultural diversification”:
e Target indicator: % of agriculture holdings with RDP support for investments in
restructuring

e Complementary result indicator: Change in Agricultural output on supported
farms/ AWU

Extent to which the mitigation effect would be captured by National GHG Inventories
Ammonia emissions and indirect N,O emissions from the application of farm yard
manure are included. NH; emissions are reported under the National Emission Ceilings
Directive 2001/81/EC, and depending on the national accounting systems, these
emissions are included into the GHG accounts. If this is the case and activity rates
(such as the share of emission-reduced slurry application) are part of farm surveys,
different application techniques can be differentiated and credited against the GHG
reduction aims. Reduced synthetic fertiliser purchase are captured in the inventory, as
well as saved upstream emissions from reduced production, but the latter not under
source category 4 “Agriculture” (Flessa et al. 2012).

Identified implementation challenges and barriers

Table 6: Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source

Complexity of site specific fertilising technology

Not enough trained personnel for site specific fertilisation
technology

Lack of information and knowledge about possible techniques
and solutions

Capital costs for site specific fertilisation technology

Other key risks/uncertainties

Uncertainty relating to the increased N,O emissions following Flessa et al.
injection 2012
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Fiche M5: Biological N fixation in rotations and in grass
mixes - MITIGATION

Proposed RDP article and measure

Article Measure
2007-2013 36 (a) (iv) | 214: Agri-environmental payments
2014-2020 28(1) Agri-environment-climate

Summary
Area based payments for grain and forage based legume production are proposed.
Benefits include:

e Reduced GHG emissions (direct N20 and CO2 from fertiliser manufacture).

e Reduced energy use in agriculture.
e Increased protein security in Europe.
e Reduced land use change (tropical deforestation) outside Europe.

Regulatory requirements that have to be met
There are no mandatory policies or specifications of good farming practice to support
the use of nitrogen fixing crops in European agricultural systems.

General description of the action and operation

Nitrogen (N) fixing crops belong to the family Leguminosae and are commonly
described as legumes. They form symbiotic relationships with bacteria in the soil that
allows them to fix atmospheric N and use this in place of N provided by synthetic
fertilisers. Leguminous crops are able to fix in excess of 300 kg N/ha/y making the N
input comparable with quantities of synthetic N applied to many crops. Legumes also
provide other benefits which include the provision of N to subsequent crops, their
value as a break crop in arable rotations (suppressing the incidence of weeds and
diseases), and potential biodiversity benefits (Rees et al. 2014; Bues et al. 2013).

N fixing crops fall into two main categories; the grain legumes which includes peas,
beans and soya, and the forage legumes which include clover and alfalfa. Although
these crops differ significantly in their role within farming systems and geographical
distribution, their contribution to N inputs into agricultural systems is important.

Forage legumes form a major source of protein for ruminants, and therefore, provide
an important link between crop and livestock farming systems, providing an
opportunity to increase the recycling of nutrients within a farming enterprise and
therefore minimise nutrient losses (Luscher et al. 2014). Mixed farming systems have
historically been dependent on locally produced forages, thereby reducing the need for
long distance transport which is rarely economically viable or environmentally
sustainable. The use of legume based forage systems predates the use of N fertilisers
to produce forage crops, but is still practiced extensively in organic rotations. Due to
increasing costs of fertiliser N, there is some evidence to suggest that such rotations
are becoming more widespread in conventional farming.

Grain legume production in Europe has declined significantly in recent decades, with
the area under production of Faba bean being now only around 10 % of levels in the
early 1960s (FAO 2012). Most grain legumes consumed in Europe are used as
livestock feeds. Although European production of grain legumes has reduced,
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consumption has increased though imports of mostly South American soya. There is a
perception amongst farmers that grain legume production is less profitable than the
production of cereals. Although this is the case in some areas, a recent analysis has
shown that in some regions of Europe, current market conditions make it profitable to
produce grain legume crops if the full range of benefits is taken account of.

Legumes can mitigate GHG emissions in four main ways:
e Reducing direct emissions from N fertilisers

e Reducing the CO2e emissions from fertiliser manufacture
e Reduction in N leaching
e Reduction in the amount of N that needs to be applied to the following crop.

Proposed general operation

It should be considered that legume crops will enter as equivalent measures of
greening. In order to achieve mitigation via the use of legumes, the following
operation is proposed:

The hectare premium (such as existed until recently in the CAP for peas, field beans
and sweet lupins) appears to be the most effective in increasing the area under grain
legumes - although even so it cannot reverse the decline that has taken place in
recent years. It leads to a small increase in farmers’ incomes (although achieved by
arable farmers at the expense of livestock farms).

For forage legumes, an area-based payment is proposed, where the forage is
cultivated for a minimum of one year as a part of an arable rotation or long term
grassland. Payments would be conditional on maintaining at least 25% of the
grass/legume mixture as a legume, and on using N application rates that are lower
than those for grass only forages.

Commitments, funding conditions and eligibility
When developing a specific operation, Managing Authorities (MA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities
1. Grain legumes
e Planting of legumes should take place within normal arable rotations (and
reduction of N application to following crop applied)

e PA should provide a list of eligible rotations and legumes, based on local
agronomic expertise. In general, suitable legumes will be suited to the local
climate (Rees et al. 2014).

e No fertiliser (synthetic or organic) should be applied to the grain legume crop.

2. Forage Legumes

e Planting of forage legumes should take place as part of the normal sequence of
pasture cultivation and reseeding

e PA should specify a minimum seed-sowing rate to provide a sufficiently dense
canopy.

e Reduced fertiliser (synthetic or organic) should be applied to the forage legume
crop (relative to a grass only crop).
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Timing and duration
MA should define the appropriate period of planting and the minimum and maximum
length of legume cultivation.

MA should provide advice on N fertiliser application rates to forage legumes and
fertiliser recommendations to crops following grain legumes on the basis of national
recommendation systems.

Location

MA should define the areas within which the operation is available (Nitrate Vulnerable
Areas should be the most eligible areas), taking into account the following points
(based on Rees et al. (2014):

= Legume cultivation is widely applicable on different soil types in arable and
grassland rotations; however, they are best suited to light soils types with
moderate to high pH and P status.

= The residues left by legume crops can result in rapid losses of N, so it is
important to ensure that ground is not left fallow following the incorporation of
legume residues.

Incompatible operations
None anticipated

Expected impacts on farm-level GHG emissions

The main on-farm mitigation effect of legumes is via reduced or avoided nitrous oxide
emissions (see Table 1). These effects would apply where grain legumes replace
cereals or other arable crops in a rotation. There is also an indirect benefit in terms of
GHG mitigation through avoided tropical deforestation (and carbon emissions) in
regions such as Brazil. The inclusion of legumes in rotations has also been shown to
allow carryover of residual N to subsequent crops, thereby reducing the fertiliser
requirement of subsequent crops and associated N,O emissions (Buses et al. 2013).

Table 1. Abatement rates for cover crops sown during the fallow period of arable
rotations

Mitigation Abatement rate Source

effect

Reduce direct | Highly variable

and indirect

N>N,0 EFs Grain legumes 1.04 tCO,e/ha/yr | Pellerin et al. (2013)
Forage legumes 0.17 Pellerin et al. (2013)
tCO,e/ha/yr
(0.6-2.7 tCO,e/ha/yr)

Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects Source
Off-farm Reduction in emissions arising from Pellerin et al. (2013,
GHG fertiliser manufacture if synthetic fertiliser | p45)
application is reduced
Production No significant effect
Adaptation When used as cover crops, they can See Fiche M2 for
provide significant adaptation benefits, by | further details
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Positive effects Source

decreasing soil erosion and increasing soil
water retention capacity

Environment | Improved water quality via reduced (Nemecek et al.
leaching of nitrate 2008)

Negative effects

Off-farm No significant effects

GHG

Production Greater yield variability in response to Rees et al. 2014

weather variability

Adaptation No significant effects, if the operation is
applied in areas with suitable soils and
adeqguate rainfall.

Environment | Potential N loss by leaching if residues left | (Jensen et al. 2010)
on bare soils

Safeguards against maladaptation
No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is easily reversible.

Guidance on costs and payment calculations
No significant one-off costs arising from the operation are predicted.

Savings may be made from reduced synthetic fertiliser application rates (see Table 3).

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source

Reduced fertiliser purchase (€19-31/ha/yr) | Pellerin et al. (2013)
Purchase of seed and fuel costs €71.20/ha/yr Schulte et al. (2012)
associated with cultivation of the crop ~€50/tC0O,e

Seed (€66/ha/yr) €126/ha/yr Posthumus et al.
Cultivation/drilling (£60/ha/yr) (2013)

The cost-effectiveness is categorised as being in category 3, significant cost.

The main driver of variation in cost-effectiveness is likely to be the potential yield and
income loss of an alternative crop, which will depend on climate, soils and agronomy.
This operation is unlikely to be cost-effective in areas where there is an unfavourable
climate.

Given the limited private benefits of legume crops, payments are likely to need to
offset a significant proportion of the farmer’s costs of implementing the operation.
These costs will vary depending on, for example, the particular legume, but should be
sufficient to meet seed purchase costs and most, if not all, of the perceived yield
penalty.

Control and Verification
Compliance could be verified in a number of ways:
= Integrated into current monitoring programmes.
= Via provision of proof of purchase of legume seeds and fertilisers
= Via remote sensing or aerial photography (Pellerin et al. 2013, p47)
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Potential result indicators
Reduced imports of grain legumes into the EU

Extent to which the mitigation effect would be captured by National GHG Inventories
N,O reduction from reduced rates of fertiliser application and cultivation of legumes
(with an EF1 for direct emissions of 0) would be captured by current inventories.
Off-farm changes in emissions would not be captured within the EU, but may be
reflected in AFOLU (agriculture, forestry and land use) reporting in reduced tropical
deforestation.

Identified implementation challenges and barriers

Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source

Potential yield penalties (Luscher et al. 2014)
Yield variability (Jensen et al. 2010)
Nutritional barriers (livestock) (Luscher et al. 2014)

Other key risks/uncertainties

Policy decision over whether to allow cultivation | Rees et al. 2014
of GM soya, which could increase the
attractiveness of legume cultivation to farmers
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Fiche M6: No tillage - MITIGATION

Proposed RDP articles and measures

Article Measure
2007-2013 20 (b) (I) (IV) (V), 29, | 121: Modernisation of agricultural
36 (a) (IV) holdings
214: Agri-environment payments
2014-2020 15 Advisory services
17 Investments in physical assets
28 Agri-environment-climate
29 Organic farming

Summary

No-tillage or no-till (NT), also called zero tillage, is a soil cultivation system in which
seeds are deposited directly into untilled soil. NT farming systems ensure soil
conservation, with biodiversity and water conservation. This crop management can be
considered as mitigation and adaptation option and thus being promoted as a measure
to be supported under the United Nations Framework Convention on Climate Change
(UNFCCCQC). Several studies have pointed out the effects (positive and negative) of this
crop management. NT has traditionally been recommended as a way to enhance
carbon sequestration (or to avoid carbon losses), but recently, some studies show no
statistical difference in terms of carbon storage between NT and conventional tillage
(CT).

Strengths:
e soil quality improvement

e saving in fuel and labour,

e environmental benefits (e.g. reduction in soil erosion)
e increase biodiversity (soil microorganism)

e better water efficiency/quality

Weaknesses:
e not suitable for all soil types (compaction of clay soils)

e not suitable for all crops

e increase in weeds

e increase in pest disease

e potential increase in N,O emissions (related to fertilisation practices)

Regulatory requirements that have to be met

There are no EU-wide harmonised specific policy measures to support the
implementation of NT in European agricultural system. At Member States level, cross
compliance requirements regarding control of soil erosion can contain prescriptions for
reduced tillage. Some experiences through current RDPs show the possibility to
implement measures related to NT and NT + cover cropping.

General description of the action and operation

NT is defined “as a system of planting (seeding) crops into untilled soil by opening a
narrow slot trench or band only of sufficient width and depth to obtain proper seed
coverage" (Derpsch et al., 2010). No other soil tillage is performed. No-till is an
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agricultural technique that increases the amount of water that infiltrates into the soil
and increases organic matter retention and cycling of nutrients in the soil. In many
agricultural regions, it can eliminate soil erosion. It increases the amount and variety
of life in and on the soil.

It has been proven that no-till can significantly reduce soil erosion and conserve water
in the soils. This is regarded as a basis for higher and more stable crop yields, but
many studies shows that this is not necessarily true. Discouragingly, there are
numbers of examples of no yield benefits or even yield reductions under no-till,
especially in the first up to ten years. Although humus can be enriched under no-
tillage, the sequestration of soil carbon, as result of the accumulated organic matter in
the topsoil, is restricted to the upper 10 cm of the soil. However, the possible C
mitigation due to NT practice could be only temporary, because in the case that the
soil is ploughed after some years the C stock can be partially volatilised. Indeed, the
accumulation is reversible if conventional tillage is adopted after several years of NT.
This contributes to additional uncertainties of the operation regarding the long-term
effectiveness for mitigation.

Compared with ploughing, no carbon benefit, or even a carbon deficit, has been found
at soil depths below 20 cm. This is why no-till makes little or no contribution to carbon
sequestration and does not prove to reduce greenhouse gas emissions in croplands.
The quantification of carbon sequestration rates under no-till are still highly doubtful.

The most significant benefit of NT is improvement in soil biological fertility, making
soils more enduring to soil impoverishment. Farm operations are made much more
efficient, particularly improved time of sowing and better trafficability of farm
operations. Soane et al. (2012) summarised the results from several studies on the
mitigation GHG emissions of NT:

¢ Increase soil carbon sequestration;

e Reduction of GHG emissions (CO2 and CH4) from soils; Minimal soil
disturbance (no ploughing and harrowing);

e Reduction of fossil fuel use;

e Reduction of synthetic nitrogen fertiliser use;

e Increase of soil organic carbon content (considering root deep in soil);

e Decrease soil erosion during the fallow period;

e Reduction in N leaching (maintenance of a permanent vegetative soil cover);
e Reduction in the amount of N that needs to be applied to the following crop.

The potential positive effect on soil organic matter (SOC) is attributed to the reduction
in top soil disturbance, therefore reducing soil erosion, favouring the development of a
litter layer (Strudley et al., 2008). Regarding GHG mitigation, Smith et al. (2007)
suggest that there is evidence that tillage management has a moderate impact on
SOC increase, while the net effects on N,O is more inconsistent and not well-
quantified globally. Methane emissions or absorption by the soil normally contribute a
minor component to the overall GHG budget, however with no-till and ploughed soils
showing N,O emissions of 258 and 551 mg N m™ day™* (Smith et al., 2007; Soane et
al. 2012). Regina and Alakukku (2010) suggest that CH, fluxes are not strongly
affected by the tillage practices.

Other environmental benefits are attributed to the increase in water retention, which
is especially relevant for semi-arid climates such as in Mediterranean countries
(Fernandez-Ugalde et al., 2009), and the enhancement of the aggregate stability,
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which reduces microbial activity (i.e. decomposition rate) of the organic matter which
in turn lowers the CO, emissions (Madari et al., 2005). On the contrary, implementing
a CT practice can increase the CO, emissions as it enhances soil aeration (Soane et
al., 2012).

No-till agriculture is widely promoted as a climate friendly farming system, and the
IPCC Fifth Assessment Report attributes GHG mitigation potential to no-till. However,
there is a considerable level of uncertainty in the SOC response to NT. The response
variability can be associated to soil types, climatic conditions, cropping systems and
also to the depth (soil layer > 40 cm) of samplings to measure the level of soil carbon.

Proposed general operation
In order to achieve mitigation via the use of NT, the following operation is proposed:

e Investment support for the purchase of technologies and equipment for direct
seeding;

e Hectare premium (such as existed until recently in the CAP for the use of cover
crops and NT that appears to be the most effective in increasing the SOC
content and avoiding GHG emissions).

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities

No-till was initially developed as a farming method for conserving soil and water
resources. Currently scientific sources and statistics show that NT often comes as a
technical package with monocultures, genetically modified crops and wide use of
herbicides. Studies have found that no-till farming can be more profitable (Luo et al.,
2010) if performed correctly. Less tillage of the soil reduces labour, fuel, irrigation and
machinery costs (Baker et al., 2007). NT can increase yield because of higher water
infiltration and storage capacity and reduce the risk of soil erosion.

No-till farming can increase organic (carbon based) matter in the soil, which is a form
of carbon sequestration. However, there is debate whether this increased
sequestration detected in scientific studies of NT agriculture is actually occurring, or is
due to flawed testing methods or other factors. Regardless of this debate, there are
still many other technical reasons to use NT, e.g. reduction in fossil fuel use, less
erosion and increase soil quality (Luo et al., 2010).

Moreover, a study conducted by De Vita (2007) showed that NT causes yield
reductions in the first 4-5 years, after the beginning of the NT adoption (Rhotin 2000
and Carter and Rennie, 1982 in De Vita et al., 2007; Stagnari et al., 2010). Later the
productivity reaches a new productive status.

In order to maximise the benefits, PA should provide information on:

(a) type of rotation and crop combination with cover crops in arable rotations (for
the reduction of N application to following crop);

(b) eligible crops, based on local agronomic expertise. In general, suitable crops
will be fast growing with good N uptake characteristics (Schulte et al. 2012);

(c) a minimum seed sowing rate to guarantee a sufficiently dense canopy.
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By comparison with the total body of scientific literature on NT agricultural systems,
little attention has been paid to critical analysis of the environmental side effects of
NT. It is possible to identify only a few scientific papers that critically deal with
uncertain effects of NT (Baker et al., 2007, Lal et al., 2004).

