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Abstract 

Addressing the degradation of the environment has become increasingly important on a global 

scale. With agriculture representing a large portion of land, pressure is on policymakers to ensure 

that farmers are contributing to the stability and improvement of the environment. Agri-

environment schemes (AESs) have become one of the most important policy tools available to 

influence farmers to make positive changes particularly in relation to biodiversity and water 

quality. AESs generally involve farmers undertaking certain management actions that are aimed 

at improving the environment and they are then compensated for the costs of doing so. The success 

of past schemes has been questioned and with a new Common Agricultural Policy (CAP) period 

about to begin, it is the valuable time to investigate how schemes could be modified so 

environmental improvements from the next generation of AESs are realised. 

The focus of this thesis is to contribute a greater understanding of the success and failures of past 

schemes through analyses of the design of schemes and the type of farmer who participates. To do 

so Chapter 2 first examines the design options available to policy makers. Using Ireland as a case 

study, Chapter 2 assesses the evolving structure of AES design in the context of changing 

environmental targets. It analyses past and current AESs and other measures with reference to the 

spatial pattern of environmental public goods. Chapter 3 examines the design of past schemes from 

the perspective of experts in AESs from a number of fields and summarise their opinions on the 

shortcomings of past schemes and their proposals for future improvements. 

The next two empirical chapters examine an area often used to measure the success of schemes, 

farmer participation. The first of these investigates the impact that changes in scheme design and 

agricultural policy have had on the type of farm to participate in schemes. To do so a random 

effects logit model is used on a nationally representative panel of Irish farmers spanning 23 years. 

Chapter 5 focuses on the participation choice through a lens of farmer self-identity and their 

attitudes towards schemes. This chapter uses a nationally representative survey of 1000 Irish 

farmers with a combined factor analysis and regression analysis methodology to provide a better 

understanding of the choice to participate. The final empirical chapter (chapter 6) focuses on the 

determinants of the perceived costs of agri-environment schemes, a known influencer of 
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participation. The model employs results of a survey of farmer’s estimated costs of participating 

to better understand why some farmers perceive higher costs than others. 
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1 Introduction 

The sustainable management of natural resources has globally become an increasingly important 

policy area (Seo, 2017; UN DESA, 2018). From halting climate change and biodiversity loss, to 

improving water quality, policymakers face the difficult task of balancing present economic 

concerns with the future state of the planet. With agriculture representing over one third of global 

land area (FAO, 2018), it has become central to a number of environmental policies. Consideration 

must be given to the food production responsibilities of agriculture while attempts are made to 

reduce the negative externalities such as carbon emissions and nutrient runoff to waterbodies. One 

of the most popular policy tools, agri-environment schemes (AESs) have come to the forefront as 

they encourage farmers to improve their environmental performance while compensating them for 

the costs involved. 

Within Europe the development of AESs is compulsory for Member States (MS). However, the 

structure of schemes differs between and even within countries. Evaluation of these schemes has 

been the focus of a great deal of research (Lastra-Bravo et al., 2015; Uthes and Matzdorf, 2013). 

The success of schemes hinges on a number of different factors, from scheme design through to 

the level of farmer participation (Karali et al., 2014). Difficulties have arisen in examining the 

impact of schemes due to the lack of baseline data with which to compare environmental 

improvements (Finn and Ó hUallacháin, 2012). Due to this lack of data and the low uptake of 

schemes by intensive farmers, concerns have been raised in relation to the degree of additionality 

that can be attributed to schemes (Barreiro-Hurlé et al., 2010; Bertoni et al., 2020; Finn et al., 

2008).  

The goal of this thesis is to provide a greater understanding of the success and failures of past 

schemes and investigate avenues for futures improvement. This is done through analyses of the 

design of schemes and the type of farmer who participates, two key areas that are important for 

schemes successfully meeting their goals. To achieve this goal, this thesis analysed data from the 

Teagasc Agri-Environment Cost Survey, which was collected in 2012 and contained information 

on scheme participation, farm and farmer characteristics, behaviour and farmer attitudes. A novel 

aspect of this survey are the questions focusing on extracting information about the farmer’s 

identity, attitudes towards schemes and their perceptions of the cost of participating in schemes.  
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Data from the Teagasc National Farm Survey was also analysed as part of this thesis. This survey 

is collected annually to fulfil Ireland’s obligation to provide data on farms to the European 

Commission. This survey provides information on farms and farmers containing data from over 

two decades in which the schemes have been implemented. These two surveys provide the basis 

for the empirical chapters of this thesis. 

Chapter 2 provides contextual information for the remainder of thesis through a summary of a 

workshop where experts in a number of fields who are directly involved in AESs discussed lessons 

learnt from past scheme design and how to improve future schemes. These experts came from the 

fields of agricultural policy, ecology, economics and farm advisory services. Predominantly, the 

schemes that have been implemented within the EU (and have therefore been the focus of the 

literature), are of a similar design; top-down horizontally applied schemes with payments for 

actions undertaken by farmers’ (Kuhfuss et al., 2019). However, in recent years alternatively 

designed schemes have been implemented, such as schemes that are designed by farmers and other 

stakeholders and make payments for results achieved (Herzon et al., 2018). This chapter provides 

an overview of the biggest concerns AESs face from the viewpoints of experts and which are 

subsequently investigated within the thesis.  

Building on Chapter 2, Chapter 3 focuses on examining the design options available to 

policymakers. While the literature has investigated the design options individually, a synthesis of 

the benefits and drawbacks of the design options has not been conducted. The chapter also 

examines the spatial distribution of the environmental public goods that the schemes aim to 

improve and how this influences optimal scheme design.  

The difficulty in quantifying the environmental outcomes that can be attributed to AESs has 

resulted in participation rates being used as a measure of success (McGurk et al., 2020). A large 

portion of the literature on AESs has focused on understanding the attributes of schemes 

participants and how they differ from non-participants and what this means for the outcomes of 

schemes (Lastra-Bravo et al., 2015; Siebert et al., 2006). This is also the research focus of Chapters 

4 to 6 of this thesis filling identified gaps in the literature.  

Past literature has focused on single schemes, or multiple schemes occurring concurrently in 

different locations (Lastra-Bravo et al., 2015; Siebert et al., 2006; Uthes and Matzdorf, 2013). This 
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leaves a gap in the literature in understanding the process of change over time, particularly at an 

individual farm level (Andreß et al., 2013). To fill this gap the first empirical chapter of this thesis 

(Chapter 4) uses panel data over a 23-year period in which multiple scheme and policy changes 

were made.  

While Chapter 4 investigates the farm characteristics of AES participants over time the second 

empirical chapter (Chapter 5) focuses on the farmer, contributing to a growing area of participation 

research which considers the role of self-identity and attitudes (Burton and Wilson, 2006; Greiner, 

2015; Sulemana and James, 2014). This chapter contributes a novel analysis of the participation 

decision through the combination of factor analysis and regression analysis. 

Along with farm characteristics, and farmer attitudes and self-identity, the financial impact of 

schemes has been found to be an important factor considered by farmers in their participation 

decision (Greiner and Gregg, 2011; Koontz, 2001; Lastra-Bravo et al., 2015). The literature 

surrounding the costs of AESs has concentrated on the cost effectiveness of schemes from a public 

expenditure perspective (Ansell et al., 2016) and measuring the costs imposed on farmers 

(Mettepenningen et al., 2009; Udagawa et al., 2014). In measuring costs, the literature has focused 

on differences between participants and non-participants rather than understanding the perceived 

heterogeneity of costs amongst farmers. Particularly important to the participation decision is the 

perceptions of these costs, which is an area that has received little attention. This is the focus of 

the third empirical chapter (Chapter 6).  

In summary, to add to the literature and improve on the understanding of AESs, this thesis takes a 

two-pronged approach. First, an examination is undertaken of the options available for 

policymakers in designing schemes. Second, the participation decision is examined in a number 

of ways, looking at the types of farmers who participate over time, the attitudes and self-identity 

of these farmers and their perceptions of the cost of agri-environment schemes. In taking this 

approach it is hoped that lessons can be learned from past failures and successes, and that these 

can be taken into consideration in the future design of schemes. 

The remainder of this chapter is divided into three sections. The first section outlines the context 

of this thesis. The second section outlines the research objective of the thesis and the studies therein 
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which are conducted to achieve that goal. Finally, the outputs from this thesis including papers, 

presentations and posters are outlined in section 1.3. 

 Context  

 Environmental Context 

Agriculture and agricultural land provide a range of public goods. Public goods are defined in 

economic theory as displaying non-excludability (it is impossible to exclude individuals from 

consuming the good) and non-rivalry (the consumption of the good by one individual does not 

reduce the amount available to others). Cooper et al. (2009) used a theoretical framework to 

identify the most important goods associated with agriculture within the EU. These goods are 

farmland biodiversity, water quality and availability, soil functionality, climate stability, air 

quality, agricultural landscapes and resilience to fire and flooding. These goods are described in 

Table 1.1 along with a brief explanation of how agriculture can impact their quantity and quality. 

Many of these good’s display both public and private good characteristics, largely due to factors 

of production, such as land, being privately owned. Some of these public goods are provided 

directly by agriculture, while others such as climate stability and water quality could exist if the 

land was used in an alternative way. However, the provision of these public goods is linked, so if 

the land were put to an alternative use, the presence of one or more of the public goods could be 

lost (Cooper et al., 2009). 
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Table 1.1: Description of the public goods provided by agriculture 

Public Good Description 

Farmland Biodiversity The species and habitats on agricultural land as well as the services they provide.  

Water quality & 

availability 

Agriculture uses water and impacts the quality of water through contamination with 
soil, effluent and inputs such as fertiliser, pesticides and herbicides. The loss of 

nutrients to water from agriculture is highly localised and dependent largely on the 

biophysical context and to a lesser degree on farm management practices (Roberts et 

al., 2017). 

Soil functionality 

Soil is a resource for agriculture that is used to grow grass, trees and crops, break down 

wastes and provide nutrients. Agriculture can harm soil functionality if not managed 

appropriately. It is in farmers’ interests to manage their soil well, hence soil has private 

good characteristics. However, society desires long term soil functionality for food 

production, biodiversity protection, water management and landscape (Cooper et al., 

2009). 

Climate stability 

Climate stability is impacted positively through carbon storage and negatively by 

greenhouse gas emissions. Soils provide carbon storage. Peat soils contain the largest 

organic carbon stocks. Unsustainable practices such as drainage, clearance and 

extraction result in the loss of this storage. Agricultural practices cause the emission of 

greenhouse gases (GHG) (methane, carbon dioxide, nitrous oxide). Due to the 

dominance of ruminant animals in the Irish agri-food sector, agriculture accounted for 

32% of the GHG emissions in 2016 (EPA, 2017a). Unlike water quality, the impact of 

GHGs on the environment is global, rather than localised. 

Air quality 

Air quality is non-excludable and non-rivalrous, a pure public good. It is impacted 

negatively through agricultural activities that emit greenhouse gases and ammonia, as 

well as burning and odours from livestock.  

Agricultural landscapes 

Agricultural landscapes, which have existed for many centuries, are increasingly 

appreciated for their aesthetics. However, certain agricultural landscapes are valued 
more than others. Generally, more extensive landscapes are valued over intensive 

landscapes (Howley et al., 2012). 

Resilience to fire 
Sufficient grazed vegetation provides a barrier to fires reducing the risk of fires to 

crops, forests and houses.  

Resilience to flooding 
Agriculture can improve resilience to flooding through land management practices that 

improve water storage capacity. 

 

The characteristics of public goods, including those associated with agriculture, leads to ‘free-

rider’ behaviour. Due to non-excludability and non-rivalry, there is no incentive for users to pay 

for them as they can get a ‘free-ride’. The lack of paying consumers for public goods means that 

there is no incentive for private provision. If this results in an under-production of a good or over-

consumption resulting in congestion, then it signifies market failure. In agriculture, the lack of a 

market for public goods means that farmers have few incentives to increase or maintain their 

provision, potentially leading to an undersupply. An undersupply of public goods associated with 

agriculture can be evidenced by the legislative targets and requirements set at EU and national 
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level as well as ground level issues identified by research associated with a lack of the good. 

Concern of the public for the state of the good also gives an indication of undersupply. This 

evidence is presented in Table 1.2. Market failure resulting in an undersupply of public goods from 

agriculture indicates a need for public intervention. However, interventions only result in an 

efficient allocation if the benefits outweigh the costs. This requires an estimation of the value of 

benefits that could transpire. To calculate this, we must know the value that society places on the 

public goods as well as the importance of the good in terms of the provision of ecosystem services. 

This value must then be compared with the cost of intervention.  
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Table 1.2: Evidence of an undersupply of environmental public goods associated with 

agriculture in Ireland1 

Public Good Evidence of undersupply 

Farmland 

Biodiversity 

Under the Habitats Directive, Ireland must report on the status of 58 habitats and 61 

species (non-bird) that are under threat in the EU. They must also report the status of 199 

birds which are of concern to the European Union under the Birds Directive. Within 

Ireland 37 birds are on the Red List of conservation concern which means they have 

declined by over 70% or are threatened worldwide.  

Water quality & 

availability 

The Water Framework Directive (2000) commits Member States to achieve good 

qualitative and quantitative status of all water bodies. An Environmental Protection 

Agency (EPA) study in Ireland found that there was a 1% decline in the number of high or 

good ecological status river water bodies in 2010-2015 compared to 2007-2009. 

Agriculture is identified as a significant pressure in ‘At Risk’ water bodies. Nutrient losses 

from agriculture and domestic wastewater are considered to be the primary  reasons why 

Water Framework Directive water quality objectives in Ireland will not be met (EPA, 

2017b).  

Soil functionality Threats to soils in Ireland under current land use, management and climate conditions are 
low by international standards (EPA, 2016). However, this could be threatened by the 

increase in production that is required to meet Food Wise 20252 goals. Good soil 

management also reduces erosion which in turn improves water quality. 

Climate stability Global initiatives to improve climate stability through the reduction of greenhouse gases 

and increase in carbon storage are evidence of an undersupply. The Paris Agreement and 

the Kyoto Protocol share the same goal of restricting the rise in global temperature to 

below 2ºC. Ireland aims to have net zero emissions by 2050 (DCCAE, 2019). 

Air quality The EU has set limits for total emissions of sulphur dioxide, nitrogen oxides, ammonia and 

volatile organic compounds in the National Emission Ceilings Directive (2001).  

Agricultural 

landscapes 

Land abandonment resulting in a loss of agricultural landscapes that are highly valued by 

the public, leads to an undersupply. EU attempts to stem this loss include large scale 

income supports including the Basic Payment for all farmers and the Areas of Natural 

Constraint payment for farmers in marginal areas. 

Resilience to fire The climate of Ireland results in fire being of lower consideration than some parts of the 

EU, however land abandonment or land-use changes could result in increased fire risks. 

Resilience to 

flooding 

Flooding is an increasing phenomenon in Ireland and climate change is expected to 

increase its prevalence and severity. Planning is ongoing to minimise the damage caused 

indicating a need for increased resilience which could be provided by changing 

agricultural practices. 

This evidence of undersupply has resulted in multiple forms of intervention at EU and national 

levels. These have included regulations surrounding organic nitrate levels, restrictions to changes 

that can be made in areas important for birds and other wildlife as well as the introduction of the 

policy tool, which is the focus of this thesis, namely AESs. 

 

1 For further evidence at a European wide level see Hart et al. (2011). 

2 Food harvest 2020 includes a goal to increase the value of primary production of the agriculture, fisheries and forestry 

sector by 65% by 2020.  



8 

 

 Agri-environment schemes 

Member states of the European Union have been required to implement agri-environment schemes 

since the introduction of regulation 2078/92 by the European Commission in 1992. Each member 

state has autonomy in the design of these schemes resulting in a wide scale of differing scheme 

types. With agri-environment schemes here to stay and a new scheme being introduced in 2021, it 

is important to understand what makes schemes successful in achieving their goals.  Ireland has 

had three major nation-wide agri-environment schemes. The first, the Rural Environment 

Protection Scheme (REPS) ran from 1994 until the end of the final five-year contracts in 2014. It 

was replaced by the Agri-Environment Options Scheme (AEOS) in 2011. This opened for entry 

for three years before being replaced by the current Green Low-carbon Agri-environment Scheme 

(GLAS) (meaning ‘green’ in the Irish language) which opened in 2015.  

1.1.2.1 Rural Environment Protection Scheme 

The first major agri-environment scheme in Ireland was REPS which was open to entry from 1994 

to 2009. The goals of REPS were to maintain archaeological sites, ensure transparency on farms 

through farm record keeping, educate farmers about farm environments, achieve pollution 

abatement and encourage biodiversity conservation. Four iterations of REPS occurred, REPS I 

from 1994, REPS II from 2000, REPS III from 2004 and REPS IV from 2007. Every farmer with 

more than three hectares of utilisable agricultural area (UAA) could join the scheme if their land 

was actively farmed. Farms involved in REPS had to undertake 11 basic measures with the latter 

two iterations of REPS requiring farmers to also undertake at least two optional measures. The 

whole farm came under the scheme with payments made on a per hectare basis with graduated 

levels of payments based on farm size. The first 20 hectares received the highest payments. Extra 

payments were made for commonage land, and those with land under a Natura 2000 designation.  

A prominent issue throughout the length of the REPS period was the restriction on the production 

of organic nitrogen which proved unattractive to intensive farmers. In the first three phases the 

level of organic nitrogen production was limited to 170 kilograms (equivalent to two cows) per 

hectare. With the introduction of the derogation under the Nitrates Directive, farmers who 

produced more than 170 kilograms of organic nitrogen per hectare were able to join REPS IV. 

They did, however, need to undertake extra measures to compensate. The final iteration of REPS 
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was the most popular, likely due to this change combined with their legal requirements under the 

Nitrates Directive (Murphy et al., 2014).  

1.1.2.2 Agri-environment options scheme 

The Agri-Environment Options Scheme (AEOS) was introduced in 2009 to replace REPS. It had 

three phases with the final one beginning in October 2013. The objectives of AEOS were to 

promote biodiversity, encourage water management/quality, combat climate change and 

contribute to positive environmental management of Natura 2000 sites and river catchments in the 

implementation of the Birds Directive, Habitats Directive and Water Framework Directive. 

In contrast to REPS, AEOS was not a whole farm scheme, restricted to areas identified on each 

farm that were entered into the scheme. Thus, payment rates were also calculated differently to 

REPS. In AEOS, payments were based on the measures selected. For example, the establishment 

and maintenance of linear habitats was compensated at €8 per 100 metres per year, plus €3.30 per 

metre once-off capital payment for fencing.  

Every farmer was permitted to apply for the scheme, however a selection criterion was used to 

prioritise farms. This was assessed in the following order of importance: farms with Natura land 

of at least half a hectare or commonage, farms in Less Favoured Areas3, past REPS participation 

and farm size (favouring smaller farms). If greater differentiation was needed for selection, the 

options picked by farmers were also scored for importance. Due to the low uptake of the scheme, 

it is likely that the selection criterion did not exclude farmers from participating. 

Farms with Natura designated land or commonage were required to have a sustainable 

management plan and further actions were to be determined by a planner. Other applicants were 

to choose one priority environmental objective from three either concentrating on biodiversity, 

water quality or climate change. Once this was chosen, applicants then had to select at least one of 

the mandatory actions and at least one complementary action, or otherwise two mandatory actions. 

 

3 Less favoured areas were those that had been identified under Articles 3.4 and 3.5 of 75/268/EEC as having a 

natural handicap that impacts on their ability to produce agricultural goods such as steep slopes or low soil 

productivity.  
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Once the minimum requirement was met, applicants were able to pick any other actions within 

their nominated environmental objective. 

1.1.2.3 Green Low-Carbon Agri-Environment Scheme 

The Green Low-Carbon Agri-Environment Scheme (GLAS) replaced AEOS, with the first farmers 

joining in 2015. The objectives of the scheme were to encourage actions at farm level that promote 

biodiversity, protect water quality, and help combat climate change, to contribute to positive 

environmental management of farmed Natura 2000 sites and river catchments in the 

implementation of the Birds Directive, Habitats Directive and Water Framework Directive, to 

promote and sustain attitudinal change amongst farmers and to achieve a balanced and effective 

environmental programme over the period of the Rural Development Programme4. 

A number of changes were made between the two schemes. The most significant change related 

to the entry priorities as GLAS split entry preference into three tiers. If applications were higher 

than could be accepted, then a scoring matrix would apply to determine who gained entry into the 

scheme. Tier 1, the highest tier, included farms which contained Priority Environmental Assets: 

• Farmland habitats (Natura Sites) 

• Farmland Birds 

• Commonages (larger than 10 hectare) 

• High Status Water Area  

• Rare breeds 

If a farm had any of these assets, applicants were required to select and undertake the relevant 

actions. Priority Actions could be undertaken by certain farms in order to be considered under Tier 

1, i.e.  beef, sheep or dairy farms with a whole farm stocking rate exceeding 140 kilograms of 

Livestock Manure Nitrogen per hectare or if the farm had more than 30 hectares of arable crops. 

The menu of actions included: 

• Minimum tillage (arable farm >30ha) 

• Catch crop establishment from a sown crop (arable farm >30ha) 

 

4 Rural Development Programme ran from 2014-2020. 
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• Low Emission Slurry Spreading (livestock farm >140kg N/ha) 

• Wild Bird Cover (livestock farm >140kg N/ha) 

If farms did not qualify under the first tier, then they could receive entry under Tier 2 

(Environmental Assets and Actions). Tier 2 included those farms in Vulnerable Water Areas5 and 

those farms that chose to undertake the Priority Actions from above. The final tier, Tier 3 General 

Actions, contained actions aimed to enhance the climate change, water quality and biodiversity 

benefits delivered and could be chosen in addition to Tier 1 or Tier 2 actions or on their own. These 

actions are shown in Table 1.3.  

Table 1.3: General Action in GLAS6 

Arable margins Minimum tillage 

Bat boxes Planting a grove of native trees 

Bird boxes Planting new hedgerows 

Catch crops Protection of archaeological sites 

Conservation of Solitary Bees Protection of water courses  

Coppicing hedgerows Riparian margins 

Environmental management of Fallow land Traditional hay meadow 

Laying hedgerows Traditional orchards 

Low-emission slurry spreading Traditional stone wall maintenance 

Low-input permanent pasture Wild bird cover 

Payments from GLAS were limited to €5,000 per farm per year except in exceptional 

circumstances. Payments were calculated per measure in a similar manner to AEOS. More 

consideration was taken for the indirect costs in the calculation of these payments. Applications to 

enter GLAS had to be made with the help of a farm advisor. AEOS farmers were able to switch to 

GLAS as long as they ended their AEOS contracts before starting GLAS. 

 Overview of research objectives and contributions of the thesis 

The principal research objective of this thesis is to examine the design of past schemes and identify 

ways in which they may be improved. This goal is achieved through four analytical chapters each 

 

5 Such as areas with High Status or Pristine Water Quality designations under the WFD. 

6 Options ‘Planting new hedgerows’ and ‘Traditional orchards were only available in the first tranche. 
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addressing a different question and one short chapter summarising the views of experts in the field. 

Each chapter addresses deficiencies in the current literature and is summarised below. 

Chapter 2: Agri- Environment Scheme Design: Past Lessons and Future Suggestions 

• Research objective: Summarise the views of a range of experts in agri-environment 

schemes 

• Contribution: Draws together the views of experts in numerous fields (economics, ecology, 

knowledge transfer and policy) in a cohesive manner. 

This chapter summarises the views of a panel of experts from the areas of agricultural economics, 

ecology, agri-environmental policy and agricultural extension who were brought together for a 

novel workshop on agri-environment schemes conducted at the Agricultural Economics Society’s 

91st Annual Conference. The panel discussed the past, present and future of European Union AESs 

with emphasis on the movement from top-down action-based schemes to participatory-partnership 

results-based schemes. 

Chapter 2 is broken down into four sections, the first looking at the characteristics of past schemes, 

the second outlining new types of schemes which are currently underway, the third section looks 

at the role of advisory services in the success of such schemes which is followed by a short 

discussion on where the future of agri-environment schemes lies. 

A version of this chapter has been published as a peer-reviewed article in Eurochoices. 

Chapter 3: Agri-environment scheme design options: Spatial match or mismatch 

• Research objective: Evaluate the AES design options available to policy makers in the 

context of the spatial location and distribution of environmental public goods. 

• Contribution: Amalgamate the institutional design characteristics of AESs into one 

analysis and compare this to the objectives of the schemes 

This chapter assesses the evolving structure of AES design in the context of changing 

environmental targets, by creating an institutional framework to analyse past and current AESs 

and other measures, with reference to the spatial pattern of environmental public goods. Outputs 
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from this chapter provide new information for policymakers in relation to the spatial targeting of 

public good in designing future AESs. 

Chapter 3 presents an institutional analysis of agri-environment scheme design from a spatial 

perspective. To do so the design options available within agri-environment schemes and their 

efficiency with respect to the distribution of environmental public goods are outlined in Section 

3.2. The data and methodology are then outlined in Section 3.3. Next the spatial location of 

environmental public goods in Ireland are identified in Section 3.4. These options are then 

analysed in terms of a case study in Section 3.5. These results are discussed in Section 3.6 followed 

by a conclusion in the final section. 

Chapter 4: More than two decades of AESs: has the profile of participating farms changed? 

• Research objective: Investigate the impact of institutional changes on the type of farmer to 

participate in an agri-environment scheme. 

• Contribution: Past work has examined single AESs or multiple AESs in different regions. 

By using panel data over a 23-year period, an examination of the impact that policy and 

AES structure changes have had on the type of farmer participating in schemes can be 

examined in detail.  

Over the past two decades of AESs, a number of significant policies have been introduced or 

changed that impacted the agricultural sector. During this time the structure of AESs was also 

altered due to changing goals and attempted improvements. In order to understand the influence 

of policy and scheme changes on farmer participation across AESs, a panel dataset that covers the 

last 20 years is utilised. This builds upon the work of Hynes and Garvey (2009) and Murphy et al. 

(2014) who used panel data to look at the type of participant involved in REPS schemes. Thus this 

chapter expands on their work to look at a longer period that involves multiple schemes REPS, 

AEOS and GLAS.  

This chapter provides policymakers with information to better understand how changes in scheme 

design and agricultural policy have impacted the type of farmers who participate in AESs. It also 

identifies gaps where participation is low that would need to be addressed in the design of future 

schemes if needed. 
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This chapter begins with an introduction in Section 4.1 and continues in Section 4.2 with a brief 

background on the schemes that have occurred in Ireland, the case study country, during the past 

twenty years. Within this section the institutional changes that have occurred are identified and 

analysed in terms of how these are expected to impact the type of farmer who participates in each 

scheme. This is followed by a review of the literature in 4.3. The dataset used, the Teagasc National 

Farm Survey, is described in Section 4.4 as well as a description of the methodology. Section 4.5 

presents the results of the random effects logit model employed. A number of regressions are 

conducted, the first looking at participation in all agri-environment schemes across the entire panel 

of data from 1996 to 2018. Then a regression on each of the three major schemes REPS, AEOS 

and GLAS is presented. These results are concluded in the final section. 

