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1. Abbreviations 

 

AHDB Agriculture and Horticulture Development Board 

AIC Agricultural Industries Confederation 

BBSRC Biotechnology and Biological Sciences Research Council 

BPS Basic Payment Scheme 

BTO British Trust for Ornithology 

CA Conservation Agriculture 

CAP Common Agricultural Policy 

CEH Centre for Ecology and Hydrology 

CFE Campaign for the Farmed Environment 

CISL Cambridge Institute for Sustainability Leadership 

CLA Countryside Landowners Association 

CSF Catchment Sensitive Farming 

DEA Data Envelopment Analysis 

Defra Department for Environment, Food and Rural Affairs 

DESSAC Decision Support Systems for Arable Crops 

DSS Decision Support System 

DTC Demonstration Test Catchment 

EFA Ecological Focus Area 

EISA European Initiative for Sustainable Development in Agriculture 

FADN Farm Accountancy Data Network 

FAO Food and Agriculture Organisation 

FBS Farm Business Survey 

Fera Food and Environment Research Agency 

GAP Good Agricultural Practice 

GHG Greenhouse Gas 

GWCT Game and Wildlife Conservation Trust 

Ha Hectares 

IAP Integrated Advice Pilot 

ICM Integrated Crop Management 

IF Integrated Farming 

IFM Integrated Farm Management 
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IFS Integrated Farming Systems 

IPM Integrated Pest Management 

IPNM Integrated Plant Nutrient Management 

KE Knowledge Exchange 

LCA Life-Cycle Assessment (or Analysis) 

LEAF Linking Environment And Farming 

N Nitrogen 

NIA Nature Improvement Area 

NWFP North Wyke Farm Platform 

NUTS Nomenclature of Territorial Units for Statistics 

ONS Office for National Statistics 

P Phosphorus 

RISE Rural Investment Support for Europe 

RSPB Royal Society for the Protection of Birds 

SAI Sustainable Agriculture Initiative (Platform)  

SFA Stochastic Frontier Analysis 

SI Sustainable Intensification 

SIP Sustainable Intensification Research Platform 

TFP Total Factor Productivity (see section 5.2.2 for explanation)   

TPB Theory of Planned Behaviour 

UTAUT Unified Theory of the Acceptance and Use of Technology 
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2. Executive Summary 

 

2.1. Background 

Our global food supply system must feed a growing world population whilst protecting and enhancing 

ecosystem services associated with farmland. The UK response should be a more competitive, 

profitable and resilient farming and food industry, supporting and enhancing biodiversity and habitats 

(Defra, 2012). The ‘Sustainable Intensification’ (SI) of agriculture, aimed at achieving this, poses 

challenges for food and agricultural industries, environmental groups, academics and policymakers. 

‘Integrated Farm Management’ (IFM) is a practical approach to improving the economic, environmental 

and social performance of farm businesses. Research is needed to develop this and other approaches 

such that farmers as a community can select and implement a combination of management practices 

to improve performance sustainably within the opportunities and constraints of their sector and location. 

 
 

2.2. Project Aim and Objectives 

The aim of this project is to study how farmers can assimilate the wide range of interacting aspects of 

agricultural land management, in order to implement and combine management practices that improve 

their economic, environmental and social performance within the context of the opportunities and 

constraints associated with their geographic location and sector. This scoping study covers the three 

main objectives within Project 1 of Defra’s Sustainable Intensification Research Platform (SIP): 

 
Objective 1.1: Develop improved indicators and standardised methodologies for land managers 

and their advisers to measure the economic, environmental and social performance of farms. 

The key tasks within this objective are: 

¶ Objective 1.1A: To build on existing and, where appropriate, develop new farm performance 

assessment methodologies; 

¶ Objective 1.1B: To develop integrated SI metrics. 

 
Objective 1.2: Identify and develop farm management interventions for the sustainable 

intensification of agriculture. 

The key tasks within this objective are: 

¶ Objective 1.2A: To observe and assess the performance of commercial farms to identify factors 

that contribute to high economic, environmental and social performance; 

¶ Objective 1.2B: To experimentally test innovative practices and technologies on study farms for 

the sustainable intensification of agriculture. 

 
Objective 1.3: Investigate ways of better communicating complex messages to farmers and 

propose approaches for more innovative decision support. 

The key tasks within this objective are: 

¶ Objective 1.3A: To identify the characteristics of effective decision support and guidance 

systems in the context of IFM; 

¶ Objective 1.3B: To propose a framework for guidance or decision support for IFM. 
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2.3. Scoping Study Methodology 

The purpose of this study is to scope the main objectives of Project 1 of the SIP, and set out the key 

priorities for the project. The key tasks were to: 

¶ Review previous research and relevant literature, to set the proposed new research in the 

context of previous work in this area; 

¶ Identify knowledge gaps that the project might seek to explore; 

¶ Refine the research questions that will be addressed; 

¶ Further develop the approach, in light of opportunities or constraints identified. 

 
A vital part of the SIP is the selection of study farms and areas (platforms) within which SI interventions 

can be tested and their impacts on farm performance studied. This was undertaken as an exercise 

spanning Projects 1 and 2 of the SIP, and is reported as part of the Project 2 scoping study.   

 

A web-based search of relevant literature was carried out, with particular attention paid to: 

¶ Existing indicators and methodologies for assessing the economic, environmental and social 

performance of farms; 

¶ Quantitative integrated measures of SI; 

¶ Identifying potential IFM or other SI interventions to test within different faming systems; 

¶ Potential data types and collection methods for observing and assessing the economic, 

environmental and social performance of commercial farms; 

¶ Existing frameworks providing guidance on IFM within the UK or Europe. 

 
Additional examination of previous research and relevant literature will occur as the project progresses, 

and both the focus and methodologies will be further refined as necessary. 

 
 

2.4. Scoping Study Results 

The findings for Objectives 1.1A through to 1.3B are summarised in Tables 1.1 to 1.6. Consideration 

was also given to Knowledge Exchange (KE), and this is summarised in Table 1.7. 
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Table 1.1. Build on existing and, where appropriate, develop new farm performance assessment 

methodologies (Objective 1.1A). 

Review of previous research 

and relevant literature 

Key challenges and research 

questions 

Approach, opportunities and 

constraints 

Key messages from review: 
 
There exist many economic and 

environmental indicators and 

corresponding studies applied to 

UK and international agriculture. 

 
Economic and environmental 

indicators lend themselves well 

to quantification. Social indicators 

do not. 

 
Economic indicators can operate 

well in data-poor environments 

and most of these are available 

at the farm level in the UK. 

 
Productivity / efficiency measures 

can be inferred from data on 

production, labour and inputs. 

 
Some data on environmental 

indicators are available at the 

farm and national level. 

 
Depending on the specific 

indicator and its measurement, 

environmental indicators may be 

data-poor or data-rich. 

  
Knowledge gaps: 
 
1. There is a scarcity of social 

indicators and respective UK 

studies. 

 
2. Data on nutritional quality of 

produce and yield loss from 

pests and diseases and are 

largely unavailable. 

 
3. Biodiversity measures are often 

lacking at individual farm level. 

 
 

Although measures of 

contemporary economic 

performance, such as in the 

Farm Business Survey (FBS), 

are well-accepted, there is 

less of a consensus on how to 

measure non-economic 

performance and how to relate 

economic to non-economic. 

 
Can we identify a subset of 

methodologies that would 

build on FBS, and that are 

suited to different levels of 

data richness? 

 

To what extent can these 

additional methodologies 

utilise FBS-type data? 

 
What are the most useful and 

appropriate (widely applicable) 

farm level indicators to select 

from the many available?  

 
Can we develop a hierarchy of 

tiered metrics for assessing 

economic, environmental and 

social performance across the 

spectrum of data availability? 

 

 
 

1. Two complementary 

approaches will be taken to 

measuring farm performance: 

¶ The first builds on the FBS, 

using methodologies that 

have been developed; 

¶ The second uses existing 

models designed to capture 

non-economic impacts of farm 

management practices. 

 
2. We aim to integrate these, 

to develop methodologies for 

deriving economic, social 

and environmental farm 

performance measures. 

 
FBS is designed to elicit data 

at different levels of richness, 

but there is a trade-off between 

órichnessô and the ease with 

which data can be collected. 

3. The approach would be 

tiered, extending from 

indicators for ‘data-poor’ 

backgrounds to indicators for 

‘data-rich’ situations where 

more information is available. 

 
4. A set of core methodologies 

will be selected and ‘ground-

truthed’ through study farms:  

¶ Study farm data will be used 

to evaluate how well selected 

indicators correlate with real 

performance for economic, 

environmental and social 

outcomes, at different scales. 
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Table 1.2. Develop integrated SI metrics (Objective 1.1B). 

Review of previous research 

and relevant literature 

Key challenges and research 

questions 

Approach, opportunities and 

constraints 

Key messages from review: 
 
There are many SI indicators, 

with substantial heterogeneity.  

 

There is variability in validation 

and complexity among measures 

of SI. 

 
Online tools aimed at farmers 

and consumers tend to be less 

transparent about methodology 

and less complex. 

 
There is thus no single ‘perfect’ 

SI measure among the various 

measures reviewed. 

 
Easily-interpretable outcomes 

tend to be aggregate, but may 

mask assumptions about scale, 

normalisation and weighting.  

 
There are trade-offs between 

different objectives and scales. 

 
Farmers may assign a private 

value that is substantially lower 

than societal value 

 
Knowledge gaps: 
 
1. Inclusion of social indicators 

and animal welfare within SI 

metrics. 

 
2. Data and metrics on resilience 

of production are not agreed. 

 
 

The challenge of SI is to raise 

performance across a number 

of dimensions. Although we 

aim to raise conventional 

productivity, we cannot do this 

at a cost to the delivery of non-

food ecosystem services. 

 
To what extent is a farm able 

to reduce non-conventional 

‘bads’ for a given output level 

and increase non-conventional 

‘goods’ for a given input level? 

 
Are increases in technical 

efficiency solely due to 

increases in conventional 

outputs or decreases in 

conventional inputs? 

 
Or do increases in non-

conventional ‘goods’ (e.g. 

ecosystem services) or 

decreases in ‘bads’ (e.g. 

environmental impacts) also 

play an important role? 

 
How do we integrate social 

indicators and animal welfare 

within SI metrics? 

 
How do we introduce the 

element of resilience into SI 

metrics? 

 
How do we ensure that metrics 

address the issue of scale, 

from part-field to landscape or 

catchment? 

 
 

In light of the two key research 

questions, we will adopt two 

approaches: 

 

1. We will conduct an efficiency 

analysis of FBS farms, 

augmenting conventional 

input and output measures 

with non-conventional 

measures obtained using 

tools and methodologies 

identified from the review. 

This will enable measurement 

of rates at which conventional 

and non-conventional inputs 

and outputs can be traded off 

against one another, and 

provide the basis of a prototype 

óenvironmental efficiencyô 

benchmarking tool and an 

analysis of factors contributing 

to good SI performance. 

 
Results will be compared with 

survey results from Objective 

1.2 to gauge ways in which 

FBS might be extended. 

 
3. We will extend assessment 

of TFP growth by also taking 

into account non-conventional 

inputs and outputs. 

TFP growth can be broken 

down into efficiency changes, 

scale changes and shifts of 

the technological frontier. It 

also has the advantage in an 

SI context of incorporating a 

monetary valuation of the 

non-conventional factors. 
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Table 1.3. Observation and assessment of the performance of commercial farms to identify factors 

that contribute to high economic, environmental and social performance (Objective 1.2A). 

 

Review of previous research 

and relevant literature 

Key challenges and research 

questions 

Approach, opportunities and 

constraints  

Key messages from review: 
 
There is broad agreement in the 

literature on the range of issues 

to be covered when assessing SI 

performance of farms. 

 
Farm data relevant to SI metrics 

are collected in numerous ways, 

which vary in coverage, quality 

and accessibility to other users. 

 
Sources of data are multiplying 

rapidly, and technologies for 

their collection are advancing. 

 
There is the potential for aspects 

of SI to be demonstrated using 

limited, available data. 

 
Indirect measures or modelled 

estimates may be more practical 

than collecting raw data e.g. 

biodiversity, GHG emissions. 

 
Management actions of farmers 

and advisers, farm strategy and 

the marketplace are key drivers. 

 
Knowledge gaps: 

1. Government agricultural 

statistics do not include farm-

scale data for full SI metrics. 

 
2. There is no standard approach 

to ascribing farm level changes 

in SI performance to specific 

causes or actions. 

 
3. The practical level of uptake of 

interventions that is achievable 

on farm is uncertain. 

 
 

What issues are we looking to 

change; what impacts will the 

changes have and at what 

spatial and time scales are 

the impacts desired? 

 
How do we measure success, 

especially where effects cannot 

be assessed in the short term? 

 
What management practices 

are used by farmers that might 

promote SI, why, and what are 

the expected outcomes? 

 
What are the potential ‘win-

wins’? 

 
How important is the farming 

system and landscape context 

relative to individual practices? 

 

How can we assess the 

nutritional quality of output as 

well as quantity of production? 

 

 
 

1. We will collect data from 

commercial farms, prioritising 

those in the SIP study areas. 

Extra farms may be sampled 

if key farm types are not 

otherwise represented (taking 

into account the classifications 

being developed in Project 2). 

 
2. Data to be collected: 

¶ Must be suited to populating 

metrics from Objective 1.1; 

¶ Should seek to build on 

what already exists; 

¶ Must include contextual data 

and actions that may impact 

on achievement of SI; 

¶ Will be in a dis-aggregated 

form, so analysis is not 

limited to one approach. 

 
3. We will apply the metrics, 

to be developed in Objective 

1.1 to the sample farms. 

 
4. We will survey farms at the 

start of the project (baseline), 

and resurvey at the end. 

This will show potential to  

detect change over time. 

 
5. Multivariate statistical 

analysis and interviews will 

be used to identify SI factors. 

Assessing current practices 

to capture óbottom-upô 

interventions on-farm is vital. 
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Table 1.4. Experimental testing of innovative practices and technologies on study farms for the 

Sustainable Intensification of agriculture (Objective 1.2B). 

 

Review of previous research 

and relevant literature 

Key challenges and research 

questions 

Approach, opportunities and 

constraints  

Key messages from review: 
 
Effects of various interventions on 

productive and non-productive 

agricultural outcomes have been 

examined in a range of studies. 

 
Changes to practices and the 

adoption of new technologies are 

both important. 

 
A wide range of technologies and 

approaches from different parts 

of the community may be needed. 

 
Views differ on the need to test 

systems versus specific practices. 

 
Some practices can achieve 

‘win-wins’. 

 
Efficiency within the system may 

be more important than raising 

yield to promote SI. 

 
Approaches effective for mixed 

faming may not be for all-arable. 

 
There is a need to link enterprises 

e.g. maximise home-grown feed. 

 
Knowledge gaps: 
 
1. Integrated whole-system 

studies of the impact of 

different practices on multiple 

outcomes are needed. 

 
2. Scaling up the adoption of more 

sustainable farming practices. 

 
 

What impacts do interactions 

between practices have? 

 
How can we scale up from 

some farmers to mainstream 

farming? 

 
How best can we link arable 

and livestock sectors e.g. to 

ensure maximum utilisation of 

nutrients and minimise loss? 

 
How can we drive down the 

use of inorganic fertilisers and 

inputs into farming systems? 

 
How could we realign 

enterprises e.g. dairy and 

beef for maximum efficiency? 

 
How do we address welfare 

and health of animals through 

SI interventions? 

 
 

1. Selection of suitable study 

farms and areas is crucial: 

¶ Must represent key sectors, 

land types and regions. 

¶ Must have potential to carry 

out a range of interventions 

relevant to IFM / SI. 

¶ Should be well characterised 

farms with existing data sets. 

¶ Should have good scope for 

engaging with local farmers. 

 
2. Study farm leads will develop 

experimental protocols. 

Studies will be constrained by 

limited timescale and budget. 

Workshops will help to refine 

and prioritise interventions. 

Those that offer win-wins are 

a particular opportunity for SI. 

 
3. Where interventions already 

introduced, data collection / 

analysis will be supplemented. 

 
4. Where new interventions are 

to be imposed, ‘before’ and 

‘after’ data will be collected. 

 
5. Impacts will be assessed 

using metrics developed 

under Objective 1.1. 

Each site is a single entity, 

and must be scaled-up to 

represent the sector and 

linked with the landscape to 

determine full impact. 
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Table 1.5. The characteristics of effective decision support and guidance systems in the context of 

Integrated Farm Management and Sustainable Intensification (Objective 1.3A). 

Review of previous research 

and relevant literature 

Key challenges and research 

questions 

Approach, opportunities and 

constraints 

Key messages from review: 
 
Provision of scientific information 

to decision makers is crucial to 

delivering SI. 

 
Uptake of computerised Decision 

Support Systems by farmers and 

advisers has been lower than 

expected. 

  
Use of such systems is likely to 

be increased by design and 

development processes that 

involve end-users. 

 
Publicly funded extension 

services are in decline, in favour 

of farmer networks and public-

private partnerships.  

 
Farmer attitudes are important in 

explaining approaches to farm 

management. 

 
Economic considerations and 

ease of fit to existing farming 

system are important drivers in 

the uptake of sustainability 

measures. 

 
Knowledge gaps: 
 
1. There is no coherent overview 

of DSSs relevant to UK 

agricultural sustainability. 

 
2. Understanding and attitudes 

to IFM among UK farmers and 

advisers are poorly understood. 

 
 

What types of DSS are most 

likely to be used by farmers 

and advisers in the UK? 

 

Are there differences in the 

requirements from DSS 

between farmers and advisers, 

or between sectors? 

 
Which elements of SI are 

addressed by existing DSSs? 

 
How important are 

performance, effort required, 

social norms, fit to context, 

habit and price value in 

explaining the uptake of 

agricultural DSSs? 

 
How can the attitudes of 

farmers and farm advisers to 

IFM be characterised? 

 
 

1. We will use expert opinion 

and stakeholder consultation 

to catalogue DSSs relevant 

to UK agriculture. 

 
2. In addition to the networks 

contained within the SIP 

partnership, we have 

identified 3 UK stakeholder 

networks to consult that have 

a focus on aspects of farm 

management. 

 
3. A number of existing 

typologies of DSSs have 

already been proposed, 

which we will use or build on 

as appropriate. 

 
4. The Universal Theory of 

the Acceptance and Use of 

Technology is a useful 

framework for understanding 

uptake of DSSs, and can be 

adopted using a quantitative 

or qualitative approach. 

 
5. A qualitative approach is 

most appropriate for 

understanding motivation to 

practice IFM or target SI, 

because they are complex 

and understood differently 

by different groups. 
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Table 1.6. A framework for guidance or decision support for Integrated Farm Management (Objective 1.3B). 

Review of previous research 

and relevant literature 

Key challenges and research 

questions 

Approach, opportunities and 

constraints 

Key messages from review: 
 
Profitability, environmental 

health and social acceptability 

are central to the success of IFM. 

 

Existing IFM frameworks e.g. 

LEAF (Linking Environment And 

Farming) define and describe 

areas that are central to IFM, 

and provide tools to support 

farmers in the adoption of IFM 

principles. 

 
Productivity and product quality 

are vital to farmers’ income and 

need to be included within the 

framework. 

 
A number of recent Defra 

projects have reviewed the 

effects of IFM practices on key 

policy outcomes, including those 

relating to farm assurance. 

 
Previous projects such as these 

have tended to investigate 

arable and livestock separately. 

 
Knowledge gaps: 

 
1. The relative importance of the 

range of potential outcomes that 

contribute to SI. 

 
2. There is a need to understand 

more the interactions between 

interventions adopted within 

IFM frameworks, especially for 

the livestock sectors. 

 

 
The framework must: 

¶ Help farmers and other land 

managers to understand the 

relationship between IFM 

and SI; 

¶ Support decision making 

around IFM; 

¶ Aid identification of specific 

farming practices that may 

contribute to SI. 

 
There is a need to prioritise the 

many potential SI outcomes 

that could be targeted by 

various IFM practices. 

 
How do desired outcomes vary 

between sectors? Are some 

common across sectors? 

 
How should they be ranked 

for relevance / impact, and 

what are the synergies / 

trade-offs? 

 
What are the constraints to 

adoption of new practices? 

 
How should the framework be 

communicated / disseminated?   

 

 
1. A broad list of SI outcomes 

will be compiled, and 

prioritised by stakeholder 

groups via sector-specific 

workshops. These will also 

feed into other objectives. 

 
2. A matrix (or matrices) of 

farming practices and SI 

outcomes will be produced. 

 
3. Structured interviews with 

farmers / advisors will help 

generate a ranked list of IFM 

practices and SI outcomes. 

 

4. Farmers or advisors would 

select what they think is most 

suitable and the framework 

would then direct them to 

appropriate decision support.  

 
Existing guidance and DSSs 

identified in Objective 1.3A 

as relevant to IFM / SI will be 

used within the framework: 

 
5. To ensure the framework is 

fit for purpose it will be tested 

with industry and farmers 

from different sectors. 

 
Workshops and a 

questionnaire will provide 

views on usefulness for 

specific farming situations. 

 
6. Repeated stakeholder group 

involvement will help to refine 

the framework and ensure it is 

grounded in practical reality. 
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Table 1.7. Knowledge Exchange. 

Opportunities Key challenges / constraints Approach 

 
This project intends to build on 

and strengthen existing KE 

networks and not reinvent them 

 
Through synergising and building 

on these, SIP outputs can be 

communicated effectively without 

needing new, bespoke resources. 

 
The SIP will form an important 

exemplar for other research 

projects and platforms. 

 
The infrastructure will enable 

ground truthing from farmers back 

to researchers to aid industry 

driven research in the future.   

 
A diverse network of information 

is more flexible for different 

farmers than one-size-fits-all 

approaches 

 
Where appropriate, we will apply a 

Participatory Action Research 

approach, in which farmers are 

equal research partners, guiding 

appropriate directions and 

incorporating their experience. 

 
Through workshops / seminars 

we will involve retailer / processor 

companies and farm assurance 

organisations to ensure ownership 

and consistency of messaging. 

 
Farmers benefit significantly from 

learning on-farm from other 

farmers e.g. LEAF Demo Farms 

 
The involvement of commercial 

farms will help engage a greater 

number of farmers with the project 

in a positive, practical context.   

 
We aim to: 

¶ enhance KE capacity around 

the study areas; 

¶ amplify research messages; 

¶ build credibility with the 

farming community; 

¶ embed IFM as a tool for SI 

¶ improve farmers’ openness 

to change and acceptance 

of innovation; 

¶ provide a lasting legacy for 

future KE work. 

 
A full understanding of what is 

already out there and working 

well, through the involvement 

of key organisations, is integral.  

 
Building on existing networks, 

we will seek to: 

¶ extend the reach of advice; 

¶ further develop relevant 

competencies; 

¶ improve the integration of 

advice. 

 
Researchers involved in the 

SIP will be key communicators. 

The quality, and appropriate 

targeting, of information 

delivery will be paramount 

 
A major challenge will be how 

to reach and engage with less 

interested farmers? 

 

 

 
1. At the start of the project a KE 

framework will be developed, 

with a four phase approach: 

¶ Internal Communications; 

¶ External Communications; 

¶ Communications about SIP; 

¶ Communications about IFM 
and its role in SI. 

 
2. The large number of project 

partners will be kept informed 

through emails, meetings, 

teleconferences and a Wiki. 

 
3. A KE ‘working group’ will 

agree clear, consistent and 

concise external messages. 

 
4. A PR framework will be 

developed to manage press 

coverage and media interest 

 
5. Engaging and learning from 

farmers will occur through a 

website, e-newsletters, blogs, 

tweets and possibly videos.   

 
6. Outputs will regularly feature 

on KE partners websites and 

there will be a SIP presence 

at some key industry events. 

 
7. Targeted workshops and 

seminars will be held for a 

wide range of stakeholders.  

 
8. Field events at study sites 

will keep findings practical 

and maximise likelihood of 

changing farmer behaviour. 

 
9. LEAF will run communication 

training days based on their 

‘Speak Out’ training package. 
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2.5. Scoping Study Conclusions 

 

This is a complex project with many components that need to be integrated, both within the project 

and with the other SIP projects. It has to develop farm performance assessment methodologies and 

integrated SI metrics that can be applied to all agricultural units at multiple scales. Through observation 

of commercial farms it must establish a baseline of current SI performance against which future 

performance can be assessed. It has to test and demonstrate new practices or technologies in 

study areas, investigate the impact of interventions on SI metrics, assemble effective decision 

support methods to influence farmer behaviour and deliver KE activities to support uptake of IFM. 

 

The project should build on, and add value to, what already exists, and be inclusive of important 

challenges that industry-led initiatives are less likely to address. It must integrate expertise from 

agricultural, social, economic and natural sciences, establish a network of research sites and study 

areas and bring together farmers, supply chains, researchers, policy makers and other stakeholders. It 

should aim for a high level of industry participation and to lay a foundation for generating additional 

income for research and KE, to secure a long-term future for the platform. 

 

There are many economic and environmental indicators applied to UK agriculture, but few social, 

indicators as they do not lend themselves well to quantification. Agreed methodologies and metrics, 

suited to different levels of data-richness, are needed to measure non-economic performance and 

relate this to economic performance. There is high variability in validation and complexity among SI 

measures. Integrated metrics may be based on complex calculations but the outcomes must be easily 

interpretable and assumptions about weighting and scale must be clear. 

 

There is broad agreement on issues to be covered when assessing the SI performance of commercial 

farms but no standard approach by which changes can be ascribed to specific causes or actions. 

Current uptake by farmers of practices that might promote SI must be determined, along with the 

motivations and expected outcomes. The impact of farming system (compared to individual practices) 

and the importance of scale also need to be understood. The testing of interventions on study farms 

must include interactions between practices and their impact on multiple outcomes. How best to link 

arable with livestock or align enterprises for maximum efficiency should also be evaluated. 

 

The availability of science-based information and advice to decision makers is vital in delivering SI. 

However, publicly-funded extension services have declined and the uptake of computerised DSSs 

by farmers and advisers has been less than expected. The project must establish what types of 

DSS are most likely to be used by farmers and their advisers, which elements of SI are addressed 

by existing DSSs and improve understanding of the attitudes of farmers and their advisers to IFM.     

 

There are a large number of potential SI outcomes that could be targeted by various IFM practices. 

The outcomes must be prioritised and mapped to the practices, identifying those that are common 

to all, or differ between, sectors. A framework is needed that can direct farmers and advisers to the 

most appropriate decision support for the practices and outcomes that they are interested in. The 

framework must deal with interactions (synergies and trade-offs) between interventions, including 

the livestock sectors, and must be tested and refined through repeated engagement with industry 

stakeholders and farmers from different sectors to ensure it is grounded in practical reality.  
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3. Introduction 

 

3.1. Background 

 

3.1.1. The Challenges for UK Agriculture 

The UK population is expected to grow to over 73 million by 2037 (Office for National Statistics, ONS, 

2014). It has been estimated that up to 7 million hectares of extra land may be needed to meet 

demand for food, space and energy while protecting and enhancing the nation’s natural capital 

(Cambridge Institute for Sustainability Leadership, CISL, 2014), with the potential to offset up to 5 

million hectares of this through productivity increases (driven for example by better seeds, livestock 

or feed-conversion ratios; new technologies or innovations such as precision farming, reductions in 

food waste and more sustainable diets e.g. reduced meat consumption). Although the CISL report 

acknowledges uncertainty around the assumptions and targets used, and it assumes no significant 

change in the global market’s ability to supply food to the UK, this potential supply-demand gap is a 

major challenge and will require the same land to be used to meet multiple demands. 