High herbicide use is the most prominent side effect of NT agriculture today. It is the
substitute mechanism for controlling weeds that would otherwise be controlled (at
least in large-scale farming) by ploughing, other more intensive tillage techniques,
manual weeding, and crop rotations that include forage legumes, which are known to
suppress weeds and fix nitrogen. Excessive herbicide use causes a variety of
environmental problems. Soils and water are affected, as well as wildlife habitats
(Friedrick et al., 2005). Because of the problems described above, NT systems could
frequently cause glyphosate-resistant weeds (Baker et al., 2007).

Regarding the machinery requirements, the seeding machine for NT is different from
the conventional machinery. Investments in the new machinery would increase the
costs of the farm operations. Where the agricultural structure is characterised by small
and medium-size farms the cost of investments could be unaffordable. In this case,
co-operative investments across farms could be promoted.

Timing and duration

PA should define the appropriate period of seed planting to avoid weed competition.
Moreover, it is crucial to be efficient in weed control; otherwise the production can be
compromised. Regarding N application, it is recommended to spread the fertiliser in
winter before crop sowing to reduce N,O emissions.

NT is not recommended in all types of soil (clay soil) for more than 5 years
(compaction soil problems). Moreover, NT is not recommended with some types of
crops, such as maize or perennial crops, because the productivity can be drastically
reduced (even by 30-40%) during a few years (personal communication Prof. Morari).

Location
PA should define the areas within which the operation is available, taking into account
the following points (Wiltshire et al. 2014):
e Soil type: NT is not widely applicable on different soil types. This crop
management practice is suited to light soil types, and light-textured free-
draining soils. It is not recommended to clay soils.

e NT are more suitable where there is a relatively high spring rainfall and high
level of water table;

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

Synergies - Incompatible operations and recommended combinations

M2 Use cover/catch crops and reduce bare fallow

M7 Retain crop residues

These two operations could have a positive synergy with NT crop management
increasing the carbon stock in the soil, decreasing the potential evapotranspiration and
reducing soil erosion.

M4 Precise N application
The timing of this operation is a crucial aspect to be considered in avoiding N,O
emission during N distribution in NT soil management.
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Expected impacts on farm-level GHG emissions

Soil tillage practices have a profound influence on the physical properties of soil and
the GHG balance. However, there have been very few integrated studies on the
emission of CO,, CH4 and N,O and soil biophysical and chemical characteristics under
different soil management systems. A study, conducted by Mangalassery et al.,
(2014), recorded a significantly higher net global warming potential under
conventional tillage systems (26-31% higher than zero tillage systems). Moreover,
uncertainty regarding the mitigation effect on the reduction of N,O emissions are still
present (Pellerin et al. 2013). Some studies underline the possibility to increase the
N,O emissions through the uptake of nitrate and ammonium, when it is distributed on
the top soil. Certainly, the quantity of energy use in this crop management is lower
compared with CT. On the other hand, others studies (Posthumus et al. (2013),
Pellerin et al. (2013)), highlight the on-farm mitigation effect of NT in enhanced soil
carbon storage.

Table 1. Abatement rates for the no-tillage operation

Mitigation effect Abatement rate Source
1.75 tCO,e/ha/yr Posthumus et al. (2013)
Increase in SOC Kirk et al. (2012)

Carbon stocks in the
soil 1 tCO.e/ha/yr

Schulte et al. (2012)

-0.393/0.874 tCO,e/ha/yr Pellerin et al. (2013)

Reduce direct and Highly variable Pellerin et al. (2013)

indirect N>N,0
I(Enlwrission Fai:tors) Leached N reduced by 30
kgN/ha = 0.11 tCO,e/ha

Schulte et al. (2012)

Reduce amount of

applied N 0.06 tCOye/ha/yr Pellerin et al. (2013)
Fieldwork CO, from | ) 565 tco,e/ha/yr Pellerin et al. (2013)
machinery

Hermle et al. (2008) observed net carbon sequestration to a depth of 50 cm after 20
years of NT. NT can lead to a stratification of soil organic carbon at the surface in
contrast to the more uniform distribution of carbon in conventionally tilled soils. The
crop residues accumulated on the soil surface under NT conditions may result in
carbon being lost to the atmosphere upon decomposition. Furthermore, climate
change mitigation benefits such as reduced CO, emissions due to increased
sequestration of carbon and increased CH, uptake under NT could be offset by
increased emissions of N,O. Increased N,O emissions have been linked to increased
denitrification under NT due to the formation of micro-aggregates within macro-
aggregates that create anaerobic micro sites with increased microbial activity leading
to greater competition for oxygen. NT can also create increased soil densification and
a subsequent decrease in the volume of macropores leading to reduction in gaseous
exchange. Additionally, the effect of tillage on the environment varies across farms
geographically since the impacts of cultivation on soil organic matter and net
greenhouse balance depends on soil type, climatic variables and management
Mangalassery et al., (2014).
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Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects

Source

Reduction in emissions arising from fertiliser

Pellerin et al. (2013)

Off-farm manufacture if synthetic fertiliser application is Buckingham et al.
GHG reduced, (2013

Effect on land use change, impact on C stock
Production No significant effect

Mulch and cover crops combined with NT can

provide significant adaptation benefits by Balkcome et al.
Adaptation decreasing soil erosion and increasing soil (2012)

water retention capacity
Increased C retention with crop rotation

Mandari et al. (2005)

Environment

Improved water quality via reduced runoff
Contributes to soil protection (reduced erosion
and improved porosity)

Increase in biodiversity (e.g. soil
microorganisms)

Schulte et al. (2012,
p39)

Kirk et al. (2012)
Wiltshire et al.
(2014)

Negative effects

8|f_|f;3farm No significant effects

Production Potential loss of production if they lead to Wiltshire et al.
switching from winter to spring cultivation (2014)
No significant effects, if the operation is

Adaptation applied in areas with suitable soils and Backer et al., 2007

adequate rainfall.

Environment

Increased herbicide use

Schulte et al. (2012)
Wiltshire et al.
(2014)

Safeguards against maladaptation
No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is easily reversible.

Guidance on costs and payment calculations

Recurring costs arise from seed purchase and additional fieldwork for cultivation and
destruction/incorporation of the cover crop (if combined operation). Savings may be
made from reduced synthetic fertiliser application rates (see Table 3).

Costs - equipment

No-till requires specialised seeding equipment designed to plant seeds into
undisturbed crop residues and soil. If the farmer has equipment designed for
conventional tillage, purchasing new equipment (seed drills for example) would be
expensive and while the cost could be offset by selling off ploughs, etc. doing so is not
usually done until the farmer decides to switch completely over (after trying it out for
a few years). This would result in more money being invested into equipment in the
short term (until old equipment is sold off).
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Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source

Reduced fertiliser purchase (€41/ha/yr)

Cover crop planting and €160/tCO,e Pellerin et al. (2013)

destruction
Highly variable

depends on the

Labour cost Pellerin et al. (2013)

country of

application
Investment in new machinery Highly variable De Vita et al. (2007)
Increase in spraying (NT) €78/ha/yr Wiltshire et al. (2014)
Field operation €47/ha/yr Posthumus et al. (2013)
Loss in agricultural production €37/ha/yr Wiltshire et al. (2014)

Purchase of seed and fuel costs

associated with cultivation of the €71.20/ha/yr

Schulte et al. (2012)

~€50/tCO,e
crop
Seed (€64/ha/yr)
Cultivation/drilling (€70/ha/yr) €164/ha/yr Posthumus et al. (2013)

Incorporating crop residues
(€29/ha/yr)

The main driver of variation in cost-effectiveness is likely to be the cost of the crop
seeding and weed control, which will depend on the efficiency of cultivation. These
costs will vary depending on crop management. Payments should not provide
compensation for lost production. However, the NT operations can be controlled with
the purchase of NT machineries used for specific operations. Due to the contrasting
results in terms of C content for NT crop management, no payment should be
provided.

Control and Verification
Compliance could be verified by integrating the operation into current monitoring
programmes.

Extent to which the mitigation effect would be captured by National GHG Inventories.
The tier 1 method of the IPCC 2006 guidelines could be used for NT but it has some
limitations as it does not consider NT as soil management practice for N,O. Changes in
soil carbon stocks would require specific soil C emissions factors and would not be
captured in most current approaches. Thus, tier 2 or 3 approaches have to be
developed, based on empirical evidence from soil surveys. In order to depict the NT
activity rates, detailed statistics on long-term application of NT are needed, which are
normally not available (e.g. because in the Farm Structural Survey, only the current
tillage technologies in the respective year are recorded).

Potential result indicators
e P4C: % of agricultural land under management contracts improving soil
management and/or preventing soil erosion (ha)

e P5E: % of agricultural and forest land under management contracts to foster
carbon sequestration/conservation
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Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source

Risk of negative effects on yield (possible 30- Wiltshire et al. (2014)
40% loss for maize) (pers. comm. Morari)
Concerns about herbicide use and resistance Wiltshire et al. (2014)

Decrease water efficiency/quality in some soils | (pers. comm. Morari)
(clay soil)

High cost of hew machinery or contractor
services

Other key risks/uncertainties

Effect on N,O emissions and SOC is uncertain Buckingham et al. (2014)
Kaharabata et al. (2003)
Kirk et al. (2012)
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Fiche M7: Retain crop residues — MITIGATION

Proposed RDP article and measure

Article Measure

2007-2013 36 (@) | 214: Agri-environmental payments
(iv)

2014-2020 28(1) Agri-environment-climate

Summary
Area based payments for crop residue incorporation is proposed. Benefits include:
e Reduced GHG emissions (climate change mitigation)
e Improved soil quality
e Erosion control
e Carbon sequestration

Regulatory requirements that have to be met
There are no specific policy measures to support the use of crop residue retention in
European agricultural systems.

General description of the action and operation

Agricultural crop residues are used for a variety of purposes including biofuel,
industrial raw materials, and animal feed and bedding. Often they are returned to the
soil where they provide a range of ecosystem services. These include nutrient cycling
(Shah et al. 2003), improved biodiversity (Roger-Estrade et al. 2010), improved soil
structure (Blanco-Canqui & Lal 2007), carbon sequestration (Andren et al. 2008) and
erosion control (Dormaar & Carefoot 1996). Although in some circumstances crop
residues are already currently returned to soil, it is important to maximise the
incentives for this to occur and provide support to overcome technical barriers. In
some circumstances, crops (green manures) are grown with the specific purpose of
incorporation, but in other cases residues are incorporated as an optional component
of rotational management.

In some circumstances, crops can be grown specifically to provide an input of organic
material where there is a specific need to improve soil quality and fertility. The use of
grass clover leys in organically farmed rotations is specifically aimed at increasing soil
fertility as a consequence of the nutrients returned by decomposing plant residues
when the rotation is returned to an arable phase (Watson et al. 2011).

The impact of crop residue incorporation on greenhouse gas emissions is uncertain.
There is good evidence to demonstrate that crop residue inputs to the soil can
increase carbon sequestration. Effects on nitrous oxide emission are less clear. The
IPCC’s Tier 1 approach assumes a N,O Emission Factor of 1% for all crop residues
added to soils. Experimental studies have shown that in some circumstances where N
rich residues are added to soil that high N,O emissions can result (Baggs et al. 2002).
In other circumstances, crop residues with lower N content (often with a high C:N
ratio) are less likely to result in significant N,O emissions. Some recent experimental
studies have shown that the Emission Factor for NO emissions from crop residues is
significantly below the IPCC's 1%.
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Retaining crop residues can mitigate GHG emissions in four main ways:
Reducing direct emissions from N fertilisers

Reducing the CO, emissions from fertiliser manufacture

Increasing carbon sequestration

Reducing the amount of N that needs to be applied to the following crop.

The extent to which crop residues can reduce N,O emissions is dependent on the
quality of the residue. Crop residues with high C:N ratio, such as cereal straw, tend to
encourage immobilisation of nitrogen in the soil organic matter, thereby reducing N,O
emissions (Lin et al. 2013). By contrast, crop residues with lower C:N ratio, such as
the residues from leguminous crops, are associated with more rapid mineralisation
and release of nitrogen and a consequent emission of N,O. Long-term changes in soil
organic matter that occur as a consequence of residue incorporation lead to a slow
accumulation of organic carbon with increasing range of soil quality attributes
(Powlson et al. 2012).

Proposed general operation
In order to achieve mitigation via the use of crop residues the following operation is
proposed:

An area-based payment is proposed based on the area over which crop residues are
incorporated.

This measure is appropriate in the case of annual crops and annual forages. Non-
harvestable parts of a crop should be left in the field after harvest. In some
circumstances when large amount of residue is produced or where the residue is rich
in nitrogen, it would be appropriate to recommend soil incorporation in order to avoid
volatilisation losses.

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities

e Cereal crops
Cereal straw to be chopped following harvest and incorporated into the soil within two
weeks (a derogation of this time constraint could be considered if soil conditions were
inappropriate, e.g. excessive soil wetness)

e Horticultural Crops
Residues to be incorporated into the soil as soon as possible after harvest, and within
one month. Allowance for additional N provided to subsequent crops should be made
in fertiliser N applications to the following crop.

PA should specify a minimum seed-sowing rate to provide a sufficiently dense canopy.

e Forage crops
Biomass should be incorporated into the soil as soon as possible prior to the
establishment of a subsequent crop to maximise synergy between nutrient release and
uptake. Allowance for additional N provided to subsequent crops should be made in
fertiliser N applications to the following crop.
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Timing and duration
PA should provide advice on N fertiliser application rates to crops following residue
incorporation based on national recommendation systems.

Location
PA should define the areas within which the operation is available, taking into account
the following points:

e Residue incorporation is widely applicable on different soil types in arable and
grassland rotations; however, the process of incorporation may be dependent
on suitable (i.e. not too wet) soil conditions.

e The residues left by N rich crop residues can result in rapid losses of N, so it is
important to ensure that ground is not left fallow following the incorporation of
legume residues.

Incompatible operations
This measure partly overlaps with measures defining the use of cover crops and
legumes in farming systems.

Expected impacts on farm-level GHG emissions

The main on-farm mitigation effect of crop residue incorporation is via reduced or
avoided nitrous oxide emissions (see Table 1). This results from reductions in N,O
where residue incorporation leads to a reduction in the amount of synthetic fertiliser
applied. It can also contribute to carbon sequestration (Pellerin et al. 2013, p44).

Table 1. Abatement rates for cover crops sown during the fallow period of arable
rotations

Mitigation Abatement rate Source

effect

Reduce direct Cereal crops, no abatement

and indirect

N>N,O EFs* Forages and high N residue crops 0.1t Pellerin et al.
CO,e/ha/yr (2013)

C Sequestration | 0.1 t CO,e/ha/yr (Lal 2004)

*Possible increase in GHG from ammonia volatilisation and nitrate leaching from high
N residues (Jensen et al. 2010)

Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects Source

Off-farm GHG | Reduction in emissions arising from fertiliser | Pellerin et al. (2013,
manufacture if synthetic fertiliser application is | p45)

reduced
Production No significant effect
Adaptation Crop residues <can provide significant | See Fiche M2 for

adaptation benefits, by decreasing soil erosion | further details
and increasing soil water retention capacity

Environment NA

Negative effects

Off-farm GHG | NA
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Production Possible N immobilisation by high CN residues
(straw)

Adaptation No significant effects.

Environment NA

Safeguards against maladaptation
No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is easily reversible.

Guidance on costs and payment calculations
No significant one-off costs arising from the operation are predicted.

Savings may be made from reduced synthetic fertiliser application rates (see Table 3).

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source

Fertiliser savings (10 €/ha/yr) Pellerin et al. (2013)

The cost-effectiveness is categorised as being in category 1, minor cost.

The main driver of variation in cost-effectiveness is likely to be the loss of income
because of alternative uses for the crop residues.

Control and Verification
Compliance could be verified in a number of ways:

e Integrated into current monitoring programmes.
e Via remote sensing or aerial photography (Pellerin et al. 2013, p47)

Potential result indicators
Increased soil organic C

Extent to which the mitigation effect would be captured by National GHG Inventories
N,O reduction from reduced rates of fertiliser application would be captured by current
inventories.

Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source

Additional field operations Dormaar and Carefoot, 1996

Disease carryover

Alternative uses for residues

Other key risks/uncertainties

References
Andren,O., Kftterer,T., Karlsson,T. & Eriksson,]. 2008. Soil C balances in Swedish

agricultural soils 1990 2004, with preliminary projections. Nutrient Cycling in
Agroecosystems, 81, 129-144.

Baggs,E.M., Rees,R.M., Castle,K., Scott,A., Smith,K.A. & Vinten,A.J.A. 2002. Nitrous
oxide release from soils receiving N-rich crop residues and paper mill sludge in eastern
Scotland. Agriculture Ecosystems & Environment, 90, 109-123.

September 2014 59




Mainstreaming of climate change into rural development policy post 2013

Blanco-Canqui,H.& Lal,R. 2007. Soil structure and organic carbon relationships
following 10 years of wheat straw management in no-till. Soil & Tillage Research, 95,
240-254.

Dormaar,].F.& Carefoot,J.M. 1996. Implications of crop residue management and
conservation tillage on soil organic matter. Canadian Journal of Plant Science, 76,
627-634.

Lal,R. 2004. Soil carbon sequestration to mitigate climate change. Geoderma, 123, 1-
22.

Lin,S., Igbal,]., Hu,R., Shaaban,M., Cai,J. & Chen,X. 2013. Nitrous Oxide Emissions
from Yellow Brown Soil as Affected by Incorporation of Crop Residues With Different
Carbon-to-Nitrogen Ratios: A Case Study in Central China. Archives of Environmental
Contamination and Toxicology, 65, 183-192.