A version of this chapter has been published as a peer-reviewed article in the Journal of 

Environmental Management. 

Chapter 5: Impact of farmer self-identity and attitudes on participation in AESs 

• Research objective: Improve the understanding of the relationship between farmer self-

identity, attitudes and participation in AESs 

• Contribution: Examines participation in AESs using a novel approach of combining factor 

analysis and regression analysis to analyse the impact of self-identity and attitudes. 

This chapter involves a novel technique of using variables created through factor analysis, using 

updated methodologies to generate variables for use in a regression analysis of participation of 

farmers in AES. This adds to the literature on the topic by accounting for a wider range of factors 

in the analysis with a data source that accounts for behavioural, attitudinal, social and farm and 

farmer characteristics.  

Outputs from this chapter provide information for the identification of a farmer typology that could 

be used to develop schemes that would target certain types of farmers to participate. This study 

looks at the drivers of participation based on farmer self-identity. This increases the knowledge of 

why farmers chose to participate in schemes which will aid policymakers in increasing the success 

of future schemes in meeting their participation goals. 
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Chapter 5 begins with an introduction in section 5.1 which outlines the purpose of the chapter 

which is to analyse the relationship between attitudes and participation in agri-environment 

schemes. Section 5.2 outlines a background to this analysis looking at the schemes involved and 

the likely impact that attitudes will have. The following section, Section 5.3, describes the data, 

the Teagasc Agri-Environment Cost Survey, and the methods used, factor analysis and logistic 

regression. The results of these analyses are presented in Section 5.4, with the emphasis on the 

relationship between a farmers’ attitudes towards AES and farming and participation. These results 

are discussed in the next section followed by a brief summary in Section 5.6.  

A version of this chapter has been published as a peer-reviewed article in Land Use Policy. 

Chapter 6: Determinants of agri-environment scheme cost perceptions 

• Research objective: Achieve a greater understanding of the drivers of differences in 

perceived costs of AESs amongst farmers. 

• Contribution: While identified as a key determinant of participation, variation in farmers’ 

perceived costs of agri-environment schemes has yet to receive attention in the literature. 

This chapter aims to fill this gap. 

This chapter investigates an area that has been largely ignored in the research on participation in 

AESs. Previous work has looked at AES costs from the perspective of actual costs, however these 

actual costs are not known when a farmer is making the decision to participate. While costs have 

been identified as a driver of participation, the differences in perceptions of costs amongst farmers 

has not been investigated. While it may be expected that the characteristics of individual farms are 

the main driver of differences in AES cost perceptions, the impact of attitudes and past 

participation are also investigated.  

Outputs from this chapter provide useful information for policymakers in relation to differences 

amongst farmers in their perceptions of cost. This could identify areas in which knowledge transfer 

could be used to improve the understanding of the actual participation costs. Better information 

could result in higher participation levels as some of the risk involved in participating would be 

reduced. 
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Section 6.2 presents a background to the schemes involved and the expected impact this has on 

perceptions of cost. This is followed by a literature review investigating the expected drivers of 

cost perceptions in Section 6.3. Section 6.4 presents the data used, the Teagasc Agri-Environment 

Cost Survey, and the methodology, a logistic regression. The method of obtaining the dependent 

variables, direct and indirect cost estimates, split into three groups, low, middle, high, is described. 

The results of the logistic regression are presented in Section 6.5. These results are discussed and 

concluded on in the final section.  

Chapter 7: Conclusion 

Chapter 7 concludes the thesis, summarising the findings of each chapter in section 7.2. 

Limitations of the research and areas for future research are discussed in Section 7.3. This ends 

with some concluding remarks and recommendations in Section 7.5. 

 Thesis outputs 

 Papers and reports 

Cullen, P., Hynes, S., Ryan, M., & O’Donoghue, C. (2021). More than two decades of Agri-

Environment Schemes: Has the profile of participating farms changes? Journal of Environmental 

Management, 292. 

Cullen, P., Ryan, M., O’Donoghue, C., Hynes, S., Ó hUallacháin, D. & Sheridan, H. (2020). 

Impact of farmer self-identity and attitudes on participation in agri-environment schemes. Land 

Use Policy, 95, 104660.  

Cullen, P., Dupraz, P., Moran, J., Murphy, P., O’Flaherty, R., O’Donoghue, C., O’Shea, R. and 

Ryan, M., (2018) Agri‐Environment Scheme Design: Past Lessons and Future Suggestions. 

EuroChoices 17(3), pg. 26-30. 

 



17 

 

 Presentations 

More than two decades of agri-environment schemes – Has the profile of participating farms 

changed?, presented at the NUIG Policy Lab, 27th April 2021. 

Determinants of agri-environment scheme cost perceptions, presented at the NUIG Policy Lab, 

10th Dec 2019. 

Agri-environment scheme design and public goods: spatial match or mismatch, presented at the 

NUIG Policy Lab, 11th Sep 2018. 

Agri-environment scheme design and public goods: spatial match or mismatch, presented at the 

XX Annual BIOECON Conference 2018, Cambridge, England. 

The economics of agri-environment scheme design, presented at the 166th EAAE Seminar on 

Sustainability 2018, Galway, Ireland. 

Private cost of agri-environment schemes, presented at the NUIG Policy Lab, 12th Sep 2017. 

Farmers with attitudes (to the environment and agri-environment schemes), presented at the 91st 

Annual Conference of the Agricultural Economics Society, Royal Dublin Society in Dublin, 

Ireland 24 - 26 April 2017.  

Farmer Attitudes in Relation to Participation in Agri Environment Schemes, presented at Teagasc 

Agri-Environment Conference 2017, Tullamore, Ireland 

 

 Posters 

Cullen, P., Bougard, M., Heery, D., O’Donoghue, C., Ryan, M. (2017). Farmer Attitudes in 

Relation to Participation in Agri Environment Schemes, presented at the Agri-Environment 

Scheme workshop as part of the proceedings of the 91st Annual Conference of the Agricultural 

Economics Society, Royal Dublin Society in Dublin, Ireland 24 - 26 April 2017. 
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2 Agri-environment schemes: Past lessons, future suggestions 

A version of this chapter was published as: 

Cullen, P., Dupraz, P., Moran, J., Murphy, P., O’Flaherty, R., O’Donoghue, C., O’Shea, R. and 

Ryan, M., (2018) Agri‐Environment Scheme Design: Past Lessons and Future Suggestions. 

EuroChoices 17(3), pg. 26-30. 

This chapter summarises the views of a panel of experts from the areas of agricultural economics, 

ecology, agri-environmental policy and agricultural extension who were bought together for a 

novel workshop on agri-environment schemes conducted at the Agricultural Economics Society’s 

91st Annual Conference in 2017. The panel discussed the past, present and future of European 

Union agri-environment schemes with a particular emphasis on design changes from top-down 

action-based schemes to participatory-partnership results-based schemes. Pierre Dupraz, an expert 

in economic evaluation of agri-environment schemes, pointed out issues of past agri-environment 

schemes including their sometimes-conflicting objectives and their complexity. James Moran, an 

ecologist who has been involved in the design of results-based schemes, identified the importance 

of designing schemes that are adaptable and incentivise farmers to improve. Ronan O’Flaherty, a 

senior policymaker involved in new scheme design in Ireland, highlighted the need for policy 

behind agri-environment schemes and the importance of stakeholder buy-in. Pat Murphy, a 

knowledge transfer specialist involved in the implementation of agri-environment schemes, 

discussed the importance that knowledge transfer must play in the future of agri-environment 

schemes. Together the speakers identified the challenges faced in designing and implementing 

agri-environment schemes that improve environmental outcomes whether they are action or 

results-based. 

 Introduction  

A panel of experts from the areas of agricultural economics, ecology, agri-environmental policy 

and agricultural extension were bought together for a novel workshop on agri-environment 

schemes conducted at the Agricultural Economics Society’s 91st Annual Conference.  

Agri-environment schemes are one of the main tools used by the European Union to achieve 

environmental sustainability. Past schemes have been predominantly top-down and action-based 
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with farmers participating on a voluntary basis in exchange for payments. These schemes have 

been shown to be sub-optimal at achieving sustainability goals (Kleijn and Sutherland, 2003). This 

has led to a rethink in design with movement towards results-based schemes which are increasingly 

being locally adapted with enhanced use of multi-actor approaches. 

 Past: Action-based top-down schemes 

In the past, European Union agri-environment schemes have been implemented from the top down, 

requiring farmers to undertake specific management actions. Member State autonomy regarding 

eligibility rules and scheme design has led to many schemes being poorly adapted to their 

objectives. Past schemes attempted to achieve numerous objectives using one policy tool. Pierre 

Dupraz (INRA), an expert in economic evaluation of agri-environment schemes, believes that 

these numerous objectives have weakened agri-environment schemes as a policy intervention and 

pointed out specific drawbacks of these past action-based schemes including:  

• Conflicting objectives. Opposing actions needed to achieve the different objectives of the 

schemes led to weaknesses. For example, intensification of production achieved through 

more efficient natural resource use can result in greater productivity and thus lower 

greenhouse gas emissions on a per unit of product basis (Ryan et al., 2015). However, as 

an increase in production also involves an increase in nutrient use, intensification can also 

increase the risk of loss of nutrients to water and threaten biodiversity. 

• Geographical dispersion. The non-spatially targeted voluntary nature of schemes led to 

uptake of agri-environment schemes in spatially discrete areas. This becomes an issue 

when a threshold level to make significant improvements in an environmental target is not 

reached or is spatially sub-optimal, resulting in social losses and impeding the 

accumulation of collective knowledge about local environment processes (Dupraz et al., 

2009). 

• Adverse selection. Farmers have been found to be more likely to join if they do not have to 

make many changes (Barreiro-Hurlé et al., 2010). In the past this resulted in a large number 

of extensive farms being involved in action-based schemes as their compliance costs (both 

direct and indirect) are generally lower than intensive farms. 
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• Increasing complexity. The design and implementation of action-based agri-environment 

schemes have become increasingly complex in attempts to improve results (European 

Court of Auditors, 2011). Targeted environmentally ambitious measures have added to 

both the public and private cost of the schemes. High farmer compliance costs may reduce 

scheme participation (especially on farms with the smallest eligible area) and adoption of 

more ambitious measures. While these costs have begun to be more explicitly taken into 

account in policy design, public costs have been poorly if ever monitored (Dupraz, 2017).  

Ronan O’Flaherty, a senior government official involved in agri-environment scheme design in 

Ireland, pointed out that the earlier top-down action-based schemes served an important purpose 

in raising awareness, changing attitudes and driving interest in agri-environment schemes amongst 

farmers. This has led to a push for more farmer involvement in the design and implementation 

process of agri-environment schemes or measures leading to the creation of participatory-

partnership results-based schemes. 

 Present: Participatory-partnership results-based schemes 

The changes in policy objectives and implementation lessons have led to the creation of a number 

of participatory partnership results-based schemes targeted to specific environmental issues and 

catchments. Results-based schemes pay farmers for the results achieved, which in essence creates 

a market for the target. Results-based schemes are seen to induce more buy-in from farmers as it 

is financially beneficial for them to understand the conditions that are needed for delivery of targets 

such as biodiversity (O’Flaherty, 2017). In Ireland, EU-funded participatory approaches include 

the Burren LIFE Programme (a catchment-level results-based scheme) and the Results-Based 

Agri-environment Pilot Scheme (RBAPS). More recently, using a multi-actor approach the 

agricultural European Innovations Partnership (EIP-AGRI) called for farmers, NGOs and 

scientists to generate their own plans to resolve environmental sustainability issues on agricultural 

land. O’Flaherty and James Moran, an ecologist heavily involved in the design and implementation 

of both the Burren programme and RBAPS, discussed the main lessons learnt from these schemes:  

• Results-based schemes allow farmers to have flexibility in management decisions 

undertaken to address specific issues and conditions faced on their farms, thus farmers can 

minimise their private transaction costs while still achieving the desired results. Concerns 
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that these schemes would have high public transaction costs were unfounded, as iterations 

of the Burren LIFE Programme kept transactions costs below 20 per cent of expenditure, 

which is comparable to action-based schemes (Moran, 2017).  

• Designing an evaluation method to determine the level of improvement in biodiversity on 

farms, which determines the compensation level, is important to the success of results-

based schemes. The evaluation must reflect the achievement of biodiversity targets which 

are locally adapted and practical, while also taking into account factors outside of farmers’ 

control (Moran, 2017). Both the Burren LIFE Programme and RBAPS successfully created 

scoring systems that were acceptable to the farmers involved, showing that this is possible. 

Creating a scoring system requires time and expertise, however, these early schemes have 

aided in creating a standard that may be used again. It must also be noted that well-designed 

schemes, whether they are action or results-based, require time and expertise. One of the 

main issues with action-based schemes is that in some instances, design is poor with little 

evidence that the actions prescribed will have any impact on the target. An important 

measure of good design is the minimisation of complexity for farmers in scheme 

application and implementation.  

 Role of advisory services  

The growing complexity of schemes, both action and results-based, has resulted in an increasing 

role for advisory services. Pat Murphy, Head of Environment Knowledge Transfer at Teagasc, 

Ireland, discussed the role that advisory services have had in the past, as well as their ongoing and 

future role in marketing schemes to farmers, promoting understanding, and assisting in planning 

and implementation at farm level. Murphy noted how the importance of advisors was realised in 

Ireland after the relatively poor uptake of the Agri-Environment Options Scheme, which reduced 

the input of advisors compared to the previous scheme, resulting in their inclusion as a critical 

component in the implementation of the current Green Low-carbon Agri-environment Scheme. 

Knowledge transfer is critical in educating farmers and supporting them through the process of 

planning and implementation of schemes especially as the role of the farmer in the design stage 

grows. Complexity cannot be passed on to the farmers if that results in non-participation, therefore, 

it must be absorbed through the process of creating the schemes and by the advisory services. This 
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increases the need for expertise amongst advisory services and may require more specialised 

knowledge and education (Murphy, 2017). Moran, O’Flaherty and Murphy all emphasised the 

importance of integrated local farm advisory systems in participatory-partnership results-based 

schemes.  

 Future schemes: One objective, one tool? 

Top-down action-based schemes have been shown to be less than efficient at achieving a multitude 

of goals. What does this mean for the future of agri-environment schemes? Does the solution lie 

in lots of spatially targeted schemes? There was a strong consensus among the panel that spatially 

targeted results-based agri-environment schemes created using a multi-actor approach are key to 

improving the environmental performance of farms through improving biodiversity and water 

quality. However, there is still a place for top-down action-based schemes in delivering common 

interventions at a scale that can effect greater change. 

The success of the first results-based agri-environment schemes (both in terms of participation and 

the impact on the environment) provide many lessons to inform future schemes. The challenge for 

policymakers is to provide a scheme infrastructure that allows for farmers to become directly 

involved in solving their local issues, in a supportive regulatory and policy framework. 

Policymakers will need to step back and pass on some of the responsibility for creation, monitoring 

and evaluation of schemes, to a more supportive role in partnership with other actors. In making 

these changes, consideration must be given to scheme complexity. Increasing the role of advisory 

services was agreed upon by the panel as a way to minimise the complexity that gets passed on to 

the farmer. Advisory services are also important in increasing farmer awareness of environmental 

issues on their land. It is in turn hoped that this will lead to a change in the hearts and minds of 

farmers, as this is what will ultimately have a long-lasting impact on the agricultural environment 

 Commentary 

A number of issues were raised in this workshop which informed the scope of Chapter 3. The panel 

identified concerns about past schemes such as additionality, the disconnectedness of participants, 

and the sometimes-conflicting objectives of schemes. In attempts to address these issues, scheme 

design has evolved with increasing use of participatory and collaborative approaches to scheme 
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design with more targeting and results-based payments. However, this evolution has resulted in 

more complexity and the need for expertise of advisory services for participants. The following 

chapter addresses these changes in scheme design and investigates whether they represent the 

efficient approach in achieving environmental improvements.  
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3 Agri-environment scheme design options: Spatial match or mismatch 

 Introduction 

Globally, efforts have been made to maintain and increase the stock of environmental public 

goods. The Sustainable Development Goals and the Paris Agreement on climate change are just 

two of the numerous international agreements aimed at encouraging environmental sustainability. 

Within the European Union (EU), a number of directives and regulations have been implemented 

to improve the environmental performance of Member States with specific emphasis on 

biodiversity, water quality and climate stability. Accounting for nearly half of all land within the 

EU, agriculture has become a sector of central importance in many of these policies. The EU 

Common Agricultural Policy (CAP) has moved from a focus on food production, to having 

numerous goals, not least the environmental sustainability of the agri-food sector. This was seen 

in the reform of CAP in 2013 which included the sustainable management of natural resources as 

a priority focus. Since becoming compulsory for Member States in 1992, agri-environment 

schemes (AESs) have become the most important policy tool to improve the stock of 

environmental public goods associated with agriculture.  

While the design of AESs varies across Member States, schemes commonly involve farmers 

voluntarily participating and being compensated for the cost of undertaking management actions. 

The flexible nature of AES design has resulted in a wide range of schemes with numerous 

objectives that are sometimes conflicting (Cullen et al., 2018). This raises a question as to whether 

they are being designed in the most efficient manner to achieve their goals. Literature has focused 

on the environmental improvements that can be attributed to AESs (Batáry, Dicks, Kleijn, & 

Sutherland, 2015; Finn & Ó hUallacháin, 2012; Jones et al., 2016; Kleijn et al., 2006). Little 

attention, however, has been paid to the spatial efficiency of design of AESs from an institutional 

economics perspective.  

A large number of options are available to Member States such as whether schemes should be 

designed from the top-down or use a participatory approach involving multiple actors, or whether 

incentive payments should be based on the results achieved or the actions undertaken. While a 

number of these options have been looked at separately in terms of the actual impact in relation to 

participation and ensuing results (Lastra-Bravo et al. 2015; Wu & Babcock 1999; Gibbons et al. 
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2011; Newig & Koontz 2014 etc.), little work has been done to amalgamate the institutional design 

characteristics of AESs into one analysis and compare this to the objectives of the schemes. This 

chapter aims to full this gap and take it further in conducting an institutional analysis with specific 

concentration on the relationship between the spatial location of environmental public goods and 

the choice of design options.  

Using Ireland as a case study, this chapter outlines an institutional framework for the options 

available to policymakers in designing AESs and compares this to current and past schemes. 

Ireland presents an important opportunity to assess these options as it has experience with a variety 

of AES design approaches. Ireland places a strong emphasis on the environmental sustainability 

of agriculture as evidenced by having the highest proportion in the EU of rural development 

expenditure on measures aimed at improving the environment and countryside during the last 

programme period (European Commission, 2013). Due to the importance of spatial factors in 

assessing the success of schemes, emphasis is placed on identifying and comparing schemes’ 

characteristics with the location of important environmental public goods.  

The next section identifies the design options under examination and the literature surrounding 

their efficiency for use. Section three explains the data and methodology used to examine the 

design options. Section 4 outlines the environmental context in which the schemes take place. 

Section 5 examines the success of past schemes under the scope of the spatial distribution of 

environmental public goods. The discussion and conclusion follow. 

 Efficiency of design options 

A number of policy options are available to policymakers to achieve the environmental objectives 

of AESs each with their own benefits and drawbacks. While not an exhaustive list, a number of 

these options are discussed below. These were chosen based on discussions amongst a panel of 

experts on agri-environment schemes from different fields (economics, ecology, agri-environment 

policy and agricultural extension) on the past and current AESs and the potential for future 

successful schemes as described in Cullen et al. (2018). These policy options represent the most 

significant in terms of the differences in the resulting schemes, as well as being those that were 

actually implemented within the EU and specifically within the case study country, Ireland. These 

include top-down, where one actor implements the policy, versus participatory approaches, which 
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involve a number of actors in the design process, as well as co-ordination, (which involves a higher 

degree of actor coordination of farmers to undertake actions), versus collaboration where the 

farmers work together to achieve goals. Policy makers must also choose between applying the 

schemes horizontally, where all farmers can enter a scheme and undertake the same measures, and 

targeted schemes aimed at a specific area or species of concern. Finally, as decisions must be made 

about how payment levels are implemented, i.e. either action-based, if farmers are to be paid for 

undertaking certain management actions, or results-based, if the farmers are only paid for 

measured improvements in the target. 

 

 Top-down vs. participatory approach 

Top-down approaches to environmental policy occur where one actor, generally the government, 

implements advisory, regulatory or economic policies. The alternative is participatory approaches 

where multiple actors (including those who are impacted by the decision) are involved. 

Participatory approaches can differ in the level of representation of interest groups, the amount of 

information that flows upwards or downwards and the influence that participants can have (Newig 

and Koontz, 2014). 

Top-down approaches are limited by the lack of information and involvement of those who live 

and work in the areas where the environmental policy will be implemented (Van Den Hove, 2000). 

Including multiple actors allows for a pooling of information as well as integration of new 

information, as it becomes available throughout the implementation process (Van Den Hove, 

2000). Participatory approaches promote inclusivity in the planning and decision-making 

processes, with the objective of  increasing the likelihood of acceptance (Kapoor, 2001; Newig 

and Koontz, 2014). Through these methods, participatory approaches aim to improve effectiveness 

over top-down approaches. A key benefit of participatory approaches is that they enhance iterative 

programming where feedback loops result in in-situ improvements in policies, allowing for more 

flexibility than top-down approaches (Kapoor, 2001). 

A drawback of the participatory approach is that the inclusion of multiple actors (each with their 

own interests), may result in conflicts over the nature of the problem and the potential solutions 
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(Van Den Hove, 2000). This may also result in lower standards of improvement if the actors are 

more concerned with economic rather than environmental interests (Newig and Koontz, 2014). 

The inclusion of many actors may also result in the dilution of  important information pertinent to 

solving the issue (Rydin, 2007).  

 Co-ordination vs. collaboration 

Agricultural environmental policy is often targeted at multiple single actors making changes co-

ordinated from above but with no collaboration between the farmers themselves. The use of this 

type of policy in AESs has been criticised as resulting in fragmented discrete land parcels in 

schemes, reducing the effectiveness (in relation to habitat  continuity) and financial efficiency due 

to a mismatch in scale (Emery & Franks, 2012; Kleijn & Sutherland, 2003) This mismatch is due 

to the threshold effect where some ecosystem services operate at a larger scale than can be 

improved through the actions on just one farm in a local area (Cumming et al., 2006; Dupraz et 

al., 2009).  Only some public goods are influenced by the localised threshold effect. Global goods 

such as climate stability are not impacted, however, in the case of localised public goods such as 

water quality, a certain level of participation at catchment level is necessary to make actual 

improvements in the good (Dupraz et al., 2009).  

Collaborative environmental actions involve groups of actors working together. Collaborative 

action between farmers is seen as generally beneficial in improving agri-environmental 

management, however there are limitations (Mills et al., 2011). Prager (2015) identify 

environmental benefits of collaborative action from the larger scale management of landscape 

which reduces the likelihood of habitat fragmentation and maintains ecological networks, 

improving the performance of the management actions in increasing/improving biodiversity. Other 

studies find that social benefits such as improved attitudes through group-working have also 

increased the level and longevity of conservation practices on farms (Dwyer et al., 2020; Lockie, 

2006; Prager, 2015). The limitations of collaborative action largely relate to the social side, as it 

relies on trust and social capital which may not exist amongst all farmers (Prager, 2015). Research 

by Mills et al. (2011) suggests that groups should ideally start small to enable effective 

communication, social learning and development in the initial stages. Dwyer et al. (2020) noted 

that although a policy framework is important to facilitate collaborative action resulting in 
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improved environmental results, complementary market or voluntary mechanisms were equally 

important. 

 Horizontal vs. targeted 

Horizontal measures are available to all farmers across the country or region in which a policy is 

in place with the same measures and equal payments. They generally cover a wide area and require 

farmers to make relatively small changes in practices (Matzdorf et al., 2008). Targeted measures 

are limited to certain zones and are usually implemented to manage specific species or ecosystems, 

requiring more substantial changes from farmers in practice. Theoretically, targeted measures are 

more cost effective as they are only implemented in areas of need, resulting in the greatest benefit. 

This also reduces the risk of lack of additionality, where little or no changes are made. This type 

of scheme is also more likely to result in changes by reaching the threshold level above which 

improvements in the good will occur (Dupraz et al., 2009). However, identifying appropriate farms 

to target may be difficult as this would require research, increasing the cost of implementation. 

Van der Horst (2007) also highlighted that public goods are not spatially compatible with each 

other, and thus may require separate targeting for different public goods. Targeted measures are 

also less like to be effective where there is uncertainty and where large time and space scales are 

associated with the environmental issue, resulting in difficulties identifying those responsible for 

the public goods (Van Den Hove, 2000).  

 Payments: action-based vs. results-based  

Payments for conducting voluntary environmental measures on farms can be mostly divided into 

two groups: action-based and results-based. Action-based payments are made on the basis of 

undertaking farm management actions that are intended to increase the supply of environmental 

public goods. The payments are generally in the form of prescribed amounts for each measure 

applied horizontally. Heterogeneity among farms means that costs of participation and compliance 

are lower for some, resulting in some farmers being over-rewarded and hence more inclined to 

participate. The heterogeneity in costs faced across different farms also means that some farmers 

do not need to make many changes, leading to a lack of additionality. This is not financially 

efficient as the funds could have been employed elsewhere to make greater changes in the stock 

of environmental public goods. Derissen and Quaas (2013) find that this payment system is only 
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optimal if there is no information asymmetry, where the farmer and the policymaker have the same 

information 

Alternatively, results-based payments require actual improvement in the relevant environmental 

public goods, according to a baseline level set prior to the implementation of the measure. They 

are also financially efficient as payments are not authorised without measured improvement. The 

difficulty in implementing results-based payments is that the baseline requires on-the-ground 

analysis of the current state of the land, incurring added expenditure. An evaluation system also 

needs to be implemented to determine the level of improvement in the environmental public good 

and the consequent payment, the design of which may be complex. Results-based schemes also 

allow farmers to undertake management actions that fit their context which achieve the best results 

in the most cost-efficient manner (Gibbons et al., 2011). Results-based schemes do not suffer from 

a lack of additionality as farmers must prove improvements to obtain payment.  

However, results-based payments suffer from issues surrounding environmental uncertainty, 

where even if a farmer successfully undertakes measures to improve the environmental public 

good, uncontrolled natural events can negate the attempts, resulting in low payments or non-

payment. This indicates a transfer of risk to the farmers as it is they who lose if there are negative 

environmental consequences from an unexpected event such as flooding or a storm (Derissen and 

Quaas, 2013; Schroeder et al., 2013). This may result in non-participation by risk-averse farmers 

resulting in reduced overall participation and lower environmental improvement.  

