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Abstract

This report outlines Best Environmental Management Practices (BEMPs) in the Agriculture-Sgobpr and Animal
Producton. Scientific information on the contribution of agricultural production towards key environmental burde
the EU, including geographic distribution, is summarised in the first chapter, alongside economic statistics fi
sector. In the second chagt, a life cycle perspective is taken to illustrate hotspots of environmental pressure wi
the supply chains of major agricultural products. These two first chapfmvide the rationale for theselection of a
sequence of BEMPs systematically descriebughout the remainder of the repoifchapter 3 to 12) BEMPs include
pertinent measures and control points to drive maximum environmental improvement at the European
considering geographiand productrelated hotspots across key environmentalegsures including: greenhouse g¢
emissions, acidification, eutrophication, resource depletion, soil degradation, water stress, biodiversity loss ar
toxicity. Information wassynthesi®d from existing best practice documentation, online agriculturakculation tools,
inputs from a Technical Working Group, expert coridh, farm visits, andlife cycle assessment modelling. Ke
components of BEMP descriptions are short lists of priority measures, priority management and environr
performance indiators, and, where possible, benchmarks of best practice. Some pertinent tegtummmic issues for
implementation are also described, alongside case studies of best practice implementation, and with links to re
detailed technical documentation.
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INTRODUCTION
A.1 GENERAL ASPECTS

Background

This report represents the scientific and technical basis of the Sectoral Reference Document
(SRD) on Best Environmental Management Practice in the Agricutecetr- Crop and

Animal Produdion, which has been developed according to Article 46 of theNEmoagement

and Audit Scheme (EMAS) regulatidi)( The document was developed together by the
European Commission's JRC and Bangor University (under a contract with the JRC) on the
basis of @sk research, interviews with experts, site visits and inputsdr@echnical Working

Group (TWG) comprising experts from the sector.

Context and overview

EMAS is a management tool for companies and other organisations to evaluate, report and

improve thé environmental performance. The latest revision of the EMAS Regulation (EC No.

1221/2009) introduced a particular focus on promoting best environmental management

practices. To support this aim, the European Commission is producing SRDs to provide

information and guidance on BEMPs in eleven priority sectors, including the Agrica#ater

T Crop and Animal Production.

The document is intended to support environmental improvement efforts of all actors in the

Agriculture sectoii Crop and Animal Produicin. It can be used by all organisations, farmers

and stakeholders of the sector who seek for reliable and proven information to improve their

environmental performance. The document intention is to provide guidance on BEMP not only

for EMAS organisationsbmpanies etc., but rather to be a useful reference document for any

relevant company that wishes to improve its environmental performance or any actor involved

in promoting best environmental performance.

For this purpose, this document describes BEMRBSs those techniques, measures or actions

that allow farms (or companies of the sector) to minimise their environmental impacts in all the

aspects under their direct control (direct environmental aspects) or on which they have a

considerable influence (@rect environmental aspects). Following this integrated approach, the

scope of this document is broad and covers the most important direct and indirect environmental

aspects. For each BEMP, the document also presents appropriate environmental performance

indicators, which enable farms to monitor their performance and compare it over time and with

benchmarks. Indeed, the document also reports a list of benchmarks of excellence representing

the exemplary environmental performance achieved by frontrunnemisagans in the sector

(EC, 2014).

BEMPs encompass techniques, measures or actions that can be taken in order to minimise

environmental impacts. These can include technologies (such as more efficient machinery) and

organisational practices (such as stafiing).

An important aspect of the BEMPs proposed in this document is that they are proven and

practical, i.e.:

1 They have been implemented at full scale by several companies (or by at least one company
if replicable/applicable by others);

1 They are tehnically feasible and economically viable.

In other words, BEMPs are demonstrated practices that have the potential to be taken up on a
wide scale in the agriculture sector, yet at the same time are expected to result in exceptional
environmental perfornmece compared to current mainstream practices.

(?) Regulation (EC) No 1221/2009 of the European Parliament and of the Council of 25 Kov2d@9 on the voluntary
participation by organisations in a Community -@eanagement and audit scheme (EMAS), OJ L 342, 22.12.2009

3
EC (2014),Development of the EMAS Sectoral Reference Documents on Best Environmental Management Beactirey

from frontrunners Promoting best practiceedited by:SchoenbergeH., CanforaP., Dri M., GalvezMartos J.L., Styles D.,
Antonopoulos I.S., ISSN 1833424 (online)
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A standard structure is used to outline the information concerning each BEMP, as shown in

Table A.1

Amongst
which conditions orcircumstances a certain technique can be implemented (technical
feasibility) as well as economic information concerning investment and operation costs
(economic viability). Likewise, the potential negative environmental impacts on other
environmental presires arising as side effects when implementing each BEMP (listed as cross

ot her s, this includes thei

media effects) are included in the common strudfliable A.J).

Table A.1. Information gathered for each BEMP

Brief technical description of the BEMP including some backgrg

LR and details on how it is implemented.
’eAr?Cilli)\:’]enq]entﬂ Main potential environmental benefits to be gained throug
benefits implementing the BEMP.

Environmental
indicators

Indicators and/or metrics used to monitor the implementation d
BEMP and its environmental benefits.

Crossmedia effects

Potentialnegativeimpacts on other environmental pressures arisi
side effects of implementing the BEMP.

Operational data

Operdional data that can help understand the implementation
BEMP, including any issues experienced. This includes actudg
plantspecific performance data where possible.

Indication of the type of plants or processes in which the technitpy

Applicability or may not be applied, as well as constraints to implementati
certain cases.
Information on costs (investment and operating) and any po
Economics savings (e.g. reduced raw material or energy consumption,

charges, etc.).

Driving force for
implementation

Factors that have driven or stimulated the implementation o
technique to date.

Reference
organisations

Examples of organisations that have successfully implementeg
BEMP.

Reference literature

Literature or other referenceaterial cited in the information for ea|
BEMP.

r

N a

Sectorspecific environmental performance indicators and benchmarks of excellence are also
derived from each BEMP. These aim to provide organisations with guidance on appropriate
metrics and levels of amih when implementing the BEMPs described.

1 Environmental Performance Indicators represent the metrics that are employed by
organisations in the sector to monitor either the implementation of the BEMPs described

or, when possible, directly their environn@nperformance. Fosomeof the BEMPs of

this particulardocument the environmental performance indicators are distinguished into

the following categories in order to be more comprehensive and to better support farmers
(or companies of the sector):

- Management indicatorsyhich refer toactionsby the farmers, and

- Performance indicatorswhich refer to environmental impactsor environmental
efficiencyand they are measurable

vii |Page



Moreover a selection of the most relevant indicators is listed in Table 18.Kkey
environmental performance indicators".

1 Benchmarks of Excellencaepresent the highest environmental standards that have been
achieved by farms implementing each related BEMP. These aim to allow all actors in the
sector to understand the potentiat fnvironmental improvement at the process level.
Benchmarks of excellence are not targets for all organisations to reach but rather a measure
of what is possible to achieve (under stated conditions) that they can use to set priorities for
action in the famework of continuous improvement of environmental performance.

Approach used to develop this document

A TWG was set up to get a broader access to the sector, to obtain more qualified information
and to verify the techniques described as well as to dn@wconclusions with respect to
appropriate environmental performance indicators and benchmarks of excellence. There was
one meeting at the beginning of the whole development process-bh Qdtober2013 (se

called kickoff meeting) as well as a final ntagg at the end on 2324 June 2014 (final
meeting). A lot of information needed to draft this document was already publicly available
from various sources, including a number of comprehensive reports. That was supplemented
with information collected direlst from farmers, stakeholders of the sector, -gomernmental
organisations, site visits and technology providers.

The techniques enclosed and described in the document were selected according to the
frontrunner approach (EC, 2094 Frontrunner farms weridentified and evaluated-aepth
through desk research, site visits and eventually expert consultation. Therefore the enclosed
information was properly assessed in order to set appropriate environmental performance
indicators and eventually benchmarkisexcellence (wherever possible and for almost each
BEMP), which are the major outcome of the whole process.

4EC (2014), Development of the EMAS Sectoral Reference Documents on Best Environmental Mahdantice, Learning
from frontrunners, Promoting best practice, edited by: Schoenberger H., Canfora P., Dri M.;Neahoez J.L., Styles D.,
Antonopoulos |.S., ISSN 1833424 (online),

ix|Page



A.2 SCOPE

Target sub-sectors

This report primarily addresses crop and animal production, which together have henceforth
been referred to aseh fiagri cul tur al sectoro unl ess ot he
are represented by NACE codes Al.1 to Al.6, including all animal, annual and perennial crop
production Table A2).

Table A.2. NACE codes for agricultural production (EC, 20106)

NACE Agricultural Production Farm types included in this report (and
Code some common crop types)
A Agriculture, forestry and fishing
Al Crop and animal production, hunting and
related service activities
Al.l Growing of non-perennial crops
AL11 Growing of cereals (except rice), leguminous| Arable farms (wheat, barley, maize, pea
o crops and oil seeds oil seed rape, sunflowers)

Al.1.2 Growing of rice

Arable and horticulture farms (potatoes,
sugar beet, onions, cabbage, carrots,
broccoli, melons, tomatoes)

Growing of vegébles and melons, roots and

Al1.1.3 tubers

Al.1.4 Growing of sugar cane

Al1.1.5 Growing of tobacco

Al.1.6 Growing of fibre crops

Al.1.9 Growing d other nonperennial crops

Al.2 Growing of perennial crops

Al.2.1 Growing of grapes Horticulture farms

Al1.2.2 Growing of tropical and subtropical fruits

Al1.2.3 Growing of citrus fruits Horticulture farms (oranges, lemons)

Horticulture farms (apples, pears, plums

Al.2.4 Growing ofpome fruits and stone fruits :
peaches, cherries, avocadoes)

Horticulture farms (strawberries, black

Al1.2.5 Growing of other tree and bush fruits and nuf .
berries, black currents)

Al.2.6 Growing of oleaginousréiits Horticulture farms (olives)

Horticulture and arable farms (apples,

Al1.2.7 Growing of beverage crops black currents, barley)

AL2.8 Growing of 1_;pices, aromatic, drug and HorFicuIture farms (coriander, parsley,
pharmaceutical crops. basil)

Al.2.9 Growing of other perennial crops

Al.3 Plant propagation

A1.3.0 Plant propagation

Al.4 Animal production

Al.4.1 Raising of dairy cattle Dairy farms

Al.4.2 Raising of other cattle and buffaloes Beef farms

Al1.4.3 Raising of horses and othequines

Al.4.4 Raising of camels and camelids

Al1.4.5 Raising of sheep and goats Sheep farms

Al.4.6 Raising of swine/pigs Pig farms

Al.4.7 Raising of poultry Poultry farms

Al1.4.9 Raising of other animals

® EC (2010), List of NACE codes, available onlihétp://ec.europa.eu/competition/mergers/cases/index/nace_all.html
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NACE Agricultural Production Farm types included in this report (and
Code some common crop types)

Al.5 Mixed farming

Al1.5.0 Mixed farming Mixed farms

ALG Support activities to agriculture and post

harvest crop activities

Al1.6.1 Support activities for crop production

Al1.6.2 Support activities for animal production

Al1.6.3 Postharvest crop activities

Al.6.4 Seed processinfor propagation

Hunting, trapping and related service

AL7 activities

Al1.7.0 Hunting, trapping and related service activitie

Activities listed in Table A2 represent a massive scope, especially when riinge of
production methods employed across European member states are considered; this report cannot
address all aspects of all types of crop and animal production in all regions of Europe. Best
practice descriptions have therefore targeted environinbotapots and areas of maximum
environmental improvement potential within the sector, as determined by:

1 the most produced crops and livestock products
1 the major regions and systems of production for these products within Europe
1 the lifecycle environmentddurden arising from production and consumption

Based on these criteria, the main farm types and some common crop types included in the scope
of this report are presented in green cell§able A2.

In section 1.1.3,Figure1.4 andFigure 1.5 provide an overview of the main crops and livestock
products across the EU27, and the top three producing member states. Howeverioproduct
gquantities alone do not necessarily represent environmental hotspots. With respect to crop
production, some horticultural crops such as tomatoes and strawberries may be associated with
high environmental burdens depending on how they are produced @& kg CQe per kg for
tomatoes from heated greenhouses). Heated greenhouses, cultivation of peat soils and high
application rates of crop protection agents are particular hotspots for horticultural production
(transport may also be a downstream hotgpepending on mode). With respect to the livestock
sector, cattle and sheep production occupy large areas of land, and may be located in sensitive
areas. Therefore, despite representing a smaller harvest yield per year compared with pig and
poultry productdn, they are also an important focus of this report (pig and poultry production
are addressed in an IPPC BREF (EC, 2p13

Target actors

The scope of this report primarily covers best environmental management practices applicable
by farm managers, but also targeted at farm advisors and farm suppliers, along with any other
interested stakeholder§gble A.2J.

There are many important environmental aspects of agricultural production arising batid up
downstream of farms. Farm managers can haveoa influence on upstream environmental
aspects through measures such as green procurement. Thus, key upstream aspects such as
fertiliser manufacture and animied production are considered to the extent that they can be

¢ EC (2013), Best Available Techniques (BAT) Reference Document for the Intensive Rearing of oultry and Pigs, Industrial
Emissions  Directive ~ 2010/75/EU, Integrated  pollution  Prevention and Control, available online:
http://eippchb.jrc.ec.europa.eu/reference/BREF/IRPP_D2_082013online.pdf
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influenced by farm managers. Wostream aspects are typically less strongly influenced by
farmers, and with the exception of few sections, this report considers environmental impacts
arising up to the farm gate only. This is also to avoid overlap with the EMAS SRD on Food and
Beverage Mnufacturing also being developed by the JRC.

Nonetheless, a life cycle perspective is taken throughout this background report, to ensure that
any proposed best practice does not incur significant negative downstream consequences
through for example congmsatory production. In order to inform this, relevant consequential
Life Cycle Assessment (LCA) principles and studies are referred to.

Chapter 2 of this report sets out the lifecycle environmental burdens arising from major sub
sectors, in relation tproduction of specific product groups such as dairy, beef, lamb, chicken,
pork, eggs, tomatoes, strawberries, apples, etc. That chapter also outlines the supply chain
hotspots of some products where these can occur after the farm gate; e.g. apples froported
New Zealand.
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A.3 STRUCTURE

Following a brief description of the context and scope of thponte(current section), Part 1

(GENERAL INFORMATION") provides some background information on the agriculture sector
crop and animal productiohin the EU. Part 2 is the main body of the report, containing BEMPs.
These are divided according to: (i) @t (i) environmental aspects; (iii) processes. Contents are

summarised iffable A3.

Table A.3. Structure of the background report

Part | Chapter | Target actors Contents
All actorswith General information about the sector, including:
influence over
1 food and drink - Turnover and employment
supply chain - Environmental aspects
1 - ife cycl f major prod
All actors with - Life cycle assessment of major product groups
2 influence over - Additional  environmental burdens (soil qualil
food and drink biodiversity, ecosystem services)
supply chain _ )
- Mapping farm and supply chain BEMP
Crosscutting BEMPs, in particular related to:
- Environment management systems
- Record keeping
- Benchmarking
3 Farmers, farm - Housdeeping
advisors - Landscape planning
- Waste management
- Energy and water efficiency
- Biodiversity
- Engaging consumers with responsible production
consumption
2 Soil quality management, including:
- Nutrient management planning
Farmers, farm )
4 advisors - Organic amendmeés,
- Maintenance of soil structure
- Soil drainage
Soil nutrient management planning, including:
- Field nutrient management planning
Farmers, farm ]
S advisors - Crop rotation
- Precision application
- Low impact fertilisers
Tillage and , . . . .
6 horticulture Soil preparation and cropping BEMPSs, including:
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Part

Chapter

Target actors

Contents

farmers anddrm
advisors

- Matching tillage to soils

- Minimising soil disturbance
- Low impact tillage

- Crop rotations

- Cover and catch crops

Pasture farmers
and farm advisors

Grass and grazing BEMPs including:

- Maximising grass production and grazing uptake
- Managing grazing in high nature value areas

- Pasture renewal and clover incorporation

- Efficient silage production

Livestock farmers
and farm advisors

Animal husbandry BEMPs including:

- Breed selection

- Farm nutrienbudgeting

- Dietary optimisation of protein intake

- Dietary reduction of enteric methane emissions
- Green procurement of feed

- Animal health plans

- Herd/flock profile management

Livestock farmers
and farm advisors

Manure management BEMPs including:

- Low emission housing systems

- Anaerobic digestion

- Slurry separation

- Appropriate liquid manure storage

- Appropriate solid manure storage facilities
- Injection application of slurries

- Trailing shoe and banded application of slurries

10

Farmers, farmer
advisors on
irrigation
management

Irrigation management including;
- Agronomic methods
- Optimisation of irrigation delivery

- Management of
storage)

- Efficient and controlled strategies

irrigation systems (distribution

A

q

11

Farmers, farmer
advisors on op
protection prducts

The crop protection producthapterincludes:

- Optimising and reducing the use of crop protect

products
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Part | Chapter | Target actors Contents

- Crop protection products selection

The protected horticulture chapter includes:
Farmers, farmer

advisors on - Energyefficiencyin protected horticulture
protected
horticulture

12
- Water management in protected horticulture

- Waste management in protected horticulture

xvi|Page




1 GENERAL INFORMATION ABOUT THE AGRICULTUR E SECTOR
- CROP AND ANIMAL PROD UCTION

Member state codes

For reference throughothis report Table1.1 provides a list of country codes for EU member states
and candidate countries.

Table 1.1. List of EU Member states and Candidate countriesrad associated country code.

EU Member State Country Code
Belgium BE
Bulgaria BG
Croatia H
Czech Republic Ccz
Denmark DK
Germany DE
Estonia EE
Ireland IE
Greece EL
Spain ES
France FR
Italy IT
Cyprus CY
Latvia LV
Lithuania LT
Luxembourg LU
Hungary HU
Malta MT
Netherlands NL
Austria AT
Poland PL
Portugal PT
Romania RO
Slovenia Sl
Slovakia SK
Finland Fl
Sweden SE
United Kingdom UK
Candidate Countries Country Code
Montenegro M
Iceland IS
Turkey TR
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1.1  Turnover and Employment

1.1.1 Main Economic Data

Agriculture is the most important land user in Europe, with around 50% of the surface used for
agricultural production (184 million haDG AGRI, 2012a).The sector is crucial in terms of its
economic contribution towards the European econarowtributing 144 billion EUR to the ER7
economy in 201QEurostat, 2012a, DG AGRI, 2012a). Agricultural trade represents around 6% of the
total trade in the EX27, and underpins most of the valuable imports and exports ofafoddlrink
products (DG A®I, 2012b). Contributions to the economy, as measured by gross value added
(GVA), and the utilised agricultural area of each of the 27 member states plus four candidate countries,
can be seen iRigurel.l.
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Source Adapted from DG AGRI (2012a).
Figure 1.1. Gross value added at basic prices (million EUR) (above) and utilised agricultural area (1000
ha) (below) across the ELR7 and candidate countries in 2010.

Agriculture further contributes to the economy through providing important levels of employment.
The FADN field of observation during 2009 recorded 4.9 million agricultural holdings across the EU
27, employing some 10.5 million people (DG AGRI, 2012a). [g¢lthe combined agricultural and
food sector is reported to account for 17 million jobs (7.6% of total employment). The sector often
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provides the main source of income and employment in rural areas where average GDP per capita is
typically significantly elow that of urban areas (Eurostat, 2012¥hen considering the agricultural

labour force, including the family labour force as well as permanently employefmdyg workers,

some 27 million were reported to work within the sector during 2007 (Eur@8ti)

Not only a crucial sector in itselagriculture also underpins a multitude of additional sectors,
including the economically important food and drink processing and retail sectors, which are almost
entirely reliant on agricultural outputSonsuners purchase the majority of the food they eat and the
beverages they drink from a range of retail outlets (supermarkets, specialist food retailers, markets
and stalls), but food and drinks can also be purchased from food service providers (restekgants, ta
away outlets, cafés or bars).

1.1.2 Structural Profile of the Sector

In the EU27, during 2009, horticulture farming provided the largest average net value added per
holding, at 62340 EUR, followed by pigs anolf poultry production at 51,120 EUR, whereaixed
farming was the lowest at 14,330 EURabour input from each of the farming types follows a similar
pattern, utilising 3.36 annual work units (AWU) per holding within the horticulture sector, followed
by 1.93 AWU per holding for pigs and poultry. UA# largely dominated by grazing livestock (54.4

ha per holding) and field crops (42.9 ha per holdifi@b{e 1.2). The commodities representitige
highest share of products in agricultural production during 20&@ wnilk (13.8%), pigs (8.9%),
fresh vegetables (8.7%), followed by cattle (8.2%) and fruit (6.5%) (DG AGRI, 2012a).

Table 1.2. Structural profile of the agricultural sector by farming type.

No. of holdings FNV added

Type of Farming (FADN field of UAA (ha) AWU | (Average result per

observation) holding, 1000 EUR)
Field crops 1,498467 42.93 1.50 19.99
Horticulture 164547 5.20 3.36 62.34
Wine 231378 13.94 1.79 38.16
Permanent crops 853086 9.28 1.35 17.05
Milk 500383 39.87 1.86 30.28
ﬁirﬁ‘g'”g IEsiER @l 611,024 5441 | 1.65 23.72
Pigs and / or poultry 137,741 20.64 1.93 51.12
Mixed (crops + livestock) 951,804 30.08 1.68 14.33
Source:DG AGRI (2012a)

Small holdings, classified as below 5 ¢faUAA, generally dominate the agricultural industry across
Europe, accounting for 70% of the total in 2007. Holding size between 0 and 10 ha accounted for over
half the total in 18 of the 27 member states, whereas those over 50 ha are minimally disidings

the member states, reaching over 30% of the total in only Denmark (34.2%), France (37.4%) and
Luxembourg (48.1)Kigurel.2) (DG AGRI, 2012a).
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Figure 1.2. Size distribution of agricultural holdings in the EU-27, by number of holdings

1.1.3 Geography of EU27 Agriculture

Rates of agricultural production and therefore the contribution of the sector to national economies
vary greatlyacross the countries withiurope. Details for each of the member states and candidate
countries, as presentedTiable 1.3, show that the countries in which agriculture contributed the most

to the economy in 2010 were Fran@¥ (pillion EUR), Italy (23 billion EUR and SpainZ2 billion

EUR); together accounting for half of the 144 billion EUR total across Europe.

Table 1.3.Agricultural production in the EU Member States and candidate countries, 2010. Italics
represent candidate countries

No. of persons Turnover . .
emplgyed* (output) A a(tlbggg:) PMICEST No. of holdings
(1,000 persons) (a mil |l '

EU-27 10,459 355573 143810 13,700
Austria 177 6,452 2,682 165
Belgium 81 7,757 2,622 48
Bulgaria 515 3,832 1,457 493
Cyprus 15 695 318 40
Czech Republic 135 3,990 994 39
Denmark 73 9,214 2,155 45
Estonia 19 636 236 23
France 779 66,651 27172 527
Finland 107 4,159 1,456 68
Germany 730 45,044 14,970 371
Greece 429 10,245 5567 860
Hungary 220 6,561 2,093 626
Ireland 79 5,634 1,529 128
Italy 838 44 439 23 007 1679
Latvia 62 934 263 108
Lithuania 95 2,005 648 230
Luxembourg 7 298 95 2
Malta 3 125 57 11
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No. of persons Turnover . .
emplgyed* (output) Sl aglbggl)c) PMICES | No. of holdings

(1,000 persons) (0 mill '
Netherlands 251 24,772 8,979 77
Poland 1,604 19,437 7,385 2,391
Portugal 434 6,998 2,092 275
Romania 1,726 15,342 6,456 3,931
Slovakia 45 1,902 377 69
Slovenia 68 1,092 402 75
Spain 712 39,033 22,016 1,044
Sweden 100 5,046 1,447 73
United Kingdom 593 23,372 7,335 300
Croatia 216 2,921 1,264 177
Iceland 6 - - -
Y R of Macedonia 127 - - -
Turkey 5,356 - - 3,077
Source:DG AGRI (2012a)

Despite the major contribution of aguiture to the European economy coming from agricultural
holdings in western Europe, the largest number of agricultural holdings are located in eastern Europe,
in particular Romania (4 million), Turkey (3 million) and Poland (2 million). Turkey utilises the
largest area for agriculture at 39 million hectares, and displays the highest employment rates,
employing over 5 million people representing a 21.6% share of the employed civilian working
population (DG AGRI, 2012a). Romania follows, with an employnnat& of nearly 2 million people

in the agricultural sector.

These findings remain consistent when considering the share of employment in agriculture within
overall employment, withFigure 1.3 displaying high emplgment percentage rates in Romania,
Poland, Lithuania and Greece, as well as high rates in certain regions ofISpaepredominantly

rural regions of Romania more than a half of the workforce is employed in the primary agriculture
sector, in Bulgariarad Greece it is one third, and in Latvia, Poland, Lithuania and Portugal around
one quarter. In contrast, many regions of thelBlLhave a low share of employment (below 5 %) in

the primary agriculture sector, as in Luxembourg, the United Kingdom, Bel@enmany, Sweden,

the Netherlands, France and Northern ltaly. But even in these countries there exist regions with a
higher significance of this sector (above 5 or 10 %), particularly in rural re@@#GRI, 2012a).
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Figure 1.3. Share of employment in agriculture, hunting, forestry and fishing (persons with main
employment in the primary sector) in total employment, 2001

Within EU-27, the crop with the highest productioneréas measured in tonnes of harvested product)

is wheat, with 132 million tonnes harvested in 2011, representing almost half of the entire cereal
production (45%). Those countries producing the highest share of this crop were, in descending order,
France 86Mt), Germany (23Mt) and the UK (1.5Mt). The following crops with the highest tonnage
produced in 2011 in the ER7 were Sugar beet (114Mt) maif¥Mt, 23% of cereals harvesteah)d

barley (52Mt, 18% of cereal harveste@gure 1.4). In 2006, the crops utilising the largest area of
agricultural arable land within the ER¥ were wheat, covering 29% of arable land on average,
followed by barley and maize. Aside from cereals oilseeds use 17% of arable land (dibrbinate
rapeseed), and sugar beet (12%pure 1.4 displays the main crops produced in the-Ex) and
provides a focus for the preseaportwithin the crop sector.
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Figure 1.4. Harvested production of major crops in the EU27, and the top three producing member states
for each crop

Within the livestock sector, the animal product with the highest rate of production is milk; in 2010
approximately 149Mt were produced. Those countries with the highest production rate of milk in
2010 were Germany (3dt), France (24Mt) and Portugal (121t). The production of pig meat in the
EU-27 is second to milk production within the livestock sectoth the EU27 producing 2Mt in

2011. The highest producing countries of pig meat in theElh 2011 were Germany (8t), Spain

(3 Mt) and France (1t), which together supply around half (49%) of the EU production of pig meat.
The quantity of poultrymeat produced in the ER7 totalled 12Mit; France (2Mt), UK (2 Mt) and
Germany (IMt) were the largest producers of poultry meat (Eurostat, 20ER&)re 1.5 displays the

main types and locations of livestock guation within the ELR7, and therefore provides a focus for
this reportwith respect to livestock production.
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Figure 1.5. Animal produce in the EU27 in 2011, displaying the top three producing countries of each
product (top), with a focuson cattle and sheep production
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1.2  Environmental Issues of the Agriculture Sector

1.2.1 Driving forces behind agricultural production and impacts

In recent years an increasing pressure has been placed on the agricultural sector in order to increase
food production rates and meet the change in food demand, whilst also providing increasing quantities
of fibre and fuel. This pressure hasem from a growing human population, economic development,

the nutrition transition, increasing fossil energy prices and biofuels policy targets. A threefold increase

in global gross agricultural production rates has been seen between 1961 andrig0dO1(6),
dominated by demand for meat and milk production. In the developing countries, between 1962 and
2003 meat consumption rates rose from 10 to 29 kg/person/year, whilst milk rose from 28 to 48
kg/person/year. fie rise in agricultural production demand is expected to increase by a further 70%

by 2050.

120
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Figure 1.6. Trend in total global agricultural production between 1961 and 2010, according to data from
UN FAO Stat (2012)

The range and magnitude of environmental impacts associated with agricultural production coupled
with the growing global demand for agricultural products, point to an urgent requirement for
improved sustainability within the sector. Notablye tiegative impacts of intensive agriculture on the
environment need to be balanced against t he i
growing population. The objective of improving sustainability is an acknowledged priority issue
within the newCommon Agricultural Policy (CAP), which provides incentives for farmers to produce
food in a hygienic manner, maintaining high standards of animal welfare, using environmentally
friendly production methods, whilst promotingastainableural economy.

One worrying aspect of the large gains in real yields over the past 60 years that have enabled
agricultumal output to keep pace with demand (&igure 1.7) is that they required large increases in
synthetic fertiliser application and were associated with a steep decline in nutrient, and especially
NitrogenUseEfficiency (NUE) Figurel.8). Meanwhile, there is some evidence that areal yield gains
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for staple crops such as wheat and rice are tailing off, fr@¥ 2er year to 1% per year (Fischer et
al., 2009).
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Figure 1.7. Trends in areal grain yields (t ha' yr™) for six leading wheat producing countries over the
past 150 years
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Figure 1.8. Trend in global average nitrogen use efficiency for cereal production between 1961 and 2001

The Dutch environmental assessment agency (PBL) has published a useful overview of the
environmental impacts and challenges of protein produdtiothe EU (PBL, 2011). In that, they

11|Page



reportthe low NUE of European agricultur€&igure 1.9), estimating that just 19% of N inputs to
agriculture end up in the final products. The remaining 81% is lost fromysdtens in various
fractions, from harmless \to environmentally damaging reactive compounds such as ammonia
(NH5), nitrate (NQ) that cause acidification, particulate formation and eutrophication, and also and
nitrous oxide (MO) that causes climate chanfeith a global warming potential 298 times higher
than CQ on a weight basis).

