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Abstract  

This thesis describes the development of an integrated, farm level, bioeconomic systems 

model of Irish sheep production using nationally representative data from the National Farm 

Survey (NFS). A systems approach is applied to develop three sub-model components which 

enable an integrated assessment of the impact of policy reform and farm management practice 

on the financial, technical and environmental performance of Irish sheep farms. The 

framework is bioeconomic in that, alongside financial analysis it seeks to capture the 

biophysical attributes of livestock and crops and the variability in farm environmental 

conditions that are an inherent feature of agriculture production systems.  The framework is 

subsequently applied to provide input to the Irish Bioeconomy Input-Output model (BIO) in 

order to simulate the economy wide economic and environmental impact of achieving Food 

Wise 2025 (FW 2025) National policy objectives in terms of economic output, and 

greenhouse gas (GHG) emissions. This systems approach, using NFS data, enables the 

disaggregation of the agriculture sector and the extension of I-O tables to an environmental 

account of GHG emissions. It is proposed that the linking of micro and macro analysis is 

necessary for integrated systems assessment in the context of national policy, which straddles 

both farm level production targets and national macroeconomic targets. 

A number of economic models of production are specified to analyse the distribution 

in technical management performance and associated financial performance across the 

distribution of sheep farms and to examine the farm level effects of a policy reform. In the 

context of the growing emphasis on production efficiency per unit output, as promoted by 

recent EU Common Agriculture Policy (CAP) reform, World Trade Organisation (WTO) 

agreements, and international climate change legislation, Chapter 2 describes the “Animal 

Nutrition” component of the systems model. This is applied to assess the impact of flock 

nutrition management practices on financial and technical performance across all sheep 

farms. Results from a single equation econometric input demand model finds concentrate 

demand on Irish sheep farms to be elastic and thus sensitive to price changes. A second model 

specification indicates the presence of spatially heterogeneous effects of lambing date on 

concentrate demand across regions. 

Chapter 3 describes the ‘animal demographics’ subcomponent which is applied to 

estimate the impact of an improved efficiency simulation on farm income. Results indicate 
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the potential impacts on farm output and gross margins for a series of  improved animal 

performance scenarios which are achievable through specific technology adoptions and which 

are in-line with national policy objections for the sector as set down under Food Harvest 2020 

(FH 2020). 

Chapter 4 describes the ‘environmental component’ of the model by performing a Life 

Cycle Assessment (LCA) of Irish sheep farms to account for GHG emissions and land 

occupation. Results provide an estimate of the farm level carbon footprint and land 

occupation of sheep farms. The distribution in performance witnessed across farms points 

towards higher technical performance and increased production intensity as a means of 

mitigating GHG emissions from sheep production systems. This is in line with previous 

`hypothetical’ or average production systems LCAs for Ireland. 

Chapter 5 takes data generated from the systems model developed previously and 

scales results to be representative at the national economy level. This information is used as 

input to the Bioeconomy Input-Output (BIO) model for Ireland, adapted here to simulate the 

environmental and economic impacts of meeting FW 2025 growth targets. This is achieved 

through an extension of the BIO model to include an environmental account of GHG 

emissions and land occupation. In the context of potentially conflicting economic and 

environmental policies for Irish Agriculture, a scenario analysis is undertaken which assesses 

the potential increase in GHG emissions arising from the achievement of agriculture sector 

expansion plans.  

This thesis informs the current production literature through an analysis of the full 

distribution of Irish sheep producers. Detailed farm level production data not previously used 

in applied economic research provides information here on animal and crop performance,   

and the technical proficiency and management choices of the range of producers. This new 

information illuminates the management behaviour of these agents in response to policy and 

environmental stimulus. This provides a unique contribution to knowledge by establishing a 

framework under which the economic and environmental impacts of policy and farm 

management for the full distribution of sheep farms can be assessed. Unlike previous systems 

models applied to Irish agriculture, which modelled `representative’, average farms or 

`hypothetical’ farms based on experiment from research farms, this thesis models actual 

farms. Using NFS data means results are representative of the national population of farms 

and inference can be made on distribution of performance taking account of site specific 
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environmental and agronomic conditions. Furthermore, results can be scaled to the national 

level to incorporate an integrated assessment of the impact of policy shocks on economic and 

environmental outputs across the entire value chain from `cradle to grave’.  

 



 

 

1 

 

1. CHAPTER ONE: INTRODUCTION 

1.1 Context of the thesis 

Ireland is a small open economy which, relative to other EU member states, attributes a 

large portion of activity to agricultural output: 7% of Gross Value Added (GVA) at factor 

cost in 2016 (Eurotstat, 2017b). Irish agriculture is dominated by ruminant meat production 

systems which have evolved in line with EU Common Agriculture Policy (CAP),   its 

temperate Atlantic climate and accompanying grass growth potential. The Irish Dairy and 

Beef sectors contribute the largest share of agricultural output, valued at a combined 67.8% 

in 2016 (CSO, 2017). Whilst Irish sheep production contributes a relatively smaller 

proportion of total agriculture output (4.2% in 2016) it represents an important agriculture 

subsector: output from the sheep sector was valued at €255.2 million (at producer prices) in 

2016 (CSO, 2017). The sector is highly embedded in the local economy and supports rural 

jobs in areas with low population density and fewer employment opportunities (Grealis et 

al., 2015). With approximately 75-80% of production exported, Ireland is the fourth largest 

lamb exporter worldwide. Within the EU, Ireland is the second largest exporter after the UK 

and is the largest EU net exporter. At the farm level, it is the second most common 

enterprise after cattle production and, in 2016, comprised approximately 36,313 flocks 

(DAFM, 2016). 

Worldwide sheep farming is typically associated with challenging grazing 

environments in mountainous and semiarid areas, which are unsuitable for other managed 

livestock systems, whilst in developing countries it is synonymous with traditional 

subsistence agriculture (Ripoll-Bosch et al., 2013; Fayez, 1987). Sheep production is 

characterised as having four main production outputs: meat, wool, milk and skins.  However 

the commercial scale, production intensity and output mix of sheep production systems vary 

greatly. In developing countries, sheep and goats are valued for their multipurpose attributes 

and ability to integrate into small farming enterprises, to increase incomes and enhance 

livelihoods. While milk is the main product output from sheep farms in Southern and 

Central Europe, temperate regions such as New Zealand, the UK and Ireland focus on the 

production and export of meat product to European markets (Zygoyiannis, 2006). A 

significant proportion of sheep output in these temperate regions is based on grazing highly 



 2 

managed productive lowland pasture, where sheep are often reared as part of a mixed 

farming enterprise alongside cattle production (Morris, 2009; O’Mara, 2006).  

In Ireland, the lowland sheep sector accounts for 75% of the ewe population and 

approximately 85% of lamb carcass output. Whilst there are specialist sheep farms, typically 

hill farms, sheep production on lowland farms is mainly a secondary enterprise combined 

with cattle production (CSO, 2018). Similar to dairy and beef, systems of production have 

been developed to reduce cost and increase profits by exploiting seasonal grass production 

and utilisation (O’Mara, 2008). Consequently, the predominant system on Irish sheep farms 

is mid-season production, which aligns flock nutritional demands with grass supply, such 

that the lambing season and increased nutritional demand coincides with the onset of the 

grass growing season in spring (Keady et al., 2009). Surplus grass supply in the summer 

months is used as conserved forage (silage and hay) for feeding in the winter months to 

make up the deficit between grass supply and nutritional demand (O’Mara, 2008). 

Hill and upland sheep farms account for the balance of production and are typically 

based on robust mountain breeds which can survive the harsh upland environment while 

grazing poorer quality herbage. These traditional sheep farming enterprises are concentrated 

in severely Less Favoured Areas (LFAs), which are characterised by low population density 

and other socio-economic constraints. Other than livestock output, these farms also produce 

a range of ecological services and public goods, including landscape management, 

preservation of biodiversity, traditional farming systems and cultural heritage (Hanrahan et 

al., 2009; Osoro et al., 2016; Plieninger et al., 2006).  

From a social and economic sustainability perspective, sheep farms have been shown 

to demonstrate persistently low income levels and a high and increasing reliance on direct 

income support. Indeed, households involved in sheep farming are, on average, the most 

economically vulnerable of all farms and are characterised by a high age profile and lower 

levels of innovation (Lynch et al., 2016). However, average performance hides significant 

variation and farms in the top distribution of performance have been shown to exhibit high 

levels of technical financial and environmental performance (Hennessy et al., 2016).  

1.1.1 International Policy Context 

The world food economy is being increasingly driven by the shift of diets towards animal-

based protein products such as meat, milk and dairy (FAO, 2016). In line with dietary 

changes in developing countries, global meat demand is expected to rise at a faster rate than 
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projected population growth over the next decade (Havlik, 2014). Whilst this presents a 

number of opportunities for the agriculture industry, livestock farming is increasingly under 

the microscope. In particular, methane (CH4) emissions from Ireland’s dairy, beef and sheep 

ruminant production systems are a key source of national anthropogenic emissions (EPA, 

2017). The challenge presented by climate change and Ireland’s regulatory obligations to 

reduce GHG emissions means livestock production must account for its carbon and 

environmental resource footprints. Furthermore, EU CAP reform through the `Greening’ of 

Pillar I Direct Payments (DPs) and the move to support sustainability and multi-

functionality through Pillar II participatory agri-environmental and rural development 

schemes has incrementally changed the policy environment. On the one hand, ‘greening’ 

raises compliance costs for all farms and, on the other, participatory agri-environmental 

schemes provide opportunities for vulnerable farming systems to maintain incomes 

(Matthews, 2012). However, these increasingly stringent environmental policies, in 

particular emissions reduction targets, appear to conflict with national industry production 

targets, as detailed in Food Harvest 2020 and Food Wise 2025 (DAFM, 2015). In many 

cases, it remains to be established whether apparently opposing policy objectives are 

mutually achievable. Such policy dynamics are leading to a growing area of research in 

Ireland (Miller et al., 2014) and internationally. 

Prior to the 2003 Fischler reforms, agricultural production was linked to coupled 

subsidy supports. The Mid Term Review (MTR) of the CAP, and the decision by Ireland to 

opt for decoupling, transformed the support regime. Since decoupling, and the introduction 

of the Single Farm Payment (SFP) in 2005, systems of sheep production are governed to a 

greater extent by market-based profit rather than government subsidy incentive. Reforms 

have increased producers’ market orientation by reducing distortionary policy effects, whilst 

aiming to make EU agriculture more environmentally sustainable (Breen et al., 2005). 

Furthermore, it is apparent that the sector is entering into a new era, with significant 

uncertainty around the future impact of CAP reform and the change in trade relations that 

may result from Brexit negotiations (Hanrahan et al., 2017). Future agreements will reshape 

the environment for Irish sheep farmers and agri-food businesses and act as a stimulus for 

evolving farm management practice and structure.  

European Rural development policy and national policy is evolving to foster the 

competitiveness and sustainability of farming systems. To increase sustainability of sheep 

farms, production research has focused on identifying practices and systems which improve 
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efficiency. A growing number of systems studies are based on farm-level models, 

investigating the impact of farm management activities in specific agronomic settings 

(Shalloo et al., 2005; Croson et al 2006; Bohan et al., 2016). From a policy perspective, 

there is an increasing demand for micro level analysis of the environmental, financial and 

social performance of agricultural systems that can take account of the distribution of 

performance across the range of heterogeneous farms (O’Donoghue et al., 2016). From a 

macro policy perspective, Ireland represents a significant producer and exporter of sheep 

meat on the European Market with ambitious sectoral growth targets for the value of the 

agri-food industry (DAFM, 2015). At the same time, livestock systems are coming under 

increased pressure to demonstrate the efficiency and environmental credentials of their 

production in the face of national climate change policy and the growing consumer demand 

for sustainably produced food (Henchion et al., 2017).   

The aim of this thesis is to develop a model capable of such assessment at micro and 

macro settings and to demonstrate the use of this model in policy assessment scenarios 

relevant to Irish sheep production. To achieve this objective an integrated sheep systems 

framework is developed which is capable of assessing the range of quantifiable management 

options applied at farm level and the associated financial performance across the distribution 

of Irish sheep farms. This farm level production systems framework is subsequently linked 

to an economy wide model to describe the contribution of the sheep sector to and 

interlinkages with the wider national economy in an integrated and coherent manner. The 

proposed integrated framework provides an essential tool for evaluation by policy 

stakeholders within the agriculture food value chain and for farm management planning by 

producers. Whilst comprehensive farm level models for the dairy, beef and cereal sectors 

have previously been developed, to date, relatively little research has been conducted on the 

economics of the sheep sector at farm level. 

1.2 Objectives and structure of the thesis 

The objectives of this study are to: 

1. Develop a model of sheep production systems in Ireland that can accurately capture 

key farm production decisions and the associated technical and financial 

performance for the national distribution of sheep farms. 
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2. Investigate the impacts of achieving national agriculture policy targets/production 

targets (FH 2020 and FW 2025) for the sheep sector in terms of technical and 

financial performance at the farm level. 

3. Investigate the multifunctional aspects of sheep production systems beyond basic 

measures of livestock output (meat and wool) and financial return. In particular, 

identify the environmental outputs in terms of GHG emissions from sheep farms. 

4. Identify the economy wide contribution of the sheep sector and describe the sheep 

meat value chain. In particular, identify the macroeconomic and environmental 

impact of sector expansion (FW 2025) in terms of output, GHG emissions. 

 

To meet these objectives, this thesis informs the current production literature through an 

analysis of the full distribution of Irish sheep producers. Detailed farm level production 

data, not previously used in applied economic research, provides information on livestock 

and crop performance and the technical proficiency and management choices of the range of 

producers. This represents a unique contribution to knowledge by establishing a framework 

under which the economic and environmental impacts of policy and farm management for 

the full distribution of sheep farms can be assessed. Unlike previous systems models applied 

to Irish agriculture which modelled `representative’, average farms or `hypothetical’ stylised 

farms based on a research farm setting, this thesis models actual farms. Using Teagasc 

National Farm Survey (NFS) data means results are representative of the national population 

of farms and inference can be made on the distribution of performance taking account of site 

specific environmental and agronomic conditions. Furthermore, results can be scaled to the 

national level to incorporate an integrated assessment of the impacts of policy shocks on 

economic and environmental outputs across the entire sheep meat value chain from ‘cradle 

to grave’. 

 The remainder of this chapter introduces the primary data source analysed in this 

thesis, the Teagasc National Farm Survey (NFS), subsequently applied to a descriptive 

analysis of the Irish sheep sector. Chapter 1 also reviews the literature on agriculture 

systems models and proposes a conceptual systems framework which addresses the research 

objectives identified here and in light of the review of sheep production systems. 

Accordingly, the framework is designed to support integrated analysis of agricultural 

systems including the impact of changing policy reform or farm management practice on 

economic and environmental farm level outcomes.  
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1.3 Data – Teagasc National Farm Survey (NFS) 

In this thesis, NFS data is used in four applied empirical analyses (chapters 2 – 5) and the 

descriptive analysis of sheep production systems in this chapter. The NFS is an annual 

survey of farmers in Ireland which has as its objectives: 

a) The determination of the financial situation on Irish farms by measuring the level of 

gross output, costs, income, investment and indebtedness across the spectrum of 

farming systems and sizes. 

b) Provision of data on Irish farm output, costs and incomes to the EU Commission in 

Brussels (FADN). 

c) Measurement of the current levels of, and variation in, farm performance for use as 

standards for farm management purposes. 

d) The provision of a database for economic and rural development research and policy 

analysis. 

 

The NFS is a random sample of, on average, approximately 1,000–1,200 farms, weighted to 

represent the population of Irish farms. For 2016, these results are based on a sample of 861 

farms, which represents 84,736 farms nationally. The population is based on the CSO 2013 

Farm Structures Survey with farm typology based on Standard Gross Margins (SGM). Only 

farms with a standard output of € 8,000 or more (equivalent of 6 dairy cows, 6 hectares of 

wheat or 14 suckler cows) are included in the sample. In 2012 the economic size threshold 

for the inclusion of farms in the Teagasc NFS was increased to a SO of €8,000 or more. 

Prior to this, the threshold for the inclusion of farms had been an SO of €4,000. Thus small 

farms, as defined, are not represented in the NFS and any resulting analysis based on NFS 

farms is so reflective.  In 2015 an additional survey was carried out on these Small Farms 

the results of which were reported in (Dillon et al., 2016). According to the 2013 CSO Farm 

Structures Survey, there were 139,600 farms in Ireland. Almost 30,000 of those are in the 

less than €4,000 SO category, while a further 23,000 are in the €4,000 to €8,000 SO 

category.  Furthermore farms in the Pigs and Poultry System are not included in the survey, 

due to the inability to obtain a representative sample of these systems.  

The method of classifying farms into farming systems, as reported in the NFS, is 

based on the EU farm typology, as set out in Commission Decision 78/463 and its 

subsequent amendments. The methodology assigns a standard gross margin (SGM) to each 
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type of farm animal and each hectare of crop. Farms are then classified into groups called 

particular types and principal types, according to the proportion of the total SGM of the 

farm, which comes from the main enterprises after which the systems are named (EC 2010). 

For the purposes of adapting the EU typology to suit Irish conditions more closely, a re-

grouping of the farm types is carried out by assigning farms to one of six system titles. The 

system titles refer to the dominant enterprise in each group and their results are not to be 

confused with those of individual farm enterprises. Accordingly, a farm is classified as 

belonging to a particular farm system if the highest proportion of their activity comes under 

the classification of that system, even if a percentage of their production would be relevant 

to one or more of the other classifications. Thus, the ‘mainly sheep’ farm category within 

the NFS sample comprises farms where the sheep enterprise was the dominant enterprise in 

the farm’s gross margin. These farms are dominated by farms operating hill sheep 

enterprises. 

In this thesis data on all NFS sheep enterprises are taken into account in the applied 

analysis. While the sheep enterprise may not represent the sole or even primary enterprise 

on a given farm the detail and quality of the data collection process enables the modelling of 

enterprise level production decisions. Detailed farm interviews between professional farm 

recorders and farm households are used to collect survey responses, typically drawing on 

actual farm records and receipts to deduce the range of direct cost items which are 

accurately attributed to the enterprise level. This includes the allocation of pasture area and 

fertiliser expenditure and other pasture expenditure items according to physical allocation 

based on farmer judgement. Thus the technical and financial performance of the sheep 

enterprise can be analysed in this thesis in detail. The variables involved in the calculation 

of key technical and financial performance indicators are discussed in more detail in the 

following descriptive analysis of sheep production systems. The specific NFS variables of 

interest required in the three empirical farm level systems models are summarised and 

discussed in the data sections of chapters 2 – 4, after having first developed the context for 

the respective research questions. 

The schematic representation of data flows in the NFS is presented in Figure 1.1 

This graphic depicts a partial derivation of whole farm direct costs for the sheep enterprise. 