Hybrid payments, which comprise a mix of payments for action and payments for results, are 

suggested as a solution to this problem. These reduce the risk to farmers while still providing 

incentives for direct environmental improvement as provided for by results-based payments. 

Derissen and Quaas (2013) find that hybrid payments are optimal for every situation other than 

when there is no symmetrical information.  

In summary, there are numerous options available to policymakers in designing environmental 

policies for agriculture. Each option has its own benefits and flaws with different situations and 

goals requiring different scheme design. The next section describes the methodology and data used 

to analyse the schemes that have been implemented in Ireland using the institutional framework 

outlined in this section. 
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 Data and methodology 

To further understand design options in the spatial context it is first necessary to identify the 

location and pattern of environmental features. This allows for examination of the impact of the 

design options on their possible success in improving agricultural environmental sustainability 

through examining past schemes and measures that have had various characteristics of interest. To 

assess the past and current environmental policy relating to agriculture in Ireland, a multifaceted 

analysis is employed. First, the progression of voluntary environmental schemes is charted over 

time and characteristics are compared against the institutional framework outlined in the previous 

section. The potential impact of AESs relative to the spatial location of environmental public goods 

in Ireland is then investigated. 

 Spatial distribution of environmental public goods 

The environmental public goods used throughout the following analysis are those identified by 

Cooper et al. (2009) as being the most important associated with agriculture within the EU. These 

are farmland biodiversity, water quality and availability, soil functionality, climate stability 

(climate storage and greenhouse gas emissions), air quality, agricultural landscapes, resilience to 

fire and resilience to flooding. To identify the locations and quality of these environmental public 

goods in Ireland a number of sources of publicly available spatial data were used.  The locations 

of Special Areas of Conservation (areas important for particular habitats or species protection) and 

Special Protection Areas (areas important for particular bird species) which make up the Natura 

2000 network were sourced from the National Parks and Wildlife Service (NPWS). These, along 

with the location of Natural Heritage Areas are used to represent areas important for farmland 

biodiversity.  

The Water Framework Directive requires Member States to achieve ‘good’ water quality status 

and to protect and maintain ‘high’ status water bodies. Water quality is determined using the 

Quality Rating System, Q-values, reported by the Environmental Protection Agency (EPA). Q-

values range between 1 and 5 where 1 indicates poor ecological quality, while 5 is the reference 

value, indicating pristine or high ecological water status. Maps of water bodies with each of these 

ratings were obtained from the EPA website based on their most recent assessments. 
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Climate stability is represented at a spatial scale through a map of the livestock density at electoral 

district level as well as a map of soil carbon based on the NPWS National Ecosystem and 

Ecosystem Services Mapping pilot which indicated where hotspots for the provision of these goods 

are for Ireland. The NPWS also generated maps of the water retention abilities of Irish land, which 

relates to resilience to flooding, as well as the food growing capabilities of the land which we use 

as a measure of current soil functionality. 

 Case study analysis of AESs in Ireland 

To analyse the types of farms involved in AESs in Ireland the Teagasc National Farm Survey 

(NFS) database is utilised. The NFS provides yearly information on a sample of approximately 

1000 farms in Ireland which are representative by farm system and size of a large proportion of 

the farming population. The NFS contains information on farm and farmer characteristics as well 

as their participation in past and present Irish AESs.  Data from 1996 to 2018 is utilised to cover 

the range of AESs implemented. This is combined with information from the Teagasc Agri-

Environment Costs Survey conducted in 2012. This survey contains information on the level of 

participation in the earlier AESs, the Rural Environmental Protection Scheme (REPS) and the 

Agri-Environment Options Scheme (AEOS) by county, allowing for a spatial analysis at county 

level of participants and non-participants in past schemes. For the current scheme, the Green-Low 

Carbon Agri-Environment Scheme (GLAS) a map of participation created by Gooday et al. (2017) 

using actual participation data was utilised.  

These schemes are examined against the institutional framework outlined in the previous section. 

Further analysis of their possible impact on the stock of environmental public goods is conducted 

by looking at the public goods which they aim to improve, in tandem with analysis of the scale 

and spatial aspects of participation.  

 Location of environmental public goods 

The identification of the location of the environmental public goods that AESs are aiming to 

improve upon is important in assessing the design of AESs. As discussed, some alternative design 

options have differing spatial impacts. The following figures provide maps representing the 

distribution of a selection of these public goods using publicly available spatial data.   
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The spatial distribution of biodiversity is difficult to establish due to limitations in the valuation of 

differ elements of biodiversity and whether quality or quantity is assessed. While NPWS maps the 

approximate range of species, in this study the distribution of biodiversity is signified by the 

location of Natura 2000 land (Special Areas of Conservation and Special Protection Areas) and 

Natural Heritage Areas (see Figure 3.1). These are areas that have been designated as important 

for biodiversity and have specific legal protections and targets in place. 

Figure 3.1: Distribution of farmland biodiversity 

 

In terms of water quality, the state is required to both maintain the high-level quality waterbodies 

as well as improve upon those of lower status under the Water Framework Directive. The Irish 

EPA provides information quantifying the ecological status of waterbodies using the Q value, 

measured on a scale from 1 to 5 with 1 representing low water quality and 5 representing high 

water quality. Figure 3.2 shows the locations of these waterbodies which are predominantly of 

status 3 and 4. These are relatively evenly distributed throughout the country. By comparison, the 

spread of status 1 and 2 waterbodies and status 5 waterbodies show distinct patterns. The low status 

waterways are predominantly found in the northeast of the country, while the high-status 

waterways are found in the west and southwest. The high-status waterbodies show some 

correlation with the location of areas important to farmland biodiversity (Figure 3.1). 
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Figure 3.2: Location of waterways of various statuses 

Figure 3.2.1: Waterways with status 1 or 2 Figure 3.2.2: Waterways with status 3 

  

Figure 3.2.3: Waterways with status 4 Figure 3.2.4: Waterways with status 5 
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A large portion of the greenhouse gas (GHG) emissions from agriculture come from the animals 

themselves therefore, a map of the livestock density at electoral district level is provided in Figure 

3.3.1 to understand the distribution of areas with high GHG emissions. It can be seen that the south 

(with a high concentration of intensive dairy farming) has the highest stocking rate when compared 

to the west (with largely extensive livestock farms). The northeast also has high stocking rates. 

Agriculture can also impact on GHG emissions through soil. Soil is a carbon sink, especially peat 

soils. Disturbing these soils (through for example drainage) can lead to emissions. Soil carbon is 

estimated to be highest in the west of the country (Figure 3.3.2). This suggests that it is important 

that soil management practices are undertaken in these areas to minimise soil disturbance and 

maintain the soil carbon sink.  

Figure 3.3: Carbon stability maps 

Figure 3.3.1: Stocking rate in quartiles at electoral 

district level 

Figure 3.3.2: Soil carbon 

  

Other environmental public goods associated with agriculture include flood protection and of 

course the main purpose of agriculture, the provision of food both for national consumption and 

for export. Figure 3.4 shows the areas important for water retention based on the NPWS National 

Ecosystem and Ecosystem Services Mapping pilot and Figure 3.5 shows areas that are important 
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for food production from the same project. Food production potential is derived by NPWS through 

combining information on cropping types, soil data and habitat data. It is used here as a proxy for 

the current soil functionality, a public good provided by agriculture. Both maps suggest that the 

middle of the country (the Midlands) is important to these ‘provisioning’ public goods. 

Figure 3.4: Water retention Figure 3.5: Food terrestrial 

  

Overall, these figures provide us with information about the distribution and patterns of public 

goods associated with agriculture. Importantly, the figures differ, suggesting that the location of 

alternative public goods is spatially discrete. This provides an interesting conundrum when faced 

with attempting to improve the environmental performance of farms. A number of policies and 

schemes attempt to address multiple issues at once such as biodiversity, water quality and climate 

change. The figures in this section suggest that the area’s most important to each issue may not be 

coincident. 
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 Efficiency of design options and relationship to spatial distribution of environmental 

factors 

 Institutional analysis of past and current schemes 

Agri-environment schemes are voluntary economic measures aimed at improving the 

environmental performance of farms. EU Member States have been required to implement agri-

environment schemes since 1992 following Council Regulation EEC no. 2078/92. Objectives and 

design differ between Member States. Since then, Ireland has implemented three large-scale 

schemes: REPS, AEOS and the current GLAS (green in the Irish language). Numerous other 

environmental-related schemes have also been implemented over the years. These are listed 

chronologically in Table 3.1 with a short description of each. 
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Table 3.1: Chronological list of schemes/measures implemented in Ireland 

Scheme/Measure Year 

implemented 

Description 

Western Package Scheme 
1981 

Grants for planting of forests on lands marginal for 

agriculture but suitable for forestry. 

Afforestation Grant and Premium 

Schemes 
1989 

Grant for those wishing to plant forests on land that has 

been used for agricultural purposes in recent years. 

Rural Environment Protection 

Scheme (REPS) I-IV 
1994 

Large-scale whole-farm scheme in which farmers chose 

specific measures to undertake.  

Farm waste management scheme 

(TAMS) 
2006 

Part of the Targeted Agricultural Modernisation Scheme 
(TAMS) which provides capital grants. This is aimed at 

improving farm assets to manage slurry and other farm 

waste in order to meet Nitrates Directive requirements 

Organic Farming Scheme  
2007 

Payments to aid farmers to convert to organic production. 

Previously included in REPS. 

Forest Environment Protection 

Scheme 
2007 

Aimed at encouraging farmers participating in the REPS 

to establish high nature value woodland in their farms. 

EU Life+ Programme 

2007 

A number of small, targeted schemes. Burren Life 

Programme was implemented with funding from the 

programme in the Burren in County Clare. 

Agri-Environment Options Scheme 

(AEOS) I-III 
2010 

Replacement for REPS differed by no longer involving 
the whole-farm, payment type and reduced the input of 

agricultural advisors in both the design and 

implementation process. 

Green Low-Carbon Agri-

Environment Scheme (GLAS) 2015 

Replacement for AEOS, targeted to specific “Priority 

Environmental Assets or Actions”. Farmers with these 

gained priority entry into the scheme. 

Low Emission Slurry Spreading 

Equipment Scheme (TAMS) 
2015 

Capital grant scheme to aid farmers purchasing slurry 

spreading equipment. 

Animal Welfare, Safety and 

Nutrient Storage Scheme (TAMS) 
2015 

Capital grant scheme to aid farmers improve animal 

housing, slurry storage facilities and safety upgrades. 

Beef Data and Genomics 

Programme 
2015 

Rewards farmers who improve the genetics of their beef 

animals and therefore efficiency 

Results-Based Agri-environmental 

Payment Scheme 
2015 

Pilot scheme conducted in two locations in Ireland using a 

scoring system to pay for results.  

EIP-Agri Projects 
2017 

A number of projects have received funding following an 

open call for collaborative targeted schemes. 

Tillage Capital Investment Scheme 

(TAMS) 
2017 

Capital grant scheme that includes funding for improved 

water storage and drainage. 

 

The REPS and AEOS AESs were similar in that they were both top-down, horizontal schemes that 

involved co-ordinated actions undertaken by farmers who volunteered to participate. Farmers 

signed five-year contracts agreeing to undertake certain specific environmental actions and to 
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follow a nutrient management plan, with penalties for non-compliance. REPS involved the whole 

farm with payments made on a per hectare basis, while later schemes only involved undertaking 

specific actions with payments per action. GLAS was the first large scale top-down scheme that 

attempted to target measures towards specific farms, based on areas of environmental concern as 

farmers with ‘Priority Environmental Assets and Actions’ (including Natura 2000 sites, specific 

bird species habitats, commonage, high status water areas and rare breeds) had priority access to 

the scheme. GLAS also limits the payment available to farms to €5,000 per farm. Starting in REPS 

4, and continuing into AEOS and GLAS, farmers with Natura 2000 designated land received a 

payment for following a sustainable management plan.  

The most recent progression in the design of agri-environment schemes is the European Innovation 

Partnership (EIP-Agri), where open calls for farmer-led, participatory project applications were 

sought in thematic areas, including the preservation of agricultural landscapes, water quality, 

biodiversity and climate mitigation. Two of the projects implemented under this programme are 

the Hen Harrier and Freshwater Pearl Mussel scheme which are targeted at specific species with 

core target areas identified as important habitats where participants would be sourced from. The 

aim of the projects is to develop locally tailored bottom-up solutions to environmental problems 

with strong collaboration between a wide range of stakeholders. 

There are a number of results-based or hybrid agricultural projects under The EU Life+ 

Programme. The most significant and well-known is the BurrenLife Project which ran from 2005 

to 2010 and grew into the Burren Programme. It aims to increase the supply of a multitude of 

public goods including farmland biodiversity, water quality and agricultural landscape. Payments 

from this scheme are hybrid in nature, with some payments based on actions undertaken, while 

others are based on improvements (results) in the quality of habitats and water. A key component 

of the programme is that it is ‘locally-led’, employing a collaborative approach between farmers 

and other stakeholders. The programme has been very successful and has paved the way for more 

collaborative schemes that base payments on results. While there are concerns from policy makers 

and others about high transaction costs in these types of schemes, the current Burren Programme 

has proportionately similar implementation and administrative costs in comparison to the large-

scale AESs, illustrating that targeted results-based schemes could be implemented without the 

costs outweighing the benefits (Cullen et al., 2018).  
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A number of other measures have been introduced with specific priorities. The Beef Data and 

Genomics Programme that was implemented in 2015 rewards farmers for improving the genetic 

merit and consequent efficiency of their animals to generate less greenhouse gas emissions per 

kilo of beef produced. This scheme includes a requirement for applicants to complete a Carbon 

Navigator7 with the aim of promoting the environmental and economic ‘win-win’ of improving 

efficiency of production and reducing greenhouse gas emissions on participating farms.  

Payments to aid farmers to convert to organic production have been available in Ireland since 

1994. Between 1994 and 2006 these were made within the REPS scheme, while in 2007 a separate 

Organic Farming Scheme was introduced. Over the period, the area under organic farming in 

Ireland has doubled.  

The Targeted Agricultural Modernisation Scheme (TAMS) is a grouping of capital grant schemes 

designed to incentivise private investment in physical farming assets in order to improve the 

economic and environmental performance of farms. In an early iteration of TAMS, the Farm Waste 

Management Scheme allowed farmers to improve their ability to meet the requirements of the 

Nitrates Directive by investing in capital infrastructure to manage slurry and other farm wastes. 

Both the current TAMS (which was implemented in 2015 and includes the Animal Welfare and 

Nutrient Storage Scheme) and the Tillage Capital Investment Scheme, have primary goals of 

reducing nutrient loss to waterbodies while the Low Emissions Slurry Spreading Scheme (LESS) 

aims to reduce agriculture GHG and Ammonia emissions from slurry spreading. Another TAMS 

scheme is the Organic Capital Investment Scheme which has a primary objective of reducing the 

risk of conversion to ‘certified organic’ farming, however secondary objectives also include 

reducing nutrient losses to water and emissions to air.  

The earliest schemes identified in Table 3.1 are aimed at increasing forest cover on private 

agricultural land in Ireland. The Western Package Scheme was the first EU funded afforestation 

scheme and was available only in western counties and had a slow uptake. This was replaced in 

 

7 The Carbon Navigator is an online farm management package that quantifies the environmental gains that can be 

made on individual farms by setting targets in key areas such as grassland management. It allows farmers to see the 

reduction in GHG emissions from making changes such as lengthening the grazing season or improving animal 

genetics. 
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1989 with the Forest Premium Scheme, and various iterations of the current Afforestation Grant 

& Premium Scheme which opened in 1992. This provided grants for establishment and early 

maintenance as well as payments to compensate for the agricultural opportunity cost of planting. 

Over time these schemes have been added to and now include the Forest Roads Scheme, aiming 

to improve access to forests and the Woodland Improvement Scheme and the Native Woodland 

Scheme among others. These schemes are all top-down co-ordinated schemes that are applied 

horizontally. 

The scheme characteristics found in Table 3.2 indicate that the dominant form of AES 

implemented in Ireland to date, is top-down, co-ordinated, horizontal, action-based schemes. 

While these are still currently in place, largely in the form of schemes aimed at providing capital 

to improve the environmental performance of farms, there is also a considerable increase in 

schemes targeted at specific areas, species or habitat types. There is also an increase in the use of 

collaborative approaches, funded under the Life+ Programme and EIP-Agri, indicating the 

evolving nature of AES scheme design in Ireland.   
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Table 3.2: Characteristics of voluntary schemes/measures in Ireland 

Characteristics Horizontal Targeted 

Top-down  

Co-ordinated 

Action-based 

Payments 

Western Package Scheme (1981) GLAS (2015) 

Afforestation Grant and Premium Scheme 

(1989) 

REPS I-IV (1994) 

TAMS – capital grants (2006) 

Organic Farming Scheme (2007) 

Forest Environment Protection Scheme 

(2007) 

AEOS (2010) 

Beef Data & Genomics (2015) 

Participatory  

Collaborative 

Results/hybrid 

payments 

 EU Life Programme (2007) 

RBAPS (2015) 

EIP-Agri (2017) 

 

While the policies mentioned differ in their institutional characteristics, they all are aimed at 

improving the stock of environmental public goods on agricultural land. Table 3.3 indicates the 

public goods targeted for improvement by the different environmental policies. The majority of 

policies are targeted at the improvement or maintenance of public goods such as farmland 

biodiversity, water quality and availability, soil functionality and agricultural landscapes. The 

horizontal schemes all target numerous public goods, providing evidence of their multiple 

objectives. 

While climate stability was a primary goal of AEOS and the current large-scale scheme GLAS, 

the only optional measure available for farmers is the introduction of improved slurry spreading 

methods. Largely the capital grants under TAMS have concentrated on maintaining or increasing 

the stock of one specific public good. These schemes generally provide the capital to either help 

farms achieve cross compliance standards in order to receive subsidies (or not incur penalties) or 

assist farmers to meet the infrastructural criteria to enter horizontal schemes such as GLAS or the 

Organic Farming Scheme.  
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In relation to targeted schemes, the EIP-agri programme is comprised of a number of localised 

targeted schemes. These individual schemes are aimed at improving only one public good by 

providing more appropriate habitats for specific endangered species such as the Hen Harrier or 

Pearl Mussel. In contrast, schemes under the Life+ programme such as the one in the Burren in 

County Clare, target multiple public goods in a holistic way as they are aimed at general 

improvement of the environmental performance of farms and increasing the amenity value of a 

specific area. 
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Table 3.3: Public goods and agri-environment scheme primary goals  

Type Scheme 
Farmland 

biodiversity 

Water 

quality and 

availability 

Soil 

functionality 

Climate 

stability 
Air quality 

Agricultural 

landscapes 

Resilience 

to fire 

Resilience to 

flooding 

Horizontal AES 

REPS I-IV ✔ ✔ ✔   ✔   

AEOS I-III ✔ ✔ ✔ ✔  ✔   

GLAS ✔ ✔ ✔ ✔  ✔   

Organic Farming Scheme ✔ ✔ ✔   ✔   

Afforestation grant and 

premium scheme 
✔ ✔  ✔ ✔    

Targeted AES 

Life+ Programme ✔ ✔ ✔   ✔   

RBAPS ✔ ✔ ✔   ✔   

EIP-Agri ✔ ✔ ✔   ✔   

Capital scheme 

Farm waste management 

scheme 
 ✔       

Low Emission Slurry 

Spreading Equipment 

Scheme 

   ✔     

Animal Welfare, Safety and 

Nutrient Storage Scheme 
 ✔       

Tillage Capital Investment 

Scheme 
 ✔       

Other 
Beef Data and Genomics 

Programme 
   ✔     
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 Agri-environment scheme participant analysis 

The three large scale action-based AESs in Ireland, REPS, AEOS and GLAS, share a number of 

characteristics as identified in the previous section. Participation in these schemes differed 

significantly as illustrated in Figure 3.6 which charts scheme participation from 1996 to 2016 based 

on the Teagasc National Farm Survey. REPS had by far the highest participation rate, reaching 

almost 50% in 2009, following which no new contracts were issued. This scheme was a whole 

farm scheme and the payments available to each farm were higher than the schemes that followed. 

AEOS had relatively low participation levels, however, there was significant overlap between the 

two schemes with the more lucrative REPS contracts on-going for most of the AEOS period. The 

lack of advisor involvement in both the design and implementation of AEOS was seen as one 

reason for its perceived lack of success (Cullen et al., 2018). GLAS began in 2015 was popular 

with over 30% of NFS farms participating in the scheme, far outstripping AEOS participation. 

GLAS was split into three tranches with new entrants yearly. 
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Figure 3.6: Percentage of farms in the National Farm Survey involved in an agri-

environment scheme (1996-2018) 

 

Source: Cullen et al. (2021) 

Extensive farms are likely to require fewer practice changes to participate in an agri-environment 

scheme in Ireland. This lower level of change is also generally associated with a lower opportunity 

cost of participation for extensive than for intensive farms. As horizontal schemes pay the same 

amount to all farms for specific measures, theoretically this will result in higher participation of 

extensive farms in schemes as they will likely be overpaid relative to intensive farms. This has 

been shown in past research (Hynes and Garvey, 2009; Murphy et al., 2014). This indicates a 

possible financial inefficiency in the schemes as the costs to the public result in fewer changes 

than if intensive farms joined.  

Figure 3.7 shows the percentage of extensive and intensive farms in the NFS that participated in 

REPS, AEOS and GLAS between 1996 and 2018. Extensive farms are those with livestock density 

below 1.4 livestock units per hectare as this was the level below which farmers could obtain an 
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‘extensification’ payment. Prior to 2010 a higher percentage of extensive farms participated in 

REPS than intensive, however post 2010 this relationship changed. This is likely due to the wind-

down of REPS indicating that contracts were ending for the extensive farmers who had joined the 

scheme earlier. Figure 3.7 also shows higher extensive farm participation rates for those involved 

in AEOS. In this case the participation rate for extensive farms was at least twice as high as 

intensive farms for all years of the scheme. A similar result is seen for GLAS farms with the gap 

widening over time. 

Figure 3.7: Scheme participation of extensive and intensive farms in Ireland 

 

 

The participation rates across the country for the previous wide scale schemes REPS and AEOS 

as well as the current scheme GLAS (which provides priority access to farms with a Priority 

Environmental Asset or Action) are displayed in Figure 3.8. Figure 3.8.1 shows the percentage of 

farms in each county that are current or past participants in AESs as of 2011 using data from the 

Teagasc 2012 Agri-Environment Cost Survey. A pattern is evident with lower participation rates 

in the south-west. Higher participation rates are found in the north-west of the country with Leitrim 

and Mayo having the highest level of participation at 86% and 84% respectively within the sample. 
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Figure 3.8.2, created by Gooday et al. (2017), gives an accurate view the amount of land involved 

in GLAS. The west of the country continues to have higher participation rates similar to REPS and 

AEOS, indicating that a number of participants continue to be involved in schemes.  

Figure 3.8: Agri-environment scheme participation rate in Ireland 

Figure 3.8.1: REPS and AEOS 

participation by county (%) 

Figure 3.8.2: GLAS participation rate (%)  

  

Source: Authors’ based on Teagasc NFS data Source: Gooday et al. (2017) 

 Discussion 

The analysis of schemes in Ireland in the previous section has shown there has been a shift over 

time from horizontal schemes to a more targeted approach. In the largest of the targeted schemes, 

GLAS, this was done through allowing priority entry for farms with desirable attributes. This 

should, in theory, improve the economic efficiency of the scheme by limiting payments to areas 

where there is an environmental need. However, this still does not guarantee a threshold level of 

environmental improvement is reached to result in actual improvements as there is no localised 
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collaboration (Dupraz et al., 2009). This is more likely to occur under the smaller collaborative 

schemes such as those run under the EU Life Programme and RBAPS. Additionally, these smaller 

schemes used a hybrid payments scheme which means that a portion of the payment for the scheme 

was withheld if actual improvements were not made, therefore guaranteeing additionality.  

Spatial distribution of participants in GLAS compared to the earlier schemes REPS and AEOS 

shows little variation. High participation is consistently found in the west and southwest which 

corresponds to areas important to biodiversity, have high quality waterbodies and less productive 

land. This, along with the fact that participation in past schemes is a strong predictor of current 

participation (Cullen et al., 2021), would suggest that the targeting of the schemes did not alter the 

pattern of participation strongly. The high participation areas also correspond to areas where farms 

and the predominant farm systems are more extensive. This relationship can also be seen when 

comparing the level of participation of extensive and intensive farms over time. Early REPS 

iterations along with AEOS and GLAS were favoured by extensive farmers. 

Contrasting to the areas important for the positive environmental goods such as existing habitats 

and high-water quality, the areas where agricultural carbon emissions are high and the location of 

low-quality waterbodies corresponds to areas where participation in the large-scale AESs is lower, 

the south and northeast. In GLAS, entry options for farms that did not have existing environmental 

assets was limited. This along with external policy factors, such as the removal of milk quotas, 

resulted in lower participation for intensive farms (Cullen et al., 2021). Reduction in carbon 

emissions, a stated goal of GLAS, and an increasingly important policy topic, was therefore likely 

not addressed to any great extent by the scheme. 

The variance in distribution among the different environmental goods suggests that the current 

structure of schemes that attempt to address multiple goals may not be efficient. This was also the 

conclusion of the panel of experts as discussed in Chapter 2. They suggested that multiple schemes 

may be needed to address the different issues. Whilst common interventions at a broad scale have 

their place in improving certain environmental public goods, others require a more targeted 

approach.  
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Mapping of environmental public goods at a national level whilst useful to understand the 

distribution of goods and how they differ, does not translate to a map of where the AESs should 

be targeted. The maps are focused on identifying the distribution of high and low quality existing 

features. However, the importance of these areas is not directly related to their current status. 

Consideration must be given to the relative importance of restoration of areas with a low quantity 

or quality of environmental public goods versus the maintenance and improvement of areas with 

a high amount or high quality goods (Pouzols et al., 2012). Predominantly the targeting of past 

schemes, such as GLAS, has focused on improving the areas with perceived high-quality goods to 

ensure their continued existence. Less focus is placed on the areas that are of lower quality 

especially in relation to biodiversity.  

Another limitation is the difficulty of valuing biodiversity. Whilst the Natura 2000 areas are used 

for this study, and also for targeting within schemes, identifying the spatial distribution of 

biodiversity is a much more complex issue. This is due to the complex nature of measuring 

biodiversity with consideration for both the quantity and quality of habitats (Normander et al., 

2012) The relative importance of quantity versus quality is also a contentious issue (Coad et al., 

2019).  

Missing from past schemes in Ireland has been a focus on both flood and fire risk, key 

environmental public goods that agriculture can provide. While fire risk is less of a concern in 

Ireland, climate change will increase the flood risk over time (Bastola et al., 2011). Differing 

management of agricultural land can improve or worsen the water retention of agricultural land 

and as such this is something that could be considered in future schemes. 

