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Abstract 

 

This report outlines Best Environmental Management Practices (BEMPs) in the Agriculture sector - Crop and Animal 

Production. Scientific information on the contribution of agricultural production towards key environmental burdens in 

the EU, including geographic distribution, is summarised in the first chapter, alongside economic statistics for the 

sector. In the second chapter, a life cycle perspective is taken to illustrate hotspots of environmental pressure within 

the supply chains of major agricultural products. These two first chapters provide the rationale for the selection of a 

sequence of BEMPs systematically described throughout the remainder of the report (chapter 3 to 12). BEMPs include 

pertinent measures and control points to drive maximum environmental improvement at the European level, 

considering geographic and product related hotspots across key environmental pressures including: greenhouse gas 

emissions, acidification, eutrophication, resource depletion, soil degradation, water stress, biodiversity loss and eco-

toxicity. Information was synthesised from existing best practice documentation, online agricultural calculation tools, 

inputs from a Technical Working Group, expert consultation, farm visits, and life cycle assessment modelling. Key 

components of BEMP descriptions are short lists of priority measures, priority management and environmental 

performance indicators, and, where possible, benchmarks of best practice. Some pertinent techno-economic issues for 

implementation are also described, alongside case studies of best practice implementation, and with links to relevant 

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 Agriculture secotr - Crop and 

Animal Production, which has been developed according to Article 46 of the Eco-Management 

and Audit Scheme (EMAS) regulation(
2
). The document was developed together by the 

European Commission's JRC and Bangor University (under a contract with the JRC) on the 

basis of desk research, interviews with experts, site visits and inputs from a Technical 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 their 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 Agriculture sector 

ï Crop and Animal Production.   

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

Agriculture sector ï Crop and Animal Production. 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 organisations/companies 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 BEMPs, i.e. 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 (indirect 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 frontrunner organisations in the sector 

(EC, 2014
3
). 

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 staff training).   

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

practical, i.e.: 

¶ They have been implemented at full scale by several companies (or by at least one company 

if replicable/applicable by others); 

¶ They are technically 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 performance compared to current mainstream practices.   

                                                      
(2) Regulation (EC) No 1221/2009 of the European Parliament and of the Council of 25 November 2009 on the voluntary 

participation by organisations in a Community eco-management and audit scheme (EMAS), OJ L 342, 22.12.2009 

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

from frontrunners, Promoting best practice, edited by: Schoenberger H., Canfora P., Dri M., Galvez-Martos J.L., Styles D., 

Antonopoulos I.S., ISSN 1831-9424 (online), 
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A standard structure is used to outline the information concerning each BEMP, as shown in 

Table A.1. Amongst others, this includes their ñapplicabilityò, to provide clear indications under 

which conditions or circumstances 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 pressures arising as side effects when implementing each BEMP (listed as cross 

media effects) are included in the common structure (Table A.1). 

Table A.1. Information gathered for each BEMP 

Category Type of information included 

Description  
Brief technical description of the BEMP including some background 

and details on how it is implemented. 

Achieved 

environmental 

benefits 

Main potential environmental benefits to be gained through 

implementing the BEMP. 

Environmental 

indicators 

Indicators and/or metrics used to monitor the implementation of the 

BEMP and its environmental benefits. 

Cross-media effects 
Potential negative impacts on other environmental pressures arising as 

side effects of implementing the BEMP. 

Operational data 

Operational data that can help understand the implementation of a 

BEMP, including any issues experienced. This includes actual and 

plant-specific performance data where possible.  

Applicability  

Indication of the type of plants or processes in which the technique may 

or may not be applied, as well as constraints to implementation in 

certain cases. 

Economics 

Information on costs (investment and operating) and any possible 

savings (e.g. reduced raw material or energy consumption, waste 

charges, etc.). 

Driving fo rce for 

implementation 

Factors that have driven or stimulated the implementation of the 

technique to date. 

Reference 

organisations 

Examples of organisations that have successfully implemented the 

BEMP. 

Reference literature 
Literature or other reference material cited in the information for each 

BEMP. 

 

Sector-specific 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 ambition when implementing the BEMPs described. 

 

¶ 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 environmental performance. For some of the BEMPs of 

this particular document, 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 indicators, which refer to actions by the farmers, and  

- Performance indicators, which refer to environmental impacts or environmental 

efficiency and they are measurable.  
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Moreover, a selection of the most relevant indicators is listed in Table 13.1 as "key 

environmental performance indicators". 

¶ Benchmarks of Excellence represent 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 potential for environmental 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 framework 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 draw the conclusions with respect to 

appropriate environmental performance indicators and benchmarks of excellence. There was 

one meeting at the beginning of the whole development process on 14-15 October 2013 (so-

called kick-off meeting) as well as a final meeting at the end on 23-24 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 directly from farmers, stakeholders of the sector, non-governmental 

organisations, site visits and technology providers.  

The techniques enclosed and described in the document were selected according to the 

frontrunner approach (EC, 20144). Frontrunner farms were identified and evaluated in-depth 

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 benchmarks of excellence (wherever possible and for almost each 

BEMP), which are the major outcome of the whole process.  

 

                                                      
4 EC (2014), Development of the EMAS Sectoral Reference Documents on Best Environmental Management Practice, Learning 

from frontrunners, Promoting best practice, edited by: Schoenberger H., Canfora P., Dri M., Galvez-Martos J.L., Styles D., 

Antonopoulos I.S., ISSN 1831-9424 (online), 
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A.2 SCOPE 
 

Target sub-sectors 

 

This report primarily addresses crop and animal production, which together have henceforth 

been referred to as the ñagricultural sectorò unless otherwise stated. The production activities 

are represented by NACE codes A1.1 to A1.6, including all animal, annual and perennial crop 

production (Table A.2).  

Table A.2. NACE codes for agricultural production (EC, 2010
5
) 

NACE 

Code 
Agricultural Production  

Farm types included in this report (and 

some common crop types)  

A  Agriculture, forestry and fishing   

A1  
Crop and animal production, hunting and 

related service activities  

 

A1.1  Growing of non-perennial crops  

A1.1.1  
Growing of cereals (except rice), leguminous 

crops and oil seeds  

Arable farms (wheat, barley, maize, peas, 

oil seed rape, sunflowers) 

A1.1.2  Growing of rice  

A1.1.3  
Growing of vegetables and melons, roots and 

tubers 

Arable and horticulture farms (potatoes, 

sugar beet, onions, cabbage, carrots, 

broccoli, melons, tomatoes)  

A1.1.4  Growing of sugar cane  

A1.1.5  Growing of tobacco  

A1.1.6  Growing of fibre crops  

A1.1.9  Growing of other non-perennial crops  

A1.2  Growing of perennial crops  

A1.2.1  Growing of grapes Horticulture farms  

A1.2.2  Growing of tropical and subtropical fruits  

A1.2.3  Growing of citrus fruits  Horticulture farms (oranges, lemons) 

A1.2.4  Growing of pome fruits and stone fruits 
Horticulture farms (apples, pears, plums, 

peaches, cherries, avocadoes) 

A1.2.5  Growing of other tree and bush fruits and nuts  
Horticulture farms (strawberries, black 

berries, black currents)  

A1.2.6  Growing of oleaginous fruits Horticulture farms (olives)  

A1.2.7  Growing of beverage crops 
Horticulture and arable farms (apples, 

black currents, barley) 

A1.2.8 
Growing of spices, aromatic, drug and 

pharmaceutical crops. 

Horticulture farms (coriander, parsley, 

basil) 

A1.2.9  Growing of other perennial crops   

A1.3  Plant propagation  

A1.3.0  Plant propagation  

A1.4  Animal production   

A1.4.1  Raising of dairy cattle Dairy farms 

A1.4.2  Raising of other cattle and buffaloes Beef farms 

A1.4.3  Raising of horses and other equines  

A1.4.4  Raising of camels and camelids  

A1.4.5  Raising of sheep and goats Sheep farms 

A1.4.6  Raising of swine/pigs  Pig farms 

A1.4.7  Raising of poultry Poultry farms 

A1.4.9  Raising of other animals  

                                                      
5 EC (2010), List of NACE codes, available online: http://ec.europa.eu/competition/mergers/cases/index/nace_all.html  

http://ec.europa.eu/competition/mergers/cases/index/nace_all.html
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NACE 

Code 
Agricultural Production  

Farm types included in this report (and 

some common crop types)  

A1.5  Mixed farming   

A1.5.0  Mixed farming Mixed farms 

A1.6  
Support activities to agriculture and post-

harvest crop activities  

 

A1.6.1  Support activities for crop production  

A1.6.2  Support activities for animal production  

A1.6.3  Post-harvest crop activities  

A1.6.4  Seed processing for propagation  

A1.7  
Hunting, trapping and related service 

activities  

 

A1.7.0  Hunting, trapping and related service activities  

 

Activities listed in Table A.2 represent a massive scope, especially when the range 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 environmental hotspots and areas of maximum 

environmental improvement potential within the sector, as determined by: 

¶ the most produced crops and livestock products 

¶ the major regions and systems of production for these products within Europe 

¶ the lifecycle environmental burden 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 cells in Table A.2. 

 

In section 1.1.3, Figure 1.4 and Figure 1.5 provide an overview of the main crops and livestock 

products across the EU27, and the top three producing member states. However, production 

quantities 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 (e.g. > 4 kg CO2e 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 hotspot, depending 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 production, they are also an important focus of this report (pig and poultry production 

are addressed in an IPPC BREF (EC, 2013
6
).  

 

Target actors 

 

The scope of this report primarily covers best environmental management practices applicable 

by farm managers, but is also targeted at farm advisors and farm suppliers, along with any other 

interested stakeholders (Table A.2).  

 

There are many important environmental aspects of agricultural production arising both up- and 

down-stream of farms. Farm managers can have a strong influence on upstream environmental 

aspects through measures such as green procurement. Thus, key upstream aspects such as 

fertiliser manufacture and animal-feed production are considered to the extent that they can be 

                                                      
6 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://eippcb.jrc.ec.europa.eu/reference/BREF/IRPP_D2_082013online.pdf  

http://eippcb.jrc.ec.europa.eu/reference/BREF/IRPP_D2_082013online.pdf
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influenced by farm managers. Downstream 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 Manufacturing 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 compensatory 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 to production 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 imported from 

New Zealand.  
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Figure A.1. Scope of this report in terms of the core crop and animal sector and related suppliers and influential actors 
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A.3 STRUCTURE 

 

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

('GENERAL INFORMATION') provides some background information on the agriculture sector - 

crop and animal production ï in the EU. Part 2 is the main body of the report, containing BEMPs. 

These are divided according to: (i) actors; (ii) environmental aspects; (iii) processes. Contents are 

summarised in Table A.3.  

Table A.3. Structure of the background report 

Part Chapter Target actors Contents 

1 

1 

All actors with 

influence over 

food and drink 

supply chain 

General information about the sector, including: 

- Turnover and employment  

- Environmental aspects  

2 

All actors with 

influence over 

food and drink 

supply chain 

- Life cycle assessment of major product groups 

- Additional environmental burdens (soil quality, 

biodiversity, ecosystem services) 

- Mapping farm and supply chain BEMP  

2 

3 
Farmers, farm 

advisors 

Cross-cutting BEMPs, in particular related to:  

- Environment management systems 

- Record keeping 

- Benchmarking 

- Housekeeping 

- Landscape planning 

- Waste management 

- Energy and water efficiency 

- Biodiversity 

- Engaging consumers with responsible production and 

consumption 

4 
Farmers, farm 

advisors 

Soil quality management, including: 

- Nutrient management planning 

- Organic amendments 

- Maintenance of soil structure 

- Soil drainage 

5 
Farmers, farm 

advisors 

Soil nutrient management planning, including: 

- Field nutrient management planning 

- Crop rotation 

- Precision application 

- Low impact fertilisers 

6 
Tillage and 

horticulture 
Soil preparation and cropping BEMPs, including: 
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Part Chapter Target actors Contents 

farmers and farm 

advisors 
- Matching tillage to soils  

- Minimising soil disturbance  

- Low impact tillage 

- Crop rotations  

- Cover and catch crops  

7 
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  

8 
Livestock farmers 

and farm advisors 

Animal husbandry BEMPs including: 

- Breed selection 

- Farm nutrient budgeting 

- Dietary optimisation of protein intake 

- Dietary reduction of enteric methane emissions 

- Green procurement of feed 

- Animal health plans 

- Herd/flock profile management 

9 
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 irrigation systems (distribution and 

storage) 

- Efficient and controlled strategies 

11 

Farmers, farmer 

advisors on crop 

protection products 

The crop protection products chapter includes: 

- Optimising and reducing the use of crop protection 

products 
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Part Chapter Target actors Contents 

- Crop protection products selection 

12 

Farmers, farmer 

advisors on 

protected 

horticulture 

The protected horticulture chapter includes: 

- Energy efficiency in protected horticulture 

- Water management in protected horticulture 

- Waste management in protected horticulture 
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1 GENERAL INFORMATION ABOUT THE AGRICULTUR E SECTOR 

- CROP AND ANIMAL PROD UCTION  
 

 

 

Member state codes 
 

For reference throughout this report, Table 1.1 provides a list of country codes for EU member states 

and candidate countries.   

 

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

EU Member State Country Code 
Belgium BE 

Bulgaria BG 

Croatia H 

Czech Republic CZ 

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 SI 

Slovakia SK 

Finland FI 

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 ha) (DG AGRI, 2012a). The sector is crucial in terms of its 

economic contribution towards the European economy, contributing 144 billion EUR to the EU-27 

economy in 2010 (Eurostat, 2012a, DG AGRI, 2012a). Agricultural trade represents around 6% of the 

total trade in the EU-27, and underpins most of the valuable imports and exports of food and drink 

products (DG AGRI, 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 in Figure 1.1. 

 

 

 
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 EU-27 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). Whilst the 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 below that of urban areas (Eurostat, 2012a). When considering the agricultural 

labour force, including the family labour force as well as permanently employed non-family workers, 

some 27 million were reported to work within the sector during 2007 (Eurostat, 2011).  
 

Not only a crucial sector in itself agriculture 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 outputs. Consumers 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 (restaurants, take-

away outlets, cafés or bars). 

 

1.1.2 Structural Profile of the Sector  
In the EU-27, during 2009, horticulture farming provided the largest average net value added per 

holding, at 62,340 EUR, followed by pigs and/or poultry production at 51,120 EUR, whereas mixed 

farming was the lowest at 14,330 EUR. Labour 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. UAA is largely dominated by grazing livestock (54.4 

ha per holding) and field crops (42.9 ha per holding) (Table 1.2). The commodities representing the 

highest share of products in agricultural production during 2010 were milk (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.  

Type of Farming 
No. of holdings 

(FADN field of 

observation) 

UAA (ha) AWU 

FNV added 

(Average result per 

holding, 1000 EUR) 

Field crops 1,498,467 42.93 1.50 19.99 

Horticulture 164,547 5.20 3.36 62.34 

Wine 231,378 13.94 1.79 38.16 

Permanent crops 853,086 9.28 1.35 17.05 

Milk  500,383 39.87 1.86 30.28 

Grazing livestock (excl. 

milk) 
611,024 54.41 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 ha of UAA, 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 distributed across 

the member states, reaching over 30% of the total in only Denmark (34.2%), France (37.4%) and 

Luxembourg (48.1) (Figure 1.2) (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 EU-27 Agriculture 
Rates of agricultural production and therefore the contribution of the sector to national economies 

vary greatly across the countries within Europe. Details for each of the member states and candidate 

countries, as presented in Table 1.3, show that the countries in which agriculture contributed the most 

to the economy in 2010 were France (27 billion EUR), Italy (23 billion EUR) and Spain (22 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 

employed* 

(1,000 persons) 

Turnover  

(output) 

(ú million) 

GVA at basic prices 

(1,000) 
No. of holdings 

EU-27 10,459 355,573 143,810 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 27,172 527 

Finland 107 4,159 1,456 68 

Germany 730 45,044 14,970 371 

Greece 429 10,245 5,567 860 

Hungary 220 6,561 2,093 626 

Ireland 79 5,634 1,529 128 

Italy 838 44 439 23 007 1 679 

Latvia 62 934 263 108 

Lithuania 95 2,005 648 230 

Luxembourg 7 298 95 2 

Malta 3 125 57 11 

Source: DG AGRI, 2012a 
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No. of persons 

employed* 

(1,000 persons) 

Turnover  

(output) 

(ú million) 

GVA at basic prices 

(1,000) 
No. of holdings 

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 agriculture 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 employment rate of nearly 2 million people 

in the agricultural sector. 

 

These findings remain consistent when considering the share of employment in agriculture within 

overall employment, with Figure 1.3 displaying high employment percentage rates in Romania, 

Poland, Lithuania and Greece, as well as high rates in certain regions of Spain. In the predominantly 

rural regions of Romania more than a half of the workforce is employed in the primary agriculture 

sector, in Bulgaria and Greece it is one third, and in Latvia, Poland, Lithuania and Portugal around 

one quarter. In contrast, many regions of the EU-15 have a low share of employment (below 5 %) in 

the primary agriculture sector, as in Luxembourg, the United Kingdom, Belgium, Germany, Sweden, 

the Netherlands, France and Northern Italy. But even in these countries there exist regions with a 

higher significance of this sector (above 5 or 10 %), particularly in rural regions (DG AGRI, 2012a). 
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Source: Copus et al., (2006) 

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 production rate (as 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 (36Mt), Germany (23Mt) and the UK (1.5Mt). The following crops with the highest tonnage 

produced in 2011 in the EU-27 were Sugar beet (114Mt) maize (67Mt, 23% of cereals harvested) and 

barley (52Mt, 18% of cereal harvested) (Figure 1.4). In 2006, the crops utilising the largest area of 

agricultural arable land within the EU-27 were wheat, covering 29% of arable land on average, 

followed by barley and maize. Aside from cereals oilseeds use 17% of arable land (dominated by 

rapeseed), and sugar beet (12%). Figure 1.4 displays the main crops produced in the EU-27, and 

provides a focus for the present report within the crop sector. 
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Data source: Eurostat (2012b).  

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 149 Mt were produced. Those countries with the highest production rate of milk in 

2010 were Germany (30 Mt), France (24 Mt) and Portugal (12 Mt). The production of pig meat in the 

EU-27 is second to milk production within the livestock sector, with the EU-27 producing 22 Mt in 

2011. The highest producing countries of pig meat in the EU-27 in 2011 were Germany (6 Mt), Spain 

(3 Mt) and France (2 Mt), which together supply around half (49%) of the EU production of pig meat. 