Billion kg
N;75 N;O0.37 NO, 0.08 NH; 2.8

L s
Emissions to air ' I

European agricultural sector

N in feed
import 1.7

Nfeed EU 05 N in livestock

products 2.2

N fertiliser 11,2

lﬁxahon 0.8

N manure 7.1

N in food
Crops 1.0

>

N deposition 3.0

N leaching
Emissions to groundwater and run-off 3.0

and surface waters
Source:PBL (2011)

Figure 1.9. Nitrogen flows within European agriculture

Nitrogen losses are therefore a major conceth respect to environmental impacts arising from crop
and animal production, but also represent a major economic inefficiency within the sector. Improving
NUE is an eceefficiency priority and a necessary prerequisite for sectoral sustainability.

Farm ystems can be categorised as conventional, organic, intensive, or extensive. Intensive livestock
production systems are characterized by a high output of meat, milk, and eggs per unit of agricultural
land and per unit of stock (i.e. livestock unit), whickually coincides with a high stocking density

per unit of agricultural land. Intensive livestock production systems now account for a dominant share
of the global pork (56%), poultry meat (72%) and egg (61%) production and a significant share of
milk production (TFRN, 2011 cit&AO 2006; 2008 Whilst most animal products were traditionally
produced using locally produced animal feeds, many animal products are now produced using animal
feeds imported from areas further afield, especially for pig and popdtducts. This geographic
disconnection is possible because of efficient transport infrastructure and the relatively low price of
fossil energy, so that e.g. shipping concentrated feed thousands of kms is economically viable (TFRN,
2011). However, the woupling of animal feed production from animal production has a negative
impact on tight nutrient cycling and nutrient management planning (TFRN, 2011).
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1.2.2 Defining environmental aspects, pressures and impacts

According to EMAS Regulation (EC 1221/2009), amvironmental aspect' is an element of an
organi sationds activities, products or services
the natural environment and people. Environmental impacts arise from pressures generated by
environmental spects, such as the emission of greenhouse gases or air pollution. Environmental
aspects may be classified accordingly:

1 Direct environmental aspects are associated with activities, products and services of the
agricultural sector over which it has direeanagement control and can thus influence directly.

1 Indirect environmental aspects are associated with activities, products and services of the
agricultural sector, over which the sector does not have full management control, and thus cannot
influence diretly. These include interactions of the sector with stages both downstream and
upstream of agricultural production, such as aspects related to the supply of input products used,
transportation, and other factors in the supply chain such as food wastéiafptéraving
significant implications for the environmental impact of agricultural output products, seen from a
lifecycle perspective.

Figure 1.10 provides a basic overview of the main stages and processeg gis& to major
environmental impacts within the agricultural sector. The production of feed imported from outside
Europe is an important indirect environmental aspect for European livestock farmers owing to the
large environmental impact associated wims of this feed production.

Table 1.1 lists some of the main direct and indirect environmental pressures arising from particular
activities within the sector. Meanwhil&able 1.6 provides a basic map of the environmental hotspots
associated with environmental aspects on a product life cycle basis, according to the major crop and
animal commodities.
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Figure 1.10. Schemaic representation of the main environmental hotspots considered within the scope of the agricultural sector.
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Table 1.4. Activities in livestock production and associated direct and indirect environmental pressures

Service/ Main environmental pressures
Activity Direct Indirect
NH; emissions
Fertiliser N,O emissions Manufacturing and transport
application Nutrient losses to water energy (and associated impacts
Biodiversity loss
Off-site cultivation (see arable
Feed CH, from er'lter?c fermentation below)_
Onsite cultivation (see arable below) Potential land use change
Transport energy (C{emissions)
NH; emissions
Housing CH, emissions Electricity generation

Nutrient losses dirty water
Energy consumption

Manure storage

CH, emissions
NH; emissions
N,O emissions

Manure spreading

NH; emissions
N,O emissions
Energy consumption

Avoided fertiliser manufacture
(and application emissions)

NH; emissions
N,O emissions

Manufacturing and transport

Zertllilclzsa%ron Nutrient losses to water energy, NH, N,O emissions
bp Biodiversity loss Resource depletion
Heavy metal accumulation
NH; emissions
N.O enissions
Soil erosion and compaction
Grazing Nutrient losses to water
Biodiversity loss (potential gain)
Biomass C loss if land use has changed
from forest
On-farm
operations (e.g. | Energy (fuel) consumption Electricity generation
milking)
Additional Energy consumption .
: e Energy water and raw material
services e.g Eco-toxicity effects :
. el . consumption
medical Antibiotic resistance
Water stress - .
Irrigation Salinisation Electricity generation (and

Energy consumption

associated impacts)

Agrochemical
application

Ecotoxicity effects
Biodiversity loss

Manufacturing and transport
energy
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Table 1.5. Activities in arable and horticultural production and associated direct and indirect
environmental pressures

Service/Activity

Main environmental pressures

Direct

Indirect

Tillage/ploughing

Soil C and N loss

Erosion

Potential watesedimentation
GHG emission

Fuel supply chains
Machinery manufacture

NH; emissions
N,O emissions

Manufacturing and transport

Fertl_llser Nutrient losses to water energy, NH, N,O emissions
application - ) _

Biodiversity loss Resource épletion

Heavy metal accumulation

Energy (fuel) consumption .
Transport GHG emissions Manufacturing and transport

NOx and SOx emissions

energy (and associated impacts

Machinery Use
(e.g. harvesting)

Energy consumption, air emissions,

Electricity generation
Machinery production

Irrigation

Water stress
Salinisation

Nutrient losses
Energy consumption

Electricity generation (and
associated impacts)

Agrochemical

Ecotoxicity effects

Manufacturing and transport

application Biodiversity loss energy
Seedling Disposal of pat Extraction of peat
propagation Energy consumption Electricity generation

Crop protection
(plastic/glass)

Disposal of plastic
Biodiversity threat

Manufacturing and transport
energy
Resource depletion
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Table 1.6. Environmental aspects associated the production of various commaodities, and estimated environmental relevance

Enteric . Feed Manure . Synthetic Agro-chem Co
fermentation ClEeing production management Uilgge fertilisers application Jidgreition

Dairy +++ ++ +++ +++ (++) ++ ++ (++)
Beef +++ +++ ++ ++ (++) ++ + (+)
Sheep ++ T4+ + + (+) + ++
Pigs + +++ +++ (+++) (++4) +++ (++)
Poultry +++ (+++) (+++) +++ (++)
Wheat Ryt e+ e+ ++
Barley +++ +++ +++ ++
Maize +++ +++ ++ ++
OSR +++ ++ ++ ++
Sugar beet 4+ ++ ++ +++
Potatoes +++ ++ +++ +++
Vegetables 4+ ++ +++ +++
Fruit ++ ++ +++ +++

Estimated direct environmental relevance: + to +++; estimated indirect environmental relevance (+) to (+++)
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1.2.3 Environmental burdens

It is convenient to take a life cycle assessment (LCA) perspective and categorise various
environmental pressures/impacts arising from agricultural production as environmental burdens
defined according to various life cycle impact assessment (LCIA) dkasation methdologies.

Within the EU25, food and drink production, dominated by agriculture, makes large contributions to
aggregate environmental burdens, particularly eutrophication (57%), ecotoxicity (31%), acidification
(30%) and climate change (29%Jigure 1.11). Environmental burdens of production and
consumption calculated in EC (2006) were further disaggregated according to NACE code product
categories(Figure 1.12). This shows that meat and dairy products are the most environmentally
burdensome products produced and consumed within the EU, from a lifecycle perspective.

60
O Abiotic depletion B Acidification
50 4 B Ecotoxicity m Eutrophication
O Global warming OHuman toxicity
A0 oo T @Ozene-ayer depletion W Photo-chemical oxidation ~

= = Percentage of EU25

Contribution to total EU25 impact (%)
=]
|

20 +
10
0 4
Food and alcoholic Furnishings, household Clothing and footware
beverages equipment, househaold

maintenance®

Source:Based on data from EC (2006)

Figure 1.11. The contribution of the production and consumption of three broad product groupings to
eight major environmental burdens within the EU25
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Figure 1.12. The relative contribution of NACE-classified product categories towards eight major
environmental burdens in the EU25
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In a subsequent study commissioned by the JRC and reported in 2008 (JRC, 2008), the environmental
impact of meatad dairy production was quantified as 24% of the total impact of final consumption in
the E27. The relative contribution of meat and dairy production to discreet environmental burdens is
displayed inFigure 1.13. The contributionof different processes to environmental burdens of meat

and dairy production are displayedrigurel.14.
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Ecotoxicity. femesinal
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Global wanmung
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Mineral extraction

Mature DI’.EllFIRrID.H

Non-renewable energy

Ozome layer depletion

Photochemical ozone, vegetation

Respiratory inorganics

60% TO%  BO%% Q0% 100%

Fespiralory Orgamics

Source:EC (2008)
Figure 1.13. Contribution of meat and dairy products to the environmental burdens of final consumption
in the EU27
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Figure 1.14. Contribution of different processes to lifecycle environmental burdens of na and dairy
products in the EU27
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Climate change
Agriculture is globally one of the main drivers of environmental pollution and a major contributor to

greenhouse gas (GHG) emissions causing climate change (FAO, 2006; Johnson et al., 2007). The
United Natons Food and Agriculture Organisation (FAO) has calculated that, globally, agriculture
generates 30% of total mamade emissions of greenhouse gases, including half of methange (CH
emissions and more than half of the emissions of nitrous oxigl®)(Nable 1.7 displays the major
agricultural sources of GHG emissions globally, according to Bellarby et al. (2008).

Table 1.7. Major sources of GHG emissions within the agcultural sector

Source Emissions (Mt/yr CO; eq.)
Soil N;O emissions (soil fertilisation) 2128

Enteric fermentation 1792

Biomass burning (e.g. forest clearing) 672

Rice production, largely methane emissions fftmaded 616

rice paddy soils

Manure maagement 413

Fertiliser manufacture 410

Source:Bellarby et al. (2008)

In the EU27, the agriculturakector was reported to account for 9.6% of the total greenhouse gas
(GHG) emissions in 2008, emitting 471 million tonnes of,@QuivalentgEurostat,2010). The vast
majority of these emissions were reported to arise from one of three sources; soils, enteric
fermentation and manure management; with soils responsible for 49% of the emissions at 226 million
tonnes CQeq. per yearHigure1.15).

Other, 1%

Manure
management, 19%
Agricultural soils,
49%

6000

5000

4000

3000

Mt CO2 eq./yr

Total Emission

2000

1000

EU-27 Emissions

NB: data from 2007
Source:Eurostat (2010)

Figure 1.15. The contribution of agriculture towards EU GHG emissions, and the breakdown of emissions
within the agricultura | sector (inset)

Contrary to the majority of economic sectors where carbon dioxide is the principal greenhouse gas
emitted, GHG emissions from the agricultural sector are largely composed of nitrous oxije (N
(56.3 %) and methane (43.7 %) (IPCC, 200Audtian et al., 2004; Eurostat, 2011). Methane
emissions are produced during the decomposition of organic material under -oeydeted
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conditions, and originate largely from enteric fermentation by ruminant livestock, from stored manure
and from rice culvation under flooded conditions..®, a GHG that is 298 times stronger than,CO

at the 106year time horizon, originates within agriculture largely from the application of nitrogen (N)
fertilizers (mineral and organic) to soils. Following the applicatidnN, microbially mediated
nitrification and denitrification reactions occur in the soil, leading to the formation ,6f. N
Agricultural emissions represent about 60% of global anthropogefiehhissions, and were seen to
increase by 17% from 1990 to 2088d further projected to increase by&®B% up to 2030 (Smith et

al., 2007). Although C@emission is not a major direct aspect of agricultural production, though it
does arise from fuel combustion to power mechanised field operations, it is an imputieeut
aspect arising from the production of inputs such as fertilisers and extensive transportation of
agricultural produce (Bellarby et al., 200&jigure 1.16displays major environmentally relevant
emissions arising from agricultural processes. No& ammonia (NkE) and nitrate (N© emissions

not only contribute to acidification and eutrophication, respectively, but are also precursg@®@ to N
and thus important indirect GHGs.

(MH ), N,O, CH,

CH,
&
Livestock : _I ; Animal " Manure
Feed Livestock housing storage
s . {NH3)
Fertiliser Soil — N0
Manure l
(NOy)

Source:Eurostat (2014)
Figure 1.16. Major environmentally relevant emissions from the agricultural sector

The livestock sector alone accountsdpproximately 10% of European GHG emissions (PBL, 2011)

and 18% of global GHG emissions (IPCC, 20BA0O, 2006). However, withinhe livestock sector if

the emissions from the transport of livestock and feed are included, the sector is estimated to account
for nearly 80% of the agricultural sectors emissi@eef and dairy enterprises account for more than
70% of livestock GHG emigans, the majority of which arise from enteric fermentation. Pig
production accounts for around 18% and poultry just 4% (with low digestive emissions and relatively
high feed conversion ratedjigure1.17) (PBL, 2011).

Considering bothdirect and indirect emissions from the agricultural sector, including those from

i mported food, over 30% of the European Unionos
drink sector (ESTO, 2005). Indirect emissions arisenfiprocesses including freezing and cooling,
requiring large amounts of electricity for machinery, fans, pumps and cooling units in addition to
giving rise to the leakage of refrigerant gases such as HCFCs with high global warming potentials
(GWPs). Heatip pr ocesses however account for the domi
requirements, comprising high temperature processing such as boiling, drying, pasteurisation and
evaporation. In the UK, the transportation of food is reported to accounmdoguarter of all heavy

goods vehicle miles, with the average number of miles that UK food travels reported to have doubled
over 30 years (DEFRA, 2005).
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Figure 1.17. Greenhouse gasmissions per sector in the EU27 (reference ye&005

Eutrophication, Water Quality and Acidification

In addition to the contribution towards climate change, agriculture contributes to a range of other
environmental burdens. For example, in 2000 in the &diticultural sources accounted for 12.5% of
substantiated air and water pollution incidents, representing 27% of the Category 1 (the most serious)
and Category 2 incidents. The distribution of water, land and air pollution incidents by agricultural
sourcein the UK in the 2000 is shown Figurel.18.
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Figure 1.18. Substantiated agricultural pollution incidents by source in 2000

Eutrophication is the main drivef water quality deterioration globally and is caused largely by the
addition of fertilisers and animal waste to agricultural land mostly in the form of N and phosphorus (P)
compounds. Crops and animals however, are often unable to absorb all the expertsadrid the N
output/input efficiency of European agriculture is only 19%, and the rest of the nitrogen is lost into
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ground, inland, coastalwaters via leaching and runoff from agricultural soils (\hter, 2009;

PBL, 2011). The subsequent nutrientiemment of water bodies stimulates algal blooms resulting in
plant death and decay through oxygen depletion, therefore reducing aquatic biodiversity and
ecosystem functioning={gure 1.19). Water quality can furthhebe impacted through the addition of
animal waste and toxic faecal coliforms that may contaminate water runoff from livestock facilities
and enter water systems, becoming a potential threat to public health and biodiversity, as well as
requiring considetae financial resources to treat. The financial impact on farmers of nutrient losses
in the UK is reported to be around £500 million (600 million EUR) a year through fertiliser losses,
whilst around £200 million (240 million EUR) per year is estimatededsjpent by the UK water
industry treating agriculturaligerived pollution (EA, 2008).

The FAO (2006) estimatiethat livestock agriculture is responsible for a third of N and P losses to
freshwaters globally. The sector is subject to restrictions ordNPanputs in some areas, in particular
through EU member state implementation tbhe Nitrates Directive (91/676/EEC) and Water
Framework Directive (2000/60/EC).

The Ecosystem Degradation of a Pond
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Source:UN-Water 2009
Figure 1.19. The eutophication process and associated environmental effects

Water contamination by nitrates is one of the main problems associated with agricultural activities,
largely attributable to their high solubility and rapid migration into groundwater throughoseil of

the major causes of eutrophication is consequently the excessive addition of Nitrogen to agricultural
soil. In the EU27, 11.4 Mt N were applied to agricultral soils in 2004, increasing by 6% to 12.1 Mt N

in 2007 (EC, 2010).

It is estimated that P@ of N entering inland surface waters in the EU is from agricultural sources
(EA, 2002) whilst the relativecontribution of agricultural sources to N loading to surface water is
greater than 50% in most members states of the2 EUNithin the EWU27, 15% & groundwater
monitoring stations have been reported as having nitrate levels over 50mg of nitrates pielitre (
upper trigger value set in the Nitrates Directive), 6% were in the range&df A/l and 13% were in

the range 2810mg/l. Approximately 66%vere reported to fall under the 25mg/l mark. Malta and
Germany have the highest rates of groundwater
water monitoring sites registering nitrate levels of over 50mg/l, followed by 50% of sites in Germany.
Within both countries, less than 10% of monitoring sites registered levels below 25rggank (

1.20) The proportion of fresh surface water monitoring stations measuring 50mg/ml was also highest
in Malta (43%), followed by Belgium (10%) and the United Kdogh (7%) within EuropgEC,

2010). However, stimulated by national and European policies, farmers have been reported to have
significantly reduced fertiliser use and nitrogen losses over the last 20 years (PBL, 2011).
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Figure 1.20. Frequency diagram of groundwater classes within each MS, showing the percentage of
sampling points where nitrate concentrations were: (i) below 25 mg/l; (ii) between 25 and
40 mg/l; (iii) between 40 and 50 mg/I(iv) above 50 mg/I

Phosphorus, an essential element for plant growth, is the main cause of eutrophication and of water
quality deterioration. Even a low phosphorus concentration (some tens of pg/l) in fresh water can
representsignificant pollution. Phgshous loading to waters is reported to arise mainly from
industrial and domestic wastewater discharges. In the UK, the agricultural sector has been reported to
be resposible for 40% of total phosphas loading to freshwaters (DEFRA, 2006).

A further impact to water courses is that of acidification, caused by emissions of ammonjaafidtH
oxides of sulphur (S and N (NQ) to air, reacting with water in the atmosphere to form acidic
compounds that become deposited upon, and subsequently damage, festhiateand aquatic
ecosystems. Agriculture is the main source of;hhissions, accounting for 94% of EuropeansNH
emissions (EEA, 2012a). The livestock sector dominateg éfilssions, which arise mainly from
volatilisation of ammonical N contained in maes, during storage, and after excretion or application
on fields. Globally 64% of NElemissions are reported to arise from livestock production, whereas in
Europe the figure rises to 80%. The remaining2@& of NH; emissions in Europis estimated to
result from the volatilisation of ammonia from nitrogenous fertilisers and from fertilised ¢t8@Q% (
2009.

Biodiversity

The interactions between biodiversity and agriculture are complex, as agricultural practises can both
provide an essential habitatr a variety of species, as well as cause the depletion of natural resources
upon which many species rely. Agriculture is at the origin of many ecosystems with high biodiversity
and contributes to the maintenance of a diversity of species and a largeogkrine preservation of
biodiversity (as well as other natural resources) and sustainable agricultural activity are inextricably
linked as agriculture relies on healthy ecosystems for a variety of ecosystem services such as pest
removal and pollinationOne of the best known examples of habitat creation for biodiversity within
agriculture is the use of sematural grasslands, but also traditional irrigation systems and water
reservoirs are the origin of diverse and complex landscapes able to suppaetyaof wildlife.
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The loss of biodiversity occurs as a consequence of multiple environmental pressures, including
climate change (especially if this occurs at a faster rate than species can migrate, and in combination
with habitat fragmentation that ks migration pathways in response to climate change),
acidification, eutrophication, ecotoxicity, water stress and soil degradation. However, one of the major
directcauses of biodiversity loss attributable to agriculture is land clearing for agricexpahsion

T specifically, the removal of natural or sendtural vegetation withligh NatureValue (HNV).

In Europe, past productidinked subsidies offered to farmers under the Common Agricultural Policy
(CAP) encouraged overproduction and have belamdxd for biodiversity loss through habitat
destruction and over intensification (Henle et al., 2008). Diverse natural habitats have been converted
into simplified monocultures of cropland or intensively grazed pastures, replacing systems rich in
diversity with a largely fragmented landscape, often acting as barriers to some vulnerable and rare
speciegGroombridge & Jenkins, 2002). Intensive use of external outputs such as agrochemicals and
fertilisers, intensive grazing regimes, crop rotations and ssoallk habitat removal, lead to further
detrimental impacts on natural resources and subsequently cause a reduction in Avitdlifert by

Kleijn et al. (2009), demonstrates a strong inverse relationship between N application rate and species
richness on asslands and arable fields, such that species richness declined exponentially with
increasing N application.

Following the MidTerm review of the CAP in 2003, the emphasis on production shifted to regulatory
compliance and better environmental practidéswever in order to meet the rising demand for
animal products, the egoing shift from traditional extensive and mixed farming, to industrial and
intensive farming systems is likely to contin(@ouwman et al., 2011, Galloway et al., 2007).
Therefore thehallenge in Europe will be too protect low productivity and extensive agricultural land
uses associated with HNV in order to maintain vital habitat for biodiveidémple et al., 2008).

Despite its crucial role in feeding the world population, agnireltremains the largest driver of
genetic erosion, species loss and conversion of natural habaterding to the IUCN data,
agriculture is a major cause of global species endangerment, and those groups which are most affected
include amphibians and bis Figure1.21). An estimated 4,000 assessed plant and animal species are
thought to be threatened by agricultural intensification (IUCN, 2008). In the EU, a 48% decline has
been recorded in common farmland birdger the last 26 years trend not shared by bird
assemblages of othéabitats over the same period. Agricultural intensification, such as the loss of
crop diversity, destruction of grasslands and hedgerows, and excessive use of pesticides and
fertilizers, has been widely recognised as one of the main driving forces behind this dramatic decline
of common farmland birdsA 60% decline has also been seen in grassland butterflies since 1990
(Figure1.22) and only arestimated 3% of key species and 7% of habitats that are reliant on agriculture
are currently reported to be in favourable conservation qtaii, 2010a).
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N.B.. Data are from the World Conservation Union (IUCN) Red List da&l

(http://www.iucnredlist.org/search/searbhsic). Least concern (LC) species were excluded from the ane

IUCN threat codes used to assess agricultural threats were 1.1, 6.2.1, 6.3.1, and 6.3.7.

Figure 1.21. The percentage of redisted species threatened by agriculture in a range of biodiversity
groups.
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Grassland butterflies — population index (1990 = 100)
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Figure 1.22. Declines in European biodiversity; bird populations (above) and grassland butterfly
populations (below) between 1990 and 2006.

5 &
® & &
S S S

In the UK, the agricultureelated decline in biodiversity has included a 67% decline in 333 farmland
speciegbroadleaved plants, butterflies, bumblebees, birdsvaardmals) between 1984 and 1990 due

to agricultural practices, and a decline in woodland and farmland bird populations of 14% and 47%
respectively (UK National Ecosystem Assessment, 2 igjure 1.23 displays the ariety of direct

and indirect impacts that agricultural practices place on farmland bird populations. Arrows indicate
known routes by which farming practices (green boxes) indirectly falagkboxes) or directly (light

blue boxes) affect farmland bird degraphy (yellow boxes), and therefore local population dynamics
(orange boxes) and finally total population size (red box). The goal of manipulating farming practice
is to impact on population size. Rather than identifying key routes through this weanigedh a
piecemeal fashion (e.g. insecticide usage), Benton et al. (2003) suggest that management designed to
increase habitat heterogeneity is likely to benefit the organisms in swedy aas to meet the
management goals. For example the rate at wiiehbirds will feed is determined both by the
amount of food (abundance) and its accessibility (access) within the habitat, which can both be
enhanced through increased heterogeneity.
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Figure 1.23. The interacting nature of farming practices and some of the routes by which practices impact
on farmland birds

Due to the concentration of biodiversity in tropical regions, with around half the global species
thoudht to reside in tropical forests, these areas are now the focus point for biodivessitgnid
protection programmeslivestock agriculture is thought to be a major direct driver of their
destruction, as 70% of previously forested land in the Amazonvisused for pasture agriculture
(FAO, 2006, whilst European livestock agriculture contributes indirectly to their destruction through
feed production. It is estimated that the expansion of livestock production (pasture and feed) is
responsible for the lossf 3 million hectares per year (20@010 average) in Latin America,
accounting for over 80% of deforestation in that region (timber production being another significant
driver). Not only does this have a drastic impact on biodiversity, but land conveisither
contributes towards climate change through the release of carbon to the atmosphere from biomass and
soils.

Another important driver of biodiversity loss within European agricultural systems is the use of plant
protection products. The use of sleeproducts can provide economic and-eif@iency benefits to

the sector through crop protection and by enabling a reduction in tillage cultivation, thus reducing soll
erosion. However, both terrestrial and aquatic biodiversity losses can be incueeidlBsthrough
uncontrolled use of plant protection products, where excessive quantities are released into the wider
environment via spray drift, leaching or roff, therefore contaminating ndarget organisms either
directly or through agricultural #s, groundwater, rivers, lakes and the food chain.

Land Occupation

Land is a vital limited resource central to agricultural production. Agriculture covers arots@d«0

of the global land surface and around 47% (184 million ha) of the European ltace DG AGRI,

2012). Increasing demand for food has therefore led to a concurrent increase in the requirements for
agricultural land, despite significant increase in areal yields. AccordifgA@ statistics, between
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1961 and 2007 global cultivated lanaa increased by around 13% from 1,370 million ha to 1,559
million ha and permanent meadows and pastures increased by almost 10% throughout the same
period.Figurel.24 displays land cover classes and their locetiwithin the EU.
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Figure 1.24. European land cover classes identified through satellite imagery

The appropriate and sustainable management of land through agricultineveaa posive effect on

land quality, protecting and enhancing the ecosystem services that land provides to society. In good
condition, land managed for agriculture can enhance biodiversity, help to prevent flooding and
landslides, and act as an important carbok @owyer et al. 2009).However, the degradation of

land through agricultural practices is common both across Europe and the globe, as a consequence of
physical, chemical and biological shifts driven by environmental, social and economic pressures. A
global assessment of land degradation due to agricultural activities estimated that about
12,400,00kn?, has been degraded, mainly as a consequence of erosion, nutrient loss, salinisation
(improper irrigation and drainage practices) and physical compacBonh €t al., 2000). As a
consequence of land degradation and subsequent reductions in productivity, as well as the economic
viability of farming, aroundne quarter to one third of cultivated land globally is estimated to have
been abandoned (Campbetlal, 2008).

Land use within agriculture directly supports the production of crops for human consumption;
however,almost 80% of all agricultural land is dedicated to the production of livestock, either through
feed production or as grazing land (FAO, 200®)e dairy sector utilises the largest quantity of land
within the EU, using over 50 million hectares, almost as much as the total required to grow crops for
human consumption (~55 million hdjigure1.25). Togeher beef and dairy production utilise around

87 million hectares, around 53 million of which is grassland, not including temporary grasslands
(PBL, 2011). In comparison to for example rice or potatoes the land use efficiency for the livestock
sector is exemely inefficient. One hectare of land is able to produce rice or potatoes2@rgebple
perannumhowever this same area will only produce enough lamb or beef for only one or two people
(Fox, 2013)
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Figure 1.25. Land use per agricultural sector,reference year:2005

The production of animal products is increasing globally, and has almost doubled between 1980 and
2004 (FAO, 2005). The upward trend is further expected to continee gie projected doubling of

meat demand by 2050-A0, 200§. The projected rise in demand is attributed to increases in
population and an increase in affluence in many countries. The expected rise in demand for meat
products is anticipated to increaseiagtural land requirements by as much as-200 million ha
globally (Fischer et al., 2008)n the EU, the livestock sector uses around 500 million tonnes of
animal feed, around 40% of which is grass (expressed as dry matter), 28% is cereals and the rest
consists of a range of products. Around 60% of the total cereal production in the EU is used within
animal feed, whilst the dairy sector alone uses 220 million tonnes annually. As well as using land
within Europe, the requirement for cheap feed has lebdeamportation of around 35 million tonnes

of soybean meal equivalents, mainly from Brazil and Argentina, thus driving associated land
conversion and deforestation in these areas (PBL, 2011).

Water Use

The agricultural sector is the single largest usiefreshwater resources, accounting for a global
average of 70% of total anthropogenic water consumption and 93% of water depletion wolilidwide.
Europe, on average 44% of total water abstraction is used for agriculture, totalling about 247,000
million m3jyear €C, 2012).The i rrigation of cCrops accounts
althoughthis share varies markedly across regions. From a total of 332 regions within the EU, the 41
regions with the highest recorded water use for agricultural purgoges500million m*year) are
located in southern Europe. In the South, irrigation accounts for over 60% of water use in most
countries, reaching up to 80% in Spain, whilst in Northern Member States the share ranges from
almost zero in a few countries tiver 30% in others. Water demand for irrigation is relatively
insignificant in Ireland, Finland, Sweden, Luxembourg and Denmark, of increasingly regional
importance in the UK, Belgium, the Netherlands, Germany, Austria and France, and nationally
significart in Portugal, Spain, Italy and Greefastitute for European Environmental Policy, 2000;

EC, 2002).

Irrigation enables greater agricultural production than would be possible with rainfed agriculture
alone. The additional food production obtained wittigation is essential for food security on a
global level, and on a national level for some countries. However, some methods of irrigation such as
boon irrigation, lead to high evaporative losses especially in hot climates where water is more likely
to bescarce.The area of irrigated land has multiplied nearly fivefold over the last century, and in
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2003 reached 277 million hectares (FAO, 200@irner et al. (2004) estimated that 3,000 litres a day

are required in order to grow sufficient food for the yailtake of one person. The environmental
impacts, however, of the irrigation of crops include water stress, water pollution, damage to habitats
through the extraction of water, increased soil erosionttadalinisation of soils and ground water
sourceqInstitute for European Environmental Policy, 2000). Vanham et al. (2013) calculate that the
average EU28 diet has a water footprint (green plus blue components) of 3871 L per person per day;
although the blue (extracted water) component is 299 L peompgrer day (includes a minor
contribution from norfood agricultural products). Of the total average EU28 water footprint, 37% is
attributable to the production of crop products and 46% to the production of animal products.

Vanham and Bidoglio (2013) qutfied the blue water extracted by different countries within the EU
(Figure1.26) and for different crop type&igurel1.27). It is striking that Spain and Italy betwettrem
account for 67% of blue water extraction for irrigation, with Greece and Portugal accounting for a
further 22%. Mediterranean countries therefore clearly dominate the water footprint of European
agricultural production.