 Conclusions 

This chapter set out to assess the evolving structure of AESs in the context of the spatial 

distribution of environmental public goods relevant to agriculture. While in the past the literature 

has focused on examining each design option separately and evaluating the environmental 

improvements that can be attributed to AESs, this chapter explores all the scheme options available 

as well as relationship to the spatial distribution of goods. This framework was then compared to 
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a case study, Ireland, where a number of different schemes structures have been implemented. In 

doing so this chapter adds to the literature by providing an assessment of how the design options 

available to policymakers contribute to the success of AESs in terms of participation and the spatial 

distribution of environmental public goods. This provides an amalgamation of the focus of past 

literature which has generally viewed the design options in singularity. 

AESs have been evolving over time from top-down, horizontal, co-ordinated, actions-based 

schemes to more targeted approaches (with increasing use of participatory models) to scheme 

design and collaborative implementation. Both this study and the literature show that AESs have 

tended to be taken up by extensive farmers relative to non-extensive farmers (Hynes and Garvey, 

2009; Kleijn and Sutherland, 2003; Murphy et al., 2014). This is likely to have been due to the 

lower opportunity costs of participation for extensive farmers, suggesting that there may have been 

issues with a lack of additionality, where farmers did not have to make many changes to join the 

scheme; hence the environmental improvements achieved were lower than if intensive farmers had 

joined in greater numbers. The success of the Burren Programme and the acceptable levels of 

administrative and implementation costs suggests that targeting schemes to spatial needs is 

possible and can be achieved efficiently (Cullen et al., 2018).  

Spatially, the analysis shows that areas important to the improvement or conservation of the stock 

of environmental public goods do not exist in discrete locations and are spread throughout the 

country. This needs to be taken into consideration in scheme design as it suggests that optimally, 

the targeting of schemes for these goods should be done at a small spatial scale. On the other hand, 

climate stability is a global good, and hence changes made at any level will have an impact. There 

are also a number of other public goods related to agriculture which have not been discussed in 

this chapter such as social public goods such as rural vitality that are of concern to policy makers, 

however these are currently beyond the scope of this analysis. Another key implication of the 

spatial analysis of environmental public goods is the spatial inconsistency between the goods, each 

displaying different patterns in their occurrence. This suggests that although schemes generally 

have a large number of goals relating to different environmental public goods, it may be more 

efficient if these were targeted individually. 
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Designing new AESs is challenging. There is no single ‘best’ option available to policymakers, as 

each option has benefits and flaws, however this chapter provides information on a number of 

directions for future policy design. Ideally, policies should address the spatial disparity in the 

concentration of specific environmental goods. However, if this is too costly, then horizontal 

schemes may be more efficient. Perfecting environmental policy implementation to achieve results 

requires identifying the correct mix of policies in order to address the specific problems faced. 

Solving localised problems may require targeted collaborative schemes, while addressing larger 

scale issues such as climate change, will require co-ordination of large numbers of farmers, either 

through regulation or economic means.  
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4 More than two decades of agri-environment schemes: Has the profile of participating 

farms changed? 

A version of this chapter was published as: 

Cullen, P., Hynes, S., Ryan, M., & O’Donoghue, C. (2021). More than two decades of Agri-

Environment Schemes: Has the profile of participating farms changes? Journal of Environmental 

Management, 292. 

 Introduction 

Farmers’ actions influence the environmental sustainability of land use practices. With growing 

policy emphasis on improving the levels of biodiversity, water quality and climate stability and in 

many cases attempting to reverse man-made damage through ecosystem restoration, agriculture is 

increasingly under the spotlight. Land used for agricultural purposes makes up 38% of global 

terrestrial area and contributes to environmental degradation (FAO, 2018). Thus, there are strong 

policy efforts to improve the environmental performance of agriculture by changing farmer 

behaviour in relation to farm management practices. Agri-environment schemes (AESs) have 

become a leading policy mechanism in the European Union (EU) in changing farmer 

environmental behaviour (Batáry et al., 2015). However the environmental improvement 

attributed to AESs has been brought into question in a number of studies (e.g. Bertoni et al., 2020; 

Finn and Ó hUallacháin, 2012; Kleijn and Sutherland, 2003). With greater subsidiarity being 

assigned to EU member states (MS) under the 2020 reform of the Common Agricultural Policy 

(CAP), it is timely to develop a better understanding of scheme participation along with reasons 

for successes and failures in past scheme design.  

Improved understanding of participation choices of farmers in light of differences in scheme 

characteristics and policy changes, both environmental and agricultural, would aid policymakers 

in making decisions on AESs in the future. Studies investigating participation in schemes have 

predominantly focused on single schemes (Lastra-Bravo et al., 2015), or multiple schemes in 

different locations (Siebert et al., 2006).  There has been little research conducted using 

longitudinal (panel) data. To the best of the authors’ knowledge this is limited to two studies 
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(Hynes and Garvey, 2009 and Murphy et al., 2014), that focused on a single AES scheme. Panel 

data, as used in the two referenced studies, is data collected from the same data points (such as an 

individual or farm) repeatedly over time. Analysis with panel data has a number of benefits over 

cross-sectional data, including the greater degrees of freedom and sample variability which 

improves the efficiency of estimates (Hsiao, 2007). It also allows researchers to analyse the process 

of change over time particularly at an individual level, which cannot be gleaned from cross-

sectional data alone (Andreß et al., 2013). 

This chapter aims to extend these studies by examining a time-series of data, using Ireland as a 

case study country, in which a range of AESs were implemented over the last 25 years. These 

AESs differed both in relation to the targeting of environmental outcomes and the determination 

of payments, providing a unique opportunity to analyse differing characteristics. This study builds 

on the previous panel data analyses and extends it by examining a much longer time-period with 

multiple varying schemes. It investigates the types of farmers that participated in the different 

AESs and considers the changing agricultural policy context in general and the impact this may 

have had on the participation decision. In what follows, section 2 provides a description of AESs 

in Ireland. Section 3 then presents the literature on AES participation choice and is followed by a 

description of the data and methodology used in Section 4. Section 5 presents the results of the 

panel analysis. The results are discussed and some concluding comments are provided in the final 

section. 

 

 Agricultural policy in Ireland from 1996 to 2018 

 Agri-environment schemes 

The implementation of AES became compulsory for EU Member States in 1992 under EC 

Regulation 2078/92. Member States, including Ireland, have since implemented a number of AESs 

with numerous objectives and design changes over time, in response to changes in international 
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and national environmental goals and also in response to criticisms of past schemes8. Throughout 

the EU these schemes have been action-based with payments for measures undertaken (Cullen et 

al., 2018). The first national AES in Ireland, the Rural Environmental Protection Scheme (REPS), 

began in 1994. REPS had four iterations (REPS1, REPS2, REPS3, REPS4) with the last of the 

five-year contracts ending in 2014.9 With the help of agricultural extension agents, farmers were 

required to submit a whole-farm five-year plan detailing the agri-environment measures selected. 

Along with 11 compulsory basic measures, the latter two iterations of REPS also required farmers 

to undertake at least two optional measures from a predefined list. The scheme paid farmers for 

undertaking measures on a per hectare basis, with the iterations having differing rates of graduated 

payments; the highest payments were for the first 20 hectares, with different rates of declining 

payments for additional hectares across different iterations of the scheme. This led to farm size 

being a strong determining factor in a farmer’s decision to participate (Hynes and Garvey, 2009).  

Livestock density also determined eligibility as scheme entry was conditional on meeting 

requirements of the Nitrates Directive with organic nitrogen (N) levels of less than 170 kilograms 

per hectare for all except the final scheme iteration, where extra measures were required under a 

Nitrates Derogation10 for farms above this level. Thus, livestock density was a limiting factor for 

farms with high stocking densities. The fourth iteration of REPS was popular with participants 

across all farm systems. This was likely due both to the opening of the scheme to derogation farms 

and the legal requirement for all farms to meet a number of scheme conditions, whether 

participating in the scheme or not, under the Nitrates Directive (Murphy et al., 2014).  

The Agri-Environment Options Scheme (AEOS) replaced REPS in 2010. It differed from REPS 

in that payments applied to individual measures at set rates, rather than across the whole farm (see 

 

8 The objectives of the Irish AESs can be found in Appendix A. 

9 For greater detail on the differences in the four iterations of REPS see Murphy et al. (2014) 

10 The Irish Department of Agriculture, Fisheries and the Marine operates the Nitrates Derogation (SI 65 2018). 

Ireland’s nitrates derogation enables farms to stock at higher stocking rates, above 170 kg livestock manure nitrogen/ 

ha, subject to additional environmental conditions.  
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appendix B for a list of AEOS measures). Entry was prioritised for farms with certain features 

such as those with land designated as a Special Areas of Conservation or Special Protection Area. 

However, very few farms were ineligible, possibly due to lower uptake rates. One key difference 

which has been seen as a reason for the perceived failure of AEOS in terms of participation 

numbers was the lack of advisory input in both the design and implementation stages (Cullen et 

al., 2018). Farmers were not required to consult advisors to submit applications or to choose the 

measures to be undertaken. Another difference that likely influenced participation was the 

reduction in payment levels compared to the previous REPS scheme (McGurk et al., 2020). 

The Green Low-Carbon Scheme (GLAS) which replaced AEOS in 2015 attempted to address 

some of the issues of previous schemes (see appendix B for a list of GLAS measures). Entry into 

GLAS was by a three-tier system based on farms’ ‘Priority Environmental Assets’. The highest 

tier included those with Natura 2000 sites, important farmland birds, commonages, High Status 

waterbodies and rare breeds. The second tier included those with Vulnerable Water Areas and 

those choosing to undertake ‘Priority Actions’ which were: minimum tillage, catch crops, low 

emission slurry spreading and wild bird cover. The third tier applied to the remaining farms. This 

targeting of areas with existing environmental need or value was an attempt to address the issue of 

a lack of additionality, seen as a problem in previous schemes (Finn and Ó hUallacháin, 2012). 

However, it is hypothesised in this study that this would also still result in extensive farms being 

more likely to participate as they are more likely to have the features targeted (Hypothesis 1). 

Linked to this, a number of studies have also suggested that extensive farms are more likely to 

participate as they may have to make the least changes as the schemes fit with their existing 

practices (Hynes and Garvey, 2009; Murphy et al., 2014; Wilson and Hart, 2000; Defrancesco et 

al., 2008). Payments under GLAS were limited to €5,000 annually per farm except in exceptional 

circumstances such as the presence of multiple priority assets. In this scheme, advisors were again 

involved in the application and design process.  

 Agricultural policy changes 

As the AESs have evolved, a number of EU agri-food policy changes have occurred that may also 

have influenced participation in schemes. Over the last 25 years increasing emphasis has been 
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placed on the sustainability of farming, including environmental sustainability (Bertoni et al., 

2012). The reform of CAP in 2003 resulted in the decoupling of subsidy payments from 

production. The new payments known as ‘single farm payments’ were subject to ‘cross-

compliance’ conditions, some of which were environmental in focus.  

In 2006 Ireland implemented its first National Action Programme under the Nitrates Directive. 

This limited the amount of livestock manure applied to the farm each year, set time periods for 

organic manure (slurry) spreading and set capacity levels for manure storage. All farmers were 

obliged to follow the programme as the whole of Ireland was designated as a Nitrates Vulnerable 

Zone. Given that farms now had to abide by these restrictions anyway, this in effect removed a 

number of barriers to AES entry. In 2007 the EU granted Ireland a Nitrates Directive derogation 

allowing eligible farmers to exceed the Nitrates Directive threshold for livestock manure applied 

to the farm each year. The number of farms availing of this has been steadily increasing, reaching 

a level of almost 7000 farms in 2018; the majority of these are dairy farms (DAFM, 2019). The 

derogation granted to Ireland was time limited, however the derogation is reviewed periodically 

and extensions have since been granted. The fourth iteration is set to expire at the end of 2021. 

Farmers with a derogation are required to reapply on an annual basis and have to meet a number 

of environmental conditions including using low emission slurry spreading equipment, conducting 

soil testing and participation in an environmental training course. AESs have been adapted to allow 

‘derogation farms’ at the higher rate of organic nitrogen output per hectare to be eligible to apply 

for scheme participation. 

In recent years Ireland has been increasing the productivity of the agricultural sector with goals to 

increase the primary output of agriculture by 30% under Food Harvest 2020 (DAFF, 2010) and 

65% under Food Wise 2025 (DAFM, 2015). While there is a strong focus on ‘sustainable 

intensification’ within these strategies, this targeted growth contrasts with other environmental 

policy goals of reducing greenhouse gas emissions, runoff to waterways and improving 

biodiversity. Such productivity targets could result in less participation in AES as these 

Government strategies potentially open up other higher income opportunities, while the constraints 

on management under an AES act as a barrier to accessing such opportunities.  
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The removal of milk quotas in 2015, coinciding with the opening of the GLAS AES in Ireland, 

may also have impacted on scheme participation choices. During the quota period, dairy farmers 

were limited to a maximum quota of annual milk production. With the abolition of the quota 

system many farmers availed of the post-quota expansion opportunity. Quota removal resulted in 

a 35% increase in milk production and a 21% increase in dairy cow numbers between 2014 and 

2018 (Eurostat, 2020a, 2020b). This expansion suggests increased competition for land that might 

be targeted for inclusion under AESs and higher opportunity costs, which it is hypothesised, would 

lead to a drop in participation levels of dairy farms (Hypothesis 2).  

 

 Analyses of AES participation 

A broad range of literature has explored why farmers choose to voluntarily participate in agri-

environment schemes. Common recurring factors include profit-maximisation (Gasson, 1973; 

Willock et al., 1999), farm and farm characteristics (Defrancesco et al., 2008; Hynes et al., 2008; 

Lastra-Bravo et al., 2015; Murphy et al., 2011), contract structure, (Ducos et al., 2009; Wilson and 

Hart, 2000) and farmer attitudes (Ahnström et al., 2017; Greiner, 2015; D. J. Pannell et al., 2006). 

Predominantly this research is conducted using cross-sectional data focusing on a single AES or 

multiple AESs occurring with spatial disparity (Lastra-Bravo et al., 2015; Siebert et al., 2006; 

Uthes and Matzdorf, 2013). While Hynes and Garvey (2009) and Murphy et al. (2014) both 

conducted panel studies, the analysis was limited to one scheme in each case. Riley et al (2016) 

examined the change in farmers attitudes using interviews with the same farmers ten years apart. 

A number of farm characteristics have been studied in relation to the participation choice. Farm 

size is often found to influence participation in AESs, however, the findings in this regard have 

been mixed. While some studies have found that farms in AESs are larger on average (Hammes et 

al., 2016; Lynch and Lovell, 2003; Murphy et al., 2014; Wilson and Hart, 2000), others found the 

opposite (Capitanio et al., 2011; Vanslembrouck et al., 2002) and some studies found no significant 

effect (Ducos et al., 2009; Mathijs, 2003). It is possible that the variation in results may be due to 

differences in the structure of both the schemes and the farms being studied but it may also be due 

to a non-linear relationship between farm size and participation. This non-linearity is hypothesised, 
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especially in the case of Ireland, to be due to scheme design with the cost of entry restricting the 

likelihood of small farms entering the schemes and payments per hectare reducing for large farms 

(Hypothesis 3). This relationship is tested in this study through use of quadratic terms on farm 

size.   

Productivity has been found to have differing impacts on AES participation. Dupraz et al. (2003) 

for example found that farms with high productivity potential would be less likely to participate  

and Hynes and Garvey (2009) found farms with more productive soil types would also have a 

lower likelihood of participation. In contrast, Murphy et al. (2014) found that gross output per 

hectare (market based outputs only) was positively associated with participation when included in 

a regression alongside family farm income (calculated as farm revenue including subsidy 

payments minus costs) which was negatively associated. Their suggestion was that this means 

business-minded extensive farmers with lower farm incomes are more likely to join REPS. These 

income variables are included in this research to see if this is true across multiple schemes. As an 

extension to this it is hypothesised for this research that the reliance of farms on the market for 

income, versus subsidies, may reduce their participation due to lack of experience in applying for 

subsidies (Hypothesis 4). Another key determinant of participation in AES that has been found in 

previous studies is participation in previous AESs resulting in a higher likelihood of continued 

participation in schemes after the first experience (Murphy et al., 2014; Wossink and van Wenum, 

2003).  

The afore-mentioned studies (excluding Hynes and Garvey (2009) and Murphy et al. (2014)), use 

cross-sectional data to understand the participation decision, thereby limiting analyses to 

understanding participation in the context of one scheme and location, or multiple schemes in 

differing locations. However, analysis of schemes in different locations could be complicated if 

farmers in such areas vary across other more qualitative factors that have been found to influence 

participation. Such factors include perceptions of farming, attitudes towards the AES under study 

and opinions on conservation in their areas (Burton et al., 2008; Cullen et al., 2020; Dessart et al., 

2019; Herzon and Mikk, 2007). Without access to this information this study includes farmer 

characteristics which may relate to their attitudes and have been found to be important in past 

research. For example, age in the past has been found to be significant with younger farmers found 



59 

 

to be more likely participants than older farmers in a number of studies (Barreiro-Hurlé et al., 

2010; Hynes and Garvey, 2009; Peerlings and Polman, 2008; Polman and Slangen, 2008). Whether 

or not a farmer has a child is also included as a measure of whether there is a possible successor. 

Mixed results related to the influence of succession planning among farmers has been found in the 

past with some studies finding a positive impact on participation (Karali et al., 2014; Murphy et 

al., 2014), others negative (Defrancesco et al., 2008; Giannakis, 2014), while others did not find 

an effect (Peerlings and Polman, 2009; Polman and Slangen, 2008). Higher education levels were 

found to be associated with higher rates of participation in AESs by Peerlings and Polman (2009) 

and Wilson and Hart (2000), while Defrancesco et al. (2008) found no association. 

The studies reviewed above all examined actual farmer behaviour. There have also been a number 

of stated preference studies that examined AES participation and farmer willingness-to-accept 

payment to participate in AES (Beharry-Borg et al., 2013; Espinosa-Goded et al., 2010; Hynes et 

al., 2011; Hynes and Campbell, 2011; Putten et al., 2011; Trenholm et al., 2017, McGurk et al. 

2020). A common finding in these studies was that there is considerable heterogeneity among the 

farming population in terms of potential AES participation.  

In summary, while the literature has been wide ranging on the topic of participation in AESs, there 

has been little work that takes an intertemporal perspective, spanning farmer participation over 

time and across policy (scheme) changes. Based on past literature and policy changes, this study 

aims to fill this gap using an extended panel data approach to test four hypotheses: 

1) Extensive farms are more likely to participate than intensive farms across all schemes but 

especially in the case of GLAS due to targeting. 

2) The removal of milk quotas has a negative influence on dairy farm participation over 

time. 

3) There is a non-linear relationship between farm size and participation. 

4) Greater dependence on subsidies versus market income increases the likelihood of 

participation in AESs. 
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  Methodology and Data 

 Methodology 

A standard neoclassical model is used as the theoretical framework for this analysis. Using panel 

data information on participation of farmers in AESs from 1996 to 2018, the choice of farmers to 

participate is treated as a utility maximisation problem. In any given year, 𝑡, the choice of a farmer, 

𝑖, to participate or not participate is determined by the relative utility associated with each option. 

The utility derived from participating is: 

 𝑈𝑃𝑖𝑡(𝐼𝑖𝑡 + 𝑆𝑖𝑡 − 𝐶𝑖𝑡, 𝐸𝑖𝑡 ;  𝑍𝑖𝑡) (1) 

where the utility from participation, 𝑈𝑃𝑖𝑡, is a function of family farm income11, 𝐼𝑖𝑡, plus the 

payment for the scheme, 𝑆𝑖𝑡, minus the opportunity cost of participation, 𝐶𝑖𝑡, as well as effort of 

participation, 𝐸𝑖𝑡 . 𝑍𝑖𝑡 is a vector of the farm and farmer characteristics that affect utility. The utility 

derived from non-participation in a scheme is given by: 

 𝑈𝑁𝑃𝑖𝑡(𝐼𝑖𝑡  , 0; 𝑍𝑖𝑡) (2) 

where utility of non-participation, 𝑈𝑁𝑃𝑖𝑡, is a function of family farm income and farm and farmer 

characteristics that affect utility. Effort is equal to zero as they are not undertaking actions related 

to scheme participation. It is assumed that when a farmer 𝑖, makes the decision to participate in an 

AES they receive a greater utility from participating than not. This results in a decision function 

as follows: 

 𝑌𝑖𝑡 = 𝑈𝑁𝑃𝑖𝑡(𝐼𝑖𝑡  , 0; 𝑍𝑖𝑡) − 𝑈𝑃𝑖𝑡(𝐼𝑃𝑖𝑡 + 𝑆𝑖𝑡 − 𝐶𝑖𝑡 , 𝐸𝑖𝑡 ;  𝑍𝑖𝑡) (3) 

While the utility amounts cannot be directly observed and therefore the value of 𝑌𝑖𝑡 is unknown 

the participation choice can be observed. This discrete choice is given by: 

 
𝑌𝑖𝑡

∗ = {
0, 𝑖𝑓 𝑌𝑖𝑡 > 0

1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

(4) 

 

11 Family farm income is calculated by deducting all farm costs (direct and overhead) from farm gross output (Teagasc, 

2019).  
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where 1 represents participation and 0 represents non-participation in an AES. Hence the decision 

function can be rewritten as: 

 𝑌𝑖𝑡
∗ = 𝑈𝑁𝑃𝑖𝑡(𝐼𝑖𝑡  , 0; 𝑍𝑖𝑡) − 𝑈𝑃𝑖𝑡(𝐼𝑃𝑖𝑡 + 𝑆𝑖𝑡 − 𝐶𝑖𝑡 , 𝐸𝑖𝑡 ;  𝑍𝑖𝑡) = 𝑋𝑖𝑡𝛽 + 𝜀𝑖𝑡 (5) 

where 𝑋𝑖𝑡 is a vector that gathers the determinants of 𝑌𝑖𝑡
∗ , 𝛽 is a parameter vector and 𝜀𝑖𝑡 is a random 

component.  

To estimate this model a standard random effects logit estimator is employed.  The individual-

specific effect is a random variable that is uncorrelated with the explanatory variables. Due to the 

possibility of endogeneity with components in 𝑋𝑖𝑡 such as family farm income, the possibility of 

fixed effects, (where there is a correlation between the individual farm effect and one or more of 

the 𝑋 variables), must be accounted for. This is achieved by including the mean farm income over 

the examined period in each regression as an additional variable. This approach follows the work 

of Hynes and Garvey (2009) and Murphy et al. (2014) where using mean income is expected to 

capture unobserved farm or farm management characteristics. This is a version of the Mundlak-

Chamberlain random effects model (Mundlak, 1978).  A disadvantage of random effects models 

is that random effects estimates may be biased if one fails to control for omitted variables. 

However, the advantage of being able to estimate the effects of time-invariant variables using this 

modelling approach is an important consideration with a farm level dataset where many of the key 

explanatory variables tend to remain unchanged for long periods (e.g. system and size of farm).   

 Data 

The data used for this analysis are from the Teagasc National Farm Survey (NFS), an annual survey 

conducted by the Irish Agriculture and Food Development Authority, Teagasc, as part of its data-

collection commitments to the Farm Accountancy Data Network of the European Union. NFS data 

from the years 1996 to 2018 inclusive are used to investigate the type of farmer who participates 

in an AES over time and to identify any variation between different schemes and across time. The 

NFS is an unbalanced panel that is nationally representative of farm size and system based on the 

Census of Agriculture undertaken by the Central Statistics Office. Approximately 1000 farms are 

surveyed each year with farms staying an average of 7.33 years in the panel. Once a farm is at least 
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2 years in the panel it can be used in the estimation of the random effects logit model. Table 4.1 

shows the comparative summary statistics for all Teagasc NFS farms that are also separated into 

NFS AES participant (REPS, AEOS or GLAS) and non-participant farms for the variables 

included in the regression. The figures displayed are averages for farms in each group across all 

years. 

 

Table 4.1: Comparative summary statistics for all farms in the NFS and AES farms in NFS 

(1996-2018) 

Variable All NFS  NFS AES 

participants 

NFS Non-

participating farms 

Total no. 23,789 7,857  15,928 

Dairy (%) 37.6 25.1 43.9 

Cattle (%) 41.0 47.5 37.7 

Sheep (%) 12.6 19.0 9.4 

Tillage (%) 8.8 8.5 8.9 

Farm size (ha) 53.9 50.8 55.4 

Livestock units per hectare 1.33 1.20 1.40 

Family farm income (000€) 29.6 21.3 33.7 

Gross output per ha (000€) 1.77 1.58 1.87 

Proportion of income from market (%) 69.1 62.7 72.2 

Farmer age (years) 52.7 52.3 52.9 

Children (% of farms with children) 42.8 46.9 40.7 

 

Ireland’s dominant farm systems (using EU farm typology based on standard output as set out in 

Commission Decision 78/463) are associated with grass-fed livestock production. For the purpose 

of this analysis, farm systems are split between dairy, cattle, sheep and tillage, based on the 

dominant enterprise on the farm. Cattle farms make up the biggest group in the NFS sample with 

41% of farms. Dairy follows with 37.6%, with sheep and tillage farms representing the smaller 

groups at 12.6% and 8.8% respectively. Other systems such as poultry, horse and pig farms are 

excluded due to low numbers. AES participants over the period are more likely to be cattle and 

sheep farmers at 47.5%, and 19% respectively compared to 37.7% and 9.4% for non-participants. 

The average farm size is 54 hectares with approximately 1.33 livestock units per hectare. The 
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stocking rate is determined by applying coefficients to each type and age category of livestock, 

then aggregating these and dividing by the utilisable agricultural area (e.g. a dairy cow is one 

livestock unit per hectare (LU/ha)). On average, AES participant farms are smaller than non-

participants, averaging 51 hectares, and are less highly stocked at 1.27 LU/ha compared to 55.4 

hectares and 1.40 LU/ha.  

Family farm income is calculated as revenue, including subsidies such as direct payments, minus 

costs.  AES payments are excluded from the subsidies in this calculation to prevent an endogeneity 

issue. All monetary values were adjusted to 2016 levels based on the consumer price index (CPI) 

as reported by the Central Statistics Office. Average family farm income in the sample was 

€29,607. This broke down as €21,291 for AES participant farms and €33,700 for non-participant 

farms. Household income (which includes off-farm income) is not collected in the survey so cannot 

be considered. Used as a measure of productivity of land, average gross output per hectare across 

the entire sample was €1,770 (Brennan et al., 2016). AES participants are on average less 

productive with €1,580 per hectare gross output compared to €1,870 per hectare for non-

participants. The proportion of income from the market (the alternative being subsidies) is included 

as a measure of financial sustainability (Brennan et al., 2016).12 On average across the country, 

69% of farmers’ income comes from the market. There is less reliance on market income among 

AES participants at 62.7% on average compared to 72.2% for non-participants (excluding AES 

payments from subsidies). Hence, AES participants are more reliant on subsidies for income than 

their non-AES counterparts.  