The quantity of poultry meat produced in the EU-27 totalled 12 Mt; France (2 Mt), UK (2 Mt) and 

Germany (1 Mt) were the largest producers of poultry meat (Eurostat, 2012b). Figure 1.5 displays the 

main types and locations of livestock production within the EU-27, and therefore provides a focus for 

this report with respect to livestock production.  
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NB: Data for 2011, except milk (2010) 
Data source: Eurostat (2012b)  

Figure 1.5. Animal produce in the EU27 in 2011, displaying the top three producing countries of each 

product (top), with a focus on 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 has risen 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 and 2010 (Figure 1.6), 

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. The rise in agricultural production demand is expected to increase by a further 70% 

by 2050. 

 

 

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. Notably, the negative impacts of intensive agriculture on the 

environment need to be balanced against the imperative to maintain Europeôs capacity to feed a 

growing population. The objective of improving sustainability is an acknowledged priority issue 

within the new Common 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 promoting a sustainable rural economy. 

 

One worrying aspect of the large gains in real yields over the past 60 years that have enabled 

agricultural output to keep pace with demand (e.g. Figure 1.7) is that they required large increases in 

synthetic fertiliser application and were associated with a steep decline in nutrient, and especially 

Nitrogen Use Effic iency (NUE) (Figure 1.8). Meanwhile, there is some evidence that areal yield gains 

Source: Data from UN-FAO Stat (2012) 

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Sustainable_development
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for staple crops such as wheat and rice are tailing off, from 2-3% per year to 1% per year (Fischer et 

al., 2009).   

 

 
Source: Fischer et al. (2009) 

Figure 1.7. Trends in areal grain yields (t ha
-1
 yr

-1
) for six leading wheat producing countries over the 

past 150 years    

 
Source: IFA (2007)  

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 production in the EU (PBL, 2011). In that, they 
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report the low NUE of European agriculture (Figure 1.9), estimating that just 19% of N inputs to 

agriculture end up in the final products. The remaining 81% is lost from the system in various 

fractions, from harmless N2 to environmentally damaging reactive compounds such as ammonia 

(NH3), nitrate (NO3) that cause acidification, particulate formation and eutrophication, and also and 

nitrous oxide (N2O) that causes climate change (with a global warming potential 298 times higher 

than CO2 on a weight basis).   

 

 
Source: PBL (2011) 

Figure 1.9. Nitrogen flows within European agriculture 

 

Nitrogen losses are therefore a major concern with respect to environmental impacts arising from crop 

and animal production, but also represent a major economic inefficiency within the sector. Improving 

NUE is an eco-efficiency priority and a necessary prerequisite for sectoral sustainability.  

 

Farm systems 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), which usually 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 cite FAO 2006; 2009). 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 poultry products. 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 uncoupling 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), an 'environmental aspect' is an element of an 

organisationôs activities, products or services that has or can incur an impact on the environment, both 

the natural environment and people. Environmental impacts arise from pressures generated by 

environmental aspects, such as the emission of greenhouse gases or air pollution. Environmental 

aspects may be classified accordingly: 

 

¶ Direct environmental aspects are associated with activities, products and services of the 

agricultural sector over which it has direct management control and can thus influence directly. 

¶ 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 directly. 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 waste potentially having 

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 processes giving rise 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 with some of this feed production.  

 

Table 1.1 lists some of the main direct and indirect environmental pressures arising from particular 

activities within the sector. Meanwhile, Table 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. Schematic 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/ 

Activity  

Main environmental pressures 

Direct Indirect  

Fertiliser 

application 

NH3 emissions 

N2O emissions 

Nutrient losses to water 

Biodiversity loss 

Manufacturing and transport 

energy (and associated impacts) 

Feed 
CH4 from enteric fermentation 

On-site cultivation (see arable below) 

Off-site cultivation (see arable 

below) 

Potential land use change 

Transport energy (CO2 emissions) 

Housing 

NH3 emissions 

CH4 emissions  

Nutrient losses dirty water 

Energy consumption 

Electricity generation 

Manure storage 

CH4 emissions 

NH3 emissions 

N2O emissions 

 

Manure spreading 

NH3 emissions 

N2O emissions 

Energy consumption 

Avoided fertiliser manufacture 

(and application emissions)  

Fertiliser 

application 

NH3 emissions 

N2O emissions 

Nutrient losses to water 

Biodiversity loss 

Heavy metal accumulation 

Manufacturing and transport 

energy, NH3, N2O emissions    

Resource depletion 

Grazing 

NH3 emissions 

N2O emissions 

Soil erosion and compaction 

Nutrient losses to water 

Biodiversity loss (potential gain) 

Biomass C loss if land use has changed 

from forest 

 

On-farm 

operations (e.g. 

milking) 

Energy (fuel) consumption Electricity generation 

Additional 

services e.g. 

medical 

Energy consumption 

Eco-toxicity effects 

Antibiotic resistance 

Energy water and raw material 

consumption 

Irrigation 

Water stress 

Salinisation 

Energy consumption  

Electricity generation (and 

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 water sedimentation 

GHG emission 

Fuel supply chains 

Machinery manufacture 

Fertiliser 

application 

NH3 emissions 

N2O emissions 

Nutrient losses to water 

Biodiversity loss 

Heavy metal accumulation 

Manufacturing and transport 

energy, NH3, N2O emissions    

Resource depletion 

Transport 

Energy (fuel) consumption 

GHG emissions 

NOx and SOx emissions  

Manufacturing and transport 

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 

application 

Ecotoxicity effects 

Biodiversity loss 

Manufacturing and transport 

energy 

Seedling 

propagation 

Disposal of peat 

Energy consumption   

Extraction of peat 

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 commodities, and estimated environmental relevance 

 

 

  Enteric 

fermentation 
Grazing 

Feed 

production 

Manure 

management 
Tillage 

Synthetic 

fertilisers 

Agro-chem 

application 
Irrigation  

Dairy +++ ++ +++ +++ (++) ++ ++ (++) 

Beef +++ +++ ++ ++ (++) ++ + (+) 

Sheep ++ +++ + + (+) + ++  

Pigs  + +++ +++ (+++) (+++) +++ (++) 

Poultry   +++  (+++) (+++) +++ (++) 

Wheat     +++ +++ +++ ++ 

Barley     +++ +++ +++ ++ 

Maize     +++ +++ ++ ++ 

OSR     +++ ++ ++ ++ 

Sugar beet     +++ ++ ++ +++ 

Potatoes     +++ ++ +++ +++ 

Vegetables     +++ ++ +++ +++ 

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) characterisation methodologies. 

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%) (Figure 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. 

 
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 

 

Source: Schoenberger et al. (2013), based on information from EC (2006) 

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 meat and 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 in Figure 1.13. The contribution of different processes to environmental burdens of meat 

and dairy production are displayed in Figure 1.14.  

Source: EC (2008) 

Figure 1.13. Contribut ion of meat and dairy products to the environmental burdens of final consumption 

in the EU27  

 

 

 
Source: EC (2008) 

Figure 1.14. Contribution of different processes to lifecycle environmental burdens of meat 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 Nations Food and Agriculture Organisation (FAO) has calculated that, globally, agriculture 

generates 30% of total man-made emissions of greenhouse gases, including half of methane (CH4) 

emissions and more than half of the emissions of nitrous oxide (N2O). Table 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 agricultural sector  

Source Emissions (Mt/yr CO2 eq.) 

Soil N2O emissions (soil fertilisation) 2128 

Enteric fermentation 1792 

Biomass burning (e.g. forest clearing) 672 

Rice production, largely methane emissions from flooded 

rice paddy soils 
616 

Manure management 413 

Fertiliser manufacture 410 

Source: Bellarby et al. (2008) 

 

In the EU-27, the agricultural sector was reported to account for 9.6% of the total greenhouse gas 

(GHG) emissions in 2008, emitting 471 million tonnes of CO2 equivalents (Eurostat, 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 CO2 eq. per year (Figure 1.15). 
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Figure 1.15. The contribution of agriculture towards EU GHG emissions, and the breakdown of emissions 

within the agricultura l 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 oxide (N2O) 

(56.3 %) and methane (43.7 %) (IPCC, 2001; Paustian et al., 2004; Eurostat, 2011). Methane 

emissions are produced during the decomposition of organic material under oxygen-depleted 
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conditions, and originate largely from enteric fermentation by ruminant livestock, from stored manure 

and from rice cultivation under flooded conditions. N2O, a GHG that is 298 times stronger than CO2 

at the 100-year time horizon, originates within agriculture largely from the application of nitrogen (N) 

fertilizers (mineral and organic) to soils. Following the application of N, microbially mediated 

nitrification and denitrification reactions occur in the soil, leading to the formation of N2O. 

Agricultural emissions represent about 60% of global anthropogenic N2O emissions, and were seen to 

increase by 17% from 1990 to 2005 and further projected to increase by 35-60% up to 2030 (Smith et 

al., 2007). Although CO2 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 important indirect 

aspect arising from the production of inputs such as fertilisers and extensive transportation of 

agricultural produce (Bellarby et al., 2008). Figure 1.16 displays major environmentally relevant 

emissions arising from agricultural processes. Note that ammonia (NH3) and nitrate (NO2) emissions 

not only contribute to acidification and eutrophication, respectively, but are also precursors to N2O 

and thus important indirect GHGs. 

 
Source: Eurostat (2011a) 
Figure 1.16. Major environmentally relevant emissions from the agricultural sector 
 

The livestock sector alone accounts for approximately 10% of European GHG emissions (PBL, 2011) 

and 18% of global GHG emissions (IPCC, 2007; FAO, 2006). However, within the 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 emissions. Beef and dairy enterprises account for more than 

70% of livestock GHG emissions, 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 rates) (Figure 1.17) (PBL, 2011).  

 

Considering both direct and indirect emissions from the agricultural sector, including those from 

imported food, over 30% of the European Unionôs greenhouse gas emissions come from the food and 

drink sector (ESTO, 2005). Indirect emissions arise from processes 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). Heating processes however account for the dominant part of the sectorôs overall energy 

requirements, comprising high temperature processing such as boiling, drying, pasteurisation and 

evaporation. In the UK, the transportation of food is reported to account for one quarter 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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Source: PBL, (2011) 
Figure 1.17. Greenhouse gas emissions per sector in the EU27 (reference year 2005) 

 

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 UK, agricultural 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 

source in the UK in the 2000 is shown in Figure 1.18. 

 

 

Figure 1.18. Substantiated agricultural pollution incidents by source in 2000 

 

Eutrophication is the main driver of 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 external inputs and the N 

output/input efficiency of European agriculture is only 19%, and the rest of the nitrogen is lost into 

Source: EA (2002) 
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ground-, inland-, coastal-waters via leaching and runoff from agricultural soils (UN-Water, 2009; 

PBL, 2011). The subsequent nutrient enrichment of water bodies stimulates algal blooms resulting in 

plant death and decay through oxygen depletion, therefore reducing aquatic biodiversity and 

ecosystem functioning (Figure 1.19). Water quality can further be 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 considerable 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 estimated to be spent by the UK water 

industry treating agriculturally-derived pollution (EA, 2008).  

 

The FAO (2006) estimated that livestock agriculture is responsible for a third of N and P losses to 

freshwaters globally. The sector is subject to restrictions on N and P inputs in some areas, in particular 

through EU member state implementation of the Nitrates Directive (91/676/EEC) and Water 

Framework Directive (2000/60/EC). 

 

 
Source: UN-Water 2009 

Figure 1.19. The eutrophication 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 through soil. One of 

the major causes of eutrophication is consequently the excessive addition of Nitrogen to agricultural 

soil. In the EU-27, 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 70% of N entering inland surface waters in the EU is from agricultural sources 

(EA, 2002), whilst the relative contribution of agricultural sources to N loading to surface water is 

greater than 50% in most members states of the EU-27. Within the EU-27, 15% of groundwater 

monitoring stations have been reported as having nitrate levels over 50mg of nitrates per litre (the 

upper trigger value set in the Nitrates Directive), 6% were in the range of 40-50 mg/l and 13% were in 

the range 25-40mg/l. Approximately 66% were reported to fall under the 25mg/l mark. Malta and 

Germany have the highest rates of groundwater nitrate contamination with 70% of Maltaôs ground 

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 25mg/ml (Figure 

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 Kingdom (7%) within Europe (EC, 

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). 

Source: http://onepercentfortheplanet.org/blog/author/tom/ 
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Source:  EC, (2010) 

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/l; (iv) above 50 mg/l 

 

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 µg/l) in fresh water can 

represent significant pollution. Phosphorus 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 responsible for 40% of total phosphorus loading to freshwaters (DEFRA, 2006). 

 

A further impact to water courses is that of acidification, caused by emissions of ammonia (NH3) and 

oxides of sulphur (SOx) and N (NOx) to air, reacting with water in the atmosphere to form acidic 

compounds that become deposited upon, and subsequently damage, both terrestrial and aquatic 

ecosystems. Agriculture is the main source of NH3 emissions, accounting for 94% of European NH3 

emissions (EEA, 2012a). The livestock sector dominates NH3 emissions, which arise mainly from 

volatilisation of ammonical N contained in manures, during storage, and after excretion or application 

on fields. Globally 64% of NH3 emissions are reported to arise from livestock production, whereas in 

Europe the figure rises to 80%. The remaining 10-20% of NH3 emissions in Europe is estimated to 

result from the volatilisation of ammonia from nitrogenous fertilisers and from fertilised crops (FAO, 

2006). 

 

Biodiversity  

 

The interactions between biodiversity and agriculture are complex, as agricultural practises can both 

provide an essential habitat for 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 large gene pool. The 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 pollination. One of the best known examples of habitat creation for biodiversity within 

agriculture is the use of semi-natural grasslands, but also traditional irrigation systems and water 

reservoirs are the origin of diverse and complex landscapes able to support a variety of 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 blocks migration pathways in response to climate change), 

acidification, eutrophication, ecotoxicity, water stress and soil degradation. However, one of the major 

direct causes of biodiversity loss attributable to agriculture is land clearing for agricultural expansion 

ï specifically, the removal of natural or semi-natural vegetation with High Nature Value (HNV).  

 

In Europe, past production-linked subsidies offered to farmers under the Common Agricultural Policy 

(CAP) encouraged overproduction and have been blamed 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 

species (Groombridge & Jenkins, 2002). Intensive use of external outputs such as agrochemicals and 

fertilisers, intensive grazing regimes, crop rotations and small-scale habitat removal, lead to further 

detrimental impacts on natural resources and subsequently cause a reduction in wildlife. A report by 

Kleijn et al. (2009), demonstrates a strong inverse relationship between N application rate and species 

richness on grasslands and arable fields, such that species richness declined exponentially with 

increasing N application. 

 

Following the Mid-Term review of the CAP in 2003, the emphasis on production shifted to regulatory 

compliance and better environmental practices. However in order to meet the rising demand for 

animal products, the on-going shift from traditional extensive and mixed farming, to industrial and 

intensive farming systems is likely to continue (Bouwman et al., 2011, Galloway et al., 2007). 

Therefore the challenge in Europe will be too protect low productivity and extensive agricultural land 

uses associated with HNV in order to maintain vital habitat for biodiversity (Henle et al., 2008). 

 

Despite its crucial role in feeding the world population, agriculture remains the largest driver of 

genetic erosion, species loss and conversion of natural habitats. According to the IUCN data, 

agriculture is a major cause of global species endangerment, and those groups which are most affected 

include amphibians and birds (Figure 1.21). 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 birds over the last 26 years, a trend not shared by bird 

assemblages of other habitats 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 birds. A 60% decline has also been seen in grassland butterflies since 1990 

(Figure 1.22) and only an estimated 3% of key species and 7% of habitats that are reliant on agriculture 

are currently reported to be in favourable conservation status (EEA, 2010a).  
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Source: Norris (2008) 

N.B.: Data are from the World Conservation Union (IUCN) Red List database 

(http://www.iucnredlist.org/search/search-basic). Least concern (LC) species were excluded from the analysis. 

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 red-listed species threatened by agriculture in a range of biodiversity 

groups.  

 

 
 
Source: EEA (2010b) 
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Source: EEA (2010b). 

Figure 1.22. Declines in European biodiversity; bird populations (above) and grassland butterfly 

populations (below) between 1990 and 2006.  

 

In the UK, the agriculture-related decline in biodiversity has included a 67% decline in 333 farmland 

species (broadleaved plants, butterflies, bumblebees, birds and mammals) 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, 2011). Figure 1.23 displays the variety of direct 

and indirect impacts that agricultural practices place on farmland bird populations. Arrows indicate 

known routes by which farming practices (green boxes) indirectly (dark-blue boxes) or directly (light-

blue boxes) affect farmland bird demography (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 web to change in a 

piece-meal fashion (e.g. insecticide usage), Benton et al. (2003) suggest that management designed to 

increase habitat heterogeneity is likely to benefit the organisms in such a way as to meet the 

management goals. For example the rate at which the birds 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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Source: Benton et al. (2003) 

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 

thought to reside in tropical forests, these areas are now the focus point for biodiversity loss and 

protection programmes. Livestock agriculture is thought to be a major direct driver of their 

destruction, as 70% of previously forested land in the Amazon is now used 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 loss of 3 million hectares per year (2000-2010 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 conversion further 

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 these products can provide economic and eco-efficiency benefits to 

the sector through crop protection and by enabling a reduction in tillage cultivation, thus reducing soil 

erosion. However, both terrestrial and aquatic biodiversity losses can be incurred especially through 

uncontrolled use of  plant protection products, where excessive quantities are released into the wider 

environment via spray drift, leaching or run-off, therefore contaminating non-target organisms either 

directly or through agricultural soils, groundwater, rivers, lakes and the food chain.  

 

Land Occupation  

Land is a vital limited resource central to agricultural production. Agriculture covers around 40-50% 

of the global land surface and around 47% (184 million ha) of the European land surface (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. According to FAO statistics, between 
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1961 and 2007 global cultivated land area 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. Figure 1.24 displays land cover classes and their locations within the EU. 