Thus it illustrates the path of data flows for the sheep enterprise in terms of feed costs, from 

raw materials and stock inventories to derived financial variables. In this instance, the two 

main components of direct costs are pasture and concentrate cost (including both purchased 
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and home grown feed).  The set of ‘raw’ variables required to capture these cost components 

are shaded in the graphic, whereas the remaining cells represent a variable which is derived 

from some combination of raw variables. Check tables data are also presented in italics and 

capture raw livestock data. Gathered for NFS farms since 2007, check tables are the raw 

data records of livestock inventories on a monthly basis for individual farms from which 

aggregated annual livestock figures are calculated and reported in the NFS. Check tables 

record the stocks and flows of animals over a 12 month period, including entries (births, 

purchases), exits (livestock mortality, sales) and transfers (transfers of animals across the 

range of livestock age categories). This raw data has not previously been used directly for 

research purposes and provides a detailed description of livestock demographics and 

activities for the farm systems model.  

While the aim of the survey is to collect data from a consistent sample of farms over 

multiple years, there is an element of attrition. Given the voluntary nature of participation, it 

is inevitable that some farms exit the survey, i.e., the farm holder may pass away or the farm 

holder simply choose to leave the sample. These are replaced by farms with a similar profile 

so as to maintain representativity. In addition, the NFS is periodically resampled to ensure 

that an entirely new panel is selected from the sample frame, although the same farms can 

be sampled again. This results in an unbalanced panel dataset, whereby farms typically 

provide data for a number of years before exiting the sample.  
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Figure 1.1 Schematic representation of Data Flows in National Farm Survey 
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1.4 Background to the Sheep Sector 

This section tracks the evolution of the Irish sheep sector over time, including a detailed 

review of farm level production for the thirteen year period 2003 to 2015 (the most recent 

finalised NFS farm income data is for the 2015 production year). In order to observe how the 

wider sector has evolved, this section includes a detailed discussion of market trends, 

evolving policy framework, production systems and the technical efficiency of producers. 

This discussion informs the subsequent development of an integrated systems framework as 

well as the particular research questions addressed in applied analysis in preceding chapters.  

Section 1.4.1 overviews important policy shaping the sector, from the formation of the 

original EC (European Community) Common Market Organisation (CMO) for sheep meat in 

1980, through subsequent CAP reforms: the 1992 “McSharry” Reforms; Agenda 2000 

reforms and 2013 reforms. Section 1.4.1 also tracks the implications and pressures exerted by 

changing trade relations as well as the potential impacts of Brexit at the supranational level. 

Key national policy directives are discussed which set out the vision for Irish sheep 

production in the short to medium term.   

Section 1.4.2  reviews the evolving structure of the industry from both market and 

farm level perspectives. National trade data provides a description of important market trends 

over time, elaborating on the supply and demand dynamics of sheep meat markets. The key 

production systems that are adopted on Irish sheep farmers are introduced before a short 

socio-demographic profile is presented for each system based on a representative farm survey 

panel data set. 

Section 1.4.3 investigates the range of sheep production systems in more detail. A 

financial and technical summary of each system is described, with a particular focus given to 

the analysis of the predominant lowland systems mid-season production system. Taking 

advantage data of NFS panel data for period 2003–2015 enables the charting of trends in 

financial and technical performance over time.  

1.4.1 Agriculture Policy Context 

The EU Common Agriculture Policy (CAP) for sheep meat  

The CAP has been a fundamental driver of the structure of Irish agriculture production and 

has played a key role in determining cattle and sheep numbers since Irish accession to the 
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European Community (EC) (Matthews, 2003). Upon formation of the EC in 1957, a common 

regime for the sheep meat sector was not among the original Common Market Organizations 

(CMOs). The principal reason for this was that sheep and goat meat were of relative minor 

importance in the six original Member States. At its conception, the value of sheep and goat 

meat in the EC accounted for less than 1% of all agricultural output, or 2% of meat 

consumption in the 6 member countries. Indeed, only in France did the sector’s contribution 

to Gross Agriculture Output (GAO) exceed one percent. It was only in 1975, following the 

accession of Ireland and the UK two years previous, that the EC first drafted a CMO proposal 

for these products. Both countries constituted significant producers and exporters of sheep 

meat and in both countries the sector’s share of total agricultural output, while not huge, was 

significant. It wasn’t until 1980 that a finalised agreement on the main features of the regime 

was reached, some ten years after the emergence of similar regimes for other agricultural 

products (Canali G, 2005). 

1992 ‘McSharry’ CAP reform 

Budgetary pressure, together with the politically motivated desire for a single market in sheep 

meat, was behind the rationale for the important process of reform initiated in 1987 and 

formalised in late 1992. The “McSharry” reforms, so called after the Commissioner for 

Agriculture at that time Ray McSharry, came into operation on the 3 January 1993 and 

constituted the first major reform of the CAP and thus the CMO for sheep meat (Hanrahan, 

1993).  

Under the McSharry reforms, EU farmers were expected to reach increasingly high 

production and animal welfare standards, yet received lower farm production support. 

Following reform, sheep margins lost competitiveness with other farm enterprises. While the 

common EU ewe premium, introduced following the 1992 reforms, did not compensate Irish 

sheep producers for the decline in lamb prices, beef farmers were compensated for reduced 

prices through increased production coupled premia payments. Furthermore, increases in 

extensification payments for beef cattle, together with a new methodology for calculating 

stocking rates (introduced in 2000), conspired to make returns to sheep production less 

competitive. Given that the majority of Irish sheep producers also have a cattle enterprise, 

falling profit margins post 1992 relative to cattle production resulted in many farmers 

switching resources out of sheep production (Connolly, 2000). Over time, a substantial 

percentage of producers exited the sector or switched over to more profitable enterprises. This 
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trend is charted in Figure 1.2 and shows the Irish sheep sector peaking in 1992 and declining 

thereafter. 

Fishcler Reforms -The Luxembourg Agreement 

In June 2003, agreement was reached by the EU Council of Agricultural Ministers on a 

radical change in the CAP. The landmark Luxembourg agreement involved a dismantling of 

the linkage between direct payments and the number of livestock or crops that farmers 

produced. Whilst originally proposed as a mid-term review (MTR) of the Agenda 2000 

agreement, the eventual changes proposed by the finalised agreement can be seen in their own 

right as the most radical and far reaching of any CAP reforms thus far (Binfield et al., 2003). 

Although Agenda 2000 reforms sought to limit the over-production that had become endemic 

under the preceding system, they continued to distort production vis-à-vis production coupled 

subsidy support. Concerns regarding these production and trade distorting effects in the 

context of the WTO Doha round of negotiations and the impending enlargement of the 

European Union (EU) led to the Mid-Term Review of the CAP. 

Under the Luxembourg Agreement, member states had the option of either full 

decoupling of subsidies from production or a range of partial decoupling measures. The Irish 

Department of Agriculture decided on full decoupling of agricultural subsidies and 

production, following a process of analysis of submissions from various interest groups and, 

most notably, the commissioning of a report from FAPRI Ireland (Binfield et al., 2003). Full 

decoupling of production was chosen as the option which would best answer the deficiencies 

of previous CAP reforms whilst ensuring the sustainability of Irish agriculture into the future. 

This policy, which came into effect in January 2005, meant that Irish farmers involved in 

beef, sheep and cereal production receive an annual fully decoupled payment based on their 

average direct payment, and thus production, from the three year reference period 2000-2002, 

inclusive.  

The `Greening of CAP’ 2013 Reforms 

The 2013 CAP reform, sometimes referred to as the Ciolos reform after the then EU 

Commissioner for Agriculture Dacian Ciolos, sets the CAP programme for the period 2014–

2020. Agreed under the Irish Presidency of the European Commission in June 2013, this is 

the first reform to explicitly address the issue of redistribution of payments, both across 

countries and within countries. This process led to a heighted political debate at the time, with 
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the final agreement addressing the issue of redistribution by granting member states greater 

flexibility in implementation than initially envisaged.  

Greening  

Greening was a key element of the 2013 reform which sought to introduce additional 

environmental production standards at the farm level. ‘Greening’ represented something of a 

change in policy direction in that, up to that point, the achievement of additional 

environmental improvements was targeted through participatory agri-environmental schemes 

(AES) under Pillar II of the CAP (Matthews, 2013). Under Greening, 30% of Pillar I Direct 

Payment support is contingent on meeting mandatory enhanced cross compliance measures or 

`Greening’. The three criteria to be observed are:  

- Crop Diversification  

- Ecological Focus Areas 

- Permanent Grassland 

Whilst ecological Focus Areas and Crop Diversification bring additional criteria for arable 

farms, Irish sheep and other ruminant based production systems are unaffected by Greening 

measures. The permanent grassland measure does not ban reseeding or other established 

grassland practices. Instead, the measure is applied at national level, whereby a permanent 

ratio of grassland to arable area for a current year is compared to a baseline from 2012. The 

allowance for the conversion of permanent grassland to arable land, compared to the 

reference ratio, is 5%. This is a limit which has not been breached to date. 

Redistribution 

The original Commission proposal was to move to a flat rate payment per hectare at national 

or regional level by 2019. The proposal sought to break the link between historic production 

(based on the average of production for 2000-2002) and the level of support per hectare. The 

final agreement diluted this move to a flat ‘land’-based average by adopting a partial 

convergence model to be reached steadily between 2015 and 2019. Accordingly, farmers with 

payments below 90% of the national average payment per hectare will have their payments 

raised by one-third of the difference between their current payment and 90% of the national 

average. Farmers with payments above the national average payment per hectare, on the other 

hand, will have their payments reduced by one-third of the difference between their current 

payment and the national average over the period, in order to fund the ‘winners’.  
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Additional flexibilities  

Additional flexibilities were accommodated in the final political agreement, such as the 

options for individual member states to provide targeted coupled support to vulnerable sectors 

in order to maintain the level of production in regions or in sectors undergoing difficulties and 

that are particularly important for economic, social or environmental reasons. Accordingly, 

Member States may use up to 8% of their annual SFP national budget to provide coupled aid 

for specific livestock or tillage sectors and a further 2% for aid for protein crops. Under the 

2014–2020 programme a coupled scheme for protein crops has been introduced up to a 

national ceiling of €3m per annum. Additional coupled support for the national ewe flock and 

suckler herd have not been reintroduced. Instead targeted farm level measures to support the 

development of both sectors have been introduced as schemes under the Rural Development 

Programme. The Beef Data and Genomics Programme (BDGP) and the Sheep Welfare 

Scheme have been designed in accordance with article 33 of Regulation (EC) No 1305/2013 

which sets out support for the Rural Development under the  European Agricultural Fund for 

Rural Development (EAFRD). 

Supra national Policy Outlook:Brexit 

The triggering of Article 50 by the UK government in March 2017 set in train the two year 

process which will lead to the exit of the UK from the EU in 2019. The official negotiations 

over the terms of Brexit and associated terms of trade between the EU27 and the UK 

commenced in June 2007. 

Given the trade profile of the UK and Ireland, the final outcomes of the Brexit 

negotiations could have a significant impact on the market for Irish lamb production. Whilst 

the UK represents Ireland’s second largest export market after France, the level of exposure 

to changing trade relations is not as marked as in the beef sector, where the UK accounts for 

approximately 50% of exports. Unlike other agricultural commodities, the UK is 

approximately self-sufficient in sheep meat production, and, given the large scale of its 

domestic production, represents a significant producer (40% of EU27 in 2016) and exporter 

of sheep meat on the European market. As such, it also competes for access to continental 

markets, and, in particular, the premium French market.  

In 2016, Ireland exported 13,000 tonnes of sheep meat to the UK, accounting for 26% 

of total exports. In comparison, France accounted for 16,000 tonnes, or 33% of exports. A 
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key feature of the UK lamb market is the significant volumes of third country imports, with 

New Zealand and Australia accounting for almost 90% of non EU imports. In addition, the 

UK is the largest EU sheep meat exporter with almost 85% of its exports going to just four 

EU Member States, of which France accounts for over 50%. 

Hanrahan et al. (2017) discuss the potential impacts of Brexit on the Irish Sheep 

Industry and wider agricultural economy. Given the profile of UK sheep meat production and 

trade, changes in the level of access to the UK for sheep meat imports from third party 

countries (New Zealand and Australia) and changes in the level of access of UK sheep meat 

to continental EU markets will impact on the prices for sheep meat on EU and UK market and 

resultant trade flows. Whilst the trading arrangements that govern EU-UK are currently 

unknown and will only be clear at the end of the negotiation it is evident that there will be 

additional non-tariff barriers to trade and potentially new tariff barriers. The level of these 

tariff and non-tariff barriers will determine the relative competitiveness of sheep meat 

exports. Thus Brexit is likely to create a price differential between UK and EU27 prices, with 

EU27 prices likely to increase and UK prices likely to fall. This is likely to reduce the 

competitiveness of UK lamb and thus competing export volumes to the key continental 

market (Hanrahan et al., 2017; Davis et al., 2017). This will result in an increase in domestic 

supplies within the UK market. Whether EU imports of lamb from non-EU countries (New 

Zealand and Australia) will fall following Brexit depends on the outcome of negotiations 

between the EU, the UK and these third party countries on how to allocate the existing EU27 

sheep meat tariff rate quota between the UK and the remaining EU27. For instance if the 

EU27 retains all of the EU TRQ the positive impact of the UK exit on EU sheep meat prices 

might be mitigated. In the event of a breakdown in negotiations between the UK and the EU 

after the two year period, and in the absence of a FTA (Free Trade Agreement) between the 

EU and UK, trade relations could revert to WTO rules. This would negatively impact on the 

prices in UK markets whilst also making competing UK product uncompetitive on 

continental markets.  

While the overall outlook for Irish lamb exports in the face of Brexit is unclear, 

according to Donnellan et al. (2016), the picture for the beef sector is unambiguously 

negative. Given that most sheep enterprises are secondary enterprises to cattle, under all 

scenarios, Brexit is likely to reduce overall incomes on most drystock farms. Furthermore, the 

reduction in the UK contribution to the EU and CAP budget also stands to negatively affect 
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direct income support to Irish sheep farms. As a net contributor to the CAP, Brexit will likely 

result in reduced funding for EU Pillar I and Pillar II programmes across the EU. 

Agriculture industry development strategy: The Malone Report 

In 2005, Meat Industry Ireland initiated the establishment of the Sheep Industry Development 

Strategy Group, chaired by John Malone, and supported and funded by Enterprise Ireland. 

The group was charged with plotting a course for the profitable future growth and 

development of the sheep meat sector in Ireland, to include lamb production, processing and 

marketing. The strategy engaged industry stakeholders across the value chain to develop a 

blueprint for a more profitable sheep sector from farm level production, to processing and 

marketing. Specifically, the plan defined real development options in terms of an optimum 

position for the Irish Lamb Industry measured against international best practices. In total, the 

strategy, launched in 2006, made 37 recommendations for the maintenance and development 

of the Irish Sheep sector (Malone, 2006). Many of these recommendations were reflected in 

subsequent government industry strategy documents, including Food Harvest 2020. 

Government and industrial targets: Food Harvest 2020 

In the wake of the economic recession, the Irish government consulted with agriculture and 

food sector (including forestry and fisheries) stakeholders to develop a strategy for an export 

led recovery for the Irish economy. Food Harvest 2020, although not official government 

policy per se, is a collective strategy to which government committed itself. The report, 

published in 2010, details a set of targets and supporting actions by government agencies with 

the aim of quantifiably growing exports by 2020.  

Targets for growth in the Agri sector under FH 2020 include: (i) an increase in the 

value of primary output in the agriculture, fisheries and forestry sector of 33% compared to 

the 2007–2009 average; (ii) an increase in the output of the agri-food, fisheries and wood 

products processing sector of 40% compared to 2008; (iii) an increase in exports of 42% 

compared to the 2007–2009 average (DAFF, 2010b). The FH2020 objective is to achieve 

these growth targets by 2020. 

For the agri sector, FH 2020 targets can be seen as a mixture of sectoral value growth 

targets (beef, sheep and pigs) and specific sectoral volume growth targets for milk production. 

These targets were proposed to be achieved by 2020, compared with the average level of 

2007 to 2009 production. The four main targets set in the FH2020 are as follows: (i) 50% 
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increase in the volume of milk production; (ii) 20% increase in cattle output value; (iii) 20% 

increase in sheep/lamb output value; and (iv) 50% increase in pig output value. 

Government and industrial targets: Food Wise 2025 

Food Wise 2025, published in 2015, is the fourth in a series of rolling ten year strategies for 

the agri sector, which include: Agri-food 2010 published in 2000, Agri Vision 2015 published 

in 2005, and Food Harvest 2020. Where FH 2020 focused on primary output through a set of 

detailed sectoral production targets, FW 2025 avoiding defining production targets and 

instead focuses on value added growth targets and downstream jobs creation.  FW 2025 

espouses as a guiding principal the values of sustainability, where any increase in output from 

the sector ‘must be attained primarily through sustainable intensification’. However, neither 

agriculture strategy nor supporting environmental impact assessments provide substantive 

evidence of the clear environmental challenges inherent in targeting increased output on the 

one hand and the need to reduce emissions in line with EU regulation on the other (DAFM, 

2015a).  

Climate Change policy 

Given the structure of the Irish economy and agriculture sector, and the emphasis on export-

focused red meat production, meeting climate change emissions reductions targets poses a 

serious challenge. The implications of climate legislation, particularly national allocations 

under EU effort-sharing, are manifest. Agriculture comprises approximately 40% of non-ETS 

emissions and the challenge of reducing these emissions and meeting targets is all the greater 

when viewed against the backdrop of FW 2025 and FH 2020 expansionary policy (Duffy et 

al., 2017). Furthermore, unlike other sectors, where emissions reductions are readily 

measurable, reportable and verifiable (MRV), there is a high degree of uncertainty 

surrounding both the extent and reduction capacity of ag sectoral emissions (Teagasc, 2017). 

This arises as emissions from agriculture are determined by a complex set of integrated 

biological processes which, are subject to natural spatial and temporal variation, .i.e. from 

farm to farm or even from from field to field as well as from year to year. 

Under the current EU 2020 Climate and Energy Package and associated Effort 

Sharing Decision (Decision No. 406/2009/EU), the EU and its member states agreed a 

binding 2020 climate change policy framework. Accordingly, Ireland was given a 20% 

reduction target for the period 2013-2020 relative to 2005, with initial emissions targets 
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allocated to member states based on GDP per capita in 2005. Given the growth of the ‘Celtic 

Tiger’ economy at the time, this resulted in Ireland having the highest target in the EU along 

with Denmark and Luxembourg.  

Subsequently, signing of the Paris Agreement in 2016, sets out the future direction of 

international climate policy. In response the EU under commitments to the Paris Agreement 

have adopted the 2030 EU Climate and Energy Framework, which sets out overarching 

binding emissions reduction targets for the EU to 2030.  

In the context of the growing importance of overarching climate change policy, there 

is growing need to assess, not just the production efficiency of farming systems, but also the 

environmental and emission efficiency. This is leading to a rapidly developing area of 

research at a multitude of scales, including whole farm systems analysis (Crosson et al., 

2011).  