In terms of farmer characteristics, participant farmers are similar in age, 52.2 years versus 52.9 for 

participant and non-participant farmers respectively. Participant farmers are more likely to have 

children at home - 46.9% versus 40.7% for non-participant farmers.  

Table 4.2 disaggregates this information into the periods when each of the schemes was in place. 

A number of changes occurred over the three different periods in which the large-scale AESs were 

running. Inflation adjusted family farm income increased on average across all farms from €28,000 

 

12 Subsidies include the direct payment and other payments from the EU or State that the farmer received.  
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in the REPS period to €42,000 in the GLAS period. Average real incomes also increased for AES 

participants from €20,000 to €22,000 to €32,000 in REPS, AEOS and GLAS respectively. 

However, participants in each of the AESs still have lower incomes compared to the national 

average.  

There is a noticeable difference in the percentage of participants who are dairy farmers across the 

schemes with REPS having the highest at 28%. Dairy farmers only make up 10% of AEOS 

participants in the NFS and 13% of GLAS participants, compared to the average of approximately 

one third of all NFS farms in each period. The level of sheep farmers as a proportion of total 

participants peaked during the AEOS period, making up 35% of AEOS participants compared to 

17% in REPS and 23% in GLAS. The size of scheme participant farms varied over the three 

periods, compared with the average farm size of all NFS farms. REPS farms were smaller than 

average, while AEOS and GLAS farms were larger than the average NFS farm.  
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Table 4.2: Summary statistics for REPS, AEOS and GLAS participants in NFS and for all 

NFS farms 

 REPS period 

(1996-2014) 

AEOS period 

(2011-2017) 

GLAS period 

(2015-2018) 

 Participants All Participants All Participants All 

 6,542 20,387 433 5,942 914 3,402 

Dairy (%) 27.6 37.9 10.5 33.1 13.6 36.1 

Cattle (%) 46.5 40.8 48.7 43.4 54.2 41.7 

Sheep (%) 17.3 12.4 35.3 14.0 23.4 14.1 

Tillage (%) 8.6 8.9 5.5 9.5 8.9 8.2 

Farm size (ha) 48.0 52.7 71.3 60.0 70.1 61.2 

Livestock 

units per ha 

1.29 1.32 1.10 1.40 1.19 1.42 

Family farm 

income less 

AES payments 

(000€) 

20.43 27.80 22.17 36.88 32.21 40.47 

Gross output 

per ha (000€) 

1.596 1.722 1.281 1.958 1.563 2.067 

Proportion of 

income from 

market (%) 

62.4 68.3 65.9 72.9 64.0 74.0 

Age 51.9 52.3 54.0 55.0 54.7 55.1 

Children (%) 49.2 44.6 37.2 35.5 35.4 32.1 

Source: NFS (1996-2018). Monetary values have been adjusted to the year 2016 using the CPI.  

In all three scheme periods, the stocking rate of participant farms was lower on average than across 

‘all farms’, ranging from a difference of 0.1 livestock units per hectare in REPS to 0.3 livestock 

units per hectare in AEOS. Gross output per hectare has increased across the three time periods 

after adjusting for inflation. On average gross output per hectare was €1,596 for REPS farms over 

the period and this had increased to €2,041 for GLAS farms in the later period. Participants had 

lower gross output per hectare than the national average in all three periods.  

 

 Results 

Before presenting the participation models, the temporal change in participation numbers over the 

reference period, in total and by farm system and size, is first examined. Participation levels across 
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schemes differed greatly. As can be seen in Figure 4.1, based on the NFS weighted panel 

participation in schemes peaked in the last REPS period (REPS4) before REPS participation began 

declining as the 5-year contracts ended. AEOS by comparison was seen as less successful due to 

the low uptake rate, topping out at just over 10% of NFS farms. GLAS by comparison, reached its 

participation goal of 50,000 farms, which translates to a 35% participation rate on NFS farms. This 

scheme was closed for new applicants in December 2016. 

 

 

Figure 4.1: Participation in agri-environment schemes for NFS farms 1996-2018 

Examining participation levels by farm system shows differences in trends across time (Figure 

4.2). Across the period under investigation, sheep and cattle farms had higher participation rates 

than dairy and tillage farms. This converged in 2011, the first year of AEOS entry, during which 

participation levels were low. From then on, sheep farm participation levels increased while dairy 

farm levels dropped markedly. While tillage participation levels were consistently lower than cattle 
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participation levels throughout the GLAS period they were much closer to each other in the years 

2016 and 2017. In total, just over 30% of NFS tillage farms participated in the GLAS scheme. 

 

 

Figure 4.2: Percentage of NFS farms that are AES participants by system 1990-2018 

Figure 4.3 shows the average AES payments received by farms between 1996 and 2018, 

categorised by farm size. During the REPS period there was a substantial difference in the level of 

payment by farm size, the difference reaching nearly €6000 between the highest and lowest size 

categories in the mid-2000s. Since the payments for REPS ceased in 2014, the average payment 

for schemes in each size category is much closer, with a gap of just over €1000 between the top 

and bottom category. This narrowing is likely due to the change in payments from the area-based 

system in REPS to a measure-based system in AEOS and GLAS. 
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Figure 4.3: Average AES payments (€) by farm size 1996-2018 

To gain a clearer picture of the pattern of behaviour observed in the preceding graphics, a number 

of random-effects logit panel models of participation in AESs were conducted. The results of four 

such models estimated using the NFS data from 1996 to 2018 are displayed in Table 4.3.  Model 

1 presents the results of a random effects logit model where the dependent variable is equal to 1 if 

the farmer is a REPS, AEOS or GLAS participant in a given year, and 0 otherwise. The next three 

columns show the results of a random-effects logit on each of the three periods of agri-environment 

schemes in Ireland separately. The REPS period runs from 1996 until the end of the last contracts 

in 2014, the AEOS period runs from 2011 to 2017 and GLAS from 2015 to 2018. A likelihood 

ratio test rejected the hypothesis that there was an absence of correlation in residuals over time in 

all models suggesting that a panel rather than pooled regression is preferred. Odds ratios are 

reported for the models’ coefficients. Odds ratios greater (less) than 1 indicate farmers are more 

(less) likely to be participants in the schemes when there is a positive change in the explanatory 

variable. An increase of 0.01 in the coefficient represents a 1% increase in the odds of participating 

in the scheme for a one unit increase in the explanatory variable.  
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Table 4.3: Results of random effects logit models of participation in agri-environment 

schemes 

  (1) (2) (3) (4) 

  
All AES 

participation 

REPS 

participation 

AEOS 

participation 

GLAS 

participation 

Farm characteristics     

  Farm system (base: Dairy)     

  Cattle 1.883*** 1.431*** 12.89*** 43.74*** 

 (0.188) (0.153) (10.04) (31.35) 

  Sheep 3.392*** 2.205*** 66.75*** 71.66*** 

 (0.418) (0.289) (56.30) (60.44) 

  Tillage 1.388** 1.188 0.552 50.20*** 

 (0.183) (0.169) (0.500) (43.22) 

Farm size (ha) 1.006*** 1.012*** 1.016** 1.028*** 

 (0.00136) (0.00237) (0.00648) (0.00851) 

Farm size squared 0.99999* 0.99997*** 0.99999* 0.99998*** 

 (1.85e-06) (7.71e-06) (6.35e-06) (8.57e-06) 

Stocking rate 2.475*** 2.356*** 0.173*** 91.88*** 

 (0.456) (0.478) (0.0797) (96.82) 

Stocking rate squared 0.569*** 0.596***  0.204*** 

 (0.0367) (0.0427)  (0.0675) 

Family farm income (000’s) 0.984*** 0.981*** 0.992 0.986* 

 (0.00175) (0.00215) (0.00719) (0.00726) 

Proportion of income from 

market 
0.986*** 0.979*** 1.002 0.819*** 

 (0.00203) (0.0218) (0.00276) (0.0140) 

Gross output per hectare 

(000’s/ha) 
2.502*** 2.811*** 2.036** 12.97*** 

 (0.161) (0.212) (0.690) (4.383) 

Mean family farm income 

(000’s) 
0.995** 0.993** 0.993 0.979** 

 (0.00221) (0.00271) (0.0105) (0.0104) 

Farmer     

Age 0.990*** 0.990*** 0.965** 0.989 

 (0.00255) (0.00279) (0.0148) (0.0151) 

Children 1.382*** 1.413*** 0.837 2.491** 

 (0.0815) (0.0914) (0.305) (0.947) 

Participation     

Lagged participation 29.17*** 41.12***   
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 (1.703) (2.828)   

Past REPS participation   2.253** 7.583*** 

   (0.847) (3.050) 

Past AEOS participation    51.58*** 

    (31.50) 

Period dummies Yes Yes No No 

Constant 0.0743*** 0.0962*** 0.00225*** 0.426 

 (0.0204) (0.0285) (0.00318) (0.763) 

Observations 19,977 16,679 3,397 3,216 

Number of individual farms 2,511 2,378 1,125 1,020 

Standard error in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

 

A number of farm characteristics are significant in the analysis. The farm system was included in 

the model with the base system being dairy, a relatively intensive category compared to the other 

systems. Across all four models, cattle and sheep farms were more likely to be participants than 

dairy farms. In the extreme case in the GLAS model, this increased to 43 times more likely for 

cattle and 72 times more likely for sheep farms. This corresponds with findings of other studies 

that less intensive systems are more likely to participate in schemes (Bertoni et al., 2012; Wynn et 

al., 2010; Baylis et al., 2008; Hejnowicz et al., 2016; Hynes and Garvey, 2009). Tillage farms had 

significantly different participation levels in GLAS, in which they were more likely to participate 

than the base case - dairy farms. 

Farm size and the quadratic term of farm size were both significant. The significance of the 

quadratic term indicates a non-linear relationship between AES participation and farm size. The 

results of all the models and the fact that the turning points (where the curve is at the maximum or 

minimum depending on whether the coefficients are above or below one) are well above the 

average farm size (see Table 4.4) suggest that as farm size increases, the likelihood of participation 

increases but at a decreasing rate.  

A similar result was found for the stocking rate in three of the models (the complete time period 

AES, the REPS and the GLAS models) with a positive coefficient on stocking rate and a negative 

coefficient on its quadratic term. However, the turning point in the models differs. In the AES 
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(Model 1) and REPS models the turning point is below the average stocking rate suggesting that 

stocking rate has a negative association with most farms (farms stocked above 0.8 livestock units 

per hectare), while the turning point for the GLAS model (4) is at the average stocking rate. This 

suggests that a below average stocking rate is associated with a higher likelihood of participation, 

while those who have an above average stocking rate would be less likely to participate. Stocking 

rate in the AEOS regression had a linear functional form and was found to be significantly 

negatively related to participation. A 0.5 livestock unit per hectare increase in stocking rate is 

associated with a farmer being 41% less likely to participate in a scheme. This is consistent with 

other studies. 

 

Table 4.4: Turning points for quadratic terms in regressions 

 AES participation REPS AEOS GLAS 

Farm size (ha) 870 208 723 585 

Stocking rate (LU/ha) 0.804 0.829 - 1.423 

 

Economic factors were also found to be significant in the participation decision in the majority of 

cases. Economic variables in the AEOS model showed the least significance with gross output per 

hectare being the only significant variable with an increase of €1000 associated with a farmer being 

twice as likely to participate in a scheme. Increases in gross output per hectare were positive and 

significant for REPS participation and GLAS participation respectively with farms 2.6 times and 

13 times more likely to participate in a scheme for every €1000 gross output increase.13 This is in 

line with the results found by Murphy et al. (2014). With stocking rate already accounted for, this 

is indicative of productivity being positively associated with participation. Murphy et al. (2014) 

suggested this could be explained by extensive farmers looking to optimise profits therefore 

maximising production as well as joining an AES. 

 

13 Prior to 2009 gross output per hectare was higher for non-participants in the NFS. From 2009 onwards the opposite 

is the case. Due to the fact that the highest number of participating farms in the NFS are seen during the 2005-2009 

period the overall average gross output per hectare is less for participating farmers that for non-participating farmers, 

as shown in the summary statistics of Table 1. 



72 

 

Family farm income by comparison, was negatively associated with participation in the AESs. An 

increase in income of €1000 leads to a likelihood of the farmer being an AES participant dropping 

by between one and two per cent. Market orientation or the inverse of farmers’ reliance on 

subsidies is found to be negatively significant on the participation decision for the complete time 

period AES participation model (Column 2 in Table 3) and in the individual REPS and GLAS 

models. Mean family farm income was significant in all but the AEOS model suggesting that there 

are individual level effects at play. 

In general, farmer characteristics were significant in the model. Age is negatively associated with 

participation with each year leading to a drop in the likelihood of participation of between 1 and 

4%. However, age is not significant in the GLAS model. This agrees with the findings of Wilson 

(1997) and Wynn et al. (2010). The presence of children in the household increased the likelihood 

of participation in the complete time period AES, the REPS and the GLAS models. This 

corresponds with past work by Wilson (1996) and Lynch and Lovell (2003) among others who 

found the same. Others have found conflicting results (Potter and Lobley, 1992; Wossink and van 

Wenum, 2003). 

A lagged participation dummy variable representing whether a farmer was an AES participant in 

the previous year was included in the first and second model to account for path dependence. Due 

to the shorter periods involved in the AEOS and GLAS models, collinearity between current and 

previous year participation meant that it was not appropriate to include lagged participation. 

Dummies were also included for whether the farmer had participated in a previous scheme. AES 

period dummies were included in the first model for the periods of the four REPS iterations and 

the AEOS and GLAS periods. The REPS participation model included period dummies for each 

of the REPS periods. Period dummies were not included in the AEOS or GLAS models as the 

schemes did not differ greatly over their lifetime. As previously discussed, mean income across all 

years is included in each model to account for fixed effects as a variant of the Mundlak-

Chamberlain model.  

Across the models the importance of path dependence and past participation in schemes as a 

predictor of current participation can be seen. The path dependence indicated by the odds ratio of 
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participation in the previous year is expected due to the five-year duration of AES contracts and 

has been a consistent finding in past studies (Hynes and Garvey, 2009; Murphy et al., 2014). In 

the models for AEOS and GLAS, dummy variables were used to represent past participation by 

the farmer in REPS for the AEOS model and in REPS and AEOS for the GLAS model. Past 

scheme participation was significant for both AEOS and GLAS. A farmer who participated in 

REPS was 2.3 times as likely to be an AEOS participant and 7.6 times as likely to be a GLAS 

participant than those who did not participate in REPS. Past AEOS participants were 51.6 times 

as likely to participate in GLAS as those who did not participate.  

 Discussion and Conclusions 

The aim of this study was to examine agri-environment scheme participation against a backdrop 

of changes in scheme characteristics and agricultural policy. While previous work has looked at 

the success of schemes in isolation or comparing schemes in different locations, the novelty of this 

analysis lies in the use of a nationally representative data across a twenty-three-year time period, 

spanning three different agri-environment schemes. This enabled us to provide a more nuanced 

view of changes in farm participation relative to scheme design and agricultural policy than 

previous cross-sectional approaches in the literature. 

The analysis shows that extensive farm systems, cattle and sheep, are more likely than intensive 

farm systems (dairy and tillage), to be AES participants across all of the period, confirming the 

first hypothesis of this study. High participation among extensive farmers has been raised as a 

concern in previous studies due to the possible lack of additionality that such farms could provide 

(Baylis et al., 2008; Hejnowicz et al., 2016; Hynes and Garvey, 2009). However, this analysis 

provides greater insight into contributory factors, primarily scheme design and agricultural policy. 

In terms of scheme design, firstly, in relation specifically to the environmentally targeted, capped 

(GLAS) scheme, which was partly introduced to counter the lack of additionality argument, the 

payment caps continued to hamper the incentive to participate for large farms whose costs may 

not be met by the limited payment. Secondly, the targeted environmental assets such as Natura 

2000 areas and Pristine or High water quality areas are mostly found in extensively (rather than 

intensively) farmed locations (Kleijn et al., 2012). Thirdly, while entry opportunities existed for 
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intensive farms in areas with vulnerable water quality, farmers were required to undertake low 

emission slurry spreading, a measure with a relatively high capital cost which is only partly grant-

aided. It could be argued that the extensive farms entering the AES over the time period under 

review are unlikely to have intensified even without an AES. Nevertheless, participation is likely 

to have led to better environmentally educated farmers and a reduction in environmentally 

damaging practices. To give a definitive answer to the question to whether there is additionality 

from participation in AES schemes standardized baseline assessments would need to be carried 

out – something that has been argued for since the start of EU agri-environmental schemes (Hynes 

et al. 2008). 

These factors are also related to the second hypothesis that milk quota removal would result in 

lower participation of dairy farms. The removal of milk quotas and other policy measures meant 

to increase agricultural productivity under the Irish Government’s Food Harvest 2020 and Food 

Wise 2025 strategies, presented dairy farmers with an opportunity to expand production and 

increase profits. This meant that any land devoted to AES measures had a higher opportunity cost 

than previously, representing an added deterrent to participation (Udagawa et al., 2014). The 

results of the random-effects logit suggest that this hypothesis is true as the odds of other farm 

systems participating compared to dairy farms has increased over time, especially in the GLAS 

period that corresponds to the removal of milk quotas. 

The third hypothesis, that farm size has a non-linear relationship to participation was confirmed 

by the regression results showing that there is a quadratic relationship. The likelihood of 

participation increases with farm size at a decreasing rate. Scheme design factors likely contribute 

to this. For example, in REPS there were size limits for per hectare payments while under GLAS 

a cap of €5000 per farm was set, which may have been below the level of payments received by 

farms in the earlier AES scheme REPS. It is possible this helps to explain differing results relating 

to size in past research if similar payment structures were in place (Capitanio et al., 2011; Ducos 

et al., 2009; Hammes et al., 2016; Lynch and Lovell, 2003; Mathijs, 2003; Murphy et al., 2014; 

Vanslembrouck et al., 2002; Wilson and Hart, 2000). 
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Increases in the proportion of income obtained from the market versus subsidies is associated with 

a decline in the likelihood of participation in a scheme. Flipping this finding suggests that farmers 

who choose to participate are already in receipt of a number of other different payments under 

CAP, suggesting the validity of the fourth hypothesis, namely that subsidy exposure increases 

participation. It is likely to be the case that farms with strong market orientation are less likely to 

need extra income from other sources such as AESs and thus are less likely to participate. 

Additionally, those who are in receipt of other subsidies may be more aware of AESs through their 

interaction with the system and have the experience and connections with advisors to more easily 

apply and participate in a scheme, thereby facing lower transaction costs of participating and less 

fear of ‘form-filling’ (Cullen et al., 2020; 2018).  

As mentioned previously, a key concern of early schemes remains, namely that extensive farms 

are the most likely to participate, with consequential concerns for additionality. Depending on the 

environmental goal of schemes, which in the case of GLAS included reducing carbon emissions, 

this could be detrimental to inducing the hoped-for impacts. Intensive livestock farms are seen to 

have a higher risk of nutrient losses to water and absolute carbon emissions (Lynch et al., 2016), 

while extensive farms have been found to have the most important environmental features from 

an ecosystem perspective due to less intrusive past land-use and other spatial factors (Matin et al., 

2020). This suggests that if policymakers want greater participation from intensive farms, they 

may need to either make changes to scheme design (such as the targeting of tillage farmers in 

GLAS) or use other tools to improve environmental performance such as regulation, taxation (such 

as the strict regulation on water quality under the Resource Management Act 1991 in New Zealand 

(Cassells and Meister, 2001)). Alternatively, policies could be focused on incentivising specific 

measures to reduce negative externalities, that also have benefits for intensive farmers, i.e. ‘win-

wins’ such as improved slurry management (Cullen et al., 2020).     

The results presented here provide a deeper understanding of how changes in scheme design and 

agricultural policy impact on the participation decision. Understanding the implications of AES 

structures is particularly important in the design of schemes post CAP 2020. The targeting of entry 

to GLAS which was based on environmental assets in largely undisturbed landscapes is likely to 

have resulted in less-than-optimal participation of intensive farms. With the European Union 
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aiming to be climate neutral by 2050 under the European Green Deal, addressing the impact of 

agriculture on climate change will need to be a focus of future agricultural environmental policy. 

The European Green Deal also calls for systemic solutions for restoring biodiversity and ecosystem 

services, and for delivering tangible benefits for biodiversity. Future agri-environmental 

programmes could therefore have a greater focus on ecosystem restoration, particularly where the 

restoration measures can also act as nature-based solutions to reduce the impacts of climate change. 

This would require the targeting of relevant ecosystems in particular locations that can fulfil such 

a role (Meyer et al., 2015; van der Horst, 2007). 

The EU Biodiversity Strategy for 2030 also calls on Member States to integrate biodiversity and 

ecosystems into school, higher education curricula and professional training. While education has 

always played an important role in EU agri–environmental schemes that role should be increased 

under future programs not just for the participants but also for the farm advisory services 

administering the schemes. The 2030 Strategy also contains an EU Nature Restoration Plan that 

will involve a proposal for legally binding EU nature restoration targets. Future agri-environment 

schemes would be an obvious avenue for fostering the cooperation of land managers in achieving 

the terrestrial targets but ensuring that the necessary ecosystem types are covered will require the 

‘correct’ landowners are participating in the schemes. Finally, while extensive farms have a role 

to play in the protection of priority environmental assets, higher intensity farms also have a critical 

role to play.  Broadening the spatial scope of new schemes and improving buy-in of intensive 

farms in win-win measures to reduce emissions to air and water and to protect biodiversity will be 

needed to make progress in achieving agri-environmental targets in the future. 
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5 Impact of farmer self-identity and attitudes on participation in agri-environment 

schemes 

A version of this chapter was published as:  

Cullen, P., Ryan, M., O’Donoghue, C., Hynes, S., & Sheridan, H. (2020). Impact of farmer self-

identity and attitudes on participation in agri-environment schemes. Land Use Policy, 95, 104660.  

 Introduction 

Climate stability and the sustainable management of natural resources are receiving increasing 

attention by policy makers (Seo, 2017; UN DESA, 2018). Agriculture, representing over one-third 

of global land area (FAO, 2018), is central to a number of these policies. The European Union 

(EU) is increasingly utilising agri-environmental policy to influence farmers to protect and support 

the ecosystems upon which society and long-term sustained agricultural production depends. Agri-

environment schemes (AESs) have emerged as one of the most widely-used policy responses to 

the environmental challenges faced across the EU (Batáry et al., 2015). In the current EU Rural 

Development Programme (2014-2020), €25 billion in spending was allocated by Member States 

to the agri-environment-climate measure under which AESs fall, amounting to 35% of the total 

budget (European Commission, 2015). The post 2020 CAP will provide EU MS with greater 

subsidiarity in scheme design, so it is an important time to improve the understanding of the farmer 

participation decision to assist policymakers in the creation of successful AESs. This success 

hinges on a number of factors, including scheme design, institutional implementation, targeting of 

measures, causality between measures and environmental issues to be addressed,  and the 

participation of farmers (Finn et al., 2008; Karali et al., 2014).  

Frequently identified factors that influence AES participation include financial concerns, the age 

of farmer, their education levels, farm size, farm system, scheme design, and the presence of key 

environmental features on the farm (Lastra-Bravo et al. 2015; Murphy et al. 2014; Hynes & Garvey 

2009; Siebert et al. 2006; Uthes and Matzdorf 2013). Beyond these notable factors, there is a 

growing literature recognising the importance of social and psychological influences in farmers’ 

decision making, in particular, their self-identity and attitudes towards farming and the schemes 
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(Barreiro-Hurlé et al., 2010; Burton and Wilson, 2006; Greiner, 2015; Lastra-Bravo et al., 2015; 

Sulemana and James, 2014). Studies in the literature have used principal component analysis 

combined with regression analysis examine other voluntary scheme participation decisions such 

as the uptake of organic farming (Läpple and Kelley, 2013) and the farm afforestation decision 

(Howley et al., 2015).  However, the use of factor analysis to create a typology of farmer self-

identities in combination with regression analysis to improve understanding of the participation 

decision has not been used to the best of the authors’ knowledge. There has also been little 

examination of the impact that self-identity has on participation using regression analysis. This 

study aims to fill these gaps in the literature.  

The next section examines the literature on farmers’ environmental decisions and their self-identity 

and attitudes. This is followed by a description of the data used for the analysis and the 

methodology, including the steps taken in the factor analysis. Results are then presented, followed 

by conclusions. 

 Farming decisions, self-identity and attitudes 

A wide range of literature has attempted to explain why farmers voluntarily chose to participate in 

agri-environment schemes. While past research suggested that behaviour is driven by profit-

maximisation (Gasson, 1973; Willock et al., 1999), increasingly the literature has focused on the 

complexities of farmer decision making that go beyond monetary gain (Defrancesco et al., 2008; 

David J Pannell et al., 2006; Pedersen et al., 2012). Studies on AES adoption have found that farm 

and farmer characteristics go some way to explaining farmers’ participation decisions (Hynes and 

Garvey, 2009; Lastra-Bravo et al., 2015; Murphy et al., 2014; Siebert et al., 2006), however, a 

number of studies have also placed emphasis on the importance of farmers’ self-identity and 

attitudes as playing a significant role (Ahnström et al., 2017; Greiner and Gregg, 2011; Maybery 

et al., 2005; David J Pannell et al., 2006).  

Self-identity and attitudes, while similar, represent different constructs.  For this study attitude is 

defined as an expression, belief or evaluation of something specific such as a person, event or thing 

(Sulemana and James, 2014). By comparison self-identity is removed from situational demands 
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(Burke, 2008) and represents the salient and enduring aspects of the perception of oneself in their 

role (Rise et al., 2010). This forms identity standards that guide behaviour relating to that role 

(Stets and Burke, 2003). The Theory of Planned Behaviour suggests that behavioural intentions 

are shaped by attitudes towards behaviour, subjective norms and perceived behavioural control 

(Ajzen, 1985).  Rise et al. (2010) suggested that self-identity improves the explanatory power of 

the Theory of Planned Behaviour in predicting behavioural intentions as people are motivated to 

behave in ways consistent with their self-identity. Studies on environmental decisions such as 

consuming organic food (Sparks and Shepherd, 1992) and engaging in environmental activism 

(Fielding et al., 2008), have also found self-identity to be an important predictor.  