 

 
Source: EEA (2010c) 

Figure 1.24. European land cover classes identified through satellite imagery  

 

The appropriate and sustainable management of land through agriculture can have a positive 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 carbon sink (Bowyer 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 

12,400,000 km
2
, has been degraded, mainly as a consequence of erosion, nutrient loss, salinisation 

(improper irrigation and drainage practices) and physical compaction (Bot et al., 2000). As a 

consequence of land degradation and subsequent reductions in productivity, as well as the economic 

viability of farming, around one quarter to one third of cultivated land globally is estimated to have 

been abandoned (Campbell et al., 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, 2009). The 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 ha) (Figure 1.25). Together 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 extremely inefficient. One hectare of land is able to produce rice or potatoes for 19-22 people 

per annum however this same area will only produce enough lamb or beef for only one or two people 

(Fox, 2013). 
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Source: PBL, (2011) 

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 continue given the projected doubling of 

meat demand by 2050 (FAO, 2006). 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 increase agricultural land requirements by as much as 200-400 million ha 

globally (Fischer et al., 2008). In 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 led to the importation 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 user of freshwater resources, accounting for a global 

average of 70% of total anthropogenic water consumption and 93% of water depletion worldwide. In 

Europe, on average 44% of total water abstraction is used for agriculture, totalling about 247,000 

million m³/year (EC, 2012). The irrigation of crops accounts for 40% of the worldôs water use, 

although this 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 purposes (over 500 million m
3
/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 to over 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 

significant in Portugal, Spain, Italy and Greece (Institute 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 with irrigation 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 be scarce. The area of irrigated land has multiplied nearly fivefold over the last century, and in 



 

31 | P a g e 
 

2003 reached 277 million hectares (FAO, 2006). Turner et al. (2004) estimated that 3,000 litres a day 

are required in order to grow sufficient food for the daily intake 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 erosion and the salinisation of soils and ground water 

sources (Institute 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 per person per day (includes a minor 

contribution from non-food 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) quantified the blue water extracted by different countries within the EU 

(Figure 1.26) and for different crop types (Figure 1.27). It is striking that Spain and Italy between them 

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. 

    

 
Source: Data from Vanham & 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 shares of blue-water 

extraction for irrigation in the EU 28 (20% and 12% of total irrigation water, respectively) (Figure 

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

and peaches also make significant, though lesser, contributions. Presumably tomatoes and 

strawberries are significant contributors to the ñothersò categories.      
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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 horticultural sub-sectors, large quantities 

of water consumption can be attributed to the livestock sub-sector. The four main purposes of direct 

water consumption within the livestock sector include drinking water for livestock, washing, 

processing and disease control (Figure 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 2025. The water footprint of UK milk production has been estimated at 67 L per L milk 

(FAO, 2006). 
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Source: Warwick Crop Centre (2013) 

Figure 1.28. Water use pathways within the livestock sector 
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The major impact from increasing water use within the 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) project that by 2025 64% of the worldôs population will live 

in water-stressed basins (against the 38% currently estimated). Figure 1.29 displays the projected 

increase in water consumption by sector, displaying that in comparison to irrigation the direct water 

consumption by 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 19% in the developed world.  

 

 
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 environmental impact which has led to one of the major and most widespread forms 

of land degradation. The erosion of soil is estimated to affect about 17% of the total land area in 

Europe, affecting around 27 million ha in the EU (Oldeman et al., 1991). Soil erosion is most serious 

in central Europe, the Caucasus and the Mediterranean region, where 50-70 % 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 wind detaches and 

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 area) (EEA, 2002). A report for 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 shown in Table 1.8 (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 land 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 

tonnes of fertile topsoil is lost worldwide from agricultural systems every year, and with such 

substantial losses arises the un-sustainable use of an important natural resource. The formation of soil 

is slow (100-400 years/cm of topsoil); therefore any soil loss of more than 1 tonne/ha/year can be 

considered as irreversible within a time span of 50ï100 years (Pimentel et al., 1976, EEA 1999). In 

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. Furthermore, due to the topsoilôs removal there 

is an on-site 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 

amendments 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 agricultural areas of 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 EUR/ha (García-Torres et al., 2001). 
 

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

WATER 

EROSION 
Light  Moderate Strong Extreme Total 

Loss of topsoil 18.9 64.7 9.2 - 92.8 

Terrain 

Deformation 
2.5 16.3 0.6 2.4 21.8 

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 enhancing run-

off and therefore enhancing the process of soil erosion (EEA, 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 therefore slowing 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 soil, 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 countries (Figure 1.30.). 

 

Resource depletion  

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

order to produce sufficient quantities of food. Within the livestock sector around half of the worldôs 

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 to cure 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). 

Phosphorus is essential within agriculture, providing an irreplaceable growth nutrient to crops. 

Approximately 90% of all phosphate demand is for food 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 resources of phosphate rich rock (current proven reserves equate to less than 

100 yearsô supply at current use rates). Richard and Dawson (2008) estimate that in the EU-27, 3.69 

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 of phosphorus use are further expected to rise due to increasing demands for 

food production. 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 the phosphorus removed from fields with the harvested 

cereals (assuming a P content of 0.3%). This additional phosphorus is equivalent to more than 10% of 

the current world use of fertiliser phosphorus (Schroder et al., 2009). 

 

 
Source: EEA, (2012) 

Figure 1.30. The degree and extent of soil compaction in Europe 

 

 

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

 

Energy is an essential resource across the entire food production cycle, with estimates showing an 

average of 7ï10 calories of input being required in the production of one calorie of food, most of 

which comes from the utilisation of fossil fuels. This varies dramatically 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 used in their production and distribution represents the largest 

component of energy use within the sector. The production of these additional inputs requires large 

quantities of fossil fuel-derived energy and on a global scale fertiliser manufacturing consumes about 

3-5% of the worldôs annual natural gas supply. The production and distribution of N fertilisers 

currently require an average of 62 litres of fossil fuels per hectare, a demand expected to further 

increase with the expansion of agricultural land and the 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; Fox, 2013).  

 

1.2.4 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 European reports. The largest 

contribution of the sector is estimated to be towards total soil erosion within Europe (95%) followed 

by NH
3 
emissions (94%) and Nitrogen water pollution (65%). The lowest contribution of the sector is 

estimated to be towards CO2 equivalents (10%) however it must be noted that this figure excludes 

indirect emissions from for example fertiliser and pesticide manufacture.  

 

 

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

 

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

displays a generic schematic of a food value chain, showing 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 

husbandry) 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 hotspots, Table 2.1 maps across the most relevant best environmental 

management practices (BEMPs) contained in this report to 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 this report  for 12 major farm types (dark shading 

= high priority; medium shading = medium priority; white = not applicable or low priority)  
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3.1             
3.2             
3.3             
3.4             
3.5             
3.6             
3.7             
4.1             
4.2             
4.3             
4.4             
5.1             
5.2             
5.3             
5.4             
6.1             
6.2             
6.3             
6.4             
6.5             
7.1             
7.2             
7.3             
7.4             
8.1             
8.2             
8.3             
8.4             
8.5             
8.6             
8.7             
9.1             
9.2             
9.3             
9.4             
9.5             
9.6             
9.7             
10.1             
10.2             
10.3             
10.4             
11.1             
11.2             

                                                      
7 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 within 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. This report cannot be exhaustive, but attempts to address the major areas 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 groups within 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 express environmental burdens (Table 2.2). 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 methodologies.   

 

Table 2.2. Environmental impact categories, abbreviations, selected characterisation factors and 

indicators used in this report based on CML (2010) methodology 

Impact category Abbreviation 

Intervent ions (characterisation factors 

for indicator loading; kg per kg 

intervention) 

Indicator  

Global warming potential  GWP 

- CO2 (1)  

- N2O (298)  

- CH4 (25) 

CO2e 

Eutrophication (RER) EP 

- NO3 (1 x 10
-1
)  

- P (3.06)  

- NH3 (3.5 x 10
-1
)  

- NOx (1.3 x 10
-1
)  

- N (4.2 x 10
-1
) 

PO4e 

Acidification (RER)  AP 

- NH3 (1.6);  

- NOx (5 x 10
-1
)  

- SOx (1.2) 

SO2e 

Resource depletion (fossil 

fuels)* 
RDP 

- Hard coal (27.91)  

- Soft coal (13.96)  

- Natural gas (38.84 per m
3
)  

- Crude oil (41.87) 

MJe 
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Abiotic Resource 

depletion (elements)* 
ARDP 

- See CML (2010); e.g. P (5.52 x 10
-6
) 

Sb e 

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

*RDP and ARDP correlated via CML (2002) equation  

 

Figure 2.1 provides an overview of environmental burdens for major product groups, in terms of 

GWP (CO2e), EP (PO4e), ARDP (Sb e) and ecotoxicity and human toxicity (1,4-DCBe).  

 

 
Source: Data reported in EC (2008), based on EIPRO study results 
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Source: Data reported in EC (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 input-output analyses of the EIPRO study (EC, 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, such as bakery 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), for the major food and drink products to:  

(i) provide context for agricultural environmental improvement potential; 

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

(iii)  identify the upstream consequences of food waste;  

(iv) identify 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 summarised in Table 2.3.  

 

Table 2.3. Main burdens of animal products per functional unit produced (one tonne dead weight, 20 000 

eggs, and 1000 L milk) in the UK, based on national average production systems 

Impacts & resources used Beef Pig Meat 
Poultry 

Meat 

Sheep 

Meat 
Eggs Milk  

Primary energy used, MJ 27,700 16,700 12,000 23,100 14,100 2,510 

Global warming potential, kg CO2e 15,800 6,350 4,580 17,400 5,540 1,060 

Eutrophication potential,  kg PO4e 158 100 49 200 77 6.4 
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Impacts & resources used Beef Pig Meat 
Poultry 

Meat 

Sheep 

Meat 
Eggs Milk  

Acidification potential,  kg SO2e 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 

Grade 3a, 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       

NO3-N, kg 149 48 30 287 36 7.2 

NH3-N, kg 119 97 40 106 79 4 

N2O-N, kg 11 6.4 6.3 9.0 7.0 0.71 

Source: Williams et al. (2006)       

  

A subsequent DEFRA-funded 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, 2008). That report cites Foster et al. (2006) who 

defined the concept of ñecological comparative advantageò for some countries or regions in relation to 

certain types of products ï the eco-efficiency 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: 

¶ Greenhouse gas emissions per tonne product were not necessarily less for UK produce than 

for imports from the countries considered in the project 

¶ Total pre farm gate carbon footprint was estimated to be smaller for UK production of 

potatoes and beef 

¶ Up to the retail distribution centre, total carbon footprint was less for potatoes, beef and 

apples from the UK than imports 

¶ 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 transport. 

 

The agricultural sector is responsible for a relatively small share of overall energy use, compared with 

its contribution to other burdens (Figure 2.2), 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. Other documents on best environmental management practice cover the environmental 

burdens of food processing and distribution (Schoenberger et al., 2013). 
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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 major agricultural commodities and their 

derivative products are summarised, along with some proposed priority improvement options. This 

chapter provides a framework for BEMP techniques described within this report. Finally, relevant 

product standards and agricultural certification schemes are summarised, to provide further guidance 

on BEMP implementation for both farmers and farm advisors, and supply chain managers.  

 

Ecosystem services assessment 

 

Half of European land area is subject to agricultural management. Extensive 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 landscape management, although the efficiency of such farming systems may be 

low from a resource-efficiency perspective measured using LCA metrics. In addition, many 

environmental impacts occur locally or regionally, including eutrophication, biodiversity loss, soil 

degradation, etc. The LCA approach may be of less relevance to such impacts: food production may 

become more ñefficientò on a per kg basis whilst local environmental thresholds are exceeded. Thus, 

it is important to combine LCA with additional measures of 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). 

 

Alternative ñbest practiceò strategies  

 

Depending on the local context, intensification or extensification could be regarded as best practice. 

Livestock production systems can broadly be classified into: 

¶ grazing systems 

¶ mixed systems  

¶ fully confined landless/industrial systems. 
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Grazing systems typically 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 livestock units per 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 arable land to provide feed. Grazing systems may provide an opportunity to 

manage large areas of HNV land.    

 

According to EC (2008), ñThe reduction of land use for crop production through intensification of 

cereal production is largely considered an autonomous 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 set-aside makes the costs of using land for cereal 

production more expensive and consequently stimulates intensification.ò The authors go on to report 

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 and plant 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 intensification 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. They go on to suggest it would be environmentally 

beneficial to restrict further specialisation in dairy farming, or at least to remove any existing 

incentives for such specialisation. EC (2008) assumed that the 10 million ha of barley and wheat 

grown in eastern Europe, 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 from 3 570 m
2
 to 1 923 m

2
 

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

tonne grain should reduce (Table 2.4). EC (2008) calculated that the overall effect on EU cereal 

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 of cereal 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 reduced (Table 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/ha/yr) Intensive (5.2 t/ha/yr) 

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 

NH3 (kg) 2.37 2.22 

N2O (kg) 1.12 1.10 

NO3 (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 

different environmental 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 experienced overview of European 

environmental pressures Hamell (2013) proposed the following regionally differentiated priority 

topics for environmental improvement in relation to agricultural production: 

¶ Water quality in NW Europe (good examples of Nitrate Action Programme implementation 

include Northern Ireland, Ireland, Denmark, Emilia Romagna region of Italy, Catalonia)    

¶ Water management in southern Europe (poor regulation of abstractions). Agri-environmental 

measures will require a 25% reduction in water consumption in southern European agriculture.   

¶ Pesticide residues in waters in France owing to poor control and historical high application rates 

on vines. Copper toxicity is a problem in soils. 

¶ Biodiversity everywhere, but especially southern Europe where there are very few ñnaturalò field 

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 from bees (IEEP, 2012). 

 

However, implementing regionally differentiated strategies for environmentally sound farming is 

challenging (Figure 2.3). Bottom-up initiatives driven by farmers and farm consultants have the 

potential to overcome some of these challenges (see BEMP 3.1), though obviously will be most 

effective when coupled with well-designed regulation and incentives within a coherent agri-

environmental policy.  

 

 
Source: IEEP (2012) 

Figure 2.3. Integration of spatially targeted measures into European agri-environmental policy (IEEP, 

2012)  
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2.1 Dairy production  
 

Figure 2.4 displays the contribution of eight groups of processes to four environmental burdens for 

milk production, up to the farm gate, based on the Bangor University agricultural LCA tool. Results 

are displayed for: 

¶ a large, intensive farm where cows are indoors for 10 months of the year 

¶ an average-sized (UK) dairy farm where cows are grazing for 6 months of the year.  

The latter system is more representative of European pasture-based dairy farms. The former system is 

closer to a typical European intensive dairy farm, although most feed (grass and fodder maize silage) 

is still grown on-farm, 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 application rates using the Farm-Adapt model 

(Gibbons et al., 2006), so may be more efficient than ñaverageò farms. However, these farm systems 

use ñconventionalò slurry storage (open tanks) and spreading (splash-plate) methods, so can provide a 

useful baseline for improvement potential associated with BEMP. Enteric fermentation, manure 

storage and soil emissions (related to fertiliser and manure applications) dominate climate change, 

eutrophication and acidification burdens (Figure 2.4). Environmental burdens allocated to milk based 

on the relative energy outputs of milk and animal liveweight (89% of farm burdens allocated to milk) 

are summarised in Table 2.5.  

 

 
Source: Bangor University farm LCA tool 

Figure 2.4. Contribution of major processes to environmental burdens arising from milk production for 

an efficient 481- milking -cow (ñLargeò) and 125- milking -cow (ñAverageò) dairy farm  

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

 
CO2e PO4e SO2e MJ e 

 kg per L milk 

Large 0.90 0.0037 0.0076 1.55 

Average 1.02 0.0039 0.0066 1.98 

Source: Bangor 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 is soybean meal extract to which indirect land use change is 

attributable (e.g. deforestation in Brazil or cultivation of grasslands in Argentina) (Hörtenhuber et al., 

2011). This issue is dealt with in section 8.5, where the impact of soy feed is shown in relation to the 

intensive farm for which results are displayed in Figure 2.4. 

 

The Scottish agricultural college (SRUC) have developed Marginal Abatement Cost Curves (MACC) 

for livestock GHG abatement options (Wall, CEUKF 2013). The main improvement options were 

determined to be: 

¶ improved genetics (breeding) 

¶ improved manure management  

¶ improved nutrient management.  

 

Profitable abatement options for farmers could reduce UK agricultural emissions by 10% by 2020. 

Breeding 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 (NH3) emissions in agriculture, the latest version of which (TFRN, 2012) 

is used to underpin relevant BEMP in this report. Underpinning that document are NH3 abatement 

costs derived from the European GAINS model and detailed in a publically-available spreadsheet 

(Winiwarter et al., 2011). Data from that spreadsheet are extracted and presented in this section, 

including in Figure 2.5. 

 

 
 

NB: Bars display 25
th
 to 75

th
 percentile ranges, whilst lines display absolute range in GAINS 

values calculated across European countries. Excludes potential fertiliser replacement effects.   

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

Figure 2.5. Range of European abatement costs for ammonia emissions 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 UK, NZO in 

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 production are summarised in Table 2.6, below.  

 

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

priorities (P) for confinement and grazing based systems   

Source Key BEMP measures Section Confine-ment Grazing 

Enteric 

fermentation  

Breeding for improved productivity Section 8.1 P P 

Maintaining animal health  Section 8.6 P P 

Diet (feed conversion ratio) section 8.4, 8.6 P  

Manure 

storage 

Manure management in housing  Section 9.1 P  

Storage  
Section 9.3, 

9.4, 9.5 
P  

Anaerobic digestion Section 9.2 P  

Soil emissions 

(air and 

water 

burdens) 

Soil Nutrient Management Planning Section 4.1, 5.1 P P 

Dietary optimisation of N intake 

(excretion) 
Section 8.3 P  

Precision fertiliser/manure 

application  

Section 5.3, 

9.6, 9.7 
P P 

Grass-clover swords  Section 7.3 P P 

Efficient slurry application   Section 9.6, 9.7 P  

Feed 

production  

Grazing management Section 7.1,7.2  P 

Efficient silage production Section 7.4 P  

Green procurement of feed Section 8.5 P  

Biodiversity 

burdens 

Appropriate land use  Section 3.1, 3.3  P 

Habitat management Section 3.4, 7.2  P 

Local breeds Section 8.1  P 

Resource 

consumption 

Nutrient use efficiency Section 3.2, 8.2 P P 

Soil management 
Section 3.3, 

4.1, 4.4 
P P 

Energy management  
Section 3.2, 

3.5, 9.2  
P  
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2.2 Beef production 
 

As shown in Table 2.3, each kg beef carcass requires 27.7 MJ primary energy input and gives rise to 

15.8 kg CO2e of GHG emissions and 0.158 kg PO4 e 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 minor share of lifecycle impact up to the consumption 

stage. EBLEX (2009) reports that beef processing contributes 0.27 kg CO2e per kg meat. The burdens 

in Table 2.3 are expressed per kg beef after non-edible portions (approximately 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. Various methods may be used to allocate some of the production burden to by-

products such as offal and pet-food.    

 

Figure 2.6 shows that 41% of the energy burden comes from the production of grass and a similar 

amount comes 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 and spreading.  

 

 
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 carcass 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 footprint of 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. (2006) 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 grasslands, or contributes 

indirectly to the expansion of agricultural production into those lands.  
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Figure 2.7 shows NH3 abatement costs for various measures aimed at housing, manure storage and 

manure application for beef systems from Winiwarter et al. (2011).   