1.4.2 Structure of Sheep Production 

Sheep production in Ireland can be analysed at both the market level and farm level. This 

thesis takes account of the structure of sheep production at the farm level in chapter 2 – 4 as 

well as the wider macroeconomic contribution of the sector in chapter 5. Here, a farm 

structural analysis is presented before an overview of the wider sheep market structure. Farm 

level structural analysis looks at the socio-demographic profile of Irish sheep farms and 

farmer characteristics for the respective distinct sub-production systems described within the 

NFS. The interdependent market structure is analysed in terms of evolving supply and 

demand dynamics for sheep meat product on world markets and the value of its contribution 

to the wider agri-food industry. 

Farm Level Structure 

As discussed previously, following the 1992 ‘McSharry’ reforms, the Irish sheep flock 

underwent dramatic change. The sheep population peaked in 1992 and declined thereafter at 

an average rate of 3.6 % per annum until 2009 when numbers stabilised (Hanrahan et al., 

2010). Over this eighteen year period, the national ewe flock contracted from 4.8 million 

ewes to 2.4 million ewes, whilst the number of flock owners fell from approximately 52,000 

to 32,232 (CSO, 2010).  

Looking at data from the CSO’s livestock Survey and the Department of Agriculture 

Fisheries, Food and the Marine (DAFM) sheep census, it is evident that both national sheep 
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numbers and the breeding flock declined in the period directly following the 1992 McSharry 

reform. The rate of this decline can be seen to have increased following the implementation 

of Agenda 2000 reforms and the decoupling of the CAP subsidy payments to a Single Farm 

Payment system (SFP) in 2005. In 1993, the average gross margin/ewe including subsidy for 

the predominant mid-season lamb system was €69.20. The corresponding figure in 2009 had 

declined to €46 (Teagasc, 2011b). This decline of almost 34% (not adjusted for inflation) was 

a contributing factor in the significant downsizing of the national flock and farmers’ exit from 

the sector.  

As a caveat, positive figures recorded in Sheep Census data since 2009 may be 

explained by improved producer confidence following positive market and policy stimulus. 

The government introduced the ‘Grassland Sheep Scheme’ a coupled ewe payment support in 

2010 financed through unspent CAP funds and which ran until 2015. The ‘Sheep Welfare 

Scheme’, introduced in 2017 under the RDP, is an animal health and welfare scheme which 

reintroduces financial support for the ewe flock and will, like the ‘Grassland Sheep Scheme’, 

positively contribute to farm incomes from 2017 on. These factors combined have resulted in 

both an increase in the number of flocks and size of the total national flock over the 

subsequent years 2010–2016. The evolution in sheep number since Irish accession to the EU 

and in response to key policy reform for the sheep sector is tracked in figure 1.2.  

Figure 1.2 National Sheep Flock (Million head) (1976 – 2016) 

 

Source: CSO (2017) ‘Livestock Survey’ (1976-2016)  

* 1980: First EU CMO for sheep meat implemented. Ewe numbers at low of 1.607 million. 

* 1992: Introduction of McSharry CAP Reforms. Peak ewe numbers of 4.879 million 

* 2005: First year of de-coupling SFP. Trend of falling sheep numbers increases         

* Introduction of Sheep Grassland coupled ewe payment 
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Seasonality of Production 

Like many other sectors of agriculture, seasonality of production is an important 

characteristic of the sheep sector. The sheep sector and Irish sheep meat production is highly 

dependent on the seasonal pattern of grass growth, and the biological cycle of the ewe. 

Consequently, this has led to the development of distinct, definable production systems with 

mid-season lamb representing the predominant sheep production system. The majority of 

these lowland flocks are lambed in spring to coincide with the onset of grass growth, 

according to the sheep’s natural production cycle. The objective with mid-season lamb 

production is to achieve high lamb growth rate on grazed grass and to produce finished lamb 

for sale from June through to October/November (i.e., close of the grass growing season). 

The seasonality of supply is thus primarily driven by production system decisions of 

producers and not market stimulus. Early lambing production systems, on the other hand, 

have been designed to avail of the Easter market and the price premium for early spring lamb. 

Figure 1.3 shows sheep meat production at export plants and price over the period 2014 to 

2018. This graphic illustrates the general seasonal pattern of production and its inverse 

relationship to price. A description of the production systems driving this seasonal supply is 

subsequently outlined. 

 

Figure 1.3 Irish weekly Sheep meat Production Throughput and Price (2014 – 2018) 

 

Source: Bord Bia (2018) Sheep Trade and Prices 2014 – 2018 
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Table 1.1 describes the structure and characteristics of five distinct sheep sub-systems using 

NFS data. The 5 sub-systems included in this financial and demographic analysis account for 

approximately 90% of all sheep farms. Of the 4 systems, mid-season lamb is the predominant 

sheep system, with lambs born in March and finished off grass from July onwards. The Early 

lamb production system, on the other hand, is the most intensive, with lambs being finished 

on concentrates in April and May to avail of high prices on the Easter market. This system 

depends on producers obtaining a premium price for out of season lamb to compensate for 

higher costs of production. The two hill systems are Blackface Mountain and Cheviot Hill. 

Mountain Blackface ewes typically graze the mountainous areas of western counties, while 

Cheviot flocks graze the less harsh Wicklow hills and uplands of eastern counties. 

Starting with the mid-season production system, according to the NFS definition these 

are farms where 70% of lambs reared are sold as finished before the end of the calendar year. 

Distribution analysis shows that they are largely located in the Western Counties and around 

the border. Almost 40% of these farmers have an off-farm job. They are the predominant 

sheep production system and account for over 40% of sheep farms in Ireland. These farms 

have an above average proportion of farmers aged over 65. Just over 40% of mid-season 

producers maintained full-time farm activity in 2015. In the NFS, full time farms are defined 

as farms which require at least 0.75 standard labour units to operate. 1800 hours worked on 

the farm is considered to be 1 standard labour unit, whereas 1,350hours is 0.75 labour units. 

Early Season lamb producers, on the other hand, are defined in the NFS as having 

more than 50% of lambs reared sold before the first of June. These Early Season lamb 

producers have the largest proportion engaged in sheep farming full time at 46%. This system 

also exhibits the highest proportion of farmers in the over 65 age bracket, the highest average 

farmer age at 59 years, whilst almost 70% of farmers are Teagasc clients. 

For the Blackface Mountain system in the NFS, ewes must be of Black Face Mountain 

type with at least 90% of lambs reared produced on the farm. Black Face mountain ewes are 

naturally found in the mountainous western counties. Almost 50% of these farmers have an 

off farm job whilst 32% engage in farming as a full job. The cheviot flock on the other hand 

is to be primarily found in the Wicklow hills, whilst a proportion of the flock run in the 

uplands of western counties. This category has the lowest proportion of sheep farmers in the 

over 65 age bracket with a relatively high proportion having off farm jobs (56%). 



 

22 

 

Table 1.1 Characteristics of Sheep sub-systems - 2015 

 Regional Distribution of Sheep by system (%) Farm Characteristics by system 

 

1 2 3 4 5 6 7 8 

Fulltime 

(%) 

Off 

farm 

Job 

(%) 

Teagasc 

client 

(%) 

Over 

65(%) 

Age of 

holder 

(%) 

Early Season 12.2 3.7 10.3 11.6 4.9 10.6 25.6 21.2 46.3 35.3 68.4 38.1 58.8 

Mid-season 34.5 0 12.8 14.5 4.3 11.7 7.1 15 40.8 38.1 55.5 32.1 56.6 

Mainly Store Lamb 27.2 0 4.8 6.4 3.9 15.1 11.8 30.8 39.6 31.6 42.5 22.7 57 

Black Face 

Mountain 17.8 1.5 0 0 0 0 61.9 18.8 32.2 47.9 37.2 19.1 56.5 

Cheviot  22.2 7.7 40.4 1 0 4.1 24.6 0 42.9 56 46.1 12.5 53.9 

                                                                                                                                      5 sub-systems percentage  of total population  of Farms 

Total (All Systems) 41 37.7 50.6 26.7 56.6 

Source: National Farm Survey 

Region: 1: Louth, Leitrim, Sligo, Cavan, Donegal, Monaghan; 2: Dublin; 3: Kildare, Meath, Wicklow; 4: Laois, Longford, Offaly, Westmeath; 5: Clare, Limerick, Tipp. 

N.R.; 6: Carlow, Kilkenny, Wexford, Tipp S.R., Waterford; 7: Cork, Kerry; 8: Galway, Mayo, Roscommon 
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Market Structure  

In 2017, the sheep meat sector accounted for in excess of €270 million worth of output, of 

which over 80% was derived from exports (Bord Bia, 2018). Ireland is the 4th largest sheep 

meat producer in the EU-27 after the UK, Spain, France, and in 2016, accounted for 9% of 

production. Figure 1.4 gives a breakdown of production within the EU-27 for 2016 (Eurostat, 

2017a). In terms of exports only, New Zealand and the UK, respectively, export more to the 

European market while Ireland represents the largest net EU exporter. Figure 1.5 gives a 

breakdown of this export relationship as estimated for the 2017 trading year. Ireland’s main 

export market is France, which accounts for approximately one third of Irish sheep meat 

exports, whilst the UK is another important export destination accounting for approximately 

20% of shipments. Whilst these represent important market shares, particularly in the light of 

the potential fallout from Brexit negotiations, market diversification has been evident in 

exports in recent years (Figure 1.6). In 2017, almost 45% of shipments were destined for 

markets other than France and the UK. While the market for light lamb, of the type associated 

with hill sheep production systems, has reduced significantly as a result of the severe 

economic downturn in Mediterranean markets, other markets have gained traction such as 

Sweden and Germany. 

 

Figure 1.4 Sheep meat Production in EU-27 by member state - 2016 
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Source: Eurostat (2017). ‘Meat production and foreign trade - annual data’ 

Figure 1.5 Irish Sheep Meat Export Volumes by Destination - 2017 

 

Source:  ‘Export Performance & Prospects Report 2017/2018’ 

 

Figure 1.6 Trends in Irish sheep meat exports (tonnes) by destination (1995 – 2015) 

 

Source:  ‘Meat and Livestock Review & Outlook 1995-2015’ 

France 
36% 

UK 
20% 

Sweden 
16% 

Germany 
10% 

Italy  
4% 

Denmak 
4% 

Other EU 
2% 

International 
Mkts 
8% 

France

UK

Sweden

Germany

Italy

Denmak

Other EU

International Mkts

0

10

20

30

40

50

60

70

80

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

(0
0

0
) 

to
n

n
e

s 
C

W
E 

total

France

UK

Other



 25 

Sheep meat Supply 

As documented earlier, there has previously been a decline in the sheep sector since the 1992 

CAP reform, which was reflected in farmer numbers and the national flock. This ultimately 

translated to falling production and supply of sheep meat product to export markets. Falling 

sheep meat production and throughput in the sector is reflected in figures from the CSO’s 

Meat Supply Balance. Figure 1.7 charts this trend of declining Irish sheep meat production 

for the corresponding period and the subsequent recovery since 2010. The recent trend of 

stabilisation in national flock numbers, witnessed in the (DAFM) sheep census, has resulted 

in a stabilisation and recovery for Irish sheep meat supplies (Bord Bia, 2011). 

The supply of sheep meat driven by production system supply decisions leads to a 

seasonal production pattern as illustrated in Figure 1.3. This creates significant challenges for 

marketing Irish lamb and efficiencies at processing level. For exporters to command large 

volumes of carcass exports during summer and autumn, continuity of supply of high quality 

lamb for overseas customers during the early part of the year has been shown to be an 

important element of successful lamb marketing (Flanagan, 1999). Industry commentaries 

and strategy responses have highlighted the need to move towards a greater market driven 

impetus for the sector, instead of the traditional production-oriented approach. Identifying the 

seasonality of lamb production as a constraint to market development, industry stakeholders 

as part of the FH 2020 Strategy Implementation Group proposed the need to investigate 

alternative production systems which could address this issue. 

Figure 1.7 Irish Sheep Meat production 000 tonnes (2000 – 2016) 

 

Source: CSO ‘Meat Supply Balance 2000– 2016’ 
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Non market goods 

Hill sheep in Ireland are generally farmed in a traditional manner and have in the past played 

a number of important roles in rural societies. The most important role is to provide an 

income for the farmers who live and work in rural areas. This is important to maintain the 

rural fabric of Ireland and support the local economies. They also provide non market goods, 

by managing upland areas through the grazing of land for which there are no alternative 

livestock management options. Sheep grazing prevents gorse and scrub invasion, keeping 

these areas accessible for hill walking and other tourist activities (Gottstein, 2007). A 

important thread throughout the sheep production literature on the viable future of the sector 

is the need for, on the one hand, the lowland sheep sector to attain competitiveness in terms of 

returns per labour unit with a product that meets consumer requirements and, simultaneously, 

the need for the hill sector to be supported for its non-market role in maintaining the hill and 

mountain environment and producing replacements for lowland flocks (Boyle., 2016). 

1.4.3 Economic Performance of the sheep sector 

So far, analysis has focused on the policy context, broad industry trends, and socio-

demographic characteristics of Irish sheep farms. Discussion will now be directed towards the 

profitability of sheep enterprises, charting trends in gross output, direct costs and gross 

margin, initially for specialist sheep farms and subsequently broken down by production 

system. Gross margin, as defined here, relates to outputs plus production linked subsidies 

minus direct costs associated with the enterprise. More specifically, gross output is defined as 

the change in the value of sheep numbers (resulting from births, deaths, sales, purchases) plus 

production related subsidies (historical production based subsidy). On the inputs side, total 

feed costs are the major component of total direct costs, which in itself can be distinctly 

separated into concentrates, pasture and winter forage costs (Figure 1.8). Pasture maintenance 

cost is predominantly comprised of fertiliser expense. Direct costs are defined in the NFS as 

those costs which are attributable to a specific enterprise on the farm, whereas those costs, 

which cannot be associated with one particular enterprise, are classified as overhead costs. 

Overhead costs include costs which are generally fixed in the short term, e.g. car payments, 

machinery operating costs, asset depreciation, etc and cannot be directly allocated to a 

specific farm enterprise. As shown in Figure 1.8 overhead costs are not included in the 

calculated of gross margin. Descriptive statistics for the key financial performance indicators 
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and some important technical performance indicators is compiled for NFS farms for the 

period 2003 to 2015. Analysis is performed at the whole farm level firstly for specialist sheep 

farms, and subsequently with farms separated into one of 5 distinct production systems. 

Further analysis examines in greater detail the financial and technical performance 

characteristics of the predominant lowland mid-season producers.  

As a starting point, the NFS publishes farm financial results for specialist sheep 

producers, irrespective of production systems (Table 1.2). Specialist sheep farms are defined 

in the NFS as those farms on which sheep sales contributed over 50% of the total Standard 

Output (SO). The "standard output" (SO), of an agricultural product (crop or livestock) is the 

average monetary value of the agricultural output at farm-gate price. The SO excludes direct 

payments, value added tax and taxes on products (NFS, 2016). These farms may also operate 

a second farming enterprise. Output, Direct costs, Overhead Costs, Gross Margin, Family 

Farm Income and Capital Investment are shown for these farms (2007 - 2013) in Table 1.2. 

Although the overall trend in gross output has been generally positive, the time series 

shows considerable variation. From 2010 there has been a considerable increase in the value 

of gross output. This increase in income was primarily driven by an increase in lamb prices 

since 2009, while sheep farmers also benefited from the introduction of the Sheep Grassland 

Payment, equivalent to €9.20 per ewe (Hennessy et al., 2011)., FFI on these specialist sheep 

farms is low and, on average, just below €13,000 over the 7 year period. 

Direct Costs exhibited a particularly marked upward trend over the seven year period 

with variable or direct farm running costs on average more than doubling between 2007 and 

2013 for specialist producers.  

Gross new investment on sheep farms is low on average when compared with other 

farming systems and dairying in particular. The most interesting figures for new investment 

are for those for 2007 and 2008, which are significantly higher. These figures can be 

explained by the significant increase in investment on Irish farms in 2007 and 2008 in 

response to Government investment support under the Farm Waste Management Scheme. 

This scheme closed in 2010 and had provided a grant rate of up 70% for farm infrastructural 

investments, which was widely taken up by farmers. With low investment levels it is 

unsurprising that specialist sheep farms also exhibit low overall debt levels. 
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Figure 1.8 Components of Gross Margin 

 

Source: National Farm Survey 

Table 1.2 Whole Farm Financial Results for Specialist Sheep Farms 

  2007 2008 2009 2010 2011 2012 2013 

Overall Results (€)        

Gross Output 29401 29257 28236 33178 42093 50070 46525 

of which- Land/Quota Let 65 99 56 53 248 224 446 

Direct Payments 15328 15540 15780 16677 17490 20365 18569 

- Direct Costs 8404 8963 8925 9590 11820 15507 17828 

= Gross Margin 20997 20294 19311 23588 30274 34564 28698 

- Overhead Costs 10315 10701 9623 11319 13469 16321 16966 

= Farm Income 10682 9593 9688 12269 16805 18243 11731 

Net Sales & Receipts 30238 29415 28883 34340 40783 48559 46816 

- Current Cash Exp 15683 16006 15732 17475 21962 27265 30738 

= Cash Income (est) 14556 13409 13151 16864 18821 21294 16077 

- Net New Invest 5114 9791 872 2309 2377 2912 3293 

= Cash Flow 9442 3618 12279 14556 16444 18382 12784 

Asset Values (€)        

Machinery 12084 14085 13589 15036 18881 20106 20374 

Livestock:  Breeding 14614 14031 13418 14824 19540 24072 24445 

Trading 9228 9262 9075 10359 14633 19179 18036 

Land & Buildings 566243 524748 437816 495868 493341 552836 592748 

Gross New Invest(€) 7444 11440 3532 3125 2727 3041 3790 

Loans Cl Bal (€) 4482 7678 5692 4545 7158 8384 10304 

Source: National Farm Survey 
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Gross Output – Differences across Production Systems 

The value of output is a function of both price and quantity. Irish sheep meat producers 

operate in a globally competitive market, so they are considered price takers with respect to 

world market prices. As there is little scope to affect prices for meat and wool any efforts to 

increase output value necessarily focus on increasing output or cost reduction strategies. 

Recent years have seen incremental increases in sheep meat output in a reversal of the long-

term downward trend following positive market and government stimulus. 

Figure 1.9 describes this distribution of gross output across sheep enterprises for 2015. 

It provides the value of gross output per hectare of forage area and per unit livestock basis. 

The difference in output between the two is largely due to the difference in the average 

stocking rate across systems. Early season enterprises have the highest gross output in both 

unit measures. The higher per livestock output from the early season system is facilitated 

through indoor housing and a greater emphasis on more expensive, intensive concentrate 

based feeding associated with earlier lambing dates. Amongst the other sub-systems, the 

predominant mid-season systems have the second highest output per LU and per hectacre 

and, notably, the highest stocking rate, emphasising the system’s greater reliance on grass as a 

source of animal nutrition, and thus on the grazing platform. The hill sheep systems have the 

lowest output per hectare, as would be expected given their extensive nature and upland 

grazing. Blackface Mountain systems exhibit the lowest stocking rates and output per unit of 

all the systems analysed. 