Pellerin S., Bamiére L., Angers D., Béline F., Benoit M., Butault J.P., Chenu C.,
Colnenne-David C., De Cara S., Delame N., Doreau M., Dupraz P., Faverdin P., Garcia-
Launay F., Hassouna M., Hénault C., Jeuffroy M.H., Klumpp K., Metay A., Moran D.,
Recous S., Samson E., Savini I., Pardon L., 2013. How can French agriculture
contribute to reducing greenhouse gas emissions? Abatement potential and cost of ten
technical measures. Synopsis of the study report, INRA (France), 92 pgs.

Posthumus, H., Deeks, L.K., Rickson, R.]J and Quinton, J.N (2013) Costs and benefits
of erosion control measures in the UK. Soil Use and Management.

Powlson,D.S., Bhogal,A., Chambers,B.]., Coleman,K., Macdonald,A.]., Goulding, K.W.T.
& Whitmore,A.P. 2012. The potential to increase soil carbon stocks through reduced
tillage or organic material additions in England and Wales: A case study. Agriculture
Ecosystems & Environment, 146, 23-33.

Roger-Estrade,]., Anger,C., Bertrand,M. & Richard,G. 2010. Tillage and soil ecology:
Partners for sustainable agriculture. Soil & Tillage Research, 111, 33-40.

Shah,Z., Shah,S.H., Peoples,M.B., Schwenke,G.D. & Herridge,D.F. 2003. Crop residue
and fertiliser N effects on nitrogen fixation and yields of legume-cereal rotations and
soil organic fertility. Field Crops Research, 83, 1-11.

Watson,C.A., Baddeley,].A., Edwards,A.C., Rees,R.M., Walker,R.L. & Topp,C.F.E.
2011. Influence of ley duration on the yield and quality of the subsequent cereal crop
(spring oats) in an organically managed long-term crop rotation experiment. Organic
Agriculture, 1, 147-159.

Fiche Lead Author
Professor RM Rees, SRUC, Edinburgh, UK.
bob.rees@sruc .ac.uk

September 2014 60



Mainstreaming of climate change into rural development policy post 2013

Fiche M8: Loosen compacted soils / Prevent soil
compaction - MITIGATION

Proposed RDP measure

Article Measure
2007- 20 (a) | 114 Farm advisory services
2013 (iv) 111 Vocational training and information actions
2014- 14(1) Knowledge transfer and information actions
2020 15(2) Advisory services, farm management and farm relief services

Summary

Topsoil compaction has been reported to increase N,O emissions and strongly reduce
the soil ability to be a CH4 net sink. However, emissions are associated with a high
level of uncertainty due to the complexity of these processes and their interaction with
soil bio-physical factors. Additionally, topsoil compaction can affect other soil functions
and ecosystem services. Among these are reduced crop yields and decreased ability to
filter soil water. Soil compaction may also increase the risks of soil erosion, which in
turn may affect the risk of landslides as well as flooding. The main mitigation options
are:

e Frequency and timing of field operations should be planned to avoid traffic on
wet soil.

e Tillage operation should be avoided or strongly reduced on wet soils.
e Reduction of stock density.

Regulatory requirements that have to be met

Across the member states there are no specific measures or incentives to promote the
prevention of soil compaction practices in agricultural system. Council Regulation (EC,
No. 73/2009) has identified the main issues that should be address by the Good
Agricultural practices, such as the physical soil degradation and erosion. However, it is
left to member states to implements these practices at a national level.

General description of the action and operation

Prevention of topsoil compaction is an important practice in order to reduce potential
GHG emissions (i.e. N,O and CH4) from agricultural land (Gattinger et al. 2011; Defra,
2007).

Topsoil refers to the top soil layer which is frequently tilled (often described as the
plough layer, approximately 25 cm). The soil compaction is defined as “The
densification and distortion of soil by which total and air-filled porosity are reduced,
causing deterioration or loss of one or more soil functions” (van den Akker, 2008).
This degradation is due to the inability of soil to withstand external pressures
generated by traffic of heavy machineries and trampling by livestock.

Compaction alters the normal soil biological activity, decreases the porosity (in
particular macroporosity) resulting in a decline of hydraulic conductivity, therefore
modifying the soil conditions from aerobic to anaerobic. Soil type strongly affects the
risk of compaction, sandy soils are the least susceptible when the soil water content
reaches field capacity, while clay soils are the least sensitive to compaction under soil
dry conditions (Fleige et al. 2002).
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In aerobic conditions, soil organic matter decomposition produces CO,, however
anaerobic conditions promote the fermentation of organic matter and the decomposed
C is realised as CH4. Nevertheless, in aerobic conditions, the CH4 produced in the lower
part of the soil profile (anaerobic soil conditions) and the atmospheric CH; can be
oxidized, resulting in the soil to be a CH,4 net sink. Several studies (Ruser et al., 1998;
Teepe et al., 2004; Mosquera et al., 2007) have reported that an increase in the level
of soil compaction can alter the CH; net soil sink, transforming it in an emission
source.

The two main processes that are generally accepted to be the main producer of N,O in
soil are nitrification and denitrification, which are mostly controlled by soil water
content, temperature, the availability of organic carbon and by mineral N contents.
Nitrification produces N,O under aerobic conditions, while in limiting oxygen conditions
denitrification takes place. Although the contribution of nitrification to N,O emissions is
likely to be significant, it is generally thought to be lower than the contribution of
denitrification. Compacted topsoil promotes denitrification which generates a
considerably increase in N,O emissions. It has been reported that the increase in
emissions can be up to 7 times, nevertheless this figure is associated to a high level of
uncertainty due to the complexity of the process under consideration (Defra, 2007;
Ball et al., 2000; Teepe et al., 2004; Mosquera et al., 2007).

There are several potential measures that can be adopted to reduce soil compactions
and therefore GHG emissions (Defra, 2007; Defra, 2010; Weiske et al., 2007)

e The type and frequency of machine operations should be adequate to the soil
texture and conditions, therefore reducing traffic especially in wet soils.

e Adjustment of tyres, inflation pressures and loads.
e Avoid tillage of wet soils.

e As compaction in traffic lanes cannot be avoided completely, the use of
permanent traffic lanes via controlled traffic farming would restrict compaction
to a smaller area (Vermeulen & Mosquera 2009).

e Avoid fertilisation in traffic lanes, this reduces N20 emissions from compacted
soils and saves fertiliser (less CO2 emissions from synthetic fertiliser
production). Only possible with more precise N-application technology (see
fiche on “Precise N-application”).

e Soil tillage. A moderate topsoil compaction can be eliminated by shallow tillage.

¢ Maintenance of good surface drainage. The wetness of the soil strongly affects
the possibility of compaction as well as the risk of anoxic soil conditions,
therefore drainage is an effective measure to increase soil strength and
therefore reduce the risk of soil compaction and GHG emission.

e Use of plant species: Plants with desirable rooting characteristics can enhance
the structure of soil.

e Reduce the livestock density.

Proposed general operation
The applicability of soil compaction mitigation options is highly dependent on several
factors, e.g. soil water content. Therefore, operational guidelines should be provided
to the operator in order to maximise the mitigation potential. Local authorities could
organise workshops/training to inform operators on the benefits of soil compaction
prevention and inform them on the possible mitigation options/practices:
e Work when soils are least sensitive, avoiding the wet periods. When possible
work when soil is dry. The online decision support tool, Terranimo®,
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(www.soilcompaction.eu) could be used to identify whether traffic is
sustainable.

e Maintain soil organic matter and keep surface soil, litter, and slash in place
while harvesting. This can increase resistance to compaction and protect soils
from erosion.

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities
(PA should provide detailed guidelines for the implementation of countermeasures to
prevent or reduce soil compaction. Guiding principles are set out below:

Guidelines on the minimum tyres width and inflation pressure should be provided.

Field operation should be combined as much as possible, in order to reduce
machineries traffic.

Tillage operations should not be undertaken when the soil is not friable.

Timing and duration
Water content strongly affects soil compaction. The PA should provide indicators to
assess the severity of the soil wetness, therefore preventing field operation during
extreme conditions.

Location

PA should provide a list of high risk areas where a combination of soil texture and
prevailing weather conditions increases the likelihood of soil compaction, such as the
Wheel Load Carrying Capacity map created by van den Akker (2004) for the
Netherlands.

PA should organise a series of workshops nationwide to raise awareness on risks
associated to soil compaction and to inform about possible mitigation options, taking
into account the following points (based on Wiltshire et al. (2014):

e Wet soil is more prone to compaction when exposed to external pressures, i.e.
tyre inflation pressure and trampling of livestock.

e Soil texture. Sandy and silt soils are associated with a higher likelihood of
compaction when the soil water content reaches field capacity, while clay rich
soils are less prone to compaction under dry conditions.

Synergies - Incompatible operations and recommended combinations
No incompatible operations or particular synergies are anticipated.

Expected impacts on farm-level GHG emissions

The main mitigation effect associated to reduction in soil compaction is the decrease in
N,O and to restore the CH4; net soil sink function. However, the uncertainty of its
effects led this mitigation option not to be included in the French marginal abatement
cost curve (MACC) (Pellerin et al. 2013) and Irish MACC (Schulte et al. (2012).
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Table 1. Effects of soil compaction mitigation on N,O and CH4 emissions

Mitigation
effect

Abatement rate Source

Decrease direct

N>O NH;
emissions

Highly variable 60% on
average

Mosquera et al., (2007)
Defra, (2007)

Ball et al. (2000)

Ruser et al. (1998)

Restore soil CH,4

net sink effect

Highly variable 30 - 90%

Mosquera et al., (2007)
Defra, (2007)

Ball et al. (2000)

Ruser et al. (1998)

Ancillary effects

Table 2. Ancillary effects of the operation

Positive effects

Source

Production Reduction in soil compaction improves Hallett et al. (2012)
crop yield Hakansson and
Reeder (1994)
Soil filter Avoiding soil compaction maintains the Kulli et al. (2003
function natural risk of preferential flow of water Etana et al. (2013)
(potentially carrying pollutants) to the
water bodies, while compaction due to
traffic with (heavy) machinery increases
this risk.
Adaptation Soil is better adapted to extreme weather

events

Environment

Improved field drainage via sustained in
hydraulic conductivity

Less erosion and related nutrient input
into water bodies, eutrophication might be
reduced as well as reducing nutrients
leaching.

Hallett et al. (2012)

Tunney et al. (2007)

Negative effects

GHG

No significant effects

Adaptation

No significant effects

Environment

Deep ploughing can decrease soil organic
carbon.

Controlled traffic lanes heavy machinery
gives effectively permanent damage to
the soil below tillage depth.

Smith et al. (2007)

Berisso et al. (2012)
Schjgnning et al.
(2013)

Safeguards against maladaptation

No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is easily reversible.

Guidance on costs and payment calculations
No significant one-off costs are predicted as the suggested actions (e.g. adjusting tyre
pressure) can be easily integrated in the farmer best management practice.

September 2014 64



Mainstreaming of climate change into rural development policy post 2013

Recurring costs arise from tillage operations for loosening the soil and to the
workshop/training program that the member state/local authorities might want to
organise. The costs of such training program are highly variable among member
states as workshop/training structure and managements can strongly affect the final
budget.

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source

Tillage 58 - 80 €/ha/yr | SAC (2013)

The cost-effectiveness is categorised as being in category 2, no or limited cost.

Control and Verification

Compliance could be verified by random check for soil compaction. An alternative is to
monitor farmers that have participated to the suggested workshop/training program.
In situ monitoring would be the most appropriate approach; however the employment
of remote sensing and/or aerial photography could also be an option.

Extent to which the mitigation effect would be captured by National GHG Inventories
Changes in soil compaction would not be captured in most current approaches

Potential result indicators
P4C Agricultural land under management contracts improving soil management
and/preventing soil erosion (ha)

Identified implementation challenges and barriers

Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source
Changing the operation timing could be difficult as the Rickson et al., (2010)
time of field operations depends on ownership of Arvidsson et al. (2010)

equipment and labour availability. In addition some field
operations need to be performed at a specific crop
growing stage.

Reducing stock density has a considerable economic Rickson et al., (2010)
impact and often economic benefits of production might
outweigh soil compaction effects.
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Fiche M9: Restoration of wetlands - MITIGATION

Proposed RDP article and measure:

Article Measure
2007-2013 | 38 213 Natura 2000 payments and payments linked to
Directive 2000/60/EC
39 214 Agri-environment payments
2014-2020 | 17 Investments in physical assets
20 Basic services and village renewal in rural areas
29 Agri-environment-climate
31 Natura 2000 and Water framework directive payments

Summary

Restoration of wetlands help to reduce GHG emissions from decomposition of peat by
avoiding the drainage of wetlands and restoring the natural water table of drained
wetlands. With an increased water table in organic, carbon-rich soils, accumulation of
organic substances is higher than the decomposition, which facilitates the
conservation and accumulation of peat and reduces the carbon release from these
soils. However, as the permanent rewetting of wetlands is often associated with
abandonment of current agricultural land-use practices, also the extensification of
land-use and land-use on wet peat soils (paludiculture) are considered. These
operations should be flanked by avoiding new drainage, renewal and deepening of
existing drainage on organic soils. The wetland restoration can only be achieved with a
combination of measures and the collaboration of land-users. The GHG abatement rate
and costs depend on the intensity of the pre-existing degree of drainage, the land-use
intensity and realised land rents. Production may be displaced to other sites, however,
due to very high emissions per hectare on drained organic soils, the overall net
mitigation effect is positive.

Regulatory requirements that have to be met

The restoration of wetlands is not addressed by national legislation in all MS (e.g.
Germany). Wetland restoration is until now mainly facilitated by nature protection
funds and in the past climate objectives have not been the focus of restoration
projects. At 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. Further National Nature Protection Legislation and National
Strategies on Biological Diversity are setting targets for peat land protection.

General description of the action and operation

Peat soils are defined as a peat layer which is a minimum of 30 cm and consists of
more than 30% of organic matter. Natural peatlands are an important carbon sink at
global scale. 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., 2007). High water
tables in natural wetlands facilitate that the accumulation of organic substances is
higher than the decomposition and thereby enable the accumulation of peat. When
peat soils are drying up, carbon is released from the soil (Flessa et al., 2012). The
amount and type of GHG emissions depend on the water saturation in the soil, climatic
conditions and the nutrient availability. In flooded natural peat soils, methane
emissions occur besides the net storage of CO,-C, while drained peat soils release CO,
and N,O through the aerobic peat decomposition (Flessa et al., 2012). Intensively
drained peat soils are hotspots for GHG emissions (Parish et al., 2007), particularly
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when N fertilisers are applied, because of the high emission factor associated with N,O
production from organic soils.

By raising the water tables of drained wetlands, GHG emissions can be reduced. The C
storage function of wetlands can be restored when wetlands are nearly completely
restored. The amount of emission savings depends on the height of the water table
(the intensity of the drainage) and the following type of vegetation (e.g. peat
composing plant species). The lower the water table of the drained wetland the higher
the climate protection impact per ha after rewetting. Wetlands only become climate
neutral when the water tables are very close to natural conditions (mean annual water
table around 10 cm below the ground surface level, no flooding to avoid methane
emissions). The permanent rewetting of wetlands is often associated with
abandonment of land-use as with the current technologies and available cultures, the
agricultural land-use of restored sites is almost impossible (Osterburg et al., 2013).
The mineralisation of peatland can also be reduced by changing the agricultural land-
use. The change from arable to grassland and the extensification of grassland in
combination with increased water tables are of particular importance. Further,
seasonal variation of water tables by increasing the water table in winter and
decreased water tables in spring and autumn are leading to a reduction of CO,
emissions (Osterburg et al., 2013).

Drained peatland sinks because of soil compaction and in particular through the CO,
release from oxidation of drained peat soils. With arable land-use on organic soils the
subsidence ranges between 1-4 cm per year taking the surface closer to the water
table year by year. Therefore, the existing drainage is deepened frequently which
causes more decomposition. Additional emissions could be inhibited when new
drainage is not established, renewed and deepened. This measure could complement
extensification and the restoration of wetlands (Osterburg et al., 2013). In many
cases, a marked reduction of GHG emission from peatland cultivation can only be
achieved when agricultural production is abandoned or at least land-use intensity is
significantly reduced (Réder and Osterburg, 2012).

Proposed general operation

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

B) Extensification of wetland-use and/ or Iland-use on wet peat soils
(paludiculture). Extensification is achieved by a reduction of inputs such as N
fertiliser and manure application lowering land-use intensity and productivity.
As the effects on emission reductions of this operation are much lower than of
the operation A, this operation should be seen as the second-best option when
the complete and permanent rewetting of the site is not possible. For
paludicultures, pilot projects are recommended, e.g. to support development of
machineries that enable land-use at higher water tables, and to establish
biomass production, e.g. reed.

C) No new drainages, renewal and deepening of drainages on organic soils

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below

Eligible activities

Wetland restoration to a natural condition is expected to have the highest GHG
mitigation effect. However, its implementation is associated with land-use change, not
suitable to all sites and associated with a variety of different activities. Thus, wetland
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restoration is potentially important as a collective operation because a combination of
different measures is necessary to complete the process, and many different land-
users have to co-operate in order to restore larger wetland areas. Measures only
addressing single farms are not effective as the area of a wetland in most cases covers
a large number and variety of land-users. Eligible activities are:
e Studies to support the planning process, e.g. impact assessments regarding
hydrology and land-use

e Land consolidation activities and land purchase by the public sector, if
necessary

e Investment support for setting up of infrastructure for water management
(raising the water table)

e Agri-environment-climate measures to support extensive wetland-use
e Pilot projects for improvement of wet use of organic soils / paludiculture
e Training and advisory services for land owners

Timing and duration

The emission reduction of rewetted drained peat is permanent when sites are
permanently kept close to natural conditions. The emission reduction through
extensification with a gradual increase of the water table reduces the peat
decomposition but does not completely stop these emissions. The mitigation effect is
enabled as long as the (partial) rewetting or the extensive land-use of the soils is
maintained. When rewetted peatlands are drained again, they will become hotspots of
GHG emissions again (Flessa et al., 2102).