 

The Green Food Project (Defra, 2012) called for a more competitive, profitable and resilient farming 

and food industry, to enable UK agriculture to maximise its potential for sustainable growth, secure 

trading opportunities and meet Society’s needs, while providing resilience against price fluctuations, 

food availability and changing environmental conditions. Agriculture is central to the rural economy, 

through production of food, fuels and fibres and delivery of environmental outcomes and ecosystem 

services. Management of agricultural land impacts on water quality, flooding risks, biodiversity and 

Greenhouse Gas (GHG) emissions. The land provides environmental benefits such as rural 

landscapes, wildlife habitats, it is a major carbon sink and key part of the catchment for ground and 

surface water resources. The value of all of this has been estimated at £1.5 billion per year in the UK 

(O’Neill, 2007, 2004-05 prices). 

 

The decades following the Second World War saw rising yields and outputs in the UK, facilitated 

by new approaches and technologies, as agriculture intensified to produce more food. But detrimental 

impacts on the environment also increased (UK National Ecosystem Assessment, 2011). The total 

external environmental damage costs from Agriculture have been estimated at between £1 billion 

and £3 billion per year in the UK (O’Neill, 2007, 2004-05 prices). In the 1990s a sharp fall in global 

food prices led to a shift in focus from production to environmental protection, leading to a series of 

agri-environment schemes across Europe. The situation changed again in the late 2000s: food security 

has become a high political priority, prompted by global food price rises in the context of projected 

global population increases to around 9 billion people by 2050 and global food demand likely to 

increase by 70% (Foresight, 2011). But, against a background of increasing pressure on natural 

resources, changing climate and a lack of new land for food production, Food Security is as much 

about increasing environmental sustainability as raising productivity (Garnett et al., 2013), leading 

to calls for the Sustainable Intensification (SI) of UK agriculture services (Royal Society, 2009). 

 

3.1.2. What is Sustainable Intensification? 

There is no universally accepted definition of SI. Early definitions focused on raising food production 

without increasing environmental harm. SI is generally now interpreted as increasing food production 
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with minimal additional land use, without increasing (and ideally reducing) the environmental footprint 

of agriculture, while enhancing the provision of ecosystem services (Royal Society, 2009). The 

principles that encapsulate SI have recently been summarised in the Kavli Declaration (Poppy et 

al., 2014). Although the Kavli declaration was developed at a global level it is pertinent to the UK: 

 

óBy 2050, humanity will be unable to meet its needs for food through current agricultural practices. 

We must drastically transform the global agricultural system to deliver food security and net 

greenhouse gas absorption without losses of water availability and wild habitats. This can only be 

achieved by more resource-efficient agriculture. This will need to combine locally relevant crop and 

animal genetic improvement and resilient agronomic practices that harness local ecosystem 

services to minimise inputs and close nutrient loops while sequestering carbon. The success of 

these on-farm activities will depend on restoring degraded lands and safeguarding remaining 

natural habitats to ensure continued provision of wider ecosystem servicesô 

 

Intensification, often perceived as ‘factory farming’ in the livestock sector or the increased use of 

pesticides and artificial fertilisers for crops, is not the same as SI. SI does not even necessarily mean 

increasing the output per hectare of agricultural products; it could equally mean an increase in the 

output of ecosystem services of the farm (Rural Investment Support for Europe, RISE, 2014), 

enhancing the environment at farm, landscape and larger scales, for example by maintaining cultural 

landscapes, managing diffuse pollution to watercourses and supporting local populations of pollinators. 

SI should include a time dimension, such that the ongoing supply of food and services is at least not 

diminished. It is important therefore that the capital of the farm (its natural capital e.g. soil quality and 

social capital e.g. membership of knowledge networks, as well as infrastructure and finance) are 

maintained, and ideally enhanced or at least optimised to meet the capability of the land, farmer and 

business. 

 

The Royal Society report ‘Reaping the benefits’ (Royal Society, 2009) defined intensive agriculture 

as being knowledge-, technology-, natural capital- and land-intensive and considered that the intensity 

of use of non-renewable inputs must in the long term decrease. It highlighted four key principles for 

sustainability in the context of agriculture: (i) persistence – delivering desired outputs over the long 

term, (ii) resilience – ability to absorb or benefit from shocks and stresses, (iii) autarchy – capacity 

to deliver desired outputs without relying on external or non-renewable resources and (iv) 

benevolence – producing desired outputs while sustaining the function of ecosystem services and 

not causing depletion of natural capital. Six attributes were identified as exemplifying SI systems: 

 
1. Utilise crop varieties and breeds with high productivity per externally derived input 

2. Avoid unnecessary use of external inputs 

3. Harness agro-ecological processes such as nutrient cycling, biological fixation, allelopathy, 

predation and parasitism (biological control) 

4. Minimise the use of technologies or practices that have adverse impacts on the environment 

and human health 

5. Make productive use of human capital in the form of knowledge and capacity to adapt and 

innovate and social capital to resolve common landscape-scale problems 
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6. Quantify and minimise the impacts of system management on externalities such as greenhouse 

gas emissions, clean water availability, carbon sequestration, conservation of biodiversity and 

dispersal of pests, pathogens and weeds. 

 

3.1.3. Sustainable Intensification Outcomes 

The definition of ‘sustainable’ in the context of SI is important when considering the effects of farm 

management practices on SI outcomes. The principle of ‘the three pillars of sustainability’ includes 

economic, environmental and social outcomes, and an ideal SI scenario is one that combines the 

aims of all three elements. There are very many potential SI outcomes (some given in Table 2), but 

they will differ for each farm depending on a number of factors and may impact at different spatial 

scales (i.e. field through to landscape / catchment). Key elements for all SI outcomes, however, are 

that they must be realistic and achievable by farmers and other land managers. 

 
Table 2 Key areas for targeting SI outcomes. 

 

Economic Environmental Social 

Food production/food security  

¶ Yield/productivity/efficiency 

¶ Profitability / cost efficiency 
    for arable and horticultural 

crops, and livestock 

¶ UK grown versus imported 

¶ Food nutritional quality 

Waste handling 

¶ Manure storage, treatment 
and spreading 

¶ Anaerobic digestion 

Livestock feed production 

¶ Locally sourced versus 
imported 

¶ Use of by-products / waste 
food 

Forestry and agroforestry 

¶ Fuel production 

Pollinators / biological pest 
control agents 

¶ Habitat / landscape 
management 

Biofuel/biomass 

¶ Cereals 

¶ Biomass crops 

¶ Chemical feedstocks 

Animal health 

¶ Zoonoses 

¶ Antibiotic use 

¶ Biosecurity 

Crop health and losses 

Alternative income streams 

Land use 

¶ Land allocation and landscape 
design 

Pollutant emissions 
(air and water quality) 

¶ GHG 

¶ Nitrates 

¶ Ammonia 

¶ Particulate matter 

¶ Odours 

¶ Pesticides and herbicides 

Biodiversity 

¶ Functional (e.g. pollinators, 
soil) 

¶ Charismatic (e.g. farmland 
birds) 

¶ Infrastructure (e.g. landscape 
diversity, hedgerows, 
corridors) 

Water  

¶ Water quality 

¶ Water use efficiency 

¶ Flood control 

Carbon Sequestration  

Soil Quality 

¶ Soil organic matter 

¶ Compaction 

Energy  

¶ Energy use efficiency 

¶ Alternative energy generation 
(wind/hydro/solar) 

Economic income 

¶ Farmer and farm-workers 
livelihoods 

¶ Family life 

¶ Farm diversification 

Rural communities and 
employment (direct and 
indirect) 

¶ Maintaining rural 
infrastructures 

Alternative land use 

¶ Recreational uses 

¶ Tourism 

Public health 

¶ Production of healthy food 

Meeting ethical standards 

Animal Welfare 

¶ 5 Freedom principles  

Cultural services 

¶ Landscape quality & character 

¶ Access, leisure and 
ecotourism 
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3.1.4. Delivering Sustainable Intensification: the role of Integrated Farm Management 

While much has been written about the concept of SI and the principles it embodies, there has 

been little agreement as to how to operationalize it, or achieve it in practice for a range of UK farming 

systems and farm types. Conway (2012) suggested that SI be decomposed into a series of tasks: 

ecological intensification (e.g. Conservation Agriculture, CA, agroforestry and Integrated Pest 

Management, IPM), genetic intensification (plant and animal breeding) and market intensification 

(providing a socio-economic enabling environment). Garnett et al. (2013) proposed that the merits 

of diverse approaches (conventional, ‘high-tech’, agroecological or organic) to achieving the goal of 

SI should be rigorously tested and assessed. Godfray and Garnett (2014) highlighted that SI needs 

to develop ideas from all sectors e.g. biotechnology, conventional farming, agroecology and 

organic farming. CISL (2014) identified five potential actions for farmers and agribusinesses: 

1. Adoption of a farming system, such as agroecology, biodynamic, organic or integrated farming, 

and precision or conservation agriculture, which is predicated on sustainability principles.  

2. Opt for more farming practices that address specific sustainability issues. 

3. Actively engage in measuring farm-level environmental performance to trigger and guide actions 

(measure and manage).  

4. Work collectively or collaboratively with other farmers and stakeholders to improve 

environmental performance. 

5. Join enhanced private and agri-business certification schemes to bring about significantly higher 

environmental performance. 

 

In this project we are exploring the role of Integrated Farm Management (IFM) in delivering SI and 

interventions that may help achieve this. IFM is an approach aimed at developing a sustainable 

farming system, measured in terms of economic performance, environmental quality and social 

health. IFM has the potential to facilitate SI by managing the balance between farm productivity and 

other (mainly environmental) consequences of farm operations within the context of the whole farm 

business. This type of integrated approach is found in a range of farming systems. IFM as 

supported by LEAF (Linking Environment And Farming) involves the use of modern technology and 

traditional methods, and encompasses site-specific and continuous improvement across the whole 

farm in areas including organisation and planning, soil management and fertility, crop health and 

protection, pollution control, by-product management, animal husbandry, energy efficiency, water 

management, landscape and nature conservation, plus community engagement (LEAF, 2013a). The 

2009 Farm Practices Survey (Defra, 2009) indicated that an average of 20% of all agricultural 

holdings in England practiced some form of IFM, with the biggest proportion (38%) in the largest farm 

size category. 

 

3.1.5. Land sparing and land sharing 

There has been debate as to the merits of land sharing (environmental and production objectives 

are achieved in the same place e.g. through in-field management) and land sparing (focusing on 

one at the expense of the other e.g. through different management of field margins). However, at an 

individual farm level, these concepts do not really reflect the reality of current practices or goals. 

Land-sharing and sparing was originally conceived at large spatial scales and with ‘wild nature’ in 

mind. However, the concept could apply more locally – for pollinators for example.  At these scales 
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the issue becomes one of collaboration between multiple entrepreneurs to deliver a public good 

and the reality (as with most public goods) is that rational self-interest means that the public good 

is undersupplied. This is not to say that such matters could not be incentivised but it is to say that 

considerations surrounding the delivery of environmental benefits via land sharing versus sparing 

do not reflect the way farmers currently do business. 

 

Balancing the same production and environmental objectives, such as raising yields and conserving 

biodiversity, may be best achieved by land sharing in some areas and land sparing in others (Phalan 

et al., 2014). The susceptibility of land to environmental damage and its capability to provide food or 

other ecosystem services varies. Firbank et al. (2013a) proposed a diversity of farming systems and 

allocating land to different ecosystem services according to its suitability. There is no single optimum 

balance between, for example, production and biodiversity (Firbank, 2005). Decisions to prioritise 

environmental or production objectives can be made at a range of spatial (from within-field up to a 

national level) and temporal scales, with differing impacts, and will be influenced by UK and EU level 

policies. The new Ecological Focus Areas (EFAs) introduced as part of Common Agricultural Policy 

(CAP) ‘greening’ may provide some opportunities to segregate land within a farm, focused either on 

food production or on other ecosystem services.  In order to achieve SI at landscape or larger scales, it 

may be appropriate to adopt different strategies in different places (Firbank, 2012). At such scales it 

may be necessary to coordinate activities between land managers to achieve the desired outcome. 

This is a focus of SIP Project 2. 

 

3.1.6. Win-wins and Trade-Offs 

Some environmental objectives can be achieved in tandem with increasing production, so-called 

‘win-wins’, for example through adoption of good practices that improve nutrient efficiency. Similarly, 

increased livestock production may be achieved through improvements to animal health. However, 

delivery of multiple goals means that there will have to be trade-offs, for example between agricultural 

production and other ecosystem services where a scarce resource, such as land, cannot be deployed 

to produce all required goods at once or in sufficient quantity. Sometimes, slightly reduced production 

in the short term to achieve an environmental objective might benefit production in the longer term. 

 

It might make sense to specialise in intensive crop or livestock production at geographic locations 

where fertility is great, but in other ecosystem services where fertility is low and risk to the environment 

is high. The outcome could be targeted intensification of food production in areas of low environmental 

risk or value, and targeted extensification, perhaps incentivised through agri-environment schemes, to 

protect or enhance areas of high risk or nature value (Figure 1). However, such a split may not be 

present at the necessary scales or in appropriate proportions within all regions. Intensification does 

not always mean a reduced environmental benefit, and extensification does not always mean an 

increased environmental benefit. However, using this approach it might be possible to maximise 

the net value of production (economic), environmental and social outcomes at a national scale.  

 

To ensure appropriate decisions on future land use, the full range of market and public goods and 

services delivered by land must be better understood and valued using appropriate methodologies; 

opportunities to deliver multiple benefits from the same land need to be identified and encouraged; 

cost-benefit analysis is required to aid trade off decisions; and landscape, recreational, climate 

change and future generation impacts should be taken into account (CISL, 2014). 
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3.1.7. Sustainable Intensification at Farm Level 

Although it may be possible to improve the national outcome through local prioritisation of food or 

environmental production, farmers farm on an individual basis. A key role of this project is to develop 

opportunities enabling them to grow the capability and potential of their own farms. At the heart of any 

sustainable farming operation is a profitable business. Where business goals and opportunities have 

resulted in increased output, a reduction in environmental damage and enhanced biodiversity, it could 

be argued that some farms have already made progress towards SI (Firbank et al., 2013b). However, 

as these goals and opportunities vary greatly among farming businesses there can be no blueprint. 

  

 
 
Figure 1. Trade-offs between production and other environmental goods and services. 

1. Current environmental and agricultural performance. 

2. Environmental and production performance improved simultaneously. 

3. Localised prioritisation of: a. Environmental outcomes or b. Food production 

4. Desired outcome as a net result at national scale. 

 

On any farm there is a choice of potential practices, with the range available dependent on factors 

such as current farm type, size, infrastructure, location, soil type(s), climate and labour. An individual 

farm may have to adjust practices so that productivity improves without detriment to environmental 

performance, or the other way around. Local opportunities and risks will influence the combination of 

management practices that are most appropriate to a particular farm, noting that some outcomes 

e.g. control of diffuse pollution and maintenance of habitat networks can only be achieved by 

management across farms within landscapes and catchments. 

 

There will be complex interactions between the economic, environmental and social outcomes from 

those practices, and the balance may change over different time periods or spatial scales. This is 

potentially a major barrier, which this project aims to help overcome through provision of more 

information to farms and advisers to help them make sound decisions within the context of IFM. Market 

drivers can have a significant impact on on-farm decisions, and this is a focus of Project 3. 
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There is a need for continued research and development of new technologies or innovations that 

can support farmers in their implementation of IFM. This project will seek to evaluate the contributions 

that some of these could make to SI. 

 

3.1.8. Measure then Manage 

The impact of SI must be capable of being assessed through appropriate indicators and integrated 

sets of metrics (Dicks et al., 2013), which are themselves derived from locally-generated data and 

effective analytical tools (Poppy, 2014). This is made more complex by new data sources becoming 

available that add greatly to the information available to develop indicators and metrics of SI. According 

to the EU (2001), to help assess the extent to which sustainability concerns have been integrated 

into the CAP, sustainability indicators should meet the following design criteria: 

¶ Policy-relevance 

¶ Conceptual soundness 

¶ Definition at an appropriate level of aggregation 

¶ Effectiveness 

¶ Statistical validity 

¶ Analytical soundness 

¶ Technical feasibility 

¶ Cost-efficiency 

In order to make them useful for policy-decisions, the indicators should also be limited in number 

and simple and easy to interpret. 

 

Farm level sustainability indicators have been developed for the Netherlands (Boone and Dolman, 

2010) and Ireland (Hennessy et al., 2013). SI metrics are also now being developed in several 

other processes, including industry initiatives (Cool Farm Tool, Sustainable Agriculture Initiative 

Platform (SAI, 2013), LEAF Sustainability Report (LEAF, 2014)) and policy discussions (G20). 

 

Any overall assessment of SI involves value judgements, about which aspects of farm performance 

should be included in the assessment and how they are weighted. It is sensitive to their scale of 

application (field / farm / spatial unit, and contemporary / future) and to the denominator, for example 

per unit area vs per unit of agricultural product or unit of input. These issues are contested, and differ 

between stakeholders. There is no agreed approach by which changes in SI performance at farm level 

can be ascribed to particular causes or actions by the farmer. The SI concept is likely to develop further 

through the life of this project. The proposed UK Centre for Agricultural Informatics and Sustainability 

Metrics, due to be established in 2015, will for example seek to provide leadership in the management 

of data that can be used by industry and other stakeholders to develop particular suites of SI indicators. 

 

3.1.9. Guidance and Knowledge Exchange 

Most projects and initiatives focus on individual land management issues and do not seek to develop 

tools or guidance to inform management of the whole farming system, even at a farm level let alone at 

a landscape-scale. Without some form of guidance or decision support system, it can be difficult to 

foresee the full range of consequences of any particular choice of farm practice or intervention. 

This project seeks to develop a framework to encourage and enable the uptake of IFM. Research into 

production and environmental aspects of agriculture, and the delivery of advice, have typically been 
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fragmented, leaving the integration of knowledge down to farmers themselves. Le-Gal et al. (2011) 

found that few studies address what they considered to be the three main components of an innovation 

process in agricultural production systems (biotechnical processes, farm management and advisory 

services) within a single research framework. This project will take a more joined-up approach. 

It is important to recognise where farmers get most of their advice from, not just for improving 

production but also for business and environment objectives, and how this is integrated. The 

Agricultural Industries Confederation (AIC, 2013) described a ‘Ring of Confidence’, with an inner ring of 

influential, trusted advisers focused mainly on improving farm performance, and an outer ring of 

often less influential advisers focused on policy or legislative objectives that may be perceived as 

hindering the farm business. There have been efforts to improve integration of advice at the farm and 

landscape levels. Advisers must increasingly integrate technical, economic and environmental aspects 

within their legislative context when formulating advice. 

 

A wide range of other factors continue to impact on the productivity, competitiveness and sustainability 

of UK farming, including further structural changes within the industry, the increasing dichotomy of 

farm sizes, labour intensity and emerging technologies. Training and development, and a healthy flow 

of new entrants, will be critical to ensuring a progressive future farming industry (Defra, 2013a). 

 
 

3.2. Project Aim, Objectives and Deliverables 

Consistency is needed to support the development of metrics, drive research and innovation and 

underpin policies and regulation to enable delivery of SI across sectors. This project is intended to 

provide consistency by promoting a clear understanding of SI and establishing an infrastructure to 

enable and support its achievement through the uptake of IFM, via the creation of a collaborative 

platform for research, innovation and Knowledge Exchange (KE). The SIP comprises three interlinked 

projects: 

Project 1: Integrated farm management for improved economic, environmental and social 

performance (LM0201). 

Project 2: Opportunities and risks for farming and the environment at landscape scales (LM0302). 

Project 3: A scoping study on the influence of external drivers and actors on the sustainability and 

productivity of English and Welsh farming (LM0303). 

 

The aim of Project 1 is to study how farmers can assimilate the wide range of interacting aspects of 

agricultural land management, in order to implement and combine practices, through IFM, that improve 

their economic, environmental and social performance within the context of the opportunities and 

constraints associated with their geographic location and sector. The main objectives of Project 1 are: 

 

Objective 1.1: Develop improved indicators and standardised methodologies for land managers 

and their advisers to measure the economic, environmental and social performance of farms. 

The key tasks within this objective are: 

¶ Objective 1.1A: To build on existing and, where appropriate, develop new farm performance 

assessment methodologies; 

¶ Objective 1.1B: To develop integrated SI metrics. 
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The main deliverables are: 

¶ Usable methodologies for farmers to self-assess their economic, environmental and social 

performance; 

¶ Tiered indicators that can be used in data-poor or data-rich environments;  

¶ Integrated SI metrics that can be used on-farm to assess how well a farming system is delivering 

economic, environmental and social outcomes, and where there is opportunity to improve. 

 

Objective 1.2: Identify and develop farm management interventions for the sustainable 

intensification of agriculture. 

The key tasks within this objective are: 

¶ Objective 1.2A: To observe and assess the performance of commercial farms to identify factors 

that contribute to high economic, environmental and social performance; 

¶ Objective 1.2B: To experimentally test innovative practices and technologies on study farms for 

the sustainable intensification of agriculture. 

 
The main deliverables are: 

¶ An assessment of the performance of commercial farms within the SI Platform study areas, and 

a comparison of the relative performance of different systems for the most prevalent farm types; 

¶ Identification of factors that constitute SI, or potential SI interventions, for different farming 

systems in a given area; 

¶ An assessment of the potential for SI for a range of farm types in the study areas. 

To achieve this, we will also establish across the SIP, at the start of the project: 

¶ An agreed set of study areas. The outcomes of this will be reported separately; 

¶ A network of collaborating farmers and stakeholders. 

 
Objective 1.3: Investigate ways of better communicating complex messages to farmers and 

propose approaches for more innovative decision support. 

The key tasks within this objective are: 

¶ Objective 1.3A: To  Identify the characteristics of effective decision support and guidance 

systems in the context of IFM; 

¶ Objective 1.3B: To propose a framework for guidance or decision support for IFM. 

 
The main deliverables are: 

¶ A set of principles for developing effective guidance for farmers; 

¶ An assessment of farmer attitudes and decision-making in relation to IFM; 

¶ A matrix of IFM practices and SI outcomes;  

¶ Proof of concept for a framework for guidance or decision support for IFM. 

 
Stakeholder engagement and KE are key aspects of the project. These will be delivered through 

multiple route including workshops, scientific meetings, website, e-newsletters, seminars, field 
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meetings and industry events. The project will also generate a large amount of data, which will be 

made available through a suitable archive.  

 
 

3.3. Overall Approach 

Our vision for the SIP is that it should be delivered through a comprehensive interdisciplinary 

partnership that integrates expertise from agricultural, social, economic and natural sciences, with 

a strong record of engagement with policy and industry, and a broadly-based network of representative 

research sites and study areas. A report from the Biotechnology and Biological Sciences Research 

Council (BBSRC) working group on sustainable intensification of agriculture (BBSRC, 2014) also 

recognised the importance of a multidisciplinary approach. The SIP should build on, and add value 

to, other work in the area, and be inclusive of important challenges that industry-led initiatives are 

less likely to address.  

 
The key elements of our approach are as follows: 

 

¶ It embodies a community of practice that brings together farmers, supply chains, researchers, 

policy makers and other stakeholders and is realised through networks based around the study 

areas and wider communication, with the aim of a high level of industry participation and the 

generation of additional income for research and KE to secure a long-term future for the platform. 

 

¶ It establishes a baseline of current farm performance, against which future performance can be 

assessed, according to new integrated metrics of SI that can be applied to all agricultural units 

at multiple scales and integrated with current metrics, while accounting for innovations in remote 

data collection and developments in concepts of ecosystem services and natural capital. 

 

¶ It establishes a route to impact between research and innovation, policy development, application at 

farm / landscape scales, and measurable changes in SI performance. It will test and demonstrate 

interventions in study areas, investigate their impacts on SI metrics and the social mechanisms 

to deliver them, assemble effective decision support methods to influence farmer behaviour and 

deliver KE activities to support the uptake of IFM by farmers. 

 
Our approach is consistent with the Defra integrated behaviour framework (Defra, 2008) of ‘Engage’ 

(get people involved), ‘Encourage’ (give the right signals), ‘Enable’ (make it easier) and ‘Exemplify’ 

(lead by example), with relevant parts applied to establishment of a guidance framework (Figure 2). 

 

Project 1 will focus mainly on IFM practices that could promote SI at an individual farm level. To 

have impact at the landscape scale may require coordinated interventions on a number of farms 

and this will be the main focus of Project 2. However, our judgement on practices to record or 

potential interventions to test in Project 1 should not be limited entirely to those where progress 

towards SI can be observed at an individual farm scale. For example, where there is other evidence 

that specific practices can improve environmental outcomes at the landscape / catchment scale 

when adopted on multiple farms, it may be sufficient to demonstrate that there is no adverse 

economic outcome at an individual farm level, even if it is not possible to demonstrate the improved 

environmental outcome at that scale. However, large scale approaches to SI, such as land sparing 

or sharing across large areas are beyond the scope of this project. 
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Figure 2. Project 1 approach, showing relationship between objectives 

 

Some interventions might only deliver measurable benefits after a number of years, but we will have 

just 2-3 years within the life of this project to assess their impact. As above, where there is other 

evidence that environmental outcomes should improve over time as a result of the change, it may 

only be necessary to show that productivity or profitability are not reduced in the short term. These 

would still be within the scope of this project therefore. However, long term interventions such as 

the introduction of new animal and plant genetics would not be. 
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Interventions must be cost-effective within the farm business model. Market drivers can have a 

significant impact on on-farm decisions, especially those relating to the adoption of farm assurance 

schemes, such as Red Tractor and LEAF Marque.  This is studied in more detail in SIP Project 3. 

 

Interventions will need to be supported through the provision of information to farmers and their 

advisers that is fit for purpose. Effective KE is essential in this project to ensure information 

reaches farmers and advisers to help them make sound decisions within the context of IFM. 
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4. Scoping Study Purpose, Report Structure and Methodology 

 

4.1. Purpose 

The purpose of this study is to scope the main objectives of Project 1 of the SIP, and set out the key 

priorities for the project. This report is the project’s first deliverable. The scoping of each of the six main 

objectives set out in section 3.2 was led by their respective work package leaders to ensure that the 

subsequent research builds as fully as possible on existing knowledge and practice. For each 

objective, the key tasks were to: 

¶ Review previous research and relevant literature, to set the proposed new research in the 

context of previous work in this area; 

¶ Identify key knowledge gaps that the project might seek to explore; 

¶ Refine the research questions that will be addressed; 

¶ Further develop the approach outlined in section 3.3 and Figure 2, in light of opportunities or 

constraints identified. 

 

4.2. Report Structure 

The report is structured as follows: 

Section 5 covers Objective 1.1: improved indicators and standardised methodologies for land 

managers and their advisers to measure the economic, environmental and social performance of 

farms. It encompasses farm performance assessment methodologies (Objective 1.1A) and integrated 

sustainable intensification metrics (Objective 1.1B). 

Section 6 covers Objective 1.2: identification and development of farm management interventions 

for the sustainable intensification of agriculture. It is split into section 6.1: observe and assess the 

performance of commercial farms to identify factors that contribute to high economic, environmental 

and social performance (Objective 1.2A) and section 6.2: experimentally test innovative practices 

and technologies on study farms for the sustainable intensification of agriculture (Objective 1.2B).  

Section 7 covers Objective 1.3: investigate ways of better communicating complex messages to 

farmers and propose approaches for more innovative decision support. It is split into section 7.1: 

Identify the characteristics of effective decision support and guidance systems in the context of IFM 

(Objective 1.3A) and section 7.2: propose a framework for guidance or decision support for IFM 

(Objective 1.3B).  

Section 8 covers KE, as this is an integral part of the SIP. 