Other

Source:Data from Vanhan& Bidoglio (2013)
Figure 1.26. Blue water withdrawal for irrigation across the EU28 by country

Across the major crop types, maize and olives are responsible for the largest sharesvatdslue
extractionfor irrigation in the EU 28 (20% and 12% of total irrigation water, respecti(€igure

1.27). Cotton, rice, grapes$odder crops, sunflowers, oats, potatoes, sugar beet, wheat, barley oranges

and peaches also k& significant, though lesser, contributions. Presumably tomatoes and
strawberries are significant contributors to the
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Source:Data from Vanham & Bidoglio (2013)

Figure 1.27. Blue water withdrawal for irrigation across the EU28 by crop type

In addition to direct use for crop irrigation in the arable and horticulturateators, large quantities

of water consumption can be attributed to the livestockssalor. The four maipurposes of direct

water consumption within the livestock sector include drinking water for livestock, washing,
processing and disease contréiglire 1.28). However, the vast majority of water consumed by the
livestock sector is consumed indirectly for livestock feed production, currently utilising over 8% of
the global water usage and accounting for 15% of all irrigated water, with levels projected to increase
by 50% by 2025The water footprint of UK milk prodtion has been estimated at 67 L per L milk
(FAO, 2006).
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Figure 1.28. Water use pathways within the livestock sector
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The major impact from increasing water use wittlie agricultural sector is that of water stress on

valuable water resources. As a direct consequence of the expected increase in the livestock sectors
demand for water, Rosegrant et al. (2002) projec
in waterstressed basins (against the 38% currently estimatgglre 1.29 displays the projected

increase in water consumption by sector, displaying that in comparison to irrigation the direct water
consumption ¥ livestock is relatively small. However the rapid increase in livestock production
expected, particularly in developing countries, means that livestock water demand is projected to
increase by 71% between 1995 and 2025 in comparison to the projected th@2téveloped world.

2,500 — M Domestic Livestock
M Industrial Irrigation
2,000 +
g
£ 1,500 +
£
b,
Z 1,000 1
M
S 500
= A4
0 N
1995 2025 1995 | 2025
Developed Developing World
countries countries

Source:Rosegrant et al. (2002)
Figure 1.29. Water consumption by agricultural sector, 1995 and projected levels for 2025

Soil Erosion and Degradation

Soil erosion is an environmtal impact which has led to one of the major and most widespread forms
of land degradation. The erosion of sail is estimated to affect about 17% of the total land area in
Europe, affecting around 27 million ha in the Bbldemanet al, 1991).Soil erosim is most serious

in central Europe, the Caucasus dimel Mediterranean region, where-B0 % of agricultural land is

at moderate to high risk of erosion (UNECE, 2001).

The process of soil erosion is gradual, occurring when the impact of water or wanthetetand
removes soil particles, causing the soil to deteriorate and therefore reducing the performance and
productivity of the land and ecosystem. In Europe, the major cause of erosion is by water (around
92% of the affected are@tEA, 2002). A reportdr the Council of Europe, using revised GLASOD

data (data compiled in cooperation with soil scientists throughout the world) provides an overview of
the area affected by soil erosion in Europe. Some of the findings are shdailéi.8 (Oldeman et

al., 1991). Soil erosion is a natural process; however agricultural practices are able to significantly
accelerate the natural rate of soil erosion. The removal of trees and vegetation for the extension of
agricultural bnd and overgrazing, as well as tillage practices are able to leave soil exposed to natural
elements such as wind and water therefore leading to the erosion of topsoil. An estimated 75 billion
tonnesof fertile topsoil is lost worldwide from agriculturaysems every year, and with such
substantial losses arises theawstainable use of an important natural resource. The formation of soil

is slow (106400 years/cm of topsoil); therefore asgil loss of more thad tonne/halyear cabe
considered as irrevsible within a timespan of 50100 years Rimentel et al., 1976, EEA 1999n

parts of the Mediterranean region, erosion has reached a stage of irreversibility and in some places
erosion has practically ceased because there is no more soil left.

Topsoil contains most of the soils nutrients as well as pesticides and further agricultural pollutants;
therefore its passage into waterways is able to lead to both silting and water pollution therefore
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impacting biodiversity and disrupting the ecosystem. Fumiteer e ,

due

to the

topsoi

is an onsite loss of agricultural potential, reducing both the fertility and productivity of the remaining
soil. This often leads to the increasing reliance of farmers on the addition of fertilisers and soil
amendrents in order to compensate for potential yield losses through unproductive soil qualities.
Such a loss in agricultural potential is therefore able to have a large impact on the economic potential
of the land and annual financial losses in agriculturahsai@ Europe are estimated at around 53
EUR/ha, whereas the costs of indirect effects on for example public infrastructures such as road
damage and siltation of dams reaches 32 EURBlaacfaTorreset al, 2001).

Table 1.8. Human-induced soil Erosion in Europe (Million ha)

gﬁgg%,\' Light Moderate Strong Extreme Total
Loss of topsoil 18.9 64.7 9.2 - 92.8
UeiiEn 25 16.3 0.6 2.4 21.8
Deformation

Total 21.4 81.0 9.8 2.4 114.5 (52.3%)
WIND

EROSION

Loss of topsoil 3.2 38.2 - 0.7 42.2
Total 3.2 38.2 - 0.7 42.2 (19.3%)

Includes European part of the former Soviet Union
Source:Oldeman et al. (1991)

The compaction of soil is further a major threat to agricultural productivity as well as enhameing ru

off and therefore enhancing the process of soil erodi®A, 1995a). The compaction of soil can
occur through overstocking areas of agricultural land as well as the repetitive use of heavy machinery,
causing the compression of soil particles and thezefdowing infiltration rates and enhancing
surface runoff. Compaction is further able to alter the quantity and quality of biochemical and
microbial activity in the soil. Whilst compaction of top soil can be relatively easily countered by re
working the sil, the deep compaction of subsoil is persistent and cannot be easily reversed (EEA,
1995b). In Central and Eastern Europe, soil compaction has affected over 62 million ha or 11% of the
total land areas in the surveyed countriggire1.30.).

Resource depletion

Aside from water and land depletion through agriculture further important resources are also used in

order

t o

produce

suf fi

cient

guantities

of

f ood.

antibiotic production is used for farm animals due to the stressful and often crowded livestock living
conditions within factory farms encouraging the prevalence of infectious disease. However, in the EU
treatment with antibiotics is not only provided ¢are disease but it is also common for pigs and
poultry to be fed antibiotics with their feed and water in order to suppress likely infections. Not only
using up valuable resources in the production of antibiotics, this use also creates a risk of bacterial
resistance to a variety of antibiotics, ensuring their lowered potential for use in human medicine
(CIWF, 2011).
Phosphoruss essential within agriculture, providing an irreplaceable growth nutrient to crops.
Approximately 90% of all phosphate demandaisfood production, primarily for the production of
agricultural fertiliser (82%) and a smaller fraction for animal feed additions (7%) and food additives
(1-2%). The remaining 9% goes to industrial uses such as detergents and metal treatment and other
industrial applications (Figure 1.31). The source of phosphate from which fertilisers are produced
however, are from finite sources of phosphate rich ro@urrent proven reserves equate to less than

100

year so

supply at

C u son @008) estirsate thatantthe 9, 3.69Ri c har

Mt P is added to agricultural soils, of which 1.32 Mt P are from mineral fertilisers and 2.06 Mt P are
from manures. Levels gfhosphorusise are further expected to rise due to increasing demands for
food prodution. According to Rosegrant et al. (2001) an additional 650 Mt of cereals will be
produced in 2020, most of which is likely to be used in cattle feed, requiring an additional input of a
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minimum of 1.95 Mt/a of P to compensate for gi@sphorusemoved fom fields with the harvested
cereals (assuming a P content of 0.3%). This additigmadphoruss equivalent to more than 10% of
the current world use of fertilisphosphorugSchroder et al., 2009).

Soil compaction
Severity light

I severity moderate

B severity strong
Me compaction
reported

[ Ne data
Outside data
coverage

~ ]
Source EEA, (2012
Figure 1.30. The degree and extent of soil compaction in Europe
3%
@ Fertilizers

EARimal Fead
O Industrial P

o P4 derivatives

Figure 1.31. Breakdown of phosphorusend uses, indicating the large use for fertilisers

Energyis an essential resource across the entire food produntide, with estimates showing an
average of 710 calories of input being required in the production of one calorie of food, most of
which comes from the utilisation of fossil fuels. This varieanatically depending on crop, from
three calories for plant crops to 35 calories in the production of beef.
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The agricultural sector currently relies heavily on N fertilisers and pesticides in order to produce
sufficient yields; therefore the energy usedheir production and distribution represents the largest
component of energy use within the sector. The production of these additional inputs requires large
guantities of fossil fuetlerived energy and on a global scale fertiliser manufacturing consiras

35% of the worldbés annual natur al gas supply.
currently require an average of 62 litres of fossil fuels per hectare, a demand expected to further
increase with the expansion of agricultural land dhd use of advanced technologies in the
developing world. The estimated demand for fertiliser is thought to increase 25% by 2030 to 223
million tonnes, sustainable energy sourcing will therefore become an increasingly major issue (FAO,
2002; FAO, 2008; FgxX2013).

124 Environmental Burden Overview

Figure 1.32 provides an overview of the extent to which agriculture contributes towards some of the
major environmental impacts in Europe, based on data derived from Borogeorts. The largest
contribution of the sector is estimated to be towards total soil erosion within Europe (95%) followed
by NH2emissions (94%) and Nitrogen water pollution (65%). The lowest contribution of the sector is
estimated to be towards CO2ui¢eplents (10%) however it must be noted that this figure excludes
indirect emissions from for example fertiliser and pesticide manufacture.

100%
90% Other
80%
70% " Ag
60%
50%
40%
30%
20%
10%
0%
CO2e N water P water Erosion Water
use

Figure 1.32. The major environmentalimpacts of the agricultural sector and their relative importance

Agriculture is just one stage in the life cycle of food production emasumption.Figure 1.33

displays a generic schematic of a food value clgiawing nine stages from agricultural suppliers to
waste management after consumer disposal, with transport occurring between most of these stages.
Although the specific processes occurring within each stage (e.g. enteric fermentation from animal
husbandy) are not shown, the environmentally important inputs and outputs are shown.
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Figure 1.33. A basic systems schematic of the food chain
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2 MAPPING BEST PRACTICE FOR PRODUCT GROUPS AND FARM
TYPES

Best practice mapping

Based on environmental hotspofable 2.1 maps across the most relevant best environmental
management practts (BEMPs) contained in thigportto 12 major farm types. Simplification is
inevitably involved, and farms may include features typical of multiple farm types (mix of intensive
and extensive areas, mixed animal and crop production, etc).

Table 2.1. Priority best practices (BEMPs) described in thigeport for 12 major farm types (dark shading

= high priority; medium shading = medium priority; white = not applicable or low priority)
f=4 Y

it

() 0wl s
o o o o3 >S9
o g > g > o |9 e | o2 | 5 |22 £
B> @a>| 5% | @% @ B~ S| >=| B = |5 5 8
= 2| cs| 20| g @ 28| 2= |52 2| 6 € oW
i o3| 08| g0 | o N 2| g2| 89| T = 0l = o
m = O = O +— M ‘>'<'-Q n = o = O CDQ' OC o T o CDQJ
= i £ n c £o| Sy | S |ao| 35>

X @ T >
L L O3

4.
4.
4.
5.
5.
5.
5.
6.
6.
6.
6.
6.
7.
7.
7.
7.
8.
8.
8.
8.
8.
8.
8.
9.
9.
9.
9.
9.
9.
9.
10.
10.
10.
10.
11.
11.

" Arable best practice may apply to areas of the farm for feed production, or to farms receiving pig and poultry manure in
terms of slurry application
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Particular systems wiin the broad categories above may have particular environmental hotspots that
should be addressed, such as soil erosion for olive production, copper accumulation in soils for
vineyards, etc. Thigeport cannot be exhaustive, but attempts to address th@rnareas of
environmental improvement potential within European agriculture.

Measuring resource efficiency

This chapter provides a brief overview of the environmental burdens arising from production and
consumption of major food and drink product grsuwithin Europe, in order to identify
environmental hotspots and effective improvement options across product groups. In the first instance,
a life cycle assessment (LCA) approach is used, including life cycle impact assessment (LCIA)
indicators to expresenvironmental burden3dble2.2). Note that whilst the CML LCIA method is

one of the most commonly used, in some cases environmental burden data reported from other studies
may be derived using different methdalgies.

Table 2.2. Environmental impact categories, abbreviations, selected characterisation factors and
indicators used in this report based on CML (2010) methodology

Interventions (characterisation factors
Impact category Abbreviation | for indicator loading; kg per kg Indicator
intervention)

- Co(1)

Global warming potential GWP - N0 (298) COe
- CH,(25)

- NO;(1x10Y
- P (3.06)
Eutrophication (RER) EP - NH;(3.5x 10 PO.e
- NO,(1.3x10Y
- N(@4.2x10Y

- NH;(1.6);

Acidification (RER) AP - NO,(5x 10" SOe
- SO(1.2)

- Hard coal (27.91)

Resource depletion (fossil RDP - Soft coal (13.96)
fuels)* - Natural gas (38.84 per’n

- Crude oil (41.87)

MJe
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Abiotic Resource - See CML (20D); e.g. P (5.52 x 1%

depletion (elements)* ARDP e

Eco-toxicity potential ETP - See CML (2010) 1,4DCBe

*RDP and ARDP correlated via CML (2002) equation

Figure 2.1 provides an overview of environmental burdens for major productpgroin terms of
GWP (CO2e), EP (PO4e), ARDP (Sb e) and ecotoxicity and human toxickipClB4).

6.E+11 -
5.E+11 -
o 4.E+11 -
~
S 3.E+11
& 2.E+11 - I
1.E+411 -
0.E+00 - I . . l || || . : [ | : L
< > 5 5 5
0(}' Q“ 4‘2’% & & \{} SO
& S » & F C W&
RS R N I A SR o
X < ®) XX )
& S« & ov & &
<& Q9 & & > N
<
7.E+09 -
6.E+09 -
5.E+09 -
2
8 4.E+09 1
3E+09 -
2.E+09 s
1.E+09 - I
0.E+00 - T |.|-|-| |-|.|-|.|l_\
bo(‘;’ o‘}"’ &0 '\'5‘@ "bogf, S e & fa‘;@ \)(}5, %e‘}f’ Qg\é
FECFFIFEE TN E SO
L Q. N Q& F K@
¢ ,&t\ « & o & Q\‘F &
@ %'31- (JOS{&Q’ C')(.b \:a

Source:Data reported in € (2008), based on EIPRO study results

45|Page



7.E+10 -

6.E+10 -
5.E+10 -
a
o 4.E+10 -
(7]
o 3.E+10 -
2.E+10 -
1.E+10 - I I I
0.E+00 - . . = . .—h—ﬂ
5« > S
ob d ‘E‘r ¥ &L bQ &S c;“h %
\\ RN 2o ) L o3 O \
¢ @ &S

Source:Data reported in € (2008), based on EIPRO study results

Figure 2.1. Environmental burdens of food production and consumption in the EU27, expressed across
major product groups as LCA impact category burdens for: (i) global warming potential
(top); (ii) eutrophication (second down); (iii) abiotic resource depletion (third down); (iv)
human- and eco toxicity (bottom).

The data above relate to entire production and consumption chains, as per the environmental
economic coupling methodology used in the inpuitputanalyses oftte EIPRO study (€, 2008).

For many products, such as meat and dairy products, the agricultural production stage (including
upstream processes such as fertiliser manufacture) accounts for the major share of environmental
burdens. For other products, sushbakery products, processing and cooking may account for a large
share of the environmental burdens.

For the purposes of this report, it is important to provide an overview of the environmental profile,
and contributory stages (ideally processes),Hemhajor food and drink products to:

® provide context for agricultural environmental improvement potential;

(i) direct policy makers towards priority sustainability actions for particular product groups;

(iii) identify the upstream consequences of food waste;

(iv) idenify priority best practices within the agricultural sector.

A DEFRA funded project in assessed the environmental burdens arising from the agricultural
production of some major food products in the UK. The results are summaricziolé?.3.

Table 2.3. Main burdens of animal products per functional unit produced (one tonne dead weight, 2W00
eggs, and 1000 L milk) in the UK, based on national average productionstgms

: Poultry | Sheep :
Impacts & resources used Beef |Pig Meat Meat | Meat Eggs | Milk
Primary energy used, MJ 27,700 | 16,700 | 12,000 |23100| 14100| 2,510
Global warming potential, kg G@ 15,800 6,350 | 4,580 |17400] 5540 | 1,060
Eutrophication potential, kg R® 158 100 49 200 77 6.4
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, Poultry | Shee :

Impacts & resources used Beef |Pig Meat Meaty Meatp Eggs | Milk
Acidification potential, kg S¢& 471 394 173 380 306 16.3
Pesticides used, dose ha 7.1 8.8 7.7 3.0 7.7 0.35
Abiotic resource depletion, kg Sb e. 36 35 30 27 38 2.8
Land use

Grade 2, ha 0.04 0.00 0.00 | 0.05| 0.00 | 0.022

Grade3a, ha 0.79 0.74 0.64 | 0.49 | 0.67 | 0.098

Grade 3b, ha 0.83 0.00 0.00 | 0.48 | 0.00 0.00

Grade 4, ha 0.67 0.00 0.00 | 0.38 | 0.00 0.00
N losses
NOs-N, kg 149 48 30 287 36 7.2
NHs-N, kg 119 97 40 106 79 4
N,O-N, kg 11 6.4 6.3 9.0 7.0 0.71
Source:Williams et al. (2006)

A subsequent DEFRAunded project used LCA to compare the relative environmental burdens of
food products commonly imported to the UK with equivalent products grown in the UK, up to the
point of UK retail distribution centres (DEFRA&008). That report cites Foster et al. (2006) who
defined the concept of fdecological comparative
certain types of products the eceefficiency of production for particular products in particular
countries (e.g. related to climate) outweighs the environmental burden of transport from those
countries to the UK (or other northern European countries). Conclusions from that report included:

T Greenhouse gas emissions per tonne product were not necdssarilyr UK produce than
for imports from the countries considered in the project

i Total pre farm gate carbon footprint was estimated to be smaller for UK production of
potatoes and beef

T Up to the retail distribution centre, total carbon footprint was fesgotatoes, beef and
apples from the UK than imports

1 Carbon footprints for tomatoes and strawberries from Spain, poultry from Brazil and lamb
from New Zealand were smaller than from the same foods produced in the UK despite the
GHG emissions from transgo

The agricultural sector is responsible for a relatively small share of overall energy use, compared with
its contribution to other burdenBi@ure2.2), and a large share of the energy burdens for many food
and drink products are imposed downstream of the farm gate, during storage, transport, processing
and cooking. Othedocuments on best environmental management pramiies the environmental
burdens of food processing and distributiBet{oenberger et a013.

47|Page

a



o (8] w wu )]
|

Percentage of total energy use

mEmw_gxmﬁm}u}ﬁ}-mmmmWﬁEmmm::E
- _— T = e = o = o = —_ = = O = T B T T S
E 352555 5:cc05582535525¥5R2S
cams 3 ES SR EL Py 58S E0EEZEN QT
T 00O gs i« =06 5 = = T o520 = =
@ & e 2 z I = E = £z VK vz
Q O w =

= é u =

(]

0 = = =

“ =)

Source: FAOStat (2013)

Figure 2.2. Agricultural energy use expressed as a percentage of total national energy use across EU
member states

In the sections below, the environmental profiles of anajgricultural commodities and their
derivative products are summarised, along with some proposed priority improvement options. This
chapter provides a framework for BEMP techniques described withirgh@@t Finally, relevant
product standards and agdtural certification schemes are summarised, to provide further guidance
on BEMP implementation for both farmers and farm amhgisand supply chain managers

Ecosystem services assessment

Half of European land area is subject to agricultural managenkxtensive management, such as

low intensity grazing, can maintain particular valued plant and animal species recognised as High
Nature Value (HNV) areas. Thus, extensive livestock agriculture can have a positive effect on the
environment through landape management, although the efficiency of such farming systems may be
low from a resourcefficiency perspective measured using LCA metrics. In addition, many
environmental impacts occur locally or regionally, including eutrophication, biodiversity dois,
degradation, etc. The LCA approach may be of less relevance to such impacts: food production may
become more fAefficientd on a per kg basis whil s
it is important to combine LCA with additional meassirof environmental impact assessment,
especially at the landscape scale. One such approach is the Ecosystem Services Assessment
framework, as proposed by the Millennium Ecosystem Assessment (MEA) report (MA, 2005).

Al ternative fAbest practiceo strategies

Depending on the local context, intensification or extensification could be regarded as best practice.
Livestock production systems can broadly be classified into:

1 grazing systems

T mixed systems

9 fully confined landless/industrial systems.
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Grazing systemtypically have stocking rates less than one or two livestock unit per ha, depending on
grassland productivity. Mixed systems produce multiple outputs and typically import some animal
feed. Industrial systems have stocking rates greater than 10 livesiteler ha and import typically
90-100% of animal feed (TFRN, 2011). Industrial confinement systems can be more resource efficient,
through higher feed conversion ratios and careful management of nutrient flows, but require large
areas of surrounding die land to provide feed. Grazing systems may provide an opportunity to
manage large areas of HNV land.

According to EE (2 OThe reductiain of land use for crop production through intensification of
cereal production is largely considered an autooos)development. If this development should be
furthered, it could be done through regulation or subsidies that stimulate the setting aside of arable
land more permanently. Increasing arable land-a&tle makes the costs of using land for cereal

productcn mor e expensive and c¢ons eThaeauthdarsigy ondotraponu | at e ¢

that countries in eastern Europe such as Poland and Hungary obtain only half the cereal yield per ha
compared with EU15 countries, reflecting smaller inputs of N ataht protection agents,
restructuring of the farms, and similar socioeconomic reasons. The biophysical production potential is
similar in eastern and Western Europe, implying considerable improvement potential.

EC (2008) conclude in favour of an inssfication of arable production but not of cattle and dairy
farming owing to the larger area requirement for feed that the latter intensification would entail, and
also for intensified dairy production a reduced meat output which would require compensating
dedicated meat production with greater environmental burdens. The authors assume that extensive
grazing land area would not be reduced by an intensification of cattle farming, therefore yielding no
benefits in terms of reduced nature occupation. Theyngto suggest it would be environmentally
beneficial to restrict further specialisation in dairy farming, or at least to remove any existing
incentives for such specialisatioBC (2008) assuntkthat the 10 million ha of barley and wheat
grown in eastern Eope, with an average yield of 2.8 t/ha, can be intensified to yield the western
European average of 5.2 t/ha (EU15 less Spain, Portugal, Italy and Greece, where crop yields are
lower). This would reduce the area required to produce one tonne cereal 5dm8to 1 923 M

(EC, 2008). N fertilisation would need to irase from 70 to 130 kg/ha/ydart overall emissions per

tonne grain should reduc@dble 2.4). EC (2008) calculated that the overall effect on Ebeal
production would be a 9% reduction in land use and ammonia emissions with only small changes in
other emissions. They note that intensification may reduce erosion through the increased amount of
crop residues.

Assuming that the N use efficiency afreal production can be held constant whilst cereal yields are
increased through use of higher yielding varieties and higher N inputs, the overall environmental
burdens of producing one tonne of grain can be redukanl€2.4) and land can be spared for other
purposes, including conservation and carbon sequestration.

Table 2.4. Inputs and emissions per tonne grain produced at different intensities (areal yields)

Factor Extensive (2.8 t/halyr) | Intensive (5.2 t/halyr)
Fertiliser-N (kg) 21.46 21.46
Manure-N (kg) 2.93 2.93
Fertiliser-P (kg) 3.90 3.90
Fertiliser-K (kg) 12.68 12.68

Area (ha) 0.24 0.22

NH; (kg) 2.37 2.22

N.O (kg) 1.12 1.10

NO; (kg) 48.54 47.80
Source:EC (2008)
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Regional prioritisation

It is clear from the above that different strategies for global environmental improvement are required
depending on local or regional land, ecosystem and climate characteristics. Different regions will have
differentenvironmental hotspot pressures, such as water stress in Mediterranean areas, eutrophication
and acidification in NW Europe. These may be locally acute owing to the presence of pristine and
sensitive water bodies, HNV habitats, etc. Based on an experiem@diew of European
environmental pressures HamdgR013) proposed the following regionally differentiated priority
topics for environmental improvement in relation to agricultural production:

1 Water quality in NW Europe (good examples of Nitrate ActiongPamme implementation
include Northern Ireland, Ireland, Denmark, Emilia Romagna region of Italy, Catalonia)

1 Water management in southern Europe (poor regulation of abstractionsen&gdnmental
measures will require a 25% reduction in water conmgion in southern European agriculture.

9 Pesticide residues in waters in France owing to poor control and historical high application rates
on vines. Copper toxicity is a problem in soils.

9 Biodiversity everywhere, but especially southern Europe wheree¢he ar e very f ew fina
margins.One of the proposals for CAP reform addresses the issue by introducing an Ecological
Focus Area (7% of all arable land should be dedicated to more natural habitat such as trees, edges,
margins, dedicated crops frdmes (IEEP, 2012).

However, implementing regionally differentiated strategies for environmentally sound farming is
challenging Figure 2.3). Bottomup initiatives driven by farmers and farm consultants have the
patential to overcome some of these challenges (see BEMP 3.1), though obviously will be most
effective when coupled with wetlesigned regulation and incentives within a coherent- agri
environmental policy.
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Source:lEEP (2012)
Figure 2.3. Integration of spatially targeted measures into European agfrenvironmental policy (IEEP,
2012)
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2.1

Dairy production

Figure 2.4 displays the contribution of eight groups of proces®efour environmental burdens for
milk production, up to the farm gate, based on the Bangor University agricultural LCA tool. Results

are displayed for:

1 alarge, intensive farm where cows are indoors for 10 months of the year

1 an averagsized (UK) dairyfarm where cows are grazing for 6 months of the year.

The latter system is more representative of European pdmtaeel dairy farms. The former system is
closer to a typical European intensive dairy farm, although most feed (grass and fodder majze silage

is still grown onfarm, with approximately 2.2 tonnes concentrate feed per milking cow per year
imported to the farm (average yield per cow of 8626 L/yr). The model farms are economically
optimised in terms of feed rations and fertiliser applicationsratsing the FarrAdapt model

more effi

(Gi bbons

use

storage and soil emissions (related to fertiliser and manure applications) dominate climate change,
eutrophication and acidification burdemdgure2.4). Environmental burdens allocated to milk based

et al .,

fconventiona
useful baseline for impr@ment potential associated with BEMP. Enteric fermentation, manure

2006) ,
slurry

| o

SO

may be

ci

s t -plateq mgethod§, sopcanmprovida @ k s )

on the relative energy outputs of milk and animal liveweight (89% of farm burdens allocated to milk)
are summarised ihable2.5.
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Figure 2.4. Contribution of major processes to environmental burdens arising from milk production for
(ALar gemikng-aod (BABverageod)

an efficient 48% milking-c o w

Table 2.5. Environmental burdens allocated per L milk produced on a large and average size dairy farm

COe | POLE | soe | MJe
kg per L milk
Large 0.90 0.0037 0.0076 1.55
Average 1.02 0.0039 0.0066 1.98
Source:Bargor University farm LCA tool
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Very intensive dairy systems are more highly dependent on imported concentrate feed. The
environmental burden associated with imported feed can increase considerably for such farms,
especially if some of that concentrate aylsean meal extract to which indirect land use change is
attributable (e.g. deforestation in Brazil or cultivation of grasslands in Argentina) (Hortenhuber et al.,
2011). This issue is dealt with in section 8.5, where the impact of soy feed is shovatidm el the
intensive farm for which results are displayedFigure2.4.

The Scottish agricultural college (SRUC) have developed Marginal Abatement Cost Curves (MACC)
for livestock GHG abatement options (WallEGKF 2013). The main improvement options were
determined to be:

1 improved genetics (breeding)
9 improved manure management

9 improved nutrient management.

Profitable abatement options for farmers could reduce UK agricultural emissions by 10% by 2020.
Breedirg goals have expanded to include animal welfare, health and environmental considerations in
addition to productivity.

The Task Force on Reactive Nitrogen (TFRN) have produced a guidance document on the prevention
and abatement of ammonia (Hmissionsn agriculture, the latest version of which (TFRN, 2012)

is used to underpin relevant BEMP in this report. Underpinning that document arabisitdment

costs derived from the European GAINS model and detailed in a pubboalilable spreadsheet
(Winiwarter et al., 2011). Data from that spreadsheet are extracted and presented in this section,
including inFigure2.5.

Dairy Cattle (slurry)

60
50

40 |

30

T H,:l
I —

0 — ] | |

Euro/kg NH3-N avoided

1 L.

Low-N Housing Storage- Storage- App.- low App.-high
feed low high

NB: Bars display 28to 75" percentile ranges, whilst lines display absolute range in GA
values calculated across European countries. Excludes potential fertiliser replacement ef

Source:Winiwarter et al. (2011), based on GAINS data

Figure 2.5. Range of European abatement costs for ammamiemissions from dairy systems with liquid
slurry storage
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Various agricultural organisations representing the dairy industry across Europe have developed road
maps for more sustainable production, including e.g. Teagasc in Ireland, DairyCo in the Uky NZO
the Netherlands. Relevant sections will be referred to throughout this report.

Based on the environmental burden sources for dairy production referred to above, the most important
BEMP techniques to reduce the overall burden of milk productioruanearised ifable2.6, below.