 
NB: Bars display 25

th
 to 75

th
 percentile ranges, whilst lines display absolute range in GAINS values 

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 non-dairy cattle systems 

with liquid slurry storage  

 

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

BEMP techniques to reduce the overall burden of beef production are summarised in Table 2-7 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 

Enteric fermentation  

Breeding for improved productivity Section 8.1 

Maintaining animal health  Section 8.6 

Diet (feed conversion ratio) section 7.1 and 8.4 

Optimised cull age  Section 8.7 

Manure storage 

Manure management in housing  Section 9.1 

Covered solid manure storage  Section 9.5  

Liquid slurry storage and anaerobic digestion Section 9.4, 9.2 

Soil emissions (air 

and water burdens) 

Soil Nutrient Management Planning Section 5.1 

Dietary optimisation of N intake (excretion) Section 8.3 

Precision fertiliser/manure application  Section 5.3 

Grass-clover swords  Section 7.3 

Trailing shoe/banded slurry application   Section 9.6 and 9.7 

Feed production  

Grazing management Section 7.1 and 7.2 

Efficient silage production Section 7.4 

Green procurement of feed Section 8.5 
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Source Key BEMP measures Section 

Biodiversity burdens 

Appropriate land use  Section 3.1, 3.3 

Habitat management Section 3.4, 7.2 

Local breeds Section 8.1 

Resource 

consumption 

Nutrient use efficiency Section 3.2, 8.2 

Soil management Section 3.3, 4.1, 4.4 

Energy management  Section 3.2, 3.5, 9.2  

 

2.3 Sheep production 
 

 

The overall environmental burdens of sheep production are shown in Table 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 value-chain occur before the farm 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 (2009) reported that lamb processing 

contributes 0.23 kg CO2e 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 systems in the UK 

Impacts and resources  Conventional  Organic 

Primary energy used, MJ 23,100 18,400 

Global warming potential, kg CO2e 17,500 10,100 

Eutrophication potential,  kg PO4e 195 594 

Acidification potential,  kg SO2e 368 1,511 

Pesticides used, dose ha 3.0 0.0 

Abiotic resource depletion, kg Sb e 27 19 

Land use, ha  1.38 3.12 

N losses   

NO3-N, kg 282 700 

NH3-N, kg 100 618 

N2O-N, kg 8.9 13.4 

Source: Williams et al. (2006). 

 

Figure 2.8 shows the main sources of GHG emissions from sheep production on a low-fertiliser-input 

farm. Compared with beef and milk production, concentrate feed production and soil emissions make 

larger relative contributions and manure storage a smaller relative contribution because animals 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 provisioning. It could 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 policy-level decisions on land designation 

(e.g. section 3.2). Ripoll-Bosch et al. (2013) demonstrate how ecosystem services provisioning can be 

regarded as a co-product of lamb production within carbon footprinting, improving the calculated eco-

efficiency of extensive sheep systems relative to intensive systems. 
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Jones et al. (2013) short-listed the following six effective and practical measures to improve the 

environmental performance of sheep production, based on consultation with farmers and other expert 

stakeholders: 

¶ include legumes in pasture reseed mix 

¶ increase lamb growth rates for earlier finishing 

¶ improve ewe nutrition in late gestation 

¶ reduce mineral fertiliser use 

¶ lamb as yearlings 

¶ select pasture plants bred to minimise dietary nitrogen losses.  

 

 
N.B.: ñOtherò includes bought-in ewes 
Source: Data from Taylor and Edwards-Jones (2010) 

Figure 2.8. Breakdown of the carbon footprint of sheep liveweight from a Welsh sheep farm (total 

footprint = 10.1 kg CO2e per kg liveweight)   

 

In terms of the comparative efficiency 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 

grazing 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 NOx and SOx emissions from heavy fuel 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 

Table 2.9.  
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Table 2.9. Key BEMP measures to reduce the environmental burden of European sheep production  

Source Key BEMP measures Section 

Enteric 

fermentation  

Breeding for improved productivity Section 8.1 

Maintaining animal health  Section 8.6 

Diet (feed conversion ratio) section 7.1 and 8.4 

Optimised cull age  Section 8.7 

Manure 

storage 

Manure management in housing  Section 9.1 

Covered solid manure storage  Section 9.5  

Liquid slurry storage and anaerobic digestion Section 9.4, 9.2 

Soil emissions 

(air and water 

burdens) 

Soil Nutrient Management Planning Section 5.1 

Grass-clover swords  Section 7.3 

Trailing shoe/banded slurry application   Section 9.6 and 9.7 

Feed 

production  

Grazing management Section 7.1 and 7.2 

Efficient silage production Section 7.4 

Green procurement of feed Section 8.5 

Biodiversity 

burdens 

Appropriate land use  Section 3.1, 3.3 

Habitat management Section 3.4, 7.2 

Local breeds Section 8.1 

Resource 

consumption 

Nutrient use efficiency Section 3.2, 8.2 

Soil management Section 3.3, 4.1, 4.4 

 

2.4 Pig production 
 

 

Environmental burdens of pork production are displayed in Table 2.10 for different types of system. 

Compared with beef and 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 

Impacts and resources used 
Non-

organic 
Organic 

Heavier 

finishing 

Indoor 

breeding 

Outdoor 

breeding 

Primary energy used, MJ 16,700 14,500 15,500 16,700 16,700 

Global warming potential, kg CO2e 6,360 5,640 6,080 6,420 6,330 

Eutrophication potential,  kg PO4e 100 57 97 119 95 

Acidification potential,  kg SO2e 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      

NO3-N, kg 48 71 43 40 51 

NH3-N, kg 98 40 98 119 91 

N2O-N, kg 6.4 6.8 5.9 6.1 6.5 
Source: Williams et al. (2006) 
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Figure 2.9 displays a breakdown of the main GHG emission sources for pig production, up to the farm 

gate, showing the importance of feed production and manure storage (mostly deep-bedding 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 direct N2O emissions and 

indirect N2O emissions via NH3 volatilisation and NO3 leaching make a comparatively small 

contribution to the carbon footprint, but are associated with significant eutrophication and 

acidification burdens.  

 

 
Source: Footprints4Food (2013) 

Figure 2.9. Breakdown of the carbon footprint of pig production across eight Welsh pig farms (average 

footprint = 4.5 kg CO2e per kg liveweight)   

 

Housing and storage management of manure also leads to considerable NH3 emissions, the latter 

representing a low cost abatement opportunity (Figure 2.10). 

 
NB: Bars display 25

th
 to 75

th
 percentile ranges, whilst lines display absolute range in GAINS 

values calculated across European countries. Excludes potential fertiliser replacement effects.   

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

Figure 2.10. Range of European abatement costs for ammonia emissions from pig systems with 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 referred to above, the most important BEMP techniques to reduce 

the overall burden of pork production are summarised in Table 2.11, below.  

 

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

Source Key BEMP measures Section 

Enteric 

fermentation  

Breeding for improved productivity Section 8.1 

Maintaining animal health  Section 8.6 

Diet (feed conversion ratio) section 8.4, 8.6 

Manure storage 

Manure management in housing  Section 9.1 

Storage  Section 9.3, 9.4, 9.5 

Anaerobic digestion Section 9.2 

Manure ñdisposalò Efficient slurry application   Section 9.6, 9.7 

Feed production  Green procurement of feed Section 8.5 

Resource 

consumption 

Nutrient use efficiency Section 3.2, 8.2 

Soil management Section 3.3, 4.1, 4.4 

Energy management  Section 3.2, 3.5, 9.2  

 

 

2.5 Poultry production  
 

2.5.1 Broiler production  
 

Table 2.12 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). Processing and 

transport make relatively minor contributions to life cycle environmental burdens (DEFRA, 2008).  

 

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 (non-organic) 

Primary energy used, MJ 12,000 15,800 14,500 

Global warming potential, kg CO2e 4,570 6,680 5,480 

Eutrophication potential, kg PO4e 49 86 63 

Acidification potential, kg SO2e 173 264 230 

Pesticides used, dose ha 7.7 0.6 8.8 

Abiotic resource depletion, kg Sb e 29 99 75 

Land use, ha  0.64 1.40 0.73 

N losses    

NO3-N, kg 30 75 37 

NH3-N, kg 40 60 53 

N2O-N, kg 6.3 9.3 7.6 

Source: DEFRA (2008) 

 

A subsequent study undertook further modelling based on these data, and reported the relative 

contributions of five main processes (Figure 2.11). 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 category, reflecting the high NH3 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 measures (Figure 2.12).  

 

 
Source: Based on data 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, based on attributional 

LCA, could be under-estimates 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 environmental implications for biodiversity loss.   

 
NB: Bars display 25

th
 to 75

th
 percentile ranges, whilst lines display absolute range in GAINS values 

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 to above, the most 

important BEMP techniques to reduce the overall burden of broiler systems are summarised in   

 

 

 

 

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

Source Key BEMP measures Section 

*Feed production  

Breeding for improved productivity Section 8.1 

Maintaining animal health  Section 8.6 

Green procurement of feed Section 8.5 

Manure storage 

Manure management in housing  Section 9.1 

Manure storage  Section 9.3, 9.4, 9.5 

Anaerobic digestion Section 9.2 

Soil emissions (air and water 

burdens) 

Field and farm nutrient budgeting  Section 5.1, 8.2 

Dietary optimisation of N intake (excretion) Section 8.3 

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  
 

Table 2.11 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  

Impacts & resources used 
Non-

organic 
Organic 

100% 

cage, non-

organic 

Free-range, non-

organic 

Primary energy used, MJ  14,100 16,100 13,600 15,400 

Global warming potential, CO2 e 5,530 7,000 5,250 6,180 

Eutrophication potential, kg PO4e 77 102 75 80 

Acidification potential, kg SO2e 306 344 300 312 

Pesticides used, dose ha 7.8 0.1 7.2 8.7 

Abiotic resource depletion, kg Sb e 38 43 39 35 

Land use, ha  0.66 1.48 0.63 0.78 

N losses     

NO3-N, kg 36 78 35 39 

NH3-N, kg 79 88 77 81 

N2O-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 free-range systems (Figure 2.13). As for broiler 

production, feed and water clearly dominate the GWP, PE and EP impact categories, reflecting the 

upstream burdens of soy and wheat production, whilst ñmanure and beddingò and ñhousing and landò 

dominate the AP category, reflecting the high NH3 emissions arising from chicken manure. Ammonia 
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abatement costs are relatively low for egg-laying hen systems across feed, housing, manure storage 

and spreading measures (Figure 2.14).        

 

 
Source: Based on data in Leinonen et al. (2012b) 

Figure 2.13. Main sources of environmental burdens in 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 considerably higher if land use change associated with soy 

production in South America is taken into account (DEFRA, 2008). 

 

 
NB: Bars display 25

th
 to 75

th
 percentile ranges, whilst lines display absolute range in GAINS values 

calculated across European countries. Excludes potential fertiliser replacement effects.   
Source: Winiwarter et al. (2011), based on GAINS data 

Figure 2.14. Range of European abatement costs for ammonia emissions from egg-laying hen systems   
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Based on the environmental burden sources for egg production referred to above, the most important 

BEMP techniques to reduce the overall burden of broiler systems are summarised in Table 2.15, 

below.  

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

Source Key BEMP measures Section 

*Feed production  

Breeding for improved productivity Section 8.1 

Maintaining animal health  Section 8.6 

Green procurement of feed Section 8.5 

Manure storage 

Manure management in housing  Section 9.1 

Manure storage  Section 9.3, 9.4, 9.5 

Anaerobic digestion Section 9.2 

Soil emissions (air 

and water burdens) 

Field and farm nutrient budgeting  Section 5.1, 8.2 

Dietary optimisation of N intake (excretion) Section 8.3 

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 

 

2.6 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 University agricultural 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 for the second crop (DEFRA, 2010). Therefore, the environmental burden of 

winter wheat can vary significantly depending on its position within a rotation (Table 2.16). Data 

presented are for UK yields. The UK and France have 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 states. 

 

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 CO2e Kg PO4e Kg SO2e MJe Kg Sb e 

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 energy in 

grains and straw assuming two thirds harvestable straw exported.    

 
Source: Bangor University (2013) 

    

The relative contributions of different sources to overall environmental burdens are shown in Figure 

2.15. The manufacture and application of mineral N fertiliser dominates GWP, EP and AP for the 

three types of grain-rotation. Diesel consumption contributes about 10% to GWP burdens and 20% to 
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resource depletion. Where organic fertilisers, such as animal manures, are used, burdens attributable 

to upstream fertiliser manufacture will be lower whilst soil emissions (especially NH3) will 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 consumption in the 

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 peat soils, large soil emissions of CO2 and N2O will be 

incurred, and environmental burdens will be considerably greater than listed in Table 2.16. Compared 

with livestock production, the relative contributions of transport and 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 for products 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 t CO2e, EP of 3.1 t PO4e and AP of 

3.3 kg SO2e per tonne processed (dried, stored and transported) bread wheat. Environmental burdens 

associated with food and drink processing are addressed in a background report being prepared for the 

JRC on that topic (EC, 2013). 

 

First winter wheat 

 
Second winter wheat 
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Spring barley 

 
Source: Bangor University (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 grain production referred to above, the most important 

BEMP techniques to reduce the overall burden of grain cultivation are summarised in Table 2.17, 

below.  

 

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

Source Key BEMP measures Section 

Agro-chemicals 

and upstream 

impacts 

Select reduced impact synthetic fertilisers Section 5.4 

Crop rotation and IPM techniques Section 11.1 

Crop protection product selection Section 11.2 

Soil emissions (air 

and water burdens) 

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 

Sustainable organic matter  amendments  Section 4.2 

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 

burdens 

Appropriate land use  Section 3.1, 3.3 

Habitat management Section 3.4  

Resource 

consumption 

Nutrient use efficiency Section 3.2, 5.1  

Soil management Section 3.3, 4.1, 4.4 

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 pre farm-gate 

burden is attributable to fertiliser manufacture, 33% to N2O emissions following fertiliser-N 

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 

(GJ) 

GWP 

(kg CO2e) 

EP (kg 

PO4e) 

AP (kg 

SO2e) 

ARDP (kg 

Sb e) 

Pesticides 

(does/ha) 

Land area 

(ha) 

Irrigation 

(m
3
) 

1.4 200 1.0 0.8 0.4 0.4 0.03 21 

Source: Williams et al. (2010) 

 

Maincrop potatoes have 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 Israel, owing to lower yields and high irrigation requirements. The storage and cooling of 

maincrop potatoes to ensure a year-around 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, cooking (by final consumers, food processors or other 

intermediaries) makes a large contribution to PE and GWP burdens, but is not readily influenced by 

the crop and animal production sector. Based on the environmental burden sources for grain 

production referred to above, the most important BEMP techniques to reduce the overall burden of 

potato cultivation are summarised in Table 2.19, below.  

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

Source Key BEMP measures Section 

Agro-chemicals 

and upstream 

impacts 

Select reduced impact synthetic fertilisers Section 5.4 

Optimising and reducing the use of crop 

protection products 
Section 11.1 

Crop protection product selection Section 11.2 

Soil emissions (air 

and water burdens) 

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 

Sustainable organic matter amendments  Section 4.2 

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 

burdens 

Appropriate land use  Section 3.1, 3.3 

Habitat management Section 3.4  

Resource 

consumption 

Nutrient use efficiency Section 3.2, 5.1  

Soil management Section 3.3, 4.1, 4.4 

Energy management  Section 3.2, 3.5  

Irrigation management Section 10.1, 10.2 
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2.8 Oil seed rape production 
 

Table 2.20 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 CO2e Kg PO4e Kg SO2e MJe Kg Sb e 

Oil seed rape  870 2.1 1.6 1989 0.96 

NB: 85% dry matter grains, total cultivation burden 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 fertiliser-N are 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. 

 

 
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 rape seed 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 approximately 3,200 MJ e and 193 kg CO2e, respectively.  

 

Based on the environmental 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 Table 2.21, 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 

Agro-chemicals and upstream 

impacts 

Select reduced impact synthetic fertilisers Section 5.4 

Optimising anf reducing the use of crop 

protection products 
Section 11.1 

Crop protection product selection Section 11.2 

Soil emissions (air and water 

burdens) 

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 

Sustainable organic matter  amendments  Section 4.2 

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 burdens 
Appropriate land use  Section 3.1, 3.3 

Habitat management Section 3.4  

Resource consumption 

Nutrient use efficiency Section 3.2, 5.1  

Soil management Section 3.3, 4.1, 4.4 

Energy management  Section 3.2, 3.5  

Irrigation management Section 10.1, 10.2 

 

2.9 Horticultural production  
  

2.9.1 Imported versus local 
 

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

horticultural crops: 

¶ Tomatoes 

¶ Strawberries 

¶ 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 environmental burdens of these products grown 

year-round in the UK or imported form major source countries, up to the point of UK retail 

distribution centres. The results are summarised in Figure 2.17.  

 

Energy demand, resource depletion and GHG burdens for tomatoes and strawberries are typically 

dominated by fossil-fuel-heating of glasshouses in northern Europe and transport from southern 

Europe. Meanwhile, for apples, these burdens are typically dominated by chilled storage and transport. 

Figure 2.17.  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 long-distance sea transport considerably outweighs more efficient pre farm gate 

cultivation of apples in New Zealand, to result in a 118% 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 centre). DEFRA (2008) reported that the carbon footprint of UK heat-

glasshouse tomatoes (2.24 t CO2 per t) is similar to estimates reported by Biel et al. (2006) for 

glasshouse production in Sweden (2.72 t CO2 per t), Denmark (3.65 t CO2 per t) and the Netherlands 

(2.91 t CO2 per t). Abiotic resource depletion is 70 % greater for UK production owing to the 

resources needed to build permanent glass houses (DEFRA, 2008).  

 

 

 

NB: Burdens calculated up to the retail distribution centre (distribution and consumer stages the 

same for UK and imported products). 
Source: Based on data in DEFRA (2008). 

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 from Spain, eutrophication and 

consumption of water and demand for land are all higher for imported Spanish products.  
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NB: Environmental burdens = primary energy use, global warming potential, Eutrophication 

potential, water consumption and land demand. Values capped 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 or in Spain (New 

Zealand for apples)  

 

The human- and eco- 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 times higher (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 UK- and Spanish- grown tomatoes in 

Table 2.22. Cold storage of tomatoes gives rise to ozone depletion via refrigerant leakage emissions, 

in addition to PE and GWP burdens.   

 

Figure 2.19 shows the relative contributions of different 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 

northern Europe 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  

Burden UK tomatoes 
Imported Spanish 

tomatoes 

Primary energy used (MJ) 36.2 9.6 

Global warming potential, kg CO2 e 2.24 0.74 

Eutrophication potential, kg PO4 e 0.0002 0.00005 

Acidification potential, kg SO2 0.0024 0.0041 

Ozone potential depletion, g CFC-11 e 0.0005 0.0008 

Pesticides used, kg active ingredient 0.0003 0.0022 

Abiotic resource depletion, kg Sb e 0.0182 0.0135 

Land (m
2
) 0.0185 0.089 

Irrigation Water (L) 24 36 

Proportion of renewable primary energy, % 1 5 

Source: DEFRA (2008). 