 

A vital component of Project 1, and of the SIP as a whole, is the selection of study farms and areas 

(platforms) representing key farming types, sectors and regions, within which SI interventions can 

be tested and their impacts on farm performance studied. This was undertaken separately as an 

exercise spanning both Projects 1 and 2 of the SIP, but taking account of particular requirements 

relating to each project’s objectives. It is reported as part of the Project 2 scoping study.   
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4.3. Methodology 

An initial web-based search of relevant literature (using search tools such as Science Direct) was 

carried out for relevant agricultural or social science publications and reports. This focused on 

‘sustainable intensification’ (including ‘metrics’) and ‘integrated farm management’, and primarily 

on studies of clear relevance to the UK. Particular attention was paid to: 

¶ Existing indicators and methodologies for assessing the economic, environmental and social 

performance of farms; 

¶ Quantitative integrated measures of SI; 

¶ Identifying potential IFM or other SI interventions to test within different faming systems, noting 

that IFM has been less widely adopted in the livestock sector than the arable and fresh produce 

sectors; 

¶ Potential data types and collection methods for observing and assessing the economic, 

environmental and social performance of commercial farms; 

¶ Existing frameworks providing guidance on IFM within the UK or Europe. 

 

Additional examination of previous research and relevant literature will occur within each objective, 

as the project progresses and specific requirements or areas of interest become apparent. Both the 

focus and methodologies will be further refined as necessary.  
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5. Improved indicators and standardised methodologies for land managers 

and their advisers to measure the economic, environmental and social 

performance of farms (Objective 1.1) 

 

5.1. Introduction 

This section encompasses Objective 1.1A: Farm performance assessment methodologies and 

Objective 1.1B: Integrated sustainable intensification metrics. It reviews approaches that have 

been adopted to measure SI and discusses the methods that we will employ. In doing so we 

review the measures by looking into several conceptual and practical issues: 

¶ Scale 

¶ Aggregation and weighting 

¶ Quantitative / qualitative 

¶ Choice of variables 

¶ Static / dynamic 

¶ Applications in the UK 

¶ End-user 
 
This section is structured as follows. Section 5.2 describes the economic, environmental and social 

dimensions of SI. We show how these three dimensions are integrated in aggregate sustainability 

measures in Section 5.3. Section 5.4 reviews the measures in the UK context. We draw conclusions in 

Section 5.5 and present our approach in Section 5.6. 

 

5.2. Measuring the dimensions of SI (Objective 1.1A) 

Measurement of SI entails measurement along economic, environmental and social dimensions. 

This section discusses the indicators that separately measure these three dimensions. Many argue 

that fundamentally, sustainability is about ensuring that future generations have the same capacity 

to produce the full range of goods and services as the current generation. In the context of food 

production, the main non-renewable resource that is drawn upon is the stock of natural capital. 

Measuring indicators of this stock is therefore central to measures of SI. 

 

5.2.1. Approaches used in other EU Countries 

Using data from the TEAGASC National Farm Survey, Hennessy et al. (2013) developed a series 

of farm level sustainability indicators for Ireland based on four sustainability dimensions: economic, 

environmental, social and innovation. Within each of these dimensions a set of farm level indicators 

was identified (Table 3). It was considered that there was insufficient information to support the 

development of meaningful biodiversity indicators within environmental. The innovation indicators 

that were identified were specific to each farming sector. Boone and Dolman (2010), working on 

data from the Dutch Farm Accountancy Network, also identified four dimensions: Profit (economic), 

Planet (environment), People (social) and Context, each with a series of indicator themes (Table 4). 

Through a process of review and consultation with experts on farm types, sustainability themes, policy, 

performance indicators and databases, more than sixty indicators were selected across the themes. 
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Table 3. Farm level sustainability indicators for Ireland (Hennessy, 2013). 

 

Economic  Environmental Social Innovation 

Productivity of land use Total GHG emissions 
per farm 

Economic vulnerability 
of the farm, 

Innovative farm 
practices 

Productivity of labour GHG emissions per 
unit of product 

Demography of the 
farm household 

Innovative farm 
processes 

Profitability GHG emissions from 
energy and fuel use 

Risk of isolation Innovative farm 
products 

Market orientation N balance per hectare 
and N use efficiency. 

Work-life balance 
 

 

Economic viability  Education level  

 
 
Table 4. Sustainability themes for Dutch Agriculture (Boone and Dolman, 2010). 

 

Context Profit Planet People 

Geographical 
distribution 

Income Energy use Spatial quality 

Structure (number of 
farms, area, animals) 

Financial position Climate change Image / reputation 

Organic agriculture Investment Nutrients Labour 

Multifunctionality Innovation Water Use Succession 

 Competitiveness Crop protection Animal welfare and 
health 

  Biodiversity Food quality 

  Animal feed  

  Soil quality  

  Plant health  

  Fine particular matter  

 
 
5.2.2. Economic Indicators 

In microeconomic analysis, there are two important concepts regarding the production behaviour of 

firms (Mas-Colell et al., 1995). On the one hand, farms may strive for profit maximisation. In this 

case, farms take into account revenues and costs and try to maximise the corresponding difference. 

On the other hand, farms may strive for cost minimisation. Here, farms minimise costs without 

consideration of revenues. The latter optimising behaviour is particularly relevant if there are output 

restrictions (e.g. milk quota). Under certain restrictive assumptions (perfect competition, absence of 

positive and negative externalities), optimal profit-maximisation and cost-minimisation plans will 

coincide under long-run equilibrium conditions. 

 

Although profit and cost measures (and related indicators such as profitability and gross margin) 

are important indicators, they may not be suitable performance indicators. It is possible that two 

farms have the same profit or cost, but that one farm uses many more inputs to create one unit of 

output than the other farm. In other words, profit and cost measures do not take into account the 
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efficiency of the farm, which is essential for comparison of farms’ performances. In what follows, 

we draw on Coelli et al. (2005) to explain the mechanism of efficiency measures from the cost-

minimising perspective. For the sake of simplicity, our presentation is restricted to two inputs and 

one output, but can be extended to distance functions that take into account multiple inputs and 

outputs1. Moreover, we assume that there is one common technology set for all firms. In the context of 

for example assessing the efficiency of conventional and organic farms, it can be worthwhile to 

construct separate meta-frontiers (Oude Lansink et al., 2002). Figure 3 shows an input-input space 

with a cost-minimising firm. The efficient isoquant frontier shows the minimum possible level of the 

inputs ὼ and ὼ for a given output level ή. Since the firm does not lie on the frontier, it is technically 

inefficient. The technical efficiency ὝὉ compares the minimum possible input level to the actual input 

level for a given output level and is thus equal to 
ȿ ȿ

ȿ ȿ
.  

 
Technical efficiency does not take into account the prices of inputs, although this is essential for 

cost minimisation. B denotes the cost-minimising point on the isocost line that the firm P could 

reach by radial contraction of both inputs. 
ȿ ȿ

ȿ ȿ
 is the corresponding cost efficiency CE. The wedge 

between the CE and TE is denoted as the allocative efficiency AE and is equal to 
ȿ ȿ

ȿ ȿ
. 

Consequently, ὝὉ ὃὉ ὅὉ. 

 

 
Figure 3. Technical, Allocative and Cost Efficiency. Source: Adapted from Coelli et al. (2005) 

 
Next to the static efficiency measures, productivity measures assess the firms’ performance over 

several time periods. One group of Total Factor Productivity (TFP) measures compare output 

production to input use over time (Coelli et al., 2005). Output use and input use are assessed either in 

value (Hicks-Moorsteen TFP) or quantity (TFP based on profitability ratio). Recent applications to 

UK agriculture are given by Thirtle et al. (2004, 2008). Another group of TFP measures relates 

productivity growth to the above efficiency measures. Expressly, the Malmquist TFP index 

decomposes productivity growth to efficiency change, technical change (shift of the technology 

                                                
1 The efficiency measures from the profit-maximisation perspective are analogous. We refer to Coelli et al. (2005) for a 

detailed explanation. 
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frontier) and scale efficiency change (shifts in terms of returns to scale). There are few UK applications 

of the Malmquist TFP index. Galanopoulos et al. (2011) conducted a comprehensive European 

analysis that included the UK region. 

 

The frontier that determines the best performance benchmark is largely assessed in two ways in 

the literature. Parametric approaches determine the frontier through statistical estimation by 

imposing a functional form (e.g. Cobb-Douglas and translog). Recent applications of ‘Stochastic 

Frontier Analysis’ (SFA) to UK agriculture can be found in Barnes (2008) and Areal et al. (2012a; 

b). Non-parametric approaches use linear programming techniques to determine the frontier. 

Recent applications of ‘Data Envelopment Analysis’ (DEA) to UK agriculture can be found in Atici 

(2012) and Barnes et al. (2011).  

 

Both approaches are well-represented in the literature. Since SFA relies on assumptions about the 

functional form, its misspecification will lead to biased estimates. Moreover, implementation of SFA 

can be practically difficult if more complex functional forms are assumed. DEA, on the other hand, 

does not suffer from this problem as it essentially does not use a functional form to construct the 

frontier. However, it is highly sensitive to outliers (Coelli et al., 2005; Reinhard et al., 2000). There 

are therefore recent developments of DEA-SFA crossover methodologies in the literature (Kuosmanen, 

2012; Kuosmanen and Kortelainen, 2012). Notwithstanding the conceptual critiques on both sides, 

most studies show a high rank correlation between the efficiencies obtained by SFA and DEA (Van 

Meensel et al., 2010). Moreover, a recent Monte Carlo simulation study shows that, depending on 

the assumptions, both methods perform adequately (Andor and Hesse, 2014). 

 

The Farm Accountancy Data Network (FADN) provides the needed farm-level data for European 

farms. In the UK, this is collected in the Farm Business Survey (FBS). Moreover, the FBS also 

provides data on alternative income streams (e.g. environmental payments), costs of production, 

various measures of profitability, yields and a range of other farm level information. 

 

5.2.3. Environmental Indicators 

Due to their inherent measurability, environmental indicators lend themselves well to quantification 

(although some may be influenced by factors outside of farmers’ control such as the weather). As 

environmental capital covers a variety of attributes, environmental indicators are heterogeneous in 

terms of type as well as level of aggregation. In what follows, we structure the indicators according 

to their type: biophysical, energy, biodiversity and composite environmental indicators. 

 

Biophysical indicators 

Biophysical indicators focus on material aspects of the natural environment. These indicators can 

be further subdivided into ‘footprint measures’ and ‘soil quality indicators’. 

 

The family of footprint measures assesses the material input requirements for production, and will 

often involve Life Cycle Assessment (LCA). The initial Ecological Footprint developed by 

Wackernagel and Rees (1997) converted material requirements to land units. However, through 

aggregation of environmental impacts to emission of CO2-equivalents (CO2-eq) and water use, more 

recent applications to the agricultural sector respectively also calculate Carbon Footprints (e.g. 

Rotz et al., 2010) and Water Footprints (e.g. Hess et al., 2011; Mekonnen and Hoekstra, 2011). 
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There are numerous Footprint studies in the UK context. Moreover, there are several tools made 

available on-line or offered by consultancy firms that guide UK agricultural firms in the assessment 

of their Carbon Footprint (CPLAN, 2014; Farm Carbon Calculator, 2014; Sheep Carbon Footprint 

Tool, 2014) and Water Footprint (Testing the Water, 2014). The study by ADAS (2014) gives an 

extensive overview of Carbon Footprint measures. 

 

Van den Bergh and Verbruggen (1999) provided a comprehensive conceptual critique of the 

Footprint measure. We will discuss only the points of critique relevant for this scoping study. First, 

their aggregate nature may lead to misleading information. It is clear that this argument holds for 

aggregations to land, CO2-eq emissions and water use since aggregation itself is an arbitrary 

exercise that by definition erodes information. Second, it is important to consider which scale is 

relevant for the environmental impact. Footprint measures are assessed at: urban, firm, farm, country 

and world level. One can argue that the optimal scale coincides with the actual scale of measurement 

in the case of water use. However, in the case of CO2-eq emissions, the most important scale is 

global. Footprint measures also do not take into account the initial resource and environmental 

endowments. Third, as a result, Footprint measures have an anti-trade bias, since trade can in 

principle distribute CO2-eq emissions and water use among the most resilient natural systems. 

 

A further critique is that these measures are essentially snapshots that do not consider spatial and 

temporal characteristics. Jin et al. (2009) and Yue et al. (2006) therefore shifted from a static to a 

dynamic perspective by implementing these spatial and temporal characteristics. 

 

Soil quality indicators play an important role in the measurement of environmental sustainability 

as soil quality is essential for ecosystem services such as food provision and regulating functioning 

(e.g. air and water quality) (Doran, 2002; Schulte et al., 2014).  Commonly used soil indicators are: 

soil erosion, soil organic matter or soil organic carbon, nitrogen (N) balance, loss of agricultural inputs 

such as fertilisers and crop protection products to surface and ground water, soil cover (Huang et al., 

2011) and bulk density. There are various scientific studies in the UK context. The UK Soil Indicators 

Consortium, a group of public stakeholders, has made an inventory of UK soil indicators (Defra, 

2014a). The Food and Environment Research Agency (Fera) conducts pesticide usage surveys on 

a yearly basis for UK farmers (Defra, 2014b). Lord et al. (2002) studied the effect of agricultural N 

balance on water quality. Heathwaite et al. (2005) attempted to predict diffuse and point source 

phosphorus (P) losses in agricultural areas. Podmanicky et al. (2011) used a modelling approach to 

predict the soil carbon content and soil water erosion driven by land use change in Europe. Since soil 

quality has a direct impact on farm production, soil quality tends to be measured at the farm level. 

Aggregation issues in the case of soil quality indicators are not as significant as in the case of other 

indicators due to their more specific character. 

 

Energy indicators 

While many measures exist for simply calculating how much energy is being used by a particular 

process or practice, some studies also consider the second law of thermodynamics, entropy and 

consequent irreversibility. Exergy measures ‘the amount of work that can be obtained from a 

system when it is brought in equilibrium with the environmental state’ (Dewulf et al., p. 3878, 2005). 

As such, it considers energy quality in terms of availability (Chen et al., 2006). It penalises the use 

of non-renewable energy and rewards the use of renewable energy. By comparing the realised 

energy output to the exergy measure, one can calculate emergy. There are only a few applications 
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to UK agriculture. Gasparatos et al. (2009) conduct an exergy analysis on the UK as a whole 

(including the agricultural sector). Viglia et al. (2011) assess the emergy of Scottish agriculture. 

Exergy and emergy are respectively measured in joule and emjoule units. 

 

Biodiversity indicators 

Biodiversity indicators vary in type. They are commonly associated with the abundance and diversity 

of priority species on agricultural land or a combination of number and variability of these species. 

Other biodiversity indicators focus on the ‘quality’ of the habitat for keystone species or on the 

diversity of different crop types or semi-natural habitats in the landscape. 

 

Regarding biodiversity indicators that focus on the abundance and diversity of species, Gabriel et al. 

(2013) used: plants, earthworms, bumblebees, solitary bees, butterflies, hoverflies, epigeal arthropods 

and farmland birds as biodiversity indicators. Farmland bird indices are popular biodiversity 

indicators due to convenient data collection and their correlation with land use change (Ormerod 

and Watkinson, 2000). Approaches that aggregate the number and variability of species to a single 

indicator include the calculation of the (modified) Shannon index, Simpson index, percentage 

increasing – percentage declining species of all species, relative to the first / preceding year, 

arithmetic/geometric mean of abundance indices, mean abundance of species and Sørensen’s 

similarity coefficient, which are reviewed by van Strien et al. (2012) according to their mathematical 

properties. The authors conclude that the geometric mean has the most favourable mathematical 

properties. The bird population indices have been compiled in conjunction with the Royal Society 

for the Protection of Birds (RSPB), the British Trust for Ornithology (BTO) and the Joint Nature 

Conservation Committee (Defra, 2014c). Information on bee population is collected by Defra (Defra, 

2014d). 

 

Regarding biodiversity indicators that focus on the ‘quality’ of the habitat, Reyers et al. (1998) 

assessed biodiversity risk at the country level by integrating stock, pressure and response. The 

eventual National Biodiversity Risk Assessment Index not only considers species diversity, but also 

genetic and ecosystem diversity. Westbury et al. (2011) used land cover data derived from the 

FBS to determine habitat diversity at a farm scale. Finally, because permanent and temporary 

pasture is the habitat of key species (birds and earthworms), Areal et al. (2012a) used grassland 

relative to total agricultural land as a biodiversity indicator for UK farms. 

 

Aquatic invertebrate communities can themselves be used to indicate water quality (and, by 

inference, the efficiency with which resources are being used in a catchment).  An example is the 

Proportion of Sediment-sensitive Invertebrates (PSI, Extence et al., 2013). 

 

Composite environmental indicators 

Several studies aim to holistically evaluate the environmental sustainability of the agricultural 

sector. Since the influential Millennium Assessment Report (2005), the ecosystem framework is the 

benchmark for composite environmental indicators. Quinn et al. (2013) developed the Healthy 

Farm Index by aggregating farm-scale biodiversity and ecosystem services through questionnaires 

and maps. The metrics are normalised to a scale from zero to one and the corresponding targets 

are decided by a deliberative process involving local farmers and researchers; this process also 

includes the weighting procedure. Using a multi-criteria framework by which the weightings are 

obtained from the opinion of the stakeholders, Derak and Cortina (2014) aggregated ecosystem 
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indicators to one composite indicator for Pinus halepensis plantations in a semiarid area of 

southeast Spain. Firbank et al. (2013b) also assessed the delivery of ecosystem services, in this 

case using a combination of modelling approaches (e.g. the Countryside Landowners Association 

(CLA) ‘CALM’ tool for assessing carbon dioxide emissions) and biodiversity scores for 20 case 

study farms in the UK. A composite index is not developed; however, the study is one of relatively 

few to consider food production, as well as environmental, effects (measured as gross energy 

output per unit area). Dicks et al. (2013) aimed to provide a coherent selection of environmental 

indicators by reducing a long-list of 264 knowledge needs to a short-list of 26 priorities through a 

deliberative approach involving 29 practitioners and 17 environmental scientists with direct 

involvement or expertise in the environmental sustainability of agriculture. 

 

The agri-environment footprint index, developed at the University of Reading, is a multi-criteria tool 

by which the end-user chooses normalisation and weighting of the indicators (Purvis et al., 2009). 

It is capable of being customised to locally relevant agri-environmental schemes and circumstances 

and provides sensitivity analyses and has been applied in a UK context at the farm scale.  

 

Normalisation and weighting are arbitrary tasks in the aggregation to composite environmental 

indicators. The review of the literature shows that stakeholder collaboration plays an important role 

in the choice of normalisation and weighting. Nevertheless, there is considerable variability in 

methodological rigour among these composite measures. 

 

5.2.4. Social Indicators 

Like environmental indicators, social indicators are diffuse in terms of type. However, since social 

indicators are more difficult to quantify and as a result less frequently assessed in agricultural datasets, 

the number of quantitative social indicators is rather low (Van Passel and Meul, 2012). A substantial 

stream within the rural sociology literature is devoted to qualitative indicators. Social and cultural 

capital are two important concepts in this literature. Here, social capital refers to the social bonds 

and norms (Pretty and Smith, 2004). The most commonly used description features four aspects: 

relations of trust; reciprocity and exchanges; common rules, norms and sanctions; connectedness, 

networks and groups (Pretty and Ward, 2001). A recent example can be found in Hall and Pretty 

(2008), who surveyed 31 farmers in mid Norfolk over a five-year period. They described the 

‘rhetoric – reality’ gap between government agencies and farmers. Following Bourdieu’s definition, 

cultural capital is the “institutionalised, objectified and embodied symbols of cultural competence 

that generate prestige within the peer group” (Sutherland and Burton, p. 240, 2011). 

 

There have been several attempts to develop quantitative social indicators. A typical quantitative 

social indicator is labour. It is obviously an important indicator and therefore used in numerous studies; 

authors have argued that it ‘measures the social implications of agriculture as a source of provision 

and distribution of rural income’ (Gómez-Limón and Riesgo, p. 3350, 2009). 

 

Several studies have looked into the social capital characteristics of farmers, which traditionally 

have been described qualitatively. Mathijs (2003) assessed this as for example membership of a 

farmers’ union, reading agricultural magazines, attending agricultural workshops and other farmers’ 

meetings, consulting advisers and other farmers, taking professional courses, use of official relations 

to obtain a goal and direct selling of some of the produce on the farm. Gutiérrez et al. (2011) focused 
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on leadership abilities. Solano et al. (2006) analysed farmer decision-making profiles and managerial 

capacity. Stobbelaar et al. (2009) tried to explain the limited effectiveness of environmental and 

conservation policies by means of a framework based on self-determination theory. They surveyed 

Dutch dairy farmers with questions about motivation, vision and attitude. The FBS collects data on 

employment, education levels of farmers and participation in assurance schemes. Public engagement, 

such as through farm visits, farm shops and involvement with the local community is another 

important social indicator.  

 

We found one study that quantitatively aggregated social indicators. Chatzinikolaou et al. (2013) 

used a multi-criteria analysis in eleven European case study regions to obtain the aggregated score. 

They aggregated: social capital, social inclusion, social exclusion and social cohesion in rural 

economies to a single social sustainability indicator. The study relies on sophisticated techniques 

(a combination of principal component analysis and ranking by the PROMETHEE II methodology). 

 

5.2.5. Animal Welfare 

A key aspect of livestock management is animal welfare. While not a direct indicator of food production 

or environmental quality, good welfare standards are expected by consumers, and the perception 

that welfare is compromised by intensive livestock farming has a major influence on production 

systems in the UK. Information on welfare is therefore important to the social acceptability of different 

farming systems, and could potentially influence the value of animal products to different consumers. 

The AssureWel programme (AssureWel, 2014), operated by The Soil Association, Bristol University 

and RSPCA-Freedom Food,  has developed animal welfare outcome metrics used across 95% of 

UK non-caged laying hen production and 90% of UK dairy (through collaboration with Red Tractor). 

The metrics rely on observations of animal behaviour and condition, and are therefore different to 

welfare standards that are based on ‘inputs’ such as housing, space, feed and veterinary care. 

 

5.3. Integration of SI measures (Objective 1.2B) 

Integrated SI measures need to aggregate at least two pillars of sustainability (and recognise the 

balance of trade-offs where interventions are adopted). This can be done either quantitatively or 

qualitatively. 

 

5.3.1. Quantitative measures 

Following Van Passel and Meul (2012), we subdivide integrated SI into four categories for the 

quantitative approach: multi-criteria analysis, efficiency and productivity approaches, Sustainable 

Value approach, and modelling approaches. 

 

Multi-Criteria Analysis 

As in the case of environmental and social indicators, multi-criteria analysis is often employed to 

measure integrated SI. Most measures focus on production at the farm level. Tiwari et al. (1999) 

used: aggregate land capability / suitability, energy output / input ratio, water requirements, 

environmental costs and economic viability (with consideration of government, farmers' and societal 

viewpoints) criteria for a large sample of Thai farms. Weighting is conducted equally as well as with 

social, economic or environmental preference. Dantsis et al. (2010) employed Multi-attribute Value 

Theory to conduct the multi-criteria analysis. One assigns a cardinal value to each alternative 
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decision, elicited by the aggregated effect of the attributes. Weighting is determined normatively 

through a thorough literature review. They also conduct a sensitivity analysis to the weights of the 

objectives for decision alternatives. Van der Voet et al. (2014) aimed to normatively aggregate and 

weight in a structured way. They looked into the degree of acceptability for the realised values that 

makes a distinction between unacceptable and desirable values, the relative importance of each 

indicator (weighting), and compensability of each indicator (to what extent are indicators substitutable 

with regard to the impact on the total acceptability of a particular scenario?). The tool combines input 

from scientists (determining the range of acceptable values) and farmers (determining the desirable 

values). Whereas most studies normatively assign indicator weights, Barnes and Thomson (2014) 

aggregated separate indicator scores by taking the geometrical mean and determined the weights 

by the positive matrix factorisation technique for 42 Scottish beef farms. 

 

Several methods use a visual presentation of the sustainability score. The MOTIFS framework 

presents a visual pie chart directed to Belgian dairy farmers (Meul et al., 2008; Van Passel and 

Meul, 2012). Social, environmental and economic indicators are weighted equally. The surface of 

the pie determines the sustainability score. The Sectoral Interactions Matrix developed by Booth et al. 

(2013) also makes a visual presentation for stakeholders at the Scottish coastal zone using colour 

codes that reveal negative, neutral and positive impacts on the environment, and also competition that 

is already managed. Using a spider web diagram, the Public Goods Tool developed by the Organic 

Research Centre provides an evaluation of non-food ‘public good’ outputs such as biodiversity, 

landscape and heritage (Organic Research Centre, 2014). LEAF (2013b) presents the sustainability 

index as a ‘sustainability dashboard’ with aggregate scores from 0 (red) to 3 (green). The measure 

focuses on IFM. By surveying a sample of over 1,200 LEAF members, LEAF assessed 24 indicators 

for 9 categories (organisation and planning, animal husbandry, soil management and fertility, crop 

health and protection, pollution control and by-product management, energy efficiency, water 

management, landscape and nature conservation, and community management). LEAF has 

further developed and refined these indices for 2014 to build on the qualitative data and introduce 

more quantifiable information. 

 

Next to the farm-level indicators concentrating on producers, one may also focus on consumers. 

Ethiscore (2014) reviewed the sustainability characteristics of the UK supermarkets by integrating 

performances regarding the environment (environmental reporting, nuclear power, climate change, 

pollution and toxics, habitats and resources), animals (animal testing, factory farming, other animal 

rights), people (human rights, workers’ rights, supply chain policy, irresponsible marketing, 

armaments), politics (genetic engineering, boycott call, political activity, anti-social finance) and ethics 

(company ethos, product sustainability). Weighting can be customised online.  

 

Multi-criteria analysis measures in SI are subjected to the same criticisms as their social and 

environmental indicator counterparts. There is a high variability of rigour in terms of weighting and 

aggregation, which is often related to the end-user. Measures directly meant for consumers and 

farmers tend to have a less rigorous, simpler setup than measures oriented to academics and policy 

makers. There is substantial heterogeneity in terms of data requirements. 

 

Efficiency and Productivity Approaches 

Sustainability indicators are often implemented in efficiency approaches. Reinhard et al. (1999; 

2000) are perhaps the first to have used ‘undesirable outputs’ as production factors in an agricultural 
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context. They included N surplus in SFA and DEA frameworks for a sample of Dutch dairy farms. A 

similar approach can be found in Hailu and Veeman (2000; 2001), who conducted a DEA analysis 

on the Canadian pulp and paper industry by regarding the discharges of biological oxygen demand 

and total suspended solids as undesirable outputs. Areal et al. (2012a) implemented a biodiversity 

indicator (as noted earlier, this is grassland relative to total agricultural land) in their Bayesian SFA 

for a sample of UK farms. 

 

Recent studies aim to take into account the particular characteristics of environmental indicators. 

One unrealistic assumption of the indicator approach is that all environmental factors can be 

reduced without costs. Oude Lansink and Silva (2003) relaxed the strong disposability assumption 

of CO2 emission in a DEA framework for the Dutch glasshouse industry. The material balance of N 

flows is explicitly considered in the DEA framework of Coelli et al. (2007). Hoang and Rao (2010) 

used a cumulative exergy efficiency analysis to overcome the material balance issue. 

 

There are very few examples of efficiency measures in which social indicators (other than labour) 

are directly included as a production factor. One is Gerdessen and Pascussi (2013), who added 

the ratio of farmers aged under 35 years to farmers aged over 54 years and the percentage of 

farmers trained and educated in agriculture in a DEA framework for European farms. 

 

On the other hand, there are several examples in the literature that indirectly implement social 

indicators in efficiency and productivity measures. The main idea is to put the ‘eco-efficiency’ (the 

ratio of the value added to an aggregate environmental and social impact) in the objective function 

and determine the weights of environmental and social impacts by DEA. This problem can be solved 

relatively easily by using the inverse of the eco-efficiency ratio and solving the reciprocal problem 

(Kuosmanen and Kortelainen, 2005). This measure has recently been applied to Spanish olive 

farms (Beltran-Esteve et al., 2014; Picazo-Tadeo et al., 2012) and Swiss dairy farms (Jan et al., 2012). 