Table 2.6. Key BEMP measures to reduce the environmental burden of European dairy production, and

priorities (P) for confinement and gazing based systems

Source Key BEMP measures Section Confine-ment | Grazing
_ Breeding for improved productivity| Section 8.1 P P
Sl : Maintaining animal health Section 8.6 P P
fermentation
Diet (feed conversion ratio) section 8.4, 8.6 P
Manure management in housing | Section 9.1 P
Manure Section 9.3,
storage Storage 9.4,9.5 &
Anaerobic digestion Section 9.2 P
Soil Nutrient Management Plannin| Section 4.1, 5.1 P P
Dietary optimisation of N intake ,
Soil emissions (excre)t/ior?) Section 8.3 P
(air and Precision fertiliser/manure Section 5.3,
water ot P P
burd application 9.6, 9.7
UteEe), Grassclover swords Section 7.3 P P
Efficient slurry application Section 9.6, 9.7 P
Grazing management Section 7.1,7.2 P
Feed . Efficient slage production Section 7.4 P
production
Green procurement of feed Section 8.5 P
o _ Appropriate land use Section 3.1, 3.3 P
Biodiversity Habitat management Section 3.4, 7.4 P
burdens
Local breeds Section 8.1 P
Nutrient use efficiency Section 3.2, 8.4 P P
Resource Soil management ieldfz 33, P P
consumption S. ’t'. 35
ection 3.2,
Energy management 3.5, 0.2 P
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2.2  Beef production

As shownin Table2.3, each kg beef carcass requires 27.7 MJ primary energyanpugives rise to

15.8 kg CQe of GHG emissions and 0.158 kg P®of eutrophying emissions (to air and water).
Subsequent processing and transport, including 25.5 kWh electricity per animal for slaughter and
processing (DEFRA, 2008), accounts for a miebare of lifecycle impact up to the consumption
stage. EBLEX (2009eports that begdrocessing contributes 0.27 kg CO2e per kg meat. The burdens
in Table2.3 are expressed per kg beef after sealible portions gpproximately 50% of the animal
liveweight) is removed, and correspond with burdens expressed per kg liveweight calculated in the
Bangor LCA tool used later in this report to calculate environmental benefits associated with specific
BEMP techniques. Varimimethods may be used to allocate some of the production burden to by
products such as offal and gebd.

Figure 2.6 shows that 41% of the energy burden comes from the production of grass and a similar
amountcomes from the production of various concentrate feeds for beef. Manure represents a
negative energy burden as it replaces fertiliser, but causes significant emissions of GHGs and
acidifying gases, as well as eutrophying substances, during storage eadirgpr

100% - -

. H Other
80%
60% | Manure
40% W Concentrates
20%

W (Grass

D% I T T T

e > e

N 2 e
ﬁé‘ & > & & @:;@
N N &

Source:Derived from data in Williams et al. (2006).

Figure 2.6. Contributions of main contributory sources to environmental burdens of beef production (in
relation to 1 tonne dead weight beef gaass exported from the farm gate)

Cederberg (2013) shows that accounting for (indirect) land use change (LUC) in Brazilian beef
production considerably increases its footprint. Care must be taken that measures to reduce the direct
environmental footprinof beef production do not lead to higher indirect emissions through feed
production or displacement of beef production to other countries, such as Brazil and Argentina, where
such production is more likely to lead to land use change.

Williams et al. (206) compare UK beef production with Brazilian beef production: a major source
location for imported European beef. Although Brazilian production is extensive with low fertiliser
inputs, it is often either based on recently cleared forest and native gdsssta contributes
indirectly to the expansion of agricultural production into those lands.
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Figure 2.7 shows NH abatement costs for various measures aimed at housing, manure storage and
manure application fordef systems from Winiwarter et al. (2011).
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NB: Bars display 28to 75" percentile ranges, whilst lines display absolute range in GAINS vi
calculated across European countries. Excludes potential fertiliser replacement effects.

Source:Winiwarter et al. (2011), based on GAINS data.

Figure 2.7. Range of European abatement costs for ammonia emissions from ndairy cattle systems
with liquid slurry storage

Based on the environmental burden soufoedeef production referred to above, the most important
BEMP techniques to reduce the overall burden of beef production are summanisétei27 below
(very similar to dairy production).

Table 2.7. Key BEMP measures to reduce the environmental burden of European beef production

Source Key BEMP measures Section
Breeding for improved productivity Section 8.1
) ) Maintaining animal health Section 8.6
Enteric fermentation — : : -
Diet (feed conversion ratio) section 7.1 and 8.4
Optimised cull age Section 8.7
Manure management in housing Section 9.1
Manure storage Covered solid manure storage Section 9.5

Liquid slurry storage and anaerobic digestion| Section 9.4, 9.2

Soil Nutrient Management Planning Section 5.1

Dietary optimisation of N intake (excretion) | Section 8.3

Soil emissions (air

Precision fertiliser/manure application Section 5.3
and water burdens)
Grassclover swords Section 7.3
Trailing shoe/banded slurry application Section 9.@and 9.7
Grazing management Section 7.1 and 7.2
Feed production Efficient silage production Section 7.4
Green procurement of feed Section 8.5
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Source Key BEMP measures Section
Appropriate land use Section 3.1, 3.3
Biodiversity burdens | Habitat management Section 3.4, 7.2
Local breeds Section 8.1
Nutrient use efficiency Section 3.2, 8.2
Resource_ Soil management Section 3.3,4.1,4.4
consumption
Energy management Section 3.2, 3.5,9.2

2.3  Sheep production

The overall environmental burdens of sheep production are shoWwabie 2.8, in relation to one

tonne of sheep meat (lamb or mutton) based on typical conventional or organic farm systems in the
UK. As with milk and beef production, most emissions in the vahan occur before thefm gate.
However, electricity required for lamb slaughter and processing, 19.0 kWh/head, is significant
relative to the animal liveweight and makes a small but significant contribution to lifecycle
environmental burdens for lamb (DEFRA, 2008). EBLEX (20€&pored that lamb processing
contributes 0.23 kg C@ per kg meat.

Table 2.8. Environmental burdens and resource use for the production of one tonne of sheep meat by
typical conventional and organic sytems in the UK

Impacts and resources Conventional Organic
Primary energy used, MJ 23,100 18,400
Global warming potential, kg G@ 17,500 10,100
Eutrophication potential, kg R® 195 594
Acidification potential, kg S¢& 368 1511
Pesticides usedpde ha 3.0 0.0
Abiotic resource depletion, kg Sb e 27 19
Land use, ha 1.38 3.12
N losses

NOs-N, kg 282 700
NHs-N, kg 100 618
N,O-N, kg 8.9 13.4
Source:Williams et al. (2006).

Figure2.8 shows the mairsources of GHG emissions from sheep production on dddiliser-input

farm. Compared with beef and milk production, concentrate feed production and soil emissions make
larger relative contributions and manure storage a smaller relative contributiarséegamals are
outdoors most of the year and enteric fermentation makes a smaller contribution.

Sheep production is often extensive, and is therefore associated with management of large areas of
land and associated ecosystem service provisioningpuld be argued that an ecosystem services
approach would be more relevant than an LCA approach to assess the overall environmental
performance of extensive sheep farms, an issue pertinent to-jgsl@ydecisions on land designation

(e.g. section 3.2Ripoll-Bosch et al. (2013) demonstrate how ecosystem services provisioning can be
regarded as a garoduct of lamb production within carbon footprinting, improving the calculated eco
efficiency of extensive sheep systems relative to intensive systems.
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Jmes et al. (2013) shdlisted the following six effective and practical measures to improve the
environmental performance of sheep production, based on consultation with farmers and other expert
stakeholders:

9 include legumes in pasture reseed mix

9 increasdamb growth rates for earlier finishing
9 improve ewe nutrition in late gestation
1 reduce mineral fertiliser use
1 lamb as yearlings
9 select pasture plants bred to minimise dietary nitrogen losses.
Electricity
1.6%
Other Fert & chem
manufacture
1.5%
Bedding
0.4%
Manure storage
2.3%
N.B..i Ot her 0 i ninlewedes bought

Source:Data from Taylor and Edwardslones (2010)

Figure 2.8. Breakdown of the carbon footprint of sheep liveweight from a Welsh sheep farm (total
footprint = 10.1 kg CO,e per kg liveweight)

In terms of the comparative effagicy of sheep production in Europe versus other major producing
countries such as New Zealand, DEFRA (2008) report that the overall burdens of sheep meat
produced in the UK or imported to the UK from New Zealand were similar. New Zealand has a longer
grazng season and lower soil and concentrate feed emissions than the UK (representative of
European sheep production), but transporting the meat by shop leads to significant lifecycle
eutrophication and acidification burdens via,NDd SQ emissions from heavfuel oil used in ships.

Based on the environmental burden sources for sheep production referred to above, the most

important BEMP techniques to reduce the overall burden of sheep production are summarised in
Table2.9.
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Table 2.9. Key BEMP measures to reduce the environmental burden of European sheep production

Source Key BEMP measures Section
Breeding for improved productivity Section 8.1
Enteric Maintaining animal health Section 8.6
fermentation | Diet (feed conversion ratio) section 7.1 and 8.4
Optimised cull age Section 8.7
Manure management in housing Section 9.1
2{'{3;‘;&2 Covered solid manure storage Section 9.5
Liquid slurry storage andnaerobic digestion | Section 9.4, 9.2
Soil emissions Soil Nutrient Management Planning Section 5.1
(air and water | Grassclover swords Section 7.3

burdens) Trailing shoe/banded slurry application Section 9.6 and 9.7

Grazing managenme Section 7.1 and 7.2
Feed . Efficient silage production Section 7.4
production

Green procurement of feed Section 8.5

- _ Appropriate land use Section 3.1, 3.3

Biodiversity Habitat management Section 3.4, 7.2
burdens

Local breeds Section 8.1
Resource Nutrient use efficiency Section 3.2, 8.2
consumption | Seil management Section 3.3, 4.1, 4.4
2.4  Pig production

Environmental burdens of pork production are displayetaible 2.10 for different types of system.
Compared with bdeand lamb production, pork production is associated with lower environmental

burdens.

Table 2.10. Environmental burdens attributable to the production of one tonne of pig meat from

alternative systems

Non- . | Heavier | Indoor | Outdoor

Impacts and resources used .| Organic | . .. : :

organic finishing | breeding | breeding
Primary energy used, MJ 16,700 14,500 15,500 16,700 16,700
Global warming potential, kg G@ 6,360 5,640 6,080 6,420 6,330
Eutrophication potential, kg R® 100 57 97 119 95
Acidification potential, kg Sg& 395 129 391 507 362
Pesticides used, dose ha 8.8 0.0 8.2 8.6 8.8
Abiotic resource depletion, kg Sb e 35 33 33 40 33
Land use, ha 0.74 1.28 0.69 0.73 0.75
N losses
NOs-N, kg 48 71 43 40 51
NH;-N, kg 98 40 98 119 91
N,O-N, kg 6.4 6.8 5.9 6.1 6.5
Source:Williams et al. (2006)
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Figure2.9 displays a breakdown of the main GHG emission sources for pig production, up to the farm
gate, showing the importancé feed production and manure storage (mostly desgring in the
farms studied). Electricity use for heating, ventilation and air conditioning (HVAC) and lighting
systems makes a significant (12.5%) contribution to the pig footprint. Soil dig€ceMissbns and
indirect NO emissions via Nk volatilisation and N@ leaching make a comparatively small
contribution to the carbon footprint, but are associated with significant eutrophication and
acidification burdens.

Oil Enteric
fermentation
7.4%

Electricity
12.5%

Straw
4.6%

Manure storage
CH4
28.6%

Manure storage
Soils N20
6.0% 4.9%

Source:Footprints4Food (2013)

Figure 2.9. Breakdown of the carbon footprint of pig production across eight Welsh pig farms (average
footprint = 4.5 kg CO,e per kg liveweight)

Housing and storage management of manure also leads to considdkhbémissions, the latter
representing a low cost abatemepportunity Eigure2.10).

40 Pigs (slurry)
35 +
30 +
25 +
20 +
15 +
10 +

° ] T S

0 : I I I I
Low-N Housing Storage- Storage- App.- low App.-high
feed low high

Euro/kg NH3-N avoided

NB: Bars display 28to 75" percentile ranges, whilst lines display absolute range in GA
values calculated across Bpean countries. Excludes potential fertiliser replacement effe

Source:Winiwarter et al. (2011), based on GAINS data

Figure 2.10. Range of European abatement costs for ammonia emissions from pig sysgewith liquid
slurry storage

Most burdens from pork production arise up to the farm gate. Soil emissions may occur on
neighbouring arable farms to which manures/slurries may be exported. Based on the environmental
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burden sources for pork production reéer to above, the most important BEMP techniques to reduce
the overall burden of pork production are summariséithlsie2.11, below.

Table 2.11. Key BEMP measures ¢ reduce the environmental burden of European pork production

Source Key BEMP measures Section
_ Breeding for improved productivity Section 8.1
SIEY : Maintaining animal health Section 8.6
fermentation
Diet (feed conversion ratio) section 8.4, 8.6
Manure management in housing Section 9.1
Manure storage Storage Section 9.3, 9.4, 9.5
Anaerobic digestion Section 9.2
Manur e i d]| Efficientslurry application Section 9.6, 9.7
Feed production Green procurement of feed Section 8.5
Nutrient use efficiency Section 3.2, 8.2
REsOlEs Soil management Section 3.3, 4.1, 4.4
consumption
Energy management Section 3.2, 3.5,9.2

2.5  Poultry production

2.5.1 Broiler production

Table2.12 displays the lifecyclenvironmental burdens arising from the production of one tonne of
chicken meat from different types of poultry production system, from DEFRA (2008). Processing and
transport make relatively minor contributions to life cycle environmental burdens (DEPRS),. 2

Table 2.12. Environmental burdens attributable to the production of one tonne of chicken meat in
alternative broiler systems

Impacts and resources used Non-organic | Organic | Free-range (nortorganic)
Primary energy used, MJ 12,000 15,800 14,500
Global warming potential, kg CG@ 4570 6,680 5,480
Eutrophication potential, kg R©® 49 86 63
Acidification potential, kg S&@ 173 264 230
Pesticides used, dose ha 7.7 0.6 8.8
Abiotic resource depletion, kgoS 29 99 75
Land use, ha 0.64 1.40 0.73
N losses

NOs-N, kg 30 75 37
NHs-N, kg 40 60 53
N>O-N, kg 6.3 9.3 7.6
Source:DEFRA (2009

A subsequent study undertook further modelling based on these data, and reported the relative
contributions of fre main processdgigure2.11). Feed and water clearly dominate the GWP, PE and

EP impact categories, reflecting the upstream burdens of soy and wheat production, whilst manure
and bedding dominates the AP catggaeflecting the high NE emissions arising from broiler
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manure. Ammonia abatement costs are relatively low for broiler systems across feed, housing, manure
storage and spreading measuyfagure2.12).

100%
B Manure and
20% bedding
B Housing and
60% land
I Gas and oil
40%
20% M Electricity
0% .
PE GWP EF AP

M Feed and

water
-20%

Source Based ordata in Leinonen et al. (2012a)
Figure 2.11. Main sources of environmental burdens in broiler production

In fact, the feed and water contributions to GWP and EP referred to above, basedotoatifi

LCA, could be undeestimates owing to large possible deforestation effects associated with soy
based feed produced in South America. This was highlighted as a risk factor for poultry production by
DEFRA (2008), and also has large environmentalirations for biodiversity loss.

Other poultry

—_—

—_—

o L I = o o M
|
I

Euro/kg NH3-N avoided

LT i—L

Low-N Housmg Storage- App low App. hlgh
feed high

NB: Bars display 28 to 75" percentile ranges, whilst lines display absolute range in GAINS vz
calculated across European countries. Excludes potential fertiliser replacement effects.
Source:Winiwarter et al. 2011) based on GAINS data

Figure 2.12. Range of European abatement costs for ammonia emissions from broiler systems

Based on the environmental burden sources for chicken meat production referred tohebmastt
important BEMP techniques to reduce the overall burden of broiler systesusamearised in

Table 2.13.
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Table 2.13. Key BEMP measures to reduce thenvironmental burden of European broiler production

Source Key BEMP measures Section
Breeding for improved productivity Section 8.1
*Feed production Maintaining animal health Section 8.6
Green procurement of feed Section 8.5
Manuremanagement in housing Section 9.1
Manure storage Manure storage Section 9.3, 9.4, 9.5
Anaerobic digestion Section 9.2
Field and farm nutrient budgeting Section 5.1, 8.2
Soil emissions (air and water| Dietary optimisation of N intake (excretion] Section8.3
burdens) Precision fertiliser/manure application Section 5.3
Injection/banded slurry application Section 9.6, 9.7
Resource consumption Resource management Section 3.2, 3.5, 9.2

* Primary control point to drive improvement

2.5.2 Egg production

Table2.11 displays the lifecycle environmental burdens arising from the production of one tonne of
chicken meat from different types of poultry production system, from DEFRA (2008).

Table 2.14 Environmental burdens attributable to the production of one tonne of eggs (20,000 eggs) in
alternative systems

100%
Impacts & resources used Non-_ Organic |cage, non Freerange_, nor
organic . organic
organic
Primary energy used, MJ 14,100 16,100 13,600 15,400
Global warming potential, C{e 5,530 7,000 5,250 6,180
Eutrophication potential, kg R©® 77 102 75 80
Acidification potential, kg S&& 306 344 300 312
Pesticides used, dose ha 7.8 0.1 7.2 8.7
Abiotic resource depletion, kg Sb 38 43 39 35
Land use, ha 0.66 1.48 0.63 0.78
N losses
NOs;-N, kg 36 78 35 39
NH;-N, kg 79 88 77 81
N,O-N, kg 7.0 9.0 6.6 7.9
Source:DEFRA (2008).

A subsequent study undertook further modelling based on these data, and reported the relative
contributions of five main processes for cage and-feage systemsF(gure 2.13). As for broiler
production, feed and water clearly dominate the GWP, PE and EP impact categories, reflecting the

upstream burdens sf o y

and

wheat

producti on,

whi | st

Amanur

dominate the AP category, reflecting the highsMirhissions arising from chicken manure. Ammonia
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abatement costs are relatively low for dégging hen systems across feed, housmgnure storage
and spreading measurésdure2.14).

100%
M Manure and
80% bedding
60% ® Housing and
0% land
0% M Gas and oil
(8]
0% M Electricity
[+8] 18] o8] a [+8] o8] o8] a
g el R 2R 2| R 2
-20% (] © [ ] © o © L] ©
@ ﬁ ﬁ ﬁ M Feed and
LC LC L L water
PE GWP EP AP

Source:Based ordata in Leinonen et al. (2012b)
Figure 2.13. Main sources of environmental burdensn egg production

As for the broiler systems, processing, transport and packaging make minor contributions to the
lifecycle environmental burdens, but the feed contribution to GWP and EP, and the biodiversity
impact of egg production, could be considdyahigher if land use change associated with soy
production in South America is taken into account (DEFRA, 2008).

, Laying hens
8 6+
z
s 5
Z 4 .
2
=37
2 2
o
=R
L :
0 . . +
Low-N feed Housing Storage- App.-low  App.-high
high

NB: Bars display 28 to 75" percentile ranges, whilst lines display absolute range in GAINS ve
calculated across European countrescludes potential fertiliser replacement effects.
Source:Winiwarter etal. (2011), based on GAINS data

Figure 2.14. Range of European abatement costs for ammonia emissions from €gging hen systems
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Based on the environmental burden sources for egg production referred to above, theportest
BEMP techniques to reduce the overall burden of broiler systems are summaricsolei2.15,

below.

Table 2.15. Key BEMP measures to reduce the environmental burden of European egg production

Source Key BEMP measures Section
Breeding for improved productivity Section 8.1
*Feed production Maintaining animal health Section 8.6
Green procurement of feed Section 8.5
Manure management in housing Section 9.1
Manure storage Manure storage Section 9.3, 9.4, 9.5
Anaerobic digestion Section 9.2
Field and farm nutrient budgegin Section 5.1, 8.2
Soil emissions (air | Dietary optimisation of N intake (excretion) Section 8.3
and water burdens) | Precision fertiliser/manure application Section 5.3
Injection/banded slurry application Section 9.6, 9.7
?c()enssotrr:?;tion Resource management Section 3.2, 3.5, 2.
*Primary control point to drive improvement

2.6  Grain production

Table 2.16 summarises the environmental burdens for winter wheat and spring barley grain
production, up to the farm gate, based on the Bangor titiyeagricultural LCA tool, and
representing efficient farm management with no organic fertiliser inputs. Owing to high demand,
winter wheat is often grown twice in sequence within crop rotations, with lower yields and higher
fertiliser requirements fote second crop (DEFRA, 2010). Therefore, the environmental burden of
winter wheat can vary significantly depending on its position within a rotafiabl¢ 2.16). Data
presented are for UK yields. The UK and Framaae particularly high yields of winter wheat
compared with other countries in the world (Fischer et al., 2009), so it is possible that the burdens
reported below, expressed per tonne grain (at 85% dry matter), are lower than for other European
member stees.

Table 2.16. Life cycle environmental burdens arising from the cultivation of one tonne of grains, up to the

farm gate
GWP EP AP ARDP
Kg CO.e | KgPO.e Kg SOe MJe KgShe
1st winter wheat 284 1.6 1.3 1662 0.80
2nd winter wheat 345 2.1 1.7 2059 0.99
Spring barley 301 2.1 1.6 1989 0.96

NB: 85% dry matter grains, total cultivation burdens allocated according to exported enel
grains and straw assuming two thirds harvestable straw exported.

Souce: Bangor University (2013)

The relative contributions of different sources to overall environmental burdens are shengaren
2.15. The manufacture and application of mineral N fertiliser dominates GWPRarte AP for the
three types of graiotation. Diesel consumption contributes about 10% to GWP burdens and 20% to

64|Page



resource depletion. Where organic fertilisers, such as animal manures, are used, burdens attributable
to upstream fertiliser manufacture wikk lower whilst soil emissions (especially §vill be higher.

Wheat may require irrigation in some circumstances, especially in southern European member states,
but overall wheat production is not responsible for a major share of blue water consumjptien

EU28 (Vanham and Bidoglio, 2013). However, a major environmental hotspots for tillage agriculture
not reflected in the above data is soil erosion and degradation. Where wheat is cultivated on land
recently cleared of grass or woodland, or on peitd,darge soil emissions of G@&nd NO will be

incurred, and environmental burdens will be considerably greater thanitisiadle2.16. Compared

with livestock production, the relative contributions of tramspad processing are likely to be higher

for final food products derived from grains, reflecting the lower burdens of farm production (up to the
farm gate) for grains and the wide range of processing operations undertaken throughout production
chains forproducts including pasta and bread, including drying, storage, milling, mixing, baking, etc.
Williams et al. (2010) calculated lifecycle PE of 2.4 GJ, GWP of 7 £CPBP of 3.1 t P and AP of

3.3 kg SQe per tonne processed (dried, stored and transf)dritead wheat. Environmental burdens
associated with food and drink processing are addressed in a background report beiad fmethar

JRC on that topic (€, 2013).
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Spring barley
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Source:Bangor Universi (2013)

Figure 2.15. Contributions of four major source categories to environmental burdens of grain cultivation,
based on LCA up to the farm gate

Based on the environmental burden sources for graofuption referred to above, the masportant

BEMP techniques to reduce the overall burden of grain cultivation are summarisatlé?.17,
below.

Table 2.17. Key BEMP measures to reduce the environmental burden of European grain production

Source Key BEMP measures Section
Agro-chemicals Select reduced impact synthetic fertilisers Section 5.4
and upstream Crop rotation and IPM techniques Section 11.1
impacts Crop protection product selection Section 11.2
Restrict tillage to appropriate areas Section 6.1
Soil Nutrient Management Planning Section 4.1, 5.1
Optimised cop rotation Section5.2,5.4
Soil emissions (air | Sustainable organic riter amendments Section 4.2
and water burdens) | Soil drainage management Section 4.3, 4.4
Cover crops Section 6.5
Low-impact tillage operations Section 6.3
Precision fertiliser/manure application Section 5.3, 9.6, 9.7
Biodiversity Appropriate land use Sedion 3.1, 3.3
burdens Habitat management Section 3.4
Nutrient use efficiency Section 3.2, 5.1
Resource Soil management Section 3.3, 4.1, 4.4
consumption Energy management Section 3.2, 3.5
Irrigation management Section 10.1, 10.2
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2.7  Potato production

Table 2.18 summarises the environmental burden attributable to the cultivation and storage of one
tonne (wet weight) of maincrop potatoes. In terms of GWP, approximately 27% of prgdam
burden is attributablego fertiliser manufacture, 33% to .8 emissions following fertiliseN
application, and 20% to diesel consumed for field operations (DEFRA, 2008).

Table 2.18. Environmental burdens attributable to the production, storage and transport of 1 tonne of

potatoes
PE GWP EP (kg AP (kg ARDP (kg | Pesticides | Land area | Irrigation
(GJ) (kg CO.e) PO,e) SOe) Sh e) (does/ha) (ha) (m)
14 200 1.0 0.8 0.4 0.4 0.03 21
Source:Williams et al. (2010)

Maincrop potatoes Iva significantly lower burdens per tonne than early varieties. DEFRA (2008)
refer to the considerably greater water, energy and GWP burdens of early potatoes imported to the UK
from lIsrael, owing to lower yields and high irrigation requirements. The staaag cooling of
maincrop potatoes to ensure a yasund supply requires as much energy as the initial cultivation,
accounting for between 26 and 43% of total primary energy demand in the DEFRA (2008) study.
Over the entire value chain of potatoes, cogk{by final consumers, food processors or other
intermediaries) makes a large contribution to PE and GWP burdens, but is not readily influenced by
the cropand animal production sectoBased on the environmental burden sources for grain
production refeed to above, the moghportant BEMP techniques to reduce the overall burden of
potato cultivation are summarisedTiable2.19, below.

Table 2.19. Key BEMP measuredo reduce the environmental burden of European potato production

Source Key BEMP measures Section

Select reduced impact synthetic fertilisery Section 5.4
Optimising and reducing the use of crop

Agro-chemicals

iarLTr:SaL::;t)Sstream protection products Section 11.1
Crop protectiomproductselection Section 11.2
Restrict tillage to appropriate areas Section 6.1
Soil Nutrient Management Planning Section 4.1, 5.1
Optimised cop rotation Section 5.2, 5.4
Soil emissions (air | Sustainale organic matteamendments Section 4.2
and water burdens) | Soil drainage management Section 4.3, 4.4
Cover crops Section 6.5
Low-impact tillage operations Section 6.3
Precision fertiliser/manure application Section 5.3, 9.6, 9.7
Biodiversity Appropriateland use Section 3.1, 3.3
burdens Habitat management Section 3.4
Nutrient use efficiency Section 3.2, 5.1
Resource Soil management Section 3.3,4.1, 4.4
consumption Energy management Section 3.2, 3.5
Irrigation management Section 10.1, 10.2
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2.8  Oil seed rape production

Table2.20 summarises the life cycle environmental burdens arising from the cultivation of one tonne
of oil seed rape seeds, to the farm gate.

Table 2.20. Life cycle environmental burdens arising from the cultivation of one tonne of grains, up to the

farm gate
GWP EP AP ARDP
Kg CO.e | KgPOe Kg SO.e MJe Kg Sh e
Oil seed rape 870 2.1 1.6 1989 0.96
NB: 85% dry matter grains, total cultivationrben allocated to seeds (assumes no straw
exported)
Source:Bangor University (2013)

The contributions of major sources to each of the four impact categories considered are summarised in
Figure 2.16. Similarly to grain production, the manufacture and application of fertiNsere the

main drivers of environmental burdens. Upstream fertiliser manufacture emissions will be lower, and
soil emissions higher, where organic fertilisers (e.g. animal manures) are used.

100%
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upstream
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20%
10% M Diesel/oil
0%
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Source:Bangor University (2013).

Figure 2.16. Contributions of four major source categories to environmental burdens of oil seed rape
cultivation, based on LCA up to the farm gate

The processing of rapgeed can make significant contributions to the different impact categories,
especially PE and GWP. Based on Biograce (2013), the ARDP and GWP burdens of seed processing
ar e approximatel$,200 MJ e and 193 kg G, respectively.

Based on the environmiah burden sources for oil seed rape production referred to above, the most

important BEMP techniques to reduce the overall burden of oil seed rape cultivation are summarised
in Table2.21, below.
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Table 2.21. Key BEMP measures to reduce the environmental burden of European oil seed rape
production

Source Key BEMP measures Section

Select reduced impact synthetic fertilise| Section5.4
Agro-chemicals and upstream | Optimising anf reducing the use of crop

. . Section 11.1
impacts protection products
Crop protection product selection Section 11.2
Restrict tillage to appropriate areas Section 6.1
Soil Nutrient Management Planning Section 4.1, 5.1
Optimised cop rotation Section 5.2,5.4
Soil emissions (air and water | Sustainable organic matter amendment Section 4.2
burdens) Soil drainage management Section 4.3, 4.4
Cover crops Section 6.5
Low-impact tillage operations Section 6.3
Precision fertiliser/manurapplication Section 5.3, 9.6, 9.7
o ) Appropriate land use Section 3.1, 3.3
Biodiversity burdens - -
Habitat management Section 3.4
Nutrient use efficiency Section 3.2, 5.1
_ Soil management Section 3.3, 4.1, 4.4
Resource consumption :
Energy management Section 3.2, 3.5
Irrigation management Section 10.1, 10.2

2.9  Horticultural production

29.1 Imported versus local

This section addresses environmental burdens arising along the supply chains of three major
horticultural crops:

{ Tomatoes
1 Strawberries

1 Apples

From a life cycle perspective in Northern European member states, it is pertinent to consider whether
these products are more efficiently produced locally in winter with heated glasshouses or imported
from warmer climates. DEFRA (2008) compared the envireniahdurdens of these products grown
yearround in the UK or imported form major source countries, up to the point of UK retail
distribution centres. The results are summarisddgare2.17.