 

 
Source: Based on data from DEFRA (2008).  

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

glass houses heated with CHP units  

Horticultural production in semi-arid southern Europe, especially 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 hotspots for tomato production in southern Spain: 

 eutrophication and salinisation of groundwater 

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

leisure activities 

¶ energy and resource depletion associated with increasing reliance on seawater desalination to 

meet water requirements. 

Some additional ñhotspotò impacts for Spanish strawberry production are referred to in the next 

section, and are also relevant for tomato production.  
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Based on the above information, the most important BEMP techniques in this report that can reduce 

the environmental burdens of horticultural tomato production are listed in Table 2.23, below. 

 

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

Source Key BEMP measures Section 

Agro-chemicals 

and upstream 

impacts 

Nutrient management planning Section 5.1 

Select reduced impact synthetic fertilisers Section 5.4 

Optimising and reducing the use of crop 

protection products 
Section 11.1 

Crop protection product selection Section 11.2 

Energy 
Energy management Section 3.2, 3.5, 12.2 

Energy efficiency in 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 

 

2.9.3 Strawberries 
 

The environmental burdens of strawberry production in polytunnels are summarised in Table 2.24, 

and are generally lower than for tomato production on a weight-basis 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 tomatoes. Spanish production and 

transport to the UK results in lower PE, GWP, AP, ozone-depletion potential and ARDP burdens, 

amongst others, but considerably higher EP (sandy soils) and PM10 burdens. 

 

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 

Burden 

UK Spain 

Farm 
Storage-

transport  
Total Farm 

Storage-

transport  
Total 

Primary energy used, GJ 12.9 1.6 14.6 8.3 5.1 13.3 

GWP, t CO2e 0.85 0.14 0.99 0.35 0.56 0.90 

Eutrophication potential, kg PO4e 2.5 0.1 2.6 14.9 0.4 15.3 

Acidification potential, kg SO2 e 6.5 1.3 7.7 3.9 3.2 7.1 

Ozone potential depletion, g CFC-

11e 
3.0 - 3.0 1.5 - 1.5 

Pesticides used, kg a.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
3
 108 - 108 128 - 128 

PM10, kg NA 0.08 0.08 NA 0.22 0.22 

Photo-chemical oxidation potential, 

kg ethylene e 
0.59 0.02 0.61 0.16 0.08 0.24 

Non-methane Volatile Organic 

Carbon, kg C e 
1.75 0.16 1.91 0.66 0.50 1.16 

Proportion of renewable primary 

energy, % 
6 1 6 7 2 5 

Source: DEFRA (2008). 
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The relative contributions of major processes to environmental burdens for UK and Spanish grown 

strawberries are shown in Figure 2.20, below. Hotspot processes include: 

 

¶ construction of polytunnels in the UK (PE)  

¶ fumigation (high PE and GWP from manufacture of chemicals)  

¶ field losses of N (EP) 

¶ 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: 

¶ Past N application rates up to 1000 kg N/ha/yr (now 250 kg N/ha/yr) 

¶ Past irrigation rates of 7000 m
3
/ha/yr (now 4600 m

3
/ha/yr) 

¶ Groundwater nitrate-N concentrations were measured up to 70-110 mg/l.  

 
Source: Based on data in DEFRA (2008).  

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

production in polytunnels  

 

Intensive use 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, Lucena, Bonares) 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 drier areas 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 in this report that can reduce 

the environmental burdens of horticultural strawberry production are listed in Table 2.25, below. 

 

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

production  

Source Key BEMP measures Section 

Agro-chemicals 

and upstream 

impacts 

Nutrient management planning Section 5.1 

Select reduced impact synthetic fertilisers Section 5.4 

Optimising and reducing the use of crop protection 

products 
Section 11.1 

Crop protection product selection Section 11.2 

Energy 
Energy management Section 3.2, 3.5, 12.2 

Energy efficiency in 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 

 

 

2.9.4 Apples 
 

The environmental burdens arising from the production, storage and transport of one tonne of apples, 

up to UK retail distribution centres, for apples produced and transported immediately from New 

Zealand, and apples grown and stored for five months in the UK, are summarised in Table 2.26. Even 

accounting for storage energy and GWP 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 vary considerably 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 can be owing to 

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 (includes 5 months storage 

for UK apples) 

Burden 

UK New Zealand 

Farm 
Storage, 

transport  
Total Farm 

Storage, 

transport  
Total 

Primary energy used, GJ 2.1 3.0 5.1 1.2 10.0 11.2 

Global warming potential, t CO2e 0.16 0.19 0.35 0.08 0.78 0.87 

Eutrophication potential, kg PO4e 0.3 0.1 0.4 0.1 3.6 3.7 

Acidification potential, kg SO2e 0.6 1.1 1.8 0.3 23.7 24.1 

Ozone potential depletion, g CFC-

11e 
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 5.5 

Land ha/t 0.038 - 0.038 0.017 - 0.017 

Water, m
3
 - <0.01 <0.01 NA <0.01 <0.01 

Irrigation water, m
3
 10 - 10 88 - 88 

PM10 kg 0.01 0.17 0.18 0.01 0.59 0.60 
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Burden 

UK New Zealand 

Farm 
Storage, 

transport  
Total Farm 

Storage, 

transport  
Total 

Photochemical oxidation potential, 

kg ethylene e 
-0.08 1.14 1.33 -0.04 0.77 0.73 

Non-methane Volatile Organic 

Carbon, kg C e 
0.04 0.15 0.19 0.03 1.22 1.25 

Proportion of renewable primary 

energy, % 
2 5 4 8 21 19 

 

Figure 2.21 shows the contributions of different source categories to PE and GWP burdens, for apple 

cultivation up to the farm gate. Low nutrient inputs were assumed to match off-takes in apples, so that 

fertiliser manufacture and field emissions are low compared with other crop types. Machinery 

manufacture, and field diesel (includes irrigation pumping) therefore make relatively large 

contributions to energy use and GHG emissions up to the farm gate.  

 

However, as shown in Table 2.26 above, the majority of the overall environmental burden arising 

through apple supply chains occurs post farm-gate, during storage and transport. Transport burdens 

from New Zealand are particularly high in terms of AP and EP owing to high SOx and NOx emissions 

from shipping (use of heavy fuel oil, poorly regulated compared with road transport).  

 

 
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 above information, the most important BEMP techniques in this report that can reduce 

the environmental burdens of apples production are listed in Table 2.27, below.   

 

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

Source Key BEMP measures Section 

Agro-chemicals 

and upstream 

Nutrient management planning Section 5.1 

Select reduced impact synthetic fertilisers Section 5.4 
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Source Key BEMP measures Section 

impacts Optimising and reducing the use of crop protection 

products 
Section 11.1 

Crop protection product selection Section 11.2 

Energy 
Energy management Section 3.2, 3.5, 12.2 

Energy efficiency in 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 

storage 

Best practice detailed in the Best practice report
8
 for retail trade sector (EC, 

2013) 

 

2.9.5 Wine  
 

Wine can be transported long distances following bottling, so that the ñbottling and packagingò stage 

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 Sardinian white 

wine (Table 2.28; Figure 2.22). These authors included the fate (disposal/recycling) of glass bottles 

within their LCA boundaries. The value chain of one bottle of wines gives rise to GHG emissions of 

1.01 kg CO2e, and contributes 0.00688 kg SO2e emissions 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 efficiency metrics summarised in Table 2.28 (addressed in the EMAS 

SRD on Food and Beverage Manufacturing currently under development), alongside consumption of 

locally or regionally sourced wines (section 3.7).     

 

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

Environmental 

burden 
Unit  

Agricultural 

phase 

Wine making 

phase 

Bottling and 

packaging 
Total 

Abiotic depletion kg Sb e  2.57E-03 7.61E-04 4.19E-03 7.53E-03 

Acidification  kg SO2e 1.52E-03 8.46E-04 4.51E-03 6.88E-03 

Eutrophication kg PO4e 3.22E-04 1.67E-04 4.12E-04 9.02E-04 

Global warming  kg CO2e 1.69E-01 2.74E-01 5.62E-01 1.01E+00 

Ozone layer 

depletion  

kg CFC-11 

eq. 
1.58E-07 5.51E-09 5.89E-08 2.23E-07 

Photochemical 

oxidation 

kg C2H4 eq. 
7.54E-05 9.74E-05 1.60E-04 3.33E-04 

Source: Fusi et al. (2014) 

 

 

 

                                                      
8 The summarised best practices are also described in the Commission Decision EU/2015/801, 20

th
 May 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 voluntary participation by organisations in a Community eco-

management and audit scheme (EMAS)   
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Source: Derived from 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 environmental concern that are addressed in 

various BEMP within this report are:  

¶ Eco-toxicity 

¶ Soil degradation. 

Whilst Villanueva-Rey et al. (2014) reported that the use of synthetic pesticides, including folpet and 

or terbuthylazine, represented over 99% of the total eco-toxicity burden of Spanish wine production 

according to a LCA study, Komárek et al. (2010) report on the problem of fungicide, especially, 

copper contamination of vineyard soils. 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 it is more bioavailable (Komárek et al., 2010). Coll et al. (2011) note that most 

vineyard soils are highly degraded in terms of: (i) loss of organic carbon from erosion and diminution 

of nutrient contents; (ii) accumulation of metals and organic pollutants; (iii) compaction due to tractor 

traffic. Based on the above pressures, relevant BEMPs for wine value chains are summarised in Table 

2.29.  

Table 2.29. Key BEMP measures to reduce the environmental burden of European wine production  

Source Key BEMP measures Section 

Eco-toxicity 

Optimising andreducing the use of crop 

protection products 
Section 11.1 

Crop protection product selection Section 11.2 

Soil quality 
Assessing and improving soil structure and 

drainage  
Section 4.1, 4.2, 4.3, 4.4 

Waste management Waste management  Section 3.6 

Agro-chemicals and 

upstream impacts 

Nutrient management planning Section 5.1 

Select reduced impact synthetic fertilisers Section 5.4 

Processing 
Best practice detailed in the Best practice report for the Food and Beverage 

manufacturing sector
9
  

Transport and storage 
Best practice detailed in the Best practice report

10
 for retail trade sector 

(EC, 2013) 

                                                      
9  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   
10 The summarised best practices are also described in the Commission Decision EU/2015/801, 20th May 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 voluntary participation by organisations 
in a Community eco-management and audit scheme (EMAS)   

http://susproc.jrc.ec.europa.eu/activities/emas/fooddrink.html
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3 SUSTAINABLE FARM AND LAND MANAGEMENT  
 

Introduction  

 

Environmental management is ultimately a cross-cutting 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 cross-cutting 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 responsible farming.  

 

Environmental management systems may be informal organisation systems, or internationally 

recognised systems certified by a third-party, such as ISO 14001 and EMAS. This report for EMAS 

provides guidance on sector-specific best practice measures and indicators, and proposes 

ñbenchmarks of excellenceò, as specified under article 46 of EC 1221/2009. Basic compliance criteria 

for EMAS are documented in EC 1221/2009 and guidance documents provided by competent bodies 

in member states. In this chapter, 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 chapter is farmers 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 systems approach (Figure 3.1) 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 than 20% of fertiliser N imported to livestock farm systems is exported as food (PBL, 

2011).  

 

 

Figure 3.1. Basic schematic of a dairy farm system (PBL, 2001) 
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Invisible losses of N in the form of NH3, NO3 and N2O cause the majority of farm environmental 

burdens and also represent a large financial loss for farmers given that fertiliser-N costs 

approximately one euro per kg. farmers must consider how these losses affect compliance with 

various European and national regulations (Figure 3.2). The systems approach can facilitate this. 

 

 

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 EU-27, 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 in Europe, ranging from almost entirely man-made and 

intensively managed polders in the Netherlands to semi-natural 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 multi-scale 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; (ii) 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 ecosystems services framework provides a useful approach for assessing landscape management. 

In fact, Everard and McInnes (2013) argued that such an approach enables the identification of 

ñsystemic solutionsò that involve multiple stakeholders (including farmers) and environmental 

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 improvement through identification and prioritisation of relevant BEMPs 

described in the remainder of the report ï essentially 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 of high-level benchmarking of 

farm and product resource efficiency is the development of full LCA metrics (Figure 3.3) ï where 

data are available. However, most of the BEMPs in this report will be associated with process-specific 

indicators and benchmarks, such as feed digestibility, feed conversion efficiency, NH3-N losses per kg 

manure N stored or spread, etc. these benchmarks will relate to overall farm- and product- level 

performance via effects on individual source categories displayed in Figure 3.3.      

 

 

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 cross-cutting themes of resource management, waste 

management and responsible consumption. The latter topic is of critical importance for sustainable 

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 calculator 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: 

¶ Pan European level ï e.g. http://www.cost869.alterra.nl/dbase/default.aspx  

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

¶ National level ï e.g. http://www.adas.co.uk/LinkClick.aspx?fileticket=vUJ2vlDHBjc%3D&tabid=345  

http://www.cost869.alterra.nl/dbase/default.aspx
http://www.balticdeal.eu/measures/selection_measures/
http://www.adas.co.uk/LinkClick.aspx?fileticket=vUJ2vlDHBjc%3D&tabid=345
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This report cannot be exhaustive in referring to all existing best practice literature 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 farmers and farm advisors to periodically check for new online tools and other 

resources to facilitate efficient farm management.  
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3.1 Strategic farm management plan    
 

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 appropriate strategic 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 abovementioned levels is further discussed below. This particular BEMP requires farmers to 

develop a medium-term strategic management plan for their farm that can optimise the mix of 

biodiversity measures e.g. ecosystem services delivered within the current and forecast natural, socio-

economic and regulatory context
11

.  

With the 'Ecosystem services' term, the variety of the ecosystems in a given territory is mentioned 

including the different and various ways they function. Figure 3.4 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) ï 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 appropriate scientific 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 functions 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 services provided by 

their farm.  

 

Figure 3.4. General relationship between different ecosystem services, mean species abundance (MSA) 

and land use intensity (Braat and ten Brink, 2008) 

                                                      
11 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 the compilation 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 why 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 compared at plot and farm scale (Figure 

3.5). Additionally, within a strategic farm management plan the impacts on different indicator species 

groups can be compared (Jeannere et al., 2008). 

 

 

Figure 3.5. 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 optimisation. 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, current farming systems 

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

¶ groundwater abstraction for irrigation in excess of recharge rates (e.g. strawberry production in 

Huelva, Spain) (Williams and Gianessi, 2011) 

¶ intensive tillage of erosion-prone soils (e.g. cultivation of peat soils in Fenlands of East Anglia, 

eastern England) 

¶ 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 to positive 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 and abandonment (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, climate regulation 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 may contribute actions targeted at 

each of these scales:  

¶ management of landscape features at the farm level 

¶ farms' coordination towards landscape structure management at landscape level 
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¶ conservation of diversity within EU agricultural landscapes as a global public good. 

 

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 scale sustainability measured according to some indicators 

such as the abundance of particular species ï often dependent on surrounding habitats (Benton, 2013). 

Benton (2013) refers to three main scales of sustainability, similar to Lefebvre et al. (2013): 

¶ Farm 

¶ Landscapes 

¶ 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 the production 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 yields achieved through 

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 against volatile commodity 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 efficient animal 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 in or adjacent to 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 and environmentally 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 provisioning). Application of these metrics to all relevant processes should capture 

important ñlong distanceò effects, such as animal feed production. Regional landscape effects can also 

be managed through collaboration with neighbouring farms and engagement with government 

initiatives (Lüscher et al., 2014). 

 

Best practice can thus be summarised as: 

¶ Implementation of a strategic business plan for the farm that addresses market, regulatory, 

environmental and ethical considerations over a time period of ten years 

¶ 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      

¶ Use of appropriate LCA or ecosystem services metrics to inform continuous improvement of 

farm management (see also section 3.2)  

¶ Collaboration with neighbouring farmers and public agencies to coordinate the delivery of 

priority ecosystem services at the landscape scale (see also catchment sensitive farming in 

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 location is essential 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 like soil 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 on farm specific 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 achievable. For instance, some indicative environmental benefits are listed below (EFP, 

2010):  

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

¶ Soil formation and retention processes, which maintain soil productivity and prevent soil loss due 

to wind and water erosion 

¶ 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 farmers and land managers are aware of the range of mostly 

non-priced ecosystem services delivered by the land they manage. The 24 ecosystem services defined 

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

(Table 3.1).  
 

Table 3.1. Ecosystem services defined by the Millenium Ecosystem Assessment report (MEA, 2005)  

Provisioning 

services 
Regulating services Supporting services Cultural services 

- Food, fibre, fuel 

- Genetic resources 

- Biochemicals 

- Fresh water 

- Invasion resistance 

- Herbivory 

- Pollination 

- Seed dispersal 

- Climate regulation 

- Pest regulation 

- Disease regulation 

- Natural hazard 

protection 

- Erosion regulation 

- Water purification 

- Primary production 

- Provision of habitat 

- Nutrient cycling 

- Soil formation and 

retention 

- Production of 

atmospheric 

oxygen 

- Water cycling 

- Spiritual and 

religious values 

- Knowledge system 

- Education/inspiration 

- Recreation and 

aesthetic value 

 

Relevant indicators may be identified for some of these 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) 

¶ soil infiltration capacity and evidence of surface runoff   

¶ soil and biomass carbon sequestration. 
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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 how 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, as described 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 GHG emission avoidance. According to IPCC (2006) emission factors, this emission avoidance 

could amount to 22 t CO2e/ha/yr.    

 

Garrigues et al., (2012) claimed that it is difficult to establish one single indicator on soil quality due 

to the difficulty in aggregating several processes such as erosion, organic matter change and 

compaction into a single measure (Figure 3.6). Nevertheless, there are some ways to measure the 

impacts by taking into account the following parameters (Garrigues et al., 2012): 

1. soil rehabilitation cost or prevention of the soil degradation 

2. regeneration time 

3. reduction in net primary production 

 

 

Figure 3.6. Steps for assessing environmental impacts on soil quality within the concept of Life Cycle 

Assessment indicators (Garrigues et al., 2012)  

 

Accreditation 

One best practice indicator is: 

¶ accreditation with a relevant scheme that includes environmental management requirements. 

 

A selection of accreditation schemes are briefly summarised in Table 3.2. 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 number of frontrunner benchmarks highly relevant to this 

report, and cited in later BEMP sections.     
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Table 3.2. Selection of accreditation schemes 

Label Summary 

 

Global G.A.P. certificates are awarded to producers following independent 

third-party inspection and certification by auditing companies (certification 

bodies) who are also responsible for updating the global online G.A.P. 

database. GLOBALG.A.P. standards are available for a range of producer 

types. Over 142 independent and accredited certification bodies (CBs) 

carry out GLOBALG.A.P. certification worldwide via announced and 

unannounced onsite farm inspections.  