As permanent rewetting and extensification of wetlands need larger investments,
purchase of land through the public sector and land-use changes, the achieved status
should be safeguarded by legal means (e.g. entries in the land registry). Thus, the
impact is expected to be long-term (Osterburg et al., 2013).

Location

This measure is suitable for soils under agricultural land use classified as organic soils
according to IPCC criteria (IPCC, 2006). Also soils with elevated C contents which do
not meet the criteria of the IPCC, as their C,y content is below the threshold of 12%
Corg, should be included. These soils should also be protected because rewetting these
soils would lead to increased GHG emission savings. Therefore, soils with a Cyq
content above 5% could be considered conditionally for climate protection objectives.

Synergies - Incompatible operations and recommended combinations

Incompatible operations are investment aid supporting land-uses which are unsuitable
for organic soils (arable farming, horticulture, intensive dairy production, e.g. M4, M6,
A9), and the support of investments in (deeper and more efficient) drainage (A6
Optimising the adaptation benefits of drainage).

Operations that are supporting extensification of land-use and land-use with higher
water tables are compatible with the wetland restoration operation. Further, the
operation M16 Carbon audits can highlight the importance wetland restoration.

Expected impacts on farm-level GHG emissions

e Reduced emission of CO2 due to decelerated peat decomposition (largest
climate effect)

e N20O emission reduction from mineralisation of organic soils
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e Increased CH4 emission after rewetting should be avoided as far as possible by
keeping the water table right below surface (no flooding).
The rewetting of peat soils leads to a slower degradation and to reduced CO, and N,O
emissions through the establishment of anoxic conditions. Rewetted peat soils could
retain their CO,-C sink function. Through anoxic degradation processes, especially in
flooded areas, CH4 emissions might increase after rewetting the soil.

Table 1. Abatement rates for restoration of wetlands and extensification of wetland-

use

Mitigation effect

Abatement rate

Source

Increased soil C by
raising the water table
and land-use
extensification

40 t CO,e/ ha/ year (intensive
sites)

Drosler et al. (2011)

44 t CO,e/ ha/ year (intensive

UBA (2010) (German

sites) national GHG
inventory)

20 t CO,e/ ha/ year (extensive Osterburg et al.

grassland) (2013)

22 t CO,e/ ha/ year (extensive UBA (2010) (German

grassland) national GHG
inventory)

Operation A: Restoration of wetland

Restoration of wetland

3.1-6.3 t CO,e hatyr! (fen area
> 50% of subarea, less
ambitious)

3.9-7.8 t CO,e halyr! (fen area
>20% of subarea, more
ambitious)

Grossmann and
Dietrich (2012)

30 tCO,e ha'lyr!

Flessa et al. (2012)

Operation B: Extensification of agricultural land-use in wetlands

Extensification of
agricultural land-use:
arable to grassland
without changing the
water table; Water table
minimum 20 cm below
the surface

0.9 - 2 tCO,e halyr™

(arable --> grassland, less
ambitious)

3 - 6.1 tCO,e halyr?! (higher
water tables, more ambitious)

Grossmann and
Dietrich (2012)

Extensification of
wetlands previously used
as arable or intensive
grassland and raising
water table

24 - 26 t CO.e halyr?

Drosler et al. (2011)

Avoid subsidence of
organic soils through
raising the groundwater
levels

2.26 t CO,/ ha/ year per mm
subsidence.

Van den Akker et al.
(2012)

The GHG abatement potential per ha depends on the intensity of the drainage. If the
water tables are very low before the rewetting, the impact on GHG emission savings is
higher (Osterburg et al., 2013).
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Ancillary effects

Table 2. Ancillary effects of the operation

Positive effects Source

Off-farm

GHG

Production Wetlands can be used for paludiculture (production | Wichmann
of renewable raw materials, e.g. peat bogs and
(sphagnum) and grasses as peat substitutes, or Wichtmann
reed as renewable building material). Experiences | (2009)
with research and pilot projects in Germany (e.g. Joosten
Mecklenburg-Western Pomerania and Lower (2014)
Saxony) show promising results. Long-term
practical testing and demonstration activities are
necessary to enable up-scaling.

Adaptation Restored wetlands can serve as floodplains, Grossmann
protection against flooding and Dietrich

(2012)

Environment | A) Improving habitat / biodiversity resilience, Hjerp et al.

protection against flooding (2012)

B) Positive effects on biodiversity and water
quality via improved nutrient retention and
hydrologic balance.

C) Paludiculture: conflicts/synergies with
biodiversity depend on land-use and regional
conditions

Osterburg et
al. (2013)

Negative effects

Off-farm

GHG

Production Complete restoration of wetlands shifts agricultural | Osterburg et
production to other sites, but emissions from al. (2013)
intensification and new cultivation of other sites is
usually lower than the avoided emissions from
wetlands. A land-use concept should be developed
for the entire wetland and the different types of
land-use in the region to minimise leakage.

Adaptation

Environment

Paludiculture: conflicts/synergies with biodiversity
depend on land-use and regional conditions

Osterburg et
al. (2013)

Safeguards against maladaptation

When wetlands are rewetted after agricultural use, the production is shifted to other
sites. If the production is moved to mineral soils, GHG emissions occur that reduce the
climate protection impact of the rewetting (indirect land-use change). However, these
emissions are much lower than those from drained wetlands and reduce the positive
climate effect only marginally. The restoration of former peat extraction sites does not
shift the production (Flessa et al., 2012).
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Guidance on costs and payment calculations
The operations A) wetland restoration and B) wetland extensification are associated
with costs for investment and land-use change. Land purchases by the public sector
might be necessary. The use of paludicultures has the same cost components as the
other operations but there is added value through the land-use of the wetland.

For operation C) Avoid new drainage, renewal and deepening of drainage on organic
soils cost could occur for the adaptation of the land-use to wet conditions. Cost for
investment in drainages and water management are saved.
The economic opportunity costs of not converting wetland can be substantial
(Grossmann and Dietrich, 2012) and depends on previous land-use.

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings

Total cost

Source

A) Restoration of wetland

€167 - 337 halyr?

(fen area > 50% of
subarea, less ambitious)
€ 208 - 415 halyrt. (fen
area >20% of subarea,
more ambitious)

Grossmann and
Dietrich (2012)

B) Extensification of wetland-use

€ 44 - 98 ha'lyr! (arable--
>grassland, less
ambitious)

€ 163 - 330 halyr'*(higher
water tables, more
ambitious)

Grossmann and
Dietrich (2012)

B) Compensation granted under

agri-environmental payment
schemes for fen wetland

175 - 320 € halyr!

Grossmann and
Dietrich (2012)

conservation and maintenance of
high water tables in the German
Federal states of the Elbe Basin

Table 4 Abatement cost of the operation, (figures in brackets are savings)

Mitigation

Abatement cost

Source

A) Wetland restoration
(permanent rewetting)

2 - 42 €/tCO,e

Rdder and Osterburg (2012)
Schaller et al. (2012)

below 50 € per t CO,e
(without engineering
and transaction cost)

Roder and Osterburg (2012)

20 - 70 €/tC0O,e

Roder and Gritzmacher
(2012)

€7 - 14 t CO,et

Grossmann and Dietrich
(2012)

15 - 135 €/tCO,e

Flessa et al. (2012)

B) Extensification of
land-use

€10 - 20 t CO,e™?

Grossmann and Dietrich
(2012)

>200 €/tCO,e (forage
crops --> extensive
grassland)

Osterburg et al. (2013)

Restoration projects in
Mecklenburg-
Vorpommern, Germany

€7.5-12.5t COse!

Grossmann and Dietrich
(2012) (based on Schafer
(2009))
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Cost effectiveness is higher for restoration of wetlands compared to wetland
extensification because the GHG savings are much higher. Especially when forage crop
production is replaced by extensively used grassland the abatement cost can be as
high as 200 €/tCO,e (Osterburg et al., 2013). For operation C) Avoid new drainage,
renewal and deepening of drainage on organic soils cost could occur for the adaptation
of the land-use to wet conditions. Cost for investment in drainages and water
management are saved. Operation B) Paludicultures have a higher cost —effectiveness
than A) because of added value from the land-use. Negative CO, abatement costs are
possible (Osterburg et al., 2013). Therefore, the cost-effectiveness of these operations
can be attributed to category 1, 2 or 3 depending on the previous land-use, type of
operation performed and local conditions (e.g. when land purchase is necessary, there
is a huge variation of land tenure cost between different regions). As strong synergies
with other environmental objectives such as biodiversity and the water protection
exist, the cost-effectiveness is further improved. The rewetting of peatlands is at least
in the medium and long run a cost-efficient measure to reduce GHG-emissions (Réder
and Osterburg, 2012).

Control and Verification

The compliance with the commitments can be controlled by checking the level of the
water tables. To enable a constant control of the water level at different locations of
the wetland, automatic loggers can be used which are also more reliable than
measurements at different points in time. The implementation of investment support
can be controlled on-site for the establishment of hydro-engineering installations and
infrastructure, and based on receipts and project records. Further land-use indicators,
such as livestock density, can be used to analyse the intensity of land-use on wetlands
and if it complies with the requirements of the operation.

Potential result indicators
Area (ha) of restored wetlands

Extent to which the mitigation effect would be captured by National GHG Inventories
Restored wetlands are captured in national GHG inventories in the category Wetlands.
Precondition for the inclusion is the area-based assessment of the restored wetland
areas (Flessa et al. 2012, p.223). Otherwise, the effects can be reported under the
previous land-use categories cropland and grassland. Also, the transformation of
arable land to grassland is captured in the national GHG inventories. A precondition for
the inclusion in the inventory is the assessment of rewetted areas and their hydrologic
conditions (Osterburg et al., 2013). Also, avoidance of N,O emissions of N applied to
organic soils would be captured.

Identified implementation challenges and barriers
Table 5. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source

Not a single farm measure, collective action at local / regional
level is necessary

Substantial opportunity costs associated with land-use | Grossmann and
change (depend on previous land-use) Dietrich (2012)

Abandonment/shift of production

Loss of production, particularly some high value horticultural
crops (e.g. in England), or relocation on mineral soils

Other key risks/uncertainties

Potential conflicts between biodiversity and climate objectives
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Fiche M10: Fat supplementation in ruminant diets -
MITIGATION

Proposed RDP article and measure

Article Measure

2007-2013 | 36 (a) (iv) | 214: Agri-environmental payments
20 (a) (i) | 111: Vocational training and information actions
20 (@) (iv) | 114: Use of advisory services by farmers and forest

holders
2014-2020 | 28(1) Agri-environment-climate
14(1) Knowledge transfer and information actions
15(1) Advisory services, farm management and farm relief
services

Summary

e Suggested operation: the use of livestock feed consultancy and advisory
services for the formulation of a ruminant diet with fat content of 5-6 DM%,
with the supplementary fat sourced from plant or animal products produced in
Europe.

e An additional fat supplementation of 2-4% fat is suggested, bringing the total
fat content to 5-6%, as increasing the fat content of the diet proportionally
reduces enteric methane emissions.

e Some farmers already use supplementary fat in the diets, but there is potential
for additional uptake.

e There are differences between fat sources in terms of their effect on land use
and land use change, these differences should be considered.

e Support for direct costs (i.e. increased feeding costs) is not practical to
implement.

Regulatory requirements that have to be met
We are not aware of any existing regulations or policy incentives which would
encourage farmers to use high-fat diets.

General description of the action and operation

Action:

Feed ruminants with a diet containing a total of 5-6 DM (dry matter)% fat (i.e.
additional 3-4% fat supplementation) to reduce enteric methane (CH4) emissions.

Current practice and potential additional uptake:

A traditional ruminant diet contains 1.5-3% DM fat. The fat content of forages is 1.5-3
DM% (Dewhurst et al. 2001; Glasser et al. 2013; Mir et al. 2006), and though
concentrates vary a lot in their fat content, they are typically around 2-3 DM%
(Dewhurst, R. pers. comm.).

Some farmers with high-productivity herds, especially high-yielding dairy cows and
fattening beef, are already supplementing fat to their animals. This is 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 5-6 DM%
(Roberts, D. pers. comm.). Pellerin et al. (2013) suggests that in France 5% of dairy
cows receive feed supplemented with fats.
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Various supplementary fat sources exist: whole seeds (e.g. rapeseed, linseed,
soybean), plant oils (e.g. sunflower oil, rapeseed oil, palm oil, coconut oil), and
speciality, rumen-protected fat products (e.g. Energy Booster, Megalac). Alternative
sources can be the high-oil by-products of the biofuel industries, like maize distillers'
dark grains (McGinn et al. 2009). There are differences between them both in terms of
their effect on enteric methane emissions and both in terms of the land use and land
use change (LULUC) effects associated with their cultivation. As the methane
reduction effect is proportional to the fat content of the diet, there is potential for
additional uptake both in those herds that are currently not receiving fat
supplementation and in those herds that receive supplementation but the total fat
content of their diet is below 5-6 DM%. Additionally, for this latter group a switch
between fat sources might improve the on-farm mitigation, and, more importantly,
can reduce their LULUC effects.

Mechanism of mitigation:
There are three ways how the increased intake of fat reduces enteric CH,; emissions
(Johnson and Johnson 1995; Martin et al. 2010; Pellerin et al. 2013):

e A common effect for all fat types is that the increased amount of fat replaces
other energy sources in the diet, which are mainly carbohydrates. Carbohydrates
are digested in the rumen, associated with methane emissions, while fats are
digested in the intestine, not contributing to enteric methane emissions.

e Some forms of fats, namely medium chain fatty acids (like most fatty acids in
coconut and palm kernel oil) and unsaturated fatty acids (like those in linseed,
rapeseed, sunflower, soybean) selectively reduce some of the rumen microbes
thus shifting rumen processes towards lower CH, emissions. Rumen-protected fat
products and long-chain saturated fatty acids (like half of the fatty acids in tallow)
do not have these effects.

e Unsaturated fatty acids also act as a hydrogen sink in the rumen, resulting in
lower amounts of H, produced and thus giving less space to CH, production.
However, this is a less important effect compared to the other two mechanisms.

The overall reduction in enteric CH, emissions is proportional to the amount of fat in
the diet (see Table 1 in section ‘Expected impacts on farm-level GHG emissions’).
However, nutritional and practical aspects (see below) necessitate a limit of 5-6 DM%
total fat content. According to Hristov et al. (2013) and Martin et al. (2010) the
question of persistence of the mitigation effect has not been adequately addressed
yet: some studies do report long-term effects, but data are inconsistent.

There are two mechanisms which might partially off-set the mitigation in enteric CH,4
emissions: a potential increase in CH4 emissions from manure storage and a potential
increase in emissions related to the production of feedstuff. First, if the increased fat
content reduces the digestibility of the whole diet the undigested organic matter in the
manure increases, leading to higher methane emissions from slurry storage. However,
so far there is limited scientific evidence about this effect.

Second, the change in diet results in a change in emissions related to crop production
and possibly land use. The direction and size of this depends on the feed ingredients
and their cultivation practices, thus to minimise the negative effect farmers should be
encouraged to use low emission intensity fat sources (i.e. crops with relatively low
GHG emissions per kg product). It is important to note that there are considerable
differences in the land use and land use change effects and the related GHG emissions
of the different fat sources. Generally, crops grown in Europe (linseed, oilseed rape)
are associated with significantly lower GHG emissions from LULUC than those grown in
tropical regions (e.g. coconut, oil palm or soybean). For this reason this operation
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should support high-fat ingredients that have low LULUC effect, e.g. which are grown
in Europe.

Practical considerations:

High-fat feed ingredients can be easily provided as part of the ruminant concentrate
diet and available on the market (Pellerin et al. 2013). They can be blended in the
concentrate at farm (where facilities exist) or concentrates with high fat content can
be bought-in from feed suppliers. The fat sources are going to replace other
components of the diet. Farmers are likely to reduce concentrate components rather
than forages, as concentrates have higher energy content and are more expensive
than forages.

There are practical considerations in terms of mixing the oily ingredient with the rest
of the concentrate feed. For example, to add 3% fat content using oily seeds, the total
diet has to contain approximately 8% linseed or 6% rapeseed. With a 20 DM%
concentrate diet, the concentrate should include 39% linseed or 31% rapeseed. With
such a high fat content there can be handling problems and it might be difficult to
maintain quality during storage. Therefore, there is a greater practical scope to this
diet supplementation for animals on a low-forage diet receiving concentrates above 20
DM% of the diet (e.g. high-yielding cows or fattener beef cattle) or a total mixed
ration where the forages can be blended with the high-fat sources. The high-fat
ingredients cannot be easily offered to animals that are grazing or eating mainly
unblended forages. Consequently, there are certain periods of the year when this
supplementation is not practical even for high-yielding animals (e.g. when the cows
are not lactating).

Medium chain fatty acids and unsaturated fatty acids (unlike rumen-protected fat
products can have negative effects on ruminal fermentation and fibre digestion when
the total fat content of the diet exceeds 6-7 DM% (Grainger and Beauchemin 2011).
This might lead to a reduced daily weight gain or milk yield and cause a modification
in the fatty acid composition of products (Beauchemin et al. 2008; Patra 2012; Pellerin
et al. 2013).