Energy demand, reaace depletion and GHG burdens for tomatoes and strawberries are typically
dominated by fossiluel-heating of glasshouses in northern Europe and transport from southern
Europe. Meanwhile, for apples, these burdens are typically dominated by chille@ stodagansport.
Figure2.17. shows that Spanish tomatoes (standard variety, sold loose) and strawberries imported to
the UK require 73% and 9% less primary energy consumption, and result in 68% and 10% less GHG
emissions, than tomatoes and strawberries cultivated in heated glasshouses. However, for apples, the
fuel oil consumed for longistance sea transport considerably outweighs more efficient pre farm gate
cultivation of apples in New Zealand, to result in18% higher primary energy demand, and 200%
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greater carbon footprint, per tonne New Zealand apples than per tonne UK apples (up to the point of
the UK retail distribution centreDEFRA (2008) repo#dd that the carbon footprint of UK heat
glasshouse tomatsg(2.24 t CQ per t) is similar to estimates reported by Biel et al. (2006) for
glasshouse production in Sweden (2.72 t @€r t), Denmark (3.65 t C(per t) and the Netherlands

(2.91 t CQ per t). Abiotic resource depletion is P8 greater for UK produi@n owing to the
resources needed to build permainglass houses (DEFRA, 2008).
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NB: Burdens calculated up to the retail distribution centre (distribution and consumer sta
same for UK and imported products).
Source:Based on data in DEFRA(R8).

Figure 2.17. Primary energy demand and GHG emissions per tonne tomatoes, strawberries and apples
produced in the UK or in Spain (New Zealand for apples)
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Figure 2.18 shows that the comparative environmental burden for UK versus imported products
differs considerably across impact categories considered. Notably, whilst primary energy demand and
GHG emissions are lower for tomatoes and strawberries imported fram, utrophication and
consumption of water and demand for land are all higher for imported Spanish products.

250 ~
200 ~
150 A
= PEU
100 - ® GWP
Eut
50 - Water
= Land
0 1
ms StrawBE Appl
-50 -
-100 -

NB: Environmental burdens = primary energy use, global warming potential, Eutrophi
potential, water consumption and land demand. Valapped at 200%.
Source:DEFRA (2008).

Figure 2.18. Percentage difference in environmental burdens arising up to the UK retail distribution
centre, for tomatoes, strawberries and apples produced in the UK oin Spain (New
Zealand for apples)

The humanand ece toxicity burdens of Spanish tomato and strawberry production is likely to be
considerably higher than for UK production owing to the much greater use of pesticides in Spanish
production: up to 7 timnehigher (DEFRA, 2008).

2.9.2 Tomatoes

The environmental burdens associated with producing, storing and transporting one kg of tomatoes up
to the point of UK retail distribution centres are summarised for &l Spanishgrown tomatoes in
Table2.22. Cold storage of tomatoes gives rise to ozone depletion via refrigerant leakage emissions,
in addition to PE and GWP burdens.

Figure2.19 shows the relative contributions offdrent processes to five major environmental impact
category burdens for tomato production in glasshouses heated with combined heat and power (CHP)
units. The dominance of CHP heating as a source of environmental burdens for tomato production in
northernEurope is clear.
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Table 2.22. Environmental burdens attributable to the production, storage and transport (to UK retail
distribution centres) of 1 kg of UK and Spanish tomatoes

Imported Spanish
Burden UK tomatoes P tomatogs
Primary energy used (MJ) 36.2 9.6
Global warming potential, kg G@ 2.24 0.74
Eutrophication potential, kg R@ 0.0002 0.00005
Acidification potential, kg S® 0.0024 0.0041
Ozone potential depletion, g CFQ e 0.0005 0.0008
Pesticigs used, kg active ingredient 0.0003 0.0022
Abiotic resource depletion, kg Sb e 0.0182 0.0135
Land (nf) 0.0185 0.089
Irrigation Water (L) 24 36
Proportion of renewable primary energy, % 1 5
Source:DEFRA (2008).
120% CHP credit
Direct crop emissions of N
100% and P
Waste disposal and
compost credits
80% Seedling production
60% m Construction of
greenhouse
B Annual materials
40%
W Biological crop protection
20% m Chemical crop protection
0% i . , , W Fertilisation
PE GWP EP AP ARDP , .
B Heating & electricity
-20%

Source Based on data from DEFRAQQ8).

Figure 2.19. Contributions of various source categories to environmental burdens of tomato production in

glass houses heated with CHP units

Horticultural production in serrarid southern Europe, espally southern Spain, is highly dependent

on irrigation, leading to environmental impacts such as soil salination, deterioration of aquifer water
quality and water stress. The authors of the DEFRA (2008) report refer to the following
environmental hotspstfor tomato production in southern Spain:

eutrophication and salinisation of groundwater

1 water stress, in relation to high regional demand from other sectors such as tourism and

leisure activities

1 energy and resource depletion associated with increesiagce on seawater desalination to

meet water requirements.
Some addi ti onal

Ahot spot o i

section, and are also relevant for tomato production.

mpacts for

Spani sh
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Based on the above information, the magpdrtant BEMP techniques in thisportthat can reduce
the environmental burdens of horticultural tomato production are listegbla2.23, below.

Table 2.23. Key BEMP measures to reduce the environmental burden of European tomato production

Source Key BEMP measures Section
Nutrient management planning Section 5.1
Agro-chemicals Select reduced impact synthetic fertilisers Section 5.4
d upstream imisi '
ﬁrqpacrt)s (p)gt;gﬁg}g;g%&igsuung the use of crop Section 11.1
Crop protection product selection Section 11.2
Energy management Section 3.2, 3.5, 12.2
Energy Energy efficiencyin horticulture Section 12.2
Irrigation Water management Section 101, 10.2, 12.3
Waste management| Waste management in horticulture Section 3.2, 3.6

2.9.3 Strawberries

The environmental burdens of strawberry production in polytunnels are summarialler2.24,

and are generallyover than for tomato production on a weifpaisis because strawberries are
seasonally produced using only natural solar heating (in most cases). The differences are not as great
between UK and Spanish production and transport, compared with tomatoeshSwaduction and
transport to the UK results in lower PE, GWP, AP, ozdepletion potential and ARDP burdens,
amongst others, but considerably higher EP (sandy soils) aggbBMens.

Table 2.24. Environmental burdens attributable to the production, storage and transport (to UK retail
distribution centres) of 1 kg of UK and Spanish strawberries

UK Spain
LS Farm SEIEEE Total Farm SIIEER Total
transport transport

Primary energy used, GJ 12.9 1.6 14.6 8.3 51 13.3
GWP, t CO.e 0.85 0.14 0.99 0.35 0.56 0.90
Eutrophication potential, kg PO,e 25 0.1 2.6 14.9 0.4 15.3
Acidification potential, kg SO, e 6.5 1.3 7.7 3.9 3.2 7.1
?fgne potential depletion, g CFE 30 i 30 15 i 15
Pesticides used, kau.i. 1.1 NA 1.1 0.4 - 0.4
Abiotic resource use, kg Sb e 12.9 2.0 14.9 3.7 3.0 6.7
Land, ha 0.054 - 0.054 0.026 - 0.026
Irrigation water, m ® 108 - 108 128 - 128
PM i, kg NA 0.08 0.08 NA 0.22 0.22
Photo-chemical oxidation potential, 0.59 0.02 061 0.16 0.08 0.24
kg ethylene e
N e Holell e CrgEmis 1.75 0.16 1.91 0.66 050 | 1.16
Carbon, kg C e
Proportion of renewable primary 6 1 6 7 5 5
energy, %
Source:DEFRA (2008).
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The relative contributions of major processes to environmental burdendfant) Spanish grown
strawberries are shown Figure2.20, below. Hotspot processes include:

9 construction of polytunnels in the UK (PE)

1 fumigation (high PE and GWP from manufacture of chemicals)
9 field losses oN (EP)

1 water supply (GWP and AP in Spain).

Life cycle impact assessment results often fail to highlight local environmental stresses that may arise
from practices in particular locations. Some geographical hotspot impacts of strawberry production in
the Huelva region of SW Spain were documented in DEFRA (2008), based on past bad practice:

1 Past N application rates up to 1000 kg N/ha/yr (now 250 kg N/ha/yr)
| Past irrigation rates of 7000°ha/yr (now 4600 rithalyr)
1 Groundwater nitrat& concentrations are measured up to -240 mg/l.

100

aQ - Waste management
80 .
Field losses

70 -
60 m Water supply
50 -
40 M Field operations
30 - N

W Fumigation
20
10 - m Pesticide manufacture
0 -

pain

UK ‘Spain UK ‘Spain UK ‘Spain UK ‘S W Fertiliser manufacture

PE GWP EP AP

B Structures

Source:Based on data in DEFRA (2008).

Figure 2.20. Contributions of various source categories to environmental burdens of strawberry
production in polytunnels

Intensiveuse of water for horticulture is contributing to a lowering of the water table, making water
more energy intensive to extract. DEFRA (2008) refer to a WWF report that highlights concerns over
horticulture in the Guadalquivir area (Almonte, Rociana, LucBomares) where all irrigation water

comes from underground aquifers, often via boreholes. In some areas desalination by reverse osmosis
is cheaper than pumping from a great depth.

In the UK, water sourcing for horticulture is more sustainable but amas of the south and east face
water stress. Although gutter systems have been developed, rainwater harvesting from polytunnels is
not widely practiced, so that these protected crops require more irrigation water than outdoor
production (DEFRA, 2008).
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Based on the above information, the most important BEMP techniques nepbisthat can reduce
the environmental burdens of horticultural strawberry production are listebln2.25, below.

Table 2.25. Key BEMP measures to reduce the environmental burden of European strawberry

production
Source Key BEMP measures Section

Nutrient management planning Section 5.1
Agro-chemicals Select reduceinpact synthetic fertilisers Section 5.4
ﬁggalgstfeam ;)r%tér&l:stlsng and reducing the use of crop protecti Section 11.1

Crop protection product selection Section 11.2

Energy management Section 3.2, 3.5, 12.2
Energy - . . ;

Energy efficiencyin horticulture Sectbn 12.2
Irrigation Water management Section 10.1, 10.2, 12.3
Waste management| Waste management in horticulture Section 3.2, 3.6

2.9.4 Apples

The environmental burdens arising from the production, storage and transport of one tonne of apples,
up to UK reail distribution centres, for apples produced and transported immediately from New
Zealand, and apples grown and stored for five months in the UK, are summaiisddeid.26. Even
accounting for storage energyda@®WP burdens, producing and storing apples in the UK is more
efficient than transporting apples from New Zealand despite higher yields per ha in New Zealand and
a lower ozone depletion potential burden for New Zealand apples.

Apple orchard yields varyansiderably depending on the management system and local conditions.
The study that generated the results below used an average New Zealand yield of 63 t/ha and an
average UK yield of 30.5 t/ha (DEFRA, 2008). The study notes that annual variations egindo

factors such as frost damage.

Table 2.26. Environmental burdens attributable to the production, storage and transport (to UK retail
distribution centres) of 1 tonne of UK and New Zealand apples (inades 5 months storage
for UK apples)

UK New Zealand
LS Farm SO, Total Farm SIOIEEE, Total
transport transport

Primary energy used, GJ 2.1 3.0 5.1 1.2 10.0 11.2
Global warming potential, t CO,e 0.16 0.19 0.35 0.08 0.78 0.87
Eutrophication potential, kg PO,e 0.3 0.1 0.4 0.1 3.6 3.7
Acidification potential, kg SO.e 0.6 1.1 1.8 0.3 23.7 24.1
Ozone potential depletion, g CFE€
1o P P 9 0.4 - 0.4 0.2 - 0.2
Pesticides used, kg a.i. 0.6 - 0.6 0.3 - 0.3
Abiotic resource depletion, kg Sb e 0.8 1.0 1.8 0.5 5.1 55
Land ha/t 0.038 - 0.038 0.017 - 0.017
Water, m® - <0.01 <0.01 NA <0.01 <0.01
Irrigation water, m * 10 - 10 88 - 88
PMiokg 0.01 0.17 0.18 0.01 0.59 0.60

75|Page



UK New Zealand
EeLE Farm SIOIELE, Total Farm SO, Total
transport transport

Photochemical oxidation potential, 2008 114 133 .0.04 0.77 0.73
kg ethylene e
Neomaetizne Vellle CriEmi 0.04 0.15 019 | 0.03 1.22 1.25
Carbon, kg C e
Proportugn of renewable primary 2 5 4 8 21 19
energy, %

Figure2.21 shows the contributions of different source categories to PE and GWP bdodagle
cultivation up to the farm gate. Low nutrient inputs were assumed to mattakesf in apples, so that
fertiliser manufacture and field emissions are low compared with other crop types. Machinery
manufacture, and field diesel (includes irrigati pumping) therefore make relatively large
contributions to energy use and GHG emissions up to the farm gate.

However, as shown iitable 2.26 above, the majority of the overall environmental burden arising
through apple supply chains occurs post fayate, during storage and transport. Transport burdens
from New Zealand are particularly high in terms of AP and EP owing to higlai®DNQ emissions
from shipping (use of heavy fuel oil, poorly regulated compatittd wad transport).

100 -

90 - B Field emission:
30 -
70  Field diesel
60 -
50 4
40 - Machinery
30 - manufacture
20 - W Fertilizer
10 - manufacture
0

UK ‘ NZ UK NZ M Pesticide

manufacture
Energy GWP

Source:Based on data in DEFRA (2008
Figure 2.21. Contributions of various source categories to environmental burdens of apple cultivation (up
to the farm gate)

Based on the abovaformation, the most important BEMP techniques in tbjsortthat can reduce
the environmental burdens applesproduction are listed imable2.27, below.

Table 2.27. Key BEMP measures to reduce the environmental burden of European apple production

Source Key BEMP measures Section
Agro-chemicals Nutrient management planning Section 5.1
and upstream Select reduced impact synthetic fertilisers Section ¥4
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Source Key BEMP measures Section

impacts Optimising and reducing the use of crop protecti Section 11.1

products

Crop protection product selection Section 11.2

Energy management Section 3.2, 3.5, 12.2
Energy - . . ;

Energy efficiencyn horticulture Section 12.2
Irrigation Water management Section 10.1, 10.2, 12.3
Waste management| Waste management in horticulture Section 3.2, 3.6
Transport and Best practice detailed in tiBest practiereport for retail trade sectqEC,
storage 2013)
2.9.5 Wine
Wine can be transported long distances oliong bot t 1l ing, so that the

reported by Fusi et al. (2014), which includes transport, makes a large contribution to lifecycle
environmental burdens arising from the production and supply of a 750 ml bottle of Savdiitan

wine (Table 2.28;, Figure2.22). These authorscluded the fate (disposal/recycling) of glass bottles
within their LCA boundariesThe value chain of one bottle of wines @gvrise to GHG emissions of

1.01 kg CQe, and contributes 0.00688 kg (@ missions towards acidification, among other effects.
The use of lighter, recycled glass bottles, and transporting wine in bulk, are major areas for
improvement in the resource efacy metrics summarised Feble 2.28 (addressed in the EMAS

SRD on Food anBeverage Manufacturing currently under developmeiongside consumption of
locally or regionally sourced wines (section 3.7).

Table 2.28. Environmental burdens per 750 ml bottle of Sardinian white wine

Environmental . Agricultural | Wine making | Bottling and
Unit . Total
burden phase phase packaging

Abiotic depletion kg Sbe 2.57E03 7.61E04 4.19E03 7.53E03
Acidification kg SQe 1.52E03 8.46E04 4.51E03 6.88E03
Eutrophication kg PQe 3.22E04 1.67E04 4.12E04 9.02E04
Global warming kg COe 1.69E01 2.74E01 5.62E01 1.01E+00
Ozone layer| kg CFG11| | ggrq7 5.51E09 5.89E08 2.23E07
depletion eq.
Photochemical kg GHied. | 7 54e05 | 974805 | 1.60E04 | 3.33E04
oxidation
Source:Fusi et al. (2014)

® The summarised best practices are also described in the Commission Decision EU/2@05/8Giy, 2015,

on reference document on best environmental management practice, sector environmental performance
indicators and benchmarks of excellence for the retail trade sector under Regulation (EC) No 1221/2009 of the
European Parliament and of the Council on the ntalty participation by organisations in a Community-eco
management and audit scheme (EMAS)
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Source:Derivedfrom data in Fusi et al. (2014)
Figure 2.22. Contribution of dif ferent stages to total environmental burdens from Sardinian white wine
production

In terms of agricultural practice, the main hotspots of environmeotaternthat are addressedn
various BEMP within this repodre:

1 Ecotoxicity

1 Soil degradation.
Whilst VillanuevaRey et al. (2014jeported thathe use of synthetic pesticidéscluding folpet and
or terbuthylazinerepresented over 99% of the totaictoxicity burdenof Spanish wine production
according to a LCA studyKomarek et al. (2010jeport , the problem ofungicide especially,
copper contamination of vineyamgbils Copper is used as a fungicide in both conventional and
organic wine production, and can accumulate in soils over time to a toxic level, especially in more
acidic soils where its more bioavailable (Komarek et al., 2010plIGet al. (2011)note thatmost
vineyard soils are highly degraded in terms(gfloss of organic carboimom erosion and diminution
of nutrient contentg(ii) accumulation of metals and organic pollutafit§ compaction due to tractor
traffic. Based on the above pressures, relevant BEMPs for wine value chains are summagbés in
2.29.

Table 2.29. Key BEMP measutes to reduce the environmental burden of Europeawine production

Source Key BEMP measures Section
- Optlmls_lng andreducing the use of crop Section 11.1
ECGtOXlClty proteCtlon prOdUCtS
Crop protection product selection Section 11.2
. . Assesgig ard improving soil structure and .
Soil quality drainage Section 4.1, 4.2, 4.3, 4.
Waste management Waste management Section3.6
Agro-chemicals and Nutrient management planning Section 5.1
upstream impacts Select reduced impact synthetic fertilisers | Section 5.4
: Best practice detailed in tiigest practice report for theobd andBeverage
Processing .
manufacturingsecto?
Best practice detailed in tfBest practice repoftfor retail trade sector
Transport and storage (EC,2013)

® More information about the Best practice report for the Food and Beverage manufacturing sector can be found here:
http://susproc.jrc.ec.europa.eu/activities/emas/fooddrink.html

The summarised best practices are also described in the Commission Decision EU/2015/801, 20th May 2015, on referen@andocument
best environmental managemeqnactice, sector environmental performance indicators and benchmarks of excellence for the retail trade
sector under Regulation (EC) No 1221/2009 of the European Parliament and of the Council on the voluntary participatinisdtyoosy
in a Communityecomanagement and audit scheme (EMAS)
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3 SUSTAINABLE FARM AND LAND MANAGEMENT

Introduction

Environmental management is ultimately a croafting objective. Good environmental management

spans across all processes with significant environmental impact over which managers (i.e. farmers)
have direct control or significant influence. There are ecofisng themes within all chapters of this

report. This chapter addresses overarching issues related to environmental and landscape management
on farms, and provides a framework for prioritising measures to achieve resource efficient and
environmentally rgsonsible farming.

Environmental management systems may be informal organisation systems, or internationally
recognised systems certified by a thirarty, such as ISO 14001 and EMAS. This report for EMAS
provides guidance on sectgpecific best practicemeasures and indicators, and proposes
fibenchmar ks of excell enceo, as specified under
for EMAS are documented in EC 1221/2009 and guidance documents provided by competent bodies
in member states. In thichapter, and the remainder of the BEMP chapters in this report, emphasis is
placed on key measures, indicators and benchmarks of best practice, with a focus on measureable
resource and environmental efficiency.

The main target audience for this chajseiarmers and farm advisors, but elements are relevant to all
stakeholders in the agriculture sector, including policy makers. This is especially true for landscape
management which may require higher level facilitation and/or coordination.

The systerm approachHigure 31) to quantify resource flows and environmental burdens (usually
associated with points of resource loss, in the form of emissions) can be particularly useful for farmers,
given that less thaB0% of fertiliser N imported to livestock farm systems is exported as food (PBL,
2011).

SYSTEM BOUNDARY [ ' ]

( FARM BOUNDARY )
)
b .!I - Grass Manure storage
manu ture I
| Cattle housing : Milk
/71 \
Fossil fuel I Forage maize I Beef
\ J

Figure 3.1. Basic schematic of a dairy farm system (PBL, 2001)
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Invisible losses of N in the form of NHNG; and NO cause the majoritgf farm environmental
burdens and also represent a large financial loss for farmers given that fétilisests
approximately one euro per kg. farmers must consider how these losses affect compliance with
various European and national regulatidrigure3.2). The systems approach can facilitate this.

EU Directive on Pesticides Emissions to water

EU Biofuel Direcuve

EU National Emussions Ceilings Directive UNFCCC Kyoto Protocol
UNECE-CLRTAP EU Strategy for
Enisslons o air Sustainable Development
EUIPPC
EU Birds & Habitat Directives

EU CAP + cross
compliance

Resources Food
EU Rural EU Food Quality Regulation
Development Program

EU Animal Welfare

EU Water Framework
Directive

~

EU Soils Strategy EU Nitrates Directive

EU Groundwater Directive

Figure 3.2. Agriculture as a leaky pipe, giving rise to emissions addressed by many European regulations

Landscape management

Agriculture occupies 160 million hectares in the-El representing 42% of EU territorial area (FSS
2010), shaping landscapes on a vast scale. Adaptation of agricultural practices to local conditions has
led to a wide variety of agricultural landscapes indper, ranging from almost entirely mamade and
intensively managed polders in the Netherlands to -saioiral extensive grazing areas in the high

Alps (EC, 2012).
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Source:ELN-FAB (no date).

EC (2012) described agricultural landscapes as a-sudte public good that is difficult to describe

due to its multidimensional character that encompasses agronomic, environmental, social, cultural and
economic dimensions. They propose three scales of landscape planning action to maximise the public
good: (i) the management of landscape features at farm level; (i) farms' coordination towards
landscape structure management at landscape level; (iii) the conservation of the diversity of
agricultural landscapes in the EU as a global public good.

The ecosystas services framework provides a useful approach for assessing landscape management.
In fact, Everard and Mclnnes (2013) argued that such an approach enables the identification of
isystemic solutionsod that i nvol vand envilonmental e st a
benefits. Importantly, the ecosystems services approach can help to optimise the mix of different
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services provided by land, and agricultural management of it, rather than maximising any one services
(e.g. food production).

Environmental performance benchmarking

Management and performance benchmarks are specified throughout this report in relation to major
farm processes giving rise to environmental impacts. In this chapter, BEMPs are described to
systemise environmental improvemehtaugh identification and prioritisation of relevant BEMPs
described in the remainder of the regoassentially BEMP mapping for individual farms. Emphasis

is placed on a quantitative systems approach, and selection of appropriate metrics to measure
environmental performance and resource efficiency. One example ofavighbenchmarking of

farm and product resource efficiency is the development of full h@4ics Figure 33) i where

data are available. Howevenpst of the BEMPs in this report will be associated with prespssific
indicators and benchmarks, such as feed digestibility, feed conversion efficienel, INsses per kg
manure N stored or spread, etc. these benchmarks will relate to overallafaanproduct level
performance via effects on individual source categories displayedune 33.

100%
90% Soil emissions
80%
70% Agrochem man
60%
50% M Fertiliser man
40%
30% M Diesel
20%
10% W Electricity
0%
’ v ol vl ol ol o o ol o o ™Manurestorage
[=14] =13} =11} =14} =11} =14} =11} =14} =11} =14}
s 2| 8| 2| 8| 2| &8 & & O
- ¢/ ¢ ¢ - ¢ - ¢ | mEnetricfermen
< < < < <

CO2e | PO4e | SO2e | Mle = She | MImported feed

Figure 3.3. Environmental burdens arising from milk production on an optimised large- and average
sized dairy farm (Bangor University farm LCA tool)

This chapter also contains BEMPs related to ecosing themes of resource management, waste
management and responsible consumption. The latter topic is of critical importarstestiinable

food supply chains. It is addressed from the narrow perspective of what the farmer can do to influence
consumers in this chapter, avoiding potentially contentious issues around consumer diet choices, etc.

Best practice resources

Simple catulator tools and information resources for farmers and farm advisors are being made
available online at an astounding rate. In terms of best practice guides, a wide range of extensive
resources are available, at:

1 Pan European levéle.g.http://iwww.cost869.alterra.nl/dbase/default.aspx

1 Regional level e.g.http://www.balticdeal.eu/measures/selection_measures/

1 Nationalleveli e.g.http:/mww.adas.co.uk/LinkClick.aspx?fileticket=vUJ2vIDHBjc%3D&tabid=345
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This report cannot be exhaustive in referring to all existing best praitticgure and available tools,

but can point users in the direction of relevant literature and tools. Examples will be provided in
relevant BEMP sections, to demonstrate the types of tools and information available. A key aspect of
best practice is for faners and farm advisors to periodically check for new online tools and other
resources to facilitate efficient farm management.

Reference literature

1 Alterra, 2014. Cost 869 factsheet finder homepagéast accessed February 2014:
http://www.cost869.alterra.nl/dbase/default.aspx

1 Baltic Deal, 2014.Homepage: Putting best agricultural practices into woklast accessed
February 2014http://www.balticdeal.eu/measures/selection_measures/

 EC 2012. The influence of the Common Agricultural Policy on agricultural landscapes. JRC
Scientific and Policy reports, edited by: Lefebvre M., Espinosa M., Gomez y Paloma S., ISSN:
18319424, doi: 10.2791/94269.

1 ENL-FAB (no date).Functional AgroBiodiversity for a more sustainable agriculture and
countryside in EuropeThe European Learning Network on Functional AgroBiodiversity,
Tilberg.

1 Everard, M., Innes, R., 2013. Systemic solutions rfaulti-benefit water and environmental
managementScience of the Total Environme#Agli 462, 170179.
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3.1  Strategic farm managementplan
Description

Farmers needed to compile a strategic farm management plan, which eventually must be used in order
to assess their performance. For the compilation of this plan, support from farm advisers may be
needed. Moreover, the farmers should join a group of (similar) farmers in order to perform an
assessment of their performance and thus to establish the apigrgprategic management plan. The

main elements of a strategic farm management are presented below.

Biodiversity conservation

There are three main levels of biodiversity; i. ecosystem, ii. species and iii. genetic diversity. Each of
the abovementionedevels is further discussed beloWwhis particular BEMP requires farmers to
develop a mediuAerm strategic management plan for their farm that can optimise the mix of
biodiversity measures e.g. ecosystem services delivered within the current and f@eeaktsocie
economic and regulatory contExt

With the Ecosystem serviceterm, the variety of the ecosystems in a given territory is mentioned
including the different and various ways they functibigure 34 shows how land appropriation for

human activities results in a progressive reduction in ecosystem services such as cultural value and
ecosystem regulation, but can increase ecosystem services related to human provisioning (especially
food production) to a point. The 'Ecosystem Approach' is a strategy for the integrated management
of land, water and living resources that promotes conservation and the sustainable and equitable use
of natural resources (MEA, 2005). It involves application of approprisatfic methods focused on

levels of biological organization, which encompass the essential processes, functions and interactions
among organisms and their environment. However, the development of indicators capable of
representing ecosystem service fimas at a practical level is challenging, and there are currently no
widely accepted indicators of ecosystem service provision (GRI, 2011). Where possible, this report
refers to practical indicators that assist farmers in maximising the ecosystem sproigded by

their farm.

Relation of Ecosystem Services, land use types and
biodiversity (MSA indicator)

Ecosystem R .

Service e, lllustrative Sum of Ecosystem service values
Value > T,

Regulating service
(sum of companents)
Cultural services;
recreation &
taurism

Provisioning Service
{max function)

Cultureal seryices
spintual, edugatiol
{sum)

MSA 0
Hatural Light use Extensive Intensihve Degraded Urban

Figure 34. General relationship between different ecosystem services, mean species abundance (MSA)
and land use intensity (Braat and ten Brink, 2008)

™ More information regarding ecosystems and biodiversity in general is found at BEMP 3.4 (chapter 3)
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Furthermore, another important element for thengitation of farm management plan is the
preparation of a list of the observed species on a farm including their conservational or functional
characteristics. Compiling such a list, farmers (or the related advisers) obtain the knowledge whether
where and Wy species diversity aspects are well established on their farm (Luscher et al., 2014).
Likewise, regarding genetic diversity, the impact of agricultural practices and the choices of the
farmers (e.g. practices like mowing, fertilisation etc.) can be coedpat plot and farm scal€igure

3.5). Additionally, within a strategic farm management plan the impacts on different indicator species
groups can be compared (Jeannere et al., 2008).

Y

* ¢ e & & || Fle| | -

Figure 35. Impacts on species diversity from the farmers choices (Jeanneret et al., 2008)

Locally appropriate farming

Farming in Europe has evolved over millennia, and local methods have adapted to local conditions,

implying some degree of spatial opisation. Market pressures and other factors such as national and

European policy, especially the Common Agricultural Policy (CAP), has strongly influenced farming

practices over the past fifty years or so (Lefebvre et al., 2013). In some cases, atmiggt $ystems

are not well adapted to the local environment, and rely on unsustainable practices such as:

9 groundwater abstraction for irrigation in excess of recharge rates (e.g. strawberry production in
Huelva, Spain) (Williams and Gianessi, 2011)

1 intensve tillage of erosiofprone soils (e.g. cultivation of peat soils in Fenlands of East Anglia,
eastern England)

1 excessive stocking rates on wet soils, or drainage of wet soils leading to flooding risk
downstream (e.g. upland areas throughout Europe) .

In some such cases, the type or intensity of agriculture practiced may be incompatible with the local

conditions over the long term. In other cases, agricultural management of land is being abandoned

owing to insufficient financial returns. This can lead taifiee or negative environmental effects.

Extensive agricultural management, such as low intensity grazing, is practised on large areas of land,

and can maintain unique and high nature value habitats that would be lost under both intensive

agriculture andibandonment (Haddaway et al., 2014).

Best practice is to decide on the most appropriate land use in any given area to maximise the public

good through ecosystem service provisioning, including food production, water purification, flood

regulation, climateegulation and biodiversity conservation.

Farmer roles at different scales

Lefebvre et al. (2013) highlighted the different scales of action required to optimise ecosystem service
provisioning, providing an initial reference point for farmers who matribute actions targeted at

each of these scales:

1 management of landscape features at the farm level

i farms' coordination towards landscape structure management at landscape level
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9 conservation of diversity within EU agricultural landscapes as a globiitmood.