Link: http://www.globalgap.org/uk_en/  

 

LEAF (Linking Environment And Farming) is an organisation promoting 

sustainable food and farming. The LEAF Marque logo on food assures that 

farmers have produced that food according to high environmental 

standards. LEAF also builds public understanding of food and farming 

through e.g. year round farm visits to a national network of Demonstration 

Farms. 

 

Link: http://www.leafuk.org/leaf/home.eb  

 
Swedish Climate Label for Food 

The Swedish Climate Label for Food is an initiative started in 2007 by 

KRAV and the Swedish Seal (Svenskt Sigill) to develop climate 

certification for the food chain. The project is managed in cooperation with 

several major Swedish food companies: Milko, Lantmännen, the 

Federation of Swedish Farmers, Scan and Skånemejerier. The purpose is to 

create a certification system that reduces negative climate effects from 

food production and identifies more climate responsible products to 

consumers. Frontrunner products are identified within major product 

categories, accounting for the entire production chain. The climate 

certification can only be used in combination with another certification 

scheme (criteria are specified in the standard) that certifies components of 

sustainable food production. Labelling is taken care of by existing 

certification organisations rather than introducing a new label.  

 

Link: http://www.klimatmarkningen.se/in-english  

 

 

Cross-media effects 

 

The purpose of this BEMP is to achieve the optimum balance of financial, environmental and ethical 

performance through strategic, long-term management, and thus minimise cross-media effects. 

Significant trade-offs may exist, including between animal welfare and resource efficiency 

maximisation, or between profit maximisation and environmental protection.  

 

Operational data 

 

Cross-compliance 

Cross-compliance criteria for the EU CAP represent the baseline minimum agri-environment 

measures to be implemented on farms. For all requirements falling under cross-compliance, the 

compliance costs have to be borne by farmers
12

.  

Best practice goes considerably beyond cross-compliance standards. Strategic implementation of 

cross-compliance criteria, and attaining higher-level agri-environmental subsidies such as the Higher 

Level Stewardship scheme in the UK, can leverage multiple environmental benefits. For example, 

using any areas of organic soils for set-aside and semi-natural habitat provisioning could enable that 

soil to be rewetted (draining blocked), leading to large GHG emission avoidance.  

 

                                                      
12  A useful index page from cross-compliance criteria is accessible here: http://ec.europa.eu/agriculture/envir/cross-

compliance/index_en.htm 

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
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Ecosystem services provisioning 

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

integrate ES into operations:   

¶ Step 1: Select relevant ES checklist(s): This involves identifying the habitat types on the farm 

and then selecting the relevant checklist.  

¶ Step 2: Assess ES dependencies and impacts: This involves working through the checklist to 

identify the potentially significant ecosystem service dependencies and impacts associated with 

relevant farming activities and issues.  

¶ Step 3: Identify ES risks and opportunities: For each of the potentially significant ES 

dependencies and impacts, two Risk and Opportunity tables are used to identify relevant 

associated risks and opportunities.  

¶ Step 4: Consider mitigation and enhancement measures: For each relevant risk and 

opportunity, Risk and Opportunity tables 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 contexts.     

 

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), ñIFM is based on an understanding of the scientific processes in the farming environment, e.g. 

nutrient flows, factors influencing soil quality, and the application of this knowledge to identify 

aspects of the farming practice that need attentionò. EISA have produced a document on integrated 

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 provide a useful indication of 

good practice in integrated farm management: 

 

Integrated Farm Management (IFM) is a whole farm policy. You must therefore have appropriate 

assurance for each enterprise on your holding. For example, if you have potatoes and cereals, you 

must be a member of the appropriate schemes for both enterprises, such as GLOBALGAP (Cereals) 

or GLOBALGAP (FV) or other schemes that are benchmarked as equivalent to GLOBALGAP e.g. 

Red Tractor Farm Assurance - Produce Scheme. 

You must have a farm environmental policy that is communicated to all staff. It must be documented 

and form the basis for the farmôs objectives and targets. The policy must: 

Å contain reference to IFM, 

Å meet all regulatory and legislative requirements, 

Å include references to: 

1. Effective resource management through reducing and reusing waste; reducing raw material 

consumption; 

2. Eliminating or minimising appropriate polluting releases to the environment i.e. air, water, soil, 

including ógreenhouse gasesô (GHG) mitigation (e.g. ruminant diets);  

3. Optimising energy and water efficiency; 

4. Minimising adverse environmental effects. 

You must develop from your Environmental Policy a documented plan that sets out your short-term 

and long-term (1 to 5 years) environmental objectives. 

The plan must include aspects such as energy, water, pollution, 'greenhouse gas' (GHG) mitigation 

practices and other aspects of the business that impact on the environment. It must also include non-

food enterprises that impact on the business. The LEAF Audit ótargets for actionô and óperformance 

profileô can form the basis for this plan. It must also be integrated with the Whole Farm Conservation 

Plan. 

You must set targets, with a timescale, to improve and enhance the environment. This must include a 

link to your Whole Farm Conservation Plan, but must also include targets on water, soil, air, 
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'greenhouse gases' (GHG) and energy use. The targets must be measurable and linked to monitoring 

when appropriate. 

You must review your environmental policy and plan to ensure that it is relevant and being 

implemented. This must be every year and a record must be kept of this review. Following the review 

any amendments must be made and highlighted. 

You must ensure that staff have received and understood the Environmental Policy and plan and 

asked them to sign / mark to this effect. The policy must be displayed for everyone to read and where 

staff induction training takes place, be part of it. 

You must communicate the environmental policy to key suppliers and contractors who are directly 

involved in the farming business, especially where they have an impact on the businessôs 

environmental performance. They must be made aware of its content and their responsibility to help 

achieve its aims and objectives. 

When purchasing new equipment or establishing new buildings you should look for the best available 

and appropriate technology. This should include water and energy efficient products/designs; you 

should justify your decision based on economic and environmental criteria, without forgetting animal 

welfare issues. A written policy to show your commitment to reduction of energy through proper 

purchase decisions should be present and can be part of your environmental policy. 

Farm staff that has a critical impact on your business (including contractors) must be made aware of 

your commitment to IFM. There are many comprehensive benefits that result from staff training e.g. 

increased job satisfaction and motivation. This must be done on a regular basis and at least annually. 

Regular team meetings can be useful to discuss with relevant members of staff IFM principles and 

practices employed on farm and identify with them opportunities for improvement and an increased 

awareness of IFM. 

Source: LEAF (2012).  

 

Applicability  

 

This BEMP 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. cross-compliance criteria in CAP, and also from private companies ï e.g. 

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 example, LEAF membership varies from ú80/year for a farm < 121 ha to ú320/year for a 

farm over 700 ha. However, based on results of an extensive survey, LEAF (2012) claimed that the 

average saving for adopting LEAFôs IFM was ú50/ha. 

 

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

prevention or damage to infrastructures in Europe has high uncertainty (e.g. uncertainty range 0.7-

14.0 billion ú for erosion). These costs do not include damage to the ecological functions of soil, 

which were impossible to quantify (EC, 2006; Garrigues 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 of 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, compaction or salinization 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: 

¶ 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 

 

GLOBAL G.A.P. 

KRAV 

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 environmental impact 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 production 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 measures could improve 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 be 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 will be to shift the mindset from ñhow 

to minimise resources for fixed outputò to ñhow to maximise output from fixed resourcesò.  

 

UK arable farm case study 

Morley Farms is a 700 ha farm located within an NVZ in southeast England, growing winter wheat, 

oil seed rape, 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 reason for longer-term 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 to have the correct equipment well maintained (not necessarily 

new), and well-motivated staff, so that operations can be carried out rapidly when required during 

ideal drilling or harvesting windows.  

 

Morley Farms invested ú400,000 in a new grain store that provides greater flexibility in the timing of 

harvest operations and selling produce to maximise revenue. For example, by selling oil seed rape in 

September rather than August immediately after harvest, Morley Farms received ú11 more per tonne, 

netting an additional ú7,000. An additional benefit was that more resources could be directed towards 

harvesting other crops during the harvest season, rather than securing sales. Furthermore, the farm 

manager foresees stricter regulations on food storage facilities, and the 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 whole-farm (strategic) perspective is required to 

make economically and 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 plants (Figure 3.7), and holds EMAS 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 across the farm: 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 respect to 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 3.8).  

 
 

Products 
& services

 

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 relation to anticipated pressures and challenges. A more detailed environmental 

management plan may be drawn up and implemented to achieve strategic goals. Table 3.3 summarises 

EMS implementation in relation to the Plan-Do-Check-Act 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 

be informed 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 the first stage 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 for implementation 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 

(chapter 9), irrigation (chapter 10), crop protection from weeds, pests and disease (chapter 11) and 

protected horticulture (chapter 12).   
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Table 3.3. Stages of the Plan-Do-Check-Act cycle, with reference to relevant use of this report  

Cycle 

stage 
Management activities/steps 

Relevant environmental 

management tool 

(use of this report) 

Plan 

- Identify priority issues (significant environmental 

aspects) 

- Establish a policy to address these issues 

- Identify performance standards and improvement 

opportunities (best practice)  

- Allocate specific responsibilities 

- Set objectives and targets 

- Prepare action plans, programmes and procedures for 

achieving (performance) objectives  

Environmental review 

(refer to relevant best practice 

techniques and benchmarks of 

excellence for particular processes) 

Do 
- Responsible persons implement plans, programmes and 

procedures  

Standards and procedures 

(implement best practice techniques) 

Check 

- Monitor results 

- Evaluate performance against objectives and targets  

- Determine reasons for deviations and non-conformances 

Environmental monitoring and 

management audit 

(use appropriate indicators, compare 

with benchmarks of excellence) 

Act 

- Take corrective action for non-conformances 

- Consider performance and adequacy of system elements 

in relation to targets 

- Identify changing circumstances 

- Modify system elements, including policy, objectives, 

targets, responsibilities, plans, programmes, procedures  

Management review  

(re-assess relevance of particular best 

practice techniques and benchmarks 

of excellence for particular processes) 

 

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 

indicators´, 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 listed under óOperational dataô section below.  

 

In summary, best practice is to devise a farm management plan based on selective quantitative 

indicators for resource efficient management, life cycle assessment indicators for food production and 

relevant indicators of ecosystem service provisioning. Full use should be made of relevant freely 

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

important aspect to ensure EMS implementation is the development of a clear protocol for 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 monitoring) is 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 throughout this report. Front-runners in EMS implementation are also front-runners in 

environmental performance. 

 

Appropriate environmental performance indicators 

 

Quantitative indicators 

Appropriate environmental indicators are measured at the process level and associated with best 

practice techniques 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 resource efficiency 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 maximisation. Table 3.4 relates some of the 

key quantitative performance indicators identified for BEMP techniques throughout this report to 

major types of farm system.     

 

Table 3.4. A selection of relevant environmental performance indicators for different farm systems 

(shaded cells identify farm systems for which indicators most important where indicators 

apply to multiple farm systems)  
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Energy 

Field energy, L diesel/ha/yr V V V V V V 

Animal housing energy, kWh/m
2
/yr V   V   

Greenhouse heating, kWh/m
2
/yr      V 

Transport to retail, MJ/kg product      V 

Renewable energy generation, kWh/yr  V V V V V V 

Soils 

Erosion, tonnes/ha/yr V V V V V V 

Infilt ration capacity, mm/hour V V V V V V 

Soil organic matter content, % mass V V V V V V 

Soil nutrient status, mg/kg soil V V V V V V 

GHG emissions 

Product footprint, kg CO2e/kg product 

exported 
V V V V V V 

Farm carbon footprint, kg CO2e/yr  V V V V V V 

Animal feed 

Feed digestibility, D% V V V V   

Feed conversion ratio, % V V V V   

kg concentrate per kg output   V V V V   

Silage dry matter loss, % V V V    

Green procurement, % certified V V V V   

Green procurement, % soy-based feed V V V V   

Manure management 

Housing loss NH3-N, % TAN V V V V   

Anaerobic digestion, % slurry V V V V   

Storage loss of NH3-N, % TAN V V V V   

Storage loss of CH4, % MCF V V V V   

Application loss NH3-N, % TAN V V V V   

Water  

Irrigation, m
3
/ha/yr     V V 

Drinking water, L/LU/yr  V V V V   

Water footprint
13

, L/kg output V V V V V V 

Waste 

                                                      
13 The water source should always defined by the farmer e.g. grey, blue or green water 
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kg/ha/yr waste generated V V V V V V 

Kg/ha/yr to landfill V V V V V V 

% ñwasteò reused or recycled  V V V V V V 

Biodiversity 

Non-farmed ñnaturalò habitat, % area  V V V V V V 

Native species, number V V V V V V 

 

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 

´Operational data´, below, and which include ISO 14001, LEAF, GlobalGAP, Organic certification, 

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

to support performance-oriented environmental management by providing guidance on pertinent 

quantitative indicators and benchmarks of excellence at the process level, related to BEMPs.    

 

 

Cross-media effects 

 

Cross-media effects associated with implementation of specific techniques are described 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, efficiency 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. Closed slurry storage avoids CH4 and NH3 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 may refer 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 relevant departments 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 advisory services include Denmarkôs farmer-

owned service (UK Parliament, 2011) and Irelandôs Teagasc ï a national organisation responsible for 

both agricultural research and advisory services (Hamell, 2013). National governments have an 

important role to play in sustainable 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: 

¶ EISA (European Initiative for Sustainable development in Agriculture). EISA promote and 

provide guidance on integrated farming through an óall-farm approachô that encourages farmers 

to act according to their site and situation to achieve continuous improvement via detailed 

planning and evaluation. An extensive guidance document (EISA, 2012) is available on the 

website: http://sustainable-agriculture.org/  

http://sustainable-agriculture.org/
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¶ FAO Good Ag Practices http://www.fao.org/prods/gap/   

¶ Netherlands farmer advice website: http://www.bureaumestafzet.nl/home   

¶ New Zealand dairy farmer advice booklet: http://www.es.govt.nz/media/5868/fde-dairy-

booklet.pdf  

¶ Index to agricultural sustainability indicators and data from across Europe: 

http://www.agribenchmark.org/  

¶ Spanish sustainable agri-environmental indicators can be found at the following link: 

www.agriculturasostenible.org 

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

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

 

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 

selection of a few such tools is listed below in Table 3.5, and throughout this report. 

 

Table 3.5. A selection of tools available to assist farm management  

Aspect Tool Applicability  Source 

Greenhouse 

gas emissions 

Cool Farm 

Tool 

All farm 

types, Europe 

and US 

http://www.coolfarmtool.org/CoolFarmTool 

EBLEX 

ñWhat Ifò 

E-CO2 

UK sheep, 

beef and dairy 

farms 

http://www.eco2project.com/WhatIfTool.aspx#  

Manure 

management 

MANNER

-NPK All farm types 

in UK 

http://www.planet4farmers.co.uk/Manner  

Nutrient 

management  
PLANET 

http://www.planet4farmers.co.uk/Content.aspx?name=PLAN

ET  

Nutrient 

management  

European 

tools 

linked to 

Dairyman 

project 

European 

dairy farms 

http://www.interregdairyman.eu/tools/fertilisation/ 

Grassland 

management 

http://www.interregdairyman.eu/nl/tools/grassland-

management/  

Herd 

management 
http://www.interregdairyman.eu/tools/herd-management/  

Farm systems http://www.interregdairyman.eu/tools/farm-systems/  

Sustainability http://www.interregdairyman.eu/tools/sustainability/  

Environment http://www.interregdairyman.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 ensure that objectives and actions are understood by everyone.  

- Include practical experience at all levels of training, and include study visits to demonstrate 

best practice in action where possible.  

- Motivate staff with competitive objectives, including those for the organisation, to become 

environmental front-runners. 

- Ensure that responsibilities are clearly defined. 

- Encourage staff feedback and suggestions for environmental management. 

- Analyse and evaluate reasons why best practices are not applied and improve training 

through review-loops to improve performance (including staff feedback). 

http://www.fao.org/prods/gap/
http://www.bureaumestafzet.nl/home
http://www.es.govt.nz/media/5868/fde-dairy-booklet.pdf
http://www.es.govt.nz/media/5868/fde-dairy-booklet.pdf
http://www.agribenchmark.org/
http://www.agriculturasostenible.org/
http://www.saiplatform.org/
http://www.coolfarmtool.org/CoolFarmTool
http://www.eco2project.com/WhatIfTool.aspx
http://www.planet4farmers.co.uk/Manner
http://www.planet4farmers.co.uk/Content.aspx?name=PLANET
http://www.planet4farmers.co.uk/Content.aspx?name=PLANET
http://www.interregdairyman.eu/tools/fertilisation/
http://www.interregdairyman.eu/nl/tools/grassland-management/
http://www.interregdairyman.eu/nl/tools/grassland-management/
http://www.interregdairyman.eu/tools/herd-management/
http://www.interregdairyman.eu/tools/farm-systems/
http://www.interregdairyman.eu/tools/sustainability/
http://www.interregdairyman.eu/nl/tools/environment/


 

103 | P a g e 
 

 

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 systems to 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 

 

Implementation of 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 to higher NUE, reducing 

fertiliser costs per unit of output.  

 

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

LEAFôs Integrated Farm Management was Ã14,000 (ú16,500) or Ã40 per hectare per year (ú 47/ha/yr). 

Sixty four percent of LEAF members agreed that they had found savings by adopting LEAFôs 

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 appears that there 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 resource efficiency that are not 

obvious from day-to-day observations (e.g. by quantifying ñinvisibleò N losses from manure 

management). A range of factors encourage farms to implement an EMS. Objectives of EMS 

implementation either certified or not include: 

¶ identify and implement opportunities to improve operational efficiency  

¶ manage environment-related risks and liabilities, for example related to regulation  

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

 

Reference organisations 

 

¶ Dutch mileukeur lable 

¶ EISA 

¶ LEAF 

¶ GQSBW 
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3.2.1 Quantitative environmental management case studies 
 

Dutch dairy farms 

A group of Dutch dairy farms involved 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 individual dairy 

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 management. Stakeholders 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 P2O5/ha/y). For the less intensive farms the use of ANCA will strongly be 

encouraged. 

 

Estimating the cycles on the dairy farm follows a step-by step procedure and ultimately leads to the 

following indicators, quantified on an annual basis (illustrated in Figure 3.9). 