Figure 1.9 Distribution of Market Gross Output by sheep Sub-System - 2015 

 

Source: National Farm Survey 
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Direct Costs  

Direct costs in the form of concentrate feed, pasture and winter forage costs are the principal 

cost components of the sheep enterprise. This relationship is clearly defined in Table 1.3, with 

feed cost contribution, on average, accounting for over 70% of total direct costs on mid-

season farms over the period 2003–2015. Indeed, concentrate costs can be seen as the single 

largest expense in total direct costs, contributing, on average, over 40% of total direct cost for 

the same period. This again highlights the importance of maximizing returns from pasture and 

simultaneously controlling concentrate input as means of driving profit. The variable “other 

costs” is a combination of a number of aggregated direct cost items such as transport costs, 

energy bills and veterinary expenses. From Table 1.3 we can see that, during the reference 

period, the contribution of the various cost components remained relatively stable.  

 

Table 1.3 Trend in the composition of Direct Costs for Mid-Season Lowland Farms 

Year Concentrates Winter forage  

(inc. roots) 

Pasture 

maintenance 

Total feed Other 

direct 

costs 

Total 

direct 

costs 

2003 41% 8% 23% 71% 29% 100% 

2004 43% 10% 20% 72% 28% 100% 

2005 40% 11% 21% 72% 28% 100% 

2006 40% 8% 25% 73% 27% 100% 

2007 40% 10% 22% 72% 28% 100% 

2008 43% 9% 23% 74% 26% 100% 

2009 41% 9% 24% 74% 26% 100% 

2010 38% 11% 23% 72% 28% 100% 

2011 40% 10% 23% 73% 27% 100% 

2012 40% 9% 23% 72% 28% 100% 

2013 42% 8% 26% 75% 25% 100% 

2014 36% 10% 24% 71% 29% 100% 

2015 38% 9% 24% 72% 28% 100% 

Source: National Farm Survey (2003-2015) 
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Gross Margin: Technical and Financial Trends across systems 

The following analysis charts the evolution of the various sheep sub systems, detailing trends 

in Gross Output, Direct Costs and, consequently, Gross Margin, and relating this to technical 

performance. Technical performance is captured here in terms of stocking and weaning rates. 

Analysis is confined to the five aforementioned subsystems, which together account for 

approximately 90% of the national sheep flock. Using the NFS data, the average values of 

Gross Margin, Gross Output, Direct Costs, and technical performance indicators were 

calculated per farm on an annual accounting basis for the period 2003–2015. These figures 

were then calculated on a per hectare basis for comparison purposes (per ewe for mountain 

systems). Comparing these results develops a discussion of the trends in the financial and 

technical performance of sheep farms over time and across production systems. The focus of 

the analysis is directed towards the performance of the predominant mid-season flock with a 

summary discussion of alternative systems. To benchmark farming systems against others, 

gross margin/ha is analysed.  

Mid-season Lamb Production  

Table 1.4 below charts the evolution of the predominant mid-season flock in terms of 

financial and technical performance indicators for the period 2003–2015. The performance of 

the other sheep systems is presented in Appendices 1.1 to 1.3 for the period 2003 - 2015. 

Gross output from the sheep sector is composed of sales of lambs and cull breeding stock. 

Overall there has been little change in output per ewe or per hectare over the thirteen year 

period. previously outlined, the two key factors in relation to technical performance and 

determinants of output intensity are weaning and stocking rates. Statistical tests indicate that 

there has been no significant change in either of these two factors over the period shown, 

meaning that output per ewe and per hectare are relatively stable over the thirteen year period. 

In 2003, there were 10.5 lambs produced per hectare, which, at an estimated 20 kg per carcass 

(Keady et al., 2005), resulted in 247 kg carcass weight equivalent produced per hectare. In 

2006, the corresponding figures were 8.3 lambs produced and 239 kg of carcass per hectare. 

Whilst the trend is stable, there are notable rises and falls in sheep output both for individual 

systems and across the sector for particular years. Some of this volatility can be explained by 

specific domestic and international market events and biosecurity threats. It is clear that static 

developments in production intensity and farm size have translated to static output for the 
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respective production systems. Combined with a falling a number of producers, the national 

sheep flock has been in decline until the recent past (Figure 1.2) and, with it, sheep meat 

production and exports (Figure 1.6). 

 

Table 1.4 Mid-Season Lamb; Financial and Technical Performance (2003 – 2015) 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Gross Output 1069 957 832 750 784 829 754 873 1024 1021 1032 1142 981 

Direct Costs 339 334 347 334 333 365 340 379 375 395 499 464 433 

Concentrates 149 150 151 141 141 165 148 159 158 168 235 183 190 

Winter Forage 29 34 34 29 33 32 32 43 41 38 36 45 40 

Pasture 69 62 70 75 66 76 74 73 80 87 114 106 95 

Other Dir costs 93 89 92 89 93 93 86 105 98 101 115 130 109 

 

Size and Technical Performance of sheep farms 

Gross Margin 730 623 486 416 451 464 414 494 650 626 533 679 548 

Ewe/ha 10.5 9.3 9.9 9.8 9.3 8.5 8.0 8.0 7.6 8.2 8.3 8.2 7.6 

Weaning rate 1.2 1.2 1.3 1.2 1.3 1.3 1.3 1.2 1.3 1.2 1.2 1.3 1.3 

Lamb carcass 

kg/ha 247 222 251 237 243 228 209 194 193 197 207 214 197 

Dir costs €/kg 

carcass 1.4 1.5 1.4 1.4 1.4 1.6 1.6 1.9 1.9 2.0 2.4 2.2 2.2 
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Comparing Technical and Financial performance of Mid-season Producers  

To benchmark farming systems against others, gross margin/ha is analysed. As previously 

noted, gross margin does not take into account fixed costs, such as depreciation, land rent, 

interest and farm maintenance, etc., all of which are extremely variable from farm to farm 

(Connolly, 2000). While the net profit/ha is the bottom line figure, fixed costs are reported at 

farm level because it is not feasible to attribute a fixed cost share to the individual enterprise 

when the majority of farms have more than one enterprise. Thus gross margin gives an 

indication of the physical performance of the enterprise, which can thus be compared across 

farms/production systems. The large differences in the profitability of sheep farms operating 

the midseason system have been previously noted in Teagasc’s annual “Situation and 

Outlook” publication (Hanrahan et al., 2016). Past analysis of gross margin has shown that 

stocking rate, lambs weaned per ewe, and lamb prices were equally important sources of 

variation in profit margins, with each accounting for 18 to 20% of observed variation 

(Connolly, 2000). A similar trend was observed for 2015 and can be viewed in an 

examination of the performance of the predominant mid-season low land sheep enterprise 

(Table 1.5). To do this, mid-season lowland farms are ranked on the basis of gross margin per 

hectare, and grouped into three categories; the top third, middle third and bottom third of 

performing farms. The average levels of output, direct costs and gross margin per hectare 

across these three groups, and the key indicators of technical performance, can then be 

compared. 

The top performing group of mid-season farms earned an average gross margin of 

€967 per hectare in 2015. Farms in the bottom group earned an average gross margin of only 

€206 per hectare. This means that the top producers earned, on average, almost five time as 

much per hectare than their counterparts in the bottom group. Furthermore, the gap between 

the top and bottom third of mid-season lowland lamb producers has been growing over time 

(Figure 1.10). Direct costs per hectare also differ across the three groups. Total Direct Costs 

per hectare are greatest in the group with the highest level of profitability, reflecting the 

higher stocking rate on these farms. The share of expenditure on concentrates in total direct 

costs is lowest on the top performing farms and highest on the bottom third of farms. Note the 

statistically significant ANOVA (F-test) indicates that the means of the three groups broken 

down by profitability (GM/ha) differ across all variables in the summary statistics (Table 1.5). 
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Table 1.5 Variation in Performance of Mid-Season Lowland farms - 2015 

 Bottom 1/3 Middle 1/3 Top 1/3 P-Value
d 

 €/ha  

Gross Output 722 965 1383 0.0000 

Direct Costs 516 379 416 0.0000 

Concentrates 265 144 142 0.0008 

Winter Forage 46 46 43 0.0133 

Pasture 87 96 108 0.0000 

Other Direct Costs 121 96 117 0.0000 

Gross Margin 206 586 967 0.0000 

 

Size and Technical Performance of sheep farms 

 

     

Ewe/ha 7.4 7.5 9.6 0.0000 

Weaning rate/ ewe 1.1 1.3 1.4 0.0000 

Lamb carcass kg/ha
1
 167 200 277 0.0000 

Dir costs €/kg carcass 3.13 1.97 1.44 0.0000 

d 
ANOVA; significant differences in mean values across groups are highlighted in bold (P<0.05). 

Source: National Farm Survey 

 

As is clear from Table 1.5, high weaning (number of lambs reared per ewe) and stocking 

rates, as well as controlling costs per hectare, are essential in achieving higher returns. 

Improved technical performance is reflected in the average carcass output per hectare of 277 

kilos on the top third of farms, versus 167 kilos on the bottom third of farms. This higher 

level of lamb output per hectare, combined with tighter control of direct costs, is central to 

increasing enterprise profitability. The large differences between the values of output per 

hectare between the three groups of farms are, in part, due to differences in weaning and 

stocking rates across the groupings. In 2015, the early marketing of lambs was also a 

contributor to the higher gross output value and gross margin per hectare on the top group of 

mid-season lamb enterprises. Each year, the top performing one-third of mid-season lamb 

enterprises market a larger proportion of lambs before June 1st than enterprises in the middle 

and bottom groups. Given the seasonal pattern of lamb prices, early marketing of lambs 

contributes to the achievement of higher levels of gross output per hectare (Teagasc, 2011). 

                                                 
1
 In calculating the volume of lamb carcass output per hectare, an average carcass weight of 20 kg has been used 

(Hanrahan 2006). 
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This implies that these higher performing producers are achieving a greater level of animal 

performance from the grazing platform. This is demonstrated in the relative higher proportion 

of direct costs invested in the pastoral resource versus concentrate expenditure. 

 

Figure 1.10 Gross Margin per hectare for Mid-Season Sheep Producers (2003–2015) 

 

Source: National Farm Survey 

  

Early lamb production 

This is an intensive high cost system of production, as lambs are finished on concentrates in 

April and May to avail of high prices for the Easter market. Concentrate cost is therefore 

higher than for the mid-season system. This system depends on producers obtaining a 

premium price for producing out-of-season lamb at a high cost per kg carcass. Data in 

Appendix 1 shows that returns per hectare are more variable than for the other lowland 

systems. The data also shows that margins per hectare are, on average, higher than for the 

mid-season lamb system due to higher gross output related to superior technical performance, 

stocking and weaning rates. Overall, gross and net margins appear to have declined somewhat 

over the reference period.  

Hill Sheep: Black Face Mountain System 

In this system, ewes must be Blackface Mountain type, with at least 90% of lambs reared 

produced on the farm. Data in Appendix 2 shows output, costs and gross margin per hectare 
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for this system from 2003-2015. Data is also presented on a per ewe basis, as this is more 

meaningful on mountain and hill land. On a per hectare basis, hill farms would exhibit far 

lower output, given their extensive nature and upland grazing. However, they tend to be 

larger flocks and are, more often, specialist sheep enterprises. In terms of technical 

performance, the Black Face Mountain flock exhibits a low average stocking rate of just over 

6 ewes per ha over the period and a weaning rate of less than 90 per cent. Direct costs are also 

low on hill farms on a per hectare basis. However direct costs are high when measured per kg 

of carcass weight equivalent produced, which is a better reflection of production efficiency. 

Hill Sheep: Cheviot System 

This system is defined by the same criteria as the previous hill system except, in this case, the 

ewe breed is Cheviot. A summary of financial and technical performance for this system is 

shown in Appendix 3. Stocking rates were higher than the Blackface Mountain system, but, 

as expected, were considerably lower than lowland farms. Returns per hectare were lower 

than for lowland systems due to the poorer stocking and weaning rates, as would be expected 

given their relatively extensive nature. 

 

 The review of sheep production systems presented here provides a technical basis for market 

and policy scenarios which are analysed in detail in the following four applied chapters. In 

the post decoupling era, the bottom line for sheep farmers is determined by the price of lamb 

relative to the costs of production, and by the technical performance and intensity of 

production of their enterprise. Analysis of gross margins for farms operating the predominant 

midseason system highlights the importance of weaning rates and high stocking rates in 

achieving improved returns per hectare. Gross margins per hectare were shown to be higher 

on farms that were able to increase stocking and weaning rates and control costs. On average, 

output and gross margins across all lowland farms was shown to have marginally declined 

over the period of the analysis, with little evidence of technical improvement.  
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1.5 Development of a Conceptual Framework 

This section proposes a modelling framework to support integrated analysis of agricultural 

systems and the assessment of policy reform or farm management practice on economic and 

environmental outcomes for the distribution of farms. Specifically this framework is 

developed within the context of Irish Sheep production systems reviewed in the previous 

section. Accordingly, a conceptual design is developed in light of the challenges posed by the 

evolving policy move towards sustainable and efficient production and the farm level 

structural and technical production constraints under which these farms operate.  

In Section 1.5.1, the theoretical concepts underpinning resource allocation and 

enterprise combination decisions are outlined with appropriate reference to methodologies 

subsequently detailed. Section 1.5.2 discusses some of these applied methodologies from the 

agricultural systems research, recent developments in the area and state of the art in the 

literature. This discussion is framed within the context of the current study’s focus and 

reference is made throughout to appropriate model development. Section 1.5.3 widens the 

discussion to the multi-functionality of agriculture production systems and the growing 

requirement of farm level assessments to accurately account for the non-market public goods 

and negative externalities associated with agriculture production. A Life Cycle Analysis 

(LCA) is proposed as an appropriate approach to extend the modelling framework to take 

account of environmental outputs from the system and in particular GHG emissions. Section 

1.5.4 looks beyond the farm gate and examines the potential of linking farm level systems 

research to macro level economy models to better describe the flow of economic and 

environmental outputs throughout the wider value chain. How the NFS meets the 

requirements of the proposed integrated assessment framework are discussed in Section 1.5.5. 

Section 1.5.6 concludes by integrating the systems concept discussed in the previous 

discussion within an overarching conceptual framework. 

1.5.1 Theoretical Framework 

Farmers make production decisions about their farms and thus determine the production 

system they operate based on their own individual objective function. These objectives will 

be related to one or other of the following: profit, lifestyle choices (hobby farmers) (Hennessy 

et al., 2008), environmental protection concerns, etc. Farms face a multitude of options or 
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choices regarding what to produce and how to produce given the limited resources available 

to them.  

Agricultural production economics is concerned primarily with economic theory as it 

relates to these production choices and resultant agricultural outputs (Debertin, 2012). In 

particular, it is commonly applied to provide guidance to farmers on efficient resource 

allocation decisions. Subsequently key production decisions proposed in the applied 

methodologies section are discussed in reference to the principles of production economics 

here outlined.  

Production economics 

The production process involves the use of inputs to produce output in the form of a physical 

good or service. Production economics addresses the choice among alternative production 

processes in terms of the allocation of scarce resources and enterprise choices. In the context 

of the sheep production systems assessed in this study, these ‘scarce’ resources include 

amongst others livestock, purchased concentrates, fertiliser and land. The enterprise choices 

are related to the alternative livestock reared and crops grown on Irish sheep farms.  

In Production Economics, resources are often categorised into: land or natural 

resources, labour, capital and management. Inputs refer to the quantities of resources used 

over the production period to produce outputs including land, fertiliser, and feed. Outputs 

from sheep farms are primarily in the form of animal sales: either finished lambs for slaughter 

or live animals. Wool forms a secondary physical output. However, there are also additional 

undesirable outputs, ‘externalities’, which can be accounted for in the production equation 

other than those main physical production outputs (Leontief, 1974). These include negative 

environmental externalities associated with the production process, such as pollutants. In 

particular, in the context of the current study, this includes an assessment of GHG emissions 

from ruminant production.  

The production function is the technical relationship which describes the process of 

transforming factors to products (also known as inputs and outputs). Within the neoclassical 

production literature, production functions are commonly defined as describing either factor-

product; factor-factor or product-product relationships (Heady, 1961). 

In this study of sheep production, a wide range of input-output “Factor-Product” 

relationships are specified across the distribution of farms. These key relationships describe 

crop and animal production processes. Where the majority of systems models previously 
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applied to Irish agriculture obtained their data from experimental field trials based on research 

farms, the focus here is on observing and describing the production choices of a range of 

farms observed through detailed farm surveys. Thus the focus is on describing the distribution 

of production practices across actual farms, which provides insight to the national population 

of sheep meat producers.  

Input-output relationships are determined by the techniques of production. They 

define what technologies are available to farmers and how they are altered by technological 

change over time. The technologies analysed in this study are those observed from the panel 

of representative sheep farms over a number of years. The use of panel data in this study also 

enables the capture of potential technical change over time. Together with the levels of fixed 

inputs, the technologies employed on farms determine the level of production (Upton, 1976). 

Variable factors (inputs) are factors of production whose levels can be changed during 

the production period. Fixed factors, on the other hand, are those factors whose levels cannot 

be readily changed. Within the NFS, fixed factors of production include fixed assets such as 

land and buildings. The time period for input to be transformed into product is termed the 

‘production’ or ‘transformation’ period. The period of analysis in this study is one production 

year.  

Unlike many of the previous system models applied to Irish production systems 

(Crosson et al., 2006; Shalloo et al., 2004), where mathematical programming techniques 

were employed to predict optimal systems of production, ‘positive’ approaches applied in this 

study describe the practices employed by actual farms as captured by survey data. Indeed 

economically `irrational’ or technically inefficient production exists where inefficient 

techniques are employed (Heady, 1961). In the context of drystock production, the 

assumption of efficient production has been shown to be violated in previous ex-ante policy 

assessment based on ‘normative` profit maximising assumptions (Hennessy, 2007).   

Resources can be substituted for each other in agriculture and give rise to factor-factor 

relationships. Farm production decisions are related to factor-factor relationships in 

determining how much to produce (Upton, 1976). If all inputs are variable, it is possible to 

expand production according to constant returns to scale, i.e., increase all inputs in the same 

proportion, which leads to a proportional change in output. In reality, some factors are limited 

while others are indivisible, therefore increased production typically involves changing factor 

proportions (Upton 1976).  
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Enterprises refer to the definable sections of a farm, which are directed towards the 

production of one kind of animal or crop (Upton 1976). The key enterprises in this study are 

the animal feed (nutrition) and livestock enterprises. In particular, the focus here is on the 

sheep enterprise of farms, while a portion of the cropping enterprise can also be attributed to 

the sheep enterprise, given the share of its output directed towards feeding sheep livestock. 