Typically, as demonstrated throughout this report, better management practices focus on the field and
process level, but often result in effects at the landscape level. And landscape factors have a
significant influence on field and farm scadastainability measured according to some indicators
such as the abundance of particular spécigfsen dependent on surrounding habitats (Benton, 2013).
Benton (2013) refers to three main scales of sustainability, similar to Lefebvre et al. (2013):

T Farm

i Landscapes

1 Long distance

One method of relating some long distance effects to local management practices is LCA, especially
consequential LCA that considers marginal effects of management changes throughout markets. Life
cycle assessment accounts for pmeduction of agricultural inputs such as feed (including potential
indirect land use change) and downstream effects such as compensatory production (consequential
LCA). Benton relates the concept of sustainable intensification to higher food yieldseakcthienugh

higher chemical, capital, labour or knowledge inputs, without leading to negative landscape or long
distance effects. Conceptually, the description of BEMPs in this report addresses capital (technology)
and knowledge deficits.

Best practice
EC, (2013) decided that the current BEMP could be summarised as the integration of market,

regulatory, environmental and ethical considerations/restrictions into a ten year strategic plan for the
farm business. Those plans should be future proofed agaifeile’aommodity prices, likely
regulations and climate change effects. Establishing and updating such a plan provides a framework
for making long term investment decisions, e.g. in achieving a particular type of certification, or
construction of efficientanimal housing (section 9.1), covered manure storage (section 9.4) or
anaerobic digestion (section 9.2). Strategic investments may overcome output constraints associated
with e.g. total N application restrictions in NVZs or ammonia emission rates irfjamreatito Natura

2000 sites. Alternatively, if it is clear that farm output will be severely constrained through
compliance with e.g. Natura 2000 regulations, adaption of the farm to a certified low input system
may be identified as the most profitable amdironmentally responsible strategy.

Depending on the intensity of farm management with respect to food production, it may be
appropriate to focus on either production efficiency metrics (LCA) or land management metrics
(ecosystem service provisionindypplication of these metrics to all relevant processes should capture

i mportant @Al ong distanceodo effects, such as ani me
be managed through collaboration with neighbouring farms and engagement witimngeve

initiatives (LUscher et al., 2014).

Best practice can thus be summarised as:

1 Implementation of a strategic business plan for the farm that addresses market, regulatory,
environmental and ethical considerations over a time period of ten years

91 Identification of, and progress to attaining accreditation by, relevant sustainable farming or food
certification schemes that add value to farm produce and demonstrate commitment to sustainable
management

1 Use of appropriate LCA or ecosystem services nwetigcinform continuous improvement of
farm management (see also section 3.2)

1 Collaboration with neighbouring farmers and public agencies to coordinate the delivery of
priority ecosystem services at the landscape scale (see also catchment sensitive ifarming
section 3.3)

An important element of ecosystem functioning and agricultural sustainability that should be
mentioned within a LCA context is the soil quality. The inclusion of soil quality impacts caused by
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upstream processes e.g. geographic locagorssential but not always difficult due to the -site
dependency of soil and local climate conditions. Therefore the inventory items that have to be
quantified should be relevant for the calculations of impacts on soil quality according to one or more
functional units with as less as possible uncertainty based on available and published data at a global
scale. In general, processes that degrade the soil are the most suitable inventory items to assess
impacts within a LCA perspective. Therefore processes dikk organic matter change, erosion,
compaction and salinization can contribute to the formulation of the methodological framework
(Garrigues et al., 2012).

Achieved environmental benefits

Environmental benefits achieved will be highly dependent om fgpecific circumstances and the

relative influence of strategic management decisions. Environmental benefits quantified for specific

management practices throughout the rest of this report provide guidance on the type and magnitude

of benefits achievabld-or instance, some indicative environmental benefits are listed below (EFP,

2010):

1 Reduction of pest populations, which contribute to reduce crop losses

1 Soil formation and retention processes, which maintain soil productivity and prevent soil loss due
to wind and water erosion

1 Nutrient storage where nutrients are available to domestic and native plants improving also the
water quality

Appropriate environmental performance indicators

Ecosystem services

In the first instance, it is important that farmarsd land managers are aware of the range of mostly
nonpriced ecosystem services delivered by the land they manage. The 24 ecesysgitess defined

by MEA (2005) provide a useful framework for ecosystem service assessment and land management
(Table 31).

Table 31. Ecosystem services defined by the Millenium Ecosystem Assessment report (MEA, 2005)

PrOV|5|_o ning Regulating services| Supporting services Cultural services
services
- Invasion resistance
- Herbivory - Primary production
- Pollination - Provison of habitat iritual and
, - Seed dispersal - Nutrient cycling - Spiritual an
- Food,fibre, fuel - Climate requlation Soil f . q religious values
- Genetic resources g - soiiformation and | _ Knowledge system
. . - Pest regulation retention .
- Biochemicals ) . : - Education/inspiratior
- Disease regulation | - Production of .
- Fresh water Natural h q atmospheric - Recreation and
- Natural hazar P aesthetic value
protection oxygen

- Erosion regulation | - Water cycling
- Water purification

Relevant indicators may be identified for sonfi¢hese ecosystem services, such as:
biomass production

biodiversity conservation (e.g. species and genetic species diversity etc.)
water quality (or nutrient and sediment losses via runoff)

soll infiltration capacity and evidence of surface runoff

soil and biomass carbon sequestration.

=A =4 -8 -8 =9
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More detailed quantitative indicators related to these ecosystem services are referred to throughout
this report, and some are summarised in the next section. A walk around the farm could be used to
identify where and ¢w these different ecosystem services are delivered, to produce a basic map of
ecosystem service delivery. Another important aspect of best practice for landscape scale ecosystem
service delivery is to work collaboratively with neighbouring farmers, asritdesl in the Pontbren

case study (section 3.3.1).

One example of a land management change for which quantifiable benefits are estimable is the
rewetting of organic soils, which, in addition to providing a valuable wetland habitat, could lead to
large GH5 emission avoidance. According to IPCC (2006) emission factors, this emission avoidance

could amount to 22 t C@/halyr.

Garrigues et al., (2012) claimed that it is difficult to establish one single indicator on soil quality due
to the difficulty in agregating several processes such as erosion, organic matter change and
compaction into a single measutéigure 36). Nevertheless, there are some ways to measure the
impacts by taking into account the followingrameters (Garrigues et al., 2012):

1. soil rehabilitation cost or prevention of the soil degradation

2. regeneration time

3. reduction in net primary production

Damage
A to
| human health
4"
/( Apnculta \ fﬂon;of n'I;ttOf | Chang:;. n | \ ‘f
practice data / ol \ f Damage
/ \ | 4 toecosystem
| fHowoimeiel . ., \ | /
/: Fd (Sd') \ |I."'
Solcan U 4 soilquality f> Landuse {
| Flow of / \
N B
\ . \
’\‘ o /” '« Resource
Climate data e~ Sainization / scarcity
\ Etc. j
Data necessary Midpoint Endpoint
for the inventory Invetiory indicators indicators

N,

I Environmental mechanism /
V

Figure 3.6. Steps for assessing environmental impacts on soil quality tin the concept of Life Cycle
Assessment indicators (Garrigues et al., 2012)

Accreditation
One best practice indicator is:
1 accreditation with a relevant scheme that includes environmental management requirements.

A selection of accreditation schemes ariefly summarised iable 32. Many others exist, as listed
in the report on best environmental management practice in the retail trade sector (EC, 2013). The
Swedish Climate Label for Food contains a numbdrarftrunner benchmarks highly relevant to this

report, and cited in later BEMP sections.
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Table 32. Selection of accreditation schemes

Label Summary

Global G.A.P. certificates are awarded to producers following indepér
third-party inspection and certification by auditing companies (certifica
bodies) who are also responsible for updating the global online G
GLOBALG A P database. GLOBALG.A.P. standards are available for a range of pro

/70 . | types. Over 142 independent andcredited certification bodies (CB
carry out GLOBALG.A.P. certification worldwide via announced 3

unannounced onsite farm inspections.
Link: http://www.globalgap.org/uk_en/

LEAF (Linking EnvironmentAnd Farming) is an organisation promoti
e (1, sustainable food and farming. The LEAF Marque logo on food assure
é_r ’% farmers have produced that food according to high environm
= ,»-—'——--" 12 standards. LEAF also builds public understanding of food and far
—_— LEF\-“ = throughe.g. year round farm visits to a national network of Demonstrg
. Farms.
KA &
" FARM Link: http://www.leafuk.org/leaf/home.eb

The Swedish Climate Label for Food is an initiativar®ed in 2007 by
KRAV and the Swedish Seal (Svenskt Sigill) to develop clim
certification for the food chain. The project is managed in cooperation
several major Swedish food companies: Milko, Lantméannen,
Federation of Swedish Farmers, Scad Skanemejerier. The purpose is
create a certification system that reduces negative climate effects
food production and identifies more climate responsible product
consumers. Frontrunner products are identified within major pra
categories,accounting for the entire production chain. The clim
certification can only be used in combination with another certificq
scheme (criteria are specified in the standard) that certifies compone
sustainable food production. Labelling is takerrecaf by existing
certification organisations rather than introducing a new label.

Swedish Climate Label for Food

Link: http://www.klimatmarkningen.sefienglish

Cross-media effects

The purpose of this BEMP is to achieve the optimum balance of financial, environmental and ethical
performance through stegjic, longterm management, and thus minimise cnosslia effects.
Significant tradeoffs may exist, including between animal welfare and resource efficiency
maximisation, or between profit maximisation and environmental protection.

Operational data

Crosscompliance

Crosscompliance criteria for the EU CAP represent the baseline minimumeagronment
measures to be implemented on farms. For all requirements falling underca@ngsiéance, the
compliance costs have to be borne by farfiers

Best practte goes considerably beyond cressnpliance standards. Strategic implementation of
crosscompliance criteria, and attaining higHevel agrienvironmental subsidies such as the Higher
Level Stewardship scheme in the UK, can leverage multiple environinestafits. For example,
using any areas of organic soils for-aside and sermnatural habitat provisioning could enable that
soil to be rewetted (draining blocked), leading to large GHG emission avoidance.

2 A useful index page from crosempliance criteria is accessible heréhttp://ec.europa.eu/agriculture/envir/cross
compliance/index_en.htm

91|Page


http://www.globalgap.org/uk_en/
http://www.leafuk.org/leaf/home.eb
http://www.klimatmarkningen.se/in-english
http://ec.europa.eu/agriculture/envir/cross-compliance/index_en.htm
http://ec.europa.eu/agriculture/envir/cross-compliance/index_en.htm

Ecosystem services provisioning

IPIECA (2011)describe the following steps for applying ecosystem services checklists as a way to

integrate ES into operations:

1 Step 1: Select relevant ES checklist(s¥his involves identifying the habitat types on the farm
and then selecting the relevant checklist.

9 Step 2: Assess ES dependencies and impactis involves working through the checklist to
identify the potentially significant ecosystem service dependencies and impacts associated with
relevant farming activities and issues.

1 Step 3: Identify ES risks and opportunities: For each of the potentially significant ES
dependencies and impacts, tMRisk and Opportunitytables are used to identify relevant
associated risks and opportunities.

1 Step 4: Consider mitigation and enhancement measured-or each releva risk and
opportunity, Risk and Opportunitytables are used to identify potential mitigation and
enhancement measures to implement.

Whilst the above steps were defined in relation to oil and gas industry projects, they apply equally
well to farming congxts.

Integrated Farm Management

Integrated Farm Management (IFM) can be a major component of strategic farm management,
comprising a whole farm perspective, scientific basis and multiple objectives. According to EFMA,
2010) , il FM i gstamdmg of the scemtifi@pnoceasasdnethe farming environment, e.g.
nutrient flows, factors influencing soil quality, and the application of this knowledge to identify
aspects of the farming practice thatnimegratal at t en
farming providing guideline for sustainable agriculture that can be used for indicators and benchmarks
(EISA, 2010). The LEAF marque is based on IFM principles.

The following criteria are required for LEAF marque certification, and providge&ul indication of

good practice in integrated farm management:

Integrated Farm Management (IFM) is a whole farm policy. You must therefore have appr
assurance for each enterprise on your holding. For example, if you have potatoes and car
must be a member of the appropriate schemes for both enterprises, such as GLOBALGAP

or GLOBALGAP (FV) or other schemes that are benchmarked as equivalent to GLOBALGA
Red Tractor Farm Assurane®roduce Scheme.
You must have a farm enginmental policy that is communicated to all staff. It must be documé
and form the basis for the farmds objecti

A contain reference to | FM,
A meet alll regul atory and |l egislative reqly
A include references to:

1. Effective resource management through reducing and reusing waste; reducing raw
consumption;
2. Eliminating or minimising appropriate polluting releases to the environment i.e. air, wate
including 6greenhouse unmanedel); (GHG) miti g
3. Optimising energy and water efficiency;
4. Minimising adverse environmental effects.
You must develop from your Environmental Policy a documented plan that sets out youdershe
and longterm (1 to 5 years) environmental objectives.
The plan must include aspects such as energy, water, pollution, 'greenhouse gas' (GHG) n
practices and other aspects of the business that impact on the environment. It must also inc
food enterprises that impact on the business. The LEARIA t &6t argets f or
profiled can form the basis for this plan
Plan.
You must set targets, with a timescale, to improve and enhance the environment. This must i
link to your Whole Farm Conservation Plan, but must also include targets on water, s
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‘greenhouse gases' (GHG) and energy use. The targets must be measurable and linked to 1
when appropriate.

You must review your environmental policy and rpléeo ensure that it is relevant and be
implemented. This must be every year and a record must be kept of this review. Following the
any amendments must be made and highlighted.

You must ensure that staff have received and understood the Eneir@trRolicy and plan an
asked them to sign / mark to this effect. The policy must be displayed for everyone to read arn
staff induction training takes place, be part of it.

You must communicate the environmental policy to key suppliers and dontracho are directly
i nvol ved i n t he farming busi ness, especi
environmental performance. They must be made aware of its content and their responsibility
achieve its aims and objectives.

When purchaag new equipment or establishing new buildings you should look for the best av
and appropriate technology. This should include water and energy efficient products/desig
should justify your decision based on economic and environmentalarimgtihout forgetting anima
welfare issues. A written policy to show your commitment to reduction of energy through
purchase decisions should be present and can be part of your environmental policy.

Farm staff that has a critical impact on yousibess (including contractors) must be made awa
your commitment to IFM. There are many comprehensive benefits that result from staff train
increased job satisfaction and motivation. This must be done on a regular basis and at least
Regular team meetings can be useful to discuss with relevant members of staff IFM princig
practices employed on farm and identify with them opportunities for improvement and an ing
awareness of IFM.

Source:LEAF (2012).

Applicability
ThisBEMP applies to all types and sizes of farms.
Economics

Economic considerations are embedded within strategic farm management decisions. There are
increasing examples of farmers receiving payment for the delivery of ecosystem services, both from
public subsidies through e.g. cressmpliance criteria in CAP, and also from private compainieg.

for water quality and carbon sequestration.

As mentioned, a whole farm perspective is required to fully account for costs and benefits associated
with various management decisions. With respect to certification costs, these may be paid back
quickly via premium produce prices and, as with environmental management more widely, cost
savings. For exampl e, LEAF member sha 2 w/aye aers ffaorc
farm over 700 ha. However, based on results of an extensive survey, LEAF (2012) claimed that the
average saving for adopting LEAF6s | FM was 050/ h

Additionally, an estimate of the cost of erosion and change in soil organic matter iorrtheff

prevention or damage to infrastructures in Europe has high uncertainty (e.g. uncertainty range 0.7
14.0 billion a4 for erosion). These costs do not
which were impossible to quantify (EC, 2006; Ggues et al. 2012). According to Guarriges et al.

(2012) the establishment/proposal of reference values for acceptable economic costs of soil
degradation or the initial quality of land before it was transformed requires future research. As far as

the cost 6 soil degradation is concerned, a practical and pragmatic estimation may incorporate the
related decrease in the revenues because of the decreasing crop yield taking into account that the
combined influence of erosion soil organic matter change, compaatisalinization on yield has

high variability and uncertainty (Garrigues et al., 2012).
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Driving forces for implementation

Driving forces for strategic farm planning include:

=4 =4 =8 -8 -8 A

Financial pressures

Environmental regulations

Animal welfare regulations

Buyer demands (e.g. for various types of certification)
Volatile commodity and produce prices (risk management)
Environmental and ethical responsibility

Reference organisations
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Morley Farms, UK
LEAF Marque
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3.1.1 Examples of strategic farm management priorities in different regions

UK farmer collaboration for water management
See the pontbren case study in section 3.3.1.

UK dairy farm recommendations

Burns et al. (2012) in DEFRA (2012) propose that the envirorahgnpact of dairy farms in the UK

can be most effectively reduced by increasing cropping diversity and/or within sward diversity to
increase the heterogeneity of grassland and other forage species. In particular, they note that mixed
grass and cereal proction for animal feed could improve biodiversity (especially for bird species),

and highlight the superiority of cereals over maize in terms of biodiversity. They also recommend
better integration of dairy, beef and arable production. These measuresngoudde biodiversity,

nutrient use efficiency, soil structure and result in other environmental benefits.

Netherlands dairy farm recommendations

In the Netherlands, the most valuable ecosystem service provided by intensive dairy farms is
considered to & milk. Therefore, the priority for Dutch dairy farms is to maintain or expand output

within regulatory nutrient balance constraints. Geert (deMarke, October 2013) suggests that the
challenge for Dutch farmers after milk quotas are lifted in 2015 wilbbes hi ft t he mi ndset
to minimise resources for fixed outputo to fAihow

UK arable farm case study

Morley Farms is a 700 ha farm located within an NVZ in southeast England, growing winter wheat,
oil seed rap, barley and sugar beet on light sandy loam or loamy sand soils that are low in organic
matter following decades of depletion (typical of UK arable soils). The farm is managed by a farm
manager on behalf of a charity trust, which is cited as a reasolrfgerterm investment and
sustainability decisions. The farm manager (Morley Farms. 2013) emphasises the importance of
experience and patience to inform management decisions on a daily and yearly basis. An important
issue related to optimised timing is have the correct equipment well maintained (not necessarily
new), and welmotivated staff, so that operations can be carried out rapidly when required during
ideal drilling or harvesting windows.

Morl ey Farms i nvested 04pdo0ided gdeateriflexibiligy inthe imingofai n st
harvest operations and selling produce to maximise revenue. For example, by selling oil seed rape in
September rather than August i mmediately after |
nettingama ddi t i onal a7,000. An additional benefit wa
harvesting other crops during the harvest season, rather than securing sales. Furthermore, the farm
manager foresees stricter regulations on food storage facidiiedsthe new sheds are seen as future

proofed against such regulations. A final point is that the sheds have an asset value in themselves,
making simple payback calculations irrelevant. A wHalen (strategic) perspective is required to

make economicalland environmentally sound decisions.

Rieger arable farm, Germany

Rieger Farm is an arable farm located in Blaufelden, Germany, that cultivates wild flowers for seed
and medicinal plantsF{gure 37), and holds EMS accreditation. This is an example of where a
farmer has identified an opportunity to manage their farm in an environmentally friendly manner and
represents a strategic approach to environmental management of a farm.
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Figure 3.7. Extract from the environmental statement of Rieger Farm Rieger Farm, 2013)
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3.2  Embed benchmarking in environmental management
Description

This BEMP is mapping out a framework for systematic monitoring as well as reporting the farm
performance at the process level. The main objective is to set quantitative benchmarks against best
achievable performance wherever possible. The focus of this particular BEMP is the establishment of
a framework and procedures for performance benchmarking abe$arin: specific indicators and
benchmarks are detailed throughout the remainder of this report.

An Environmental Management System (EMS) provides an organisation with a framework for
managing its environmental responsibilities efficiently, with eesgo reporting and performance
improvement. Implementation of an effective EMS should lead to continuous improvement in
management actions, informed by monitoring key performance indicators related to those actions
(Figure 38).

Assumptions

Revise Modify \

Objectives
Monitoring Adjust
Management
Alter‘/ACt'ons
Products
& rvices

Figure 3.8. The continuous planning and improvement cycle (modified from SCBD 2007).

In the first instance, a strategic business plan should be established for the farm to address long term
strategy in reltion to anticipated pressures and challenges. A more detailed environmental
management plan may be drawn up and implemented to achieve strategitajual83 summarises

EMS implementation in relation to thedPDo-CheckAct approach, and highlights the relevant
aspects of this report for each stage. Key points are the establishment of an organisation level
environmental policy, followed by the development of action plans with specific targets. These should
beinformed by an awareness of what is commercially achievable, as described in BEMP techniques
and quantified by associated benchmarks of excellence in subsequent sections of this report.

The identification of significant environmental aspects is thedtesie of environmental management,

and as part of accredited EMS requirements enterprises must perform an environmental review.
Following the environmental review, the monitoring of relevant environmental performance
indicators forms a reference point fiosnplementation of best practice in cross cutting issues (this
chapter), soil and nutrient management (chapters 4 and 5), grass management (chapter 6), soil
preparation and arable practices (chapter 7), animal husbandry (chapter 8), manure management
(chaper 9), irrigation (chapter 10), crop protection from weeds, pests and disease (chapter 11) and
protected horticulture (chapter 12).
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Table 33. Stages of the PlaiDo-Check-Act cycle, with reference to relevant use of this repar

Relevant environmental

cs:t)fsl Cli Management activities/steps management tool
9 (use of this report)
Identify priority issues (significant environment
aspects)
Establish a policy to address these issues : :
. . Environmental review
Identify performance standards and improesin (refer to relevant best practice
Plan opportunities (best practice) . P
Allocat if ibilit techniques and lbehmarks of
Se?(;all)jeestli)veecsl Iacnrc‘ia?aproglstls tties excellence for particular processes)
Prepare action plans, programmes and procedure
achieving (performance) objectives
Do Responsible persons implement plans, programmes Standards and procedures
procedures (implement best practice techniques
Monitor results Environmental monitoring and
Check Evaluate performance against objectives and targets management audit
Determi P f dg it ) q f 9 d (use appropriate indicators, compar
etermine reasons for deviations andswonformances | i b anchmarks of excellence)
Take corrective action for neconformances
Consider performance and adequacy ofeayselementy Management review
Act in relation to targets (re-assess relevance of particular be

Identify changing circumstances
Modify system elements, including policy, objectivg
targets, responsibilities, plans, programmes, procedt

practice technigess and benchmarks
of excellence for particular processe

Guidelines for generic EMS implementation and resource efficient management on farms have been
produced by various sources. A selection of these is listed under “Appropriate environmental
indicatas’, below. A wide range of free online tools are also available to facilitate management
decision making by farmers and farm advisors. Examples of relevant tools are provided in subsequent

BEMP sections of this report, and some of these are also listied uin

60perational

dat a

In summary, bst practice is to devise a farm management plan based on selective guantitative
indicators for resource efficient management, life cycle assessment indicators for food production and
relevant indicatorof ecosystem service provisioning. Full use should be made of relevant freely

available tools to assist farm management. This is in addition taegllatory compliance. An

important aspect to ensure EMS implementation is the development of a clesobfot major
operations and the training of staff to follow them, especially regarding Nutrient Management
Planning (NMP) and pesticide management.

Achieved environmental benefits

Effective implementation of some form of EMS (at a minimum monig)ria a prerequisite for, and

often directly leads to, the realisation of continuous improvement across key environmental pressures.
It is the starting point from which to realise environmental benefits associated with BEMP techniques

described throughoutis report. Frontunners in EMS implementation are also framiners in
environmental performance.

Appropriate environmental performance indicators

Quantitative indicators

Appropriate environmental indicators are measured at the process level acdtedswith best

practice technigues described subsequently. Best practice is for farmers to systematically identify the
indicators and best practice techniques relevant to their farm. Note that in many cases indicators

critical to environmental or resowefficiency are also important for farm productivity and financial

performance. The quantitative systems approach encouraged by an EMS creates additional impetus to
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use indicators that should already be used for farm profit maximisatidate 34 relates some of the
key gquantitative performance indicators identified for BEMP techniques throughout this report to
major types of farm system.

Table 34. A selection of relevant environmatal performance indicators for different farm systems
(shaded cells identify farm systems for which indicators most important where indicators
apply to multiple farm systems)

o2
> |3 g | 52| &8 | §2
g | a 5 | 23| &§ | 88
o e &5
e
Energy
Field energy, L diesel/halyr \% \% \% V Vv \%
Animal housing energy, kWh/ityr \% Vv
Greenhouse heating, kKWHityr \Y;
Transport to retail, MJ/kg product \%
Renewable energy generation, kWh/yr \% \ \% Vv V \%
Soils
Erosion, tonnes/halyr \Y, Vv Vv \Y \Y \Y
Infilt ration capacity, mm/hour Vv Vv Vv \Y \Y \Y
Soil organic matter content, % mass V V V V \/ \Y/
Soil nutrient status, mg/kg soil \ V \% V V \%
GHG emissions
Product footprint, kg Cé/kg product Vv Vv Vv
exported
Farm carbon footprint, kg G@&/yr \ \% \% V V \
Animal feed
Feed digestibility, D% \% \% \% \%
Feed conversion ratio, % V vV V V
kg concentrate per kg output \% \% \% V
Silage dry matter loss, % \% V V
Green procurement, % certified \ \% \% \%
Green procurement, % styased feed \ \% \% \%
Manure management
Housing loss NKtN, % TAN V V V \/
Anaerobic digestion, % slurry \ \% \% \%
Storage loss of NN, % TAN V V V \/
Storage loss of CH% MCF V V V \/
Application loss NHB-N, % TAN \ V V \%
Water
Irrigation, m¥/ha/yr \Y; \Y;
Drinking water, L/LU/yr V V V V
Water footprint®, L/kg output \Y; \Y; \Y; \Y; \Y; \Y;
Waste

3 The water source should always defined by the farmer e.g. grey, blue or green water
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kg/halyr waste generated \% \% V Y \% V
Kg/halyr to landfill V V \% \% V V
% fiwasteo reused o Vv Vv \Y, \Y, \Y Vv
Biodiversity

Nonf ar med fAnatural o \Y, \Y, \% Y \% \%
Native species, number v | v | v Vv Vv Vv

Accreditation

One important indicator of EMS implementation is accreditation according to one of the many
schemes that address important aspects of environmental management, some of which are listed under
"Operationhdata’, below, and which include ISO 14001, LEAF, GlobalGAP, Organic certification,

etci in addition to EMAS. However, the purpose of this report, and the revised EMAS regulation, is

to support performaneeriented environmental management by providingdgnce on pertinent
guantitative indicators and benchmarks of excellence at the process level, related to BEMPs.

Crossmedia effects

Crossmedia effects associated with implementation of specific techniquesdeseribed in
subsequent sections. Successful implementation of an EMS involves assessment of all major
environmental aspects and processes, so that actions are targeted to minimise negative environmental
(and social and economic) consequences. Often,iegffig measures have multiple benefits. For
example, optimised feed dosing minimises the upstream GHG emissions, eutrophication, acidification
and resource depletion burdens associated with feed production, and also enteric fermentation GHG
emissions. Clogkslurry storage avoids Gland NH emissions, and also leads to higher Nutrient Use
Efficiency (NUE) and therefore lower fertiliser N manufacture.

Operational data

Systematic implementation of best practice measures

Farm managers and consultants mafer to the index of this report for the crop and animal
production sector to identify BEMP techniques relevant to their farm. The performance of their farm
may then be compared against the proposed benchmarks of excellence to identify the environmental
improvement potential and associated economic implications. Where there appears to be significant
improvement potential, the possibility to apply proposed best practice measures can be assessed. Best
practice is to perform this systematically across relesdapartments and processes.

Good practice advice

Farm advisory services play an important role in disseminating best practice to farmers. This advice
should be delivered via independent and trusted advisors trained in agronomic and environmental
issues.A UK Parliamentary report (UK Parliament, 2011) noted that the provision of agricultural

advice in the UK has become fragmented and disjointed since being outsourced to private consultants

and farm suppliers. More effective examples of farm advisorysevs i ncl ude DBenmar k-
owned service (UK Par |l i anieamatipnal BrGahidafion regpahsiblefoe | a n d ¢
both agricultural research and advisory services (Hamell, 2013). National governments have an
important role to play in sustable farming by ensuring effective farm advisory services are in place.

A range of online sources of good practice guidance also exist and may be accessed by any farmer or

farm advisor. These include:

1 EISA (European Initiative for Sustainable developmantAgriculture). EISA promote and
provide guidance on i ntfeagrrnatepp rfoaa crh on gt htahtr oeurga
to act according to their site and situation to achieve continuous improvement via detailed
planning and evaluation. An extewsiguidance document (EISA, 2012) is available on the
website:http://sustainabl@griculture.org/
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FAO Good Ag Practicelsttp://www.fao.org/prods/gap/

Netherlands farmer advice websitétp://www.bureaumestafzet.nl/home

New Zealand dairy farmer advice booklehttp://www.es.govt.nmhedia/5868/fdalairy-

booklet.pdf

Index to agricultural sustainability indicators and data from across Europe:

http://www.agribenchmark.org/

1 Spanish sustainable agmvironmental indicators can be found #te following link:
www.agriculturasostenible.org

9 Sustainable Agricultural Initiative provides an extensive library of best practice case studies and

advice:http://www.saiplatform.org/

= = =4 =9

Decision support tools

There has been a proliferation of decision support tools in recent years. Some of these tools are very
useful, and provide valuable information to measure and improve resource efficiency on farms. A
sekction of a few such tools is listed belowTiable 35, and throughout this report.

Table 35. A selection of tools available to assist farm management

Aspect Tool Applicability Source
Cool Farm All farm
types, Europe | http://www.coolfarmtool.org/CoolFarmTool
Tool
Greenhouse and US
gas emissions| EBLEX UK sheep,
fi Wh a t | beefand dairy| http://www.eco2project.com/WhatlfTool.aspx#
E-CO, farms
Manure MANNER .
management | -NPK All farm types http://www.planet4farmers.co.uk/Manner
Nutrient in UK http://www.planet4farmers.co.uk/Content.aspx?name=PLA
PLANET
management ET
Nutrient http://www.interregdairyman.eu/tools/fertilisation/
management
Grassland European http://www.interregdairyman.eu/nl/tools/grassland
management | tools management/
Herd linked to Egirror}z?r?"ns http://www.interregdairyman.eu/tools/henthnagement/
managenent | Dairyman Y ] ' '
Farm systems| project http://www.interregdairyman.eu/tools/farsystems/
Sustainability http://www.interregdairyman.eu/tools/sustainability/
Environment http://www.interegdairyman.eu/nl/tools/environment/
Staff training

It is recommended that sustainability issues are included in basic training for all levels of staff. This

includes induction training where environmental objectives and the rationale behind them can be
explained alongside practical actions. It is particularly important to establish a link between individual

actions and aggregate environmental benefits. A sequence of key principles for effective staff training
is listed below:

- Clarify definitions to ensre that objectives and actions are understood by everyone.