1. Manure production: nitrogen (N) and phosphate (P2O5) excretion of cattle (kg/ha);  

2. Efficiency of feeding: conversion of N and P2O5 from feed into milk and meat (%);  

3. Ammonia (NH3) emission, divided over housing, manure storage, grazing, manure spreading and 

mineral fertiliser application (kg/ha); 

4. Yield grassland and maize land: dry matter, N, and P2O5 (kg/ha) and energy (kVEM/ha), 

5. Efficiency of fertilisation: conversion of N and P2O5 from chemical fertilisers and organic 

manures into crop yield (%);  

6. Soil surplus N, P2O5 and C (including the longer term development of soil stores; kg/ha); 

7. Nitrate (NO3) in groundwater (mg/l); 

8. Emission of the greenhouse gases methane (CH4), nitrous oxide (N2O) and carbon dioxide (CO2) 

(kg/ha); 

9. Farm surplus N, P2O5 and C (kg/ha); 

10.  Efficiency of farming: conversion N and P2O5 from bought product (mainly feeds and fertilisers) 

into sold milk and animals (%). 

 

Reference and normative values are added to the 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 farms. Normative values can be values for ógood agricultural practiceô or values on which 

legislation 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 of his farm 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 off-farm emissions 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 of milk, calves 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 farms. Data from ANCA farms are presented in Chapter, in 

relation to animal 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 for intensive 

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 the well-being 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 farm, and improving the 

resistance of the animal in the stable. 

- Energy and CO2 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: Measures 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 of the sustainability 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 animals 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 determination of farm size (number of animal places) 
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is determined independently, rather than being based on self-reported 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 Ò 350 nge 

- Company size> 350 and Ò 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 (meat and eggs) and 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/the-dutch-environmental-quality-label-milieukeur.html  

- http://www.maatlatduurzameveehouderij.nl/31/home.html  

 

 

 

Whole farm quality assurance for agricultural enterprises in Baden-Württemberg 

GQSBW is a whole farm quality assurance scheme for agricultural enterprises in Baden-Württemberg, 

Germany. GQSBW is a comprehensive tool for self-monitoring and documentation 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.g. regulation 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, QM-milk, 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 PC program (see the online order form). With 

the internet application GQSBW online you can also create and print your company-specific version. 

GQSBW is an approved FAS (Farm Advisory System). 

 

Reference literature 

 

¶ deHaan, 2013. Personal communication December 2013. 2012 data from farms participating in 

the Cows and Opportunities project. Wageningen University, Netherlands. 

¶ Kringloop Wijzer, 2013. Project óAnnual Nutrient Cycling Assessment (ANCA)ô, edited by: 

Aarts F. and de Haan M.  
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3.3 Landscape water quality management  
     

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 defined 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 major challenge for 

effective catchment sensitive farming at this level is achieving coordination and ñbuy-inò across land 

owners. 

 

At the farm level, catchment sensitive farming comprises an assortment of individual, often small, 

measures that can collectively achieve a significant improvement in water quality and flow regulation 

if implemented across farms. Key measures include: 

¶ Establishment of buffer strips 

¶ Establishment of integrated constructed wetlands at strategic catchment locations  

¶ Maintaining good soil quality 

¶ Establishment of cover crops to reduce winter nutrient runoff  

¶ Ensuring appropriate timing and method of manure application     

 

Ultimately, catchment sensitive farming is a cross-cutting issue that comprises many separate actions 

related to a wide range of processes on farms. Some of the most important aspects of management 

described elsewhere in this report are listed in Table 3.6. 

 

Table 3.6. Important aspects of catchment sensitive farming addressed elsewhere in this report 

Aspect BEMP Relevant report section 

Maintaining good 

soil structure  

Assessing soil condition Section 4.1 

Maximising organic matter amendments  Section 4.2 

Maintaining soil structure Section 4.3 

Managing soil drainage Section 4.4 

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 

Nutrient 

management 

planning 

Field nutrient budgeting Section 5.1 

Crop rotations for nutrient cycling Section 5.2 

Precision application of fertilisers and manures 
Sections 5.3, 9.3, 9.4, 9.5 

and 9.6 

Nutrient budgeting on livestock farms Section 8.2 

Dietary reduction of nutrient excretion Section 8.3 

Grazing 

management 

Managing extensive grazing  Section 7.2 

Pasture renewal and legume inclusion  Section 7.3 

Irrigation 

management 
Minimise irrigation  Section 10.1 and 10.2 

Crop protection 
Implement integrated pest management Section 11.1 

Select less toxic active ingredients  Section 11.2 

 

Best practice is to implement all relevant BEMPs listed in Table 3.6. The main measures that will be 

described in this section, specifically addressing water quality management, are: 

¶ Establishment of buffer strips 

¶ Establishment of integrated constructed wetlands at strategic catchment locations 
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¶ Site-appropriate drainage systems (e.g. maintain or block existing systems as appropriate to the 

soil type and hydrological connectivity with water bodies)   

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

¶ Identify signs of soil erosion 

    

Integrated constructed wetlands 

One example of catchment sensitive farming is the establishment of integrated constructed wetlands ï 

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 water 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 water courses without fertiliser and agrochemical applications, as per 

regulations ï 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 trees such as willows 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 

ñproductiveò and therefore eligible for agri-payments. Planting buffer strips with trees or wild grasses 

provides maximum biodiversity benefit, in addition to runoff-water interception benefits.   

 

Appropriate drainage 

Drainage is discussed further in section 4.3 with respect to soil structure and 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 widespread catchment sensitive farming measures are: 

¶ Reduced erosion and stream sediment concentrations 

¶ Reduced nutrient losses and stream eutrophication 

¶ Reduced rates of surface runoff (reduced flood risk downstream)  

¶ Potentially enhanced biodiversity within catchments and water courses      

 

Extensive grassland management 

Restoring semi-natural grasslands in strategic locations within catchments can lead to significant 

improvement in water quality. Ross (2014) presented the following benefits attributed to the 

restoration of Culm grassland in southwest England:  

- Sediment and particulate phosphorus (P) down by 78-90% 

- Soluble P and faecal indicator organisms down by 60-68% 

- Nitrate and nitrite down by 53-60% 

- 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 summarised in Table 3.7. 
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Buffer strips 

EC (2013) reported the following primary and secondary benefits of buffer strips (Table 3.8).  
 

Table 3.7. Main benefits and disadvantages of integrated constructed wetlands 

Benefits Disadvantages 

- High NO3 removal rate 

- High P removal rate 

- High SS removal rate 

- Carbon sequestration in vegetation 

- Large land area  

- CH4 emissions  

 

Table 3.8. Primary and secondary benefits of buffer strips reported in EC (2013) 

Primary benefits Secondary benefits 

- Reduce pollutants and nutrients from 

entering water through retardation of flow, 

deposition of sediment and sediment-bound 

contaminants, interception by vegetation, 

plant uptake, and infiltration 

- Protect against overland flow from 

agricultural area and prevent run-off 

- Reduce pesticide loading 

- Vegetative buffers are effective at trapping 

sediment from runoff and at reducing 

channel erosion 

- The water vegetation and the area around the 

base of the river bank offer shelter for many 

species of macro-zoobenthos 

- Considerable improvement for the whole 

agricultural ecosystem 

- Positive effects also on biodiversity by 

creating ñecological corridorsò 

- Potential to sequester C in the soil and 

via tree planting 

- Harvesting biomass from the buffer zone, 

if carried out without destroying it, could 

offset the costs of using land for buffers 

rather than food crops 

- Improvement of soil quality and 

prevention of soil erosion, soil 

conservation 

- For riparian woodland, benefits of shade, 

shelter and C sequestration 

 

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 water (hilly areas) 

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

- 55-97% reduction in particulate loading to waters (hilly areas) 

- 83-90% reduction in organic matter loading to waters (hilly areas) 

 

Appropriate environmental performance indicators 

 

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

indicators.  

Water quality indicators 

The following key water quality indicators are routinely measured and can be used to monitor the 

efficacy of catchment sensitive 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) 

- Faecal indicator 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 sediment banks ï see pictures under 

óOperational dataô 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 basin managers from relevant 

authorities   

 

 

Cross-media effects 

 

The establishment of integrated constructed wetlands and buffer strips involves removing agricultural 

land from food production, 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 neighbouring and 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 highly visible and can be readily identified through 

field inspection (Figure 3.10). Best practice is to map fields in terms of soil types and slope to identify 

fields with higher erosion risk, and to avoid high erosion risk crops such as potatoes on those fields.  

 

 

 

 

Raindrop impact on bare land over winter 

causes disloadgement of soil particles and can 

initiate erosion.  

 

Deposition of sediment at the bottom of slopes 

is a clear indication of erosion.  
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An example of rill erosion, which is likely to 

occur on slopes that have been cultivated 

parallel to the slope, rather than to contours 

(see contour ploughing, chapter 8).  

 

An example of gulley erosion, where rills 

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 different erosion risk as identified using the erosion risk matrix in Table 3.9 and crop lists in Table 

3.10.  
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Figure 3.11 provides an example of a farm erosion risk map, and Table 3.11 provides a risk matrix for 

different processes on various soil types. The approach was tested, and largely validated, by 

Boardman et al. (2009).      

 

Table 3.9. Erosion risk matrix (DEFRA 2005) 

Soils 
Steep slopes  

> 7° 

Moderate slopes  

3-7° 

Gentle slopes  

2-3° 

Level ground  

< 2° 

Sandy and light silty 

soils 
Very high High Moderate Lower 

Medium and 

calcareous clay soils 
High Moderate Lower Lower 

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 3.10. Crop selection guidance for fields with high erosion risk (DEFRA 2005). 

Avoid Cultivate with care Prioritise 

x Late sown winter cereals 

x Potatoes 

x Sugar beet 

x Field vegetables 

x Outdoor pigs 

x Grass re-seeds 

x Forage maize 

x Out-wintering stock 

x Autumn/winter grazing of forage 

crops  

! Early sown winter cereals 

! Oil seed rape 

! Spring sown cereals  

! Spring sown linseed 

! Coppiced willow/miscanthus 

V Woodland 

V Permanent grass 

V Long grass leys 
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Table 3.11. Risk matrix for different processes across different soil types in the UK (DEFRA 2009) 
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Newell-Price et al. (2011) provided the following best practice advice related to erosion reduction:  

 

 

 

Buffer zones 

EC (2013) note that requirements regarding the width of buffer strips range by country, generally 

falling between 0.6 m and 20 m (Figure 3.12). 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 use. Denmarkôs Green Growth Strategy recommends 10 m 

buffer strips that may be used for cultivation of perennial pasture or bioenergy crops provided no fert, 

pest, or cultivation.  
 

 

Figure 3.12. Minimum buffer strip widths required by different schemes across EU Member States (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 silt size particles and can reduce pesticide loading.  

 

Figure 3.13 shows a simple cattle nose water feeder that can be used to avoid significant erosion and 

water pollution arising from cattle drinking directly from rivers. Such feeders may be placed behind 

fences used to create buffer zones along river banks.    

 

Move gateways located in high-risk surface runoff areas, such as at the bottom of a slope and near to 

a watercourse, to lower-risk areas on upper slopes. 

Create well-drained tracks with appropriate surfaces; avoid routes with steep slopes; Improve track 

surfaces and repair any damage promptly; provide good drainage and divert runoff to adjacent 

grassed areas, soakaways or swales; avoid directing runoff towards bare soil, roads or watercourses. 

Plant new hedges along fence lines and use them to break-up the hydrological connectivity of the 

landscape. 
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Source: Woodland trust (2013) 

 
Source: Environment Agency (2008)  

Above: Cattle drinking from a river, 

causing significant damage to the banks, 

leading to erosion and water pollution.  

   

 

 

 

 

 

 

 

 

Left: A cattle water feeder, activated by 

cattle nose motion, to avoid river bank 

damage.   

Figure 3.13. Cattle water feeder as a solution to river bank damage   

 

The following best practice relating to buffer strips and river bank management is recommended by 

Newell-Price et al. (2011).  

 

Erect stock-proof fences in grazing fields and on trackways adjoining rivers and streams. 

Construct bridges to allow livestock and vehicles to cross rivers and streams without damaging the 

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 paths to 

watercourses. For example, areas with a dense network of open drains, wet depressions (flushes) 

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 slurry stores for field 

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 regulations, 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 

intercept roof runoff (Figure 3.14). 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 capacity 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 Newell-Price et al. (2011).   

 

Avoid spreading (straw-based) farmyard manure (FYM) to fields at times when there is a high-risk of 

surface runoff or drainflow, for example, where rain falls shortly after applying FYM to ówetô soils. 

For farms in NVZs where livestock manure N loadings exceed 170 kg total N/ha each year organic 

manure N in excess of this limit needs to be transported to farms that do not have surplus N (or a 

grassland derogation applied for, stocking rates reduced etc). This situation is most likely on dairy 

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 

Newell-Price et al. (2011) provide the following best practice advice in their mitigation manual: 

ñConstruct (or establish) wetlands with fences and channels that will be sufficient to capture runoff 

and sediment from a field group of fields or farm hardstandings.ò  

 

A useful guide on the creation of integrated constructed wetlands was published by the Irish 

Department of Environment, Heritage and local Government
14

 in 2010 (DEHLG, 2010).  

 

Figure 3.15 shows an example of an integrated constructed wetland in Wales, constructed as part of 

an Interreg research project to ascertain its value in mopping up nutrients and pesticide residues from 

runoff ï located in Pwllpeiran upland farm (near Aberystwyth). 

 

Applicability  

 

Catchment sensitive farming is applicable to all farms. It is easier to implement within smaller 

catchments involving fewer land owners.   

 

                                                      
14

 This guide is available to download at: 

http://www.environ.ie/en/Publications/Environment/Water/FileDownLoad,24931,en.pdf 

http://www.environ.ie/en/Publications/Environment/Water/FileDownLoad,24931,en.pdf
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Figure 3.15. Constructed wetland system consisting of four treatment cells and a final ópolishingô cell at 

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. In the 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 from the catchment by 

2020. A nitrogen removal plant costs c. ú 14 million (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 (McInnes, 2014). 

Improving surface water quality from ñbadò to ñgoodò ecological status according to WFD definitions 

can lead to societal benefits of up to ú 170,000 per km of river channel (Baxter, 2014).  

 

Public financing 

There may be public money available to support capital investment in projects aiming to improve 

water quality
15

.  

 

Payment for ecosystem services 

There are some fledgling examples of payments for ecosystem services (PES) in practice, and 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 organic soils), their verification, and transfer of payment 

from beneficiaries to providers (e.g. farmers).  

 

Driving forces for implementation  

 

¶ Water Framework Directive, especially RBMPs 

¶ Drinking water quality standards  

¶ Water companies financing upstream catchment management programmes  

¶ 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) is a farmer initiative implemented outside of any agri-

environment scheme, with some Millenium Grant money. A group of ten neighbouring famers 

undertook strategic tree-planting to reduce environmental pollution and improve resource-efficiency. 

Trees were planted to 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 for livestock, allowing 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 improved, with 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 for interception of runoff: hedge rows plated perpendicular to slope and parallel 

to water courses  
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Tree planting for stock protection from exposure to prevailing wind: hedge rows planted 

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 generated within the catchment. It has been so successful in improving water quality that brown 

Trout and Salmon have returned to Anne River (McInnes, 2014). 
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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 agriculture in 

coming years is to reduce the negative impacts of intensive agriculture on environmental quality, and 

to reduce dependence on non-renewable resources, while maintaining Europeôs capacity to feed a 

growing population (EUBBD, 2010). The intensification of farmland 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 

cattle grazing, 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 depend on well adapted forms of farming 

activity (EUBBD, 2010). Of the 231 habitat types of European interest targeted by Annex I of the EU 

Habitats Directive, 55 depend on extensive agricultural practices or can benefit from them. Similarly, 

eleven targeted mammal species, seven butterfly species and ten Orthoptera species (including 

grasshoppers and crickets), as well as 28 vascular plant species listed in Annex II of the EU Habitats 

Directive depend on a continuation of extensive agriculture (EUBBD, 2010).  

 

Whilst there may be some trade-offs 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 resilient to long-term pressures 

such as climate change and soil degradation (Figure 3.16).   

 

 

Figure 3.16. The relationship between functional agro-biodiversity and various ecosystem services (ENL-

FAB no date) 

 

Ecological focus areas 

The primary aim of many Agri-Environment Schemes (AES) is to enhance biodiversity, but results of 

many AES are underwhelming (Poláková, et al., 2011). One reason for this may be because AES tend 
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to be administered at the farm scale, whilst realising measurable biodiversity benefits often requires 

landscape-scale schemes, especially for key farmland species such as bats, mammals and some 

important pollinators.  

 

Discussion surrounding CAP reform has included the concept of ecological focus areas (EFA) as 

(potentially mandatory Pillar One) measures to improve/preserve biodiversity (Hamell, 2013). To 

qualify for the 30% of the direct payments budget that the Commission has earmarked for ógreeningô 

the CAP, farmers with grazing 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 cent of their farmland 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 biodiversity, 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 requirements, a range of legal frameworks apply to 

biodiversity and land management (Table 3.12). At the European level biodiversity strategy is 

summarised in the EU 2020 Biodiversity Strategy (COM (2011)244final). Environmental assessment 

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 SACs and SPAs may have additional responsibilities to ensure 

adequate protection of the nature values in compliance with the provisions of the Nature Directives
16

.  

 

Table 3.12. International and European legal frameworks potentially important for tourism and 

biodiversity planning  

Implem-

entation 

level 

Convention on 

Biological 

Diversity 

Water 

Framework 

Directive 

(2000/60/EC) 

Strategic 

Environmental 

Assessment 

Directive 

(2001/42/EC) 

Environmental 

Impact 

Assessment 

Directive 

(85/337/EC) 

Habitats 

Directive 

(92/43/EC & 

2006/105/EC) 

Birds Directive 

(79/409/EEC & 

2009/147/EC) 

Global 

Conference of 

the Parties, 

Secretariat  

     

EU 
Ecosystem 

approach to 

management, 

promoted 

through 

European 

Charter for 

Sustainable 

Tourism in 

Protected 

Areas 

Water 

management 

at level of 

River Basin 

District  

  Natura 2000 Network of SACs 

and SPAs  

National 

Assessment of 

regional 

development 

plans 

 Special Areas 

of 

Conservation 

(SAC) 

designated by 

member 

states  

Special 

Protection 

Areas (SPAs) 

designated by 

member states 

Regional  Over 1,000 

animal and 

plant species 

and over 200 

habitat types 

protected 

Activities 

subject to 

specific 

protection 

provisions  
Local 

 Assessment of 

local project 

plans 

 

Best practice for biodiversity management is a cross-cutting issue, involving a number of BEMPs 

through this report (Table 3.13). It could be argued that all measures to improve resource efficiency, 

                                                      
16  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.htm. It is important to emphasise that best practice, by definition, goes beyond standard 
compliance with legislation. 

http://www.ec.europa.eu/environment/nature/home.htm
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especially in relation to output per hectare of land, lead to biodiversity benefits through reduced 

emissions per unit production and through ñland sparingò. Nonetheless, in a local context, it is 

important not to breech critical load thresholds ï e.g. NH3 emissions in or adjacent to Natura 2000 

sites.  