Enterprises compete with each other for fixed resources such as land so that the expansion of 

one enterprise is often accompanied by a reduction in another, e.g. sheep and cattle. This 

gives rise to so defined ‘product-product’ relationships (Debertin, 2012).  

Linking micro farm level production to macro sectoral output  

This thesis incorporates the principles of production economics overviewed here through its 

description of production on individual decision-making units, farms. This thesis also 

investigates the overall contribution of the sheep meat sector to the national economy across 

the entire value chain. While micro and macro-economics are often considered to be separate 

branches of economics, they are in fact closely intertwined (Debertin, 2012).  

The macro-economy is made up of individual producers and consumers. Similarly the 

sheep sector is made up of individual farms. At the micro level, individual farm management 

decisions are influenced by what happens at the aggregate economy level. National policy 

and EU Common Agriculture Policy CAP influence production decisions through the 

imposition of taxation changes, production quotas, distortionary production coupled supports 

and payments for environmental outputs and services. Furthermore, at a micro level, 

individual farmers are considered price takers of most commodities including sheep meat, 

while at the macro level the market price can be seen to be determined in part by the 

aggregate production decisions of the population of individual farms (Debertin, 2012).  

Thus an integrated assessment framework enables the linking of individual farm level 

production to the macro level description of the sheep sector and its contribution to the wider 

sheep meat value chain. In this thesis the focus is not on providing a detailed production 

description of a single stylised farm but rather to capture the production processes of the 

range of actual farms which is representative of the national population of farms. Results are 

scalable to higher systems level thus enabling calculation of the national economic 

contribution. 
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1.5.2 Systems Modelling 

An agriculture model represents an abstraction of a real agricultural process which is 

simplified by stripping down the process under study to the components that are required to 

answer the given research questions. A model thus ignores the components of the process 

which are outside the scope of the given study. In this thesis, the unit to be studied is the farm 

“system” which can be defined as a collection of interconnected fixed causal relationships 

that operate within a defined boundary. While systems are themselves abstractions of the real 

world defined for specific purposes, they are highly useful in the science, engineering and 

economics disciplines and across all fields, including agriculture.  

An agricultural system is, more specifically, a collection of components that interact 

with one another and with their environment for the purpose of livestock and crop production 

to supply food, fibre, energy and non-market goods and services from natural resources. 

These systems may also produce undesired effects on the environment or negative 

environmental externalities (Jones et al., 2016). Systems research therefore provides a 

framework for the integration of the findings of research from several disciplines and is a 

suitable approach to analyse and draw inference on the profitability of alternative 

management options (Davies et al, 1994).   

Agriculture itself can be seen to be a sub-system of the wider economy system. While 

agricultural systems must be distinguished from purely biological systems (descriptions of 

plant and animal organisms) they are often described as `bioeconomic` in that they take 

account of the biological relationships of these systems as part of an integrated assessment of 

interconnected components. Indeed, compared to many other modern production systems, 

agricultural systems can be defined by their close and intrinsic connection to the biological 

environment. Bioeconomic models thus describe biological processes and can be used to 

predict the effects of management decisions on those processes. Within the systems literature 

they can be developed to improve understanding of complex production systems and new 

technologies and to support farm-level decisions and particularly relevant in the context of 

this thesis to assess the effects of policies on economic and physical outputs.  

 When using a systems approach to study an agricultural production system, a number 

of overarching study design decisions must be made, including the bounds within which to 

explore causal relationships (systems boundary), the level of detail or granularity at which to 

study the relationships, and the data requirements necessary to achieve these objectives. 
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Depending on these study design decision systems models can be classified within the 

literature (Cacho, 1997). These classifications are introduced here and guide a subsequent 

review of select systems studies from the international research literature and as applied to 

Irish agriculture production. This discussion is used to frame the approach proposed here for 

an integrated assessment of Irish sheep farms. 

Classifying Systems models 

Swinton and Black (2000) defined agriculture systems models in space and time. 

Agricultural systems models span a huge range of application or `space’ from tissue and plant 

growth models (Thornley et al., 2007) at the micro or component level to field scale to whole 

farm systems (Veysset et al., 2005) and to management or policy models at the wider macro 

level of environmental zone, or at regional or national levels (Louhichi, Ciaian, Espinosa, 

Colen, Perni, & y Paloma, 2015). Increasingly, there are models which describe the macro-

economic linkages to the rural economy and social systems of rural communities. 

Accordingly, systems analysis can be extended to account for the social and ecological 

sustainability of production (Van Calker et al., 2006). 

Systems analysis can also be defined by their treatment of time, whether static or 

dynamic. In static systems analysis no account is made of the time dimension and the system 

is presented as representative of a specific point in time (Crosson et al., 2006). Dynamic 

analysis, on the other hand, describes the path and the length of time required for an estimated 

adjustment to reach a new equilibrium, or it can predict whether a new equilibrium will be 

reached at all. 

There are numerous past surveys of the systems modelling literature encompassing 

simulation, mathematical programming and econometric models (Janssen et al., 2007; Jones 

et al., 2017; Oriade et al., 1997). A number of notable studies from the international literature 

and applications of systems modelling to Irish agriculture are discussed below under these 

broad classifications before a generic systems simulation model for Irish production is 

proposed. 

Simulation models 

Simulation models are “flexible” models which can consider numerous factors of the given 

production system, including the effects of varying biological, technical and physical 

processes. These models have been used to investigate agricultural production at various 
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levels of research, including crop, livestock, and whole farm system level. Dynamic 

simulation models can describe the changes in systems states in response to external 

environmental drivers (e.g., weather and management practices, etc.), and how those changes 

are affected by other components in the system (Jones et al., 2017). Examples of dynamic 

models include Agricultural Production Systems Simulator APSIM (Keating et al., 2003), 

Cropping Systems Model CROPSYST (Stöckle et al., 2014), and Environmental Policy 

Integrated Climate EPIC (Williams et al., 1989). Models are typically highly complex, 

containing many variables and parameters. Reduced form models of larger more complex 

models have been used in the past for specific purposes such as integrated model assessment 

(Chikowo et al., 2008; Dzotsi et al., 2013). This approach is particularly useful when 

integrating agronomic or livestock models in a broader agricultural systems framework such 

as economic analyses at farm, national, or global scales. A number of simulation models have 

been developed to analyse Irish agricultural production systems, especially applications to 

dairy and beef production (Ashfield et al., 2013; Shalloo et al., 2014).  

Shalloo (2004) developed the Moorepark Dairy Systems Model (MDSM) a stochastic 

budgetary simulation model for dairy production systems. This model was developed to 

enable the investigation of the effects of varying biological, technical, and physical processes 

on dairy farm profitability. The model integrates information on animal inventory and 

valuation, milk supply, feed requirement, land and labor utilization, and economic analysis. A 

key model output is the estimated distribution of farm profitability, which is a function of 

total receipts from milk, calves, and cull cows less all variable and fixed costs (including an 

imputed cost for labor). The MDSM is a development of an earlier deterministic whole farm 

budgeting model which was used to develop an Economic Breeding Index EBI for dairy 

cattle (Veerkamp et al., 2002). It is a common practice within the literature that a 

deterministic model is developed and validated first to ensure satisfactory results before 

stochastic modelling elements are introduced (Cacho, 1997). 

Applications of the MDSM include: an investigation of alternative calving patterns, 

on input use, farm output and profitability (Shalloo et al, 2014); a comparison of a pasture-

based system of milk production on high rainfall, heavy-clay soil sites with that of a lower 

rainfall, free-draining soils (Shalloo et al, 2014a); an investigation of mitigation strategies for 

lower carbon dairy production (Lovett et al., 2008).  

Bohan et al. (2016) developed the Teagasc Lamb Production Model (TLPM) – a 

stochastic budgetary simulation model of sheep farms to investigate the effects of changes in 
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lamb production system on farm profitability. The general structure of the model reflects that 

of the MDSM, combining as it does information on animal inventories and valuation, feed 

requirement, land and labor utilization, in order to perform an economic analysis. Model 

outputs are simulated on a monthly basis and include stock inventories and flows, livestock 

net energy (NE) requirements (Jarrige, 1989a), grass supply, lamb growth and slaughtering 

pattern based on experimental data (Creighton, 2014b).   

Ashfield et al. (2013) describes the Grange Dairy Beef Systems Model (GDBSM) a 

whole farm, single year, static, deterministic simulation model to enable the economic 

technical analysis of grass based dairy calf to beef production systems. The model is 

empirical and uses data from production research experiments to specify coefficients and 

production functions. The whole farm model consists of four interdependent components 

comprising farm system, animal nutrition, feed supply and a financial component. Model 

results highlight the small and sometimes negative net margins of dairy calf to beef systems 

even with technically efficient management. The dairy calf to beef system was also shown to 

be financial sensitive to beef price movements. 

Further applications of the GDBSM model included an economic comparison of 

pasture based dairy calf-to-beef production systems after a wide range of breed, gender and 

finishing age combinations were investigated (Ashfield et al., 2014). The GDBSM was 

modified to capture more accurately the implications of compensatory growth and, thus, the 

energy demand of beef cattle. Results showed that financial performance of all systems was 

highly sensitive to variation in beef carcass and calf prices but less sensitive to concentrate 

and fertilizer price variation. In terms of compensatory growth, the level of energy reduction 

and the duration of this reduction had a modest impact on financial results. 

Mathematical programming/optimization models  

Heady (1961) was instrumental in establishing the application of mathematical optimisation 

techniques to estimate the economic benefit associated with rural development policy. These 

optimisation approaches have, in the past, generally employed a linear programming 

framework to mathematically obtain the best solution for the problems in the system of 

interest given an objective function, e.g., input minimization or output maximization at the 

farm or household level. The popularity of (LP) based optimisation is due to its relative 

simplicity compared to other techniques such as mixed-integer linear programming (MILP). 

These models are, however, generally developed for specific situations and are therefore less 
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suited to studying consequences of a range of hypothetical investigations as with simulation 

modelling.  

Linear programming based models have previously been applied to policy analysis of 

successive CAP reforms (Acs et al., 2010; Donaldson et al., 1995; Galán-Martín et al., 2015; 

Veysset et al., 2005). Applications of LP based optimisation models to Irish agriculture 

include: the Grange Beef Model (GBM), a model of optimal beef production systems 

(Crosson et al., 2006); A multi-period LP for policy analysis of CAP reform  (Breen et al., 

2005); a LP framework developed by the FAPRI Ireland partnership to estimate the effects of 

decoupling Direct Payments from production in the beef, sheep and cereal sectors (Binfield et 

al., 2003).  

Crosson (2006) developed the Grange Beef Model (GBM) – a static, deterministic, 

budgeting, whole farm, optimisation model designed to identify optimal beef production 

systems given a range of resource and economic parameters. The model employs a single 

year steady-state design, is static and utilises an empirical approach to describe biological 

relationships based on well-established production research. Economic budgets are 

formulated by assigning a cost or revenue to each farm activity. The objective function of the 

model seeks to maximise farm gross margin in order to identify the optimal beef production 

system and the associated range of activities.  

The Grange beef model has been used to investigate optimal adjustment strategies in 

the face of key input (concentrate price) and output (beef price) price changes and the impact 

of improved production efficiency (grass utilisation) on gross margins (Crosson et al., 2006) 

The GBM has also been used to compare the negative environmental externalities associated 

with financially optimal and suboptimal beef production systems. Integrating a module to 

simulate ‘residual’ outputs (Crosson et al. 2007) quantified the nitrogen losses from leaching, 

volatilization and denitrification associated with optimal production systems.   

The FAPRI Ireland project commissioned by the Department of Agriculture, Food and 

Fisheries (Binfield et al., 2003) was used to evaluate policy reform under the Mid Term 

Review of the Agenda 2000 CAP agreement. The analysis evaluated the various national 

implementation options and was instrumental in informing the subsequent policy decision to 

fully decouple subsidy payments from production under the Luxembourg Agreement. Using 

nationally representative farm level NFS data, a multi period linear programming model 

estimates farmer response to policy scenarios where price and cost projections were taken 

from the FAPRI Ireland partial equilibrium model. The objective function maximised farm 



 46 

net margin (income) over a given period to estimate resource allocation decisions, enterprise 

mix and production volumes in the face of a number of decoupled production scenarios.  The 

main projections from the study estimated that under a fully decoupled scenario, beef and 

sheep would adjust their production decisions, resulting in a significant reduction in drystock 

numbers following higher than average slaughter of breeding stock. It was proposed that this 

would likely lead to a decline in the long-term supply of beef and an associated increase in 

beef price, while there would be some enterprise restructuring amongst farms capable of 

making a positive market-based return.  

A subsequent FAPRI Ireland (2007) report highlighted that many of the initial 

production adjustments projected by Binefield et al. (2003) as part of their ex-ante policy 

assessment of decoupling were not followed in practice in the intervening period. The initial 

ex-ante policy evaluations were subject to a number of limitations associated with 

assumptions used in the construction of the linear programming models. In particular, 

normative neoclassical assumptions that farmers are profit maximisers did not fully represent 

farmer behaviour. Accordingly, farmers were expected to decide whether to produce or 

become an ‘entitlement farmer’, and whether to restock or restructure their farm enterprise in 

accordance with rational profit maximising behaviour. However, profit may not represent the 

highest priority for some farmers and a significant percentage of farmers continued to 

subsidise non-profitable farming enterprises. As such, the modelling framework did not take 

account of alternative non-pecuniary motivations or reflect the cost of policy cross 

compliance measures (due to lack of information at the time). 

Following on from these FAPRI policy papers, Breen et al. (2005) and Hennessey et 

al. (2005) highlighted the inability of this LP framework to fully understand the complexity of 

Irish beef farmer production decisions by comparing the results of projections from the LP 

based policy models with the results of a farmer survey of production plans post decoupling. 

The two studies showed that, while LP models projected that the decoupling of CAP would 

lead to significant change in the structure and practice of Irish farming, a survey of farmers’ 

intentions showed that they planned to maintain similar production patterns post 2004. Of the 

surveyed farmers, a significant portion planned to use their decoupled payments to expand 

non-viable production. A multinomial logistic regression of survey results highlighted that 

current profitability of farming enterprise did not have a statistically significant effect on the 

decision to maintain stocking rates. This supports the hypothesis that farmer decisions seem 

to be driven, not solely by economic returns, but by other factors such as habit or other non-
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pecuniary motivations not specified in the LP models. Survey results also showed that a 

number of farmers planned to subsidise production through direct payments, with 25% of 

surveyed beef farmers intending to increase production even though it would prove 

economically nonviable for 50% of the given group to do so (Hennessy et al., 2005). These 

findings are reflective of the overall financial performance of drystock farms since 

decoupling. The previous review of financial performance highlighted the consistently low 

and negative average market return on drystock farmers and the reliance on the Single Farm 

Payment for income.  

Econometric models 

When developed for farm level analysis, econometric methods are used to represent a 

statistical representation of the farming system. Both single-equation and simultaneous 

system models that represent input demand and output supply behaviour have been developed 

in the literature. Early work focused on primal representations and statistical estimation 

(Mundlak, 1961), with later studies moving towards a dual approach (Chambers, 1988; Lau et 

al., 1971). Both static and dynamic models have been developed. Early studies looked at 

single crop production functions estimated directly from data on the physical quantities of 

inputs and outputs observed from experimental plots. In later stages, multi-crop production 

studies drew on data from more comprehensive farm production surveys (Jones et al., 2014).  

Just et al. (1990) is a notable example of these developments, incorporating multi-

cropping enterprises to provide a more realistic representation of farming systems. Taking 

account of important interactions between multiple crops in a farm unit, Just et al. (1983) 

showed that multi-crop farms responded to changes in prices or technology by adjusting both 

the intensity of input use per hectacre, i.e. the intensive margin, and also the allocation of land 

to crops, the extensive margin 

Many econometric studies specify a quadratic or Cobb Douglas functional form for 

the production functions, which place restrictive assumptions on the production technology, 

i.e. Constant returns to scale (CRTS). Later works emphasized various more flexible 

technology representations such as Translog flexible and Generalised Leontief profit/cost 

functions, etc (Carter, 1984). These approaches have proven particularly popular in 

applications estimating input demand behaviour of agriculture systems (Higgins, 1986). 
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Positive Mathematical Programming 

(Heckelei et al., 2012) use an alternative approach that has been proposed in the systems 

literature for policy analysis: positive mathematical programming (PMP). PMP attempts to 

address the limitations of econometric modelling and mathematical programming. According 

to De Frahan et al. (2007), PMP can be thought of as belonging to an alternative approach to 

empirical investigation called ‘econometric programming’ referring to the fact that it exploits 

the advantages of both mathematical programming and econometric modelling. Formulated 

by Howitt (1995), PMP provides a more flexible specification than traditional linear 

constraints, whereby econometric techniques are employed to calibrate MP models exactly. 

Similar to traditional econometric analysis, the objective of the analysis is to formulate policy 

recommendations and this approach has been widely applied in the area of agriculture and 

land use policy evaluation. Existing agricultural policy models which employ PMP 

approaches include the European Common Agricultural Policy Regionalised Impact model 

(CAPRI), the US Regional Environment and Agriculture Programming model (REAP) and 

the Canadian Regionalized Agricultural Model (CRAM). 

(Heckelei et al., 2012) in reviewing PMP based models and their applications, propose 

two categories of PMP model applied to policy analysis within Europe: bio-economic farm 

models, and regional level models applying representative survey data. The Farm System 

Simulator Mathematical Programming model FFSIM-MP (Louhichi, Kanellopoulos, et al., 

2010) is an example of a farm level bio-economic model comprising a detailed technology 

description and a large number of production activities. It is applied in combination with 

higher level models and has been used to assess, ex-ante, a variety of policy questions across 

a range of locations and farm systems.  

Regional models represent policy analysis tools scalable across wider geographic 

settings including regional, national or environmental zone. EU-wide, Regional Agricultural 

Sector Models such as CAPRI (Common Agricultural Policy Regional Impact) (Heckelei et 

al., 2001) and FIPIM (FADN IACS PMP Integrated Model) (Arfini et al., 2003) typically 

group farms by region or cluster similar farms together using representative survey data such 

as the Farm Accounting Data Network (FADN), in order to scale results at wide spatial 

scales.  

 Surveying the body of past research, it is clear that mathematical modelling 

techniques applied to dairy systems and, to a lesser extent, beef production systems, dominate 
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the literature. Fewer studies apply such techniques to sheep production systems, with the 

notable exception of international studies such as Cacho et al. (1995), Almahdy et al. (2000) 

and a study of Irish sheep farming, the Teagasc Lamb Production Model (Bohan et al., 2016). 

Developing a Generic Systems Simulation Model 

This section discusses some of the advantages and disadvantages of the modelling approaches 

reviewed here before proposing a generic system simulation model which draws on elements 

of a number of approaches in order to take advantage of the strengths of the NFS panel 

dataset in modelling the financial and technical performance of the distribution of sheep 

farms.  