- Include practical experience at all levels of training, and include study visits to demoi
best practice in action where possible.

- Motivate staff with competitive objectives, including teo®r the organisation, to becon
environmental frontunners.

- Ensure that responsibilities are clearly defined.

- Encourage staff feedback and suggestions for environmental management.

- Analyse and evaluate reasons why best practices are not applied awodein@aining
through reviewloops to improve performance (including staff feedback).
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Applicability

All types of farms can implement an EMS. It is likely to be easier for large intensive farms with
digitised record keeping and continuous monitoring syst implement a formal EMS. Nonetheless,
EMS is equally applicable to smaller farms, and may eventually lead to greater environmental
improvement on such farms by encouraging systematic performance monitoring and optimisation.

Economics

Implementationof an EMS leads to the identification of efficiency savings detailed for BEMP
techniques in subsequent sections. The main objective of most BEMPs in this report is to minimise
resource consumption per unit of output. In particular, many BEMPs lead ter INgGFE, reducing
fertiliser costs per unit of output.

A survey of over 100 LEAF members (LEAF, 2012) found that the average saving for adopting

LEAF6s I ntegrated Farm Management was 4AnaMgr). 000 ( C
Sixty four percent of LEAF members agreed that they had found savinpy adopti ng LE
Integrated Farm Management. The survey also found that 84% of LEAF members had improved their
environmental performance. The cost of LEAF membership varies from £72 per a farm < 121 ha to

£288 for a farm over 700 ha, so it appearsttiate is a good return on investment.

Driving forces for implementation

As demonstrated above, the systems approach of EMS can be particularly beneficial for farms, to
stimulate critical appraisal of practices and elucidate options for resourcerefficihat are not

obvious from dajjood ay observations (e. g. by quantifying

management). A range of factors encourage farms to implement an EMS. Objectives of EMS
implementation either certified or not include:

1 identify andimplement opportunities to improve operational efficiency

1 manage environmemelated risks and liabilities, for example related to regulation

1 gain access to supply chains where buyers are demanding environmental accountability.

Reference organisations

i Dutch mileukeur lable
q EISA

q LEAF

i GQSBW
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3.2.1 Quantitative environmental management case studies

Dutch dairy farms

A group of Dutch dairy farms invodd in the ANCA project provide an excellent example of best
practice in quantitative (environmental) performance measurement (deHaan, 2013). The objective of
the ANCA project is to develop a tool which can calculate the N, P and C cycles of individyal dair
farms based on readily available and verifiable data. This tool is intended to produce a set of
indicators that can be used to demonstrate farm resource efficiency towards governments and milk
processors, in addition to informing optimised managememtkeSolders from the Dutch dairy
industry have agreed that, from the beginning of 2015, the use of ANCA should be mandatory for all
dairy farms that produce more excrement than they are permitted to apply on their own fields (about
250 kg N/ha and 90 kg.,®s/haly). For the less intensive farms the use of ANCA will strongly be
encouraged.

Estimating the cycles on the dairy farm follows a digpstep procedure and ultimately leads to the

following indicators, quantified on an annual basis (illustratdeigare 39).

1. Manure production: nitrogen (N) and phosphat®©{Pexcretion of cattle (kg/ha);

2. Efficiency of feeding: conversion of N and@ from feed into milk and meat (%);

3. Ammonia (NH) emission, diviéd over housing, manure storage, grazing, manure spreading and
mineral fertiliser application (kg/ha);

4. Yield grassland and maize land: dry matter, N, ai@k Ekg/ha) and energy (KVEM/ha),

5. Efficiency of fertilisation: conversion of N and,®; from chemical fertilisers and organic
manures into crop yield (%);

6. Soil surplus N, BOs and C (including the longer term development of soil stores; kg/ha);

7. Nitrate (NQ) in groundwater (mg/l);

8. Emission of the greenhouse gases methang)(@krous oxde (NO) and carbon dioxide (GP
(kg/ha);

9. Farm surplus N, s and C (kg/ha);

10. Efficiency of farming: conversion N and®; from bought product (mainly feeds and fertilisers)
into sold milk and animals (%).

Reference and normative values are adaethe farm performance. Reference values may be the
average values achieved by farms under similar conditions or, e.g. the values of the 25% best
performing far ms. Nor mative values can be val ues
legisldgion is based. As an example, the European Nitrate Directive stipulates that the nitrate
concentration of groundwater should not exceed 50 mg/l. This is the normative value. Reference and
normative values allow the farmer to compare the performances dhrnis with those of his

colleagues as well as with the target values laid down by the government.
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Figure 3.9. An example of the phosphorus cycle on a dairy farm (Kringloop Wijzer, 2013)

ANCA does not account for efrm emisions from e.g. imported feed production, but it is noted

that such emissions can be expressed as a coefficient per unit purchased product. A farmer should be
aware that off farm emissions can be reduced by buying products with lower coefficients. The ANCA
tool is a modular extension of BEX, a calculation tool developed by the Cows & Opportunities project
that quantifies the herd part of the N and P farm cycles. It calculates the farm specific excretion of the
herd as feed intake minus the production oknpthlves and additional bodyweight. Most Dutch dairy
farmers are already using BEX. ANCA and similar tools, work well for specialised systems.
Benchmarking is more difficult for mixed farn®ata from ANCA farms are presented in Chapter, in
relation to aimal husbandry best practice benchmarking.

Dutch Milieukeur label

The Dutch Mileukeur label provides an example of rigorous, performance oriented environmental

management, based on clearly defined criteria that address environmental hotspots fee intensi

livestock systems. A score board approach is used to rate farms, based on, amongst others, the

following criteria (Harm Smit, 2013):

- Ammonia emissions: Stables must be an ammonia reducing system that reduces ammonia
emissions more than legally required.

- Animal welfare: Stable measures should be taken to improve théeiet of the animal.

- Animal health: In this theme the measures are based on three principles: prevention of diseases
entering the farm, preventing a disease from spreading within the &ardhimproving the
resistance of the animal in the stable.

- Energy and C®emissions: The measures will contribute to reduce greenhouse gas emissions
through energy conservation and generation of renewable energy for use on the farm.

- Particulate matter. Blasures are aimed at reducing emissions of particulate matter to the
environment and the reduction of particulate matter in the animal quarters within the stable.

- Company & environment: This theme is divided into four subjects. Landscape is the most
significant. The others are environmental orientation, disturbance (odour, noise, light) and water.

The system works with a score board. All measures that could be taken by farmers are rated with

sustainability points. There are basic standards for each otigh&irsbility issues. On top of that,

farmers earn additional points for specific issues to get a final minimum score. The farmer is allowed
to choose on which specific issue or issues these additional points are earned. For farms with large
numbers of amnals there is a higher level of ambition for the critical issues of animal welfare and
health: the minimum number of points for these issues is related to the number animals on the farm.

As an independent body certifies the stable, the determinatiomofsfae (number of animal places)
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is determined independently, rather than being based omepelfted dimensions. The minimum
number of points on the metrics mentioned is related to firm size counted in nge (Dutch size unit) and
defined at three levels:

- Company size O 350 nge

- Company size> 350 and O 700 nge nge

- Company size> 700 nge

The scoring board for sustainable animal husbandry is developed for the animal categories ducks,
turkeys, rabbits, hens, goats, dairy cattle, pigs, calves, chickens (meafgshénd beef cattle.

There are also scoring board for sustainable greenhouses (green label) and sustainable aquaculture.
Further information on the Milieukeur label can be found (in Dutch) at:

- http://www.milieukeur.nl/232/english/thgutchrenvironmentauality-label milieukeur.html

- http://www.maatlatduurzameveehouderij.nl/3ffehtml

Whole farm quality assurance for agricultural enterprises in Be¥i@ttemberg

GQSw is a whole farm quality assurance scheme for agricultural enterprises in-Béntamberg,
Germany. GQ§y is a comprehensive tool for seiffonitoring and dagmentation for agricultural
enterprises. GQSBW consists of three folders. Those contain checklists, filing plans, printed forms,
leaflets and a wall calendar. In terms of content, GQSBW covers both the legal regulations of good
agricultural practice (e.gegulation for the use of fertilizer, animal welfare, drug use and of Cross
Compliance as well as the requirements of the most important private quality assurance programs
(e.g., QS, QMmilk, GLOBALPGAP, QZBW). GQSBW is not an additional quality assurance
program but an effective working tool that supports the farmer in carrying out their requirements of
self-control and record keeping. GQSBW is updated annually. The use is voluntary. GQSBW can be
ordered as a full print version or as editable eGQSBW P@rpno (see the online order form). With

the internet application GQSBW online you can also create and print your cospesific version.
GQSBW is an approved FAS (Farm Advisory System).

Reference literature

1 deHaan, 2013. d*sonal communication Decemt&d13. 2012 data from farms participating in
the Cows and Opportunities project. Wageningen University, Netherlands.

T Kringloop Wijzer, 2013. Project 60Annual Nutri
Aarts F. and de Haan M.
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3.3 Landscape water qualitymanagement
Description

Catchment sensitive farming refers to land management at a catchment scale to minimise water
pollution via nutrient, agrochemical, sediment and pathogen runoff. At the highest level, it involves
management of hydrologically fiieed river basins, to identify land for priority measures such as the
establishment of integrated constructed wetlands. This represents good implementation of River Basin
Management Plans (RBMP) required under the Water Framework Directive. A majongbdibe
effective catchment sensitive far mi-nmgo aacrndhss Il a
owners.

At the farm level, catchment sensitive farming comprises an assortment of individual, often small,
measures that can collectively acl@evsignificant improvement in water quality and flow regulation
if implemented across farms. Key measures include:

1 Establishment of buffer strips

1 Establishment of integrated constructed wetlands at strategic catchment locations

1 Maintaining good soil quiy

1 Establishment of cover crops to reduce winter nutrient runoff

1 Ensuring appropriate timing and method of manure application
Ultimately, catchment sensitive farming is a crogling issue that comprises many separate actions
related to a wide raye of processes on farms. Some of the most important aspects of management
described elsewhere in this report are listefadhle 36.

Table 36. Important aspects of catchment sensitivearming addressed elsewhere in this report

Aspect BEMP Relevant report section
Assessing soil condition Section 4.1
Maximising organic matter amendments Section 4.2
Maintaining soil structure Section 4.3
Maintaining good| Managing sil drainage Section 4.4
soil structure Appropriate timing of soil preparation Section 6.1
Low impact soil preparation Section 6.2
Crop rotations for soil quality Section 6.4
Establish cover crops Section 6.5
Field nutrient budgetup Section 5.1
. Crop rotations for nutrient cycling Section 5.2
Nutrient ;
. L - Sections 5.3, 9.3, 9.4, 9.
management Precision application of fertilisers and manu and 9.6
Sl Nutrient budgeting on livestock farms Section 8.2
Dietary reduction of nutrient excretion Section 8.3
Grazing Managing extensive grazing Section 7.2
management Pasture renewal and legume inclusion Section 7.3
(gt Minimise irrigation Section 10.1 and 10.2
management
Crop protection Implement integrated pest management Section 11.1
Select éss toxic active ingredients Section 11.2

Best practice is to implement all relevant BEMPs listed@idble 36. The main measures that will be
described in this section, specifically addressing water qualitagssnent, are:

1 Establishment of buffer strips

1 Establishment of integrated constructed wetlands at strategic catchment locations
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1 Site-appropriate drainage systems (e.g. maintain or block existing systems as appropriate to the
soil type and hydrological conaigvity with water bodies)

1 Catchment level management planning, including coordination of land management across farms

9 Identify signs of soil erosion

Integrated constructed wetlands
One example of catchment sensitive farming is the establishmeniegfdted constructed wetlarids
shallow wetlands containing emergent macrophytes that essentially filter runoff water. According to
Mcinnes (2014), integrated constructed wetlands are defined by the integration of the following
objectives:

- Regulation of vater quality and quantity

- Landscape fit

- Enhanced biodiversity

- Social, environmental and economic coherence
This implies strategic planning with respect to their location within a farm and the wider catchment.

Buffer strips
Maintain areas adjacent to tea courses without fertiliser and agrochemical applications, as per

regulationd 6 m to water courses for precision application, 10 m for general application methods, but
in addition avoid intensive animal grazing (see also BEMP 5.1) and plant treessswitows to: (i)
provide natural animal and wind barrier; (ii) intercept runoff and sediment; (iii) mop up nutrients and
(iv) provide source of energy is harvested. The latter options mean that the land area is still
Aproducti veo a rodagtpayenentsfPtantieg befferistgps Wwith trees or wild grasses
provides maximum biodiversity benefit, in addition to ruaeéfter interception benefits.

Appropriate drainage

Drainage is discussed further in section 4.3 with respect to soil sewutd section 4.4 with respect

to artificial drainage. Good guidance on sustainable rural drainage systems is provided in
Environment Agency (2012).

Achieved environmental benefits

Cumulative benefits
The main cumulative benefits of effective and @gdread catchment sensitive farming measures are:
1 Reduced erosion and stream sediment concentrations
1 Reduced nutrient losses and stream eutrophication
1 Reduced rates of surface runoff (reduced flood risk downstream)
1 Potentially enhanced biodiversity withtatchments and water courses

Extensive grassland management
Restoring semnatural grasslands in strategic locations within catchments can lead to significant
improvement in water quality. Ross (2014) presented the following benefits attributdte to t
restoration of Culm grassland in southwest England:

- Sediment and particulate phosphorus (P) down b90r8

- Soluble P and faecal indicator organisms down b &%

- Nitrate and nitrite down by 580%

- Ammonium down by 53%.

Integrated constructed wetlands

Integrated constructed wetlands have been linked with large improvements in river water quality,
especially in terms of sediment and nutrient concentrations. Some of the main advantages and
disadvantages of integrated constructed wetlands are summarissdale 37.
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Buffer strips

EC (2013) reported the following primary and secondary benefits of buffer Stepke(38).

Table 3.7. Main benefits and disadvantages of integrated constructed wetlands

Benefits

Disadvantages

- High NO;removal rate

- High P removal rate

- High SS removal rate

- Carbon sequestration in vegetation

- Large land area
- CH,emissions

Table 38. Primary and secondary benefits of buffer strips reported in EC (2013)

Primary benefits

Secondary benefits

- Reduce pollutants and

contaminants,
plant uptake, and infiltration

- Protect against overland flow
agricultural area and prevent roff

- Reduce pesticide loading

nutrients
entering water through retardation of flo
deposition of sediment and sediméound| -
interception yb vegetation,

fr¢ - Considerable improvement for the wh
agricultural ecosystem

Positive effects also on biodiversity |
creating fnecol ogi

- Potential to segester C in the soil an

frol via tree planting

- Harvesting biomass from the buffer zor
if carried out without destroying it, cou

- Vegetative buffers are effective at trappi

offset the costs of using land for buffe

sediment from runoff and at reducit
channel erosion -
- The water vegetion and the area around t
base of the river bank offer shelter for me
species of macraoobenthos -

rather than food crops
Improvement of soil
prevention of sall
conservation

For riparian woodland, benefits of shac
shelter and C sequestration

guality an
erosion, 940

EC (2013) report the following quantified benefits for 5 m wide buffer strips:
- 15-20% reduction in total runoff (10% in meadows)

- 42-96% reduction in P loading to watgnilly areas)

- 27-81% reduction in N loading to water (hilly areas)

- 5597% reduction in particulate loading to waters (hilly areas)

- 8390% reduction in organic matter loading to waters (hilly areas)

Appropriate environmental performance indicators

The indcators for this BEMP are distinguished into two categories, the water quality and the farm
indicators.

Water guality indicators

The following key water quality indicators are routinely measured and can be used to monitor the
efficacy of catchment sensié farming measures at the catchment scale:

- Stream total phosphorus or phosphate concentrations (ug/L)

- Stream total N or nitrate concentrations (mg/L)

- Stream suspended solid concentration (mg/L)

- Stream dissolved organic carbon concentration (mg/L)

- Faecalmdicator organisms (colony forming units/mL)

Farm indicators
- Soil nutrient status (see section 5.1)
- Implementation of a soil management plan, including erosion risk mapping (section 4.1)
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- Visible indicators of soil erosion (rills, gulleys, deposited swdit bankg see pictures under
60Operational datad section)

- Buffer zones of at least 10 m in width are established adjacent to all water courses, where tillage
and grazing excluded

- Farmers work collaboratively with neighbouring farmers and river baamagers from relevant
authorities

Crossmedia effects

The establishment of integrated constructed wetlands and buffer strips involves removing agricultural
land from food prodction, potentially displacing food production to other (high nature value) areas.
However, the land used for such measures is usually wet and of low productivity. Good management
of wetland and buffer areas can improve drainage and productivity in nefgitpand downstream

fields. In addition, use of buffer zones for e.g. willow biomass production can provide useful fuel or
animal bedding material.

Operational data

Soil erosion risk mapping

Although difficult to precisely measure, erosion is highisible and can be readily identified through
field inspection Figure 310). Best practice is to map fields in terms of soil types and slope to identify
fields with higher erosion risk, and to avoid high erosisk crops such as potatoes on those fields.

Raindrop impact on bare land over win
causes disloadgement of soil particles and
initiate erosion.

Deposition of sediment at the bottom of sloy
is a clear indication of erosion.
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An exampleof rill erosion, which is likely to
occur on slopes that have been cultiva
parallel to the slope, rather than to conto
(see contour ploughing, chapter 8).

An example of gulley erosion, where ril
converge and expand into wider gulleys.

An extreme example of gulley erosion.

Figure 3.10. Visible examples of erosion (Environment Agency, 2007 and EC, 2013).

In the UK, detailed advice is provided by DEFRA (2005). This includes recommended crops for soils
of differenterosion risk as identified using the erosion risk matriXable 39 and crop lists imTable
3.10.
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different processe®n various soil types. The approach was tested, and largely validated, by

Boardman et al. (2009).

Table 39. Erosion risk matrix (DEFRA 2005)

Soils Steep slopes Moderate slopes | Gentle slopes | Level ground
>7° 3-7° 2-3° <2°
?;lnsdy Sl ety Very high High Moderate Lower
SR i . High Moderate Lower Lower
calcareous clay soilg
Heavy soils Lower Lower Lower Lower
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Figure 3.11. Example of an erosion risk map for a farm (DEFRA, 2005)

Table 310. Crop selection guidance for fields with high erosion risklDEFRA 2005).

Avoid

Cultivate with care

Prioritise

x Late sown winter cereals

X Potatoes

X Sugar beet

x Field vegetables

x Outdoor pigs

x Grass reseeds

x Forage maize

x Outwintering stock

x Autumn/winter grazing of forage
crops

I Early sown winter cereals

I Oil sedal rape

I Spring sown cereals

I Spring sown linseed

I Coppiced willow/miscanthus

<<<

Woodland
Permanent grass
Long grass leys
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Soll Concerns/'Soll Type:

sandy and Iight silty

Medium Heawvy

chalk & limestone

Compaction due o culthations
and mechanical damage

Aumcéf or water snosion from
arabla land

Aumcéf or water snosion from
grassland

Poaching of soll by Ivestock

Loww soll organic matter — as
indicated by soils that cap and
slumg easly or are difficuit to
culthate

Waterogging

wand erosion

BASELIME RISK RATING

MODERATE

MODERATE

LA

MODERATE

Table 311. Risk matrix for different processes across different soil types in the UK (DEFRA 2009)
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NewellPrice et al. (2011) provided the following best practice advice related to erosion reduction:

Move gateways located in higisk surface runoff areas, such as at the bottom of a slope and 1
a watercourse, to lowaisk areas on upper slopes.

Create weldrained tracks with appropriate surfaces; avoid routes with steep slopes; Improv,
surfaces and repair any damage promptly; provide good drainage and divert runoff to g
grassed areas, soakaways or swales; avoid directing runoff towards bare soil, roads or waterg

Plant new hedges along fence lines and use them to-bpetiie hydrological connectivity of th
landscape.

Buffer zones

EC (2013) note that requirements regarding the width of buffer strips range by counasgllgen

falling between 0.6 m and 20 rRigure 312). Most countries prohibit the use of fertilizer, pesticide,

plant protection products, tillage, ploughing and spraying in buffer zones, and some countries also
prohibit grazing and any agricultural usB.e n mar k6s Green Growth Strate
buffer strips that may be used for cultivation of perennial pasture or bioenergy crops provided no fert,

pest, or cultivation.

UK ; FI for those DK Jylland and Fyn -
with environmental along watercourses
program; others and waterbodies SL non-urban
voluntary larger than 100m2 zones
SL urban

s NO Lela s Scotland:
Morsa RDP 3
voluntary

NO Leira & Morsa
mandatory

funded up
to 20m

IT Liri Garigliano e Volturno

Scotland SE Svartaa

LUX - Green corridor programme

LUX - Land
conservation

bonus

Legend: dark blue box refers to a specific point. Light blue refers to a range. Coloured borders are used for several limits
referring to the same country, i.e. SL — yellow, Scotland —red, NO —green, LUX — violet.

Figure 3.12. Minimum buffer strip widths required by different schemes across EU Member State§EC
2013)

It is noted that narrow (1m wide) strips are unlikely to provide filtering for medium/heavy soils,
whereas 6m riparian grass buffer removes sand and silpaiticles and can reduce pesticide loading.

Figure 313 shows a simple cattle nose water feeder that can be used to avoid significant erosion and

water pollution arising from cattle drinking directly from riseiSuch feeders may be placed behind
fences used to create buffer zones along river banks.
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Source:Woodland trust (2013)
Above: Cattle drinking from a river
causing significant damage to the ban
leading to emsion and water pollution.

Left: A cattle water feeder, activated |
cattle nose motion, to avoid river ba
damage.

e

»
X e N

Source:Enviromnt Agency (2008)

Figure 3.13. Cattle water feeder as a solution to river bank damage

The following best praate relating to buffer strips and river bank management is recommended by
NewellPrice et al. (2011).

Erect stockproof fences in grazing fields and on trackways adjoining rivers and streams.

Construct bridges to allow livestock and vehicles to crosssiand streams without damaging
banks, and to prevent animals urinating and defecating directly into the water.

Do not apply manufactured fertiliser at any time to field areas where there are direct flow
watercourses. For example, areas vétldense network of open drains, wet depressions (flu
draining to a nearby watercourse, or areas close to road culverts/ditches.

Farm yard runoff management

Dirty water from farmyards contaminated with slurry, etc, should be sent to the sluriy fsiofield
application at appropriate times. This increases the required slurry storage capacity and volumes of
slurry applied, and at the same time reduces the effective duration of slurry storage, potentially
causing problems for compliance with NVZ végfions, and leading to higher nutrient losses from
fields and reduced nutrient use efficiency. Minimising the water that comes into contact with the
farmyards can effectively reduce some of these negative effects. One simple way to do this is to
intercepp roof runoff Figure 314). Ideally, this water could be used to as a supply of livestock
drinking water.
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Figure 3.14. Simple approach to rain water collection reduces capatyi required for dirty water storage

Best practice for manure management described throughout Chapter 9 is critical for water quality. A
few additional best measures related to manure management are referred to here, from Blair et al.,

(2006) and NewelPrice et al. (2011).

Avoid spreading (stravased) farmyard manure (FYM) to fields at times when there is aisigbf
surface runoff or drainflow, for exampl e,

For farms in NVZs where livestk manure N loadings exceed 170 kg total N/ha each year of
manure N in excess of this limit needs to be transported to farms that do not have surplus
grassland derogation applied for, stocking rates reduced etc). This situation is mostrlikiglyy
and pig farms (usually as slurry), and poultry farms (i.e. layer manure and poultry litter).

Transport poultry litter to an incinerator where it is burnt for energy recovery.

Integrated constructed wetlands

NewellPrice et al. (2011) providene following best practice advice in their mitigation manual:
AnConstruct (or establish) wetlands with fences

and sediment from a field group of fields

A useful guide on the eation of integrated constructed wetlands was published by the Irish

Department of Environment, Heritage and local Governthan2010 (DEHLG, 2010).

Figure 315 shows an example of an integrated constructedangtin Wales, constructed as part of
an Interreg research project to ascertain its value in mopping up nutrients and pesticide residues from

runoffi located in Pwllpeiran upland farm (near Aberystwyth).

Applicability

Catchment sensitive farming is amalble to all farms. It is easier to implement within smaller

catchments involving fewer land owners.

14 . S . .
This guide is available to download at:
http://www.environ.ie/en/Publications/Environment/Water/FileDownlLoad,24931 .en.pdf
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Figure 3.15. Constructed wetland system consisting of four

Pwllpeiran Farm, Wales

Economics

Water treatment costs

ICW represent a low cost water treatment option compared with mechanical treatment, and may
generate new revenue sources for farmers via recreational value of wetlands and enhanced quality of
water courses. lthe UK, Wessex Water is working with farmers to reduce nitrate and pesticide
loading at source, in order to avoid expensive treatment of drinking water following abstraction
downstream. They have a target to reduce N loading by 45 tonnes per year froaickiment by
2020. A nitrogen removal plantcostsic. 14 mi I Il i on (Bardon, 2014).
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Recreational value

Constructed wetlands often have a significant recreational value. In the Anne Valley of County
Waterford in Ireland, high value Brown Trout and Salmon species have returned to the Anne River
following the introduction of an ICW, drawing in revenue from anglers (Mclnnes, 2014).

| mproving surface water quality from Abado to fc
can |l ead to societal benefits of,2004. to U 170, 000C
Public financing
There may be public money available to support capital investment in projects aiming to improve
water quality”.
Payment for ecosystem services
There are some fledgling examples of payments for ecosystem services (PES}ide,paad this
approach could generate significant revenue for farmers in the future. However, at present,
considerable challenges remain to determine the value of particular services related to specific
management practices (e.g. rewetting upland organili€), their verification, and transfer of payment
from beneficiaries to providers (e.g. farmers).
Driving forces for implementation
1 Water Framework Directive, especially RBMPs
9 Drinking water quality standards
1 Water companies financing upstream cateht management programmes
1 Government subsidies or low interest loans (Rivers Trust work)
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3.3.1 Catchment sensitive farming case studies

Tree planting in Pontbren, Wales

The Pontbren project (Pontbren Farmers, 2014) ismaefainitiative implemented outside of any agri
environment scheme, with some Millenium Grant money. A group of ten neighbouring famers
undertook strategic tre@anting to reduce environmental pollution and improve reseefifagency.

Trees were plantetb provide shelter from the wind, enabling fewer sheep to achieve same yield
output in an upland context through improved health, productivity and lambing rate. Pontbren farmers
planted thousands of trees and miles of hedging to improve shelter fordkjegtowing a shift from
crossbred ewes to hardier native breeds that could lamb outdoors; planted shorter hedging species to
windward side, backed with taller tree species to form an impregnable shelter belt. The hydrology of
the land is vastly improvedyith tree roots reducing runoff by 40%, meaning less soil, nutrients and
chemicals are lost from the farm system into adjoining streams and rivers. On a wider scale, such
management could lead to highly effective flood mitigation.

Tree planting fointerception of runoff: hge rows plate perpendicular to slope and pe

to water courses
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Tree planting for stock protection from exposure to prevailing wind: hedge rows pl
perpendicular to wind direction
Source:Williamson (2013)

Integrated constructed wetland: Anne Valley, Ireland

A large integrated constructed wetland was established in the Ann Valley of County Waterford,
Ireland, treats 50% of domestic waste water, 40% of diffuse runoff water and 80% of farm yard runoff
water generatkwithin the catchment. It has been so successful in improving water quality that brown
Trout and Salmon have returned to Anne River (Mclnnes, 2014).

Reference literature

1 Mclnnes, R., 2014.Systemic solutions and the potential of wetlanBgsesentationat:
Environmental Sustainability Knowledge Transfer Network Systemic solutions at the landscape
water interfaceOn 10.02.2014 at the Bristol Aquarium, Bristol, UK.

1 Pontbren Farmers, 2014Pontbren Farmers webpagelast accessed February 2014:
http://www.pontbrenfarmers.co.uk/
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3.4  Landscape scale biodiversity management
Description

Agriculture and biodiversity

Agriculture can benefit biodiversity and support habitats, but a major challenge for ageidnltu
coming years is to reduce the negative impacts of intensive agriculture on environmental quality, and
to reduce dependence onmore newabl e resources, whil e maintair
growing population (EUBBD, 2010). The intensificatiohfarmland has been linked to the decline of
farmland birds and butterflies, poorer plant diversity as well as soil biodiversity (e.g. Kleijn et al.,
2009; Stoate et al., 2009). Meanwhile, extensive agricultural land management, such as extensive
cattlegrazing, can maintain high nature value (HNV) habitats, and there is a risk that these farming
systems are abandoned owing to low financial returns per hectare (Haddaway et al., 2014). Open
landscapes, farmland habitats, and farmland biodiversity depemetlbmdapted forms of farming
activity (EUBBD, 2010). Of the 231 habitat types of European interest targeted by Annex | of the EU
Habitats Directive, 55 depend on extensive agricultural practices or can benefit from them. Similarly,
eleven targeted mammalpecies, seven butterfly species and ten Orthoptera species (including
grasshoppers and crickets), as well as 28 vascular plant species listed in Annex Il of the EU Habitats
Directive depend on a continuation of extensive agriculture (EUBBD, 2010).

Whilst there may be some tradH#s between maximising food production and maximising
biodiversity on some farms, careful ecosystem management to maintain or enhance biodiversity can
in some cases improve productivity, and often makes systems more resili@mg-term pressures

such as climate change and soil degradattagute 316).

Functional

S : Human well-bein
AgroBiodiversity :

Cultural ecosystem services

* Recreational and aesthetic values
* Pest control * Erosion regulation « Cultural heritage

Regulating ecosystem services

* Disease control  Nutrient retention e Education and inspiration
* Pollination * Water regulation & purification « Spiritual and religious values
e Climate regulation .