Proposed general operations

Fat supplementation is based on increasing some of the commonly used feed
ingredients in the diet. In a direct subsidy to the increased feeding costs it would be
difficult to support only the additional, increased fat content in the diet beyond the
baseline the farmer might have used for an increased performance. Therefore the
main suggested operation is to support the cost of consultancy/advisory services on
diet formulation for the herd if the diet is to be formulated to contain 5-6 DM% fat.
Training courses on high-fat diet can also be offered to farmers.

Commitments, funding conditions and eligibility

Eligible activities

e The use of livestock feed consultancy and advisory services for the formulation of
a ruminant diet with fat content of 5-6 DM%, with the supplementary fat sourced
from plant or animal products produced in Europe.

PA should provide guidance on high-fat diet for farmers and advisors/consultants, with

a list of most suitable regional sources for the high-fat ingredients.

Timing and duration

Fat supplementation can happen all year round, and financial support for diet
formulation should not be constrained within the year or within the RDP programming
period.

Location
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There are no location considerations for this operation.

Synergies - Incompatible operations and recommended combinations

The suggested operation M11 ‘Precision and multi-phase feeding’ is likely not to be
influencing the methane mitigation effect of high-fat diets.

Expected impacts on farm-level GHG emissions

Table 1. Abatement rates for increasing the fat content of ruminant feed to 5 DM%

Mitigation | Abatement rate Reference
effect
Enteric CH4 | -17% CH,4 / DMI (dry matter intake) for 5 DM% fat (Beauchemin
emissions content (assuming a baseline of 2 DM%) et al. 2008)
CH,4 reduction = 5.562 X percentage added fat
Cattle: (Grainger and
-14% CH, / DMI for 5 DM% fat content (assuming a Beauchemin
baseline of 2 DM%) 2011)
CH,4 emissions (g/kgDM) = 24.55(£1.029) —
0.102(£0.0147) x fat[g/kgDM]}, i.e. 4.53% CH4
reduction with each 1 DM% fat added
Sheep:
-29% CH, / DMI for 5 DM% fat content (assuming a
baseline of 2 DM%)
CH,4 emissions (g/kgDM) = 32.06 (£2.129) —
0.260(%0.033) x fat[g/kgDM], i.e. 9.68% CH,
reduction with each 1 DM% fat added
no effect on CH4 / DMI, but -9% CH, / day due to (Eugene et al.
reduced DMI for 6.4 DM% fat content versus a 2008)
baseline of 2.5 DM% fat content
-10% CH,4 / DMI for 5 DM% fat content (assuming a (Moate et al.
baseline of 2 DM%) 2011)
CH,4 emissions (g/kgDM) = exp{3.15(£0.052) —
0.0035(+£0.00061) x fat[g/kgDM]}, i.e. ~3.3% CH,4
reduction with each 1 DM% fat added
-11% CH, / DMI for 5 DM% fat content (assuming a (Martin et al.
baseline of 2 DM%) 2010)
CH,4 reduction = 3.8 x percentage added fat
(depending on the type of fats)
-14% CH,4 / DMI for 5 DM% fat content (assuming a (Doreau et al.
baseline of 1.5 DM%) 2014; Pellerin
CH4 reduction = 4+0.8 x percentage added fat et al. 2013)
dairy cows: -401 kg CO,e/animal/year (Pellerin et al.
beef cows and cattle 1-2 years: -240 - -320 kg 2013)
CO,e/animal/year
other cattle: < -240 kg CO,e/animal/year
Land use dairy cows: +191 kg CO,e/animal/year (Pellerin et al.
change beef cows and cattle 1-2 years: +100 - +130 kg 2013)
CO,e/animal/year
other cattle: < +130 kg CO,e/animal/year
Total GHG | dairy cows: -210 kg CO,e/animal/year (Pellerin et al.
impact beef cows and cattle 1-2 years: -100 - -200 kg 2013)
CO,e/animal/year
other cattle: < -100 kg CO,e/animal/year
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Variability in mitigation effect:

The direct mitigation, i.e. the reduction in enteric methane emissions varies between
2-10% for each % of added fat in the diet. According to Grainger and Beauchemin
(2011) there is variability between livestock types, sheep showing higher respond
than cattle. Some authors found variability between the type of fatty acids, medium-
chain fatty acids being more repressive on methane production than polyunsaturated
fatty acids, which, in turn, are more repressive than long-chain saturated and
monounsaturated fatty acids (Martin et al. 2010). There are also differences in the
mitigation effect between the form of the fats (e.g. sunflower seed versus sunflower
oil) and on the type of diet (i.e. high forage versus high concentrate diet), but the
studies are not yet conclusive (Martin et al. 2010).

The applicability of a high-fat ruminant diet varies most importantly with the
proportion of concentrates in the diet. For animals fed on high-forage diet (> 80
DM%) where the forage is not prepared as a total mixed ration the high-fat
ingredients cannot be easily supplemented. Therefore, it is likely that the uptake of
this operation might be lower for medium- and low-productivity herds and even in
high-yielding dairy and beef herds it might be only administered to lactating cows and
finishing beef cattle, respectively.

Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects Reference

Off-farm -

GHG

Production The additional fat can increase the yield and also | (Grainger and
the milk fat content, even when, as in some Beauchemin 2011;
cases, total feed intake is reduced. Marette and Millet
The fatty acid composition of the milk and the 2014; Patra 2012)
meat might improve (i.e. more unsaturated fatty
acids) with certain fat sources (e.g. oily seeds).

This is considered as an advantage by
consumers.

Adaptation -

Environment | -

Negative effects Reference

Off-farm The total land area under oils seed crops might (Pellerin et al.

GHG slightly increase, while demand for the by- 2013)
products or grains might slightly fall. This might
be a positive or a negative effect. See more in
the section ‘Mechanism of mitigation’.

Production If the fat content does exceed 5-6 DM% the (Grainger and
rumen ecosystem might be disturbed (negative Beauchemin 2011;
effects on fermentability and digestibility), Pellerin et al.
decreasing dairy milk yield, milk fat content or 2013)
beef/sheep growth rate.

Adaptation -

Environment

High-fat ingredients originating from tropical
areas are associated with a biodiversity loss
linked to land use change.
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Safeguards against maladaptation
No significant negative effects on adaptive capacity are anticipated. If effects do
emerge, the operation is easily reversible.

Guidance on costs and payment calculations

Though in most cases farmers are likely to incur increased feeding costs if
administering a high-fat diet, this operation is not suggested to support the feeding
costs but only the cost of diet formulation through supporting the associated
advisory/consultancy costs. Many farmers have feed formulation costs associated with
their business-as-usual feeding practices, therefore the financial support for
advisory/consultancy costs would partly cover the likely increased ongoing feed costs
from high-fat diets in the first year.

When providing a high-fat diet to livestock recurring costs arise from purchasing the
supplementary oily seeds, by-products or oils, as they are in most cases more
expensive than the concentrate ingredients they are replacing - however, high
variations between feed ingredients within a region and the same ingredients among
regions are likely and fluctuations with time are inevitable. Therefore, an up-to-date,
country- or region-specific recommendation on high-fat ingredients could facilitate
uptake. An increased yield and improved milk and meat quality is possible, offsetting
some of the costs.

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source
Replacement of some of Dairy cows: €109/animal/year Pellerin et al. (2013)
the concentrates in the Other animals > 1 year:

diet with oily seeds €47-78/animal/year

The cost-effectiveness of feeding a high-fat diet is categorised as being in category 3,
significant cost.

Given the limited private benefits and the private costs associated with the high-fat
diet, uptake is likely to be limited. Clear advice and best practice examples, including
potential cheap high-fat feedstuff at the local level can have an important positive
influence on uptake.

Control and Verification
Compliance could be verified by providing the receipt of the advisory/consultancy
charges.

Potential result indicators
e Result indicator 18: Reduced emissions of methane and nitrous oxide

Extent to which the mitigation effect would be captured by National GHG Inventories

The direct on-farm mitigation effect of high-fat diet is not included in the national
inventories using Tier 1 or Tier 2 methodologies. However, a very small part of the
effect, originating from the increased energy density of the diet, would be captured
with Tier 2 methodology.

Similarly, the off-farm GHG effects of the change in feed ingredients are partly
captured. The changes in fertiliser use due to the change in cropping patterns would
be included in the national inventories, while carbon dioxide emissions and carbon
sequestration linked to LULUC are not normally included. Additionally, they are likely
to occur in countries other than where the high-fat feed ingredients are used.
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Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Reference

Ruminant diet with less than 20% DM concentrates or not Pellerin et al. (2013)
based on a total mixed ration (too big feed management
change would be required to implement the action)

Costs of high-fat feed ingredients Hristov et al. (2013)
Pellerin et al. (2013)
Other key risks/uncertainties Reference

The abatement achieved relative to the business of usual
feeding practices is likely to be difficult to assess, partly
because the current ruminant feeding practices regarding
fat content are not well explored and partly because the
implementation of the mitigation action is difficult to

monitor.

The long-term persistence of the mitigation effect has not Hristov et al. (2013)
been consistently proved yet. Martin et al. (2010)
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Fiche M11: Precision feeding and multi-phase feeding
for livestock- MITIGATION

Proposed RDP article and measure

Article Measure

2007- | 20 (a) (i) 111: Vocational training and information actions

2013 | 20 (a) (iv) 114: Use of advisory services by farmers and forest holders
20 (b) (i) 121: Modernisation of agricultural holdings

36 (a) (iv) 214: Agri-environmental payments

2014- | 14(1) Knowledge transfer and information actions

2020 | 15(1) Advisory services, farm management and farm relief services
17(1) Investment in physical assets
28(1) Agri-environment-climate

Summary

e Suggested operation: supporting the capital investment and training/advisory
costs of precision and multi-phase feeding techniques, where in feed formulation
the nutrient requirements of groups of animals (or individual animals) are
targeted.

e Additional uptake potential mostly exists with regard to medium-sized farms, in
the ruminant sector and in improving current practice.

e Important pollution reduction opportunity in terms of nitrogen load, particularly
ammonia emissions, though evidence on the effects on direct nitrous oxide
emissions from manure are not conclusive

e While saving 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.

Regulatory requirements that have to be met

Precision feeding and multi-phase feeding are currently applied on many of the biggest
pig and poultry farms in Europe (JRC 2013), as they are covered by the IPPC Best
Available Techniques requirements (JRC 2003). Pellerin et al.(2013) estimates that
French pig farms use the following feeding systems: 20% monophase, 80% biphase,
0% multiphase and 48% of dairy cows have winter feed rations with a protein level
not higher than the target 14%. According to Daemmgen et al. (2011), in an example
district of Germany three- and two-phase feeding is applied to 52% and 45% of the
pigs, respectively, with only 3% receiving monophase feeding.

Many countries have mandatory nutrient management systems to control nitrogen and
phosphorous loads, at least above certain farm sizes (e.g. Germany, Denmark, the
Netherlands, Belgium, and France). This, along with a drive for increased animal
performance and competitiveness, is a major force for controlling animal nutrition and
reducing excreta (JRC 2013). The mandatory policies on nutrient control are mostly
related to diffuse water pollution (nitrogen and phosphorous) and air pollution
(nitrogen, in the form of ammonia) (see e.g. the Water Framework Directive or the
Best Available Techniques of the Integrated Pollution Prevention and Control
Directive), and yield a co-benefit of reduced nitrous oxide (N,O) emissions.

Despite the widespread implementation of these management techniques in the pig
and poultry sectors of many countries, additional greenhouse gas (GHG) mitigation
can be achieved by a wider uptake of precision feeding and multi-phase feeding
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techniques (e.g. on medium sized farms and on cattle and sheep farms) and by
further improving precision and multi-phase feeding practices (e.g. considering better
the individual needs of the animals - towards individual feeding -, or increasing the
frequency of diet adjustments - towards daily tailored feeding (Pomar et al. 2011)).

General description of the action and operation

Action:

In precision feeding the nutrient content of the diet is optimised to the requirements
of the animals. For better results multi-phase feeding is implemented whereby the
animals are grouped depending on their growth stage, sex, reproductive status,
exercise level, etc. and the feed conversion ratio and nitrogen (N) utilisation is
maximised for each group.

Mechanism of mitigation:

In precision and multi-phase feeding the nutrient intake is closely matched with the
animal’s requirements. The balanced diet improves general health and fertility,
improving production at the herd level (Van de Haar& St-Pierre 2006). Enteric
methane emission per unit of product might also be reduced through maintaining a
healthy rumen and maximizing microbial protein synthesis (Hristov et al. 2013).The
main effects of the action are on direct and indirect N,O emissions from manure (both
manure storage and field application of manure).

Regarding GHG emissions, one of the most important components of precision and
multi-phase feeding is the adjustment of protein content which, against current
practice, means reduced protein intake. The effect of the reduced protein intake on N
excretion is well explored. For low protein diets (in some cases supplemented with
amino acids), authors usually report 5-60%, 10-35% and 25-50% reduction in N
excretion for pigs, poultry and cattle, respectively, with an even higher reduction in
ammonia emissions (Agle et al. 2010, JRC 2013, Lee et al. 2012, Monteny & Erisman
1998, Rotz 2004). The lower ammonia emissions result in decreased indirect N,O
emissions both from manure storage and from field application.

Though the IPCC Tier 2 calculations assume a linear decrease of direct manure storage
N,O emissions with decreasing protein intake (Paustian et al. 2006), there is no
conclusive experimental evidence about these effects. Some authors report reduced
emissions while some report increased emissions. Neither there is agreement on the
effect on methane emissions from manure storage (Kulling et al. 2001, Lee et al.
2012, Misselbrook et al. 1998, Philippe et al. 2006, Velthof et al. 2005). The French
Marginal Abatement Cost Curve study estimated the GHG benefits from manure
storage and spreading of reduced protein intake to be between 70 - 124 kg
CO,e/animal/year for dairy cows and +276 - 692 kg CO,e/animal/year for pigs
(Pellerin et al. 2013). Nevertheless, the reduction in the N excretion provides
important environmental benefits in terms of reduced N pollution, mostly affecting
ammonia emissions and indirect N,O emissions, with less clear effect on direct N,O
emissions.

Practical considerations

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 (JRC 2013). In Europe,
nutritional recommendations are widely available, but the availability of feedstuff
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needed for precise feed formulation (e.g. synthetic amino acids) might vary among
countries and might limit the applicability of the operation (JRC 2013).

Precision and multi-phase feeding are more applicable to monogastric animals (poultry
and pig) 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 (Dewhurst, R.
pers. comm.). Poultry usually can be fed in three to five phases, while two to five
phases are feasible for pigs. While reducing the protein content of the diet, poultry
and pigs should be supplemented with essential amino acids (JRC 2013).

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 best suitable fields (O'Brien 2012). 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
(Vellinga and Hoving 2011). Finally, if ruminants receive a high amount of
concentrates, the diet can be adjusted by changing the composition of the
concentrates (see e.g. Cole et al. 2006). However, the protein content of the ruminant
diet cannot be reduced by as much as the monogastrics’ diet as amino acid
supplementation is less practical because rumen-protected amino acids are needed
(Pellerin et al. 2013).

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).

A lower N content in the manure implies that higher amount of synthetic N fertiliser
would be required in field application, living rise to increased GHG emissions from
synthetic N (JRC 2013). However, Pellerin et al. (2013) suggests that there is little
impact on the fertilising value of manure.

Proposed general operations

Precision and multi-phase feeding is based on a more precise feed formulation to
animals. This operation is to support the capital costs and training and advisory costs
of implementing or improving precision and multi-phase feeding activities.

Commitments, funding conditions and eligibility

Eligible activities

e Capital investment in precision and multi-phase feeding equipment (e.g.
automated feed analysis and feed mixing system, feed storage facilities).

e Training on the use of precision and multi-phase feeding equipment and training
on feed formulation.
e Advisory costs of preparing a feeding plan.

Only those farms are suggested to be eligible, which do not fall under mandatory
regulations controlling livestock nutrient excretion (e.g. IPPC or NVZ regulations).

Capital investment required might include one or more of the following (JRC 2013):
e expansion of feed storage areas,
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e feed mixing and supplying devices, including metering equipment, conveying
technology, etc.,

e restructuring or expansion of animal houses to allow grouping,
e automatic animal grouping equipment (e.g. computerised scales).

Timing and duration

Precision and multi-phase feeding can happen all year round. Support for the
operation should not be constrained within the year or within the RDP programming
period.

Location
There are no location considerations for this operation.

Synergies - Incompatible operations and recommended combinations

The suggested operation M10 ‘Fat supplementation in ruminant diets’ is likely not to
be influencing the mitigation effect of this operation. The proposed RDP operation M14
‘Climate proofing planned investments’ might partially target the same capital
investments. Care should be taken to avoid double funding. Due to the potential
health benefits from precision feeding this operation is synergistic with M15 ‘Better
livestock health planning’.

Expected impacts on farm-level GHG emissions

As mentioned above, the scientific literature on the GHG effects of precision and multi-
phase feeding is scarce, and the GHG effects of reduced protein intake are not
conclusive.

Table 1. Abatement rates for precision and multi-phase feeding

Mitigation effect | Abatement rate Reference
Direct N,O No conclusive evidence (see section *‘Mechanism of
emissions from mitigation”)

manure storage
and spreading

Indirect N,O The significant reduction in ammonia emissions

emissions reduces the indirect N,O emissions

Land use change Dairy cows: +171 kgCO,e/animal/year (Pellerin et
Pigs, 2-phase + amino acid supplementation: al. 2013)

306kgCO,e/animal/year
Pigs, multi-phase + amino acid supplementation:
374 kgCO,e/animal/year

Beyond the uncertainty regarding the effects on N,O emissions, there is variability in
terms of total N,O mitigation as the N,O emissions from manure storage hugely
depend on the manure management system. In liquid systems, the N,O emissions are
often negligible, while in deep litter and farmyard manure N,O emissions are an
important part of the total emissions. Furthermore, as GHG emissions from ruminants
are dominated by enteric methane emissions, manure N,O emissions are relatively
more important on pig and poultry farms.

Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects Reference
Off-farm The change in the feed ingredients might result | (Pellerin et al.2013)
GHG in a change in land use and associated CO,
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Positive effects

Reference

emissions / carbon sequestration. This change
is likely to be positive due to a reduction in
protein-rich feed ingredients mostly sourced
from the tropical regions.

Production Balanced feed composition improves health and | (Hristov et al.
fertility, improving production at the herd level. | 2006)
Adaptation Low-protein diets can reduce the heat (JRC 2013)

production of the animals.

Environment

Reduced ammonia emissions result in
improvement in acidification levels,
eutrophication, soil toxicity processes, human
health (fine particles) and odour levels.
Phosphorous excretion is also reduced
(especially in the case of pig and poultry),
improving water quality.

(Cerosaletti et al.
2004, Hristov et al.
2013, JRC 2013,
Pellerin et al. 2013)

Negative effects Reference

Off-farm -

GHG

Production A slight reduction in yield and milk quality is (Pellerin et al.
possible for dairy cows if the protein content is 2013)
reduced below 14% (unless rumen protected
amino acids are provided).

Adaptation -

Environment

Safeguards against maladaptation

No significant negative effects on adaptive capacity are anticipated. If the diet needs
to be changed (e.g. because of the changing climate) the equipment and
infrastructure can be used for providing the new diet.

Guidance on costs and payment calculations

The operation offers support for the capital investment for the equipment (e.g.
automated feed analysis and feed mixing system, feed storage facilities). Support for
training costs on the use of equipment and on feed formulation; support for advisory
costs related to preparing a feeding plan.

Cost elements at the farm:
e Capital investments (see in ‘Eligible activities’ section) - one-off

e Training and advisory costs — one-off and annual

e Feed cost (might slightly increase or decrease) — annual

e Feed analysis costs (e.g. silage analysis) — annual

e Reduction in water costs and slurry handling costs — annual

e Potential changes in yield (might slightly increase or decrease) — annual

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source
Equipment Pigs, multi-phase & amino acid (Pellerin et al.
supplementation (amortised over 12 years): 2013)
29.5 €/sow/year (assuming 5-7% discount
rate this is 250 to 270 €/sow capital cost)
Feed costs Dairy (winter only): savings in feed costs & (Pellerin et al.
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Costs/savings Total cost Source

reduced production (0-25 litres/day @ x 2013)
€0.3/1) & reduction in milk protein (0.1 to 0.3
g/l @ €0.006/g/1) = (8) to 84 €/animal/year
Pigs, 2-phase & amino acid supplementation:
49.2 €/animal/year

Pigs, multi-phase & amino acid
supplementation: 80.1 €/animal/year (total
cost (incl. equipment) is 51.6 €/animal/year)

Feed costs Pigs and poultry: 0 to -3 % (JRC 2013)
i.e. for pigs: 0 to 4 €/pig place

(assuming feed costs of 131 €/pig place;
based on: feed costs 65.5 €/100kg meat
(2009 EU average), 3.14 pig/year/pig place
(EU average, (JRC 2013)), average carcass
weight: 90 kg (EU average, (JRC 2013)), and
assuming 70% carcass cutting yield)

Feed costs Pigs with individually tailored diet: -10.5%, (Pomar et al.
i.e. -14 €/pig place (assuming feed costs of 2011)
131 €/pig place; see above)

Equipment + feed | €1.35 to €1.88 / pig place (Niemi et al.
costs 2010)
Equipment + feed | €9 to 17/cow (Ghebremichael
costs et al. 2007)

The cost-effectiveness of precision and multi-phase feeding is categorised as being in
category 1 or 2, negative cost or no/low cost.

Variation in the costs arises, depending on the technology to be implemented of
precision and multi-phase feeding system, and the machinery and infrastructure
needed for the farm’s individual circumstances. Feed costs also fluctuate; a
particularly important factor is the relative price of protein-rich feed components to
other feed ingredients.

Control and Verification
Compliance could be verified in a number of ways:

e Integrated into current farm monitoring.
e Via provision of feeding records.
e Via provision of proof of purchase of equipment.

Potential result indicators

e Result indicator 16 (P5D(1)): % of Livestock Units (LU) concerned by investments
in livestock management in view of reducing the GHG and/or ammonia emissions

e Result indicator 18 (P5D(1)): Reduced emissions of methane and nitrous oxide

Extent to which the mitigation effect would be captured by National GHG Inventories
Changes in direct and indirect N,O emissions from housing, manure storage and
spreading would be included in national inventories using Tier 2 methodology.
However, these might not reflect the emission changes accurately (see section
‘General description of the action and operation’).

The off-farm GHG effects of the change in feed ingredients would be partly captured.
The changes in fertiliser use due to the change in cropping patterns would be included

September 2014 90



Mainstreaming of climate change into rural development policy post 2013

in the national inventories, while carbon dioxide emissions and carbon sequestration
linked to LULUC are not normally included.

Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Reference

Capital investment (JRC 2013)

Potential need for trained personnel to operate computerised feeding | (JRC 2013)
systems

Potential changes in farm infrastructure and management to provide | (JRC 2013)
separate feeding areas for the different groups

Other key risks/uncertainties Reference

The change in direct N,O emissions from manure and manure
application to soils are not well explored

Possible medium-term effects of low protein rations on e.g. dairy
cow fertility
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Fiche M12: Solar fodder dryer - MITIGATION

Proposed RDP article and measure

Article Measure
2007-2013 20 (a) (D) 121: Modernisation of agricultural holdings
2014-2020 17 (1) (a) Investment in physical assets

Summary
Financial support for the purchase of specific equipment required to develop a solar
fodder dryer is proposed. Benefits include:

e Reduction in fuel used for the fodder system.
e Reduction in electricity used for drying thanks to the solar collector.

e Reduction of diverse inputs at farm level (feedstuff purchased, mineral nitrogen
fertilisers, plastics).

e Increased carbon sequestration.

Regulatory requirements that have to be met

There is no specific regulation across Member State in Europe Union about fodder
cultivation and/or preservation techniques. Farmers are free to decide which fodder
system (silage, hay, pasture) they implement except in some regions where
specifications related to AOP (Appellation d'Origine Protégée) exist or certification
schemes for products such as hay-milk products®. The choice of a fodder system will
induce specific direct energy consumption (i.e., the fuel consumption per ha).

A significant number of solar drying plants have been built throughout Europe, some
4,000 in 2005 (Voskens, 2005). The majority of the plants are located in Switzerland
for forage drying (around 1,000). One factor favouring the implantation of solar drying
is that barn-drying is the most recommended, if not the only permitted, preservation
method in certain cheese-producing areas such as Comté, Gruyere, Emmenthal,
Beaufort, Reblochon, Tomme, Roquefort etc. This has been the historical means of
developing this technique. A recent French study (Bochu, 2011) showed that 600 to
700 solar dryer are established in France (Massif Central, Pyrenees, the Alps, Jura,
and the West part of France etc.) against only 100 plants in 1996 (Bochu, 1996). In
addition to France, there is a renewed interest for this technology in the territories
along Switzerland such as Austria, North of Italy, South of Germany, etc.

General description of the action and operation

Drying fodder is a harvesting technique for fodder preservation by dry process, for
loose hay or round bales. This technique is alternative and often complementary to
other methods for fodder preservation using wet process (silage, etc.) or dry process
(traditional hay).

This technique consists of harvesting a rich plant at an early stage, which gives a very
high nutritive quality after conservation, ingested in high quantity without waste by
animals. The final result is a fodder with 85-90% of dry matter (DM), which ensures
its perfect preservation without heating or organic degradation.

The climate during spring period is the main limiting factor for the optimal harvest
stage fodder. Usually, semi-dry hay (60-65% of dry matter) is obtained 48 hours after
mowing plots, which is the desired humidity rate to barn the loose hay.

? http://www.kaeserebellen.com/the-kaeserebellen/facilities/
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The solar dryer system is based on the recovery of hot air under the roof (presence of
an insulating material) that allows recovering the thermal energy accumulated during
sunny periods. A fan pulses this hot air through adapted cells where the loose hay is
stored. This solar dryer system secures the quality of the harvested fodder,
particularly by reducing half of the drying rate compared to the use of ambient air.
The drying period is about one week to one month, depending of the fodder harvest
moisture and the weather, which means that the fan is used 20 to 40 days per year
for a total of 3 to 5 cuttings.

Drying forage requires a specific mechanisation. Usually, a hydraulic forage claw on
rails allows the handling of forage to the hay barn at harvest and then it is distributed
to the animals during winter. Also, a self-loading trailer is needed for harvesting half
dried loose hay and bringing it to the barn. These trailers are already used and
implemented in green forage feeding. The other machinery for loose hay is not
specific: mower, hay tedder and windrower are used. The main difference with hay
dried in field resides in reducing the number of forage handling operations on the plot.

The technique of capturing solar energy for drying fodder appeared in the 70’s with
the aim of reducing energy costs. The large roofs of farm buildings receive large
amounts of solar energy, which could indeed be transformed to utilise this energy. The
solar collector systems used today are essentially bare roof sensors. The cover of the
building is transformed into a solar collector by simply applying an insulating panel to
the underside.

The solar collector used can recover the energy equivalent of 2,000 to 5,000 litres of
fuel per year depending of the plant size (Bochu and Bordet, 2011). The average
efficiency of a solar collector for drying fodder is about 30% of the solar radiation
(ARPE, 2006). This solar energy increases drying speed by doubling the actual
evaporative power of the air. The drying time is thus reduced by 30 to 50% compared
to the ventilation of ambient air. The electricity savings for the fan operation are
averaged 30 to 50%. Electricity consumption for drying loose hay is about 100kWh
per tonne of dry matter. It can be reduced to between 50 and 70kWh per tonne of dry
matter with a solar collector (Bochu, 2011).

Significant investments are required to develop a solar fodder dryer but there are also

numerous savings and environmental benefits (ARPE, 2006):

e Reductions of fuel consumption for animal care inside buildings and also for the
forage supply process.

e Reduction of inputs (seeds, fertilisers, pesticides, plastics). It is often observed
that farmers with fodder dryer develop leguminous species in their temporary
grasslands compared to their previous situation (lucerne is considered to be an
easy plant to dry).

e Reduction of feedstuff purchased due to the production of rich hay protein
(improve the farm dependency of protein). Feeding animals with high quality hay
requires only a complementation based on cereals, which are easier to produce on
arable lands than protein crops.

e Maintenance and development of grassland biodiversity by the rhythm of
harvesting and the use of lighter machinery, limiting soil compaction, increase the
lifespan of the meadows (which means less energy for resetting up new ones).

e It is often observed a decrease in veterinary costs and a lengthening of the life of
animals (better health).
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Proposed general operation
In order to achieve mitigation via the development of solar fodder dryer, the following
operation is proposed:

e Financial support for the purchase of specific equipment required to develop a
solar fodder dryer such as fan, hydraulic forage grab, timber cells to store loose
hay and insulation material under the roof.

It can be noticed that in case of existing additional premium for hay-milk under
certification schemes, sometimes farmers can invest in a solar dryer without
investment support.

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities
All farms that have a fodder system based on the constitution of fodder stocks could
be eligible.

According to the amount of investment, there is a critical size below which there can
be no economic return. For information, the average size in France is between 150
and 300 tonnes of dry matter (Bochu, 2011).

Also, it is possible to create a common solar dryer unit for several neighbouring farms
to achieve a critical size (from 300 to 1,000 tonnes of dry matter). Thus, this measure
may apply to either individual farms or a group of farms.

The initial investment is extremely variable depending on the farms. Some of the
farms need to invest in the whole system (barn, equipment and machinery), other
farms have just to buy a fan, cells and a forage grab, whereas other farms already
under a hay barn system only need to invest in the solar collector. For example,
around 1,000 farms in France could be concerned by just the addition of a solar sensor
to improve their energy efficiency (Bochu, 2011).

PA could determine a list of efficient equipment or characteristics that strengthen the
mitigation potential of the solar fodder dryer, e.g.:

e Quality of the insulation system under the roof

e Characteristic of the fan (high efficiency motors)

e Control system (electronic speed variation and pilot computer)
e Heat pump dehumidification in addition to the solar collector

Timing and duration
No specific requirements are foreseen.

Location

Except in the South of Europe, where weather conditions are often more favourable in
spring, solar fodder dryer is well adapted to the Central and North Europe. Even in
regions with high humidity conditions (e.g. littoral zones and mountains), solar fodder
drying can be combined with technologies such as heat pump dehumidification to
achieve a good efficiency.
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Synergies - Incompatible operations and recommended combinations
Solar fodder drying is a widely applicable operation that can induce positive synergies
with the following operations (ARPE, 2006):

e Development of Biological N fixation through the cultivation of pure leguminous
species or grass-mixes (Fiche M5)

e Loosen soil compaction (Fiche M8)
e Better livestock health planning (Fiche M15)
e Behaviour change towards better energy efficiency (Fiche M13)

Expected impacts on farm-level GHG emissions

The solar dryer will increase the GHG emissions from electricity consumption due to
the operation of the fan and the forage grab. Nevertheless, it is at least compensated
by the decrease in fuel consumption due to the modification of the fodder system (fuel
for crops cultivation and for fodder distribution inside buildings). It should be noted
that solar collectors can be installed with photovoltaic panels, thus offsetting the
annual electricity needs for the operation of the fan. Also, the solar collector leads to a
40% reduction in the electricity used for drying, which can lead to a significant
mitigation effect depending on the emission factor for electricity of the Member State.

Besides this, the solar fodder dryer will induce some diverse reductions of inputs at
farm level, whose effects are highly variable depending on the initial situations of each
farm:

e Reduction of feedstuff purchased: quantities consumed are related to both the
fodder system in place (more or less maize in the fodder area) and the efficiency
of the feedstuff distributed (quantity of feedstuff per litre of milk produced).

e Reduction of nitrogen mineral fertilisation in relation to the development of
surfaces with legumes; pure leguminous species will induce a total removal of
mineral nitrogen or whereas grass-mixes will induce a reduction of about 30kg of
mineral nitrogen per ha.

e Reduction of plastics used in silage systems.

Finally, the increase in the grassland productivity is favourable to an increase of the C
in the soil.

Table 1. Abatement rates for a solar fodder dryer on a farm

Mitigation Abatement rate Source
effect
Increase of The EF for electricity is quite variable across | Bochu et al. (2013)

electricity due to | EU-28, from 0.11kgCO,e/kWh (Sweden) to
the operation of | 1.6kgCO,e/kWh (Estonia).

the fan (CO;) Electricity: 60 kWh/t DM, which means Bochu et al. (2011)
between 6.6 and 96 kgCO,e/t DM.

For an average size of solar fodder dryer of
250t DM, this leads to an increase of
between 1.65 and 24tCO,e/yr at farm level.

Reduction of The EF for electricity is quite variable across | Bochu et al. (2013)
electricity EU-28, from 0.11kgCO,e/kWh (Sweden) to
consumption 1.6kgCO,e/kWh (Estonia).
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Mitigation
effect

Abatement rate

Source

compared to hay
barn without a
solar collector
(CO,)

40kWh/t DM saved, which means between

4.4 and 64kgCO,e/t DM.

For an average size of solar fodder dryer of
250t DM, this leads to a reduction between
1.1 and 16tCO,e/yr at farm level.

Bochu et al. (2011).

Reduction of fuel
consumption
(CO2)

An average reduction of 30% is observed
due to the modification of the fodder
system

Bochu et al. (2011)

The average fuel consumption for a French
dairy farm is 5,500 litres/yr, which means
an average abatement of about 5 tCO,e/yr
at farm level.

Bordet et al. (2010)

Reduction of
feedstuff
purchased (N,O
& COy)

An average reduction between 20% and
50% is observed

ARPE (2006)
Beauchamp et al.
(2010)
AgriClimateChange
project (2013)

The average quantity purchased for a
French dairy farm is about 35 tonnes/yr,
which means between 5.6tCO,e/yr to
14tCO,e/yr.

Bordet et al. (2010)

Reduce amount
of applied N
(development of
legumes in
grasslands) (N,O
& CO,)

Increase of legumes in grasslands allows an
attenuation of 284 kgCO,e/ha/yr at farm
level + 156 kgCO,e/ha/yr upstream of the
farm

Pellerin et al.
(2013)

Assumption of 30 ha converted based on a
French survey: abatement potential of
13.2tC0O,e/yr at farm level

Bochu et al. (2011)

Reduction of CO,
from inputs
(plastics, strings
etc.) (COy)

Emission factor for farming plastics:
2.59kgCO,e/kg of plastic

Bochu et al. (2013)

Plastics can represent several hundred kg
of plastics per year for farms using
fermented fodder (50kg/silage tarpaulin).
Assumption of 100kg per farm, which
means a reduction of 0.259tCO,e at farm
level

AgriClimateChange
project (2013)

Increased soil C
sequestration/in
crease the
duration of
temporary
grassland

Stimulation of the biomass production
and/or less carbon release in the
atmosphere (less frequent turning
grasslands): 1.416kgeCO,/ha/yr.
Depending of the location and the initial
situation of the farm, these two benefits
can be involved.

Pellerin et al.
(2013)

Assumption of 30ha concerned by an
increase of productivity, which means an
abatement of 42.48tC0O,e at farm level.