In order to examine the role of farmers’ self-identity in decision making, a number of authors have 

generated typologies of farmers using different methodologies, including principal component 

analysis (PCA), cluster analysis, correlation analysis or qualitative methods (Greiner and Gregg, 

2011; Hyland and Williams, 2015; Nainggolan et al., 2013; Sulemana and James, 2014). It is 

suggested that the creation of these typologies offers a way of tailoring policy more effectively to 

farmers (Emtage et al., 2007). However, farmer typologies differ between studies. For example, 

Burton and Wilson (2006) identified four farmer types: agricultural producer, agribusiness person, 

conservationist and diversifier. By comparison, Greiner and Gregg (2011), using PCA, find three 

groups split by motivation: financial/economic, conservation and lifestyle, and social. Howley et 

al. (2015), using PCA on a sample of Irish farmers, finds four groups: pursuit of innovation, 

productivist, lifestyle orientated and environmental orientation. While some similarities exist 

among typologies, with productivist and innovative commonly recurring, a widely agreed upon 

typology does not exist.  

To analyse the impact that farmer self-identity has on participation in agri-environment schemes, 

many studies have turned to correlation analysis (Greiner et al., 2009; Greiner and Gregg, 2011). 

Studies that use regression analysis have looked at the impact that farmer self-identity has on 

attitudes towards conservation measures (Sulemana and James, 2014). A combination of PCA and 

regression analysis has been used to look at other farmer decisions including uptake of organic 

farming (Läpple and Kelley, 2013) and the afforestation decision (Howley et al., 2015).  
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Participation in AESs has been found to be influenced by social factors such as local community 

engagement and neighbouring farmers’ influences. Defrancesco et al. (2008) identified the 

importance of neighbouring farmers’ activities in the participation choice. The importance of 

discussion group membership to environmental management decisions has also been investigated 

(Buckley et al., 2016; Daxini et al., 2018).  A number of studies using the Theory of Planned 

Behaviour as a framework have found a relationship between farmers environmental behaviour 

and social norms (Daxini et al., 2018; Läpple and Kelley, 2013; Price and Leviston, 2014). This is 

likely to be due to farmers attempting to avoid judgement or criticism from their peers for not 

meeting the expectations of their neighbours (Burton and Paragahawewa, 2011; Emery and Franks, 

2012). For this reason variables representing factors relating to social norms are included in this 

analysis. 

Factor analysis is a method used to identify underlying latent variables that determine outcomes. 

It differs from PCA, as PCA does not discriminate between shared and unique variance between 

variables and this can result in overinflated estimates of the variance accounted for (Preacher and 

MacCallum, 2003). Factor analysis, conversely, looks at both within variable variation and 

between variable correlations (Preacher and MacCallum, 2003).  

In addition, the ‘Little Jiffy’14 method of conducting a PCA has been found to suffer from a number 

of problems, including suggesting more types than exist in reality (Costello and Osborne, 2005; 

Henson and Roberts, 2006; Preacher and MacCallum, 2003). The resulting components of the 

‘Little Jiffy’ method have zero correlation due to the orthogonal rotation implemented. This is 

unlikely to be a realistic result with many authors pointing to relationships between self-identity 

groups. Burton and Wilson (2006) showed that farmers of one type may have characteristics of 

other types, while McGuire et al. (2013) argue that farmer self-identities can be nested. Sulemana 

and James (2014) find an interaction effect among different farmer self-identities. This suggests 

that using a methodology that allows for correlation between farmer self-identities is optimal.   

 

14 The Little Jiffy method involves conducted a using PCA followed by choosing the number of factors based on the 

Kaiser criterion (eigenvalues above one) and rotating resulting components using Varimax rotation. 
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While a number of studies have attempted to explain the connection between attitudes, self-identity 

and participation in voluntary environmental measures, two important issues arise in the literature. 

Firstly, the methods used when implementing a PCA to generate typologies of farmers for further 

analysis are limited in scope, as discussed above. Secondly few studies have assessed the effect of 

farmer self-identity on participation. So while many different types of analyses have been used in 

the past, to date there is no agreed 'best' approach. This study aims to augment the existing literature 

by tying together farmer self-identity, attitudes and behaviour in relation to agri-environment 

schemes, in a two-step modelling approach. First, factor analyses are employed to generate 

variables relating to farmer self-identity and farmers opinions towards AESs. Secondly, the 

variables created from the factor analyses are used in a binomial logistic regression using 

participation in an AES as the dependent variable. 

 Materials and Methods 

 Data collection 

Using the Republic of Ireland (hereafter referred to as Ireland) as a case study, this study 

investigates decisions regarding participation in AESs through the lens of farmer self-identity and 

attitudes towards schemes. A bespoke survey of 1000 Irish farms was used in this analysis. In 

creating the survey, a review of the literature, expert consultations with researchers and knowledge 

transfer specialists, and farmer interviews were used to determine the appropriate questions to be 

included in the survey. A pilot study with 15 farmers was also used to identify ambiguous 

questions. The first section of the survey collected data on the farm (e.g. farm size and system), 

and farmer characteristics (e.g. age, marital status), as well as information on social factors such 

as membership of discussion groups. Behavioural information relating to participation in AESs 

was also collected. In the next section, farmers were asked to respond to a series of statements 

designed to reveal their attitudes towards AESs as well as exposing their farming self-identity 

(these statements were adapted from an earlier survey undertaken by Howley et al. (2015)).  

The survey was conducted by a professional survey company in face-to-face interviews with the 

key decision maker on each farm, over a three-month period. A quota-controlled sampling method 
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was used to ensure that the sample was nationally representative by farm system (cattle, dairy, 

sheep and tillage) and size.  Farms smaller than 10 hectares were excluded from the survey as 

nearly 90% of these farms have a standard output below €8,000 (CSO, 2013). This is in line with 

the output cut-off used for the Teagasc National Farm Survey, a survey conducted to fulfil Ireland’s 

requirement under the EU Farm Accountancy Data Network. The quotas used were based on 

known national population figures (CSO, 2012). In order to obtain a nationally representative 

sample, the survey initially stratified the target sample of farmers by Electoral Districts (ED) using 

the same sampling methodology as the National Farm Survey. The EDs, 143 total, were located 

throughout the country, selected with reference to CSO information on farm distribution. At each 

sampling point, the interviewer followed a quota control system based upon the known number of 

farm types and population distribution figures within each ED. Interviewers then continued to 

interview farmers until they filled their quotas. 

 Factor Analysis 

To generate a self-identity typology and attitudinal variables from the survey data, factor analyses 

were undertaken in Stata using Iterated Principal Factor (IPF) as the factor extraction method. IPF 

is an extension of the Principal Factor method whereby the factor loadings are computed using the 

squared multiple correlations as estimates of communality. In IPF these communalities are re-

estimated iteratively. This method was chosen over a common alternative, the Maximum-

likelihood (ML) factor method as the observations do not have a multivariate normal distribution 

(Costello and Osborne, 2005). 

Two factor analyses were conducted for this study to obtain variables that represent the farmer 

self-identity and their attitudes towards AESs. The data used in these factor analyses were derived 

from farmers’ level of agreement (on a 5-point Likert-type scale ranging from strongly disagree to 

strongly agree) with selected statements. These included thirteen statements to establish farmers’ 

attitudes towards AESs and fifteen statements related to farming and the environment to 

understand farmers’ self-identity. The statements were chosen based on previous work in 

extracting information on farmer self-identity and motivations (see Howley et al., 2015; Maybery 

et al., 2005; Willock et al., 1999, etc.). Due to the ordinal nature of the Likert statements used in 
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the analysis, Polychoric correlations were used as they have been found to reduce the bias and 

possibility of extracting too many factors caused by using Pearson correlations that assume interval 

measurement scales (Eijk et al., 2015; Holgado–Tello et al., 2010).  

Several methods were used to decide on the number of factors to keep, including the use of a 

screeplot, parallel analysis and the acceleration factor, in order to make a final decision on factor 

numbers as is suggested by Preacher and MacCallum (2003). Oblique rotation was then undertaken 

using the Quartimin method which allows for correlation between the resulting factors. Finally 

factor scores were obtained using the regression method, so that these can be used as independent 

variables in the regression analysis which is described in the next section. 

  Regression Analysis 

To model the participation decision, it is assumed that a farmer is a utility maximiser. Following 

the work of Hynes and Garvey (2009), Damianos and Giannakopoulus (2002) and Murphy et al. 

(2014) it is assumed that the AES participation decision is determined by a farmer comparing the 

amount of utility gained from non-participation, 𝑈𝑛, against the amount of utility gained from 

participation, 𝑈𝑝, which can be represented by the following two equations: 

 𝑈𝑛(𝑁𝑖, 0; 𝑍𝑖) (1) 

 𝑈𝑝(𝑁𝑖 + 𝑃𝑖 − 𝐶𝑖, 𝐸𝑖;  𝑍𝑖) (2) 

where for a farmer, 𝑖, utility from not participating in a scheme is a function of the farm income, 

𝑁𝑖 and farm and farmer characteristics, 𝑍𝑖. If the farmer chooses to participate then they gain utility 

from payments received from the scheme, 𝑃𝑖, but also face opportunity costs, 𝐶𝑖 and must input 

effort, 𝐸𝑖. The level of income, payments, opportunity cost and effort are all conditional on farm 

and farmer characteristics.  

Farm and farmer characteristics, 𝑍𝑖, are represented by the following equation: 

 𝑍𝑖(𝐹𝑖, 𝑆𝑖 , 𝐼𝑖 , 𝐴𝑖) (3) 
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where 𝑍𝑖 is a function of farm and farmer factors (𝐹𝑖), such as farm size, system and farmer 

characteristics, social information (𝑆𝑖) as well as farmer self-identity (𝐼𝑖) and attitudes (𝐴𝑖).  

The decision function (𝐷𝑖) for farmer 𝑖 can thus be given by: 

 𝐷𝑖 = 𝑈𝑛(𝑁𝑖, 0; 𝑍𝑖) − 𝑈𝑝(𝑁𝑖 + 𝑃𝑖 − 𝐶𝑖, 𝐸𝑖;  𝑍𝑖) (4) 

As 𝐷𝑖 cannot be measured, a dichotomous index is used, participation/non-participation, where the 

optimal choice rule is given by: 

 
𝐷𝑖

∗ = {
0 𝑖𝑓 𝐷𝑖 > 0 
1 𝑖𝑓 𝐷𝑖 < 0 

  
(5) 

where 0 indicates non-participation and 1 represents participation in an AES. To model this choice, 

the decision function is rewritten as: 

 𝐷𝑖
∗ = 𝑋𝑖𝛽 + 𝜀𝑖 (6) 

where 𝑋𝑖 is a vector of the observed determinants of 𝐷𝑖, 𝛽 is a parameter vector and 𝜀𝑖 is a random 

component. A binary logit is used to model this decision function.  

With this model the probability that a farmer 𝑖 chooses to participate in an AES is given as: 

 
Pr(𝐷𝑖

∗ = 1) =
1

1 + exp(−𝛽𝑋𝑖)
 

(7) 

In order to aid interpretability, this is converted by taking the log of the odds of participating over 

not participating in an AES, which reduces the dependent variable to a simple linear function: 

 
log

Pr(𝐷𝑖
∗ = 1)

1 − Pr (𝐷𝑖
∗ = 1)

= 𝛽′𝑋𝑖 
(8) 

where 𝛽′ represents the change in the probability of participating in an AES relative to not 

participating with a unit change in the independent variable.  
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The results presented in the next section give the odds ratio 𝑒𝑥𝑝 (𝛽′). A resulting coefficient 

greater than one indicates that an increase in the independent variable is associated with a higher 

likelihood of participation, while a coefficient less than one is associated with a decreased 

likelihood of participation. The descriptive statistics for the survey variables used in the analyses 

are presented in Table 5.1. 

Table 5.1: Descriptive statistics 

Variable name % 

AES participation 55 

Dairy  20 

Cattle rearing  44 

Cattle other  11 

Sheep  14 

Tillage  7 

Mixed livestock  4 

Farm size 10-20ha  26 

Farm size 20-50ha  45 

Farm size 50-100ha  22 

Farm size 100-150ha  5 

Farm size 150+ha  3 

All neighbours joined scheme  4 

Some neighbours joined scheme  70 

No neighbours joined or don’t know who joined scheme  26 

Discussion group participation  30 

Of the 1000 farmers included in the survey, 554 had participated in an AES. This is the dependent 

variable for the analysis. Farm characteristics, system and farm size are included as control 

variables. The majority of the farms in the sample are cattle farmers with a combined 55% of 

‘cattle rearing’ and ‘cattle other’ farms. Dairy farms make up a further 20%, with the remaining 

being sheep, tillage or mixed livestock farms.  Farm sizes predominantly range between 10 and 

100 hectares, with the majority of farms in the 20-50 ha category. The impact of social norms is 

examined through the stated level of neighbour participation in AESs and whether farmer 

respondents were involved in a discussion group with other farmers. Discussion group membership 

is included as it provides another opportunity for a farmer to feel pressure as a result of social 
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norms. The independent variables used in the binary logit also include the factor variables obtained 

from the factor analysis as measures of farmer self-identity and attitudes towards AESs, which 

impact on the level of utility received from participation and non-participation. 

 Results 

 Factor Analyses 

The analysis of farmers’ views on farming and the environment as determined by the responses to 

the Likert scale questions in the survey, resulted in four factors which are named Productivist, 

Conservative, Forward looking and Optimistic caretaker. Tests were undertaken to indicate the 

suitability of the variables for factor analysis. A Kaiser-Meyer-Olkin statistic value of 0.75 and the 

Bartlett Test of Sphericity had a p-value of 0.000 indicating that the variables are suitable. While 

two of the factors, Forward looking and Optimistic caretaker, do not pass the Kaiser criterion as 

they had eigenvalues lower than 1, they did warrant inclusion through both the Scree test and 

Parallel Analysis and thus were retained. Factor loadings are shown in Table 5.2. Each statement 

loads highly onto a single factor with no factor loadings greater than 0.3 on other factors.  This 

suggests clear differentiation between the factors. 
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Table 5.2: Factor loadings for the farmer self-identity factor analysis 

Statement Productivist Conservative 
Forward 

looking 

Optimistic 

caretaker 

Farmers should be allowed to maximise their 

income irrespective of the environmental 

consequences. 

0.73 -0.01 -0.15 0.18 

We need to produce more food even if some 

damage is caused to the environment. 
0.72 0.07 0.22 -0.16 

I don’t think it is a good idea to take too many 

risks when it comes to farming. 
-0.02 0.71 0.06 0.04 

I am cautious about adopting new ideas and 

farm practices. 
0.14 0.55 -0.22 0.03 

To be successful in farming it is important for 

me to adapt and use new technologies 
0.04 -0.09 0.74 0.02 

I have to keep my farm running to ensure I 

have something to pass on to my children. 
-0.04 0.17 0.61 0.05 

I am good at finding different types of 

information to help me run my business. 
0.07 -0.05 0.58 0.24 

Farmers are good caretakers of the 

countryside. 
0.05 0.01 0.03 0.79 

I enjoy farming much more than I would other 

potential sources of employment. 
-0.05 0.09 0.07 0.55 

Farmers have a strong positive role to play in 

protecting the environment. 
-0.13 0.14 0.26 0.46 

Eigenvalue 2.71 1.25 0.92 0.37 

The Productivist factor is highly loaded by statements relating to producing more food and 

maximising income even if the environment is harmed in the process. Statements on avoiding risk 

and being cautious about new practices load highly on the Conservative factor. The Forward 

looking factor includes statements about being innovative and keeping the farm running into the 

future. Finally, the Optimistic caretaker factor has high loading on statements about farmers being 

good caretakers of the land and enjoying farming as a job.  

The Productivist and Conservative constructs bear a resemblance to the productivist and 

traditionalist identities in Sulemana and James (2014) and those of the same name which are 

discussed at length in Burton and Wilson (2006).  Baur et al. (2016) also discovered similar self-

identity constructs with ‘conservation’, which corresponds to statements raising the importance of 

tradition and not making changes, close to Conservative while their ‘self-enhancement’ self-

identity shows similarities to the Productivist construct. Forward looking corresponds to their 
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‘openness to change’ construct, while the final construct ‘self-transcendence’ shows some 

similarities to Optimistic caretaker in their shared concern for the environment.  

A factor analysis on farmer perceptions of AESs resulted in two factors which have been named 

Benefits conscious and Drawbacks conscious due to the type of statements strongly loading on 

each factor. A resulting Kaiser-Mayer-Olkin statistic of 0.89 and a p-value of 0.000 in Bartlett’s 

test for sphericity were obtained, indicating that the data are suitable for a factor analysis. The first 

two factors had eigenvalues of 4.05 and 3.60 respectively. Multiple methods of determining the 

number of factors extracted (which included the Kaiser criterion, the Scree test and parallel 

analysis) all indicate that two factors is the correct number. The factor loadings following 

Quartimin rotation are shown in Table 5.3. All statements loaded highly on just one factor 

suggesting a clear and logical differentiation between the two factors. Positive statements relating 

to AESs load highly on to the first factor Benefits conscious while negative statements load highly 

on to the second factor Drawbacks conscious.  
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Table 5.3: Factor loadings for factor analysis on the perceptions of agri-environment 

schemes 

Variable Benefits 

conscious 

Drawbacks 

conscious 

Countryside looks better 0.81 -0.01 

Better management of slurry 0.83 -0.10 

Environmental knowledge gained from agri-environment courses 0.82 0.02 

REPS/AEOS payments are a valuable income source 0.74 -0.02 

More areas for wildlife on farms 0.77 0.07 

Farmyards look much better 0.89 0.04 

Limitations on stocking and nutrient management make it difficult to 

farm profitably 

-0.03 0.75 

Lack of continuity between schemes 0.14 0.71 

High adviser/consultant cost to enter schemes 0.02 0.74 

Lose too much productive land to hedgerows, wildlife corridors, habitats 

etc. 

-0.14 0.68 

Greater risk of inspection/penalty 0.09 0.69 

Payment doesn’t cover all the costs of participation 0.02 0.73 

Too much hassle with forms, record-keeping -0.10 0.74 

Eigenvalue 4.05 3.60 

 

The results from these two factor analyses were converted to factor scores using the Regression 

method in order to incorporate them as explanatory variables in a follow-on AES participation 

logistic regression. These scores were normalised with a mean of zero and a standard deviation of 

one to improve interpretability of results.  

 Binomial logistic regression on the decision to participate in agri-environment schemes 

The results of a binomial logistic regression on participation in AESs are presented in Table 5.4 

where the factors generated from the previous section are included as explanatory variables. The 

dependent variable is participation, where a value of 1 indicates a farmer has participated in an 

AES and a value of 0 indicating non-participation. The sample size is 904 and the resulting model 

has a McFadden’s pseudo R2 value of 0.20. Odds ratios are given which when greater (less) than 
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1, indicate that farmers are more (less) likely to participate in an AES when there is a positive 

change in the explanatory variable. So, for example, a coefficient equal to 2 means a farmer is 

twice as likely to participate in an AES if the value of the explanatory variable increases by 1, 

however, if the coefficient is equal to 0.5 a farmer is half as likely to participate. 
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Table 5.4: Logistic regression for participation in agri-environment schemes 

 Participation  

 Odds Ratios SE 

Farmer self-identity and attitudes towards schemes   

Forward looking 1.228** 0.120 

Conservative 0.890 0.0876 

Productivist 0.959 0.0806 

Optimistic caretaker 1.013 0.101 

Benefits conscious 2.240*** 0.211 

Drawbacks conscious 0.656*** 0.0589 

Benefits conscious * Conservative 0.823** 0.0738 

Benefits conscious * Productivist 1.274*** 0.105 

Drawbacks conscious * Optimistic caretaker 0.822** 0.0711 

Farm System (base: sheep)   

Dairy 0.464*** 0.134 

Cattle rearing 0.833 0.205 

Cattle other 0.491** 0.157 

Tillage 0.506* 0.187 

Mixed livestock 0.534 0.241 

Farm size (base: 10-20ha)   

20-50ha 2.118*** 0.421 

50-100ha 1.867*** 0.447 

100-150ha 2.268** 0.909 

150+ha 0.747 0.407 

Neighbour participation (base: none joined or don’t know who joined)   

All neighbours joined 10.58*** 6.725 

Some neighbours joined 1.556** 0.278 

   

Discussion Group member 1.908*** 0.345 

   

Observations 904  

McFadden’s Pseudo R-squared 0.201  

*** p<0.01, ** p<0.05, * p<0.1  

The results of this regression indicate that the relationship between farmer self-identity, farmer 

attitudes towards AESs and AES participation are complex. As expected, a stronger agreement on 

the benefits of AESs results in a higher likelihood of participation and vice versa for perceptions 
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of the drawbacks. However, this impact is dependent on the farmer self-identity. Farmers who 

measure one standard deviation higher on the Forward looking self-identity are 23% more likely 

to have participated in an AES. These farmers are innovative and are looking to continue farming 

into the future. This is similar to the result of Barreiro et al. (2010) who found that farmers who 

are open to change are more willing to implement an  environmental measure, and Hammes et al. 

(2016) who found ‘modernists’ (similar to the Forward looking self-identity in this study) to be 

slightly more inclined to be involved in agri-environment measures than other farming self-

identities (traditionalist, idealist and yield optimiser), although their result was not significant. 

Willock et al. (1999) similarly found a positive relationship between openness to new ideas and 

environmentally orientated behaviour. 

The Productivist, Conservative and Optimistic caretaker self-identities were insignificant in their 

own right, but through the farmers’ attitudes towards AESs they had an impact on participation. A 

standard deviation increase in the latent factor Benefits conscious results in being 124% more 

likely to participate in a scheme, however this impact is reduced if a farmer self-identifies as 

Conservative. The interaction between Benefits conscious and the Productivist self-identity is 

positive which is in line with the findings of Hammes et al. (2016) who find that Yield Optimisers 

participate in AESs if measures can be implemented in a profitable way for their business. A 

standard deviation increase in Drawbacks conscious means a farmer is 34% less likely to 

participate in a scheme, compounded by their relative self-identity as an Optimistic caretaker, for 

which a higher value also lowers the likelihood of participation. An Optimistic caretaker is positive 

about the impact that farming has on the environment and wishes to continue farming.  

The farm system also influences the likelihood of participation in a scheme. The base category 

(sheep farmers) were the most likely to have participated, with dairy, tillage and cattle other 

systems all around 50% less likely to participate. This concurs with a priori expectations based on 

previous studies such as Hynes and Garvey (2009) and Murphy et al. (2014), who found that 

farmers in extensive farming systems such as cattle rearing and sheep farming are more likely to 

have participated in a scheme, compared to relatively intensive farming systems dairy and tillage.  
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Farm size was found to be a significant factor in determining participation. Farms of between 10 

and 20 hectares were less likely to participate than farms in three of the larger categories (20-50ha, 

50-100ha, and 100-150ha). The largest category, farms above 150 hectares, were less likely to 

participate than farms between 10 and 20 hectares, however, the result was not significant.  While 

a number of studies have found that farms involved in AESs are larger on average (Hammes et al., 

2016; Lynch and Lovell, 2003; Murphy et al., 2014; Wilson and Hart, 2000) others have found 

size to be not significant (Ducos et al., 2009; Mathijs, 2003) suggesting that the importance of size 

may differ depending on the scheme design, payment structure and situation studied. 

The influence of social norms is investigated through the participation rate of neighbours and the 

impact of discussion group membership. Farmers who reported that all of the neighbours had 

joined AESs were ten times more likely, ceteris paribus, to have participated themselves, than 

farmers without participating neighbours, or where they did not know if neighbours had 

participated. Those who had some neighbours participating were 50% more likely to participate 

themselves ceteris paribus. Being a member of a discussion group, another social dimension, was 

found to increase the likelihood of participation by 90%. These results are in line with those of 

Defrancesco et al. (2008) who found that the opinions of neighbouring farmers towards AESs had 

an impact on farmers’ behaviour. Others have suggested that farmers are concerned about 

judgement and criticism from peers which may cause them to align their behaviour with that of 

their neighbours (Burton, 2004; Emery and Franks, 2012). 

 Discussion and conclusions 

This study aimed to investigate the relationship between farmer self-identity, attitudes towards 

AESs and participation in AESs.  Using a bespoke survey of 1000 Irish farms, a relatively novel 

methodology of combining factor analysis with regression analysis was implemented. Four 

different farmer self-identities were found in the factor analysis: Forward looking, Productivist, 

Conservative and Optimistic caretaker. Farmers’ perceptions of AESs were split between Benefits 

conscious and Drawbacks conscious. While farmers’ perceptions of the schemes themselves were 

found to be important, the relationship between perceptions and farmer self-identity added another 

layer of intricacy to the understanding of the participation decision.  
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In particular this study noted the importance of a farmer having a strong Forward looking self-

identity in increasing the likelihood of participation in an AES.  These farmers see themselves as 

innovative and are looking to continue farming into the future, suggesting that a positive 

relationship to participation could be due to their willingness to make the changes which are 

needed to participate in such schemes, as has been found in past studies (Barreiro-Hurlé et al., 

2010; Willock et al., 1999). Other farmer self-identities identified in this study (Productivist, 

Conservative, Optimistic caretaker) influence the participation choice through their interaction 

with the farmers’ opinions on the scheme characteristics.  

A negative value on the interaction between Benefits conscious and the Conservative self-identity 

may be due to the risk aversion of Conservative farmers and the slow reaction of conservative 

farmers to changing incentives, whereby there is a substantial delay between the introduction of 

schemes and their uptake by these farmers, and may not necessarily be related to insufficient 

benefits (Baur et al., 2016). The positive value of the Productivist self-identity interaction with 

Benefits conscious is likely to be due to the monetary benefits of participating in an AES, which 

some Productivist farmers would find enticing. As Sulemana and James (2014) suggest, 

productivist farmers see themselves as businessmen who act in a way that improves the situation 

of their business. So if a scheme financially net positive, or the scheme provides other benefits to 

them, they will choose to participate. 

The negative interaction of Drawbacks conscious and Optimistic caretaker could be due to the 

belief of the farmers with an Optimistic caretaker self-identity that they are already doing a good 

job looking after the environment. This would mean that drawbacks of participating in a scheme, 

such as the opportunity cost and transactions costs are unnecessary negatives and are not optimal 

in terms of their potential to address particular agri-environmental challenges. Stronger perception 

of these drawbacks would then result in lower participation for Optimistic caretakers. 

The findings around the importance of attitudes and self-identity to the participation decision 

suggest multiple possible avenues for policymakers to improve or maintain the participation rate. 

One such avenue could be to changing farmers’ attitudes towards schemes. Studies have 

investigated the possibility of non-fiscal and non-regulatory changes that can be made to alter 
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farmers behaviour, known as ‘nudges’, that have had promising results in changing environmental 

attitudes and behaviour in experimental situations (Barnes et al., 2013; Czajkowski et al., 2019). 

Wilson and Hart (2000) found that the likelihood of acknowledgement of the benefit of AES 

measures increases with familiarity. Morris et al. (2000) argue that while mass media and generic 

literature are relevant, personal contact and demonstration are critical for the adoption process of 

measures. Other possible nudges to change attitudes and behaviour include changes to default 

policy, changes to the physical environment and use of social norms (Barnes et al., 2013). Changes 

in scheme design can also result in attitude changes, increasing the benefits and reducing the 

drawbacks for farms to participate while still meeting environmental and other goals. A farmer led 

design process may aid in this step in designing practical schemes that would work on their farms 

(Cullen et al., 2018).   