Provisioning ecosystem services
¢ Food, fibre, fuel production

__—> ¢ Clean water

Y

¢ Biochemicals, pharmaceuticals
¢ Genetic resources

Ecosystem services to
agriculture

Figure 3.16. The relationship between functional agrebiodiversity and various ecosystem services (-
FAB no date)

Ecological focus areas
The primary aim of many AgffEnvironment Schemes (AES) is to enhance biodiversity, but results of
many AES are underwhelming (Polakova, et al., 2011). One reason for this may be because AES tend
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to be administered ahe farm scale, whilst realising measurable biodiversity benefits often requires
landscapescale schemes, especially for key farmland species such as bats, mammals and some
important pollinators.

Discussion surrounding CAP reform has included the canafepcological focus areas (EFA) as
(potentially mandatory Pillar One) measures to improve/preserve biodiversity (Hamell, 2013). To
gualify for the 30% of the direct payments budg
the CAP, farmers with gzing livestock could be required to preserve permanent grasslands, whilst
arable farmers could be required to cultivate a diversity of (three) crops and practice basic crop
rotation. In addition, all farms may be required to designate seven per ceeit ¢atimland as EFAs.

EFAs draw on a Swiss policy in which farmers are paid a subsidy to dedicate a fixed percentage of the
farm land to an environmental use rather than agricultural production. The aims include reversing the
decline in farmland biodivertsy, the loss of pollinating insects and farmland bird populations,
reducing soil erosion and water pollution, all of which are known to be consequences of intensive
agricultural production.

Legal framework

In addition to current and proposed CAP requinetsea range ofegal frameworks apply to
biodiversity and land managemerifaple 312). At the European level biodiversity strategy is
summarised in the EU 2020 Biodiversity Strategy (COM (2011)244final). Enventatassessment

of strategic plans at a regional level, as required under the SEA Directive and the assessment of
projects under the Habitats and Birds Directive may influence aspects of regional development related
to agriculture. Farm falling within SA€and SPAs may have additional responsibilities to ensure
adequate protection of the nature values in compliance with the provisions of the Nature Difectives

Table 312 International and European legal frameworks potentially important for tourism and
biodiversity planning

_ Water Strategic Environmental Habitats _ o
Imple_m- Con_ventl_on oN | Eramework Environmental Impact Directive Birds Directive
entation Biological . . Assessment Assessment (79/409/EEC &
level Diversity Bl Directive Directive CeN= ECl 2009/147/EC)
(2000/60/EC) (2001/42/EC) (85/337/EQ 2006/105/EC)
Conference of
Global the Parties,
Secretariat
Ecosystem Water Natura 2000 Network of SAC
EU
approach to | management and SPAs
management,| at level of Assessment of Special Areas| Special
promoted River Basin | regional of Protection
through District development Conservation | Areas (SPAS)
National | European plans (SAC) designated by
Charter for designated by member states
Sustainable member
Tourism in states
Regional | Protected Over 1,000 | Activities
Areas Assessment o| animal and subject to
local project| plant species | specific
Local plans and over 200 | protection
habitat types | provisions
protected

Best practice for biodiversity management is a cooggng issue, involving a humber of BEMPs
through this reportTable 313). It could be argued that all measures to improve resource efficiency,

% Further information on the Natura 2000 network as well as several guidance and best practice documents can be found in
Www.ec.europa.eu/environment/nature/home.hiimis important to emphasise that best practice, by definition, goes beyond standard
compliance with legislation.
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especially in relation to output per hectare of land, lead to \meslty benefits through reduced

emi ssions per uni t producti on

important not to breech critical load threshoids.g. NH emissions in or adjacent to Natura 2000

sites.

and through

Table 313. Important aspects of biodiversity management addressed elsewhere in this report

Aspect BEMP Relevant report sectior

Farm manadement Strategic management planning Section 3.1

g Catchment sensitive farming Section 3.2

Maintaining sil Assessing soil condition Section 4.1

. g Maximising organic matter amendmenty Section 4.2
quality and —— . .

- . Maintaining soil structure Section 4.3
biodiversity - . . .

Low impact soil preparation Section 6.2

Managing extensive gram Section 7.2

Grazing and animal | Pasture renewal and legume inclusion Section 7.3

management Locally productive breeds Section 8.1

Green procurement of feed Section 8.5

Crob protection Implement integrated pest managemen Section 11.1

bp Select less toxic active ingredients Section 11.2

The Voluntary Initiative

considered as general best practice with respect to biodiversity, and consistent with proposed EFA

measures:

il

(2009) recommend four steps to protect farmland birds that can be

1. Practise Integrated Farm Management
2. Select and apply pesticides responsibly
3. Provide field margin habitats
4. Provide idfield habitats.

Apart from the aforementioned listed steps, there are also some practical measures that farmers can

apply. In particular, farmers within a given arean organise together with farm advisors and/or
public administration suitable meetings or short workshops in order to exchange valuable information

and eventually to obtain the required knowledge (Luscher et al., 20kéyise Hammerl et al.,
(2014) dewloped criteria/recommendations for best practices regarding the conservation of the
biodiversity in the areas of: 1. Soil and fertilisation, 2. Livestock, 3. Pest management, 4. Optimise
wateruse, 5. Biodiversity friendijarming, 6. Agrobiodiversity anéinally 7. Wild harvesting. A

representative example, which was developed as a recommendation in this document for the soil and

fertilisation area is that the farmer should cultivate the arable land throughout the year to avoid
nutrient runoff and soilresion and in parallel to map the areas with erosion and soil compaction risk.

The farmers should inspect these areas annually in order to be able to develop and implement efficient

soil protection measures in case of damage (Hammerl et al., 2014).

Achieved environmental benefits

The main environmental benefits of this BEMP relate to increased biodiversity and ecosystem

functioning. The numbers and abundance of species present on a farm will depend on many factors,

but should, in general, increase follogiimplementation of best practice.

" The fully developed best practices for each of the abovementioned areas are listed in the full version pf the repartkin the |

http://www.businesbiodiversity.eu/global/download/%7BFSADGQIAMK210201412275%XCHEEUWSWU%7D.pdf
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Appropriate environmental performance indicators

Indicators

The farmers can monitor the biodiversity value through the use of appropriate indica®rmmain
appropriate environmental indicators relating todbiersity includé® (also based on Herzog et al.,
2013):

Stocking density (livestock units per hectare, BEMP 7.2)

Number of species present on farm by category (including also bird popul&tigns)
1 Number and amount of wild bee and bumblebee specie

1 Number and amount of spider species

1 Number and amount of earthworm species

Abundance of key (indicator) species present on farm

Absolute and relative areas of different habitat typgs

9 Percentage of farmland with shrubs

1 Percentage of farmland witlees

1 Percentage of semiatural habitats

1 Percentage of natural habitat compared to the total surface of the farm (%)
Length of biotope corridors (linked with neighbouring farms)

Percentage of area dedicatedh&bure or low input agriculture

Accreditatbn with relevant scheme (organic certification, integrated farm management, Higher
Level Stewardship, etc.)

Farm management indicators

Total direct and indirect energy input

Intensification/extensification

N application rate (kg/ha/year)

Frequency of mecimécal field operations

Applications of crop protection products (if and when it is necessary)
Average livestock rate

Grazing intensity

T
T

= = =4 =9 = =4

E N R I E

Cross-media effects

Measures to enhance local biodiversity need to be balanced against the risk of displacing food
production to other areas, including to HNV areas within regions of the world where agaicultur
production is expanding into precious remaining natural habitat (e.g. Brazilian Amazon; Argentinian
Pampas).

Operational data

Best practice guidance

According to EUBBD (2010), there are numerous opportunities for farmers, landowners and land

manages to get engaged by shifting to more sustainable methods of farming and incorporating land

management. They cite Bishop et al. (2008) who conclude that the promotion of biodiviensitly

agriculture tends to involve some or all of the following praecti

- Creating biodiversity reserves or sanctuaries on farms.

- Developing habitat networks around and between farms. This can include the creation of
O0bi ol ogical corridorsé that connect areas of

- Reducing conversion of wild habitab tagriculture by increasing farm productivity and by
protecting priority areas, such as watersheds, forest fragments, rivers and wetlands.

18 For further specific indicators and best practice docuatiam you can also check BEMP 7.2 under Chapter 7;
information based on EU BioBio projechttp://www.biobicindicator.org/indicators.phpAlso Luscher et al., (2014)
developed suitable metries inform farmers about species diversity.
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- Taking marginal agricultural land out of production and assisting in the regeneration of natural

habitats.
- Modifying farming systems to mimic natural ecosystems as much as possible.

- Low-input or less environmentally damaging agriculture practices, focusing on reduced erosion

and chemical or waste O6run off &6, througde
of vegetation and trees as windbreaks, use of leguminous species, etc.

6zero

- Sustainable livestock practices that range from modified grazing and pasture management systems

to promoting the incorporation of trees and other vegetation into livestock gragasy ar

Newell-Price et al. (2011) state the following measures as possible best practice related to biodiversity

and habitat management.

Change the land use from arable cropping to permanent grassland, with a low stocking rate
fertiliser inputs.

Change the land use from agricultural land to permanent woodland.

Grow perennial biomass crops (e.g. willow, poplar, miscanthus) to displace fossil fuel use

through direct combustion or through biofuel generation (e.g. by gasification).

The folowing criteria and guidance are provided for LEAF Marque farmers (LEAF, 2012).

You must have a cleadgefined policy and plan for the conservation and management of wildlife habitai
biodiversity, and archaeological or historical sites, on your famis must include all the key environmen
features as listed in the guidance notes of 8.1. The plan must aim to enhance the farm and encoura
biodiversity. It must be linked to any Biodiversity Action Plans (BAPs) that exist in the locabacsantry.
Consideration in the plan must be made to ensure that standard 8.24 is followed. It is recommended
action plan is tabulated and can be printed in a way that it can be easily used and updated. The actig
drawn from the manageamt highlighted in the written report. The action plan and map will help to infor
staff of the features and management that is or will be carried out as well as your targeted key species
821 and 8.22. Please see the LEAF Marque resourcee pdgr more information
http://www.leafuk.org/resources/000/

If you manage rented land under three years tenancy, (over three years the land must be included in
and plan), you must seek arfnation on the conservation management that is practised by the Landlor
following process must be followed: 1) Is your landlord a member of LEAF Marque, LEAF and hav
carried out a LEAF Audit? If not, have you carried out an environmental sasses of the land you a
renting/intend to rent including requesting any relevant documentation from your landlord (e.g. cons
plan, conservation audit etc.)? The land should be brought into your Conservation Management Pl
enables you to spect the objectives of your landlord and protect habitats appropriately. If you do not
copy of any relevant documentation from your landlord, can you provide evidence of communication / 1
from you and their response?

You should encourageriants to adopt integrated farming principles by joining LEAF and becoming L
Marque certified. Tenants who farm land approved under LEAF Marque where the certificate is held
landlord cannot sell their produce as LEAF Marque, without being apptbeatselves.

An Environmental Impact Assessment (EIA) must be followed; this is a procedure for considering the g
environmental effects of land use change. The EIA helps inform decision making and enables decision
use change to be takerithvfull knowledge of the likely environmental consequences. The EIA and measy
minimise any negative consequences must be incorporated into the Whole Farm Conservation
approved by any necessary local bodies or agencies. Planned work rapgrdned and advised prior to wo
being carried out. New sites: areas of habitat and margins as required by the LEAF Marque standarg
built into the site design, and include features that will protect and enhance the environment and bioc
Consideration must also be given to the landscape character and visual impact and ways of reducing
impacts.

You must not remove or destroy any traditional field boundaries (e.g. hedges or stone
environmental/landscape features and othéurahhabitats such as rain forests or other high carbon stock
i.e. other wooded areas or secondary forest, peat lands on the farm.

Trimming of hedgerows on the farm must not be carried out during the observed nesting period. Bo
must be managl in accordance with your Whole Farm Conservation Plan. Hedge cutting and bo

management more often than every two or three years should be justified. Where local managemen
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intense due to highway safety this must be justified and explained.

Clearance of ditches on the farm must not be carried out during the bird nesting period. Only @
of the ditch should be ferofiled or cleared of vegetation in any one year. Where drainage clearan
unimpeded water flow is necessary, managemmayt need to be more regular.

All work must be undertaken in accordance with any local restrictions. Trees must be retained wherever
to maintain the landscape character. Consideration must be given to future planting where old trees exis

You must retain all hedgerow, boundary, andfigld trees unless they cause a hazard.

You must not carry out deep cultivations under the canopy-fi¢lith trees (unless they are deliberately gro
or retained as shade trees. Where trees exist in a boundaopdredge, you must ensure you have the reqy
two-metre margin adjacent to this boundary (See 8.13).

You must retain a twanetre wide undisturbed (i.e. uncropped and uncultivated) margin on all permane
boundaries between the middle of the heedgnce or stone wall, edge of the water of the ditch and the cro
field margins must be at least two metres. Grass fields need not be fenced but no application or operati
take place on this two metre margin, such as, fertiliser spreading,treatments and silage cutting. Wh¢
fields are less than two hectares and have permanent boundary features, two
margins do not apply. Where there is not a boundary feature and the natural habitat extends from th
crop headland the needrftwo-metre margins is reduced. Where the Whole Farm Conservation Plan (8
been completed by an external consultant and evidence exists in the conservation plan of the needfioe
margins on all headlands may be reduced if other habitatrdésatwe used in the field, such as margins gre
than two metres, or larger areas of habitat in corners of fields.

Field margins must be managed without fertiliser or pesticides (apart from spot control of noxious wee
cut late in the summer (omudng the least destructive period for flora and fauna) with the cuttings renm
wherever possible or grazed once ever$ gears. Note: grass margins require regular cutting in the
summer (4 times); then no more than once ever$ gears. Margingand other wildlife habitats around tk
fields should be managed to provide a diverse range of feeding and nesting opportunities for wildlife a
farmi i.e. flowering and seelearing plants, tussocky grasses.

You should aim to split fields greatthan 20 ha with one habitat bank, or two habitat banks in fields large
30 ha, three habitat banks in fields larger than 40ha and four habitat banks in fields larger than 50 hg
banks are uncultivated grass mounds (or other plant spe@epm@priate) about two metres wide. They hely
boost numbers of beneficial predatory insects, and provide habitat for gmestidg birds and small mamma
If fields are larger than 20 ha and have 6m margins as part of the Whole Farm Conservatibis FPley
negate the need for habitat banks.

You must use native species as far as possible for sowing in field margins, however it would be pre
local provenance can be achieved. Natural regeneration of margins and other habitats are acceptable.

You must ensure that appropriate action is taken to avoid the contamination of hedge bottoms, waterco
other vegetated field boundaries, and the-tagtre field margins. You must make every attempt to minin
machinery movement on the field bourida, this is to avoid habitat destruction.

If your crop rotation allows leaving some land uncropped this can lead to environmental benefits
providing food for birds throughout the year. However, care should be taken to ensure that certguies
have capping or surface sealing removed by light cultivation to avoidffuturing wetter periods and that yq
should be aware of the increased likelihood of compaction when working soils that are wet. Example
would be ovetwintered stubbleand spring sowing of crops.

You must adjust field operations to avoid known nesting sites. You must adopt appropriate techniques
marking nests (by putting 2 poles 10m either side of the nests) this should help to avoid marking the
preddors, avoiding operations during nesting, spraying rather than cultivating fallowed fields and land
production. Avoid cutting headlands in perennial crops such as orchards and avoid cutting windbreaks U
nesting.

To create ownership of eimgnmental improvements such as habitat creation you should involve your s
the planning and implementation. You must ensure environmental information is available to staff i.
maps and conservation plans.

The need to monitor the environmenitlwenable you to publicly state the effects you are having on your
by the adoption of IFM. A number of local groups may be able to help with key indicator species.

You should ensure minimum area of 5% is available for wildlife habitat. This camdeclorcropped area
managed for wildlife, ditches, hedges, margins, woodland, desert and forest, wild bird mixes etc.

You should adopt at least one measure for nesting habitats, summer (insect) food and winter (seed)
full list of measures cabe found in the LEAF Audit. Consider other fauna as this may be more relevant in
circumstances.

Source LEAF (2012)
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Best practice guidance for arable farms is provided by HGCA at the following links:
1 http://www.hgca.com/document.aspx?fn=load&media id=3568&publicationld=3927
T http://archive.hgca.com/document.aspx?f@el&media_id=7049&publicationld=8628

Summarising, best practice measures for different landscapes are presented below:
i Ponds:

0 Vegetation management or slit removal should be done during winter months

o In case of the pond is used by livestock, parthefshore could be protected from poaching in
order to encourage development of marginal vegetation.

o0 When a new pond is created, farmers should avoid locate it in a fimheretland area

I Streams and ditches:

o Farmers should protect all the watercoursesnfrany potential rwoff by the creation of
vegetated buffer strips.

o When cutting vegetation along the side of the streams/ditches, cut short sections should be
undertaken during the late autumn or winter period (a related consultation from the local
Environment Agency is also important).

1 Grassland:

o Maintain light grazing and particularly reduce grazing from May to June because during that
period most of the plants are flowering.

o Avoid use of synthetic fertilisers and use of crop protection productseitf ke is required
then apply them precisely (BEMP 11.1)

Applicability

This BEMP applies across all farm types, sizes and locations. The applicability and efficacy of
specific measures will depend on local circumstances.

Economics

Typically thereis a loss of revenue through provision of natural habitat areas on farms, through lost
food production. However, the purpose of some-agvironmental payments is to compensate for
this foregone income, and recognise the high intrinsic butnmanket vale of biodiversity and
healthy functioning ecosystems.

Reduced biodiversity and ecosystem functioning at the landscape level can lead to large productivity
losses for farmers, through e.qg. flooding, soil degradation, poor pollination.

Driving forces for implementation

Biologically diverse soils are generally more productive for agriculture, whilst crop genetic diversity
is a key factor in maintaining disease resistance and yields. In addition, EUBBD (2010) suggest that
maintaining high levels ofgao-biodiversity can:

Increase productivity, food security, and economic returns.

Reduce the pressure of agriculture on fragile areas, forests and endangered species.

Make farming systems more stable, robust, and sustainable.

Contribute to sound pest angelase management.

Conserve soil and increase natural soil fertility and health.

Contribute to sustainable intensification.

Diversify products and income opportunities.

Reduce or spread risks to individuals and countries.

Help maximize effective use of m&rces and the environment.

Reduce dependency on external inputs.

Improve human nutrition and provide sources of medicines and vitamins.

Conserve ecosystemsé structure and stability

E R R I ]
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Reference organisations

1
1
1

1

EUBBD

Hope Farm, UK

The Global nature Fund together with the Bodenbsee Stiftung with funds from the Federal
Ministry for the Environment, Nature Conservatio, Building and Nuclear Safety developed
Biodiversity Criteria in Standards and Quality Labels forth food industry includivey
agriculture stageHammerl et al., 2004

Upper Booth Farm, UK (see case study)
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3.4.1 Habitat management case studies

Case study: Upper Booth Farm, Peak District, UK

Upper Booth Farm is a small mixed sheep and cattle farm near the village of Edale in the Hope Valley
of Derbyshire, managed by Robert Helliwalltenant farmer on National Trust land. The farm covers

an area of approximately 54 hectares, of which 52 are dedicated to grazing, and is a LEAF
Demonstration farm (subject to LEAF inspection and required to host at least six farm group visits per
year b demonstrate environmental management). The case study below demonstrates aspects of best
practice in landscape and biodiversity management in HNV areas, with the objective of maximising
nonfood-provisioning ecosystem services delivered in these areas.

_ The farm spans a gradient from 270 to 600 m
‘ above sedevel, and a range of HNV upland
habitats including moorland grazing at the
summit (left). Soils range from heavy water
logged clayloam soils at the bottom, though
well-drained coarse mineral soilen the
slope, to bog peat at the top. The farm has
just come out of the ESA scheme (grants for
walling, hedging, stock reductions, etc), and
is how managed in accordance with HLS.
Parts of the farm area are designated SSSI.

The farm is located on a segtiof the Pennine
Way, with national Trust information poin
(above). Consequently, most fields he
footpaths running through or adjacent to th
(right). Walkers are not a problem, al
sometimes provide a service by reporting st
or sick animals.
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The farm also hosts a 4fitch campsite (open April to October), which contributes a similar income
to the farming activities. New wash house pictured (left).

Livestock

The farm supports approximately 400 breeding ewes afiB Khickler cattle. Swadeare cros$red

to produce Mules that obtain a good price at market when sold as store lambs SePieoier

Belted Galloway cattle (left) are a hardy breed tolerant of the cold and windy climate and able to
digest coarse vegetation. Animal numbers imayeduced under the HLS scheme.

Live fluke can be a problem on the wet soils. Cattle are dosed for liver fluke two weeks after housing
to maximise efficacy of the dosing. Last year, all sheep were dosed twice owing to the wet conditions.
Animals often &ke 45 months to recover from liver fluke, and ewes who have recently hosted the
parasite often abandon lambs because they cannot feed them.

It is expensive to keep lambs in shed ewamter and feed on hay and corn, but this might be a risk
worth takingif autumn lamb price falls too low. Last winter price fell to £18 per lamb before rising to
over £50 per lamb this spring.
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Upland hay meadows

At the base of the slopes are upland

1 acidgrass hay meadows (foreground,
left) that receive no mineral fertis but
- an application of farm yard manure once

every four years below the 12.5 t/ha

limit set for hay meadows set under the
HLS. Hay vyields are low, with a
maximum grass height c. 0.3 m. This is

a rare and valued habitat, containing
species such as yellowattle, yellow
buttercup, various daisies and red clover
(clover limited to avoid excessive
nutrient inputs).

Sheep graze this area early in the
season, and are moved off in May to
allow grass and flowers to grow over

the summer before being mown and
hawested in later August/early September to provide hay for winter feeding. Robert notes that it is
expensive to harvest the meadow for the low yields. One option could be to mob graze the meadow in
August.

In the photo above, the effect of the cold angweather up to May 2013 can be seen in low grass
growth and dry soils. The meadow was recently spiked to improve drainage through-emilager

and reduce runoff. Such management improves the field productivity but also enhances the flood
regulation srvice provided by these uplands areas.

Dry-stone walls originating from the mid 1800s represent important landscape features (left). The
maintenance of these wall by skilled local craftsmen was supported through previous ESA grants, but
not by HLS grats. Torebuildadrg t one wall costs approxi mately A5

Mid-slope rough grazing

Lambs are moved up the hillside towards the heathland in groups2& @@imals after the first bank
holiday in May (reduces risk of disturbance by walkeuwsirdy this busy period). They are then
brought down for shearing in July and again in September for weaning.
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Above is the rough pasture found nsilbpe on the hillside, containing sedges, bilberidjnia
and small quantities of heather. Cagitazing is useful to pull off clumps of milina (above left).

The left pictureshows an area that was fenced off 25 years ago because of high erosion rates, where
natural tree regeneration is apparent. This area is sprayed to keep bracken dwmwnarea was

fenced off three years ago to encourage woodland regeneration, as preferred by the National Trust. So
far only a few small saplings are beginning to emerge, but the area is populated with an abundance of
insects.

The pictureto the right sbws thistle growing another area of rslbpe grazing used for the suckler

cows. The grass height is low (half the usual for May) because of the cold and dry spring preceding
the visit. Thistl e-wiipedontwholclhe d plicatersob geniided W é ¢ d t
using a roller set at a height above the grazed grass level to selectively targedzsahvegetation

such as thistles, bracken and brushes. Using a roller means that some thistle (and other weeds)
survive. Despite HLS recommendats to remove all thistle, Robert notes that it provides a haven for
blackfly that in turn attract ladybirds, and also for bees, butterflies and hoverflies, and gold finches
when in seed. White clover in this pasture also attracts bees, but it is cdntooigoid excessive

nutrient inputs.
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Moorland grazing

The moorland commonage area hosts heather and bilberries amongst other plant species, and is SSSI
designated and used for summer grazing at a low stocking density of just 1 ewe pear@shect
Currently, an area of the common moorland is fenced off whilst it is being improved through the
addition of lime and some fertiliser along with alpine grass seed

Morley Farms, arable case study

Morley Farms is a large arable farm in southeast EwglgVildflowers, sunflowers and granola were
established on seven ha of the farm under the HLS scheme. There is no direct benefit toitked farm
seed rape on the farm is mainly wind pollinatelaut the farm manager can see wider social benefit.
These lowers host a prolific variety of insects and birds in spring and summer, and provide feed for
birds, which is the main objective under the HLS.
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3.5 Energy and water efficiency

Description

Energy and water efficiency on farms are crosding issues. Fra a lifecycle perspective, most
energy consumed on farms is embodied in nitrogen fertilisers and imported animaFfgeds 317).
Accurate nutrient management planning and precision application of manuresrtdisers are the

best methods to reduce embodied energy use (sections 5.1, 5.3; 9.6 and 9.7). Similarly, a large portion
of the lifecycle water footprint of dairy farm operations is water embodied in imported animal feed,
and water required to dilute mignt runoff down to acceptable stream nutrient concentrations. On
arable and horticultural farms, targeted, efficient irrigation is a key factor for water efficiency
(Chapter 10).

100% @ Agrochem/seed

production

80%

60% M Fertiliser/lime
manufacture

40%

° [ Diesel
20%
0% 8 Electricity

Imported feed

Figure 3.17. Major factors contributing t o lifecycle fossil resource (energy) depletion for dairy and cereal
production systems Bangor University, 2014)

The main objective of this BEMP is to implement energy and water management plans including
appropriate monitoring (suimetering) and benchmdng of processes. Alongside this, a few widely
applicable priority measures to reduce direct energy consumption and water consumption on farm
systems are described, to supplement relevant BEMP described elsewhere in this report. Farms
usually have oppaunities for renewable energy installation, beyond the application of anaerobic
digestion on large livestock farms to generate renewable biogas from organic wastes. Implementing
the most appropriate renewable energy technologies on the farm is a final lB&AdBre for energy.

Table 314 summarises a list of crossitting BEMP measures for energy and water efficiency.

Table 314. Crosscutting BEMP measures for energy and water efficiencynot addressed elsewhere in
this report)

Aspect | Measure Description
Energy An energy management plan is devised for the entire farm based o
5 management | energy use mapped across major eneigigig processes, includin
o plan indirect energy casumption, with targets for energy reduction.
L . Farm level total energy consumption calculated and benchm
Benchmarking . . . .
against output. Energy consumption for major en&mysuming
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Aspect | Measure Description

processes benchmarked

Energy consumption fomajor energyconsuming processes is recorg
on at least a monthly basis, using electricity-mdiers where necessa
(see operational data).

Green Certified energy efficient equipment is selected when buying ne
procurement | replacing old equipmeiitespecially tractors, milking pumps, chillers.
Heat recovery is used to capture waste heat from e.g. milk chiller
use for heating demand. In addition, use heat pumps where possibl
Install siteappropriate renesble energy generators on buildings ¢

Metering and
recording

Heat recovery

Renewable land, including solar thermal, solar photovoltaic, wind turbines, h

energy turbines and/or biomass boilers fuelled with sustainably harve
biomass.

Water A water management plan is devised tloe entire farm based on tot

management | water use mapped across major waiging processes, including indire

plan water consumption, with targets for reducing abstracted water.

Water use from different sources (potable water, groundwater,
Benchmarking| water, collected rain water) is benchmarked against output at the fa
crop level.

Water use for animal housing operations, aniwaiering and croy
irrigation is recorded separately, and by source, on at least a m

Metering and

Water

recording basis, vieappropriate water suimeters.
: Rainwater capture, storage and use for animal watering, washin
Rainwater L g
storage irrigation can significantly reduce use of valuable potahted ground
9 water supplies.
Animal Only use animalor level acivated flow systems, and regularly che
watering for and repair leaks.

The core of this BEMP is the establishment of a framework to monitor and reduce farm energy and
water consumption. This BEMP does not provide a comprehensive technical description of energy
and water saving technologies but gives an inspiration to the farmers of what is feasible and what can
be implemented instead. In particular, several research projects and relevant literature provide
technical descriptions of various energy and water gavéthnologiet’. Likewise, the main
principles of an energy management plan in farms should follow the three following points:

1. The main uses/processes of energy

2. Energy sources have to be identified and quantified through estimation or measurement

3. The comsequences of their use in terms of direct and indirect emissions (e.g. from fertiliser
production) understood.

Achieved environmental benefits

Reduced emissions to air

Reducing fuel and electricity consumption not only saves finite fossil energy,dugeseemissions
of greenhouse gases, NOx, SOx and particulates, amongst other emiBaias315 summarises
some of the environmental burdens for common energy carriers on farms.

Table 315. Environmental burdens for common energy carriers used on farmsQEFRA 2014).

Input Reference unit GwP EP AP ARDP

kg CO.e kg PO,e kg SOe Kg Sbhe

Diesel upstream kg 0.69 0.00089 0.0062 0.025
Diesel combustion kg 3.05 0.001 0.002 NA

19 Readers are referred to literature and websites suatpagefficient20.eu(available in various EU languages)
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Input Reference unit S EP AP ARDP
P kg CO.e kg PO,e kg SO.e Kg Sbhe
Consumed ectricity KWh, 0.59 0.0076 0.0021 0.0046
Natural gas combined KWh, 0.42 0.000064 | 0.000226 0.00352
cycle electricity
Oil heating kKWh, 0.34 0.00011 0.00075 0.0022
Transport tkm 0.081 0.000067 0.0003 0.000512

Tractor energy savings

Figure 318 highlights the importance of eabriving techniques to reduce tractor diesel consumption.
Tyre pressure management, implement settings (e.g. plough depth and angle) andweiginter
adaptation are critical measuresaduce fuel consumptigifficient 20, 2014).

Figure 3.18. Breakdown of fuel consumption savings opportunities for tractor operation, based on 144
comparative tests in the EU Efficient 20 project Efficient 20 2014)

Waterefficiency
Water efficiency is particularly important in water stressed areas (and during times of water stress).
Reduce water use, especially potable and groundwater use, during periods of water stress can avoid
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