Another approach to the use of information on environmental and social indicators is to regress 

them as explanatory variables of the (environmental) efficiency scores. Reinhard et al. (2002) and 

Hoang and Nguyen (2013) studied the impact of socioeconomic and environmental characteristics 

on environmental efficiency for a sample of 613 Dutch dairy farms and a sample of 96 Vietnamese 

rice farms respectively. Langton (2011) analyses the effect of (debt, tenure and farmer age, area, 

specialisation and diversification, unpaid family labour, contract work, livestock production and 

organics, and agri-environmental payments on technical efficiency of 322 UK cereal farms. 

 

Environmental indicators have been implemented in productivity measures in two ways. First, several 

studies measure the TFP (growth) by calculating (the change of) the ratio of the value of the outputs to 

the value of the inputs including external environmental costs (in time). Nanere et al. (2007) 

calculated the TFP growth of Australian broadacre agriculture by internalising the costs of soil 

erosion. Thirtle and Holding (2003) began this process for UK agriculture by including a measure of 

GHG emissions in a version of their TFP measure. Glendining et al. (2009) used data from existing 

life-cycle assessments to calculate the TFP of UK farms. Second, various studies directly implement 

environmental indicators as quantities in the calculation of TFP growth. These measures have in 

common with the efficiency measures that they can be inferred by using DEA and SFA techniques. 

Galdeano-Gomez et al. (2006) implemented environmental inputs (environmental expenditures) 

and undesirable outputs (waste production that does not reach the minimum standards required by 

the environmental controls) in a Malmquist productivity index. Oude Lansink and Oudersteijn (2006) 
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assessed the productivity growth of the Dutch glasshouse industry focusing on energy use. Chung 

et al. (1997) constructed the Malmquist-Luenberger productivity indicator that can accommodate 

for distance functions by which undesirable outputs can have negative values. An application to 

French pig farms can be found in Piot-Lepetit and Le Moing (2007). The material balance approach 

of Coelli et al. (2007) is extended to a Malmquist productivity index in Hoang and Coelli (2011). 

 

Analogous to the efficiency measures, environmental factors are sometimes used as explanatory 

variables of productivity. Omer et al. (2007) found a positive impact of biodiversity on productivity 

for a sample of UK specialised cereal farms. Using a dataset of Dutch arable farms, Skevas and 

Oude Lansink (2014) also assessed the effect of biodiversity (among other indicators) on a measure of 

TFP growth that explicitly takes into account pesticide use. 

 

Sustainable Value Approach 

The Sustainable Value (SV) approach has been developed by Figge and Hahn (2004). It integrates 

social, economic and environmental indicators to an aggregate ‘Sustainable Value’. The rationale is to 

extend opportunity cost thinking from the financial economics literature to economic, environmental 

and social indicators. In this light, a firm contributes to more sustainable development if it uses its 

economic, environmental and social resources more productively than other firms whenever overall 

resource use is reduced or unchanged (Van Passel and Meul, 2012). Van Passel et al. (2007) 

were the first to apply this method in an agricultural context by focusing on Belgian dairy farms. 

 

The SV approach is however criticised for lacking sound statistical properties and conceptual 

foundations (Ang and Van Passel, 2010; Ang et al., 2011; Kuosmanen and Kuosmanen, 2009a). 

Therefore, the SV approach is increasingly being implemented in the theoretically grounded efficiency 

literature. Van Passel et al. (2009) and Kuosmanen and Kuosmanen (2009b) implemented the SV 

approach in a SFA framework for a sample of Belgian and Finnish dairy farms, respectively. 

Kuosmanen et al. (2013) and Hou et al. (2014) constructed SV-based indicators drawing on the DEA 

literature, using data from Finnish dairy farms and degraded soils in China's loess plateau, respectively. 

Due to the close connection to efficiency approaches, SV approaches tend to operate well in data-

poor environments. 

 

Modelling Approaches 

Modelling approaches are well-represented in the literature. Berentsen and Giesen (1995), van Calker 

et al. (2004, 2008) and Pacini et al. (2004a, b) applied linear programming techniques to farming 

systems. Mouysset et al. (2012) used a dynamic, bioeconomic model to assess policy impact on 

economic performance and biodiversity in French agriculture. SIMSDAIRY, developed by Del Prado 

et al. (2011), simulated the impact of interactions between farm management, climate and soil 

characteristics on losses of N, P and carbon, farm profitability, and indicators of biodiversity, milk 

quality, soil quality and animal welfare. Vayssières et al. (2011) studied the various degrees of crop-

livestock integration by focussing on the dynamics of labour, gross margin, and energy and nutrient 

flows within 6 representative farms in La Réunion. 

 

The partners of this project are heavily involved in modelling approaches. FARMSCOPER is a 

decision support tool developed by ADAS to assess the effect of mitigation interventions on diffuse 

agricultural pollutant loads on farms, as well as associated biodiversity, and water and energy use 

(FARMSCOPER, 2014). The University of Leeds has experience in the InVEST toolkit for investigating 
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the monetary valuation of and trade-offs between ecosystem services based on the social value of 

non-market goods (InVEST, 2014). This spatially-explicit tool has been directed at governments, non-

profit organisations and corporations, but could be adapted to farming systems. In this light, there is 

also extensive expertise at the University of East Anglia (Bateman et al., 2013). OSCAR, developed by 

the University of Hertfordshire, is a tool that supports decisions about the development of more 

holistic Rural Development Policy measures that address rural issues and climate change 

objectives through adaptation and mitigation (OSCAR, 2013). IMPACCT, also developed by the 

University of Hertfordshire, is a whole-farm approach that assesses the potential effects of 

changing farming practices to mitigate climate change on the environment, farm economics and 

society (IMPACCT, 2010). The Farm Scale Resource Use Efficiency Calculator, currently under 

development by ADAS for the Agriculture and Horticulture Development Board (AHDB), aims to 

generate an assessment of environmental resource use efficiency for differing agricultural systems. 

Since modelling approaches simulate complex interactions on the farm, they tend to operate well in 

data-rich environments.  

 

5.3.2. Qualitative measures 

Although there are not many qualitative measures in the academic literature, there are several 

examples in the grey literature. Unilever established a multi-year agricultural sustainability initiative 

in 1997 (Pretty et al., 2008a; b). It set up an internal Sustainable Agriculture Steering Group that 

chooses and develops the indicators. The selection depends on the practicality, cost, contestability, 

how convincing it is for stakeholders, responsiveness to management action, and value creation for 

farmers, rural communities and businesses. Eventually, the company measured sustainability using 11 

clusters of indicators (soil fertility and health, soil loss, nutrients, pest management, biodiversity, 

value chain, energy, water, social and human capital, local economy and animal welfare) for peas 

(UK), tea (Kenya, India and Tanzania), spinach (Italy and Germany), tomatoes (Brazil, Australia 

and USA) and palm oil (Malaysia and Ghana). 

 

All UK supermarkets are involved in some way in sustainability, although this ranges from 

aspirations to annual assessment of several SI indicators. Moreover, among the firms that use 

indicators, there are large differences in assurance processes (Jones et al., 2014). Compared to 

production-oriented indicators, these consumption-oriented measures focus more on health and 

ethical issues (e.g. ASDA, 2012). 

 

5.4. Discussion 

Table 2 in section 3.1.3 lists some of the economic, environmental and social outcomes from 

agricultural management. Economic indicators can operate well in data-poor environments and 

most of these indicators are available at the farm level in the UK. Data on nutritional quality of 

produce and crop yield loss from pests and diseases are unavailable. Nevertheless, the latter can 

still be approximated to some extent by the available pesticide use data. Productivity and efficiency 

measures can be inferred from the available data on production, labour and variable inputs. 

 

Most data on environmental indicators are available at the farm and national level. Depending on 

the specific indicator and its measurement, environmental indicators may be data-poor or data-rich. 

As we have seen, biodiversity is often approximated by the number of farmland birds, which is in 

turn sometimes approximated by the ratio of grassland relative to total agricultural land. These data 
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are available. However, several biodiversity measures require more information (e.g. ecosystem and 

genetic diversity), for which data may be more difficult to obtain2. Data on flooding and pollination 

services are also readily available. Air quality, water quality and quantity, GHG emissions and 

carbon sequestration need a data-rich environment and are far too expensive to measure for each 

individual farm, but standard emission factors and models are available that can be tailored to UK 

farms (e.g. Cool Farm Tool). 

 

The social indicators are perhaps the least represented of the three dimensions. Data on direct 

farm employment and cultural value including the landscape character are made available 

respectively by the FBS and the studies that value ecosystem services. Ethical standards and 

health issues are often covered by the supermarkets, or by farm assurance schemes (red tractor; 

RSPCA freedom food) or guidelines (the ‘five freedoms’ for livestock) but may be difficult to trace 

down to the farm level. The FBS provides some information on the degree to which farms are 

providing indirect employment; and recreational access. The FBS dataset and our literature review 

clarify that social indicators are mostly related to the management and networking capacities of the 

farmers. Efficiency and productivity measures tend to indirectly include social indicators as 

explanatory variables. Direct inclusion occurs only rarely. We suspect that this phenomenon can 

be explained by the fact that it is more difficult to obtain a rigorous theoretical framework in which 

social indicators are modelled as goods or bads. 

 

Environmental indicators are implemented more often as goods or bads because there is a more 

obviously meaningful, physical relationship with production. Social indicators such as training, CPD 

and participation in activities are important, but if one would include them as ‘goods’ (more training 

is indeed better), there is an inherent danger that such an integrated efficiency / productivity measure is 

hard to interpret. Although we do not think that a lot of social indicators could be directly implemented 

in an augmented efficiency / productivity measure, we do think that social indicators (e.g. management 

and training characteristics) play a significant role in explaining variations in efficiency / productivity. For 

example, Langton (2011) found that farms with a greater proportionate use of family labour performed 

better in terms of efficiency, even if ‘unpaid’ family labour was costed at its full economic value. 

 

We emphasise that there could be trade-offs between the different objectives and scales. If one 

aims to increase efficiency, it is implicitly acknowledged that there are trade-offs between production 

and labour, effectively treating labour as a ‘bad’. Although employment remains a ‘good’ at the 

macroeconomic level, quality of employment and resulting income are important. The scale used 

also holds for environmental externalities such as biodiversity and GHG emissions. GHG emissions 

and biodiversity are externalities that have an impact that is often distant in time and space from the 

decision maker associated with the externality (Rands et al., 2010). Therefore, many farmers will 

assign a private value that is substantially lower than its societal value (Jackson et al., 2007), 

although this will depend on the attitude of the farmer. 

 

Due to trade-offs between productivity and biodiversity, it is difficult to strike the right policy balance 

between intensification and land expansion. Although the latter option may seem unfavourable, He 

                                                
2 There are better land use variables that can be extracted from FBS data (e.g., percentage of arable crops that are spring 

sown, percentage of grassland area that is rough grazing, number of crop types, percentage of utilised agricultural area 

that is uncropped land). Several of these are used in the agri-environmental footprint and in Westbury et al. (2011). 
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and Hubbell (2011) point out that habitat loss due to land expansion is less detrimental for the species’ 

extinction rate than previously thought. Firbank (2005) suggests that SI at the global level may entail an 

increase in landscape heterogeneity in which some farmers intensify production, others specialise in 

the implementation of environmental objectives being incentivised by agri-environment payments, or 

opt for minimal land management. Unfortunately, the current EU system of agri-environmental 

schemes has not been an unequivocal success in promoting biodiversity (Elts and Lõhmus, 2012).  

 

5.5. Conclusions 

Section 5 presents a review of existing SI measures. It shows that there exist many economic and 

environmental indicators and corresponding studies applied to UK agriculture. This contrasts with the 

scarcity of social indicators and the respective UK studies. The most prominent reason for this 

discrepancy is that whereas economic and environmental indicators lend themselves well to 

quantification, this is not the case for social indicators. This also holds true for integrated SI measures: 

most aggregate indicators only include economic and environmental factors, and few (or no) social 

factors (except for labour). 

 

There is high variability in validation and complexity among SI measures. Online tools for farmers and 

consumers developed by consultancy firms tend to be less transparent about the exact methodology. 

On the other hand, the focus on reproducibility is more pronounced in academic studies in which 

policy makers and academics are the end-users. This tendency is generally also applicable to 

complexity: less complex measures are directed to farmers and consumers, whereas more complex 

measures are directed to academics and policy makers. It is acknowledged that this may be because 

the tools have been created for very different reasons. Nevertheless, complex calculations could in 

principle also be directed to farmers and consumers, as long as the outcomes are easily interpretable. 

There is an inherent difficulty in this exercise, as easily interpretable outcomes tend to be 

aggregate, which may mask implicit assumptions about normalisation, weighting and scale.  

 

In our opinion, there is thus no single ‘perfect’ SI measure among the various measures that we 

have reviewed here. Although SI measures should be tailored to the needs of the end-user (which 

is already the case), the sheer number of and substantial heterogeneity in SI indicators presents 

an extraordinary challenge to fundamentally grasp the notion of farm sustainability. Therefore, it is 

important to evaluate this wealth of SI measures against highly instrumented, fundamental economic, 

environmental and social indicators. In this way, it is possible to make an appropriate selection of 

SI measures that adequately predicts the ‘ground truth’ indicators. 

 

5.6. Approach 

A number of methods have been developed to evaluate the economic, environmental and social 

performance of farms. Measures of economic performance, such as those found in the FBS, are 

well-accepted. However, there is less of a consensus on how to measure non-economic performance 

and on how to relate economic to non-economic performance. The aim of this component of the 

project is therefore to review current methodologies and metrics for further development and integration 

into integrated SI metrics. In developing these metrics, our goal is to develop a rigorous methodology 

that is rooted in standard economic theories of production and the environment. It will therefore be 

replicable and open to refinement as new data sources become available. This will be a two-step 

process of (1) developing farm performance methodologies and (2) developing integrated SI metrics. 
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5.6.1. Developing Farm Performance Methodologies (Objective 1.1A) 

We will take two complementary approaches to the measurement of farm performance. The first 

builds on the FBS, using methodologies developed and applied by members of our consortium; the 

second uses existing models that have, in broad terms, been designed to capture the environmental 

impact of farm management interventions. Our aim is to integrate the two approaches, as appropriate, 

to develop methodologies for deriving accepted measures of economic, social and environmental 

performance of farms for both data-rich and data-poor environments. 

 

The FBS provides a widely recognised methodology for evaluating economic performance at both 

farm and enterprise levels (gross margins). It also collects social and environmental information. 

Through add-on modules carried out on an ad-hoc basis, further information is obtained on farm 

practices such as on-farm energy use, animal health and welfare, countryside maintenance and 

management practices to prevent water pollution. The FBS methodology is specifically designed to 

elicit data at different levels of richness, where richness achieved is a function of both existing 

information on farm and other factors such as the sensitivity of the information collected; inevitably, 

there is a trade-off between ‘richness’ and the ease with which data can be collected. We therefore 

propose to extend and augment this methodology, starting with indicators and management 

interventions currently collected within the FBS. 

 

The approach would be tiered, extending from indicators for ‘data-poor’ backgrounds (for example, 

total level of environmental payments claimed per farm, national data on land use, biodiversity and 

social outcomes) to indicators for situations where more information is available on for example 

farm practices, input use, crop areas and livestock numbers. We will assess the range of existing 

measures, across differing data quality backgrounds, against objective measures of the social and 

environmental outputs from agriculture. Existing indicators would be augmented by outputs from the 

methodologies and models below, where possible applying these to the routinely collected FBS 

data and using approaches employed by other partners (e.g. Firbank et al., 2013b, use farm data 

on crops, soils, livestock numbers, fertiliser use and housing with the FARMSCOPER model to 

estimate emissions of methane and nitrous oxide). In particular, we will develop indicators that 

allow tracking SI over time so that farmers and other stakeholders can assess whether their SI position 

has improved. Our emphasis on the FBS as the basis for environmental and social indicators carries 

the advantage of allowing a ‘retro-fitting’ of our measures to historical data and economic performance. 

 

This scoping study serves as a basis of a comparative study of the two approaches considered above. 

The comparative study will be initiated at a ‘data mashing’ workshop, where tools and approaches 

of partners will be applied, as far as possible, using standardised datasets; output from the workshop 

will form part of the assessment of the performance methodologies with emphasis on model capability 

to generate indicators that can be applied under Objective 1.2A. The assessment will identify a subset 

of methodologies suited to different levels of data richness; we anticipate these will range from 

pure ‘FBS-type’, data-poor indicators, through augmented FBS indicators (for example, an FBS 

indicator augmented by output from different models, similar to the approach used in Firbank et al., 

2013b); to methodologies suited to data-rich environments (for example, a model running alongside a 

farm that has access to rich datasets and monitoring). Criteria for assessment will include ease of 

use as an evaluation tool, prioritisation and targeting of interventions, cost of implementation, extent to 
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which existing on-farm information can be harnessed and suitability for data-rich and data-poor 

environments. The assessment will thus develop a hierarchy of tiered metrics for assessing economic, 

social and environmental performance across the spectrum of data availability. A set of core 

methodologies will be selected and refined on farms within the case study areas. Data from case 

study farms will be used to assess and evaluate (‘ground truth’) the extent to which the selected 

indicators correlate with real performance across economic, environmental and social outcomes. 

 

5.6.2. Developing Integrated SI Metrics (Objective 1.1B) 

The challenge of developing integrated SI metrics is to measure the performance of farms across a 

number of different dimensions (economic, environmental and social) and combine them in a way 

that provides a sound SI measure. SI implicitly recognises that, although we must raise conventional 

productivity, we cannot do this at a cost to the delivery of non-food provisioning ecosystem services. 

In the analysis of conventional productivity, increases occur when farmers move closer to the frontier 

of what is technically possible (increases in technical efficiency), which may differ from situation to 

situation, or the frontier itself moves outward (technological progress), or a combination of the two 

situations (If the frontier itself moves outward, it is possible that the firm’s productivity declines if 

the efficiency of the firm decreases). We will use economic theory and apply econometric methods 

to measure both aspects, incorporating not only conventional outputs and inputs, but also the non-

conventional components that contribute to sustainability. We will derive SI metrics from the 

development of efficiency and productivity analysis that incorporate environmental. Productivity 

analysis adds to the efficiency analysis identification of any scale economies (i.e. efficient farms 

can still improve their productivity by exploiting scale economies). Efficiency and productivity measures 

are useful SI indicators, as they take into account the ‘sustainability’ (scarcity of natural resources 

and inclusion of environmental goods) as well as the ‘intensification’ aspect (productivity growth). 

 

Farm level efficiency analysis entails the estimation of the position of the technological frontier and 

also of farms relative to it. Efficiency compares the actual input use (output production) to the input 

use (output production) of the technological frontier for a given output level (input level). The usual 

approach focuses on conventional inputs and outputs. Our review of literature shows various examples 

of approaches that take into account non-conventional factors, including environmental ‘goods and 

bads’ and, to a lesser extent, social dimensions. The efficiency perspective is very suitable for the SI 

context as it allows us to assess to what extent a farm is able to reduce non-conventional bads for a 

given output level and increase non-conventional goods for a given input level. Moreover, many 

partners have the know-how and the required data of environmental indicators applicable to a scale 

ranging from farm to national level. We therefore propose to conduct an efficiency analysis of FBS 

farms, based on the approach developed by Areal et al. (2012a; b), augmenting measures of 

conventional input and output in the survey with non-conventional measures obtained using the 

methodologies and tools of the literature review. Expressly, we will augment this measure by 

including environmental bads (e.g. nitrogen and phosphorus surplus, CO2 emission) and goods 

(e.g. crop diversity). We will modify the FARMSCOPER tool to obtain values for nutrient use and 

CO2 emission.  

 

Our literature review clarifies that refined methodologies are needed, as environmental and social 

factors have different characteristics than conventional inputs (e.g. disposability assumptions and 

material and energy balance). Successful implementation will in turn enable measurement of the 
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rates at which conventional and non-conventional inputs and outputs can be traded off against one 

another. In addition, the position of an individual farm relative to the frontier can be estimated. This 

will form the basis of a prototype ‘environmental efficiency’ benchmarking tool as well as analysis 

of the factors contributing to good SI performance. By comparing the results to the more detailed 

survey results obtained under Objective 1.2A, we will also be able to gauge the ways in which the FBS 

might be extended to provide better measures and benchmarks of the sustainability of production. 

 

Productivity growth measures the change of ratio of an aggregate of all outputs relative to an 

aggregate of all inputs compared to a benchmark year. The aggregate can be either the quantity or the 

value of output or input. Although both approaches are interesting in light of the SI context, we choose 

for the former approach, as no price information is needed (which is convenient for environmental 

factors) and the particular characteristics of environmental factors can be accommodated for. TFP 

growth can be decomposed into efficiency changes, shifts of the technological frontier and scale 

changes. Moreover, it is possible to assess to what extent environmental goods and bads contribute to 

the TFP changes. Our literature review shows that a Luenberger-linked productivity index provides 

an adequate framework to analyse SI for UK farms. Analogous to efficiency, TFP measures have an 

intuitive appeal and are relatively easy to communicate to stakeholders. 

 

The two approaches that we propose to developing integrated metrics for SI have the further 

advantage of being based on a sound conceptual framework (the neoclassical theory of the firm) 

well-established in the science of production and environmental economics. This will ensure that 

they are comparable to other similar approaches developed internationally and that draw on the same 

frameworks. Although behavioural aspects are important and behavioural economics can address 

important questions, efficiency analysis does challenge the issue of rationality (being inefficient 

could be seen as being irrational: why would you produce your outputs at an input level that could 

be lower?) Current consensus is that firms are mostly inefficient due to differences in managerial 

skills, motivation and knowledge, and that bounded rationality thus plays an important role. 

 

Further investment in the methods that we propose here will also enable us to draw on more 

datasets than will be possible with the resources dedicated to this project. This is likely to entail a 

cross-referencing to other data including surveys of water quality, soil quality and earth observation 

data, some of which have yet to be fully understood in terms of their potential for measuring the 

environmental ‘goods and bads’ from agriculture. Social indicators (e.g. training, CPD and 

participation in activities) will be used to test which managerial interventions are effective in improving 

our augmented efficiency / productivity measure.  
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6. Identification and development of farm management interventions for the 

Sustainable Intensification of agriculture (Objective 1.2) 

 

6.1. Observation and assessment of the performance of commercial farms to identify 

factors that contribute to high economic, environmental and social performance 

(Objective 1.2A) 

 

6.1.1. Introduction: From Data to SI Metrics 

Among researchers and policy makers, there has been much discussion about SI but little quantitative 

analysis. Fumagalli et al. (2011) carried out an analysis of the sustainability of cropping systems on 

arable and dairy farms in northern Italy, developing an indicator-based assessment founded on 

relatively simple data collection. They observed that the same procedure could be applied to data for 

improved management scenarios. Firbank et al. (2013b) sought evidence of SI among leading British 

farms, collecting data on: crop production, GHG emissions, risk to air quality, risk to water quality and 

biodiversity, from both 2006 and 2011. These data were limited to those readily available to the farmer; 

FARMSCOPER was used to model potential levels of pollution from data on land management. Three 

out of twenty farms had increased food productivity and enhanced their environmental profiles and 

were therefore considered to have made progress towards SI. Farmer interviews were important to 

understand why these changes had happened, and helped to separate strategic changes in farm 

businesses from tactical responses to short term variation in weather and markets. The strength of 

this work was that it proved that SI could be demonstrated using limited, already available data. 

 

6.1.2. Relevant Farm Data 

Here we consider some of the relevant data that may be needed to populating SI metrics.  We 

divide them into capital, ecosystem services, drivers of change and contextual data. However, 

economic data that can be used to indicate efficiency and productivity are also important. 

 

Capital 

 
Stocks for agricultural production 

The potential for agricultural production depends on the relevant stocks, which include the land 

areas under particular crops, numbers and breeds of livestock, and rotations. Data on these are 

collated by farmers. Production is supported by stocks of machinery and infrastructure, including 

buildings, manure and slurry management systems, reservoirs, solar panels and AD plants. 

 
Natural Capital 

Natural capital comprises those parts of the natural environment that produce value to people, 

including habitats, biodiversity and soils. 

 

The composition and spatial arrangement of non-cropped habitats (e.g. woodland, field margins, 

hedgerows, ditches, wetland) is typically defined at a broad level (EUNIS Levels 1 and 2) for use in 

agri-environment and whole farm environment plans. It is also possible to measure habitat areas using 

remotely sensed data and aerial photographs, though such imagery has additional error when used to 

estimate particular habitats. 
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Biodiversity is typically indicated by the presence of readily-apparent and charismatic taxa i.e. 

birds, butterflies, moths and pollinators. While there are national biodiversity recording schemes, they 

do not constitute a high quality dataset available for all UK fields and farms, but at least show 

which species are in the landscape around the farm (e.g. RSPB Bird Conservation Targeting Project). 

On-farm biodiversity data are sometimes collected by farmers, researchers or hobbyists, often 

guided by formal protocols such as the breeding bird and butterfly monitoring schemes. Indirect 

measures of biodiversity are typically used that are easy to collect and are more consistent than 

outcomes. Biodiversity scores have been developed using data on engagement with agri-environment 

schemes, and other measures such as the presence of particular habitats and the matching of habitat 

features and crop management regimes with species’ traits. 

 

Carbon stocks are important in farm carbon budgets, and soil organic carbon is an indicator of soil 

quality and hence resilience to extreme weather. Other indicators of soil quality include bulk density, 

soil pH, N and P for which data are collected on most farms. While it is desirable to monitor soil 

functions (e.g. nutrient cycling, decomposition, mineralisation, disease suppression), this is much 

less frequently undertaken. National data are available of soil types, texture, wetness and carbon 

at scales of up to 1km2.  

 
Socio-economic capital 

The business trajectory of a farm depends upon its capital assets of finance (including access to 

credit); access to knowledge and technology; social support and networks and farm health and 

wellbeing. Farmers may not choose to reveal such sensitive information. However, there is the 

potential to indicate some of these factors through engagement with groups etc.  

 

Ecosystem Services 

The Millennium Ecosystem Assessment (2005) categorises these into Provisioning, Regulating and 

Cultural services, plus Supporting services e.g. soil formation, nutrient cycling and primary production. 

 

Provisioning of food and bioenergy 

Levels of agricultural production are recorded at the farm level in terms of yields and price. However, 

food production must be considered in terms of yields, quality and nutritional composition. Quality 

standards are sometimes direct measurements specific to the food item, or sometimes based on a 

quality assured system of food production (e.g. Organic, LEAF Marque etc). Financial value can be 

assessed in terms of farm gate price, retail price etc. Food safety is typically evidenced by participation 

in a quality assurance scheme (e.g. Red Tractor).  Nutritional quality can be characterised by the 

compositional analysis of the foods that are produced; but the nutritional benefits of particular farming 

systems are contested. While some ‘top-down’ studies of sustainability and food security have 

considered the nutritional impact (e.g. people fed per hectare) of agriculture, there is currently no 

consensus as to which indicators of nutritional quality or impact are appropriate at a farm scale. 

This project will propose such indicators in the light of any wider discussions on these topics. 

 

 Animal welfare 

For the AssureWel programme, welfare outcomes are assessed during inspections of farms in 

participating assurance schemes. Data collected to populate metrics varies between species, but 

can include factors such as condition, mobility or lameness, cleanliness and mortality. Individual 

farm data is used to inform assurance decisions, and the aggregate data to target advice and KE 
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according to risk. The data and analysis is informing standards development and underpins an on-

line benchmarking tool that farmers may use for self-assessment and continuous improvement, for 

which training is available. 