Bochu et al. (2011)

For an example of this operation in practice, see AgriClimateChange project (2013,
p39), in which a farm producing sheep milk realises an energy saving of about 46%
and of its GHG emissions by 6% once a solar dryer unit has been installed.
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Ancillary effects
Table 2. Ancillary effects of the operation

Positive effects Source
Off-farm Reduction in emissions related to the Included in table 1
GHG manufacture of feedstuff purchased, mineral
nitrogen fertilisers and plastics for fermented
fodder.
Production Stable or increase of the milk production. Beauchamp et al.
Quality of the milk improved (lower butyric, (2010)
better fatty acid profile, etc.).
Adaptation Less vulnerability to climate conditions at Bochu et al. (2011)
harvest time (harvest time halved)
Environment | Improved biodiversity in grasslands, soil and Bochu et al. (2011)

water protection by promoting grasslands.

Negative effects

Off-farm Increase the electricity consumption compared Bochu et al. (2011),
GHG to a situation of a farm without a hay barn already included in
system. table 1
Emissions arising during the production of the
equipment.
Production -
Adaptation -

Environment | -

Solar fodder dryer are also known to improve the working conditions of the farmer:
better organisation for fodder harvest, the whole fodder chain is mechanised which
make the work less difficult, reduce the dependence on climate (tranquillity and
security), fractionated harvest period and the speed for forage harvesting
(Beauchamp, 2010).

Safeguards against maladaptation
This technology will help to secure the fodder stocks from the perspective of climate
change.

Guidance on costs and payment calculations

The investment for the implementation of a solar fodder dryer includes the whole
chain for harvesting — storage - preservation - distribution of fodder to animals. It is
therefore not just adding a piece of drying equipment.

The capital cost varies from 50,000 to 300,000€ for storage capacity between 150 to
500 tonnes of dry matter. The cost can vary significantly depending on the suitability
of the pre-existing equipment and buildings.

Description of the main costs (Bochu, 2011):
e Building: 20,000 to 200,000€

e Cells to store loose hay: 5,000 to 15,000€
e Claw handling: 25,000 to 45,000€

e Self loader trailer: 30,000 to 50,000€

e Fan: 5,000 to 20,000€

e Solar collector: 10,000 to 30,000€
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Thus, the total cost varies between 500 to 1,000€/tonne of dry matter. The lifetime of
this equipment is generally over 20 years (except for the harvest machinery). The
amortisation period is about 12 years for a building and 7 years for machinery. After
amortisation, the residual cost is often very low, the annual operating costs varies
between 5 to 10€/tDM (wide variations across UE-28, from 0.12€/kWh to 22€/kWh).
In summary, the initial investment is important whereas the operation costs are low.

Table 3. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Total cost Source
(at farm level)
Electricity costs 1,800€/yr* Bochu et al. (2011)
Electricity savings (1,200€/yr*)
Fuel savings (1,240€/yr) Bochu et al. (2011)
Feedstuffs purchased (6,067€/yr) Beauchamp et al. (2010),
savings annual saving of
28€/1000 litres of milk
Fertilisation savings (945€/yr) Pellerin et al. (2013)
Plastics savings (200 €/yr)
Amortisation of equipment 15,000€yr/ (60/tDM during | Beauchamp et al. (2010)
amortisation period)
0 €/yr (once amortised)

*Based on a French tariff 0.12€/kWh

The cost-effectiveness depends on the amortisation of the investment related to the

solar dryer:

e It is categorised as being in category 3, significant cost, during the period of
amortisation which is about 12 years (around 102€/tCO2e)

e It categorised in as being in category 1, negative cost, once the equipment is
amortised (-112€/tC0O2e)

The main driver of variation is the initial capital investment required. The-cost
effectiveness would be categorised as being in category 2, no cost, for farms with a
low initial investment (around 500€/tDM).

Control and Verification
The control will be the same as for all measures concerning investment.

Potential result indicators
Identify the number of solar fodder dryer in the Member State and their main
characteristics:

e Capacity storage for fodder in tDM
e Surface of solar collector on the roof in m?

P5C Capacity created and energy generated in RDP supported renewable energy
projects, expressed in tonnes of oil equivalent (T.O.E.)

P5D(1) Livestock Unit (LU) concerned by investments in livestock management in view
of reducing GHG emissions supported under RDP art. 18 Investments in physical
assets as a percentage of total LU in a base year.

Extent to which the mitigation effect would be captured by National GHG Inventories
CO, emissions from electricity and fuel would be captured.
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N,O reduction from nitrogen fertiliser application would be captured.

Off-farm changes in emissions for the manufacturing inputs (feedstuffs, fertilisers,
plastics) would not necessary be captured, depending on their origin (imported or
not).

Changes in soil carbon stocks would require specific soil C emission factors and would
not be captured in most current approaches.

Identified implementation challenges and barriers
Table 4. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source

Investment costs Bochu et al. (2011)

Other key risks/uncertainties

A humidity rate for the fodder too high at harvest could cause | Bochu et al. (2011)
the loss of the fodder stocks (extreme case)

A poor consideration of the improved nutritional value of Bochu et al. (2011)
fodder could prevent to achieve the total reduction potential
from feedstuffs purchased.
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Fiche M13: Improved energy efficiency - MITIGATION

Proposed RDP article and measure

Article Measure

2007- 20 (a) (i) 111 - Vocational training and information actions
2013 20 (b) (I) 121 - Modernisation of agricultural holdings

2014- 14(1) Knowledge transfer and information actions

2020 15(1) Advisory services, farm management and farm relief services
17(1) Investment in physical assets
28(1) Agri-environment-climate

Summary

Energy is used for a wide variety of purposes in farming, and the emissions arising
from it can be significant. Improving the fuel efficiency of mobile machinery is
arguably one of the most promising ways of reducing energy-related emissions. Many
farmers have expressed an interest in improving their fuel efficiency but lack the
knowledge required to do so. In order to meet this need, the following operations are
proposed:

e Provision of training in methods to measure fuel consumption. Grants to (partly)
cover the costs of purchasing equipment to monitor fuel consumption.

e Advisory support to develop a fuel use action plan, including provision of training
in techniques to improve fuel efficiency such as eco-driving and tractor
maintenance.

If barriers to uptake and rebound effects can be managed, this operation could lead to
small but significant reductions in on-farm emissions and cost savings.

Regulatory requirements that have to be met
Examples of the existing non-RDP policies that seek to improve energy efficiency
include:

e National schemes to improve industrial and domestic energy efficiency through
measures such as the provision of grants, interest-free loans, tax incentives and
advice (for example Carbon Trust 2012, Farming for a Better Climate 2014).

e The IPPC (Integrated Pollution Prevention and Control) Directive provides
guidance on Best Available Techniques for reducing the environmental impact of
industrial activities, (including intensive pig and poultry units above certain sizes).
The guidance includes recommended techniques for the efficient use of energy
(see Joint Research Centre 2013, p690, p710, p725).

Energy efficiency is targeted under some existing RDPs. For example, The French RDP
has a specific energy efficiency operation under Axis 1, Plan de Performance
Energétique (Energy Performance Plan, measure 121 C). This operation provides
financial support between €400 and €600 for an energy audit and further support
(between €16,000 to €24,000) to enable the purchase of a diverse range of renewable
and energy efficient capital items (not including tractors) DGFAR (2014).

More general training operations that could be used to improve energy efficiency exist
in some form in most RDPs, however, the extent to which they are targeted at energy
efficiency is not known.
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The emission intensity of agricultural energy use (i.e. the emissions per unit of output)
are likely to decrease due to a combination of the development of more energy
efficient equipment and decarbonisation of electricity generation (AEA/ FEC Services
Ltd 2010, p8). Uptake of energy efficiency measures will be driven by a combination
of market forces (primarily increasing energy prices) and policy.

General description of the action and operation

Energy is one of the main agricultural inputs and leads to significant emissions of CO,
(and to a lesser extent CH; and N,O) on- and off-farm. The energy use related
emission intensity of an agricultural activity is a function of (a) the rate of energy
consumption, and (b) the emissions that arise per unit of energy consumed. This
operation focuses on (a) reducing the amount of energy consumed per unit of output
- i.e. energy efficiency, but not on (b) which is a function of fuel type and the
efficiency of energy generation and supply.

AgriClimateChange (2013) assessed the energy use and GHG emissions arising from
more than 120 farms in Germany, Italy, France and Spain. The assessment covered a
wide range of farm types, including: olive groves, fruit orchards, vineyards,
greenhouse and field cultivation of vegetables, arable farms (producing cereals,
oilseeds and rice), and livestock farms (including dairy, beef, pig and poultry
production). The amount of energy used varies considerably between systems, and
also within systems depending on factors such as the type of irrigation method used
or the age and efficiency of cold storage. Despite this heterogeneity, the emissions
arising from the use of energy in mobile machinery can be significant across all the
farming systems.

The importance of mobile machinery was also highlighted by AEA/ FEC Services Ltd
(2010) who reported field operations to be the biggest source of emissions from
agricultural energy use (35% of total), followed by heating of greenhouses and
livestock buildings (27% of total) and grain drying (19% of total). Furthermore, they
note that because decarbonisation of electricity generation is not expected to lead to
reductions in the emissions arising from mobile machinery and heating (where non-
electrical power sources predominate) “these two energy source sectors may be the
priority for the introduction of abatement measures. However, the extent to which
emissions from those uses are reduced depends on the extent to which there are cost-
effective abatement opportunities that can be adopted.” (p 12).
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Table 1. The ten energy efficiency measures with the largest abatement potential
overall, and the top two measures within each farm type (note that some sectors,
sheep and beef, had less than 2 cost-effective measures) in England (adapted from
AEA/ FEC Services Ltd 2010). Renewable energy measures (such as biomass boilers)
and measures costing >£100/tCO,e are excluded (figures in brackets are savings)

Farm type Measure Abatement | Abatement
potential cost-
(ktCO,e) effectiveness
(€tCO,e)

Protected? edible High efficiency boilers 155 (195)

crops: high

temperature

Combinable crops Improved maintenance of 100 (15)
tractors and implements

Combinable® crops Improved control of grain 80 (135)
drying

Combinable crops Minimum tillage 70 (127)

Combinable crops Improved energy 50 (80)
management

Protected edible Climate control computers 35 (148)

crops: high

temperature

Broilers Insulation/sealing of buildings | 20 (98)

Protected edible High efficiency boilers 19 (178)

crops: low

temperature

Protected edible Air leakage minimisation 14 (191)

crops: low

temperature

Beef Improved energy 12 0
management

Broilers Improved energy 10 (224)
management

Pigs Improved control of weaner 8 (259)
heating

Potatoes Storage controls 7 12

Laying hens Automatically controlled 7 (319)
natural ventilation (ACNV)

Dairy Improved maintenance of 7 (147)
mobile and dairy parlour
machinery

Potatoes Minimum tillage 6 (133)

Pigs Automatically controlled 6 (121)
natural ventilation (ACNV)

Dairy Improved energy 3.5 (199)
management

Sugarbeet Minimum tillage 3 (102)

Laying hens Installation of high-efficiency | 2 (179)

lighting

a. Crops grown under glass or in polytunnels

b. Arable crops that can be harvested with a combine harvester
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An additional source of GHG emissions (and abatement), which is not in Table 1 but
important in other parts of Europe, is the emissions arising from electricity used for
irrigation of crops. For example, AgriClimateChange (2013, p44) found that on citrus
farms irrigation accounted for from 32% of total energy (surface irrigation), 55% of
energy use (drip irrigation), and that the emissions arising from this energy use could
be significantly reduced with a payback period of “a few years” p45.

Proposed general operation

The proposed operation focuses on improved fuel use efficiency in mobile machinery
as this is an area with potential that is not covered in the other fiches. Efficient 20
(2013, p6-8) argue that there is considerable scope for improving fuel efficiency, but
found in a survey of farmers across Europe (in France, United Kingdom, Germany,
Poland, Austria, Spain, Belgium, Slovenia and Italy) that “nearly the half of the
farmers and foresters surveyed would like to save fuel without knowing how to do it.”
(p8), i.e. they would like to save fuel but do not know how to do it. Pellerin et al.
(2013, p79) found tractor engine testing and eco driving to be the two actions with
the greatest abatement potential within the reducing fuel use category. In light of
these findings, the following operations are proposed:

e Provision of training in methods to measure fuel consumption in mobile
machinery. Grants to (partly) cover the costs of purchasing equipment to monitor
fuel consumption.

e Advisory support to develop a fuel use action plan, including provision of training
in techniques to improve fuel efficiency such as eco-driving and tractor
maintenance.

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities

Payment of a defined proportion of the attendance fees (up to a specified limit) at PA-
approved courses designed to provide training in methods to measure fuel
consumption, and advice on developing a fuel use action plan.

Grants to cover a defined proportion of the costs of purchasing equipment for the
purposes of monitoring fuel consumption.

Timing and duration
An initial training course (1-2 day) in the first year, which could be followed up with
shorter refresher course and/or technique specific courses during subsequent years.

The presumption is that participation in the operation would last for the duration of
the RDP programme period.

The courses should be timed to avoid busy periods in the arable farm calendar (i.e.
spring and autumn).

Location
All areas, but likely to have greater uptake in areas with specialised arable farms.

Synergies - Incompatible operations and recommended combinations
Undertaking a carbon audit (fiche M16) would help to target the operation by
identifying farms with significant emissions from mobile machinery. It may be worth
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tailoring the operation to account for the needs of specific farm types/cultivation
systems, e.g. those with alternative tillage regimes (fiche M6 No-till and A4 Reduced
tillage/minimum tillage) or techniques to reduce soil compaction (fiche M8) or erosion
(A3).

Other fiches that may be relevant for operations targeted at other aspects of on-farm
energy use, such as:

M14 Climate-proofing planned investments

A9 Optimising greenhouse cultivation

A7 Improved irrigation efficiency

Expected impacts on GHG emissions on-farm

The achievable reduction in the on-farm GHG emissions will depend on the reduction
in fuel consumption and the proportion of the total emissions arising from fuel use.
AgriClimateChange (2013) reported the proportion of emissions arising from fuel
consumption in mobile machinery as ranging from 37% in vineyards to 22% in
orchards and olive groves, 19% on combinable crops, 8% for dairy farms and 5% on
beef and rice farms.

Average fuel savings reported in the Efficient 20 database along with the reduction in
on-farm that could be achieved on a farm where 20% of the emissions arise from fuel
use in mobile machinery are given in Table 2. Pellerin et al. (2013, p78) estimated a
reduction in fuel consumption of 10% for engine testing and 20% for eco driving. The
actual reduction in fuel use achieved will vary from farm to farm depending on a range
of parameters summarised in Table 3.

Table 2. Average fuel savings for mobile machinery actions reported in the Efficient
20 database (Efficient 20 (2013), p6)

Action Average % | % reduction in on-farm
reduction in fuel | emissions if mobile
use machinery fuel = 20% of

on-farm emissions

Save tractor use 13.0 2.6

Eco-driving 5.4 1.1

Economic power take-off* 15.4 3.1

Longer work sequence 11.0 2.2

Adapt weights 5.7 1.1

Adapt implement’s settings** 16.8 3.4

Tyre management 10.7 2.1

*A take-off that saves fuel by enabling the tractor engine to be run at lower RPM.
**For example, setting the plough to the optimal depth.

Table 3. The main parameters influencing fuel consumption (Efficient 20 2013, p3)

Level Parameter

Farm level Crop type

Mode of cultivation

Number of operations for each activity
Local conditions, e.g. soil type

“Strategic” machinery Tractor efficiency

management Matching of tractor to machinery

Planning and combining work/equipment
“Tactical” machinery Correct tractor maintenance
management Eco-driving techniques

Correct tyre pressures and equipment settings etc.
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Ancillary effects

The ancillary effects of the operation will depend on the indirect changes that arise in
response to the operation (rather than as a direct result of the operation itself). For
example, if reduced tyre pressures are adopted this could lead to reduced soil
compaction with associated production and environmental benefits.

Table 4. Ancillary effects of the operation

Positive effects

GHG Reduced upstream emissions arising from the production and
emissions transportation of fuel
Production Variable, depending on the secondary effects of the operation

Environment | Variable, depending on the secondary effects of the operation

Negative effects

GHG More frequent replacement of capital goods may result in increased
emissions upstream emissions arising from manufacture
Production Variable, depending on the secondary effects of the operation

Environment | Variable, depending on the secondary effects of the operation

Safeguards against maladaptation
No significant negative effects on adaptive capacity are anticipated.

Guidance on costs and payment calculations
One-off costs arising from the operation are:

e Time to attend the initial training course
e Purchasing fuel monitoring equipment
e Paying for machine modification.

Recurring costs arise from
e Time required to monitor fuel consumption

e Time required to attend subsequent refresher courses
e Paying for machinery maintenance.

Table 5. Costs/savings of the operation (figures in brackets are savings)

Costs/savings Source

Reduction in fuel costs of between 5.4% and 16.8% Efficient 20 (2013, p6)

Risk that some actions (e.g. eco-driving techniques) could | Efficient 20 (2013, p8)
lead to operations requiring additional time if not managed
efficiently.

The cost-effectiveness is categorised as being in category 1 (negative cost), as the
fuel savings should more than offset the time cost of attending the training course.

AEA/ FEC Services Ltd (2010) estimated that improved energy management and
improved maintenance on arable farms (measures Ilargely concerned with
improvements in the operation of tractors and implements) would result in cost
savings. Similarly, Domingo et al. (2014, p15) argued that the costs of undertaking an
engine test (€130/tractor) and adjusting the tractor (from €20 to €1,500, depending
on the equipment) could “be easily compensated with the average fuel reduction of
10-15% achieved”. For France, Pellerin et al. (2013, p78) estimated that the energy
savings would be greater than the costs of both engine testing and eco-driving.
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Pellerin et al. (2013, p80) observed that “for tractors, the price (of training and
diagnostics) vary little”. However, the savings (and hence the cost-effectiveness of the
operation) will vary in response to the size, power rating and utilisation rate of the
mobile machinery.