The design of schemes could also be tailored to take into account farmer self-identify. Each self-

identity is motivated by different incentives. For example, a farmer who is a Productivist will be 

more likely to participate if there is a possible increase in the profitability of their farm. The 

monetary incentive already exists in AESs but demonstrating an improvement in their profit 

margins by implementing win-win measures such as optimising nutrient application, increasing 

pollinator numbers and improved slurry management, could also increase the likelihood of them 

participating. ‘Win-win’ measures may also increase participation of Forward looking farmers 

who are looking for ways to keep their farm running into the future.  

Another particularly interesting result from the analysis is the evidence of the strong impact that 

neighbours’ viewpoints have on decisions made by farmers. This confirmation of the importance 

of social influences is important in the current policy environment with increasing support for 

locally-led, participatory schemes that involve farmers in scheme design and implementation 

processes (such as European Innovation Partnerships (EIP)).  If social norms or other factors 

induce a farmer to join neighbouring farmers in an AES it means that the creation of locally-led 

schemes will be less challenging once the first influential farmer initiates the idea (Lastra-Bravo 

et al., 2015).   
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One factor that must be considered in interpreting these results is that the farmer self-identities are 

not mutually exclusive and some are correlated with each other. Farmers can have multiple self-

identities (Mcguire et al., 2013; McGuire et al., 2015; Stryker, 1968; Sulemana and James, 2014). 

This makes is difficult to suggest simple solutions to policymakers, however, this study shows that 

attitudes towards AESs are also strong indicators of participation and the impact of self-identity 

on the participation decision is influenced by these attitudes. This suggests a simpler avenue for 

policymakers to address.  

This chapter has expanded the knowledge of the impact that farmer self-identity and attitudes 

towards schemes have on the AES participation decision. How farmers perceive the benefits and 

drawbacks of AESs is found to be a major indicator of their participation. It is through these views 

that farmer self-identity impacts the decision. This nuanced understanding of the interaction 

between self-identity, attitudes towards schemes and decisions of farmers is important in order to 

create future schemes that attract a wider cohort of famers and simultaneously reach environmental 

policy targets. Participation of farmers is just one factor leading to successful schemes, however, 

it also is an important aspect considered with other factors such as scheme design and targeting 

(Finn et al., 2008).  
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6 Determinants of Agri-Environment Scheme Cost Perceptions 

 Introduction 

Perceptions of cost play a key role in a person’s decision to undertake an action. This is true in the 

choice of farmers to voluntarily participate in agri-environment schemes (AESs) aimed at 

improving the environmental performance of farms (Dessart et al., 2019; Lastra-Bravo et al., 2015; 

Uthes and Matzdorf, 2013). It is assumed by policymakers that farmers consider the costs involved 

in undertaking the measures required as part of an AES, along with other factors, when deciding 

on participation. Past research has confirmed that perceived cost is a barrier to participation 

(Barreiro-Hurlé et al., 2010; Defrancesco et al., 2008; Ruto and Garrod, 2009). Determining 

drivers of these perceptions enables greater understanding of the participation decision and of the 

level of financial support that farmers need in order to ensure participation goals are met.  

Previous research has addressed several aspects of the cost of agri-environment schemes. The 

research can be split into two main groups. One group investigates the cost effectiveness of 

schemes in order to understand whether the public payments to farmers result in measurable public 

benefits (see Ansell et al. (2016) for a quantitative review of this literature). The other group 

attempts to measure the costs imposed on the farmers (Mettepenningen et al., 2009; Udagawa et 

al., 2014). However, while it is widely agreed that farmers’ perceptions of the relationship between 

the payment received and the cost of participating in a scheme, has an impact on their decision to 

participate, little research has looked at how and if these perceptions differ across farmers. This 

study aims to fill this gap in the literature. 

Specifically, this study will look at the determinants of perceptions of direct costs such as 

equipment and contractor expenses and indirect costs such as the loss of productive land and 

reduced productivity. Both types of cost are accounted for in payment calculations for the schemes, 

but little research has investigated how farmers view these costs and if their perceptions differ 

based on farm characteristics. In addition, this study investigates whether attitudes influence how 

a farmer’s cost estimates compare to others.  
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Using Ireland as a case study country which has implemented a range of AES schemes since 1994, 

this chapter investigates the drivers of cost perceptions through the use of a nationally 

representative survey that provides information on farm and farmer characteristics and their 

behaviours in relation to scheme participation. The survey also asked respondents to provide 

estimates of their perceptions of the costs of undertaking actions relating to AES participation. 

Rankings of these estimates are split into groups representing farmers with high and low estimates. 

These are then used in logistic regression models to investigate the relationship between cost 

perceptions and farm and farmer characteristics.  

The next section outlines the agri-environment schemes available to farmers during the period.  

Section 3 reviews the literature on costs of AESs. Section 4 presents the data and methods used 

for the analysis. Section 5 outlines the results followed by a discussion and conclusions in Section 

6. 

 Agri-environment schemes in Ireland 

Agri-environment schemes have been compulsory for European Union member states since 1992. 

These schemes are voluntary for farmers and predominantly consist of payments for environmental 

actions undertaken on farms (Cullen et al., 2018). Ireland has had three nation-wide schemes with 

the rollout of a new pilot scheme currently underway. This began with the Rural Environment 

Protection Scheme (REPS) in 1994 which had four iterations, followed by the Agri-Environment 

Option Scheme (AEOS) in 2010 and the Green Low-Carbon Agri-Environment Scheme (GLAS) 

in 2015. All the schemes consisted of five-year contracts under which farmers agree to complete 

certain compulsory and optional measures. Among the compulsory measures was a limitation on 

the level of organic nitrogen to 170 kilograms per hectare for most farms. The optional measures 

differed among the schemes, however, common measures surrounded the maintenance and 

planting of new hedgerows, managing or creating new habitats and implementing watercourse 

margins.  

Payments for participation in the schemes is based on estimates of the cost involved. In REPS, the 

first nationwide scheme, these payments were calculated based on the size of the farm. In later 
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schemes, this changed to payments based the measures undertaken. The goal of the payments is to 

cover both direct and indirect costs involved. The direct costs include, but are not limited to, 

equipment, materials, contractors, plants and fencing. Indirect costs were included in payments for 

the schemes in a number of ways including the opportunity cost of land and farmer labour. Land 

lost to scheme measures was compensated at a rate per hectare based on the average gross margin 

of farms in the National Farm Survey, a nationally representative survey of Irish farms collected 

by Teagasc to fulfil Ireland’s conditions as part of the EU Farm Accountancy Data Network. The 

heterogeneity of costs faced by farmers means that some are being over rewarded by the payments 

(Udagawa et al., 2014). 

 Costs and the farmer decision making process 

The farmer decision to participate in voluntary environmental measures has been the subject of a 

wide range of literature. A large number of factors including farm and farmer characteristics, 

attitudes, and environmental factors have been found to influence the decision (Burton and Wilson, 

2006; Howley, 2015; Lastra-Bravo et al., 2015; Siebert et al., 2006). However, there is agreement 

that farmers consider the financial aspect of participating along with these other factors (Greiner 

and Gregg, 2011; Koontz, 2001; Lastra-Bravo et al., 2015). Hence an understanding of the cost of 

participation is important in order to derive new insights on the participation of farmers and into 

improving policy design. Private costs of participating in agri-environment schemes are split into 

a number of categories each receiving differing amounts of attention in the literature. Direct costs 

are those that relate to expenditures directly attributable to compliance in agri-environment 

schemes. Indirect costs are those that occur due to participation and include transaction costs (costs 

arising from the administration and application process surrounding the schemes) and opportunity 

costs (the lost income from the next best (or superseded) alternative).  

Methods of estimating the costs of participating in schemes have been varied. Udagawa et al. 

(2014) used propensity score matching and difference in difference techniques to obtain estimates 

of costs. In the scheme they were analysing, the Entry Level Stewardship scheme in England, 

participation had a negative effect on farm income suggesting that the costs were greater than the 

payment received on average. Mettepenningen et al. (2009) used a one year registration approach 
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in which farmers recorded their costs for both a parcel within a scheme and a parcel outside of a 

scheme for comparison purposes. These were then supplemented with a large-scale survey of 

private transaction costs. They found that income forgone represented the biggest cost to farmers 

at 56% with transaction costs making up a large portion of the remaining costs. Due to the 

importance of this factor in the cost sphere, measures of income loss, loss in productivity and loss 

of productive are included in the following analysis. 

Other studies have focused purely on estimating the transaction costs. From a theoretical 

perspective, Ducos et al. (2009) investigated the difference that fixed and variable transaction costs 

have on farmer participation. They found that fixed transaction costs were large compared to 

compliance costs and had a significant negative effect on participation. This is a similar finding to 

McCann & Claassen (2016) in that transaction costs are as important a barrier to entry as payment 

levels. They used farmers’ estimates of hours spent on different activities relating to schemes and 

investigated whether these estimates were influenced by the heterogeneity of farms and farmers. 

Falconer (2000) conducted case studies to estimate transaction costs faced by farmers; these were 

estimated through interviews with auditing organisations.  

The opportunity cost of participation has also been studied. This includes the possible loss in 

income from land taken up with measures from the scheme and the opportunity cost of the farmer’s 

time taken in completing measure-related tasks. Barreiro-Hurle (2010) discovered the importance 

of opportunity cost when farmers consider different schemes.  They found that the intensity of 

change that needs to be undertaken as part of the scheme impacts the type of farmer who chooses 

to participate, suggesting that the relative profit of competing land uses influences the decision. 

They infer that adoption of less demanding measures is not as highly influenced by farm technical 

factors. 

How levels of cost differ with attributes of farms has received some attention. Farm size is often 

found to increase costs in many schemes (Mettepenningen et al., 2009). McCann and Claasen 

(2016) looked at the drivers of transaction costs in various United States agri-environment 

schemes. The results varied by scheme, with level of education, retirement status, and age 

positively associated with transaction costs in certain schemes. They also found that farms with 
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more complex farming systems had higher transaction costs. Ducos et al. (2009) predicted that 

transaction costs would vary based on farm technology factors such as grassland share, area, arable 

land share, labour force and stocking rate.  

Research surrounding the decision taken by farmers to participate in schemes has varied from 

looking at farm and farmer characteristics (Cullen et al., 2021; Hynes and Garvey, 2009; Murphy 

et al., 2014), to more qualitative approaches that consider the role that  farmers’ attitudes and 

identity play (Ahnström et al., 2017; Cullen et al., 2020; Greiner et al., 2009).  Common recurring 

farm characteristics considered are size (Hammes et al., 2016; Lastra-Bravo et al., 2015; Lynch 

and Lovell, 2003), system (Hynes and Garvey, 2009; Lastra-Bravo et al., 2015) and productivity 

(Dupraz et al., 2003; Hynes and Garvey, 2009; Murphy et al., 2014). Attitudes and self-identities 

that were found to be important include farmers’ views on the environment (Mills et al., 2017; 

Sulemana and James, 2014; Wilson, 1996), their productivist nature (Cullen et al., 2020; McGuire 

et al., 2015; Mills et al., 2017; Sulemana and James, 2014), innovativeness (Cullen et al., 2020; 

Wossink and van Wenum, 2003) and risk aversion (Damianos and Giannakopoulos, 2002; Greiner 

et al., 2009). For the purposes of this study, it is hypothesised that some of these factors influence 

participation at least in part through farmers’ perceptions of costs. 

In summary, cost research has focused on measuring the real costs involved in participating in a 

scheme with particular focus on transaction costs (Uthes and Matzdorf, 2013). A large portion of 

the literature focuses on calculating the differences in costs between participants and non-

participants, rather than how costs differ, be they real or perceived, amongst participants. The 

literature on the participation decision has identified a number of important factors that influence 

farmers’ participation decisions, including perceptions of costs (Barreiro-Hurlé et al., 2010; 

Lastra-Bravo et al., 2015). However, this particular aspect of the cost of agri-environment schemes 

and how perceptions of costs differ amongst farmers has not been investigated to the best of the 

authors’ knowledge. This study aims to fill this gap in the literature.  
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 Methodology 

 Survey 

The data used in this analysis were collected as part of the Teagasc Agri-Environment Cost survey. 

The bespoke face-to-face survey of 1000 Irish farmers was representative of farm size and system 

in Ireland. The survey was designed to collect data from farmers on a wide range of topics 

including attitudes towards farming and the environment, farm profile, socio-demographics and 

information on agri-environment scheme participation and perceptions. The survey was conducted 

by a private survey company with the key decision maker on each farm over a three-month period. 

Quota controlled sampling was used to ensure that the sample was nationally representative based 

on the Census of Agriculture (CSO, 2012).  

As part of the survey, farmers were asked to estimate the likely cost of adopting certain measures 

on their farm in the future. The seventeen AES measures used in the survey, listed in Table 6.1, 

were included as optional measures in past iterations of Irish agri-environment schemes. In AEOS, 

the scheme in place at the time of the survey, farmers were paid on a per measure basis. Due to the 

existence of these measures in the schemes, it is assumed that farmers who have either participated 

in the schemes or looked into doing so should have some knowledge of the cost of their 

implementation. 

Table 6.1: Measures included in the cost estimate survey 

Hedgerow maintenance Nature corridor 

Hedgerow laying Planted riparian zone 

Coppice Tree planting 

Stone wall maintenance Traditional orchard 

Manage existing habitats New hedgerow planting 

Species rich grassland Linnet 

Traditional hay meadow Clover 

Created new habitat Trailing shoe 

Watercourse margin  
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Eight different categories of cost were included in the survey, including both direct and indirect 

costs. Direct costs are those directly attributable to the measure undertaken, for example if the 

measure is new hedgerow planting, the costs include plants, planting costs and fencing the area. 

There may also be contractor costs involved in completing the work if the farmer does not 

undertake the planting and fencing themselves. The direct costs included contractor days, 

equipment purchase, maintenance costs, new fencing, plants and planting costs. Indirect costs are 

varied and can include the opportunity cost of undertaking a measure, for example the lost revenue 

from grazing or cropping the land in the fenced-off hedgerow. There is also the opportunity cost 

of the time and ‘hassle’ involved in terms of the application process, administration, and time spent 

in undertaking the (fencing) measure, instead of completing other farm tasks or off-farm 

employment. Indirect costs included the percentage loss in productivity and loss of productive 

area. Due to the high number of possible combinations of cost types and measures, the 

combinations asked were rotated. This resulted in approximately 250 estimates per cost type by 

measure.     

 Creating cost estimate variables 

As the variable of interest is the perception of costs relating to agri-environment schemes 

themselves and not specific measures, the estimates are aggregated into three groups. One group 

represents direct costs, with two groups representing specific indirect costs, i.e. loss in productive 

area and percent loss in productivity. Due to the rotation of questions in the survey each farmer 

did not answer all the cost questions. This resulted in missing answers therefore a direct 

aggregation of the costs could not be undertaken. Instead, estimates were first converted to 

percentiles within the specific measure and cost type. This both increases the sample size available 

and allows for variables with differing units (such as euros or days) to be combined. Using 

percentiles also means that the relative expense of each measure should not influence the resulting 

outcome. Within the three cost groups (direct costs, loss in productivity and loss in productive 

area), each farmer’s rank was averaged across all the cost estimates that they provided in the 

survey. The resulting aggregate of costs was split into two even-sized groups, high and low, 

representing whether a farmer estimates high or low costs in comparison to other farmers. The 
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variables created were used as the dependent variables in the regression analysis to investigate 

relationships with farm and farmer characteristics and attitudes. 

 Methodology 

To model farmers’ perceptions of cost, it is assumed that farmers base their perceptions on drivers 

of the actual costs such as characteristics of the farm and the level of intensity with which they 

farm, as well as scheme experience. As these are estimates of future costs, it is also assumed that 

future plans influence the cost perceptions. Also, as these are estimates and not real costs, it is 

assumed that attitudes may influence their estimates. Therefore, the cost estimate for a farmer for 

a specific cost in a certain measure, 𝐶𝑖𝑚, can be represented by the function: 

 𝐶𝑖𝑚(𝑍𝑖, 𝐹𝑖, 𝑆𝑖 , 𝐴𝑖) (1) 

where for a farmer, 𝑖,  the cost estimate is a function of farm characteristics, 𝑍𝑖, future plans, 𝐹𝑖, 

scheme experience, 𝑆𝑖 and attitudes 𝐴𝑖. These are then ranked based on the estimates of all farmers 

for each cost and each measure. This means that a specific cost estimate of an individual farmer 

has a percentile ranking which can be represented by 𝑃𝐶𝑖𝑚 which is also a function of  𝑍𝑖,𝐹𝑖, 𝑆𝑖 

and 𝐴𝑖 . This is then averaged across all estimates, 𝑚, given by the farmer. The result 𝐴𝑃𝐶𝑖, as 

shown in the following function, where 𝑘 is the total number of estimates of farmer 𝑖: 

 

𝐴𝑃𝐶𝑖 =
∑ 𝑃𝐶𝑖𝑚 

𝑘

𝑚=1
𝑘  

  (2) 

For this analysis binary variables are used to represent whether a farmer is in the high or low 

estimating group of farmers. 

 
𝐴𝑃𝐶𝑖

∗ =  {
0,  if 𝐴𝐸𝑖  is less than median  

 1,  if  𝐴𝐸𝑖 is greater than median
 

(3) 

This means that 𝐴𝑃𝐶𝑖
∗ is a function of the same variables as 𝐶𝑖𝑚 hence it can be rewritten as: 

 𝐴𝑃𝐶𝑖
∗(𝑍𝑖, 𝐹𝑖, 𝑆𝑖) = 𝑋𝑖𝛽 + 𝜀𝑖 (4) 
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where 𝑋𝑖 is a vector that gathers determinants of 𝐴𝑃𝐶𝑖
∗, 𝛽 is a parameter vector and 𝜀 is an error 

term. A binary variable is used as the dependent variable in three logistic regressions, whether a 

farmer is in the high (1) or low (0) estimating group of farmers.  

 Data 

Explanatory variables utilised in the model are chosen by assuming that a farmer estimates the cost 

by first considering their farm specific factors and attitudes. Future plans regarding intensity are 

also included as the farmers are asked to estimate future costs. Due to the limited nature of studies 

looking into the determinants of cost differences be they perceived or actual, a number of factors 

are included that have been found to influence participation in agri-environment schemes. The 

summary statistics for these variables are presented in Table 6.2.  
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Table 6.2: Summary statistics  

Variable Category % or Mean (sd)  

Farm size 10-20ha 26.1 

20-50ha 44.6 

50-100ha 21.8 

100-150ha 5.0 

150+ha 2.5 

Farm system Dairy  20.2 

Cattle rearing 43.6 

Cattle other 11.3 

Sheep 13.9 

Tillage 6.7 

Mixed livestock 4.3 

Stocking rate (LU/ha) 1.319 (1.084) 

Soil type Good soil 54.8 

Somewhat limiting soil 40.4 

Very limiting soil 4.9 

Designated land 29.5 

AES participation history No participation 44.6 

 Past participant 20.8 

 Current participant 34.6 

Future plan Plan to increase intensity 11.3 

Plan to decrease intensity 6.5 

Plan to make no changes  82.2 

Agree to “Agricultural land in Ireland is under-utilised” 66.3 

Agree to “I am good at finding different types of information to help me run my business” 85.5 

Agree to “I don’t think it is a good idea to take too many risks when it comes to farming” 84.1 

Agree to “We need to produce more food even if some damage is caused to the environment” 48.3 

 

Farm characteristics included are farm system, size and stocking rate. The majority of farms are 

under 100ha with 44.6% in the 20-50ha category. Cattle rearing represents the largest system with 

43.6%, followed by dairy and sheep. Stocking rate averaged 1.32 livestock units per hectare 

(LU/ha) amongst the survey respondents.  
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Also included are environmental factors including soil type, where 54.8 percent stated they had 

good soil, 40.4% somewhat limiting and the remainder very limiting. Whether a farmer has 

designated land (land designated under Natura 2000) is also included as this may influence the 

costs involved. This represents 29.5% of the sample.  

Participation history is included as participants are likely to have direct knowledge of the costs 

involved. Just over a third of the sample are current participants, with another 20.8% having 

participated in the past. Future plans for the level of farming intensity is included as this may affect 

the cost especially indirect costs of future scheme measures undertaken. The greater majority of 

farmers do not plan to make changes to their intensity of farming, with just 11% planning to 

increase and 6.5% decrease intensity.  

A number of attitudinal statements are included where farmers were asked whether they agree or 

disagree with the statements. Over half the farmers agreed that “agricultural land in Ireland is 

under-utilised”. This is included as a possible determinant as this may influence the indirect cost 

estimates. Over 80% of farmers agreed that “I am good at finding different types of information to 

help me run my business”, suggesting they are knowledgeable about factors that could influence 

the farm such as policy, and “I don’t think it is a good idea to take too many risks when it comes 

to farming” suggesting they are risk-averse. Finally, nearly half of farmers agreed that “We need 

to produce more food even if some damage is caused to the environment” suggesting productivist 

tendencies. 

 Results 

The results of three logistic regression models are displayed in Table 6.3. The dependent variable 

in the models is a binary variable which equals one if the farmer is in the higher estimating group 

of farmers and zero if they are in the lower estimating group. Model 1 examines direct costs while 

models 2 and 3 examine indirect costs. In model 2 the dependent variable is a binary variable 

representing whether a farmer estimates costs to be high or low on average compared to other 

farmers in relation to loss of productive area. The final model (model 3) is a binary variable based 

on estimates of percentage loss in productivity. The number of observations varies amongst the 
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models due to missing estimates in each cost type. The McFadden’s Pseudo R2 ranges from 0.072 

to 0.085 across the models. All models have a p value of 0.000 on a chi square test suggesting the 

models themselves are significant. Odds ratios are reported in Table 2. These are interpreted based 

on their difference from one i.e. if the value of the odd ratio is greater (less) than one then a farmer 

is more likely to estimate higher (lower) than average. So, for example if the odds ratio is equal to 

1.5 then a farmer is 50% more likely to be in the higher estimating group when the explanatory 

variable increases by 1. A number of farmer characteristics such as age, gender and education level 

were tested and excluded from the final model due to their non-significance. 
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Table 6.3: Logistic regression results on high vs. low perceptions of cost 

  (1) (2) (3) 
 

Direct costs Loss of productive area Loss in productivity (%) 
 

Odds ratio SE Odds ratio SE Odds ratio SE 

Farm size (base: 10-20ha)       

    20-50ha 2.087*** (0.408) 0.937 (0.240) 1.468 (0.411) 

    50-100ha 3.212*** (0.760) 1.131 (0.361) 0.767 (0.273) 

    100-150ha 3.777*** (1.449) 0.887 (0.490) 0.189** (0.154) 

    150+ha 11.86*** (7.254) 0.224* (0.196) 0.502 (0.436) 

Farm system (base: dairy)       

    Cattle rearing 1.128 (0.235) 0.820 (0.237) 1.354 (0.445) 

    Cattle other 1.276 (0.360) 0.923 (0.361) 1.157 (0.523) 

    Sheep 0.907 (0.251) 1.001 (0.387) 1.000 (0.428) 

    Tillage 1.671 (0.629) 0.820 (0.486) 1.078 (0.650) 

    Mixed livestock 0.645 (0.258) 0.608 (0.354) 1.592 (0.973) 

Soil type (base: very limiting)       

    Good soil 0.568 (0.224) 1.007 (0.472) 0.209** (0.133) 

    Somewhat limiting soil 0.628 (0.249) 0.943 (0.440) 0.160*** (0.103) 

Stocking rate (LU/ha) 1.172** (0.0805) 0.883 (0.0909) 1.022 (0.105) 

Natura 2000 land 0.913 (0.154) 3.063*** (0.707) 1.307 (0.345) 

Scheme participation (base: no 

participation) 

      

    Past scheme participant 1.730*** (0.339) 1.239 (0.340) 1.981** (0.604) 

    Current scheme participant 1.597*** (0.274) 1.176 (0.277) 1.685** (0.435) 

Future plans (base: no change)       

    Plan to increase intensity 1.586* (0.384) 0.547* (0.195) 0.894 (0.328) 

    Plan to decrease intensity 0.806 (0.249) 0.732 (0.296) 1.254 (0.560) 

Agricultural land in Ireland is 

under-utilised 

0.731** (0.116) 1.264 (0.277) 0.936 (0.229) 

I am good at finding different 

types of information to help me 

run my business 

1.667** (0.387) 0.858 (0.273) 1.489 (0.487) 

I don’t think it is a good idea to 

take too many risks when it 

comes to farming 

0.660** (0.137) 0.913 (0.253) 0.825 (0.256) 

We need to produce more food 

even if some damage is caused 

to the environment 

0.950 (0.141) 0.671* (0.138) 0.560*** (0.125) 

Observations 852 
 

455 
 

384 
 

Pseudo R-squared 0.0852 
 

0.0717 
 

0.0790 
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The results in Model 1 show that estimates of direct costs are influenced by a number of factors. 

Farm size has a significant impact on farmers’ perceptions of cost.  The odds ratios on farm size 

are increasing in each category suggesting that farmers with larger farms estimate higher costs on 

average than smaller farms. By comparison in Models 2 and 3 which represent estimates of indirect 

costs, at farm sizes above 100 ha the estimates of indirect costs are likely to be lower than those 

on smaller farms. This is indicated by significant results for loss of productivity for farms between 

100 and 150 hectares and for loss in productive area for farms greater than 150 ha compared to 

farms between 10 and 20 hectares.  

Better soils are associated with lower cost estimates in both the direct costs (Model 1) and for loss 

in productivity (Model 3), however the result is only significant in the latter with those farmers 

with good and somewhat limiting soil being around 80% less likely to be in the high cost estimating 

group. The stocking rate is positively associated with higher direct cost estimates. This suggests 

that farmers estimate higher costs when they are farming more intensively. Stocking rate is not 

significant in the indirect cost models. 

Farmers who had land that was designated as a Natura 2000 area had an increased likelihood of 

estimating lower costs than their fellow farmers according to Model 1, although the results were 

not significant. By comparison, farming in a Natura 200 designated area was found to have a 

positive and significant relationship on estimating the loss in productive area, with those with 

designated land being nearly three times more likely to be in the higher estimating group of 

farmers. Natura 200 designation was also positive in the final model, loss in productivity, however 

it was not significant. 