 

Regulating services 

The Millennium Ecosystem Assessment (2005) identifies regulating services as global and regional 

climate regulation, air quality regulation, water regulation, erosion regulation, pest and disease 

regulation, natural hazard regulation, water purification and waste treatment and pollination.  

 

Agricultural systems can be both sources and sinks of the GHGs. Nitrous oxide (N2O), the most 

powerful GHG, is released as a result of microbial transformation of N in soils and manures, notably 

under wet conditions. Carbon dioxide (CO2) is produced largely from the decay and burning of plant 

products, litter, soil organic matter and fossil fuels. Methane (CH4) emissions are mainly associated 

with enteric fermentation in the rumen, but can also be released by soils and manure. The soil is a 

major store of carbon, and land use change can either sequester carbon (if soil carbon is enhanced 

e.g. by switching from arable to woodland) or release CO2 (e.g. by ploughing grassland). Emissions 

are usually estimated using a series of emission factors linked to actions and the use of fossil fuels, 

using software such as the Cool Farm Tool and FARMSCOPER. They can in turn be linked to yields, 

crop areas, numbers of livestock and levels of inputs as desired. 

 

Losses of ammonia to air, or nitrates and nitrites to water, are typically estimated by tools such as 

FARMSCOPER on the basis of factors such as levels of fertiliser application and soil type. Farm 

level nutrient balances can also provide a measure of environmental risk. Such estimates do not 

always capture actions by farmers intended to reduce levels of pollution. The degree to which land 

management slows down surface water, which generates the ecosystem service of flood management, 

is influenced by topography, vegetation cover, soil management and drainage. These factors also 

influence the movement of faecal pathogens and their indicator organisms, coliforms and enterococci, 

into water courses. Livestock, manures and slurries can all be sources of these organisms.  

 

Cultural services 

Cultural services from ecosystems include recreation, tourism, heath, heritage, education and spiritual 

goals. Some of these are far easier to capture than others; thus visits to the LEAF Open Farm Sunday 

give a measure of the educational services given by the farming community, while empirical evidence 

of the spiritual value of farmed landscapes is very hard to find. Furthermore, some cultural services are 

best assessed at landscape scales (e.g. value of environmental settings as expressed by house prices) 

rather than at the level of individual farms (Church et al., 2011). This study will focus on indicators that 

are measurable at farm scale. Thus, the use of paths and bridleways indicates the extent to which the 

public may use the farm; levels of public engagement by farmers (including school visits, open farm 

days, bed and breakfast provision, and direct sales of food to the public) all give measures of social 

activity while quality-adjusted labour input (including local employment and staff welfare) is a potential 

measure of the socio-economic benefit that the farm gives to the local community.  

 

Management actions as drivers or surrogates 

These will be important in the identification of factors that contribute to high economic, environmental or 

social performance. Actual levels of stocks and ecosystem services are heavily influenced by actions of 

the farmer. Thus crop yield is strongly influenced by choice of crop, nature and timing of cultivation, 
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nature and timing of fertilizers and pesticides. Levels of biodiversity are strongly influenced by the 

management of habitats and landscapes, while the risk of diffuse pollution to surface waters can 

be estimated by how the catchment is managed and the precautions and awareness of the farmers 

in it. Such habitat data is often used to indicate biodiversity, as the data are readily captured by the 

farmer. Similarly, information on the creation and maintenance of infrastructure for public access (e.g. 

paths, bridleways, visitor areas, signs) is easier to capture than data on actual use of these facilities.  

 

Just as management actions influence agricultural production and ecosystem service delivery, so 

the plans and intentions of the farm manager shape the management actions. An understanding of 

farm strategy, values and approach to innovation can therefore be helpful when considering which 

interventions may be most appropriate to enable a farmer to implement IFM or achieve SI. In many 

cases intentions are explicitly recorded within contracts for food production or for agri-environment 

payments. Regulations and cross compliance can normally be factored into the intentions of land 

managers, as can membership of accredited systems such as Organic, LEAF Marque or Red Tractor. 

 

Contextual data 

Contextual data are those that help explain variation among farms and business units, but do not 

contribute directly to metrics. They include: agricultural land class and soil type; climate, topography 

and landscape structure; proximity to natural and human resources (e.g. markets, nature reserves); 

household structure and sources of income; business structure (including use of contractors), 

vertical integration with other actors in the food chain and co-operation with neighbouring farms 

 

6.1.3. Data Sources and Acquisition 

Farm data relevant to SI metrics are collected in numerous ways, which vary greatly in coverage, 

quality and accessibility to other users. 

 

Census data 

Census data covers the entire population under study. Census data relevant to SI is increasingly held 

in spatially-explicit databases, for land cover, topographic data, soils data and biodiversity data. Defra 

conduct a census of cropping activities, land use, livestock populations and labour force every ten 

years, with surveys conducted in the intervening years. Data held for example within the cattle 

tracing scheme, agri-environmental scheme records and the Basic Payment Scheme (BPS) can be 

regarded as annual census data. There are occasional biodiversity atlas programmes that map the 

occurrence of different species; the last complete UK Plant Atlas was published in 2002 to a 2 x 2 km 

resolution. The National Biodiversity Network allows for the latest biodiversity data to be searched for 

any part of the UK, but they may reflect different levels of searching effort and scales of reporting. 

 

Data availability is changing rapidly. For example, the EU will be launching two Sentinel-2 satellites 

during 2015 that will provide multispectral data down to 10m resolution every few days, giving detailed 

information on vegetation cover and condition.  

 

Sample data 

Samples are used to reduce resource needs. At high levels of aggregation, the cost savings can 

be well worth the additional uncertainty, but the coverage of individual farms obviously becomes 

patchy. Thus the Defra June Survey is a stratified random survey of farms to provide ongoing 
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information on agricultural trends between agricultural censuses. The FBS is stratified by farm types 

and geographic regions, and excludes the smallest farms. Farms are retained in the sample for 

several years to provide continuity. Other examples of surveys that collect relevant information include 

the British Survey of Fertiliser Practice, the Farm Practices Survey and the Pesticide Usage Survey. 

 

Agriculture in the UK 

The ‘Agriculture in the United Kingdom’ series of annual publications collates data from multiple 

sources to cover land use, productivity, financial and business information, the food chain, public 

payments, trade and environmental impact. Sustainable food system (Defra, 2011) and Agri-

environment (https://www.gov.uk/government/statistical-data-sets/agri-environment-indicators) 

indicators are published separately. Not all of these data are updated annually or are collected at the 

level of the individual farm. This means that while it is possible to identify overall trends in performance 

(e.g. national relationships between changing farming systems and farmland bird populations), data 

within this publication do not include farm-scale data for a full suite of SI metrics.  

 

Data collected by farming organisations 

One of the main resources available to members of LEAF is the LEAF Audit. This is a self-assessment 

tool that acts as a framework for farmers to implement IFM across the whole farm business and 

includes benchmarking, action planning and further information for users. LEAF runs an independently 

inspected farm assurance scheme, the LEAF Marque, which demonstrates compliance with IFM 

principles and beneficial environmental practices. The Soil Association sets and certifies c. 2,000 

farmers and growers to organic standards. Organic standards mainly certify practices and so do 

not guarantee farm or product-specific outcomes. While the comparative environmental, social and 

animal welfare benefits of organically certified production systems are increasingly well-evidenced 

in general, these are not routinely quantified for each farm as part of the certification process. 

 

External audit / inspection vs self-assessment  

Inspection regimes associated with food assurance (e.g. Red Tractor, Soil Association, LEAF Marque) 

involve visits to member farms, the numbers of which vary between schemes and farming sectors. 

Monitoring programmes (e.g. of biodiversity, performance of agri-environment schemes, the CEH 

Countryside Survey) typically involve farm visits selected using stratified random sampling. While many 

forms of data are best collected from some farmers through visits and phone calls, the LEAF Audit and 

Defra Farm Surveys depend on the farmer completing returns online or by post i.e. self-assessment. 

 

Automatic farm-level data collection  

There is an increasing potential for data to be provided automatically, both directly from sensors 

and as outputs from farm management software. In future data might flow directly into tools that 

produce indicators of farm performance or SI metrics. It is expected that the proposed UK Centre 

for Agricultural Informatics and Sustainability Metrics will facilitate such developments. However, 

there are important questions around data protection and ownership. 

 

Data from bespoke sensors 

Many farmers are already collecting much more detailed data on soils, crops, livestock and 

livestock housing using sensor networks supporting precision management systems. These may 

be fixed, or mounted on tractors, animals and drones. There is potential for sensors that collect 

https://www.gov.uk/government/statistical-data-sets/agri-environment-indicators
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more difficult data, such as biodiversity, using techniques that include using cameras with visual 

recognition and DNA barcoding to characterise biodiversity within soil samples.  

 

Farm and food chain management data and software 

There are several tools on the market that combine farmer data to support decision making and 

traceability. Muddy Boots focuses on data required for quality assurance; Cool Farm Tool offers 

carbon footprinting, and FARMSCOPER addresses risk of diffuse pollution. Several companies 

support ‘precision farming’ through the collection of detailed soil and yield records, used to guide 

the application of inputs, while integration of weather and crop pest forecasts to inform farming 

operations is now available in the US. Precision farm management uses data generated from 

multiple sources, at levels of detail not possible before. However, such techniques are not yet 

universal and the quality standards have not been rationalised. Farmers currently use the data for 

their own business improvement, with data analysis supported by companies, but such information 

is generally treated as commercial in confidence and not collated for comparison purposes. 

 

6.1.4. Data Issues 

There are several important issues to be addressed when considering which data should be used 

to compare performance with respect to SI, and how they should be collected: 

 

Data quality and accessibility 

Provision of data relevant to SI metrics is evolving rapidly. This means that coverage is often patchy 

and data are often commercial in confidence, making accessibility difficult. Also, the use of models 

and conversion factors to estimate outputs from management decisions (e.g. the use of GHG emission 

factors) introduces an additional level of uncertainty in estimating performance of individual farms.  

 

Setting common standards for metrics is therefore critical. Thus the Carbon Trust promotes the 

move to a low carbon economy partly by the development of standards for carbon footprinting. The 

Centre for Agricultural Informatics and Sustainability Metrics will have a major role in streamlining 

the accessibility of new forms of data. 

 

Data structure and units of measurement 

The units of variables used to construct SI metrics are typically either standardised (for example areas 

are recorded in hectares (Ha) and GHG emissions in CO2 equivalents) or set at the unit of reporting 

(often the governance region e.g. whole farm, a business or NUTS administrative area). SI metrics can 

be reported in multiple ways, including per unit product (e.g. per kg of yield), input (e.g. per kg of N 

fertiliser) or area used to grow the item (e.g. per ha, taking into account land used to grow any imported 

feeds). This flexibility is only possible if the data are collected and managed in a highly dis-aggregated 

form. Disaggregated data management also allows re-analysis of historic data under new forms of 

data synthesis. 

 

Advancing technologies 

Sources of available data are multiplying rapidly, including novel sensors, remotely sensed data, 

environmental data etc. Defining data requirements in terms of current data sources is therefore 

poor practice. It is far better to specify the data that is required, along with metadata and quality 

standards, so that new sensing techniques and monitoring methods can be incorporated without 
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requiring a major change in how the indicators are defined. Evaluation of some novel data sources 

may be outside the scope of this project. 

 

6.1.5. Approach 

Objective 1.2A has two main deliverables: 

Deliverable 1: An assessment of the performance of commercial farms within the SI Platform study 

areas, and a comparison of the relative performance of different systems for the most prevalent 

farm types; 

Deliverable 2: The identification of factors that constitute SI, or potential SI interventions, for 

different farming systems in a given area. 

 

These will be achieved by collating data from individual commercial farms, analysing them to assess 

their performance in relation to SI, and identifying factors and interventions that have an impact on 

the achievement of SI. This will involve: 

¶ Identifying appropriate data to be collected; 

¶ Identifying appropriate timings and scale of data collection; 

¶ Identifying an appropriate sample of farms; 

¶ Undertaking data management and analysis. 

 
For deliverable 2, in addition to interviewing farmers about the interventions that they are applying 

or are interested in, we will undertake a review of literature on interventions, their relative success 

(in terms of results, achievements and uptake) and limitations, ease of implementation and future 

potential. We will also hold a workshop to prioritise current interventions to test across the range of 

agricultural enterprises, and carry out a horizon scanning exercise to identify future intervention 

opportunities that could be developed to aid SI. Potential prioritisation criteria for the testing of 

current interventions include: 

¶ Good evidence of potential to improve SI performance; 

¶ Relatively unproven or undemonstrated in practice, or not widely practised; 

¶ Amenable to focused farm-scale research over two or three years; 

¶ Broadly applicable in one or more UK farming sectors; 

¶ Currently available, or close to market. 

 

Identifying appropriate data to be collected 

The extent to which farms are making progress towards SI will be assessed using those indicators 

developed under Objective 1.1. Therefore, the data collected must be capable of populating these 

metrics, to consistent standards at the farm scale, across all farms studied. Furthermore, the 

identification of factors and interventions that support SI requires that that the SI metrics can be 

disaggregated. Contextual data are needed about the natural, social and business environments, and 

about actions and interventions that may impinge on the achievement of SI. Some of this contextual 

data involves farmer attitudes, ambitions and values, which can only be obtained by interview.  
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The final choice of data to be collected depends on the outcome of the development work within 

Objective 1.1, along with contextual data to identify factors that contribute to SI at farm level. These 

data will be taken from spatially explicit databases of soils, topography, climate, land cover and 

biodiversity; from farm agricultural and business records, and interviews.  

 

Identifying appropriate timings and scale of data collection 

SI is a dynamic process that can only be assessed over time. The longer the time series, and the more 

frequent the observations, the greater the confidence that a long term SI trend can be detected from 

the noise of short term changes in land management, productivity and ecosystem services in response 

to fluctuations in weather and markets and rotations. Resurvey is therefore an essential part of the 

study design. It is also the only way to evaluate the effects of some interventions on SI at the whole 

farm scale.  Data collection will therefore take place during 2015, the earliest feasible time, with 

resurveys during 2017, the latest time consistent with the reporting schedule of this project. This may 

not be long enough to observe all, or final, effects but those that can be detected will, where possible, 

be used to indicate longer term impacts that have been observed within other studies. The outcomes of 

some actions intended to enhance SI depend on the broader landscape and catchment contexts, 

and what neighbouring farmers are doing. This will be addressed in Project 2. 

 

Identifying an appropriate sample of farms 

For this work package, the population is perhaps best seen as the entire set of commercial agricultural 

holdings and the land they occupy (whether owned, rented or share farmed). However, not all data 

sources use the same unit of measurement or thresholds. For example, the FBS is limited to farm 

businesses that are full-time or part-time commercial undertakings of a size of at least €25,000 of 

Standard Output. As much of the data is likely to be new (building on existing data where suitable 

and available), and collected directly from commercial farms through a survey, sampling is required. 

This will ideally be stratified by farm type, size or other relevant parameters identified through 

preliminary information-gathering in the planned survey areas, and will aim to take account of the 

spatial classifications that are being considered within SIP Project 2. 

 

The SIP is focused on a set of a study areas (farms and landscapes), which will be used to examine in 

detail how different interventions can enhance SI. The study areas will represent major farming types, 

and will take advantage of existing monitoring infrastructure and relationships with other farmers. Five 

study farms have been selected, according to the criteria given in Section 6.2.4. Each study farm 

will be the hub for a network of commercial farms in its vicinity. This work package will focus on these 

study farms and farm networks, ensuring maximum read across with SIP Project 2 and Objective 1.2B. 

We may need to sample additional farms to cover farm strata that are not otherwise represented. 

Selection of commercial farms within each network will take account of the need for results to be 

transferable more widely and therefore avoid those that could be considered too atypical.   

 

Undertaking data management and analysis 

Data from each farm will be collated, managed and archived in a dis-aggregated form, in accordance 

with the SIP Data Management Plan. Deliverable 1 (‘An assessment of the performance of commercial 

farms within the SI Platform study areas, and a comparison of the relative performance of different 

systems for the most prevalent farm types’) will be achieved by applying the integrated SI metrics, 

to be developed in Objective 1.1B, to the sampled farms at both times. Performance is therefore 

indicated by performance at baseline and changes between baseline and follow-up survey.  
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Deliverable 2 (‘The identification of factors that constitute SI, or potential SI interventions, for 

different farming systems in a given area’) will be undertaken by a combination of multivariate 

statistical analysis of data collected through the surveys, plus interpretation using interviews of the 

farmers. We propose to quantify potential pathways to SI for farms using tools such as Bayesian 

Belief Networks, but it is not clear at this stage how robust this approach will prove. 
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6.2. Experimental testing of innovative practices and technologies on study farms 

for the Sustainable Intensification of agriculture (Objective 1.2B) 

 

6.2.1. IFM and other practices that may contribute to SI 

SI is not an easy goal to attain. The adoption of new technologies will be important as well as modifying 

existing practices. Underwood et al. (2013) identified 33 management options for cropable land 

within European Agriculture that provide co-benefits for climate change mitigation or adaptation, 

biodiversity and/or productivity. Most of these are captured in Tables 2.1 to 2.3. They include 18 

general cropping related options, 6 specific to grassland and 7 related to land use change. A further 12 

management actions were identified within livestock farming that could impact on climate change 

mitigation or adaption, other environmental outcomes and/or productivity. Of these 7 related to 

livestock and 5 to grazing or pasture management. 

 

A review by Chappell and LaValle (2009) concluded that food security and conserving biodiversity 

are not incompatible and that appropriate agricultural practices can achieve both. Morandin et al. 

(2007) showed that, in intensively-farmed areas, mosaics of land use types may be better for wild 

bee populations, and potentially crop yields (through improved pollination), than wall-to-wall tillage 

crops, concluding that creating agricultural areas that integrate land use and ecosystem function is 

a practical approach to promoting sustainable agriculture practices. Kremen & Miles (2012) found 

that, compared to conventional farming systems, biologically diversified farming systems support 

greater biodiversity, soil quality, carbon sequestration, surface water-holding capacity, energy-use 

efficiency and resilience to climate change, and can enhance weed, disease and arthropod pest 

control and pollination services. They concluded that it may be possible to design diversified 

farming systems that are equally productive and maintain or enhance provision of ecosystem 

services, but that integrated whole-system studies of the influence of different farming practices on 

multiple ecosystem services are needed to develop optimal farming systems for specific regions and 

to reduce any yield gaps between diversified and conventional cropping systems. 

 

Newton (2004) examined causes of declines in farmland bird species and potential conservation 

actions. The practicality of combining productive arable farming with the provision of food and habitats 

for birds has been tested by the Royal Society for the Protection of Birds (RSPB) at their ‘Hope’ 

trial farm and by the Game and Wildlife Conservation Trust (GWCT) at their Allerton Project farm 

(Stoate, 2008). Hole et al., (2005) identified the preservation of mixed farming as one of three broad 

management practices that are fundamental to organic farming, and particularly beneficial for farmland 

wildlife. However, this may not be economically attractive at an individual farm scale (Dicks et al., 

2013). Eltun et al. (2002) compared yield, economic, environmental and soil fertility effects of three 

farm management approaches (conventional, integrated and ecological) on arable and forage cropping 

systems in Norway. They found that yield reductions with integrated or ecological approaches were 

larger for cereals crops than for potatoes or forage crops and concluded that it was easier to maintain 

yield levels when reducing cropping intensity in mixed farming systems with livestock than all-arable. 

 

The SAFFIE project (HGCA, 2007) identified 6 approaches to enhancing arable biodiversity, 

including: Skylark plots, wild flower margins, opening up grass margins and use of selective herbicides 

in spring. Farm4Bio (HGCA, 2011) demonstrated how on-farm biodiversity could be enhanced through 

efficient use of uncropped land and simple management techniques with minimal impact on farm 
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management or profitability. It formed part of the evidence base for the Campaign for the Farmed 

Environment (CFE). CFE lists 22 voluntary measures (www.cfeonline.org.uk/cfe_voluntarymeasures/) 

that could be adopted on-farm to benefit the environment. These include: grass strips, cover crops, 

pollen and nectar mixes, species-rich temporary grass, Skylark or Lapwing plots, unsprayed or 

uncultivated field margins, field corners, overwinter stubbles, supplementary winter feeding and 

beetle banks. The web resource Conservation Evidence (http://www.conservationevidence.com/) 

provides information about the effectiveness of a range of conservation interventions for maintaining 

or restoring biodiversity, including: bee and bird conservation, farmland conservation, natural pest 

control and soil fertility. 

 

Malézieux (2012) proposed the design of ‘ecologically intensive agroecosystems’ whereby 

cropping systems are developed that mimic natural ecosystems. Maintaining soil fertility through 

soil cover, the provision of suitable habitats for polyphagous predators and the use of plant properties 

to control or repel pests were suggested as potential approaches. Bommarco et al. (2013) called for 

research into the enhancement of crop productivity through the integration of regulating and supporting 

ecosystem services, noting the importance of relations between land use at different scales and the 

community composition of above and below ground organisms that provide ecosystem services. 

  

Conservation Agriculture (CA), Integrated Plant Nutrient Management (IPNM) and Integrated Pest 

Management (IPM) are all highly relevant to SI. The main principles of CA (FAO, 2014) are: minimum 

mechanical soil disturbance; permanent organic soil cover and diversified crop rotations (including 

cover crops). Cultivations are a major driver in altering earthworm and microorganism communities 

of in arable soils (Kuntz et al., 2013), with reduced tillage offering an opportunity to increase earthworm 

densities and a shift towards fungal rather than bacterial decomposition of organic matter. Zero-tillage 

has the potential to help mitigate climate change, not just through carbon sequestration but potentially 

through increased surface cooling, resulting from the increase in the proportion of sunlight reflected 

compared to ploughing. The importance of this at a national scale is uncertain, but could be in excess 

of 1OC locally in agricultural areas in Northern Europe (Davin et al., 2014). 

 

Soil and nutrient management is central to ecosystem service delivery (Firbank et al., 2013a). Nutrient 

and water management are key to closing the yield gap (between observed and attainable yields) 

and reducing the environmental impact of agriculture (Mueller et al., 2012).  It may be possible to meet 

agronomic and environmental objectives at the same time through optimisation of soil functions, 

but these may have to be targeted separately at a national level rather than a local scale (Schulte, 

2012). Williams and Hedlund (2014) compared the effects of farming method (conventional versus 

organic) and landscape heterogeneity on various chemical and biological indicators of soil ecosystem 

services, plus crop yield, in southern Sweden. They found no effects of landscape heterogeneity, 

and no differences in measured soil / microbial variables between farming methods except higher 

net N mineralisation in organic systems. Conventional farms had higher yields, with no evidence of 

a trade-off between yield and level of supporting ecosystem services. It was noted that ‘organic’ 

and ‘conventional’ cover a wide range of approaches, and concluded that research to develop 

sustainable methods should focus on the effects of specific farming practices.    

 

Simply Sustainable Soils (LEAF, 2011) identifies 6 steps to improving the performance, health and 

sustainability of their soils: structure, drainage, compaction, soil organic matter, soil pH and nutrients 

and biological health. Soil amendments have the potential to improve not just these but other soil-

http://www.cfeonline.org.uk/cfe_voluntarymeasures/
http://www.conservationevidence.com/
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related facets and crop yields. For example, green waste compost was found to ameliorate the 

effects of take-all (Gaeumannomyces graminis var. tritici) in winter wheat with associated 

improvements in plant growth, yield and grain quality (Tilston et al., 2005). Simply Sustainable 

Water (LEAF, 2012) identifies 6 steps to help develop an effective on-farm management strategy 

for efficient water, improving quality and availability for the farmer as well as improving their contribution 

to protecting water in the environment. 

 

As a component, of IFM, IPM has shown the potential to reduce pesticide use and increase yields 

globally (Pretty, 2005). IPM is compatible with both organic and conventional farming systems, and 

offers a toolbox of complementary crop protection solutions. The challenge now is to integrate these 

with other technologies to create effective and sustainable strategies (Birch et al., 2011). A report 

by NIAB (2003) investigated varietal characteristics required for sustainable agriculture in five arable 

crop species. Reduced fertiliser N requirement, early crop vigour, plant competitive ability, disease 

resistance and higher genetic yield potential were among the traits considered to have the most 

potential to enhance sustainability. There may be scope to improve the identification and selection of 

varieties with at least some of these characteristics, for growing on-farm. 

 

Eisler et al. (2014) recently identified steps to sustainable livestock production that can assist in 

developing livestock SI: i) feed less human food to animals; ii) raise regionally appropriate animals; 

iii) keep animals healthy; iv) adopt smart nutritional supplements; v) eat quality not quantity of 

animal products; vi) tailor practices to match local cultures; vii) track the true cost of the system. 

These simple principles centre on resilience of the whole enterprise rather than driving for ever 

increasing productivity. Systems which are high output through high inputs e.g. Holstein genetic 

dairies are unlikely to be the most efficient. SI relies on efficiency across the system reducing external 

outputs and interlinking enterprises. Reduction and mitigation of GHG emissions from agriculture is 

important. The separation of the dairy and beef sectors has resulted in significant loss in efficiency 

and complementarity from both sectors. 

 

There is a need to rely on more on-farm grown feed within livestock sectors and replace human food 

(cereals and grains) with alternative sources e.g. in the monogastric industry alternative protein 

sources such as insects and food waste; and in the ruminant sector a greater reliance on pasture, 

by-products and non-protein N. In the ruminant sector there is a need to reassess the genetics of 

animals to focus on the benefits of ruminal fermentation to provide human edible high quality nutrition 

from low quality animal feed. Currently in many circumstances within high production scenarios 

ruminants, by name only, are treated as monogastric livestock through a reliance on energy dense 

feed to drive artificial genetically-driven performance thresholds (e.g. 30+ litres of milk/day) which 

pasture can no-longer achieve. Such breeding practices have implications not only for feed 

requirement but fertility, lameness and muscle deposition of male off-spring, all of which reduce SI 

of the system. Feeding strategies and manure management are critical within livestock farming, but 

may have different impacts depending on the farming system (Dutreuil et al., 2014). Whole-farm, 

integrated decision support tools are needed to help address all aspects of manure management 

and identify the most appropriate system for a given livestock farm (Karmakar et al., 2007). 

 



60 

6.2.2. Exemplars of innovative practices and technologies to test  

Many of the above management practices present opportunities to test for their impact on SI. 

Tables 5.1 to 5.3 align some of the potential new practices and technologies for crop production, 

animal production and biodiversity respectively with the key IFM areas. Some practices are 

relevant to multiple enterprises or targets. Community engagement is not included in the tables, 

but it is acknowledged as an important aspect of IFM even though it is not as easy to identify 

potential contributory practices and technologies. 
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Table 5.1. Example on-farm practices or technologies that could support SI: crop production. 