Econometric approaches are often referred to as ‘positive’ approaches, in that they are 

based on inferring statistical relationships of the economic agents under study based on the 

available data. As such, these studies are data intensive and limited in extrapolating results 

beyond the sample of observable behaviour. Mathematical programming models, on the other 

hand, are often referred to as a ‘normative’ approach, in that economic agents must actively 

follow the restricted assumption of maximising an objective function subject to a set of 

constraints (Buysse et al., 2007). While the PMP approach attempts to address the limitations 

of econometric modelling and mathematical programming it too has a number of well 

recognised limitations (De Frahan et al., 2007). In situations where there is limited data, the 

issue arises that the PMP approach is not robust, resulting in estimation that may be 

unreliable (De Frahan et al., 2007). The availability of larger representative datasets such as 

FADN overcomes these issues to a degree and makes PMP more appropriate relative to 

calibration approaches used in LP.   

While econometric models have been noted for their limited ability to extrapolate 

results on biophysical processes and economic conditions outside the sample of observable 

behaviour these deficiencies can be addressed here through the availability of sufficiently 

detail farm level production data which is representative of the national population of farms. 

Antle and Capalbo (2001) highlighted these limitations whilst developing economic 

simulation models that combine econometric and other disciplinary simulation models. This 

framework allows outputs such as crop yields from process-based crop growth models to be 

used to both estimate and subsequently simulate econometric production models using site-

specific data. This approach is particularly applicable where there is the availability of a panel 
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of detailed representative production data as is the case in this thesis through the Teagasc 

National Farm Survey, NFS.  

Most systems models within the literature and those reviewed here (both mathematical 

programming and simulation) are based on hypothetical or representative farm types (Crosson 

et al., 2006; Wallace et al., 2002; Shalloo et al., 2005) and have been typically developed for 

specific applications, agricultural systems or locations. Whilst there are notable examples 

such as Rotz et al. (2005), whose model includes weather and soil effects, few models have 

been developed to address multiple assessment areas or geographic locations, i.e., few models 

employ a generic framework or are designed to enable the upscaling of results to higher 

systems levels such as national scale. Notable examples that have employed such generic 

frameworks to model farming systems for a variety of research questions include the German 

MODAM model (Kächele et al., 2002; Zander, 2001), the Australian MIDAS model (Pannell, 

1999), the European FSSIM model (Louhichi et al., 2010; Louhichi, Kanellopoulos, et al., 

2010), and the Scottish ScotFarm Model (Shrestha et al., 2014). However these models are 

typically designed to model representative farm types based on a specific typology defined by 

some combination set of farm size, production intensity, production system (dairy, sheep, 

beef, etc.), biophysical descriptors, etc., in order to analyse grouped farms with similar 

characteristics in specific regional or agronomic zones. These generic models also typically 

apply PMP or LP approaches, the limitations of which have been discussed previously. Thus 

a gap exists in being able to model the impact of management and technological 

characteristics for a range of actual sheep farms that can be used to inform policy analysis at a 

wider national spatial scale.  

In terms of Irish agricultural production systems, Shrestha et al. (2014) developed a 

bio-economic systems model based on ‘typical’ average farms on a regional basis. Farms are 

grouped according to a cluster analysis used to select farm types that are representative of 

different farming systems in each of the regions based on NFS production data. The 

modelling framework integrated an optimizing Farm-Level Linear Programming model 

(FLLP) (Shrestha, 2004) with a crop and grass growth model parameterised for Irish 

conditions and weather data: Crop Environment Resource Synthesis (CERES) and Johnstown 

Castle Grass Model (JCM) respectively. A similar methodology has been employed in 

Scotland by Scotland's Rural College (SRUC) (Barnes et al., 2014) to estimate the impacts of 

two potential CAP reform scenarios (full decoupling and partial decoupling) on beef farmers 

in Scotland post 2015 using an optimising farm level model. The results are subsequently 
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compared to a survey of farmer production intentions plans. The model projections are in line 

with intentions and the imposition of economic rationality on farm decision making is thus 

deemed appropriate. 

At a European scale, the Farm Accountancy Data Network has been employed to 

develop integrated systems models at a disaggregated scale (Janssen, 2010; Louhichi, 

Kanellopoulos, et al., 2010) and using geo-referenced data (Green et al., 2013). However, 

these types of models typically have less realistic physical process descriptions than the single 

farm systems model. In particular, they lack the capacity to relate farm level outcomes to 

localised farm environmental conditions. 

Bioeconomic systems modelling has the potential to link biophysical farm level 

characteristics to financial outcomes across the national distribution of sheep farms. Bio-

economic systems models facilitate the integration and synthesis of knowledge from many 

areas of research including economics, animal nutrition (growth and feed utilisation) 

grassland science, crops and farm management. In the context of the present study, a systems 

approach has the potential to capture farm level livestock performance and nutritional 

demand, farm management practices, fluctuations in grass availability, animal demographics 

(stocks and flows) and resulting stocking rates. These management and biophysical 

relationships represent key drivers (together with input and output price volatility estimates) 

of farm profit. Thus, at the core of the modelling system proposed in this thesis is a bio-

economic farm systems simulation model that takes account of agronomic conditions and 

management practice at farm level in order to relate financial outcomes to biophysical 

processes across the range of heterogeneous (sheep) farms.  

In order to create a farm systems model which can evaluate management performance 

at the farm level whilst being representative at regional or national scales for policy analysis, 

significant data requirements must be met. It is proposed here that the Teagasc National Farm 

Survey (NFS) provides a consistent panel dataset of sheep farms with sufficiently detailed 

production and financial data to accurately describe the agronomic, system, and animal 

demographic characteristics of farms that is representative at a national scale. In particular, 

this framework has the potential to provide an integrated assessment necessary to take 

account of the clear trade-offs emerging between divergent international environmental 

policy priorities on the one hand (EC, 2009), and expansionary domestic agriculture policies 

on the other (DAFM, 2015a). 
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1.5.3 Multi-Functionality of Production Systems 

The 2001 ‘Gothenburg Council’ added the environmental pillar to the Lisbon strategy as its 

'third pillar', the others being economic and social reform, thus enshrining environmental 

protection as a guiding principle in all future EU policies. Previous to this shift in policy 

focus, the 1992 McSharry reforms had increased the distortionary impact on the livestock 

sectors through the introduction of coupled livestock payments. For the sheep sector, these 

headage based payments incentivised increased sheep production on more marginal farming 

land types such as lowland and upland commonage and ultimately resulted in overgrazing, 

soil erosion and habitat damage (Buckley et al., 2008).  

Subsequent successive CAP reforms have sought to reduce these distortionary policy 

effects and make EU agriculture more environmentally sustainable whilst having a greater 

market orientation. This was particularly evident with the decoupling of subsidy payments 

from production in the 2005 Agenda 2000 Mid-Term Review and the move towards 

‘greening’ measures under Pillar I supports, as announced in the 2013 reform. Indeed, the 

European Model of Agriculture has clearly been moving away from Direct Payment (DP) 

support for production toward the enhancement of the multi-functionality of farming systems 

and the provision of nonmarket goods desired by taxpayers and consumers (Boyle, 2009). 

Reflecting this shift in policy focus has been the accompanying shift in funding from Pillar I 

production supports to Pillar II rural development (Boyle, 2009).  

It is worth noting, however, that this approach has been reversed somewhat in the 

most recent 2013 reforms with European Commission proposals to target the development of 

further greening measures in future CAP reform through associated mandatory cross 

compliance measures under Pillar I (Matthews, 2013). The argument here is that Pillar I 

payments linked to mandatory cross compliance are more effective at covering the breath of 

European Community land area than voluntary Pillar II agri-environment and rural 

development schemes. Either way, there is a clear move toward supporting the integration of 

environmental objectives and the concept of multi-functionality in future CAP reform across 

both pillars. 

The ‘Cork Declaration’ (European Conference on Rural Development, 1996) laid the 

foundations of EU rural development policy with a 10 point Rural Development (RD) plan.  

20 years on, the ‘Cork Declaration 2.0’ drew a new list of priorities for a vision of rural areas. 

Building on the original policy document that proposed sustainability and the concept of 



 53 

multi-functionality at the centre of rural development policy, three new policy priorities have 

been added: 

 Encouraging climate action 

 Fairness in the food chain 

 Overcoming the digital divide 

 

These policy developments pave the way for the future direction of European agricultural 

policy and the associated public funding requirement to support sustainable farming practices 

and the preservation and enhancement of natural resources, biodiversity and cultural 

landscapes, and climate mitigation. In the context of this study, therefore, a fully integrated 

systems approach is required to model sheep production in order to take account of the multi-

functional aspects of farming systems and to evaluate the full range of farm environmental 

outputs beyond basic measures of livestock output (meat and wool) and financial return.  

Sheep production is highly integrated with the natural environment and a systems 

approach can account for this by describing the biophysical processes at farm level. In 

particular, in the context of climate change (the most pressing environmental challenge facing 

agriculture), a systems approach can link a detailed description of farm level input use and 

output production to technical coefficient and emissions factors developed through 

interdisciplinary research (IPCC, 2006) in order to estimate the carbon footprint for the 

national distribution of sheep farms. 

Changing land-use patterns and the increasing policy focus on climate change and GHG 

emission reductions have the potential to alter the future farm level profitability and 

sustainability of sheep farming enterprises (Morris, 2009). The description of Irish sheep 

farming highlighted the significant heterogeneity of production systems, particularly the clear 

distinction between lowland farms and more extensive upland farms.  Where the focus for the 

lowland sheep sector is on attaining competitiveness in terms of returns per labour unit with a 

product that meets consumer requirements, the products of hill farms include a diverse range 

additional non market and public goods. Indeed, within the literature there is a growing 

recognition of the need to support hill enterprise viability through compensation of its non-

market role in maintaining the hill and mountain environments (Banks et al., 2000; Hanley et 

al., 2007). If support payments were removed, then sheep farming, particularly in marginal 

upland and commonage areas, would be unsustainable for the majority of farms. Results from 

the Teagasc National Farm Survey (NFS) clearly indicate this income dependence on CAP 
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payments, particularly in marginal areas and for hill and upland farms (Hennessy et al., 

2016). Indeed, the market return from these production systems is, on average, negative and 

thus completely dependent on subsidy support.   

In Ireland, hill and upland farms are typically based on robust mountains breeds 

(Blackface Mountain and the Cheviot breeds) which can withstand harsh weather and survive 

on poorer quality herbage unsuitable for other ruminants. These traditional sheep farming 

enterprises are concentrated in severely Less Favoured Areas (LFAs), which are characterised 

by low population density and other socio-economic constraints, whilst grazing is based on 

poorer soils and steep slopes. There is a growing recognition of the importance of these 

farming systems in providing a range of ecological services and public goods, including 

landscape management, preservation of biodiversity, traditional farming systems and cultural 

heritage (Osoro et al., 2016; Plieninger et al., 2006). Therefore, a true description of systems 

outputs not only includes material products, such as meat or wool, but also the range of 

ecological goods and services.  

To address the growing policy requirement to assess the carbon and resource footprints of 

livestock farms, an LCA analysis of GHG emissions on sheep farms is developed. Whilst 

important additional multifunctional services such as biodiversity and landscape conservation 

are not the focus of this thesis, the LCA systems framework proposed here has the potential to 

account for these aspects in future developments (Ripoll-Bosch et al., 2013). 

Life Cycle Assessment LCA 

The UN’s seminal ‘Livestock’s Long Shadow’ report highlighted the large environmental 

footprint of livestock production (emissions, water use and biodiversity) and was instrumental 

in developing a research focus aimed at assessing and reducing the environmental footprints 

of livestock. In the intervening decade, agricultural farm level system models have played an 

increasingly important role in the assessment and development of sustainable livestock 

farming practices across diverse agro-ecological and socioeconomic conditions.  

Systems models can identify management options and production systems which 

deliver sustainability goals to policymakers across space and time. This requires a wide range 

of data at the individual farm level, including soil, management, climate, and socioeconomic 

information. While farm experiments require large amounts of resources they may lack 

temporal and spatial data necessary to identify appropriate and effective management 

practices. On the other hand systems models based on detailed farm survey data such as the 
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NFS have the potential to bridge this gap and provide policy evidence representative at a 

wider (national) scale. NFS panel data provides a temporal dimension by taking account of 

changing farm practice and structure over time and in response to market, policy and 

exogenous environmental (weather) stimuli. Furthermore a geo-coded reference for NFS 

sample farms provides the potential to explicitly consider the impact of agronomic handicap 

(or otherwise) on the financial and technical performance of farms. 

In this thesis, it is proposed that the livestock systems approach, discussed in the 

previous section, be extended to perform a Life Cycle Assessment (LCA) of the environment 

outputs from Irish sheep farms. LCA is an established and standardised method to evaluate 

environmental impacts across the life cycle of a production system and has been widely 

applied to livestock production systems, in particular the carbon foot printing of agricultural 

outputs (Edwards et al., 2008; Yan et al., 2011). While there are various frameworks for 

performing (LCA) the primary and globally accepted standard is the ISO standard comprise 

14040:2006 and 14044:2006 (Matthews et al., 2015). These standards specify provide 

guidelines for life cycle assessment (LCA) including: definition of the goal and scope of the 

LCA, inventory analysis (LCI) and implementation. In this context, a carbon footprint (CF) 

analysis represents a single-issue LCA which can be extended to account for a multitude of 

additional environmental outputs, such as water use, land use, acidification, energy use, 

eutrophication, etc. (Murphy et al., 2017; Schmidinger et al., 2012; Thomassen et al., 2008).   

Climate change is the most pressing international policy challenge to the sustainability 

of livestock production systems. To address this, a LCA analysis of GHG emissions from 

sheep production is required to estimate the CF for the full distribution of sheep farms. This 

integrated assessment approach requires the linking of biophysical livestock and crop 

modules from a systems model with external emissions coefficients from the IPCC (IPCC, 

2006) and EPA (to reflect Irish production conditions) (Duffy et al., 2017). This is an 

approach which has been widely used to extend the analysis of Irish farm level production 

systems models in the past to provide an environmental account of GHG emissions (O'Brien 

et al., 2016). However, as discussed, these models are typically designed to model 

representative `hypothetical’ average farms where the descriptions of biophysical processes 

are based on experimental data. Therefore, these approaches are less appropriate for policy 

analysis, which is better informed through the assessment of outcomes for the distribution of 

actual  farms, taking account of the range of environmental conditions and management 

practices. 
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The Teagasc Lamb Production Model (TLPM) (Bohan et al., 2016) has been used to 

provide an economic analysis component to other systems research in the form of a life cycle 

analysis (LCA) comparing the GHG emissions of a hypothetical high output stylised sheep 

production system based on experimental data and that of ‘representative’ average farms 

(O'Brien et al., 2016). Integrating evidence on agriculture emissions from Environmental, 

Soils, livestock and Land Use research with production outputs from farming systems models 

enables the simulation of emissions on a per unit output basis. In line with numerous other 

studies in the literature, O’ Brien et al. (2016) identify intensification as a strategy that 

increased both the productivity and environmental performance of pasture based sheep 

production systems in terms of their carbon footprints.  

Similarly the GBM has been extended to form an updated environmentally focused 

model of GHG emissions for beef production systems. (Foley et al., 2011) describes the 

environmental sub model based on emissions coefficients from the IPCC (1996) that is 

combined with the GBM to form the BEEF systems Greenhouse Gas Emissions Model 

(BEEFGEM). The GHG emissions simulation subcomponent is used to estimate the 

emissions associated with alternative production systems and activity levels for pastoral beef 

farms. GHG emissions were modelled for five contrasting beef production systems, one based 

on ‘typical’ average farm conditions and four based on research farm conditions. Results 

showed that bull beef production systems demonstrated the lowest GHG emissions per kg of 

beef carcass produced, which were also the most profitable under the prevailing price and 

cost and conditions applied. Results highlighted that the improved emissions efficiency of 

bull beef systems were related to their increased animal performance reflected in higher 

average lifetime daily weight gain.  

1.5.4 Value Chains – Linking Farm Level Production and the Wider Value 

Chain 

The focus of the discussion in the previous sections was on providing insight into the resource 

allocation behaviour of individual decision makers at a micro or farm level. The discussion 

was thus framed in the context of a farm level, microeconomic analysis of the sheep sector. 

However, it is a stated research objective of this thesis, to assess the impact of the current 

National agricultural development strategy (FW 2025) which is based upon key value added 

and industry wide growth target. Thus the macroeconomic context in terms of the wider 
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economic and environmental impacts across the entire value chain for all agricultural sectors 

also needs to be taken into account.  

Macroeconomic analyses can be seen to address questions about how producers and 

consumers interact in a society at a national level and what is the role of government policy in 

answering fundamental questions such as: (1) What should be produced?; (2) How much 

should be produced?; (3) What are the resultant income and employment distribution effects? 

(Debertin, 2012). While FW 2025 national agriculture policy aims to provide a coherent 

strategic direction for the agricultural sector, it falls short in fully quantifying the 

expansionary production pathways necessary to achieve an envisaged 65% increase in output 

value. As such, FW 2025 fails to answer these fundamental societal questions about the 

potential macro-economic impacts of agricultural expansion across the entire value chain.  

In addition, FH 2020 and FW 2025 strategy documents, and their accompanying 

Strategic Environmental Assessments (SEA), do not fully take account of the multi-

functionality of agricultural production systems. Neither do they provide substantive evidence 

of the clear environmental challenges inherent in meeting ambitious expansionary strategies, 

in particular the challenge of meeting binding GHG emissions targets. Indeed, the prospect 

that dairy cow numbers might expand by more than 30% (one of the suggested outcomes 

under a high expansion FW2025 strategy) is not assessed by the FW 2025 SEA. Instead the 

report merely states that ‘any increase in total livestock numbers may limit ability to comply 

with national emissions ceilings particularly in relation to NH3’.  The fact that dairy 

expansion surpassed this ‘high’ level of growth two years early in 2017, and that this is being 

directly attributed to rising GHG emissions from agriculture, highlights the need for solid 

integrated ex-ante policy assessment (Duffy et al., 2017).  

Previous discussion framed the development of FH 2020 against the backdrop of 

economic recession, whilst the evolution to FW 2025 was framed in terms of the growing 

recognition of the contribution of agriculture and agri-food exports to subsequent economic 

recovery. At the same time, the agriculture sector dominants the Non ETS GHG emissions – a 

situation which could be exacerbated if further growth in agricultural production and agri-

food exports is delivered. Therefore, a strong interdependence or coupling between economic 

and environmental outcomes is established for Irish agriculture, highlighting the need for an 

analysis of the economy-wide impacts on output and associated GHG emissions of FW 2025 

growth strategies. 
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There are a number of previous research examples which have investigated the 

apparent trade-offs required to balance potential competing macroeconomic agricultural 

strategic targets and competing environmental policy objectives. These studies, based on 

macroeconomic models and associated theoretical underpinnings, are defined below before a 

suitable extension to the literature is proposed to meet the objectives of the current study. The 

two main macroeconomic approaches to modelling the economy wide impact of policy 

reform as applied in the modern empirical literature are Applied General Equilibrium (AGE) 

and Partial Equilibrium (PE) modelling approaches. The focus of the discussion here will be 

on AGE approaches, Input-Output (I-O) and Computable General Equilibrium (CGE). While 

econometric PE approaches are commonly applied to single commodity or multi commodity 

studies, GE models apply a system based approach to account for the economy wide direct 

and indirect effects of policy shocks. AGE approaches are therefore proposed as more 

appropriate in the context of estimating the impact of meeting FW 2025 targets, where 

economic and environmental impacts will be felt across the entire value chain and not just by 

a single sector.  