In comparison to farms that have never participated, past or current scheme participants were more 

likely to be in the higher estimating group in all the models.  Past scheme participants were 73% 

more likely than those who have never participated to be in the high estimated direct costs group, 

while current participants were 60% more likely. These results were higher in the third model with 

past participants 98% more likely to be in the high estimating group for loss in productivity, and 

69% for current participants. The results were also positive but not significant for loss of 

productive area.  
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The impact of future plans in relation to intensity of farming differed across the models. Against a 

base of farmers who planned to make no changes in intensity, those who planned to increase 

intensity were 57% more likely to be in the high direct cost estimating group and 55% less likely 

to be in the high loss of productive area estimating group. There was no significant difference 

between those who plan to make no changes and those who intended to decrease intensity in the 

three models. 

The relationship between attitudes and perceived costs differed between direct and indirect costs. 

Those who think they are good at finding information were 66% more likely to be in the higher 

perceived direct costs group than those who did not agree with the statement. Those farmers who 

are risk-averse and who agreed that “agricultural land in Ireland is under-utilised” were more likely 

to be in the lower perceived cost group than those who did not agree, however these statements 

were not significant in the models of indirect costs. The final attitudinal statement “we need to 

produce more food even if some damage is caused to the environment” was significant in the two 

indirect cost models. Both models showed that those who agreed to the statement were more likely 

to be in the lower perceived costs group.   

 Discussion and Conclusions 

The purpose of this study was to examine the determinants of perceptions of the costs of AESs. 

This fills a gap in the literature which has previously focused on the actual costs involved, while 

it is perceptions that influence the participation decision. Understanding drivers of these 

perceptions and what drives differences amongst farmers can aid policymakers in designing 

schemes. It would also aid farm advisors to understand the information necessary for farmers to 

make informed scheme-participation decisions. The results show that the heterogeneity of farms 

and farmers influences perceptions of cost, and in turn likely influence farmers decisions to 

participate in agri-environment schemes. Agri-environment schemes are largely implemented with 

a one size fits all approach, not differentiating payments based on the likely expenses that farmers 

will face (Uthes and Matzdorf, 2013).  
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Past research has shown that farmer attitudes and identity influence their behaviour the 

participation decisions (Cullen et al., 2020; Greiner and Gregg, 2011; Sulemana and James, 2014). 

This chapter has shown that these same factors influence a farmers’ perception of the cost of 

participating in schemes indicating a multi-level relationship. This suggests an avenue for policy 

and advisory services to improve participation. “Nudges” (adjustments in the choice architecture 

without forbidding options or changing economic incentives (Thaler and Sunstein, 2008)) are often 

proposed as a method of doing so particularly through framing policy and advice messages to 

account for underlying values and norms (Barnes et al., 2013; Kuhfuss et al., 2016b; Mills et al., 

2017).  

Farm system was found to be non-significant factor in the models suggesting that cost estimates 

did not differ significantly between them once farm size and intensity were accounted for through 

the stocking rate and (to a lesser degree) through including the self-reported quality of the soil. 

However, the gross margin of these systems differs significantly (Teagasc, 2019). This is 

especially important for indirect costs which are measured in terms of loss of area and as a 

percentage loss in productivity. The opportunity cost for a hectare of land for a highly productive 

system such as dairy, would be greater in terms of euro values than for a less productive system 

such as sheep. Differentiating payments by system may be one way to address this issue, however, 

this may be a politically challenging policy. Another possibility is to create separate schemes 

targeting different systems, each addressing the most pressing concerns for each system.  

This study found that past or current participation in agri-environment schemes is a predictor of 

whether farmers would estimate higher direct and indirect costs than their peers. This is unexpected 

as it could be assumed that past participants have accumulated knowledge, skills and necessary 

equipment acquired for participation in schemes would result in lower perceived costs of further 

participation. Also, as past participation is a key predictor of current participation (Cullen et al., 

2021; Murphy et al., 2014; Wossink and van Wenum, 2003). Three possible explanations are 

considered for this result. One is that past participants who have more experience with the 

measures are estimating more accurately, and therefore the non-participants are underestimating 

the cost of participating on average. This is backed up by the positive result in the direct cost model 

associated with those who say they are good at finding information for their business, assuming 
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they are accurate in their assessment of themselves. Following on from this, it could be assumed 

that those with no experience with schemes are underestimating the costs involved when they sign 

up, a factor which could be detrimental to future participation. Another possibility is that the 

participant farmers are exaggerating the costs in the hope that the survey results in higher payments 

in the future. The final possibility is that the farmers who participated in the scheme face higher 

actual costs of implementing the measures. This could be due to any number of factors such as 

their location, the type of farm or the availability of labour to complete the tasks. However, 

assuming that these costs remain similar from past schemes, this would suggest that the farmers 

facing higher costs are the ones who join the scheme which goes against standard economic theory, 

in that those with the lowest costs would be the ones to join a scheme ignoring non-financial 

factors. This warrants further investigation. 

Identification of drivers of perceptions of cost in regards to agri-environment schemes leads to 

further areas in need of research. Firstly, designing and testing characteristics of a scheme that 

takes these perceived and real cost differences into consideration and finding whether the possible 

resulting improvements in scheme achievements warrant the added difficulty of differentiating 

amongst farmers. Secondly, in order to improve the understanding of the perceptions of cost, the 

drivers of actual costs must also be understood. Previous research has focused on whether there 

are monetary differences resulting from participation in schemes (Mettepenningen and Van 

Hylenbroeck, 2009) or limited the analysis to transaction costs (Ducos et al., 2009; Mccann and 

Claassen, 2016). While this would differ based on the scheme measures involved in a specific 

scheme, given the importance of financial considerations in the participation decision it should be 

researched. This study has brought a greater understanding of the influences of farmer perceptions 

of cost and in doing so improves the understanding of the participation decision of farmers. As a 

new CAP funding period begins, it is important that policymakers have the information needed to 

design successful schemes. Accounting for the heterogeneity of farmer perceptions of cost may 

aid in the development of schemes that induce the desired farmers to participate.  
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7 Conclusions 

 Introduction 

This chapter summarises the thesis and its content. The first section summarises the key findings. 

This is followed by policy recommendations stemming from the work. The next section outlines 

the limitations of the study and is followed by a section outlining areas where further research is 

needed. Finally, the chapter ends with some concluding remarks. 

 Main findings 

The overall research objective of this thesis was to learn lessons from past agri-environment 

schemes in order to identify ways to improve the success of future AES schemes. The thesis was 

opened with a short chapter summarizing the opinions of experts in AESs on a number of issues 

surrounding AESs. A number of these issues were then addressed in the following chapters. The 

key findings of these chapters are summarised below. 

Chapter 2: Agri- Environment Scheme Design: Past Lessons and Future Suggestions 

The third chapter thesis presented a summary of the views of experts in differing areas of agri-

environment schemes. The experts came from agricultural economics, ecology, agri-

environmental policy and agricultural extension. Looking towards the past, drawbacks of action-

based top-down schemes were listed as conflicting objectives, geographical dispersion, adverse 

selection and increasing complexity. The experts suggested that the current results-based 

participatory schemes had benefits over the past schemes in that they are flexible and based on real 

improvements on the environment. It was argued that concerns surrounding high transaction costs 

have been unfounded. The increasing role of knowledge transfer was also acknowledged due to 

the increasing complexity of schemes. Looking to the future, the consensus was that spatially 

targeted result-based agri-environment schemes are key to improving environmental performance, 

particularly with regard to biodiversity and water quality. However. there is also still space for top-

down action-based schemes in delivering common interventions at greater scale. The experts 

suggested the challenge for policymakers was to provide an infrastructure that allows farmers to 
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become directly involved in solving their local issues in a supportive regulatory and policy 

framework. 

Chapter 3: Agri-environment scheme design options: Spatial match or mismatch 

An institutional analysis of AES design options was conducted in Chapter 3 with specific reference 

to the spatial distribution of environmental goods. In the past, the literature has focused on 

examining each design option separately and evaluating the environmental improvements that can 

be attributed to AESs, however this chapter explored the multiple scheme options used by 

policymakers and their relationship to the spatial distribution of environmental public goods. This 

was examined against a case study of past schemes in Ireland.  

A key finding of the analysis was that schemes have been transitioning towards more targeted 

approaches and collaborative implementation. This has occurred in response to criticisms of the 

success of past schemes at achieving environmental goals. Analysis of the options available to 

policymakers in the context of the spatial distribution of environmental goods suggests that there 

is no best option that fits all the challenges faced. While some issues such as improving water 

quality and biodiversity require collaborative approaches to ensure the scale of actions matches 

the scale of the issues and will result in measurable improvements, other concerns such as reducing 

carbon emissions require a broader approach. This suggests that policymakers need to create an 

operating environment that enables both small-scale spatially targeted schemes in tandem with 

continuing the horizontally applied policies of past times. However, the suggested policy choices 

remain contingent on the cost of implementation, which is in turn driven by complexity. 

Chapter 4: More than two decades of Agri-Environment schemes: Has the profile of participating 

farms changed? 

The first empirical chapter examined the impact of changes in scheme design and agricultural 

policies on the type of farmer who participated in AESs. Due to the lack of baseline environmental 

measures available to researchers, the success of schemes is often measured through the level and 

type of participation of farmers. Past research has focused on single schemes or multiple schemes 

in differing areas using cross-sectional data. Building on the studies of Hynes and Garvey (2009) 
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and Murphy et al. (2014), which both looked at REPS, this chapter modelled participation in 

multiple schemes over a 23-year period. Using nationally representative data, random effects 

logistic models were conducted to understand the farm and farmer characteristics of participants 

and to changes over time.  

The results showed that extensive farm systems, such as sheep and cattle rearing, continue to be 

much more likely to participate than intensive farms such as dairy. This is likely due to both 

scheme design and policy factors. GLAS, the most recent wide-scale scheme in Ireland had few 

entrance pathways for intensive farms as these farms are less likely to be located in areas with high 

value environmental assets. Also, the removal of milk quotas in 2015 increased the opportunity 

cost for dairy farms to participate in AESs, with respect to both land and time. While extensive 

farms are home to a significant portion of important waterbodies and biodiversity, reducing 

negative externalities (such as carbon emissions and nutrient runoff) of intensive farms is also a 

goal under AESs. However, scheme design has not prioritised these areas. This represents a key 

area that policymakers must either consider in future scheme design or address through other 

policies. 

Chapter 5: Impact of farmer self-identity and attitudes on participation in agri- environment 

schemes 

The second empirical chapter examined the impact of farmer self-identity and attitudes on their 

choice to participate in AESs. The analysis was conducted using a novel technique of examining 

AES participation decision through combining factor analysis with regression analysis on data 

acquired through a bespoke nationally representative survey of 1000 Irish farms. Through factor 

analysis, four different self-identities were revealed: Forward looking, Productivist, Conservative 

and Optimistic caretaker. A factor analysis of statements relating to perceptions of schemes found 

two factors: Benefits conscious and Drawbacks conscious.  

To understand the relationship that farmer self-identities and perceptions of schemes had on 

participation, a logistic regression was conducted with participation as the dependent variable. A 

key finding in Chapter 5 was that while positive perceptions of AESs is related to higher 
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participation, (and negative perceptions relate to lower participation), the strength of these 

associations is dependent on the farmers’ self-identity. The policy implication of this finding is 

that it represents multiple avenues to improve participation i.e. policymakers can focus on 

changing farmers’ attitudes towards schemes. For example, using ‘nudges’, or small non-fiscal, 

non-regulatory changes, that have shown promising results in experimental settings. Another 

option is to focus on tailoring or framing schemes in a way that accounts for farmer self-identity. 

For example, increasing the use of win-win measures in scheme design to target Productivist 

farmers. 

Chapter 6: Determinants of Farmer Agri-Environment Scheme Cost Perceptions 

The third empirical chapter examined the perceptions of the cost of participating in AESs and the 

differences in determinants of direct costs and indirect costs. While past work has identified costs 

as a factor in farmers’ choices to participate in schemes, there is a gap in the literature in identifying 

the factors that influence the perceptions of costs. A key result of the study was that past and 

current participants estimated higher costs than those who have never participated. Assuming that 

participants have a better idea of the costs involved, this suggests that non-participants 

underestimate the cost of participation, which could lead to a risk of lack of enthusiasm and farmer 

dissatisfaction on realising the true cost of participating. Another finding was the relative 

irrelevance of farm size to estimates of indirect cost compared to direct costs. Attitudes also 

influence the level of costs farmers are likely to estimate.  

The need for improved information is the key policy implication of the findings of the chapter. 

Improving the understanding of farmers of both the direct and indirect costs involved in 

participating in schemes will reduce the risk involved. The fact that non-participants have lower 

participation cost estimates suggests that current participants might have underestimated the cost 

of participating before they entered a scheme. This could possibly result in negative feelings 

towards the scheme and lower likelihood of continuing both participation or making long-term 

positive environmental changes.  
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 Policy recommendations 

Past research has raised concerns about the lack of additionality that can be attributed to AESs 

leading to concerns they are financially inefficient (Carey et al., 2003; Finn and Ó hUallacháin, 

2012; Hynes and Garvey, 2009). In this thesis it has been shown that part of the reason for these 

concerns, the low participation of intensive farms, has not been solved. Extensive farms are more 

likely to have existing habitats that could be considered in need of protection (Matin et al., 2020). 

For this reason, the targeting of schemes such as in GLAS, which was done to ensure schemes 

funds were placed where needed, has resulted in high participation levels amongst extensive farms. 

While it is important to protect the existing areas this leaves little space in the existing AES policies 

to address areas with lower environmental value, which are predominantly intensively farmed.  

One potential solution is that multiple schemes are needed with differing goals as suggested by the 

AES experts summarised in Chapter 2. The new Eco-schemes, which are to be introduced in 2023 

under the CAP reform, offer the possibility for doing this. As a result of the From Farm to Fork 

Strategy, part of the European Green Deal, significant focus for the 2021-2027 CAP period is on 

improving the agri-environment to meet the objectives of the aforementioned deal (European 

Commission, 2020). The Farm to Fork Strategy aims to hasten the transition to a sustainable food 

system with goals to have a neutral or positive environmental impact, mitigate climate change, 

reverse biodiversity loss will ensuring food security and affordability (European Commission, 

2021). Eco-schemes have been introduced within CAP to aid in meeting these goals. 

The Eco-scheme, which is 100% EU funded under Pillar 1, could be structured to target intensive 

farmers while the existing Pillar 2 funding for an AES can be targeted to the existing habitats or 

other issues. Eco-schemes could also be used to better address climate stability and negative 

impacts to water quality if the level of participation amongst intensive farmers is higher. This is 

likely as it directly impacts individual farmer’s direct payment levels. The Eco-schemes will be 

paid on a per hectare basis, like the REPS scheme and the schemes can be annual or multiannual. 

Unlike the existing AES framework, payments are not restricted to costs and income foregone 

(IIEE FIBL, 2020). All of these factors help this scheme to implement broad measures across a 

large number of differing farms. 
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Another way to address additionality concerns is through measurement of the goal environmental 

factors before and after schemes take place (and again in later years to ensure long-term changes). 

This can either be done through results-based schemes, where this is an integral part of the design 

or as an addition to the larger scale schemes. With the introduction of the Performance Monitoring 

and Evaluation Framework under the new CAP it is clear that there is greater focus being placed 

on ensuring value for money and showing measurable improvements.  

Another consideration for future agri-environment policy is the importance of farmer identity, 

attitudes and social norms in the decisions made. This was shown in Chapter 5 where they were 

found to directly influence the participation decision and in Chapter 6 where they indirectly 

influence the participation decision through farmers’ perception of the cost of schemes. Other 

studies showed similar findings (Burton and Wilson, 2006; Greiner, 2015; Mills et al., 2017). The 

movement towards more participatory collaborative schemes has been advocated as a way to 

address these factors particularly through the increase in farmer buy-in and their understanding of 

the agri-environment (Dwyer et al., 2020; Herzon et al., 2018; Lockie, 2006; Mills et al., 2017; 

Prager, 2015). 

With the larger scale schemes, addressing farmer identity, attitudes and social norms can be done 

through design, messaging and advisory services. There are a number of options to consider in this 

approach. For example, some have suggested agglomeration payments (bonuses for collective 

action) as a way to make use of social norms as well as improve the habitat connectivity resulting 

from participation (Drechsler et al., 2010; Kuhfuss et al., 2016a). Others have suggested that all 

schemes should be designed with a participatory approach, enabling farmers to bring their local 

skills and knowledge to aid in building successful schemes that reflect their farming circumstances 

(Röling and Pretty, 1997). The importance of farmer learning must also be considered, particularly 

social learning (Blackstock et al., 2010) where farmers themselves are involved in sharing 

information. Moreover, awareness of environmental issues is shown to improve buy-in of farmers 

into schemes (Page and Bellotti, 2015). 
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 Limitations and future research 

As with any research there are potential limitations to content of this thesis. This section will 

outline some of these limitations as well as suggested areas for future research that may address 

these. Predominantly these limitations focus on the data and methodologies used. 

The first limitation, which has been mentioned numerous times in this thesis, relates to the ability 

of AES participation studies to evaluate the success of AESs. Unfortunately baseline levels of 

environmental factors were not measured prior to the start of the schemes and are still not 

accurately recorded prior to farms entering the wide scale schemes. While the newer results-based 

or hybrid schemes are formulated around making payments for improvements, the scale of these 

schemes does not compare to the regional or national schemes such as GLAS. This lack of field 

data means that participation has become the predominant measure of success or failure of 

schemes. Particularly, analysis of the type of farmer to participate is common, as was the subject 

of Chapters 4 and 5 of this thesis, as a way to determine the likely additionality that has occurred 

due to the existence of schemes. However, this is an imperfect substitute for having data measuring 

the quality or quantity of environmental factors such as biodiversity and water quality before and 

after schemes have been in place.  

In an attempt to address this issue, an extension to the original Teagasc Agri-Environment Cost 

Survey was undertaken with a number of the farms revisited by ecologists to map the habitats on 

the farm and it also included a measure of quality of the linear features (hedgerows). The purpose 

of this was to understand whether past participation in schemes have resulted in improvements in 

biodiversity. However, given that the data was only collected at one time point it is difficult to 

make any firm conclusions from this data. For example, participants may have had much lower 

quality hedgerows before joining the scheme and made substantial improvements while non-

participants may have had good quality hedgerows and this would greatly impact results of 

modelling the data. Future research could include greater coordination with ecologists to measure 

the quantity and quality of environmental factors at multiple points in time to better understand 

the additionality provided by schemes. While small scale studies of this kind have taken place it 
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would be useful to link the environmental data with existing panel datasets such as the Teagasc 

NFS.  

Chapter 4 examined farm participation in AESs over time using the Teagasc NFS to analyse the 

type of farm that participates in schemes and how this has changed over time. The analysis was 

limited to the variables that are included in the NFS which is mostly focused on gathering 

accounting data. A number of other factors are known to influence participation such as farmer 

attitudes and environmental factors and future research could focus on including these in an 

analysis of panel data.  

Chapters 5 and 6 of this thesis used a bespoke household survey, the Teagasc Agri-Environment 

Cost survey, which provided information on a range of different factors which made the research 

possible. The collecting of survey data is challenging, especially when collecting information on 

something which has an inherent social value. Respondents are likely to respond with what they 

know the correct answer should be, such as stating that they care deeply about the impact they 

have on the environment when they may not. This, and other forms of response bias, was 

considered in the structure of the survey, with attempts made to ensure the questions were not 

leading, and other methods to minimize the likelihood of sources of bias.  

In addition, the Teagasc Agri-Environment Cost survey collected information on what measures 

past participants had undertaken and what they intended to do in the future. The measures were 

grouped making it difficult to use the responses in connection with the farmers’ estimates of cost. 

Future research collecting similar data should, include the measures individually to allow this data 

to be analysed This would enable an analysis of the relationship between the choice of measures 

and the cost of implementing them.  

The spatial analysis of the location of environmental public goods could be extended with future 

research. While clear spatial patterns exist in the location of many of the goods examined, further 

research could be conducted to understand these patterns and provide information that could aid 

policy makers in better targeting schemes or other policies to address the environmental issues. 

For example, a cluster analysis could be conducted to find areas with similar attributes. 
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A large gap in the literature was noted in undertaking research on farmer perceptions of AES costs, 

in that past research on determining actual costs associated with schemes has focused on two areas: 

determining whether there were financial differences between participants and non-participants. 

Little research has been undertaken to see how costs differ between different farm types of 

participants (aside from the few investigations into transaction costs). While this would likely 

differ based on the scheme and country, given the continuation of a large number of measures 

involved in AES in Ireland between the different schemes, it would be a useful to improve the 

understanding of the costs of measures and scheme participation to enable for setting of payments 

that more accurately reflect the cost involved in participating in schemes. 

Chapter 6 found a number of factors that influence direct and indirect cost perceptions, however, 

the explanatory power of the models is low. It may be that the estimates are very farm specific, 

therefore, a qualitative approach may be able to decipher the differences more accurately.  

Revisiting the other work qualitatively would also benefit the policy conclusions that have arisen 

from this work. For example, it would be useful to conduct a workshop with policymakers on the 

findings of Chapter 3, regarding the design of schemes, and their thoughts on the implications of 

the findings. In addition, consulting both advisors and policymakers on how to incorporate the 

importance of identity and attitudes into improving AES outcomes would be beneficial. Also, as 

they are the focus of this work, improved understanding of farmers reasoning through interviews 

would further validate the findings. 

In the final weeks of this thesis more information is coming to light about the possible changes 

that will result from the current round of CAP reforms. It has been suggested that more of the CAP 

budget is being ring-fenced for AESs and will go to less environmentally damaging farms at the 

expense of a portion of some farmers direct payments. Particularly of interest is the development 

of eco-schemes under Pillar 1 of CAP that is likely to involve a payment on a per hectare basis 

like REPS.  This opens up options for addressing multiple objectives under different large-scale 

schemes. While it is still unclear how Ireland will decide to implement the final requirements of 

the new CAP studying the impact of the structure of these new schemes on participation levels and 

the financial impacts of the reforms will be important in the coming years.  
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 Concluding remarks  

Improving the environmental performance of farms is key to long-term environmental stability 

due to the proportion of land under agriculture. With AESs representing one of the most important 

tools available to policy makers to encourage farmers to improve their environmental performance, 

contributing to a greater understanding of the reasons for successes and failures of past schemes 

and proposing a path to the future is important. With a new generation of AESs about to be 

implemented in Ireland and throughout Europe following the current round of CAP reforms, it is 

also very timely.  

Both the voluntary nature and over 30-year existence of AESs as a policy tool makes them a viable 

choice for improving farm sustainability for years to come. A lot has been learnt from past schemes 

and with an increased policy focus on environmental goods having a tool that has been tested and 

improved upon over time will be key to achieving the necessary improvements in the environment. 

These lessons can also be used to build other tools. The implementation and study of AESs has 

resulted in a greater understanding of farmer behaviour and choices that is useful for determining 

the success of all future policies. The shift to determine the success of schemes by measurable 

results is also important for the political future of schemes, where the value for money must be 

considered 
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Appendix A: Scheme objectives 

Table A.1. Objectives of Irish AESs 

REPS AEOS GLAS 

The establishment of farming 

practices and production methods 

which reflect the need for 

environmental conservation and 

protection. 

To promote biodiversity, encourage 

water management/quality and 

combat climate change. 

To encourage actions at farm level 

that promote biodiversity, protect 

water quality, and help combat 

climate change 

The protection of wildlife habitats 

and endangered species of flora and 

fauna. 

To contribute to positive 

environmental management of 

farmed Natura 2000 sites and river 

catchments in the implementation 

of the Birds Directive, Habitats 

Directive and Water Framework 

Directive. 

To contribute to positive 

environmental management of 

farmed Natura 2000 sites and river 

catchments in the implementation 

of the Birds Directive, Habitats 

Directive and Water Framework 

Directive 

The production of quality food in 

an extensive and environmentally 

friendly manner. 

 To promote and sustain attitudinal 

change amongst farmers. 

  To achieve a balanced and effective 

environmental programme over the 

period of the RDP. 
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Appendix B: Scheme measures 

Table B.1. AEOS measures 

Objective  1.Mandatory (Priority 

Environmental Action)  

2.Complementary 

Actions 

3.Additional Actions 

Contribute to Halting 

Biodiversity Decline 

At least one of the 

following undertakings 

MUST be selected: 

Species rich grassland  

Traditional hay meadows  

Establishment & 

Maintenance of Habitats  

Wild Bird Cover 

(grassland farms only)  

Where only one of these 

is selected at least one 

additional option from 

column 2 must be 

selected.  

Riparian Margins  

Conservation of Animal 

Genetic Resources  

Traditional Orchards  

Tree Planting Coppicing 

hedgerows  

Laying Hedgerows 

Traditional Stone wall 

maintenance 

Planting of new 

hedgerows  

Arable Margins  

Green Cover 

Establishment from a 

sown crop  

Use of new technologies 

for slurry spreading  

Minimum Tillage  

Alternative water source 

for bovines 

Contribute to maintaining 

water quality 

At least one of the 

following undertakings 

MUST be selected: 

Riparian Margins 

Alternative water source 

for bovines 

Where only one of these 

is selected at least one 

complementary option 

from column 2 must be 

selected 

Species rich grassland 

Traditional hay meadows  

Arable Margins Green 

Cover Establishment 

from a sown crop  

Minimum Tillage  

Use of new technologies 

for slurry spreading 

Traditional Orchards  

Planting new hedgerows  

Wild Bird Cover 

(Grassland farms only)  

Tree Planting  

Establishment & 

Maintenance of Habitats 

Conservation of Animal 

Genetic Resource  

Coppicing hedgerows  

Laying Hedgerows  

Traditional Stone wall 

maintenance 

Contribute to combating 

climate change 

At least one of the 

following undertakings 

MUST be selected:  

Arable Margins  

Green Cover  

Establishment from a 

sown crop Minimum 

Tillage  

Where only one of these 

is selected at least one 

additional option from 

column 2 must be 

selected. 

Riparian Margins  

Planting new hedgerows  

Tree Planting  

Species rich grassland  

Traditional hay meadows  

Use of new technologies 

for slurry spreading 

Establishment & 

Maintenance of Habitats  

Coppicing hedgerows  

Laying Hedgerows  

Traditional Orchards  

Alternative water source 

for bovines  

Traditional Stone wall 

maintenance  

Conservation of Animal 

Genetic Resources 
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Table B.2. GLAS measures 

Core An approved agricultural planner must prepare the 

GLAS application 

Nutrient Management Planning 

Training in environmental practices and standards 

Measures Arable margins 

Bat boxes 

Bird boxes 

Catch crops 

Conservation of solitary bees 

Coppicing hedgerows 

Environmental management of fallow land 

Farmland birds 

Farmland habitats 

Laying hedgerows 

Low-emission slurry spreading 

Low-input permanent pasture 

Minimum tillage 

Planting new hedgerows 

Planting a grove of native trees 

Protection of archaeological sites 

Protection of water courses from bovines 

Rare breeds 

Riparian margins 

Traditional hay meadow 

Traditional orchards 

Traditional stone wall maintenance 

Wild bird cover 

 