 

IFM areas* Practices (emerging technologies in italics) 

Organisation 
and Planning 

Crop rotations 
 

Soil 
Management 
and Fertility 

Improve understanding of soil properties and degree of organic matter 
Reduce tillage to minimum or no till 
Reduce soil compaction by using lighter machinery and less-inflated tyres 
Plant cover / catch crops (green manures) 
Plant legumes: require less nitrate and increase N levels for subsequent plantings 
Use soil amendments including Biochars and Arbuscular myccorhizal fungi 
Incorporate crop residues into soil to enhance carbon storage 

Crop 
Management 

Bi-cropping; Mixed cropping; Companion planting 
Modify sowing or planting dates 
Precision farming to control plant spacing 
Grow crops with more dispersed root system to improve nutrient uptake 
Grow varieties with more efficient nitrate usage 
More efficient use of fertiliser: variable / targeted application at field or plant level 
Use new sensor technologies and platforms; Robotics; Drones 
Integrate crop and soil data sets to better target inputs with precision methods 

Crop Health 
and Protection 

Integrated Pest Management 
Grow insect resistant varieties that require less insecticide 
Adjust planting or harvesting dates to reduce pests 
Apply pesticides only when pests reach threshold level 
Use novel forecasting systems or informatics to give early warning of disease 
More efficient use of pesticides – variable rate application (matching input level 
to risk or requirement), patch spraying 
Use traps to detect / monitor insects 
Push-pull pest management 
Select crop types that encourage natural predators 
Grass margins or beetle banks for pest control 
Alter timing of pesticide application to promote natural predator populations. 
Plant health promoters or elicitors 
Sentinel (early warning) plants for pest or disease attacks 

Pollution Control 
and By-Product 
Management 

Contour farming - plough across rather than down slopes prone to flooding 
Use alternatives to mineral fertilisers e.g. municipal composts, slurry 
Use locally sourced manure as fertiliser 
Assess potential for N, P, K losses to improve decisions about levels of inputs 
Use of nitrification inhibitors; Apply nitrates only in the spring 
P recycling 

Energy 
Efficiency 

More fuel efficient machinery; Machinery that requires fewer tractor passes 
Installing solar PV or wind turbines; Anaerobic digesters 
Better insulation in farm buildings; Heat exchange systems. 

Water 
Management 

Sow crop types with deep roots 
Grow drought-tolerant varieties that take up and use water efficiently 
Sow crop types that have increased resistance to flooding 
Water conservation; Rain-water harvesting / use grey or green water for irrigation 
Drip irrigation: water applied directly to individual plants 
Precision irrigation: target delivery of variable amounts of water effectively 

Landscape and  
Nature 
Conservation 

Minimise pesticide use and choose selective pesticides (encourage pollinators 
and natural predators) 
Select crop types that encourage natural predators 

 
* With the addition of ‘Crop Management’ as some practices are not obviously linked to the IFM areas. 
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Table 5.2. Example on-farm practices or technologies that could support SI: livestock production. 

 

IFM areas* Practices (emerging technologies in italics) 

Organisation 
and Planning 

Use more suitable livestock to the system (required inputs and outputs) 

Soil 
Management 
and Fertility 

Improve understanding of soil properties and degree of organic matter 
Reduce tillage to minimum or no till 
Reduce soil compaction by using lighter machinery and less-inflated tyres 
Plant legumes: require less nitrate and increase N levels for subsequent plantings 

Crop 
Management 
(Grassland and 
forage) 

Reduce frequency of cutting of pasture to enhance natural predators 
Change timing or intensity of cutting or grazing to promote flowering 
Grassland renewal 
Grow crops with more dispersed root system to improve nutrient uptake 
More efficient use of fertiliser: variable / targeted application at field or plant level 
Use new sensor technologies and platforms; Robotics; Drones 
Integrate crop and soil data sets to better target inputs with precision methods 

Crop Health 
and Protection 

Integrated Pest Management 
Grow insect resistant varieties that require less insecticide 
Apply pesticides only when pests reach threshold level or use spot treatment 
Grass margins or beetle banks for pest control 
Alter timing of pesticide application to promote natural predator populations. 

Animal 
Husbandry 

Breeding for greater feed efficiency and fertility traits 
Linking dairy and beef sectors for maximum efficiency 
Higher animal welfare and health 
Improve livestock diets 
Develop feed supplements to improve nutrient use efficiency and animal health; 
Improve the quality of the product (nutrient content and welfare) 
Minimise impact of disease by veterinary and management intervention e.g. 
parasitic helminths, BVD 
Better biosecurity – monitoring 

Pollution Control 
and By-Product 
Management 

Greater use of by-products into animal feed; 
Use alternatives to mineral fertilisers e.g. municipal composts, slurry 
Use locally sourced manure as fertiliser 
Assess potential for N, P, K losses to improve decisions about levels of inputs 
Use of nitrification inhibitors; Apply nitrates only in the spring 
P recycling 
Prevent erosion by livestock by providing water troughs away from river banks 
or hard-standing access to watercourses 

Energy 
Efficiency 

Installing solar PV or wind turbines; Anaerobic digesters 
Better insulation in farm buildings; Heat exchange systems. 

Water 
Management 

Sow grasses/legumes with deep roots 
Grow drought-tolerant varieties that take up and use water efficiently 
Sow crop types that have increased resistance to flooding 
Water conservation; Rain-water harvesting / use grey or green water for irrigation 

Landscape and  
Nature 
Conservation 

Protecting and restoring natural and semi-natural grassland 
Remove less fertile areas of land from production (buffers, hedgerows, 
grasslands, woodland etc) 
Improve diversity of non-productive land 
Reduce cutting of hedgerows to benefit pollinators 
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Table 5.3. Example on-farm practices or technologies that could support SI: biodiversity. 

 

IFM areas* Practices (emerging technologies in italics) 

Organisation 
and Planning 

Crop rotations 
Diversify income 

Soil 
Management 
and Fertility 

Improve understanding of soil properties and degree of organic matter 
Reduce tillage to minimum or no till 
Plant legumes: require less nitrate and increase N levels for subsequent plantings 

Crop 
Management 
 

Reduce frequency of cutting of pasture to enhance natural predators 
Change timing or intensity of cutting or grazing to promote flowering 
Put in wild flower strips – pollination and biodiversity services 
Winter cover crops / bird food crops / overwinter stubbles 
More efficient use of fertiliser: variable / targeted application at field or plant level 

Crop Health 
and Protection 

Integrated Pest Management 
Minimise pesticide use and choose selective pesticides (encourage pollinators 
and natural predators) 
Mulch provides habitat / food for natural predators and suppresses weeds 
Grow insect resistant varieties that require less insecticide 
Apply pesticides only when pests reach threshold level or use spot treatment 
Select crop types that encourage natural predators 
Grass margins or beetle banks for pest control 
Alter timing of pesticide application to promote natural predator populations. 

Pollution Control 
and By-Product 
Management 

Assess potential for N, P, K losses to improve decisions about levels of inputs 
Use of nitrification inhibitors; Apply nitrates only in the spring 
P recycling 
Prevent erosion by livestock by providing water troughs away from river banks 
or hard-standing access to watercourses 

Energy 
Efficiency 

Installing solar PV or wind turbines; Anaerobic digesters 
Better insulation in farm buildings; Heat exchange systems. 

Water 
Management 

Sow grasses/legumes with deep roots 
Grow drought-tolerant varieties that take up and use water efficiently 
Sow crop types that have increased resistance to flooding 
Water conservation; Rain-water harvesting / use grey or green water for irrigation 

Landscape and  
Nature 
Conservation 

Remove less fertile areas of land from production (buffers, hedgerows, 
grasslands, woodland etc) 
Improve diversity of non-productive land 
Reduce cutting of hedgerows to benefit pollinators 
Landscape design, so that there are areas of natural vegetation near crops. 
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6.2.3. Exemplar Platforms for Testing Farm Practices 

 

In the current project a suite of study farms will be selected to assess fully the selected SI interventions 

that offer the greatest potential impact on the specific sector or will most easily be adopted by the 

farming community. Carrying out intervention research to move towards SI, on scientifically controlled 

sites certainly is not new and the project will learn from past and current projects that are tackling 

SI interventions. A few of these exemplar platforms are given below.  

 

Allerton Project 

The Allerton Project has been running since 1992 and represents a research platform in which 

experienced resident staff guide and support research in collaboration with numerous other 

research organisations. The results of a suite of Defra and EU funded research projects on the 

farm at Loddington provide data that are relevant to this objective, most notably on issues 

associated with arable crops, soil management and farmland ecology. The Allerton Project runs a 

farm scale (155 ha) catchment as a research platform and demonstration of ecosystem services at 

and adjacent to its research and demonstration farm at Loddington. The catchment is mixed arable, 

pasture and woodland, and while most research has been on arable, there is currently research 

activity on sheep nutrition and parasites. Research results from this project have considerable 

relevance to our understanding of landscape scale environmental and economic objectives and 

associated landscape-scale design. As well as historical/baseline data on crop yields, soil nutrients 

and biota (earthworms and microbial biomass), aquatic and terrestrial biodiversity (macro-inverts, 

diatoms, pollinators, birds etc), archaeology, water chemistry, rainfall etc, the catchment is 

instrumented with soil moisture and temperature sensors, a met station, and base of catchment 

turbidity and depth sensors and an auto-sampler (sampling continuously). The Project is linked to 

wider landscape scale initiatives associated with the Welland Valley Partnership, especially the 

Water Friendly Farming BACI experiment which investigates the synergies between productive 

land use and water quality and ecology across a 3,000ha study area. 

 

North Wyke ï National Capability Farm Platform (NWFP)  

The NWFP is a large, farm-scale experiment which was established during 2010 as a UK National 

Capability (BBSRC) for collaborative research, training and KE in agro-environmental sciences 

which addresses agricultural productivity and ecosystem responses to different management 

practices. This platform facilitates studies on the sustainability of grassland management systems 

and uses recent advances in technology to capture the data necessary to develop a better 

understanding of the dynamic processes and underlying mechanisms that can be used to model 

how agricultural grassland systems will respond to management inputs. Data monitoring, 

mathematical modelling and experiments are being brought together within a well-resourced, 

collaborative and integrated research environment. The NWFP comprises 3 farmlets, of 

approximately 22 ha in size, which have been designed to test the productivity and environmental 

sustainability of contrasting temperate grassland farming systems. Each of the 3 farmlets have 

been further divided into five sub-catchments (15 in total) and each is hydrologically isolated through a 

combination of topography and a network of French drains which have been constructed at the 

edges of the sub-catchments. The NWFP monitoring system is unique in both scale and scope for 

a managed land-based capability and brings together a number of technologies that allow the impact 

of farming systems to be studied in greater detail and resolution than ever before. The power of the 

NWFP lies in control over the farming operations that define the systems and control over the 
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technologies that monitor their impact. New sensors can be easily integrated or existing ones 

configured to measure different parameters; data capture rates can be altered, equipment can be 

triggered when thresholds are reached whilst all being visualised and controlled from any web-

connected computer in the world. 

 

Global Farm Platform Initiative 

This interdisciplinary initiative links global farm platforms (UK, USA, Australia, India, China, 

Ethiopia, Malawi, New Zealand and Uruguay) to help assess the global potential to maximise 

agricultural production from systems utilising grazing ruminants whilst minimising environmental 

impacts associated with land use change. The initiative focuses on research staff and student 

exchanges and placements to work and develop skills on farm platforms in different regions of the 

globe which exemplify diverse livestock production systems. At each of these farm platforms 

strategies are developed of how to produce livestock in the most sustainable manner. Decisions 

focus on the production system, appropriate animal genetics, optimising health (animal and human 

as part of One Health) and ensuring that livestock production does not have negative impacts on 

ecosystem services and biodiversity. Each grazing livestock production system has specific and 

general aims to achieve SI. This unique initiative brings together a number of well-established farm 

platforms allows identification of common themes across a wide range of livestock production 

systems, in both the developed and developing countries utilising the most appropriate animal 

genetics and management to develop exemplar SI for livestock production. This approach will 

begin the rewriting of the rule book on global ruminant livestock production by matching the correct 

animal genotype and phenotype to the correct environment, feeding systems and health plan to 

ensure sustainable and responsible production where yield is not the sole apposite metric but 

rather maximum efficiency within the system. 

 

Green House Gas Platform  

Gases such as methane (CH4) and nitrous oxide (N2O) are an important factor in climate change 

(alongside carbon dioxide CO2). Agriculture contributes about 8% of the United Kingdom GHG 

emissions as methane (from livestock and their manures) and nitrous oxide (from soil and livestock 

excreta). Emissions are calculated and reported annually in an official Emissions Inventory. However, 

the way that agricultural emissions are presently estimated fails to take into account the regional 

differences between farming practices, soils and climate of some of the effects of mitigation measures 

introduced by government policy and changes in the agricultural industry. The Agricultural Greenhouse 

Gas Research Platform is a new research programme with a total investment of £12.6 million, funded 

by Defra and the devolved administration governments. It seeks to improve the accuracy and 

resolution of our reporting system by providing new experimental evidence on the factors affecting 

emissions and statistics relevant to changing farming practices in the UK. It will provide the evidence 

for a UK specific method of calculating methane and nitrous oxide emissions that reflect the adoption of 

mitigation practices by the industry, enabling the forecasting and monitoring of performance against 

target emissions reductions set by the UK Climate Change Act. This will build upon previous research, 

combining field experimentation, modelling and scoping of data sources to fill knowledge gaps. 

 

Demonstration Test Catchments (DTCs)  

DTCs will find out if new farming practices, which aim to reduce diffuse pollution from agriculture, 

can also deliver sustainable food production and environmental benefits across whole river 

catchments. The programme is investigating the impacts of pollution both on ecosystems and on 
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sustainable production and aims to provide information to better predict and control diffuse 

pollution from agriculture. The programme aims to supports policy initiatives, such as the new 

Defra/EA ‘Catchment Based Approach’ to environmental management and the delivery of the 

Water Framework Directive, and policy delivery mechanisms, such as the Catchment Sensitive 

Farming (CSF) Programme. 

 

DTC is helping to provide the sound scientific evidence to underpin the success of these approaches. 

The demonstration test catchments are located in: the River Eden in Cumbria; the River Wensum in 

Norfolk and the River Avon in Hampshire. In addition the impact of the work of the West Country Rivers 

Trust on the River Tamar on the Devon / Cornwall border is being subject to similar monitoring and 

is an associate catchment for the Avon DTC research consortium The three catchments were selected 

in order to build on existing infrastructure, datasets, knowledge and farming contacts developed 

through previous and ongoing initiatives, which have not previously been well linked. These 

catchments are presently undergoing enhanced monitoring through the England Catchment 

Sensitive Farming Delivery Initiative. Collaboration within and between research groups, and links to 

key stakeholders, will be fostered and promoted. Research and mitigation actions in other catchments 

will also be drawn in and supported where relevant, to enhance the developing evidence base. 

 

Marlborough Downs Nature Improvement Area (NIA) 

The Marlborough Downs NIA covers just over 10,000 ha south of Swindon down towards Marlborough 

on one side and Avebury to the other. It is mainly farmland and has a rich agricultural history. Since 

Neolithic times farmers have shaped this downland landscape, carving small fields out of wildwood, 

clearing larger areas for grazing animals, planting hedges to enclose them on the lower slopes, and 

cultivating large tracts for a variety of crops. These Downs may have been one of the first areas to 

be farmed because of the ease of clearing and cultivating the thin, dry soils. Steeper slopes were 

used for common grazing, mainly sheep which has created the short, springy, herb-rich turf which 

still survives in patches as an important habitat. The arable land still supports a diversity of wildlife, 

rare arable plants survive in field margins and stone curlews, skylark, grey partridge, lapwing and 

corn bunting amongst others. The Marlborough Downs NIA project is unique in that it has been 

designed by local farmers to enable delivery of strategic wildlife management beyond farm boundaries 

and into the context of the wider landscape. This farmer-led, bottom up approach will lead to far 

greater and more wide-reaching benefits as a result of ownership of the project, its targets and its 

achievements. It is hoped that the potential for the longer term legacy of this project is far higher 

than for others that rely upon financial incentives rather than personal commitment. The project 

supports and supplements existing effort by delivering more, on a bigger scale with better management 

of more joined up habitat. The project hopes to ensure that the landscape of the future is as rich in 

biodiversity as that of the past. 

 

 

6.2.4. Approach, Opportunities and Constraints 

 
Deliverable 3: An assessment of the potential for SI for a range of farm types in the study areas 

There is a need for experimentation of new practices and technologies to ascertain which are the 

most effective, and in which context. As described in section 6.1, analysis of the effect of SI 

interventions on commercial farms will be carried out as part of Objective 1.2A. The trialling of the SI 

interventions on well characterised study farms, within the study areas, that are engaged in 
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innovation and technologically advanced, will enable a more detailed assessment of the outputs in 

terms of economic viability, productivity and environmental impact than would be achieved on 

commercial farms alone. The investigations will be carried out on highly defined scientific sites with 

control over treatments and potential confounding factors.  

 

Study Farms 

The selection of the most suitable study farms and areas is crucial to the success of the SIP. As 

these will represent a joint resource across Projects 1 and 2, the process of reviewing the available 

options and identifying those most suited has been carried out as combined exercise and has been 

reported separately to the rest of this scoping study. 

Key requirements for the study farms and areas are as follows: 

¶ They must represent the main agricultural sectors / enterprises and land types, with a good 

geographical spread across England & Wales; 

¶ They must have the potential to carry out a wide range of management techniques and 

interventions within the context of IFM; 

¶ They should include some appropriately instrumented farms, that are well equipped to measure 

the impacts of interventions and well characterised with large data sets; 

¶ They should have scope for excellent engagement with local farmers, facilitated by the project, 

to assist the development of platforms around each study farm to represent a broader set of 

enterprises; 

¶ They should have a track record of research and have performed some level of intervention in 

the recent past, in line with the principles of SI; 

¶ The study farms must also act as a hub for the network of commercial farms in each study area. 

 

Choice of interventions is critical to Objective 1.2. The findings of the three approaches described in 

6.1.5 (Deliverable 2), along with the study farms and areas selected, will influence which practices 

or technologies are assessed within the project. Once selected, appropriate interventions and 

experiments will be agreed with the study farm or area leads, in the light of the findings to date. On 

farms where new interventions are to be imposed, ‘before’ and ‘after’ data will be collected, while on 

farms where interventions have already been introduced, existing and on-going data will be analysed 

(supplemented by additional measurements in some cases). The results will form unique scientific 

contemporary data that can be then used to help guide farmers to adapt their farming systems to move 

towards SI. The impacts of the interventions will be assessed using the SI metrics to be developed 

under Objective 1.1.  

 

A more detailed summary of the interventions to be carried out at each study site is not possible 

until the study areas have been selected. Although constraints (time and finances) of what can be 

achieved within the current project will be identified when it comes to assessment of interventions, 

it is a key output of the project that the network of platforms established will be a strong consortium 

to bid for future funding. This will enable further investigation of interventions identified that the current 

project was unable to investigate fully. 
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7. Ways of better communicating complex messages to farmers and 

approaches for more innovative decision support (Objective 1.3) 

 

7.1. The characteristics of effective decision support and guidance systems in the 

context of Integrated Farm Management (Objective 1.3A) 

 

7.1.1. Introduction 

A Decision Support System (DSS) can be described as a computer-based system, designed to help 

users to make more effective decisions by providing information in a way which actively supports 

the decision process (Parker, 2001).  Computer-based DSSs have often been seen as an ideal 

solution to the problem of delivering scientific knowledge directly to the farming community to raise 

productivity and reduce environmental impact and have been included in the SIP project for this 

reason. However, despite their apparent value, and availability in a wide range of formats, the uptake of 

computer based DSSs by farmers and agronomists in the UK and elsewhere has been disappointingly 

low (McCown, 2002). 

 

It is unclear how many of the 79 completed DSS focused projects funded by Defra and listed on the 

ScienceSearch database (http://sciencesearch.defra.gov.uk/) have ever made an impact on policy 

or farm practice, although hearsay suggests that few have. For example, systems developed under 

the DESSAC platform (Decision Support Systems for Arable Crops; Defra project code AR0915, 

2002-2004) required access to Met Office weather data. Following the end of the project, it was not 

possible to set up a financially viable arrangement to access these data (pers comm, Caroline 

Parker). Defra funding for DSS development has usually ended once a model has been developed, 

and has not provided the opportunity to focus on the user experience, or iron out problems over 

several years of supported use. This lack of DSS uptake, and the probable reasons for it, is not a 

situation unique to the UK or to agriculture.  

 

7.1.2. Approach, Opportunities and Constraints 

In this part of the project (Objective 1.3A), we aim to identify the characteristics of effective DSSs 

for UK farming and to produce a list of existing DSSs likely to be effective, for use in Objective 1.3B. 

 

We envisage six approaches working in parallel. Below, we have scoped each task with an initial 

review of what is already available. 

 

Approach 1 Literature review (Milestone 1.3A1) 

The apparent failure of agricultural DSSs to realise their promise has been discussed widely in the 

scientific literature and many factors leading to lack of uptake have been identified. Arnott and Pervan 

(2005) noted that most scientifically led agricultural DSS developments focused on the technology 

rather than the most effective path to impact and failed to identify and support the intended end 

users. Fit to task, poor usability, lack of applicability of scientific models to practice, high cost:benefit 

ratio, lack of trust, lack of time to use and many other factors have been cited as reasons for DSS 

failure (e.g. Parker, 2004).   

 

http://sciencesearch.defra.gov.uk/
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Numerous sets of guidelines and recommendations to enhance the success of DSSs have been 

published, both in agriculture and other sectors. For example Hochman and Carberry (2011) collated 

seven key propositions for best practice in agricultural DSS development in the Australian context; 

McIntosh et al. (2011) independently collated best practice recommendations for environmental 

DSSs. Authors from other sectors such as health (e.g. Wu et al.; 2012) and forestry (Stewart et al. 

2013) have gathered evidence on how to increase DSS success. All disciplines have applied 

overarching models of user behaviour, such as the Technology Acceptance Model (Davis, 1989), 

in an attempt to provide a rationale for the success or failure of these potentially useful but under-

used systems. The importance of involving end users in design and implementation is repeatedly 

emphasized in the literature, and the development of agricultural DSSs has tended to shift  towards 

participatory approaches to both design and implementation (e.g., Jakku and Thorburn, 2010; 

Valls-Donderis et al. 2013). In an influential paper on farming DSSs, McCown (2002) proposed a 

more socially informed and partnership-based approach, and outlined four paths by which DSSs 

might be expected to inform on-farm decisions effectively: 

 
1. Small, straightforward tools to assist farmers with highly structured tasks. 

2. Large, simulator DSS for consultants/advisers to use. 

3. Large, simulator DSS to use in farmer learning and development. 

4. Tools to help farmers meet regulatory or other external requirements. 

 

The literature on DSSs is largely focused on computer-based systems, such as bespoke software, or 

online tools. As stated in the proposal, our definition of DSS will be broader, also including paper-

based guidance, group and person-to-person consultation (where focused on specific decisions). 

We anticipate finding much less literature on the success or uptake of non-software systems for 

agricultural decision support and guidance, but we will include specific search terms to identify it. 

 

The literature review will search online databases and select papers according to pre-defined 

criteria. It has been shown that CAB Abstracts and Web of Science between them offer the best 

coverage of agricultural papers (Kawaski, 2004). These sources will therefore be used, alongside 

Proquest, Science Direct and Google scholar. Defra libraries and repositories held by partners will 

be included in the search, where these are felt to be useful. We will also approach specific experts 

identified during the review, such as principle investigators on Defra-funded projects developing 

Decision Support Tools, to ask if they know of relevant research. 

 

Keywords will be systematically applied to the databases using Boolean operators “AND” and 

“OR”. Library services within Glasgow Caledonian University will be employed to support the initial 

search. When the keywords have ceased to return unique results from the databases the abstracts 

of the papers identified in the search will subjected to a rapid filtering process using the pre-defined 

criteria for selection. Once the initial filtering has been completed the key findings relating to success 

criteria for decision support tools will be collated. To save time, reviewers will focus attention on 

abstract and discussion / conclusion sections of each paper. 

 

The review will identify papers that evaluate the success of DSSs, provide evidence of uptake, or 

describe factors demonstrated to impede uptake or other measures of success. Preference will be 

given to peer-reviewed journal articles published in the last 20 years. Any domain area that shares 



70 

decision characteristics with agriculture, for instance concerning biological systems (e.g. health), 

production processes (e.g. manufacturing) or impacted by weather (e.g. construction) will be included.  

 

We plan to develop the search terms following an initial phase of pilot review and testing. Our 

starting point, tested on the 2 October 2014 on Web of Science, is the following topic search, which 

returns 756 articles and will allow rapid manual filtering: 

 

("Decision support" OR "decision system" OR "expert system") AND 
(adopt* OR impact OR uptake OR “take up” OR usage) AND (evaluation OR review OR overview 
OR "lessons learned") AND (user OR customer OR operator OR client OR stakeholder). 

 

The first set of terms was used by Wu et al. (2012) in their review of DSS in other fields. The 

second set focuses on papers that include mention of the system in use. The third set attempts to 

focus on papers that reflect on the system(s). The final set focuses on papers that explicitly refer to 

end users.  

 

Considering the quantity of literature returned by this search, we plan to conduct a separate search 

for information on the effectiveness of guidance or advice, focused only on the UK agriculture sector. 

 

Given the brief overview of the literature described above, we are confident that this approach will 

deliver fruitful insights, particularly related to computer-based systems, by the scheduled completion of 

the end of November 2014. 

 

Approach 2 Catalogue existing DSSs relevant to sustainable intensification in UK 

agriculture (Milestone 1.3A2) 

A number of published papers can be found that list or describe agricultural DSSs (for example, 

McCown, 2002, for Australia) or directly compare such systems or tools for measuring one aspect 

of sustainability (such as accounting for agricultural GHG emissions: Whittaker et al., 2013). In our 

scoping review, we have not identified a comprehensive catalogue of available DSSs for the 

elements of SI in UK farming. 

 

In this task, we will build an exhaustive list of DSSs directly applicable to UK farming and relevant 

to SI, using the collective experience and knowledge of the SIP partners, combined with examples 

collected during the literature review. We have identified three UK stakeholder networks to consult 

that are focused on aspects of farm management, in addition to the networks contained within the 

partnership (such as LEAF Demonstration Farmers). These are the DTCs, the Scottish Monitor 

Farm Programme and the LandBridge network. We expect the final list to comprise in the region of 

200 individual DSSs either already in existence or under development. 

 

We will develop a typology to characterise the different systems. There have already been some 

attempts to do this, in reviews of DSSs (e.g. McCown, 2002; Volk et al., 2010; McIntosh et al., 

2011), but none that we know have focused on UK agriculture. 

 

Our original proposal was to organise the DSSs by features (data inputs and outputs), functions (what 

the system does) and delivery mechanisms (mode of delivery). Our scoping review indicates that 

at least two other factors should be considered: the intended end-user (farmer, farm adviser, or 
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policymaker) and the process of development (whether participatory or research-led, for example). We 

will also consider grouping the DSSs according to the four use pathways identified by McCown (2002). 

 

There is a clear opportunity to link this work with the review of existing SI methodologies, which will 

compile a less exhaustive list of DSSs directly relevant to SI (Milestone 1.1A1). This linkage will be 

achieved through attendance at the workshop organised as part of Objective 1.1A to develop improved 

indicators and standard methodologies.  

 

Approach 3 Stakeholder-derived ranking of features, functions and mechanisms 

(Milestones 1.3A3 and 1.3A4) 

This task aims to rank the different types of DSS according to their likelihood of enabling farmers to 

improve performance against SI metrics.  

 

We searched the scientific literature for studies about enabling farmers to take up SI through 

decision support (search term: "sustainable intensification" AND ("decision support" OR DSS OR 

enable*)). We found nothing directly comparing different approaches to enabling farmers. Some 

studies have considered how to involve farmers in integrated assessment of the sustainability of 

farming systems in particular landscapes (e.g. Vayssieres et al., 2011; Bezlepkina et al., 2011). There 

is a large body of work on creating an institutional and social context that enables farmers to 

improve productivity without increasing environmental impact. This is particularly focused on 

smallholder farmers in developing countries (e.g. Bebbington, 1997; Van den Berg and Jiggins, 

2007; FAO, 2011; Hounkonnou et al., 2012). 

 

The ‘Innovation Platforms’ approach discussed by Hounkonnou et al. (2012) seems similar to the 

communities of practice concept developed within the SIP, albeit in a very different social and 

economic context. The Food and Agriculture Organisation (FAO, 2011) recognises that technology 

and information are key to delivering SI. Since publicly funded extension services have proved 

ineffective and declined in many places, the FAO identifies farmer organizations and networks, and 

public-private partnerships, as important in enabling SI, as well as new channels of communication 

such as mobile phones and the internet. This underlines the important enabling role for SI-related 

DSSs, but the FAO report does not discuss which types of DSS might be the most effective. 