   

Table 3.13. Important aspects of biodiversity management addressed elsewhere in this report 

Aspect BEMP Relevant report section 

Farm management 
Strategic management planning  Section 3.1 

Catchment sensitive farming Section 3.2 

Maintaining soil 

quality and 

biodiversity  

Assessing soil condition Section 4.1 

Maximising organic matter amendments  Section 4.2 

Maintaining soil structure Section 4.3 

Low impact soil preparation Section 6.2 

Grazing and animal 

management 

Managing extensive grazing  Section 7.2 

Pasture renewal and legume inclusion  Section 7.3 

Locally productive breeds Section 8.1 

Green procurement of feed Section 8.5 

Crop protection 
Implement integrated pest management Section 11.1 

Select less toxic active ingredients  Section 11.2 

 

The Voluntary Initiative (2009) recommend four steps to protect farmland birds that can be 

considered as general best practice with respect to biodiversity, and consistent with proposed EFA 

measures: 

1. Practise Integrated Farm Management 

2. Select and apply pesticides responsibly  

3. Provide field margin habitats 

4. Provide in-field habitats.  

Apart from the aforementioned listed steps, there are also some practical measures that farmers can 

apply. In particular, farmers within a given area can 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., 2014). Likewise Hammerl et al., 

(2014) developed 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 

water-use, 5. Biodiversity friendly-farming, 6. Agrobiodiversity and finally 7. Wild harvesting
17

. 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 soil erosion 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 following implementation of best practice.    

 

 

 

 

 

                                                      
17 The fully developed best practices for each of the abovementioned areas are listed in the full version pf the report in the link: 

http://www.business-biodiversity.eu/global/download/%7BFSADGQIAMK-12102014122755-XCHEEUWSWU%7D.pdf  

http://www.business-biodiversity.eu/global/download/%7BFSADGQIAMK-12102014122755-XCHEEUWSWU%7D.pdf
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Appropriate environmental performance indicators 

 

Indicators 

The farmers can monitor the biodiversity value through the use of appropriate indicators. The main 

appropriate environmental indicators relating to biodiversity include
18

 (also based on Herzog et al., 

2013): 

 

¶ Stocking density (livestock units per hectare, see BEMP 7.2)   

¶ Number of species present on farm by category (including also bird populations) e.g.: 

¶ Number and amount of wild bee and bumblebee species 

¶ Number and amount of spider species 

¶ Number and amount of earthworm species 

¶ Abundance of key (indicator) species present on farm  

¶ Absolute and relative areas of different habitat types e.g.: 

¶ Percentage of farmland with shrubs 

¶ Percentage of farmland with trees 

¶ Percentage of semi-natural habitats  

¶ Percentage of natural habitat compared to the total surface of the farm (%)  

¶ Length of biotope corridors (linked with neighbouring farms)  

¶ Percentage of area dedicated to nature or low input agriculture 

¶ Accreditation 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 mechanical field operations 

¶ Applications of crop protection products (if and when it is necessary) 

¶ Average livestock rate 

¶ Grazing intensity 

 

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 agricultural 

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 

managers 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 biodiversity-friendly 

agriculture tends to involve some or all of the following practices: 

- Creating biodiversity reserves or sanctuaries on farms. 

- Developing habitat networks around and between farms. This can include the creation of 

óbiological corridorsô that connect areas of significant biodiversity. 

- Reducing conversion of wild habitat to agriculture 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 documentation you can also check BEMP 7.2 under Chapter 7; 

information based on EU BioBio project: http://www.biobio-indicator.org/indicators.php. Also Luscher et al., (2014) 

developed suitable metrics to inform farmers about species diversity. 

http://www.biobio-indicator.org/indicators.php
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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 órun offô, through ózero tillageô planting techniques, contour ploughing, use 

of vegetation and trees as windbreaks, use of leguminous species, etc. 

- Sustainable livestock practices that range from modified grazing and pasture management systems 

to promoting the incorporation of trees and other vegetation into livestock grazing areas. 

 

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 and low 

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, either 

through direct combustion or through biofuel generation (e.g. by gasification). 

 

The following criteria and guidance are provided for LEAF Marque farmers (LEAF, 2012). 

 
You must have a clearly-defined policy and plan for the conservation and management of wildlife habitats and 

biodiversity, and archaeological or historical sites, on your farm. This must include all the key environmental 

features as listed in the guidance notes of 8.1. The plan must aim to enhance the farm and encourage greater 

biodiversity. It must be linked to any Biodiversity Action Plans (BAPs) that exist in the local area or country. 

Consideration in the plan must be made to ensure that standard 8.24 is followed. It is recommended that this 

action plan is tabulated and can be printed in a way that it can be easily used and updated. The actions will be 

drawn from the management highlighted in the written report. The action plan and map will help to inform all 

staff of the features and management that is or will be carried out as well as your targeted key species. See also 

8.21 and 8.22. Please see the LEAF Marque resource page for 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 your audit 

and plan), you must seek information on the conservation management that is practised by the Landlord. The 

following process must be followed: 1) Is your landlord a member of LEAF Marque, LEAF and have they 

carried out a LEAF Audit? If not, have you carried out an environmental assessment of the land you are 

renting/intend to rent including requesting any relevant documentation from your landlord (e.g. conservation 

plan, conservation audit etc.)? The land should be brought into your Conservation Management Plan: This 

enables you to respect the objectives of your landlord and protect habitats appropriately. If you do not have a 

copy of any relevant documentation from your landlord, can you provide evidence of communication / requests 

from you and their response? 

You should encourage tenants to adopt integrated farming principles by joining LEAF and becoming LEAF 

Marque certified. Tenants who farm land approved under LEAF Marque where the certificate is held by the 

landlord cannot sell their produce as LEAF Marque, without being approved themselves. 

An Environmental Impact Assessment (EIA) must be followed; this is a procedure for considering the potential 

environmental effects of land use change. The EIA helps inform decision making and enables decisions on land 

use change to be taken with full knowledge of the likely environmental consequences. The EIA and measures to 

minimise any negative consequences must be incorporated into the Whole Farm Conservation Plan and 

approved by any necessary local bodies or agencies. Planned work must be approved and advised prior to work 

being carried out. New sites: areas of habitat and margins as required by the LEAF Marque standard must be 

built into the site design, and include features that will protect and enhance the environment and biodiversity. 

Consideration must also be given to the landscape character and visual impact and ways of reducing negative 

impacts. 

You must not remove or destroy any traditional field boundaries (e.g. hedges or stone walls), 

environmental/landscape features and other natural habitats such as rain forests or other high carbon stock land 

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. Boundaries 

must be managed in accordance with your Whole Farm Conservation Plan. Hedge cutting and boundary 

management more often than every two or three years should be justified. Where local management is more 

http://www.leafuk.org/resources/000/
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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 one side 

of the ditch should be re-profiled or cleared of vegetation in any one year. Where drainage clearance for 

unimpeded water flow is necessary, management may need to be more regular. 

All work must be undertaken in accordance with any local restrictions. Trees must be retained wherever possible 

to maintain the landscape character. Consideration must be given to future planting where old trees exist. 

You must retain all hedgerow, boundary, and in-field trees unless they cause a hazard. 

You must not carry out deep cultivations under the canopy of in-field trees (unless they are deliberately grown 

or retained as shade trees. Where trees exist in a boundary or wood edge, you must ensure you have the required 

two-metre margin adjacent to this boundary (See 8.13). 

You must retain a two-metre wide undisturbed (i.e. uncropped and uncultivated) margin on all permanent field 

boundaries between the middle of the hedge, fence or stone wall, edge of the water of the ditch and the crop. All 

field margins must be at least two metres. Grass fields need not be fenced but no application or operation should 

take place on this two metre margin, such as, fertiliser spreading, crop treatments and silage cutting. Where 

fields are less than two hectares and have permanent boundary features, two metre 

margins do not apply. Where there is not a boundary feature and the natural habitat extends from the crop or 

crop headland the need for two-metre margins is reduced. Where the Whole Farm Conservation Plan (8.2) has 

been completed by an external consultant and evidence exists in the conservation plan of the need for two-metre 

margins on all headlands may be reduced if other habitat features are used in the field, such as margins greater 

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 weeds) and 

cut late in the summer (or during the least destructive period for flora and fauna) with the cuttings removed 

wherever possible or grazed once every 2-3 years. Note: grass margins require regular cutting in the first 

summer (3-4 times); then no more than once every 2-3 years. Margins and other wildlife habitats around the 

fields should be managed to provide a diverse range of feeding and nesting opportunities for wildlife across the 

farm ï i.e. flowering and seed-bearing plants, tussocky grasses. 

You should aim to split fields greater than 20 ha with one habitat bank, or two habitat banks in fields larger than 

30 ha, three habitat banks in fields larger than 40ha and four habitat banks in fields larger than 50 ha. Habitat 

banks are uncultivated grass mounds (or other plant species as appropriate) about two metres wide. They help to 

boost numbers of beneficial predatory insects, and provide habitat for ground-nesting birds and small mammals. 

If fields are larger than 20 ha and have 6m margins as part of the Whole Farm Conservation Plan this may 

negate the need for habitat banks. 

You must use native species as far as possible for sowing in field margins, however it would be preferred if 

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, watercourses and 

other vegetated field boundaries, and the two-metre field margins. You must make every attempt to minimise 

machinery movement on the field boundaries, this is to avoid habitat destruction. 

If your crop rotation allows leaving some land uncropped this can lead to environmental benefits such as 

providing food for birds throughout the year. However, care should be taken to ensure that certain soil types 

have capping or surface sealing removed by light cultivation to avoid run-off during wetter periods and that you 

should be aware of the increased likelihood of compaction when working soils that are wet. Examples of this 

would be over-wintered stubbles and spring sowing of crops. 

You must adjust field operations to avoid known nesting sites. You must adopt appropriate techniques such as 

marking nests (by putting 2 poles 10m either side of the nests) this should help to avoid marking the nests for 

predators, avoiding operations during nesting, spraying rather than cultivating fallowed fields and land out of 

production. Avoid cutting headlands in perennial crops such as orchards and avoid cutting windbreaks until after 

nesting. 

To create ownership of environmental improvements such as habitat creation you should involve your staff in 

the planning and implementation. You must ensure environmental information is available to staff i.e. farm 

maps and conservation plans. 

The need to monitor the environment will enable you to publicly state the effects you are having on your farm 

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 can include non-cropped areas 

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) food. The 

full list of measures can be found in the LEAF Audit. Consider other fauna as this may be more relevant in some 

circumstances. 

Source: LEAF (2012) 
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Best practice guidance for arable farms is provided by HGCA at the following links: 

¶ http://www.hgca.com/document.aspx?fn=load&media_id=3568&publicationId=3927 

¶ http://archive.hgca.com/document.aspx?fn=load&media_id=7049&publicationId=8628  

 

Summarising, best practice measures for different landscapes are presented below: 

¶ Ponds:  

o Vegetation management or slit removal should be done during winter months 

o In case of the pond is used by livestock, parts of the shore could be protected from poaching in 

order to encourage development of marginal vegetation. 

o When a new pond is created, farmers should avoid locate it in a flower-rich wetland area 

¶ Streams and ditches: 

o Farmers should protect all the watercourses from any potential run-off 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).  

¶ 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 products. If their use 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 there is a loss of revenue through provision of natural habitat areas on farms, through lost 

food production. However, the purpose of some agri-environmental payments is to compensate for 

this foregone income, and recognise the high intrinsic but non-market value 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.g. 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 of agro-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 and disease 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 resources and the environment. 

¶ Reduce dependency on external inputs. 

¶ Improve human nutrition and provide sources of medicines and vitamins. 

¶ Conserve ecosystemsô structure and stability of speciesô diversity. 

http://www.hgca.com/document.aspx?fn=load&media_id=3568&publicationId=3927
http://archive.hgca.com/document.aspx?fn=load&media_id=7049&publicationId=8628
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Reference organisations 

 

¶ 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 including the 

agriculture stage (Hammerl et al., 2014).  

¶ 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 Helliwell, a tenant 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 to 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 

non-food-provisioning ecosystem services delivered in these areas.   

 

The farm spans a gradient from 270 to 600 m 

above sea-level, and a range of HNV upland 

habitats including moorland grazing at the 

summit (left). Soils range from heavy water-

logged clay-loam soils at the bottom, though 

well-drained coarse mineral soils on 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 now managed in accordance with HLS. 

Parts of the farm area are designated SSSI. 

The farm is located on a section of the Pennine 

Way, with national Trust information points 

(above). Consequently, most fields have 

footpaths running through or adjacent to them 

(right). Walkers are not a problem, and 

sometimes provide a service by reporting stuck 

or sick animals.   
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The farm also hosts a 40-pitch 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 and 16-18 suckler cattle. Swales are cross-bred 

to produce Mules that obtain a good price at market when sold as store lambs September-October. 

Belted Galloway cattle (left) are a hardy breed tolerant of the cold and windy climate and able to 

digest coarse vegetation. Animal numbers may be reduced 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 take 4-5 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 over-winter and feed on hay and corn, but this might be a risk 

worth taking if 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 

acid-grass hay meadows (foreground, 

left) that receive no mineral fertiliser 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 yields are low, with a 

maximum grass height c. 0.3 m. This is 

a rare and valued habitat, containing 

species such as yellow rattle, 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 

harvested 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 and dry weather up to May 2013 can be seen in low grass 

growth and dry soils. The meadow was recently spiked to improve drainage through an iron-pan layer 

and reduce runoff. Such management improves the field productivity but also enhances the flood 

regulation service 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 grants. To rebuild a dry-stone wall costs approximately Ã5 (ú 6) per meter. 

 

Mid-slope rough grazing 

Lambs are moved up the hillside towards the heathland in groups of 20-25 animals after the first bank 

holiday in May (reduces risk of disturbance by walkers during 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 mid-slope on the hillside, containing sedges, bilberries, Molinia 

and small quantities of heather. Cattle grazing is useful to pull off clumps of milina (above left).  

 

 

  
 

 

The left picture shows 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 down. A new area 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 picture to the right shows thistle growing another area of mid-slope 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. Thistle is controlled using a ñweed-wipeò, which is essentially the application of herbicide 

using a roller set at a height above the grazed grass level to selectively target non-grazed vegetation 

such as thistles, bracken and brushes. Using a roller means that some thistle (and other weeds) 

survive. Despite HLS recommendations 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 controlled to avoid 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 per 2 hectares. 

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 England. Wildflowers, sunflowers and granola were 

established on seven ha of the farm under the HLS scheme. There is no direct benefit to the farm ï oil 

seed rape on the farm is mainly wind pollinated ï but the farm manager can see wider social benefit. 

These flowers 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 cross-cutting issues. From a lifecycle perspective, most 

energy consumed on farms is embodied in nitrogen fertilisers and imported animal feeds (Figure 3.17). 

Accurate nutrient management planning and precision application of manures and fertilisers 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 nutrient runoff down to acceptable stream nutrient concentrations. On 

arable and horticultural farms, targeted, efficient irrigation is a key factor for water efficiency 

(Chapter 10).    

 

 

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 (sub-metering) and benchmarking 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 opportunities 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 BEMP measure for energy. 

Table 3.14 summarises a list of cross-cutting BEMP measures for energy and water efficiency.  

 

Table 3.14. Cross-cutting BEMP measures for energy and water efficiency (not addressed elsewhere in 

this report)  

Aspect Measure Description 

E
n

e
rg

y 

Energy 

management 

plan 

An energy management plan is devised for the entire farm based on total 

energy use mapped across major energy-using processes, including 

indirect energy consumption, with targets for energy reduction. 

Benchmarking  
Farm level total energy consumption calculated and benchmarked 

against output. Energy consumption for major energy-consuming 
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Aspect Measure Description 

processes benchmarked 

Metering and 

recording 

Energy consumption for major energy-consuming processes is recorded 

on at least a monthly basis, using electricity sub-meters where necessary 

(see operational data).  

Green 

procurement 

Certified energy efficient equipment is selected when buying new or 

replacing old equipment ï especially tractors, milking pumps, chillers.  

Heat recovery 
Heat recovery is used to capture waste heat from e.g. milk chillers and 

use for heating demand. In addition, use heat pumps where possible.   

Renewable 

energy 

Install site-appropriate renewable energy generators on buildings and 

land, including solar thermal, solar photovoltaic, wind turbines, hydro 

turbines and/or biomass boilers fuelled with sustainably harvested 

biomass.  

W
a

te
r 

Water 

management 

plan 

A water management plan is devised for the entire farm based on total 

water use mapped across major water-using processes, including indirect 

water consumption, with targets for reducing abstracted water.  

Benchmarking 

Water use from different sources (potable water, groundwater, river 

water, collected rain water) is benchmarked against output at the farm or 

crop level.  

Metering and 

recording 

Water use for animal housing operations, animal-watering and crop 

irrigation is recorded separately, and by source, on at least a monthly 

basis, via appropriate water sub-meters. 

Rainwater 

storage 

Rainwater capture, storage and use for animal watering, washing and 

irrigation can significantly reduce use of valuable potable- and ground- 

water supplies.  

Animal 

watering 

Only use animal- or level- activated flow systems, and regularly check 

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 saving technologies
19

. 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 consequences 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, but reduces emissions 

of greenhouse gases, NOx, SOx and particulates, amongst other emissions. Table 3.15 summarises 

some of the environmental burdens for common energy carriers on farms.   

  

Table 3.15. Environmental burdens for common energy carriers used on farms (DEFRA 2014). 

Input  Reference unit 
GWP 

kg CO2e 

EP 

kg PO4e 

AP 

kg SO2e 

ARDP 

Kg Sbe 

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 such as http://efficient20.eu/ (available in various EU languages) 

http://efficient20.eu/
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Input  Reference unit 
GWP 

kg CO2e 

EP 

kg PO4e 

AP 

kg SO2e 

ARDP 

Kg Sbe 

Consumed electricity kWhe 0.59 0.0076 0.0021 0.0046 

Natural gas combined 

cycle electricity 
kWhe 0.42 0.000064 0.000226 0.00352 

Oil heating kWhth 0.34 0.00011 0.00075 0.0022 

Transport  tkm 0.081 0.000067 0.0003 0.000512 

 

Tractor energy savings 

 
Figure 3.18 highlights the importance of eco-driving techniques to reduce tractor diesel consumption. 

Tyre pressure management, implement settings (e.g. plough depth and angle) and counter-weight 

adaptation are critical measures to reduce fuel consumption (Efficient 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) 

Water efficiency 

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 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