I-O Models 

There are two main applied GE modelling approaches in the empirical literature, Input-

Output (I-O) and Computable General Equilibrium (CGE).  I-O models are derived from the 

National Accounts based on Supply Use Tables SUTs as published by the (CSO, 2014). This 

data enables the national economy to be represented by 3 interlinked components: the matrix 

of intermediate input coefficients (the level of input from goods to produce other goods), 

value added (other inputs to production processes including wages and taxes), and final 

demand (the value of goods use directly by households or government). The national (or 

multi-region) economy structure is represented by combining these components into a system 

of linear equations that account for each sector’s output and maps where it is consumed in the 

economy. Accordingly, all economic sectors are interlinked and change to one part of the 

economy will trigger an adjustment process throughout the system. 

Input-output analysis essentially applies a theory of production, based on a particular 

type of production function. Accordingly, these production functions can be seen to capture 

the technological relations described by the I-O tables where combinations of inputs and 

outputs describe the productive processes of the entire economy. As such, I-O models do not 
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explicitly apply a theoretical construct of optimizing behaviour to economic sectors faced 

with alternative allocation choices, as is the case with CGE approaches. 

In the case of agriculture and FW 2025, a targeted increase in final demand for sheep 

meat is expected to increase agricultural sheep sector output and associated demand from 

upstream input supply sectors (change in factor requirements), while output from downstream 

transport and processing sectors would also be expected to increase. IO models can thus 

measure total direct and indirect economic output, employment and value added impacts 

broken down by sector across the economy wide value chain.  

Recent international and Irish empirical applications of the I-O modelling framework 

include: a multi-region model to estimate the carbon footprint of UK Households (Druckman 

et al., 2009); an I-O model of sectoral water consumption for Andalusia, Spain (Velazquez, 

2006); a multi-region I-O model to assess regional energy requirements and CO2 emissions in 

China (Liang et al., 2007); a multi-region input-output model to assess the economic cost of 

storm Katrina in the US (Hallegatte, 2008):  an I-O model to assess the economic  impact of 

the BSE crisis on NI (Caskie et al., 1998); an I-O model to assess the value of the Irish 

forestry sector (Dhubháin et al., 2006); an I-O model of the Irish bio-economy to assess 

national agriculture and marine growth strategies (Grealis et al., 2015).  

CGE models  

Most of the recent global analyses are based on computable general equilibrium models. 

These models can be seen to extend the I-O tables to a description of non-market flows 

between households, governments and foreign institutions. This is referred to as the 

Accounting Matrix (SAM), and originates from the work of Stone (1961). CGE models take 

the extended IO database (SAM), and apply neoclassical optimising behaviour in responses to 

price changes to calibrate a system of equations. The magnitude of these responses is 

estimated by econometric techniques or calibrated using certain functional forms . These 

estimated elasticities are subsequently used as model parameters (demand elasticities, 

substitution elasticities between inputs in production, substitution between different sources 

of supply such as domestic production vs. imports). Many CGE models apply the GTAP 

database – a global database maintained by a consortium of government agencies and 

international research institutions. There is also a GTAP model which has been widely 

applied to assess (early to mid-2000s) the effect of an agricultural agreement and potential 

further trade liberalisation under the Doha Round (Bouët et al., 2005). 
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Recent CGE models developed for the Irish agriculture sectors include IMAGE (Irish 

Model of Agriculture, General Equilibrium), a CGE model based on a SAM for Ireland which 

disaggregates the agriculture forestry and fishing sectors. Agri-food SAM  (Irish Model of the 

Agri-food processing sector) develops the IMAGE model by disaggregating the agri-food 

processing sector. A regional general equilibrium model of Northern Ireland (Minihan, 2012) 

has also been developed. All of these are comparative static models, used to estimate the 

impact of policy adjustment on the economy relative to a baseline description as captured by 

the national accounting SUTs tables for a given reference year.   

Applications of these models include analysis of the agri-food output, employment 

and environmental impacts of FH 2020 expansion plans against the backdrop of  Climate 

Policy Constraints (Miller et al., 2014) ;  analysis of household impacts of WTO trade policy 

reform in Ireland (Miller et al., 2011) ; the economic and environmental impacts of GHG 

mitigation strategies in NI (Minihan, 2012). Matthews and Walsh (2006) apply the Global 

Trade Analysis Project (GTAP) model to estimate the economic impacts for Ireland of greater 

trade liberalisation for Ireland as a potential outcome under the Doha Round.  

Comparing both AGE approaches, the SAM provides more information than the I-O 

tables about receipts and expenditures for households and can better measure the 

distributional impacts of economic policy. However the data requirements for compiling a 

SAM are also more challenging, while extending a SAM to a CGE analysis requires bolder 

behavioural assumptions compared to IO analysis. For example, it is assumed that the 

economy is in equilibrium in the base year, which is often determined by data availability 

(Jones et al., 2016).  

The major limitations of IO models, on the other hand, relate to the validity of a 

number of its key assumptions. In particular I-O analysis assumes “Leontief” production 

technology whereby factors of production will be used in fixed (technologically pre-

determined) proportions with no substitutability between factors. Thus it can’t inform how 

technical coefficients would change with changed conditions, instead, economic agents 

respond in fixed proportion to a change. Thus alternative production technologies which have 

may exhibit different level of production efficiency and carbon footprints can’t be taken into 

account. Instead the behaviour of each agent takes a linear form, such that substitution 

responses to changes in relative prices are not captured (Miller et al., 2009).  
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Accounting for environmental externalities - GHG emissions 

One approach to account for the emissions associated with output changes resulting from a 

policy shock is to link a GE model with an established PE model for the agricultural sector. 

Britz et al. (2011) combine the commonly applied European wide GTAP CGE model and 

CAPRI, PE, FADN based model to determine the economic and environmental impacts of the 

EU biofuels directive respectively. Similarly Miller et al. (2014) link the FAPRI, PE, 

NFS/FADN based model and AgriFood-SAM CGE model to determine the economic and 

GHG emissions outputs associated with Food Harvest 2020 targets. However, applying a PE 

model to calculate the agricultural outputs and emissions associated with FW 2025 targets 

fails to account for all indirect inputs to agriculture production systems and associated 

downstream environmental and economic impacts across the entire supply chain. 

Accordingly, the extension of an economy wide GE modelling framework which directly 

accounts for emissions associated with output flows is proposed as a more suitable approach 

in this thesis.   

One such alternative approach is to extend an I-O analysis to account for the 

emissions associated with production. I-O analysis was first extended to addressing 

environment concerns by the architect of I-O analysis, Wassil Leontief. Leontief (1970) 

proposed that changes in negative environmental outputs, i.e., pollutants, can be associated 

with changes in the final demand for production as captured by the I-O tables. The difficulty 

in adapting this approach to agriculture is due in part to the heavy aggregation of the 

agriculture sectors and wider food supply chain in the I-O tables. To meaningfully describe 

the flow of emissions from output activities in this study requires a highly disaggregated agri 

sector. The SUTs for the most recent set of National Accounts, however, includes the 

agriculture sector as part of the NACE sector ‘Agriculture, Forestry and Fisheries’. In the 

absence of a disaggregated table, it would be challenging and less meaningful to assign 

emissions factors to sectoral outputs, given the extreme heterogeneity of product outputs 

associated with the broad sector delineation. Therefore, it is proposed here that the most 

appropriate approach to extending the environmental account to the agriculture sector is 

through the allocation of national emissions inventory data (Duffy et al., 2017) to the set of 

disaggregated agriculture sectors (including the sheep sector) and other industrial sectors as 

defined in the economic I-O tables of the Bioeconomy Input Output (BIO) model (Grealis et 

al., 2015). This enables the derivation of a vector of emissions coefficients expressed in CO2 
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equivalents per monetary unit of output, where CO2 equivalents are based on 

Intergovernmental Panel on Climate Change (IPCC) Global Warming Potential (GWP). Thus 

the sheep sector and other “disaggregated” agriculture sectors can be analysed in terms of 

their economic and environmental contribution at a national spatial scale. 

The disaggregation of the Agriculture I-O tables is not a trivial matter and represents a 

significant piece of work in its own right. To this end, the Irish Bioeconomy model (BIO) has 

been designed specifically to examine the agri-food sector in detail and to describe value 

chains for use in Life-Cycle Analysis of GHG emissions in the context of FW 2025 sectoral 

expansion (Grealis et al., 2015). The BIO I-O model is thus proposed in this study as the most 

suitable modelling framework which can be adapted and combined with environmental 

resource use (emissions) coefficients. By examining the impact of a set of feasible increased 

FW 2025 agricultural output scenarios, the BIO framework can be applied to simulate the 

potential economy wide impacts on output and GHG emissions. This approach represents the 

first application of the BIO model to the task of modelling GHG emissions from agriculture 

where I-O tables detail the comprehensive set of linkages that exist between the disaggregated 

agriculture commodity sectors and the rest of the national economy. 

In Section 1.5.6, an overarching conceptual framework is proposed for an integrated 

assessment model of Irish sheep production systems which links micro farm level decision 

making and input resource allocation decisions to macro level economic and environmental 

outputs across the agriculture value chain. Furthermore, this approach has the potential to 

identify the key sectoral commodity linkages that add value in the life cycle of sheep meat as 

it makes its way through the economy from farm to fork. This work can thus contribute by 

providing an accurate description of the Irish Sheep Meat Value Chain. While analysis of the 

dairy and beef value chains has been performed in the past (Heery et al., 2016) no such 

analysis has been performed for sheep meat to date. 

1.5.5 Data Requirements  

The bioeconomic modelling framework discussed in this chapter requires accurate description 

of sheep production systems, including important biophysical processes. While the proposed 

model has potential applications to assess farm management practice, unlike the MDSM and 

GBM, its principal research context is in the simulation of the farm level implications of 

policy reform. In this regard, the Teagasc NFS (Hennessy et al., 2016) provides a nationally 

representative sample of farms which avoids bias and facilitates the linking of micro and 
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macro analysis. Describing production systems using NFS data, as opposed to experimental 

data from research farms, has a number of important advantages: 

- Nationally representative 

Unlike representative whole farm models, which specify their model according to 

`hypothetical’ or `average’ representative farms, the NFS describes actual farms 

through a nationally representative sample. Key biophysical and management input 

data are recorded for the distribution of sheep across the range of site specific 

environmental and agronomic conditions, facilitating the linking of micro farm level 

analysis to the national spatial scale. 

- Spatially representative 

The NFS has a geo-coded reference for sample farms providing the potential to 

explicitly consider the impact of agronomic handicap (or otherwise) on the financial 

and technical performance of sheep farms.  

- Exogenous Environmental factors.  

This framework allows the assessment of the impact on profitability of exogenous 

attributes such as socio-demographic characteristics of the household, off-farm 

employment and environmental characteristics.  

- Temporal Dimension.  

The NFS provides an unbalanced panel of nationally representative farms from 1977. 

The farm level temporal dimension can thus be taken into account in terms of 

evolving farm management practice (technological progress) and financial 

performance in response to market, policy and exogenous environmental (weather) 

stimuli.  

It is proposed here that the NFS provides a sufficiently detailed farm level production dataset 

to specify a systems model which can describe individual farm level production and which is 

scalable for national population of farms for policy analysis. In the following section, a 

conceptual framework is presented which determines the specific areas of focus for the 

description of an integrated sheep systems analysis which can meet the assessment objective 

as previously set out.  
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1.5.6 Conclusion – Towards a Conceptual Framework 

This chapter proposes a modelling framework to support integrated analysis of agricultural 

systems and the impact of changing policy reform or farm management practice on economic 

and environmental farm level outcomes. Specifically, this framework is developed within the 

context of a review of Irish Sheep production systems. Accordingly, a conceptual design is 

developed in light of the challenges posed by the evolving policy move towards sustainable 

and efficient production and the farm level structural and technical production constraints 

under which these farms operate.  

An important feature of this systems framework is that it is designed to model actual 

farms where simulated response to policy is scalable to higher systems levels, thus making it 

more appropriate for ex-ante policy assessment. Integration of a systems model with the BIO 

modelling framework provides a means of linking the sheep sector to the other disaggregated 

agriculture sectors and wider economy. Farm level (micro) response to policy reform can thus 

be reflected in the economic and environmental impacts of production decisions at the macro 

sectoral and wider economy levels.  

The use of models in system research is aimed at characterising and understanding the 

interactions that occur between components at the production system level. Key model 

components in the farm simulation model developed in this thesis are represented in the 

Schematic Diagram (Figure 1.11) below. The three sub models of the farm level systems 

model include: 

- Animal Production Activities  

- Animal Nutrition 

- Environmental Outputs 

The enterprise system boundary is represented by the dashed rectangular box. Inside this box 

is the full list of activities captured by NFS enterprise data and used to describe the sheep 

production system. Within the hatched rectangular box are the foreground processes 

associated with sheep rearing and feeding as well as crop and forage production. Input 

purchases that are used in the foreground production processes are depicted by the ovals and 

include purchased feeds, pasture and crop inputs and animal replacements. The outputs from 

the system are captured in terms of financial performance and environmental emissions 

(GHG emissions). Farm gross margins are calculated for the enterprises by deducting the 

direct cost of production from the sum of revenues of final product outputs/sales plus single 
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farm payment. Note the emissions associated with manufacture and transport of inputs are 

accounted for in the LCA and are thus linked directly to the ‘Environmental Outputs’ in the 

diagram. These inputs will also be accounted for indirectly through emissions associated with 

their transformation in the production process, e.g., ammonia emissions from soil associated 

with the application of purchased synthetic Nitrogen fertilisers. In this depiction, everything 

inside the hatched box can be thought of as the farm and the farm processes, with everything 

outside being a market. The information captured by the systems model can be seen to 

provide input to the BIO model and inform the production description of the sheep sector and 

the disaggregation process of the wider Agriculture sector.  

A number of economic models of production are specified in the following three 

analytic chapters. Each chapter can be seen to contribute to the development of a farm level 

modelling subcomponent proposed above and building towards a comprehensive integrated 

systems framework which links information from all three areas to provide data to a sectoral 

description sheep farming in chapter 5  (Figure 1.11).  

Chapter 2 describes the ‘Animal Nutrition’ component of the systems model. This is 

applied to assess the factors influencing flock nutrition management practices across the 

distribution of sheep farms. The model integrates information on livestock inventories and 

activities to take account of monthly animal activities and investigate whether lambing date is 

statistically associated with concentrate demand. The use of NFS data here enables the 

analysis to be extended to take account of spatial difference in lambing date across regions 

and its effects on concentrate use. 

Chapter 3 describes the ‘animal demographics’ or livestock activities subcomponent 

which is applied to estimate the impact of an improved efficiency simulation on farm income. 

Econometric simulation techniques are employed to estimate the potential impacts on farm 

output and gross margins for a series of improved animal performance scenarios. The NFS 

provides a detailed breakdown of livestock activities through the extraction of check tables 

data not previously employed for research purposes. Positive econometric techniques are 

employed to simulate improved animal performance scenarios in terms of weaning rates, 

which are achievable through specific technology adoptions and which are in-line with 

national policy objections for the sector as set down under Food Harvest 2020.  

Chapter 4 describes the ‘environmental component’ of the model by performing a Life 

Cycle Assessment (LCA) of Irish sheep farms to account for GHG emissions and land 

occupation. The NFS provides detailed production data on factor input use and production 
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output. Combining well defined equations from the LCA literature and IPCC guidelines for 

national GHG inventories (IPCC, 2006) with farm level activity data, carbon footprints are  

estimated for the national distribution of sheep flocks. Farm level activity data is provided by 

building upon the production descriptions developed in Chapter 2 and 3. ‘Animal activities’ 

here represent the weighted number of animal stock categories which match with well-

defined biological functions for feed demand and waste production to determine emissions 

output for a production year. Input use is taken from the animal feed / Crops submodel, which 

enables the calculation of emissions from upstream input production (e.g. Carbon Dioxide 

emissions from the production of diesel, fertiliser, pesticides, etc.) and the emission 

associated their subsequent transformation through on-farm processes (e.g. ammonia 

emissions from the interaction of fertiliser applications with the soils, carbon emissions from 

on farm combustion of fuel used for machinery operation, on farm combustion of fuel 

through machinery operation, etc). 

Chapter 5 takes data generated in the three previous farm level systems applications to 

determine input use and output supply from sheep farms. These results are scaled to be 

representative at the national economy level and used as input to the Bioeconomy Input-

Output (BIO) model for Ireland, adapted here to simulate the environmental and economic 

impacts of meeting FW 2025 growth targets. To achieve this, the BIO model is extended to 

take account of GHG emissions. In the context of potentially conflicting economic and 

environmental policies for Irish Agriculture, a scenario analysis assesses the trade-off 

between increased GHG emissions and economic activity arising from agriculture sector 

expansion.  

This chapter proposes a conceptual modelling approach to analyse Irish Sheep 

production systems which takes account of the inherent heterogeneity of production systems, 

farm management and environmental conditions for the distribution of farms. The generic 

farm level systems framework has the ability to simulate the environmental and economic 

impacts of change in both farm management practice and farm policy change and is 

applicable to alternative farm enterprises as recorded by well-defined accounting definitions 

in the NFS. Production system models for Beef and Dairy enterprises can thus be developed 

and, together, results can be scaled to national sector disaggregations and integrated into the 

National BIO modelling framework. In the following chapter the animal demographic sub 

model is developed and applied to simulate the impact of achieving improved technical 
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performance in the breeding flock in line with national policy objectives for the sector as 

established under FH2020 (DAFM, 2010).  

 



 

68 

 

Figure 1.11 Schematic Diagram of Sheep Systems Bioeconomic Model   

Data sources and Interaction with Macro Economy IO Model 
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2. CHAPTER TWO: ECONOMIC FACTORS AFFECTING 

CONCENTRATE USAGE ON IRISH SHEEP FARMS 

International Journal of Agricultural Management, 3(4), 243-252. 

2.1 Introduction 

The evolution in agricultural policy described in Chapter 1 has altered producer priorities in 

terms of farm structure and consequently farm management practices. Over the past 30 years, 

high product prices in the EU have encouraged systems with high inputs of concentrate feed, 

fertiliser, machinery and associated labour inputs, particularly in the beef and dairy sectors 

(Dillon, 2007). Sheep production has in general continued to remain relatively extensive in its 

nature. With successive CAP reforms and GATT agreements, production systems have been 

required to account for, on the one hand, environmental concerns, particularly in the context 

of hill sheep farming on commonages (Buckley et al., 2008) and on the other, reduced 

product prices. This has led to a growing emphasis on production efficiency per unit of 

output. Thus, to improve profitability on sheep farms, production costs must be examined as 

closely as flock performance (Flanagan, 2001). In this regard, Irish conditions for biomass 

production have been identified as having the potential to afford producers a competitive 

advantage (O'Donovan et al., 2011).  