 

To achieve this part of Objective 1.3A for UK agriculture, we will hold a stakeholder workshop to 

rank the types of DSS defined in 1.3A2, according to their performance, effort required, degree of 

social acceptance and fit to facilitating conditions. For example, among DSSs designed to improve 

nutrient management, the group might consider that large, complex simulation systems designed 

for use by advisers are less likely to improve SI metrics (performance) but are currently more 

acceptable in the farming community than simple online systems designed as part of the regulatory 

process for use by farmers. The workshop will be in February or early March 2015, and will focus 

only on types of DSS that are well represented in the catalogue developed under Objective 1.3B. 

 

Approaches 4-5 Farmer and farm adviser interviews (Milestone 1.3A5) 

This task is to design an interview for farmers and farm advisers. The interview will quantify factors 

that influence the use of DSSs and measure elements of interviewee motivations to practice IFM. 
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We planned for the interviews to be face-to-face, largely structured and quantitative, based on the 

Unified Theory of the Acceptance and Use of Technology (UTAUT; for Milestone 1.3A6 to quantify 

factors affecting the uptake of DSSs) and on the Theory of Planned Behaviour (TPB; for Milestone 

1.3A7, to evaluate motivations to follow IFM). We carried out scoping reviews of the current use of 

these two theories, particularly in the context of agricultural DSSs. 

 

The UTAUT, or adaptations of it, continue to be widely used. It has been further developed to apply 

to consumer products (Venkatesh et al., 2012). The recent development includes constructs that 

could be useful for our work on acceptance of DSSs, including price value and habit (Venkatesh et al., 

2012). The UTAUT has frequently been used to understand uptake of decision support systems, 

particularly in the health sector (e.g. Heselmans et al., 2012), but we could not find an example of 

its application to agricultural DSSs. A similar approach was recently used to examine reasons for 

the uptake of biogas production by farmers in Germany (Emmann et al., 2013). 

 

The UTAUT is usually used in quantitative studies, ideally based on representative samples of a 

population. This approach may lend itself to online or mailed surveys, rather than face-to-face 

interviews, as the sample sizes required are relatively high (can be several hundred, depending on 

the estimated population size) and responses are needed to multiple statements using Likert scales. 

However, the UTAUT has also been applied in a solely qualitative manner, for example by Shibl et 

al. (2013) to understand uptake of DSSs by general practitioners in medicine. This approach (informed 

by the theoretical perspective of the UTAUT, but without quantitative analysis) can be followed with 

a limited number of in-depth interviews, followed by transcription, and qualitative data analysis. 

 

The choice of most appropriate method (quantitative or qualitative) depends partly on a more 

detailed scoping of the issues, which will be done in autumn 2014 using further literature review 

and one or more focus group discussions or one-to-one interviews with farm advisers and farmers. 

For these, we will seek opportunities to meet stakeholders within the partnership at existing training 

and dissemination events unrelated to DSSs. 

 

The costs and benefits of quantitative and qualitative approaches are different. A quantitative 

approach demands a much larger sample size, but there is no need to transcribe interviews to 

analyse the data. If the interviews are face to face, as originally proposed, travel costs will be high. 

However, most examples we found using the quantitative approach in the literature used an online, 

mail-out or mixed mode survey rather than face-to-face interviews. This increases the possible 

sample size that can be achieved, but leads to lower, potentially biased, response rates. Costs are 

then mainly for mailing and online survey software. For qualitative methods, face to face interviews 

are desirable, but the sample size can be much smaller (30 for example). For content analysis, 

either quantitative or thematic, the interviews need to be transcribed for analysis, at significant cost, 

but the smaller sample size would reduce travel costs. 

 

The TPB also continues to be widely used and has been applied many times to understand farmer 

behaviour (Beedell and Rehman, 2000, is an important and highly cited example; Wauters et al., 

2010 a more recent one). These studies variously find that farmer attitudes or awareness, and in 

some cases social norms, are important predictors of intention to carry out an environmental 

behaviour. However, the TPB has one serious drawback for its application to IFM. The behaviour 

being investigated needs to be very clearly defined, and either its implementation, or the intention 
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to implement it, must be measurable either as a binary ‘yes’ or ‘no’ variable, or as a set of 

quantifiable levels (Fishbein and Aizen, 2010). If the behaviour is a class of behaviours with a 

similar objective, such as ‘exercise’, for example, the theory can be applied, but it is more difficult. 

This is because the beliefs, particularly those that underlie ‘perceived behavioural control’ (one of the 

theory’s three main constructs), can be many and varied if different elements of the behaviour 

happen at different times or affect different aspects of people’s lives. The full questionnaire can 

become either untenably long, or unlikely to capture a representative set of salient beliefs. Studies 

that have applied the TPB quantitatively to agriculture and environment questions have been 

limited to very specific defined aspects of environmental behaviour, such as hedge management 

(Beedell and Rehman, 2000) or reduced tillage (Wauters et al., 2010). 

 

The concept of IFM, well defined and demonstrated by LEAF as a whole farm business approach 

to sustainable farming (see below), was researched and discussed in the scientific literature mostly 

in the 1990s (Holland et al., 1994; Randall et al., 2012). While there is agreement over its broad 

objectives, which are similar to those of SI (Morris and Winter, 1999), there is some confusion over 

the precise definitions and how it relates to other terms such as Integrated Farming Systems (IFS), 

IPM and ICM (Pacini et al., 2003). ‘Integrated Farming Systems’, for example, is a term currently 

used by Monsanto to describe an approach to arable farming entirely focused on yield increase 

through use of data, varietal choice and precision farming3. Others might understand integrated 

farming to be about re-integrating crop and livestock systems. IFM as defined by LEAF involves a 

complex set of behaviours, with nine different elements, not all of which apply in every context. 

 

As a result of this complexity and uncertainty, a quantitative application of the TPB is not considered an 

appropriate method to address farmer motivation to practice IFM. We therefore propose to apply a 

qualitative semi-structured interview technique to identify the range of factors that either motivate 

farmers and private sector farm advisers to take up IFM, or deter them from it. This will enable us 

also to explore what each interviewee understands the concept to mean. As discussed above, this 

reduces the sample size required. Key questions to elicit these factors will be designed using a 

sociological understanding of agriculture and farmer motivations gathered from the literature. 

 

The large literature on motivations of farmers to take up agri-environment schemes, or environmental 

management is relevant. In general, this literature does not employ quantitative psychometric 

approaches such as the TPB. It has repeatedly been demonstrated that farmer attitudes are 

important in explaining uptake of environmental measures (Barreiro-Hurle et al., 2008; 

Defrancesco et al., 2008; Sattler et al., 2010). Typically the research has revealed a strongly 

utilitarian motivation to scheme adoption with payment rate and ease of fit with existing farming 

system being particularly important (e.g. Schenk et al., 2007; Defrancesco et al., 2008; Lobley and 

Potter, 1998). That said, farmers’ motivation for improved environmental management in a more 

general sense is driven by a complex set of factors including personal interest, improving the 

image of farming, agronomic benefits and sporting interests (Mills et al., 2013).  

 

The recent in-depth review of literature on farmer attitudes to environmental management carried out 

for Defra project IFO1114 (Mills et al., 2013) will be informative in framing our approach to measuring 

farmer motivations, as will the theoretical framework of the TPB (as used by Sutherland, 2010). The 

                                                
3 http://www.monsanto.com/products/pages/integrated-farming-systems.aspx 
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outputs of sectoral stakeholder workshops (Objective 1.3B), which will gather views from farmers and 

other stakeholders on what is meant by SI, will also inform the interview design. 

 

As stated in the proposal, the sample of farmers to be interviewed will be the same stratified 

sample described in section 6.3.1 for Objective 1.2A. A workshop has been planned to work out 

the logistics of selecting this sample and implementing these interviews. A stratified sample of 

private sector farm advisers and agronomists will be developed by the post-doctoral researcher at 

Cambridge and used for milestones 1.3A4 and 1.3A5.  

 

Interviews will be recorded, transcribed and analysed qualitatively. The transcribing costs for these 

interviews will be met from the saving in travel and subsistence budget that results from the reduced 

farm adviser sample size combined with the move to a mail and online survey method, if a quantitative 

approach to UTAUT is chosen. 

 

Approach 6 Case studies of success and failure (Milestone 1.3A8) 

The scoping review has already revealed a number of case studies of agricultural DSS successes 

and failures internationally. For example, Oxley et al. (2004) discussed the difficulties encountered 

in designing and implementing an integrated decision support tool for land use policymakers based 

on research models (MODULUS). Zhang et al. (2012) illustrated the use of FARMSCOPER to 

provide policy-relevant information in the Avon Demonstration Test Catchment. 

 

In this task, we will specifically draw out and describe two to four UK examples that illustrate our 

findings from the other 1.3A tasks on what makes an effective DSS for UK agriculture. We will look 

for examples of use, or non-use, of DSSs and/or their outputs by farm advisers and farmers on the 

ground, rather than demonstration of their potential by researchers. These will be collected from 

the stakeholder workshop, focus groups, and interviews. 

 

Knowledge gaps 

Two main knowledge gaps are apparent from this scoping review. The first is that there is no coherent 

overview of the available DSSs relevant to SI for UK agriculture. This is an important first step to 

understanding which systems are likely to be effective at communicating science to farmers, and 

will be an important output of this work package. 

 

The second knowledge gap is about the understanding and attitudes to IFM among the UK farming 

sector (beyond the LEAF farms). While there is a large body of research on attitudes to environmental 

management generally, the same questions do not seem to have been asked about IFM or SI.  
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7.2. A framework for guidance or decision support for Integrated Farm Management 

(Objective 1.3B) 

 
7.2.1. Introduction 

A framework is needed to help farmers and other land managers to understand the relationship 

between IFM and SI, support decision making around IFM and aid the identification of site-specific 

farming practices that may contribute to SI. These practices may be basic legal requirements, the basis 

of Good Agricultural Practice (GAP), requirements for cross-compliance and agri-environment 

schemes, or specific interventions that improve farming outcomes in areas beyond current ‘good’ 

practice. The framework will highlight the trade-offs resulting from such interventions and enable 

the synergies of IFM principles to be understood, so that farmers can see and choose a clear route 

to impact on their journey towards SI. It is likely to be complex due to the integrated nature of the 

practices and management schemes being assessed, and the challenge will be to digest this 

information into a tool that practitioners can use. 

 

7.2.2. Existing IFM Frameworks  

IFM is increasingly recognised as a farming system across the EU and globally. The European 

Initiative for Sustainable Development in Agriculture (EISA) promotes Integrated Farming (IF) across 

Europe including Austria, France, Germany, Luxemburg, Sweden and the UK and has developed 

the European Integrated Farming Framework (EISA, 2012) built around the work of LEAF. The 

Framework is presented as offering: 

1. A definition and characterisation of IF, giving the basis for a common understanding. 

2. A comprehensive management tool for farmers to aid continuous improvement in everyday on-

farm practice to meet environmental, economic and social challenges and achieve concurrent 

progress in all dimensions of sustainable development.  

The framework (Figure 4) defines and describes eleven areas that are central to the aims of IF:  

 

 
Figure 4. The EISA Integrated Farming Wheel (EISA, 2012).  
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¶ Organisation and planning sets the framework, develops a sense of understanding from staff 

and visitors and ensures attention to detail. 

¶ Human and social capital includes standards of employment practice, health and safety at work, 

and occupational training plus the use of local suppliers and local marketing where possible. It 

can also include hosting farm visits or holding open days for the public. 

¶ Energy efficiency encompasses more careful and selective use of inputs, conservation tillage 

practices, reducing fossil fuel needs where possible and striving for optimum instead of 

maximum yields. 

¶ Water use and protection covers the balanced use of water resources and use of programmes 

that determine crop needs, plus protecting natural ground and surface water bodies to maintain 

and enhance the environment, wildlife and biodiversity. 

¶ Climate change and air quality includes fossil fuel usage, livestock, manure and agricultural 

practices associated with emission of GHGs and other air pollutants, and cropping or tillage 

decisions that affect carbon sequestration. 

¶ Soil management relates good soil husbandry to the long-term fertility of soil, aids yield and 

profitability and reduced risks of soil damage such as erosion and compaction. 

¶ Crop nutrition proposes adoption of a balanced approach to fertilisation, with practices adapted 

to local situations, thereby reducing risks of environmental pollution by fertilisation 

¶ Crop health and protection requires that any intervention is accounted for, with crop protection 

practices rationalised by using integrated control, applying biological methods where available, 

and combining more tolerant cultivars with a balanced crop rotation to reduce risk. 

¶ Animal husbandry, health and welfare promotes the employment of techniques directed towards 

meeting the needs of the livestock and maintaining the animals in good health, comfort and low 

stress as linked to performance. 

¶ Landscape and nature conservation involves protecting and enhancing wildlife and biodiversity 

and includes structural diversity of land and landscape features as a means of creating floral 

and faunal abundance and diversity 

¶ Waste management pollution control views ‘wastes’ as a valuable resource in terms of saving 

money and reducing pollution, and promotes management of farm effluents to optimise 

recycling and re-use, thereby minimising effects on the environment. 

 
Balancing profitability, environmental and social goals are central to the EISA framework, but a key 

component that is perhaps less prominent (particularly in the context of SI) is the optimisation of 

productivity and product quality, which are generally the most important drivers of economic income for 

a farmer.  In addition to this, the concept of SI introduces an additional set of goals because although 

productivity is implicit in any farming system, maximising production volume it is not necessarily the 

ultimate aim of all farmers or farming systems (e.g. organic farming).  Increasing productivity through 

SI aims to achieve increased (or maintenance of) production while maintaining (or improving) other 

indicators of sustainability, and an IFM framework can help with this. The EISA IFM framework lists a 

number of guidelines for each area listed above, together with explanations of the values of each 

guideline. However, it is evident that more research is needed to understand the interactions between 

each of the guidelines, which could involve pollution swapping or compromises in productivity. 
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LEAF, a founding member of EISA, have been promoting and supporting the implementation of 

IFM by its members since 1991 (Figure 5). 

 

 
Figure 5. The LEAF Integrated Farm Management Wheel (LEAF, 2013a).  

 

LEAF offers a range of technical tools and resources. The LEAF Audit is a self-assessment resource 

for farmers to support farmers in the update of IFM providing benchmarking, action planning and 

further information for users. The aggregated information from this provides on-farm process 

management data and trends back to the start of the LEAF Audit in 1993. 

 

These frameworks should not be seen as the only approach to adopting IFM type principles. Organic 

farming is more prescriptive, with accreditation recognising only full compliance, such that it is seen 

as having limited relevance to most farms. Although bundled together within the system, many of 

the individual practices involved and innovations fostered are more widely relevant. Both practical 

experience and research evidence from organic farming will therefore inform the guidance framework. 

 

7.2.3. Existing SI Frameworks 

An initial web-based search revealed no existing frameworks for decision support for SI in the UK 

or EU. A report by The Montpellier Panel (2013) provided a framework for understanding SI for 

smallholder farmers in Africa, and offered practical approaches to achieving it based on solutions 

already in action across Africa that could have positive impacts if scaled up more effectively. 

 

7.2.4. A Framework for Achieving SI through IFM 

Defra projects IF0124 ‘Development of an integrated management framework and approaches for 

livestock farming systems’ (IBERS, 2010) and IF0127 ‘Contribution of integrated crop management 

practices to Defra objectives (ADAS, 2009) reviewed the contribution of various IFM practices (largely 

in the areas listed above) towards a number of economic, environmental and social policy objectives. 

Each of the projects developed a matrix of farming practices with outcomes and scored the relative 

effects of practices on outcomes. This approach allows a rapid and visual assessment of the 

benefits or disadvantages of various farm practices on the policy objectives, highlights conflicting 

pressures, and helps identify knowledge gaps (Tables 6.1 and 6.2). While previous projects have 

investigated the arable and livestock sectors separately, the current approach will integrate them 

and therefore be applicable to mixed farming systems as well as specialised farms. 
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Table 6.1. The matrix of livestock farming techniques and their relative effects on policy objectives 

(project IF0127).  The text is too small to read, but note that some techniques have large positive 

effects (green cells) on some objectives at the same time as having large negative effects (red cells) 

on others.  Cells not filled in indicate a knowledge gap or no relationship (shaded grey). 

 

Policy Objective

Scoring system. The effect of implementing the IFM 

practice over the accepted standard practice as defined 

by robust farm typologies is given a rating to reflect the 

effect on the policy objective. 0 for a very small or no 

effect, 1 for a small effect, 2 for a medium effect and 3 for 

a large effect.  Positive values indicate a beneficial effect, 

negative values indicate a negative effect.

A shaded cell indicates a largely insignificant interaction 

between the farm practice and policy objective (as 

opposed to a 0 score).  Therefore, blank/unshaded cells 

indicate a knowledge gap.
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Farming practice

1. Animal Health

High standards of biosecurity -1 -1 1 2 2 2 -2 -1 2 2 1 2 3 3 3 1 2 1 1 2 3 -2 -1 1
High health status, low mortality -1 1 1 3 1 2 2 1 3 3 3 3 1 3 3 1 3 3 0 1
Use of prophylactics (vaccines, dips etc.) and 

medications
1 2 -1 -1 0 1 1 3 1 3 2 1 2 2 1 2 3 -1 

Active use of farm health plans 2 3 3 2 2 2 2
Prompt use of veterinary services 2 2 3 3 3 2 2
Routine use of other health services (e.g. foot trimmers) 2 2 1 1 1 1 1 1
Carcass disposal via approved on-site incinerator -2 -1 1 -2 -1 -2 -1 2 1 2 3 -1 0 0 0 1 -1 
Carcass disposal via approved off-site methods 1 -1 1 -1 -1 2 -1 1 0 0 0 -1 -1 
Use of biological controls for pests and parasites 1 2 2 2 2 0 1 1 2 2
2. Animal Nutrition

Use of home-grown protein crops -1 2 1 1 2 1 1 1
Feed mixed on site -1 1 1 2 2 -2 -1 -1 2 1 1 1 1 1 2 2 1 1 1 2 1
Raw materials sourced on 'least cost' basis -1 -1 0 -1 -1 -1 0
Use of own-grown crops in compound feed -1 0 0 0 2 1 1
All feed purchased from compounder 1 -1 1 -1 2 1 0 1 1 1 -1 
Use of higher quality feeds for better efficiency 1 1 -1 1 1 1 1
Use of permitted co-products -1 1 1 1 3 2 -1 1 3 3 2 0 0 0 2 1 0 1 1 1 -1 
Use of phase feeding -1 3 1 1 1 1 3 1 1 1 1
Use of low crude protein diets 2 2 1 1 0 1 1 0 0 0 0 1 1 1
Use of enzymes, digestive enhancers and chemicals in 

feed
2 1 0 1 1 1 1 1 1 1 1 0 -1 1 1

Use of feed systems that minimise physical wastage 1 1 1 1 1 2 2 2 1 1 1 1 1 0 0
Use of drinking systems that minimise water wastage 1 1 1 3 1 1 1 2 2 1 1 0 1
Use of own local water supply -1 2 0 -1 -1 0 0 0 -1 0 0 0 1 1
Use of mains water supply 1 1 1 0 0 1
3. Nutrient Management

Reduce fertiliser use 1 1 1 1 1 0 -1 2
On-site solid manure storage in a farm midden 1 -1 1 0 0
Field storage of manure prior to spreading 1 1 -1 0 1
Frequent removal of manure from house -1 2 1 1 0 1
Use of manure on site of production as part of 'whole 

farm' approach
1 1 1 1 1 0 2 1 1

Active nutrient management planning 2 1 1 3 2 1 1 0 2 1 3
Spread manures to land in compliance with a Manure 

Management Plan
3 3 3 1 2

Time manure / slurry applications to land to maximise 

fertiliser value and minimise pollution
1 1 1 1 1 2 1

Methods of manure application to land: broadcast on 

land, no incorporation
-1 -1 -2 -1 0

Methods of manure application to land: rapid 

incorporation
3 1 3 1 0

Use of mechanical separation of manures and slurries -1 -2 1 1
Capture of dirty water in covered stores 1 1 1
Capture of dirty water in un-covered stores -1 -1 1
Use of covered slurry stores 3 -1 3 -1 
Integral store and cover (bag) 3 -1 3 -1 
Use of aerators for slurry systems -1 -1 1 1 1
Use of nitrification inhibitors -1 1 1 1
Use of urease inhibitors 1 1
Account taken of land/receptor/weather considerations 

regarding application practices
1 2 1 2 1 0 3

Account taken of cross-compliance, including local 

restrictions e.g. NVZ
1 2 2 3 0

Use of anaerobic digesters for manure 1 2 -1 3 2 2
4. Housing and Environmental Control

Bedding type

    Straw 2 2 1 -1 -2 1 0 1 1 2 2 0 0 3 0 0 0 0 1 3
    Shavings/sawdust 1 -1 1 2 1 2 0 0 0 1
    Woodchip 2
    Paper 2 2 2 0 0 0
    Sand

Mobile versus static housing for outdoor access systems 1 1 2 1 1 1 1 1
Use of stand-off pads 3 0 1 0 0 2
Use of lower stocking density systems -1 -1 1 -1 1 1 1 1 -1 -1 1 1 1 1
Use of existing and 'traditional' farm buildings for multiple 

uses
-1 1 1 1 1

Environment controlled to optimise temperature -2 1 0 -1 0 1 1 0 1 1 -1 3 2 1
Use of powered ventilation systems -1 1 0 -1 0 0 0 0 0 1
Use of natural ventilation systems 2 1 2 -1 -1 0 2 2 1 0 1
Ventilation requirements efficiently delivered - optimum 

fan performance
1 1 1 1 1

Use of renewable energy sources 1 1 3 1 0 0 1 0
Use of heat recovery systems 1 1 2 2 1
Use of sprinkling or misting systems 1 1 1 1 1 1 -1 1 1 1
Use of energy-efficient or natural light sources 2 2 0 0
Use of light dimmers and timers to save power 2 1 0 1 1

Use of systems that allow animal free choice -1 1 3 2 0 0
Use only of dry-clean methods for house cleaning 2 -1 2 2 -1 0 -1 
Use of recycled water for house cleaning 2 1 2 3 -1 -1 

Optimal use of chemicals during clean-out 1 0

Use only of detergents/degreasers at clean-out 2 2 3 1 2 1 1 1 1 -1 
5. Land and Soil Management

Ensure suitability of land for outdoor livestock production 1 1 3 2 1 1 1 1 2 2 1 1 1 1 1 1 1 1 3 1 1 1
Use of paddock rotation -1 1 1 1 1 1 0 1 1 1 1 1 2 1 1 0 2 1 1 1 1 1 1 1 1 1
Use of field rotation - crops/animals -1 1 1 1 1 0 1 1 1 1 1 0 3 1 3 1 2 1
Outdoor area shared with other livestock 1 2 2 0
Maintain grass pastures at optimum heights, excess 

grass cut and utilised
2 1 1 1

Establish areas of vegetation on site, for conservation 

purposes
1 1 3 3 2

Construct wetlands, swales for water treatment 2 1 1 1 1

Use of multiple field entrances 1 1 1 2 0 1 1 2 -1 -1 

Use of movable drinking water troughs 1 1 1 1 1 1 1 1
Use of cow tracks 1 1 1 1 1 1
Use of buffer strips/zones 0 -1 1 2 2 1 0 3 1 3 2 1 2 1
6. Enterprise Type

Small unit size - below IPPC threshold 1 0 -1 1 -1 -1 0 1 1 1 1 -1 0 0 1 0 1 0 1 -1 0 1
Large unit size - above IPPC threshold -1 1 1 1 1 1 2 1 1 1 1 1 -1 1 0 1 1 0 -1 1 1 1 1 -1 2 1 -1 -1 
Use of traditional breeds (less productive, slower growing 

etc.)
-1 -1 -1 0 0 -1 2 1 1 1 -2 0 -1 0 1 1 0 1 1

Use of carefully-bred, productive breeds 1 3 0 1 -1 0 0 -1 2 0 2 0 0 0
All stock home bred or home reared 1 0 1 0 0 0 1 3 0 0 0 0 1 1 0
Switch to all-in, all-out batch production 1 1 1 2 0 1 0 -1 -1 1 1 2 2 2 1 1 0 -1 
Reliance on artificial insemination 0 1 0 1 1 1 2 1 1 0
Extended cycle length, less frequent stock movement -1 -1 1 1 -1 1 -1 1 1 1
End weight H,M,L -1 -1 1 1 -1 1 1 1

Extended grazing of dairy cattle 2 -1 1 -1 -1 1 -1 1 -1 -1 

Increased stocking density 1 1 -1 1 1 1 -1 -1 1 -2 -1 -2 -1 -1 1 1 -1 0

Outdoor pig rearing 2 1 -1 -2 -1 1 1 1 1 1 0 2 -1 1 0 1 2 -1 1 0
Upland beef and sheep finishing 3 1 2 2 1 2 1 2 1 3

Food and Farming Resource protectionEnergy CC & Pollution Water Waste
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Table 6.2. The matrix of arable farming techniques and their relative effects on policy objectives 

(project IF0127).  The text is too small to read, but the point to note is that some techniques have 

large positive effects (green cells) on some objectives at the same time as having large negative 

effects (red cells) on others.  Cells not filled in indicate a knowledge gap or no relationship. 