It is proposed that given the potential barriers that exist to the uptake of improved
fuel efficiency, payments should be made available to encourage participation in
training events. However, these should pay less than the full costs of attending, as
private benefits should accrue to participants via reduced fuel costs.

Control and Verification

Attendance at training courses and purchase of capital items are straightforward to
verify. Verification that participants have undertaken specific fuel consumption actions
is not anticipated in this operation, as these are voluntary, however, if required,
expenditures on purchases and machine maintenance and modification could be
verified through the checking of documentation.

Potential result indicators
P5B Increase in energy efficiency of energy use in agriculture and food processing

Extent to which the mitigation effect would be captured by national GHG inventories

In theory changes in fuel consumption should result in changes in the activity data in
the inventory category: 1.A.4 Other Sectors: c. Agriculture/Forestry/Fisheries, and in
the GHG emissions calculated from them.

Identified implementation challenges and barriers

Potential barriers to uptake of energy efficiency are summarised in Table 6. However,
it should be noted than when comparing it to other GHG mitigation measures,
Domingo et al. (2014, p16) concluded that improving fuel use efficiency should be
easy for farmers to implement and “could possibly be the best accepted measure by
the farmers community”.

Table 6. Potential barriers to uptake and key risks/uncertainties

Barrier to uptake Source
The approach is not well appreciated or AEA/ FEC Services Ltd (2010, p4)
understood Efficient 20 (2013, p8)

Use of current equipment is thought to be near | AEA/ FEC Services Ltd (2010, p4)
optimum

Upgrades to equipment only considered at AEA/ FEC Services Ltd (2010, p4)
times of major refurbishment

Lack of investment capital AEA/ FEC Services Ltd (2010, p4)
Expediency and the need to get a task AEA/ FEC Services Ltd (2010, p4)

completed means that the detailed set up and
matching requirements are not properly
considered

Other key risks/uncertainties

Rebound effects — see below.

Rebound effects are a general problem with energy efficiency - see e.g. Sorrell
(2007). They are unlikely to be a significant issue with the use of mobile machinery
where the marginal benefit of additional usage is likely to decrease rapidly beyond a
certain level of usage. However, AEA/ FEC Services Ltd (2010, p12) warns that:
“improvements in the energy efficiency of vehicle engines does not axiomatically
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translate into reduced fuel consumption by the fleet. Customers may opt for higher
specification or higher performance machines. In particular the consolidation of farms
into larger units, often quite distant from each other, has led to increased numbers of
high-performance 'Fastrac' type tractors which can be seen travelling significant
distances at high speed on open roads”.
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Fiche M14: Climate proofing planned investments -
MITIGATION

Proposed RDP measure and measure

Article Measure
2007-2013 26 121 Modernisation of agricultural holdings
2014-2020 17 Investments in physical assets

Summary

The operation “climate proofing planned investments” relates to financial support for
adjusting planned investments in order to improve their positive effect or alleviate
their negative effect on climate mitigation. The operation discerns between
investments related to climate friendly animal housings, covered manure storages
outside of animal housings and investments in different manure treatment
technologies, especially anaerobic digestion of manure. The first two options both
mainly reduce NHs and thus indirect N,O emissions. As this conserves nitrogen, less
synthetic fertiliser is needed. Anaerobic digestion of manure also reduces CH,
emissions. At the same time, it replaces fossil energies. In addition, several ancillary
effects (positive and negative ones) on off-farm GHG emissions, production,
adaptation and the environment were identified. Most investments belong to cost
effectiveness category 3. Only manure storage covers for pig manure can be classified
as category 1 and 2.

Regulatory requirements that have to be met

Existing regulations that have to be considered: EU NEC directive 2001/81/EC, EU
Directive 2010/75/EU on industrial emissions, EU Directive 2011/92/EU on
environmental impact assessment, EU nitrates directive 91/676/EEC (especially in
relation to manure storage capacities and banning times for manure application), EU
renewable energy directive 2009/28/EC, EU technical norms, BREF for Intensive
Rearing of Poultry and Pigs (Best available techniques reference documents of the EU
COM (2003, 2013); national regulations for livestock buildings, animal welfare
regulations, national regulation on odour emissions, and national bioenergy
regulations. Some RDPs already support such investments (e.g. the Scottish RDP).
Only top-ups for meeting requirements going beyond existing regulations are
supported.

General description of the action and operation

Climate proofing planned investments generally refers to the cross-checking of how a
planned investment might be related to climate change issues and if applicable how it
can be adjusted in order to contribute to climate change mitigation or adaptation. In
agriculture, this is particularly relevant for investments related to livestock farming
and manure handling since these activities cause large amounts of methane, nitrous
oxide and ammonia emissions. Other investments, e.g. related to precision farming or
irrigation, can also be supported. As the development of emissions can be intercepted
with several technologies whose impacts might not be independent of each other, it is
important to develop an overall concept, in order to undertake efficient investments.
One option would be to invest in climate friendly animal housings. NH; formation can
be delayed by reducing the area covered with urine, by reducing air flows above these
surfaces and by reducing the surrounding temperature. When designing animal
housings, the available space should be limited to the specifications of animal health
regulations (Zahner et al. 2005). Straight walking areas can be cleaned more easily
and automatic scraper-systems can be used to ensure a regular and fast removal of
manure. Slightly sloped floors with grooves allow for faster drainage of liquid manure.
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Elevated feed stalls (for cows/cattle) and the separation of feeding spaces further
reduces the contamination of animal housings (Zahner et al. 2005). Intelligent air
circulation concepts decrease ammonia emissions (ClauB et al. 2013). This can be
supported by open sidewalls and insulated roofs (outdoor climate housings) (KTBL
2011). Spray cooling of walking areas or yards and the roofing of open areas further
contribute to reducing the temperature (Zahner et al. 2005). In closed housing
systems, which are common in pig and poultry production, waste air purifiers can be
used to decrease emissions. Most air purifiers are able to remove about 70% of NHs
from the air. In cases where chemical scrubbers are used even 90% are possible
(Hahne 2013). Air purification not only reduces ammonia and thus indirect N,O
emissions, but also captures the emitted N, which can be used as a valuable fertiliser
(ClauB et al. 2013). However, if biotrickling filters are used, some N,O can form (Melse
et al. 2009). Building new animal housings could be combined with climate change
adaptation investments (e.g. adapt stables against higher temperatures, extreme
weather events (Guler 2011)).

The storing of manure also influences emission development. In order to improve
animal health conditions and to reduce emissions, it is recommended to move the
manure immediately from the livestock houses to outdoor storage facilities (ClauB et
al. 2013). The manure storage can be cooled, though the additional GHG emission
from the electricity usage has to be considered. Active cooling of the manure surface
might also be an option in order to avoid emissions (UNECE 2007). Storage capacity
should be significantly longer than the closed periods during winter, and be adapted to
the regional and farm conditions to allow for optimised timing of application. In
addition, manure storages should be covered in order to reduce ammonia emissions.
In some cases, a natural crust is formed that reduces methane emissions, if stirring of
manure is reduced (esp. in the case of cattle manure). However, manure storages can
also be covered by using chopped straw, granulates, floating foils or solid covers
(UNECE 2007). Natural crusts and straw coverage can increase N,O emissions due to
aerobic conditions (Killing et al., 2003; Sommer and Petersen, 2002). Solid covers
are the most expensive investments, but they last relatively long and avoid the mixing
of rainwater with manure. To avoid the accumulation of flammable gases (e.g.
methane), it is necessary to keep small openings or use facilities for venting (UNECE
2007). Gas tight covers might also be used in combination with gas flares or biogas
plants.

Producing energy in biogas plants from manure converts the methane to the less
potent GHG carbon dioxide and replaces fossil energy sources (Flessa et al. 2012).
Furthermore, less storage capacity is needed for the fresh manure. The digestates,
however, also need to be stored in a gas tight manner. Due to the fermentation
process, digestates contain higher amounts of ammonium, which can be used by
plants more easily. However, there is an increased probability of ammonia emissions
during storage and application (Thiering and Bahrs 2011). Using manure in biogas
plants does not induce land use changes or compete with food production.

Emissions from manure can also be reduced by using technologies for manure
acidification or separation. Acidification of manure during application helps to reduce
NH; emissions. The SyreN technology in Denmark was able to reduce 49% of the
ammonia emissions (VERA 2012). This technique is especially of use where injection
or other more precise N-application techniques are not employable. It is suited for
application of manure to growing crops.

The separation of slurry into a liquid and a solid fraction also contributes to emission
reduction. The liquid fraction infiltrates faster into the soil, which leads to lower
ammonia emissions. Due to the separation, nutrients (P and C) accumulate especially
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in the solid fraction. Higher amounts of NH, in the solid fraction, however, increase the
probability of NH; emissions. The advantage of slurry separation is that the solid
fraction can be transported more easily. This is of relevance especially in intense
livestock regions (Flessa et al. 2012). As the impact of the latter two options is not
clearly identified yet, RD programmes could support pilot projects via the European
Innovation Partnership approach.

Proposed general operation
Financial support for climate proofing planned investments.
This mainly relates to financial support for:

a) Investments in climate friendly (and climate proof) animal housings
b) Investments in covered manure storages outside of animal housings

c) Investments in different manure treatment technologies (i.e. anaerobic
digestion, acidification and separation of manure)

Commitments, funding conditions and eligibility
When developing a specific operation, programming authorities (PA) should provide
detailed conditions. Guiding principles are set out below.

Eligible activities

In order to improve cost effectiveness and to avoid possible contradictory investments
that might cancel each other’s impacts, the farmers are required to provide an overall
strategic investment plan related to animal housings and manure handling.

Operation a) If the farmer plans to invest in new animal housings, he can receive
funding for choosing options that contribute to climate change mitigation (and possibly
improve adaptation as well). For this the PA needs to define “climate friendly” options
for animal housings. A check lists should be established, with minimum requirements
used as additional eligibility criteria. Depending on the regional/local situation
(climate, production system, type of animals, anticipated climate change impacts,
etc.) different concepts for climate friendly animal housings are possible. A number of
“climate friendly” elements for these concepts are described above (Section: General
description of the action and operation).

Operation b) Farmers can be supported if they invest in manure storages outside of
animal housings. In order to receive funding, the storages need to be covered with
chopped straw (needs to be renewed after stirring or application), granulates, floating
foils or solid covers, and the capacity of the storages has to be big enough to allow for
flexible application of manure. In case of flexible coverage, the pipe feeding new slurry
into the tank must be placed below slurry surface in order to avoid the destruction of
the coverage. The storage capacity needs to be adapted in case the anaerobic
digestion option under c) is planned as well. A regional manure management strategy
is needed to decide whether to invest either in conventional storage capacities or in
gas tight storage interlinked with biogas production.

Operation c) Different manure treatment technologies can theoretically be supported.
However as the effects of manure acidification and separation are not completely clear
yet, only anaerobic digestion is supported at the moment. In case the farmer plans to
build new animal housings or new manure storages, it can be reasonable - from a
mitigation perspective - to combine this with investments into a biogas plant that is
mainly intended for anaerobic digestion of manure. In order to exploit the mitigation
potential of this option, it is important to use large amounts of manure. To reduce the
use of energy crops in the biogas plant, only biogas plants with small capacities should
be supported (Osterburg et al. 2013, Thiering and Bahrs 2011), or farm co-operations
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should be established. However this depends on the structure of the region (farm
types, amount of manure produced...) and the costs for transporting manure, which
are often too high (de Witte 2012). Another option is to combine manure based biogas
production with other feedstocks, e. g. bio-waste from industry and households.
Investment support should only be granted, if
e enough manure is produced on farm, in order to avoid long transport distances
(higher costs) and the use of energy plants instead of manure,

e a gas tight storage for digestates is installed (Osterburg et al. 2013),

e cogeneration is possible and a heat concept is in place (at least e.g. 50% of the
heat is utilised) (Osterburg et al. 2013),

e the farmer has received training on how to effectively handle biogas plants

e the plants are examined regularly and measurements of methane leakage are
conducted (Liebetrau 2012).

Timing and duration

The operation can be effective over the whole lifetime of the investment. The
experiences gathered can be used to further develop new legal standards for livestock
farm buildings.

Location
The overall strategy needs to be adapted to the local conditions. The focus should be
on regions with high livestock densities and on large livestock farms.

Synergies - Incompatible operations and recommended combinations

There are no incompatible operations. Climate proofing planned investments should be
combined with M4 Precise N-application in case it relates to the manure chain.
Otherwise, all emissions from manure that are saved due to air scrubbers/ covering of
manure storages will be lost later during application.

Climate proofing planned investments can also be combined with:

M16 Carbon Audit

Expected impacts on farm-level GHG emissions

Operation a)

Investments in animal housings mainly reduce NH; emissions and thus indirect N,O
emissions. Nitrogen is conserved and less synthetic fertiliser is needed, which reduces
GHG emissions related to synthetic fertiliser production. The use of outdoor climate
stables reduces CO, emissions from reduced energy demand.

Table 1. Abatement rates for investments related to animal housings

Mitigation | Investment Abatement Source

effect rate

Reduced Grooved floor + toothed scrapers | 24.1kg Calculations

NHs3 (Reference: Cubicle housing) CO,e/cow based on UNECE

(indirect place*year (2014)

N,O) Optimal barn climatisation with 19.3kg Calculations

emissions roof insulation (Reference: CO,./cow based on UNECE
Cubicle Housing) place*year (2014)
Chemical air scrubbers (forced air | 86.6 kg Calculations
ventilation systems only) CO,./cow based on UNECE
(Reference: Cubicle Housing) place*year (2014)
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Mitigation | Investment Abatement Source
effect rate
Different air scrubbing 20.1 - 26.7 kg | Calculation based
technologies CO,./pig on KTBL (2011)
place*year
Outdoor climate housing with 9351 kg Calculation based
insulated roof (reference: closed, | CO,./year on KTBL (2011)
insulated and forced air ventilated
pig housing with fully perforated
stalls, 950 animals)
Reduced N credit (assumption: 64% of 4608 kg Calculation based
synthetic saved NH3; emissions can be CO,/year on KTBL (2011)
fertiliser conserved): Outdoor climate
demand housing with insulated roof
(reference: closed, insulated and
forced air ventilated pig housing
with fully perforated stalls, 950
animals)
N credit (use of waste water, 9.9 - 13.2 kg Calculation based
36% of saved NH; gets lost CO,./ pig place | on KTBL (2011)
again) Different air scrubbers *year
(reference: no waste air
purification)

Operation b)
The covering of manure storages mainly reduces NHs; emissions. The abatement
potential depends on the emitting surface.

Table 2: CO,. abatement rates (based on NHs reduction (direct N,O are not included),
assumption: 1% of NHs-N will be deposited and emits as N,O-N) of different manure
storage covers

Abatement rates kg CO,./m? cattle kg CO,./m> pig manure
manure
Concrete cover 0.87-1.25 4.29 - 6.15
Tent roof 0.85 -1.25 4.19 - 6.18
Floating foil 0.81-1.18 4.01 - 5.08
Light aggregates 0.78 -1.14 3.86 - 5.56
Floating bodies - 3.91 - 5.83
Straw cover 0.72 - 1.08 3.52-5.34

The same mitigation options have a much higher abatement potential in the case of
pig manure. This can be explained by the fact that cattle manure forms a natural crust
which already reduces emissions and pig manure does not.

CH4 emissions can only be reduced by combining gas tight storages with anaerobic
digestion.

Operation c)
The impact of biogas production from manure on climate change mitigation is
dependent on
e the efficiency of the process chain and energy transformation (e.g. as little
methane leakage from digester and storage as possible),

e the degree to which the heat is utilised and thus replaces fossil energies,
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e the handling of digestates (e.g. gas tight storage, optimised land application
management and technologies),

e the amount of manure that is used (higher amounts increase mitigation effect
as fossil energies are replaced and methane that would occur during storage of
manure, is used),

e the choice of (co-)substrates (e.g. bio-waste)

Table 3: Abatement rates for different activities in relation to anaerobic digestion of

manure
Mitigation Activity Abatement rate | Source
effect (g CO,./kWhyg))
Substitution | Anaerobic digestion of manure | 1250 g CO,./kWhy, (WBA 2007)
of fos_sn Anaerobic digestion of manure | 1237 g CO,./kWhg | (Flessa et al.
energies and 2012)
Z\rf\)ilsdslig?n CHa Anaerobic digestion of manure | 467-910 g (Bachmaier and
that would COse/kWhg Gronauer 2007;
emit during Effenberger et
storage of al. 2010)
manure Anaerobic digestion of manure | 600 gCO,./kWhg, (EU COM 2010)
(Default value proposed by the
Commission)
Increase proportion of manure (Osterburg et
used in biogas plant from 50 g CO,e/kWhg, al. 2013)
35 to 50%: 225 g CO,/kWhg
35 to 70%:
CH,4 Covering of digestate storages | 120-615 g (Osterburg et
emissions COse/kWhg al. 2013)
Substitution | Increase use of heat from 30% | 124 g CO,./kWh (Osterburg et
of fossil to 70% al. 2013)
energies (based on German heat mix)

Furthermore, due to a higher flow rate of digested manure, it infiltrates faster into the
soil, which reduces NH; emissions during application. However, higher contents of NH4
in digested manure increase the risk of ammonia losses (Thiering and Bahrs 2011).

Ancillary effects
able 4. Ancillary effects of the operation

Positive effects

Source

Off-farm
GHG

-Less synthetic fertiliser is needed and thus CO, and
N,O emissions due to fertiliser production are reduced.
-Using manure for biogas production replaces fossil
energies and does not cause indirect land use changes

(Flessa et al.
2012)
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Positive effects

Source

Production