 

 

Policy Objective

Scoring system. The effect of implementing the 

IFM practice over the accepted standard practice 

is given a rating to reflect the effect on the policy 

objective. +5 for a large beneficial effect, 0 very 

small or no change from conventional, -5 large 

negative effect
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IFM technique

1. Rotation

1a)  Arable  A diverse winter sown rotation with at 

least 3 different crop types
-2 1 5 1 4 1 2 3 3 2 1 3 5 5 5 5 1 5

1a) Horticulture  - A diverse rotation with at least 3 

different crop types
-2 1 -1 5 2 3 1 2 -3 -3 3 3 3 5 5 5 5 1 5

1b)   Include spring crops where profitable and 

practical
1 1 1 2 -4 -3 4 1 2 3 -4 -3 -1 -2 4 4 4 4

1c)   Include a cover crop over winter -2 -2 -2 -2 -4 2 4 3 -5 -4 -2 2 -1 -2 -2 3 3
1d)   Replace an autumn breakcrop with a spring 

breakcrop
1 1 1 2 -4 -2 4 -2 1 3 -4 -4 -1 -2 4 4 4 4

1e)   Include legumes/fertility building crops in the 

rotation
3 -3 3 3 4 2 1 1 3 3 2 2 1 3

1f)     Provide a crop mosaic -3 -3 1 4 -2 -2 4 5 5 5 5 1 5
1g)   Avoid erosion prone crops e.g. potatoes on 

erosion prone soils e.g. sands
1 2 2 3 5 3 3 3 4 -2 -2 2 4 4 1 2

2. Soils

2a) Produce a soil management plan

2b) Avoid intensive cultivations, use minimum 

tillage techniques (not horticulture)
4 4 1 1 4 2 4 3 1 1 1 2 3 4 2 4 4 4 1 3 1

2c) Time cultivations carefully with respect to 

prevailing weather and soil conditions
4 4 1 1 2 4 2 4 5 1 1 3 2 3 4 1 4 4

2d) Match cultivations to crop, weeds, soil type 

and season
3 4 1 1 3 1 4 3 1 1 2 3 5 2 4 4 -2 

2e)   Reduce cultivations on steep slopes, 

especially on headlands and near watercourses
3 3 2 4 5 1 1 2 3 4 -3 4 5 4

2f) Cultivate and plant across slopes -1 -1 5 1 1 1 2 -1 4 4 1
2g) Consider undersowing crops 3 3 -2 1 3 2 2 3 -2 -3 1 1 -1 -1 2
2h)   Minimise harvesting passes in horticultural 

crops
4 4 2 4 2 4 -1 -1 1 1 2

3. Water

3a) Produce a water management plan

3b)    Ensure field drainage is maintained -1 3 1 1 1 3 1 2 1 1 2 3 4 2 3 3 3
3c)    Manage ponds for biodiversity 2 1 1 5 5 3 3 -1 1 5 4 2 1 5
3d)    Exclude livestock from ditches, ponds and 

watercourses
1 1 1 2 4 4 4 1 3 3 3 3 3 2 1 2

3e)    Undertake an irrigation water use assessment 1 1 2 1 4 3 2 2 4 4 4 2 1
3f) Avoid irrigating before it rains 2 1 1 2 1 4 4 4 1 1 1 1 4 1
3g) Apply sufficient irrigation at critical timings 2 2 4 4 3 4
4. Establishment

Variety

4a)   Grow resistant varieties wherever possible 1 2 2 2 3 3 3 3 2
4b)   Exploit the characteristics of competitive and 

vigorous varieties
1 2 2 2 1 1 1 1 1 3 3 2 2 -1 -3 -1 -1 

Sowing date

4c)   Optimise sowing date 1 2 2 -1 3 1 3 1 3 1
4d)   Sow spring crops when seedbeds are suitable

1 1 2 2 3 2 2 2 1 3 1 4 2 1 1 1

Seed rate

4e)   Consider reducing seed rates 3 2 -2 -1 1 1 1 3 3 1 1 1
4f)     Consider increasing seed rate in some 

circumstances
2 1 2 2 1 1 1 3 2 -2 -1 -1 

5. Nutrition

5a) Have a nutrient management plan

5b)   Buy good quality fertiliser 1 1 1 1 1 2 2 -1 -2 
5c)   Calibrate fertiliser spreader 1 1 1 1 1 3 3 2 3 3 1
5d)   Predict crop needs (ie decision support 

systems or canopy management or sensing)
4 3 1 -2 2 1

5e)   Adjust the timing and amounts of split 

applications as accurately as possible
3 3 1 2 3 1 3 2 2 1

5f)     Avoid fertiliser application to field boundaries 1 1 1 3 5 4 -1 4 2 4 3 1
5g)   Consider using starter fertiliser (horticulture) -1 3 1 -1 3
5h)   Apply manures and composts to increase 

organic matter
-1 -3 -5 -3 3 5 5 3 -1 -1 3 2 4 2 4 5 -1 2 1 2 1

6. Crop protection - General

6a) Have a crop protection management plan

6b)   Ensure all operators trained to appropriate 

level
1 2 2 2 2 1 2 2 3 2 2 4 2 2 2

6c)   Calibrate sprayers 1 2 2 2 4 5 2 2 3 1 2 4 2 2
7. Weeds

7a)   Plan rotational strategy to take weed control 

into account
3 3 3 4 1 2 1 3 2 2 3 -1 

7b)   Use cultural control where appropriate -4 -4 1 -4 -2 -2 -2 -2 -4 1 2 -2 -2 1 -1 -3 -1 
7c) Leave residual levels of non-aggressive weeds 

in crops where possible
-3 2 2 2 2 2 -1 1 2 2 -4 -1 1 4 4 4 2

7d)   Establish conservation headlands -4 1 2 -4 3 3 3 3 5 -2 2 5 3 1 3 4 4 4 4
7e)   Alter drilling date 1 1 2 2 2
8. Pests

8a)   Plan rotation and spatial separation to 

minimise pest problems
-3 -3 2 4 4 2 3 3 2 1 1

8b)   Use cultivations to control pests (e.g. slugs) -3 -3 -3 -3 -4 2 2 2 2 2 1 -1 2
8c)   Use pest resistant varieties 1 1 1 2 1 1 2 2 2 4 2 2 -1 
8d)   Identify crops at risk by forecasting, sampling, 

monitoring or trapping and using thresholds -2 -2 2 3 4 1 4 4 4 3 3 3 3 3

8e)   Use narrow spectrum PPPs -3 -3 4 4 4 2 2 3 3 3 3
8f)     Encourage beneficial enemies e.g. field 

margins, conservation headlands  and set-aside
3 1 1 1 1 1 1 2 2 2 5 4 4 5 4 3 3 5 5 5 5 2 4

8g) Use physical barriers e.g. fleece (horticulture) -4 -4 -4 -3 -4 -4 1 1 1 -2 3 4 4 4 2 3 -3 -1 -2 -3 
8h)   Alter drilling or harvesting date 1 3 1 1 2 3 -2 2

8i) Trap cropping -2 -2 1 -2 1 1 1 4 3 4 -3 -1 -1 
9. Diseases

9a)   Plan rotation and spatial separation to 

minimise disease problems
-3 -3 2 4 4 2 3 3 2 1 1

9b)   Use disease resistant varieties 1 1 1 2 1 1 2 2 3 3 2 2 1
9c)   Identify crops at risk by forecasting, sampling, 

monitoring or trapping and using thresholds -2 -2 2 3 4 1 4 4 4 3 3 3 3 3

9d)   Use appropriate dose techniques 2 2 1 2 2 4 1 1 2 2 3 1 1 3 2
9e)   Avoid early sown or out of season crops 1 1 1 3 2 1 2 -1 3 -2 -1 1 1
9f)   Maintain good intercrop hygiene e.g residues 2 3 -2 1 1 2 1 1 1 -3 -3 -1 -1 
10. Environment

10a)   Increase and improve biodiversity areas (field 

margins, conservation headlands)
-3 2 2 2 2 5 -3 2 5 3 -2 5 5 5 5 5 2 5

10b)   Maximise the benefits of set-aside/fallow 4 1 1 1 5 -3 2 5 3 -2 5 1 1 3 3 3 3

Resource protectionFood & FarmingEnergy Climate change WaterWaste
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Defra project FF0204 (‘Integrating advice on Climate Change Mitigation and Adaptation into existing 

advice packages to achieve multiple wins’) was completed in 2012. This was a pilot study on the 

development of integrated advice packages that targeted sector-specific measures to address 

environmental priorities and Defra policy areas. A critical component of this project was the use of 

stakeholder groups (farmers, advisers, industry and government) to refine a large number of 

practices down to 26 key sector-specific measures that deliver policy and environment outcomes.  

These were grouped into a number of categories (Table 7), which broadly align with the management 

practice areas identified in project IF0124 and IF0127. Similarly, the high-level policy objectives 

targeted by project FF0204 were similar to those previously identified by Defra for projects IF0124 

and IF0127, i.e. air quality, biodiversity, climate change adaptation, climate change mitigation, farming 

competitiveness, performance and resilience, nutrient management, soil quality and water quality. 

 

Table 7. Key management categories for livestock and arable farms identified by Defra project FF0204. 

 

Dairy/Beef and Sheep categories Arable categories  

Land and crop management – crop 

management, land management, soil 

management and pesticides 

Land and crop management – crop choice, 

harvest management, soil management, 

irrigation and timing 

Fertiliser and slurry management – manure, 

slurry and nutrient management 

Fertiliser management - manure, slurry and 

nutrient management  

Managing animals - animal health, nutrition and 

stock management  

Pesticide management – pesticide choice and 

management  

Managing non-productive areas – stewardship 

and other environmental scheme options  

 

Managing non-productive areas – buffer strips 

and non-productive areas, trees and woodland 

areas, hedges, ditches and wetlands  

Managing energy and water inputs – climate 

change mitigation and adaptation, and energy  

Managing energy and water inputs – renewable 

energy sources, water and  

energy audits and plans  

 

7.2.5. Knowledge Gaps 

As listed above, a number of recent Defra projects have reviewed the effects of various IFM 

practices on key policy outcomes. There are also a huge number of articles published in the 

literature that have investigated the effects of various interventions on productive and non-productive 

agricultural outcomes. Some of the previous work has identified knowledge gaps in the literature, 

but two key knowledge gaps are: a) the practical level of uptake of various interventions that is 

achievable on the ground by commercial farmers, and b) the relative importance of a range of 

outcomes that contribute to SI. The first point will be investigated within Objective 1.2. The second will 

be investigated within Objective 1.3. Of the large number of potential SI outcomes that could be 

targeted by various IFM practices and SI interventions, there is a need to prioritise and focus on 

those deemed to be of greatest importance, and stakeholder involvement is required for this process. 
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7.2.6. Approach 

 

Determining IFM / SI Outcomes 

The approach to be taken for this objective – as outlined in the project proposal - is to gather 

information from key stakeholder groups: policy (including Defra, Welsh Government, Natural England, 

Environment Agency, Natural Resources Wales), farming organisations (levy bodies, farming unions), 

supply chain representatives (processors, suppliers and retailers) and NGOs (e.g. RSPB, Soil 

Association) to help define a matrix of farming practices and SI outcomes that can be used for 

decision support of farming operations. Three sector-specific workshops will be held early on in the 

project, covering arable, dairy and red-meat sectors, to which 12-15 stakeholder (including farmer) 

participants will be invited to help produce and prioritise / weight the list of SI outcomes. 

 

Each group is likely to have a set of key SI indicators that may differ from other groups’ objectives, 

and part of the subsequent analysis of the workshop outputs will be to refine the list into outcomes 

that are common to groups and those that may have more limited focus. 

 

Developing and Testing the Matrix 

A matrix will be generated that builds on previous work described above, but which includes practices 

and outcomes that may not have been included before. An important decision will be whether to 

develop a single matrix or a version for each sector. A key opportunity of the current project is the 

repeated involvement of stakeholder groups that were not consulted by all previous projects.  This 

interaction with stakeholders will ensure the matrix of practices and outcomes is realistic and targets 

the most appropriate areas, and that the matrix developed is tested and refined to ensure that it is 

robust and fit for purpose. 

 

Developing and Testing the Framework 

Objective 1.3A will provide a validated list of existing guidance and DSSs likely to be effective in 

enabling farmers to move towards SI. These will be classified according to the farming systems and 

IFM practices and outcomes they deal with, using the typology from Objective 1.3A, and used within a 

framework enabling identification of the appropriate DSS for specific IFM practices. A structured 

interview with a selected group of farmers and advisors will generate a ranked list of potential IFM 

practices that a farmer could choose to achieve a desired outcome by aligning the specific goals of the 

farmer with the outcomes of the IFM practices. The farmer / advisor would then select the IFM practice 

they think is most suitable and be directed to a number of decision support tools or advice packages 

that they could potentially use to provide guidance in their subsequent decision making.  

 

To ensure the framework is fit for purpose it will initially be tested with a group of stakeholders. These 

stakeholders could be selected from the Integrated Advice Pilot (IAP) Study Legacy Group (from Defra 

Project FF0204). This group has already been through the process of developing a method for 

providing integrated advice so it is familiar with the types of tasks required of it. The IAP Legacy Group 

included stakeholders from organisations such as AHDB, Tenant Farmers Association, RSPB, 

Environment Agency, Natural England and AIC. An Innovation System Approach will be used. This 

provides a methodology to identify constraints to adoption, but also identifies how the framework 

could be developed further and transmitted (e.g. through smart-phone applications). This will 

provide a refined decision framework to present to farmers within particular regions or sectors. 
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The farmer testing stage will also adopt an Innovation Systems Approach to provide consistency of 

structure and analysis. It will involve a sample of farmers representing the various sectors. A series of 

tasks will identify the usefulness of the framework, its potential for adoption within their farming system, 

and possible ways to improve the technology. A short questionnaire will be used to obtain opinions on 

its usefulness for specific farming situations. Together, the workshop and questionnaire responses 

will enable the framework to be generalised for particular sub-sectors of the farming population. 

Based on the feedback from the stakeholder workshops and farmer interviews, the framework will 

then be refined.  

 

7.2.7. Opportunities and Constraints 

 

Fit with Other Objectives 

Initial work under this objective will be independent of the other project objectives, or may feed into 

them (for example outputs of the sector-specific workshops will help to inform the development of 

SI metrics). Later work will build on information gathered under the other objectives of this project, 

in particular new SI metrics, information about what factors contribute to successful farm performance 

in an SI context and identification of effective DSS models.  This is a substantial strength of the project 

and an opportunity for an integrated approach to the issue of SI. 

 

Stakeholder Interaction 

Repeated interaction with stakeholder groups will need to be done carefully.  It will ensure that the work 

carried out is grounded in practical reality, but it is recognised that we should avoid asking stakeholder 

groups to commit too much time to prevent workshop-overload. One way around this constraint will 

be, where possible, to involve different individuals within stakeholder organisations for the different 

interactions. An example of this will be to invite individuals with expertise in different farming sectors to 

the sector-specific workshops held early in the project, and a different individual for later interactions. 

 

Weightings 

We referred in section 5 to the issue of weighting and aggregation, and the potential to use a multi-

criteria framework to produce composite indicators. For DSSs the weightings given to different 

indicators, or within composite indicators, in creating integrated metrics is critical and should be 

apparent to the user. In developing a framework we will consider the implications of this, and 

explore potential advantages and disadvantages of a DSS approach that would enable users to 

have an influence on parameters such as weightings to allow for different priorities or scenarios. 

  



83 

8. Knowledge Exchange 

 

8.1. Introduction 

KE is an essential part of SIP 1 to ensure key principles and interventions reach farmers and that 

their practical expertise reaches researchers. This is essential in order to bring about behaviour 

change that will contribute to SI. Part of this process is adoption of IFM principles. Many farmers 

already have some understanding of IFM; but all could benefit further from improved implementation of 

IFM. Specifically there is a real need to continually challenge current thinking in order to build upon our 

understanding of what SI actually means in practice, the role of IFM and its economic, environmental 

and social impacts. 

  

In this section we address: 

¶ what knowledge exchange mechanisms have been used in the past;  

¶ what techniques are currently used; 

¶ what mechanisms work more effectively than others, why, to which groups and what are the 

barriers and 

¶ what framework of mechanisms will be utilised by SIP. 

This is specifically to build the capacity of the platforms that are being developed through the 

project and challenge different approaches of KE. 

 

8.2. Knowledge Exchange Mechanisms 

  

8.2.1. Former Approaches 

Previous mechanisms for influencing farmers and disseminating knowledge from research 

organisations centred on improving production (AIC, 2013) via interaction with arable research centres, 

experimental husbandry farms and government funded advice. These approaches formed a one-stop-

shop for those looking for guidance (Blackstock et al., 2007) and in their time were an effective way 

of communicating messages to a wide range of farmers. However, farmers are a heterogeneous 

group and this one-size-fits-all policy is no longer widely applicable (AIC, 2013). Over the past twenty 

years these previous mechanisms have largely disappeared and farmers are now faced with a 

range of advisory services, many tailored to different aspects of farming (Blackstock et al., 2007). 

   

8.2.2. Current Approaches   

In contrast to the previous focuses on production, advice today can often focus on other specific 

areas, such as cross compliance, CAP, or sector specific advice. This includes advice relating to 

regulatory based information such as the Farm Advice Service, paid for agronomists and 

nutritionists, regional AHDB guidance, membership organisations and farmer groups, market and 

retail farm groups as well as commercial companies. Increasingly more widespread advice is 

becoming available to help businesses improve competitiveness, resource efficiency, deliver 

environmental objectives and contribute to the wider agenda of SI (AIC, 2013; Gibbs, 2014). With 

this diversity in information comes a range of mechanisms to support these objectives.  Added to 
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this, access to information over the last twenty years has changed dramatically with the development 

of the internet, cheaper travel and social media. 

 

Education and training 

Agricultural colleges and universities have a strong influence on the development of many individuals 

entering the farming sector and relevant educational establishments, further supported by advisory 

programmes, are an effective route for KE and to help farmers understand why actions are required. 

Education and training may provide an opportunity to reinforce existing policy signals and help 

farmers understand why certain management practices are required (Lobley et al., 2013). Participating 

in bespoke training events can fill knowledge gaps, equip farmers with a range of management skills, 

improve confidence and engender a more professionalised approach (Lobley et al., 2013). Evidence 

suggests that the interaction between participants in training sessions provides the opportunity to 

compare attitudes which represents an additional source of information and increases the probability of 

making a behavioural/farm management change (Lobley et al., 2013). The impact of training can be 

identified in the short term impact on farmers’ intentions and the longer term impacts on their attitude 

and actions. 

 

There is a huge range of training available across the country and throughout all aspects of farming. 

For example, Lantra (http://www.lantra.co.uk/) has registered over 500 training providers in the 

land based and environmental industries, 130 short intensive courses on aspects of agriculture in 

the UK and has hundreds of training providers registered.  In 2014 LEAF and BASIS developed the 

IFM training course to sit alongside other BASIS modules for those wishing to gain a further insight 

and overall understanding of IFM, which builds on the BASIS LEAF ICM training course that has 

been running over the last 15 years. To date, LEAF has trained some 20 trainers to carry out the 

new course for farmers and advisers on IFM. 

 

The impact of training sessions is dependent on a number of factors, including how the information 

is targeted and the quality of delivery by the trainer. Lobley et al. (2013) suggested that awareness 

raising, education and information must be combined with a strong locus of control (an individual’s 

perception of whether they can bring about the desired change through their own behaviour). In 

addition to believing they can make a difference an understanding of why they should make changes is 

also vital. Too often the how is covered extensively without giving farmers the time to appreciate 

what difference these changes will make to their business economically, environmentally and socially. 

This understanding is essential to IFM and subsequently SI as it is a whole farm approach and 

should be considered as such. 

  

The trainer also has a large influence over success of training courses. Trainers will be judged on 

their inter-personal skills, humour, common sense, confidence, enthusiasm and ability to listen in 

addition to their knowledgeability on the subject (Blackstock et al., 2010; Lobley et al., 2013). Research 

needs to be translated into practical advice at the farm level and professional advisers and trainers 

have a key role to play in this (AIC, 2013). 

 

Demonstration 

If efforts in educating farmers can be combined with on-site demonstration, the effect is greater. 

Farm walks provide a practical context to the advice given, making it more tangible to the farmer 

(AIC, 2013). Farm walks can also put farmers into environments where they feel more confident 

http://www.lantra.co.uk/
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and therefore more likely to contribute, question and even challenge, leading to greater understanding 

on the part of the farmer (AIC, 2013), and new insights on the part of the trainer. Demonstration 

and/or practical experimentation make advice specific and useable for the individual farmer, rather 

than generic and abstract (Blackstock et al., 2007). LEAF has a network of 40 demonstration farmers 

who communicate their knowledge and experience on the ground to other practicing farmers 

through innovative and engaging techniques.  This is to exchange knowledge among a range of 

stakeholders including researchers, farmers, environmentalists and others in the industry to show 

science in practical situations and highlight barriers and blockages. The selection of farms has 

explicit focus on communicating innovative approaches to farming through the promotion of sustainable 

agriculture and IFM among farmers and a full range of stakeholders. This approach engages farmers, 

researchers and industry at all levels to encourage the more rapid adoption of beneficial practices 

and make key messages readily accessible at a local level. This network will be utilised widely in 

the SIP. Other examples include the member-funded NIAB TAG network, with groups of farmers 

and advisers who share innovation and best practice through in-field meetings on commercial farms 

and trials sites; farmer groups and demonstration farm networks  supported by distribution companies, 

food processors or retailers; and monitor and demonstration farms run by the AHDB sectors.   

 

Advisers 

In addition to events and demonstration of techniques in practice, many on farm decisions are made in 

consultation with an inner ring of advisers (AIC, 2013; Gibbs, 2014). These advisers are considered 

effectively as part of the management team offering trusted, credible advice (AIC, 2013). Professional 

advisers have the unique ability to consider how to incorporate new techniques at an individual farm 

level. In addition, advisory channels effectively cascade highly influential and high quality advisory 

messages on production and environmental issues (AIC, 2013). For this reason, KE in the SIP should 

communicate with a wide range of stakeholders including: advisers, farmers, journalists, retailers, 

membership organisations and associations but concentrate on those, such as farm advisers, that 

are likely to have the greatest impact for on farm decisions. In addition, work will be carried out to 

strengthen the communication channels between advisers, trainers and researchers to ensure 

messaging remains consistent. 

  

Other Information Sources 

There is currently a wide array of agricultural literature on offer: regulation briefings, codes of practice, 

retailer requirements and protocols, farm assurance support, technical and sector specific information, 

newsletters, weekly bulletins and journals.  Furthermore, literature is received in a range of formats 

from: printed, video-based, podcasts to on-line. With the development of social media, and specifically 

blogs, Facebook and Twitter, a new generation of farmers are receiving advice and comment instantly.  

Advisers and farmers are well engaged in receiving such information from trusted providers in the 

industry and the scientific robustness and practical applicability of advice is critical. 

 

8.2.3. Future Approaches  

The key drive of the SIP 1 project is to ensure that the mechanisms for effective two-way exchanges of 

information, innovation and ideas are developed.  Specifically this will bring together robust science 

and practical application of new interventions to encourage the advanced uptake of IFM and aid 

progress towards SI. We need to retain the lessons of the past and combine these with new 

opportunities.  Where appropriate, through integration with SIP 2, we will apply a Participatory Action 
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Research approach in which farmers become equal partners in research by guiding appropriate 

directions and incorporating their experience, leading to genuine KE between farmers and 

researchers. 

 

Farmer groups are an increasingly valuable resource to discuss ideas and benchmark against others 

in their sector. These groups vary in consistency and engagement across the country and in 

different sectors, but often form valuable forums. 

 

Increasingly retailers are much more involved with their suppliers. With an increasing interest from 

the public surrounding food origin, retailers and processors are taking a more active role in setting 

standards and supporting growers such as through Farm Assurance Schemes including Red Tractor 

and LEAF Marque. Therefore it is critical that these companies and organisations are involved 

throughout the project as stakeholders to ensure ownership and consistency of messaging to farmers. 

This will be achieved through close collaboration with SIP 3 and continual engagement with these 

stakeholders via workshops and seminars to enable them to contribute in a two-way flow of KE.  

 

What is critical to recognise is that the diverse network of information is more flexible for different 

farmers than previous one-size-fits-all approaches and therefore may well be more resilient over 

time (Blackstock et al., 2007). There is no single approach or strategy for influencing farmer behaviour, 

and advice must accommodate different needs and circumstances (Blackstock et al., 2010; Defra, 

2013b). This combined and tailored approach will be actioned by the KE team for this project with 

the support of all SIP partners.  

 

8.3. SIP Knowledge Exchange 

The SIP is a large project with multiple partners and a wide range of activities. It is essential that we 

have good communication across the projects and a wide and structured engagement with farmers 

and the wider food industry throughout the project. This is essential as a number of the objectives 

are reliant upon engaging and learning from forward thinking farmers. In addition, once the project 

has produced some relevant findings on IFM and SI, processes need to be in place for spreading 

this insight to both those already involved in the project and to the wider network of farmers and 

agricultural advisers across the UK. All these activities require a combination of the KE mechanisms 

previously discussed, implemented effectively. A framework for KE throughout the SIP has been 

developed and takes a four phase approach covering the following: 

1. Internal Communications 

2. External Communications 

3. Communications about SIP 

4. Communications about IFM and its role in SI 

 

This framework has been developed with the knowledge that it must remain flexible in accordance 

with progress and outcomes of the project. As with the ethos of IFM, the effectiveness of the KE 

framework will be continually evaluated throughout the project to ensure the most appropriate 

mechanisms and messages are in place. 
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8.3.1. Internal Communications  

Internal Communications are the first stage of KE. Mechanisms are required to ensure that there is 

a clear pathway in place for successful internal communication at all levels of the project and across all 

work packages, as well as between the SIP projects.  SIP Project 1 has a large number of partner 

organisations and they will be kept informed via their representatives through regular emails, 

teleconferences and meetings. SIP branding and core messages will be developed and agreed by 

the KE team in the first year. Branding will be used throughout the project and core messages will 

be reviewed annually. A Wiki site has been set up as a portal for internal documents. 

 

8.3.2. External Communications  

It is clearly essential to ensure that the messages we communicate to all stakeholders in the project 

are clear, concise and consistent. This will be achieved through ‘checks and balances’ and regular 

meetings between the KE Working Group to agree on key messages. Multiple sources citing the 

same message reinforce the importance and credibility of the message but perceived differences 

of opinion will undermine the message (Blackstock et al., 2007). The website is a key asset in this 

area as it forms a shop front for the project. The website will be continually updated and regularly 

reviewed to ensure consistency. Publication guidelines have been produced and digital assets 

templates will be drafted for use throughout the project. An annual report to Defra will also be 

produced. Proposed scientific papers will be reviewed by the Project Management Team. 

 

8.3.3. Communication about SIP 

Throughout the project, we will be communicating to wider stakeholders about SIP, its aims, objectives, 

activities and key findings. This will encourage engagement in the project from wider stakeholders 

via workshops, field events and seminars. A number of the objectives are reliant upon engaging 

and learning from forward thinking farmers making regular and positive engagement critical to the 

SIP’s success. Mechanisms for this will include: the updated website, 2 project e-newsletters produced 

per year, regular blogs, ongoing tweets and possibly videos. For each mechanism, a priority audience 

will be identified and the language and messaging will be targeted appropriately. A PR framework 

will also be developed to manage press coverage and media interest around the project. SIP outputs 

will regularly feature on all 10 of the KE partners’ websites and there will be a SIP presence at 

some major industry events. A number of events will also take place under this objective. Targeted 

workshops, seminars and conferences will all be required under various works packages. Researchers 

involved with SIP will be the main communicators here and as discussed previously, the quality of 

information delivery is paramount. With this in mind, LEAF will run communication training days 

based on their Speak Out training package aimed at improving communication skills of individuals 

when speaking with farmers and relaying key messages from the SIP 1 project. 

 

8.3.4. Communication about IFM and its role in SI 

Communicating IFM in the context of SI is crucial to the success of SIP and forms the legacy of 

SIP. Once the project is underway and producing findings around intervention and IFM, these will 

need to be communicated to farmers and advisers on the ground. The farm platforms will form 

valuable bases for this communication. Around these platforms will be a network of farms where 

more interventions will take place. The involvement of commercial farms will help engage a greater 

number of farmers with the project in a positive light. Events and publications will be the main 

mechanisms to communicate the more complex messaging around IFM and SI to farmers.  Field 
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events at demonstration sites will be used as much as possible to keep findings practical and maximise 

likelihood of changing farmer attitudes and behaviour. Speak Out training will be arranged for platform 

leaders to ensure these findings are communicated effectively as this is essential for farmers to be 

receptive to new advice. These platform leaders will form ambassadors for the project to spread IFM 

and more general SI messages further and embed them into the agricultural sector throughout the UK. 

   

8.4. Considerations  

There are many different approaches and avenues for successful KE. This project intends to build 

on and strengthen these existing networks and not reinvent them, as this is likely to be far more 

efficient than attempting to establish a new structure. By building on the existing advisory networks 

the reach of advice can be extended even further by developing competencies and integrating advice 

(AIC, 2013). Through involvement of key organisations, including: LEAF, GWCT, NIAB, ADAS and 

the FWAG Association, a full understanding of what is already out there and working well is implicit 

to the project. Through synergising and building on these efforts and networks, SIP can be effectively 

communicated without the need for brand new, bespoke resources. 

  

By solidifying and structuring what is currently present, SIP will form the building blocks for future 

projects and become an exemplar for other research projects and platforms. This will allow new 

research to feed in effectively and make the most of the links and exchanges that SIP has put into 

place. The infrastructure will also allow a level of ground truthing from farmers back to researchers 

to aid industry driven research in the future.  SIP will implement this through building the capacity 

of the farm study sites, so their overall messages and research can be strengthened, further building 

credibility with the farming community. SIP also aims to embed IFM as a tool towards SI and improve 

farmers’ openness to change and acceptance of innovation across the UK, which will provide a 

lasting legacy for future KE work. 
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