While climatic conditions and thus grass growth vary widely within Ireland, grass has 

been shown to grow more regularly from spring to autumn in Western Europe (UK, Ireland, 

Normandy in France) relative to other European regions where grass growth is limited in 

summer or the grazing season is quite short due to long cold winters (Brereton, 1995; Dillon, 

2007; Drennan et al., 2005). As with dairy and beef, systems of Irish sheep production have 

been developed to exploit this natural advantage with the aim of increasing profitability by 

reducing costs through increased pasture utilization in the diet of the ewe. Consequently, mid-

season lowland production as detailed in the Chapter 1 is the predominant system on Irish 

sheep farms with most sheep lambing in the spring to target grazed grass input as the cheapest 

source of nutrition. Maximising grass utilisation and minimising concentrate input can 

enhance the competitiveness of pasture-based systems of production, whilst also preserving 

the rural landscape and promoting a clean, natural, image  (Flanagan, 2001; Dillon, 2007; 

Gottstein, 2007; O'Donovan et al., 2011).  
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Results from Teagasc’s eProfit Monitor Programme and the review of sheep farms in 

the National Farm Survey (Chapter 1) clearly show that sheep production enterprises with 

well-developed grassland management practices can return gross margins that compare very 

favourably with other drystock enterprises (Teagasc, 2012, B, 2012, C) Other important 

empirical findings highlight the number of lambs reared per ewe joined, stocking rate, and the 

level of concentrate feeding to ewes and lambs are key drivers of profitability and technical 

efficiency on Irish sheep farms (Diskin et al., 2012). 

With the general trend of sheep output and associated financial returns in decline since 

the early nineties, there is a growing focus on cost reduction strategies in order to maintain 

viable producer incomes. In this regard, the low cost of grazed grass relative to silage and/or 

concentrates is of central importance to maintaining and improving profit margins. However 

no previous farm level systems model of the sheep sector has investigated the factors 

influencing farmer production decisions across the breadth of farm systems, sizes and 

environmental conditions, As a step towards addressing this information gap in the current 

research literature, this chapter proposes a model of the factors affecting concentrate usage on 

Irish sheep farms in light of a review of farm production profiles from Chapter 1. This chapter 

describes the ‘Animal Nutrition’ component of the farm level systems model as proposed in 

Chapter 1.  

The use of nationally representative data enables this study to take account of the 

actual management choices being made on Irish farms and thus inform the interpretation and 

direction of farm management research, extension information and dissemination. 

Specifically this analysis will investigate the impact of price effects and management 

practice, including seasonality of production as well as farm environmental factors. This 

study will therefore explicitly investigate whether concentrate use varies depending on the 

choice of breeding cycle and whether these seasonality of production effects vary across 

regions. To do this a 2 step (Heckman) Random Effects panel data model of concentrate use 

is specified using NFS variables and log linear functional form based on production theory. A 

second model specification is proposed to investigate whether there are significant differences 

in concentrate demand across regions. 

The following section highlights the importance of the grazing resource for pastoral 

based Irish sheep production. 
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2.1.1 The grazing resource 

Chapter 1 highlighted that stocking rates on Irish grassland farms are low considering the 

high growth potential, whilst there is an associated overreliance on expensive supplementary 

feeding. As such there is significant potential to increase output per ha by improving technical 

performance (Connolly, 1997b). Higher stocking rates and consequently higher output is 

possible through better grazing management and increasing grass utilisation. Evidence based 

research points to the potential of farm management practices such as more efficient use of 

fertilizers, which have the potential to maximise grazed grass in the diet of the ruminant and 

thus minimise concentrate use to increase farm profitability and sustainability (Flanagan, 

2001). 

Figure 2.1 below charts both the nutritional supply of grass and the flock demand for a 

lowland mid-season farm for a production season. The supply and demand curves visualise 

the degree to which two key elements of ruminant nutrition interact throughout the year on an 

‘average’ March lambing mid-season lowland sheep farm. For illustrative purposes pasture 

growth curve measurements are recorded in kilograms of dry matter per hectare for three 

Teagasc research farms averaged over an eight year period (2000-2007). Moorepark is 

located in the South, Kilmaley in the West and Ballyhaise in the North of the country.  

Figure 2.1 Grass growth and feed demand for a midseason lambing flock 

Source; Grass growth curves - Teagasc research farms (2000 – 2007), Feed demand curve – adapted from 

Grennan (1998)   
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The typical pattern is low or no growth over the winter months, with significant growth 

commencing in February or March depending on location and accelerating rapidly up to peak 

growth rates of approximately 100 kg DM/ha per day and nutritional surplus (Grennan, 1998) 

in May. In line with grass growth models (Brereton, 1995; Drennan et al., 2005; O' Mara, 

2008) figure 2.1 highlights how both dry matter production potential and the grass growing 

season varies depending on farm location.  

Figure 2.1 encapsulates many of the dynamics that explain pastoral sheep 

management and the associated factors of the economics of the production system. 

Accordingly, for any given farm the relationship of the two distributions (grass supply to total 

nutritional demand) is a key determinant of the firm level production function, expressing as 

they do combinations of inputs according to a technological relationship (explicitly, the 

distribution of grass input given grassland management technology and, implicitly, 

supplementary concentrate input that is required to balance the nutrition supply of the flock 

given the chosen flock production system). 

Initial research in Chapter 1 involved building a profile of Irish sheep production 

systems using NFS data with reference to the body of past experimental production and 

economic research to inform the model of concentrate demand developed in this chapter.  The 

NFS dataset applied in this study has been described in detail in Chapter 1 and is discussed 

here in the context of its contribution to this study. 

2.2 Data and Methods 

2.2.1 Data 

Utilising the NFS in this study means that data with respect to farm types, their locations and 

production activities is readily available. Data cleaning involved the identification of suitable 

variables within the NFS to accurately capture animal demographic data. Extracting NFS raw 

data “check tables” gives a detailed monthly breakdown of animal stocks by age class.  

Monthly livestock records of lamb births, deaths, transfers, sales, purchases, etc., are used to 

build up reported aggregated NFS variables, and are extracted here and cleaned into a usable 

dataset to provide a detail production description. This data has not in the past been directly 

manipulated for research purposes and is required here to capture lamb birth dates on Irish 

sheep farms.   
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2.2.2 Methods 

This chapter uses panel data methods to model concentrate use on Irish sheep farms over time 

by employing National Farm Survey data on 710 farm observations for a three year period, 

2008-2010. While NFS data is available dating back to 1975, the detailed monthly animal 

demographic breakdowns used in this analysis re available since 2008. Using a subsample of 

the NFS means that the dataset employed is a short panel with relatively few time periods and 

many individual farms (N = 710, T= 3). Most farms have multiple observations/years and 

thus the number of farms is substantially less than 710. Use of NFS panel data enables issues 

of heterogeneity and omitted variables, measurement error, dynamics and causality under 

certain conditions to be addressed (Hynes et al., 2007).  

This study can be characterised as an input demand study based on production theory 

following the typology developed by Burrell (1989). Consequently, demand for an input, in 

this case supplementary concentrate feed, is regressed on its own and cross prices and other 

shift variables, with the results interpretable as Marshallian elasticities of demand. Implicit in 

this single equation input demand model is an underlying assumption of the profit 

maximising behaviour of producers (Breen et al., 2012; Burrell, 1989). Having constructed a 

3-year unbalanced panel of sheep farms, a random effects model of concentrate feed is 

estimated after first addressing the issue of sample selection bias.   

The list of variables specified in this model of concentrate feed use is presented in 

Table 2.1 and builds upon previous input demand studies,  current production literature and 

consultation with sheep production experts in order to verify the development of a realistic 

conceptual model. Expert consultation was applied in developing the model, including model 

specification to ensure the underlying assumptions associated with sheep production were 

deemed acceptable (Connolly, 2000; NFS, 2012). Study output was presented to production 

experts and at an international conference (Kilcline, 2012) as part of an iterative process of 

model verification and subsequently validation of model results. The dependent variable is 

concentrate use per sheep livestock units. The NFS concentrates variable captures the 

quantity of supplementary concentrate fed to sheep livestock per year. In this study livestock 

units relate to the number of sheep livestock units on farms. As highlighted in the summary 

statistics of Table 2.3, a number of farms are shown to purchase no supplementary 

concentrate feed and are thus completely dependent on forage as a source of nutrition. In this 

context the dependent variable is censored with a concentration of observations at zero 
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values. In examining only the subsample of farms who use concentrate, the issue of sample 

selection bias would arise, whereby, the unobservable factors determining inclusion in this 

subsample are correlated with the unobservable factors influencing the variable of primary, 

i.e. the level of concentrate demand (Vella, 1998). Thus failing to correct for this issue results 

in biased parameter estimates 

In the following section this chapter proposes a two stage estimator to address 

selection bias in line with the procedure first presented by (Heckman, 1976).  This approach 

involves estimation of a probit model for selection, followed by the inclusion of a correction 

factor in the model of interest. Specifically the Inverse Mills ratio is calculated from a probit 

selection model and included as an explanatory variable in the subsequent panel data model 

of concentrate use. 

Correcting for Sample Selection Bias - Heckman 2 Step Procedure  

Step 1 - Selection Equation 

With their differentiable production systems, some of which are more extensive in nature, it is 

evident that a subset of farms within the sample makes the production decision not to feed 

concentrates. In the context of this study, farms that feed concentrates thus represent a non-

randomly selected sample (649 obs) from the full set of 710 obs over the period 2008-2010, 

i.e. 91.5% of the sample feed concentrate. Modelling the factors that affect concentrate 

demand by drawing solely on the subset of farms that feed concentrate would introduce 

selection bias as it this approach would fail to take account of the characteristics of those 

farms which choose not to feed concentrates, and which may potentially exhibit an alternative 

preference structure. Accordingly, the dependent variable is censored with a concentration of 

observations around 0. In order to correct for selection bias a selection equation must first be 

estimated using the inverse mills ratio (equation 1.2).  

 

The first stage selection equation for this study can be represented as follows: 

 

Prob(Di=│Zi)=   (Ziγ)       (eq1)  

 

where: Di = ( 0 if Ziγ + υi ≤ 0; 1, if Ziγ + υi > 0)       (eq1.1) 
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Equation one represents a probit regression where D is an indicator for the probability of a 

farm feeding concentrates . Z is a vector of explanatory variables for concentrate use, γ is a 

vector of unknown parameters, and    is the cumulative distribution function of the standard 

normal distribution and υi are unobservable sources of variation in Di. Sample selection bias 

exists because E[εi|Zi, Di =1] ≠ 0. Consequently, the conditional mean for concentrate use is 

being misspecified (Vella, 1998). The assumptions must be made that εi and υi are 

independent and identically distributed and independent of Zi. Thus a probit model is used to 

regress Zi on Di and to estimate: 

 

E [εi|Zi, Di =1]  
 
 



i

i

Z

Z

'

'


        (eq1.2) 

 

Where  (.) and   (.) denote the probability and cumulative distribution functions of the 

standard normal distribution. The term on the right hand side of (equation 1.2) is known as 

the Inverse Mills Ratio (IMR). Calculation of the IMR is the first step in the two step model. 

The second step involves calculating a panel data model of concentrate demand corrected for 

selection bias through inclusion of the IMR as an explanatory variable in the vector of 

explanatory variables Xit (equation 2).  

The variables contained in the vector of explanatory variables for the selection 

equation Zi (equation1.2) and those of the second stage panel data model Xit (equation2,) are 

overlapping but not identical. Xit includes the IMR which accounts for selection bias as 

specified in (equation 1.2).  Zi on the other hand contains a variable for weaning rate, which 

is not in Xit. The weaning rate variable acts as an exclusion restriction which is required to 

generate credible estimates: i.e. it is applied here as an instrumental variable whereby it 

appears with a non-zero coefficient in the selection equation but does not appear in the 

equation of interest. Given the production system most likely employed by those “non using” 

sheep farms, i.e., farms which do not use concentrate feed, the derived variable weaning rate 

is proposed as a suitable identifier for the selection equation. Farms with productive ewe 

flocks can be guaranteed to witness seasonal surges in nutritional requirements. Farms with 

alternative production systems, on the other hand, such as farms which may have a significant 

hogget rearing enterprise, are expected to have low weaning rates and be more extensive with 

lower concentrate demand (Hoyne, 2001).  The weaning rate therefore is proposed to impact 

upon the first stage decision but not level of demand for concentrate, the second stage. This 
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inclusion of an extra variable in the first step acts as an exclusion restriction and helps to 

avoid collinearity problems between the IMR and other independent variables in Xij (Greene, 

2003). The choice of panel data estimator for the second stage equation is now described. 

 

Step 2 - Demand equation - Random Effects Panel Model corrected for selection bias 

Exploiting the panel nature of the National Farm Survey, this chapter estimates a panel data 

random effects model (Howley, 2012). In terms of the choice of panel estimator, fixed effects 

allow the individual component to enter through the intercept whereas random effects have 

the individual component entering through the error term (Uit the idiosyncratic error term). 

Thus a panel rather than a pooled specification is preferable, as the error component for 

individual farms in the NFS is correlated across years.  

The fixed effects estimator uses within group variation in estimation. The random 

effects estimation, on the other hand, weights within and between group variation according 

to where the variation in X and the variation in the error term lie. Whilst performing a 

Hauseman test on model results suggested using a fixed effects estimator, doing so caused 

observations to drop out of the sample due to the time-invariant nature of relevant variables 

over the reference period (Dillon et al., 2015; Hynes et al., 2009). Only within effects can be 

estimated (that is, the lower-level relationship net of any higher-level attributes), and so 

nothing can be said about a variable’s between effects or a general effect. The fixed effects 

estimator which uses within group variation in estimation is less appropriate here as the 

parameter estimates are not identifiable for time-invariant variables which are directly 

relevant to the research question here. The choice of random effects estimator in the current 

study is thus in line with the rationale previously developed in Hynes et al. (2007) and Bell et 

al. (2015). Accordingly the choice of random effects estimator assumes the unobserved 

individual effect is uncorrelated with the regressors in the model. 

 

To estimate the demand equation for concentrates the following random effects model 

specification was employed:  

 

Yit = βo + βXit + (Uit + εit),       (eq2) 

 

Where Yit is the dependent variable, the quantity of concentrate used per livestock unit per 

farm i in year t (t = 08, 09, 10). Xit is a vector of explanatory variables which includes the 
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IMR from the selection equation. (Uit + εit) represents the composite error term (Vit). Uit is 

an idiosyncratic fixed effect which takes into account differences in unobservable time 

invariant characteristics of the farms (Between-entity error term), εit is the within-entity error 

term. 

From equation 2 concentrate use intensity per farm can be expressed as a function of  

 

C = f(P, Z, D)  

 

Where the farm level demand for supplementary concentrates feed (C) is a function of the 

price of concentrates (P), other farm specific variables (Z) and correction for selection IMR 

(D).  

A second model specification is subsequently proposed to examine heterogeneous 

between group effects on concentrate use. Specifically, model 2 extends the analysis to 

examine across region differences in lambing and concentrate demand. It is proposed that 

there is an expectation of variation in supplementary concentrate demand across regions for 

farms with similar seasons of production. To control for these across regional differences 

model 2 includes additional interaction terms of Region interacted with Monthly Lambing 

Percentage (Jan–Apr). The Results of Model 2 are proposed to better inform regional 

differences in lambing and concentrate usage. 

 

Summary Statistics of Concentrate Model Variables 

Summary statistics for variables used in specifying a random effects model of concentrate use 

on Irish sheep farms are presented in Table 2.1. The results are presented for the full sample 

of NFS farm enterprise for the three period 2008 – 2010. The dependent variable of choice is 

concentrate use per sheep livestock unit. The NFS concentrates variable captures the quantity 

of supplementary concentrate fed to sheep livestock per year. The dependent variable thus 

captures the intensity of supplementary feeding on a per livestock basis. In order to estimate 

the price elasticity of demand for concentrates, the price per tonne of concentrate is included 

as an explanatory variable. Note that the mean price per tonne of concentrate feed reported in 

Table 2.1 is based on all farms in the sample and the price per tonne varies across farms. 

Concentrate prices are not deflated and the nominal price per tonne paid by a farm in a given 

year is used. It should be noted that the NFS does not collect information on the ingredients 

of concentrate feeds such that the variation in price between farms maybe in part a reflection 
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of the relative composition and quality of the feed. As previously noted, a number of farms do 

not feed concentrates and are completely dependent on forage as a source of nutrition. To 

determine the true mean price per tonne of concentrates paid over the period 2008-10 it is 

necessary to look at the subsample of farmers who fed concentrates. The summary statistics, 

including concentrate use and price for those farms are presented in appendix 2.1. For the 

observed farms who fed concentrates over the 3 year period 2008-10, the mean price paid for 

concentrates was €260/tonne. The mean price for concentrates across all farms, i.e., including 

those farms which do not feed concentrates (Table 2.1), is €237.73, which is the average 

across all farms.  

More technically efficient farms have been shown to place a greater emphasis on 

pasture expenditure rather than supplementary feed (Teagasc, 2012, C). Fertiliser use on these 

forage based farms is for the production of grass, which is the main feed input in pastoral 

based ruminant production systems. Grass and grass silage is a substitute for concentrate feed 

and so the rate of application of inorganic fertiliser per unit area is also included as an 

explanatory variable in the model. Fertiliser applied is a farm level variable and farm level 

application rate is assumed for the sheep enterprise of mixed farms. This application rate is 

the sum of chemical fertiliser compounds applied in kgs divided by the area of application for 

all grassland including silage and hay crops in hectacres. In the model of concentrate use a 

second derived fertiliser variable, which relates application intensity to stocking density, is 

included (not included in summary statistics). This derived variable better captures the 

effective application intensity on a per livestock basis with the expectation that, given the 

substitute nature of the two inputs, there will be a negative relationship. As with concentrates, 

not all farmers in the sample applied chemical fertiliser.  

Labour intensity per unit forage area is included as a measure of the management 

intensity with the expectation that increased intensity will be associated with increased input 

use and thus be positively correlated with the dependent variable. Labour intensity per unit 

area is calculated as the total number of labour units of the farm divided by the size of the 

farm. In this calculation for the derived variable “Labour intensity”, forage area is a farm 

level variable comprising the area of forage crops grown for consumption on the farm 

adjusted to include the area equivalent of purchased forage. Total labour units are the sum of 

labour units unpaid plus labour units paid, where one labour unit is equivalent to 1800 hours. 

No one person can be more than one labour unit even if he /she works more than the 1800hrs 
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allocation. Persons under 18 years of age are given the follow labour unit equivalent: 16 – 18 

years = 0.75, 14 – 16 years = .50 units. 

Farm size in terms of the enterprise level forage area variable is included as an 

explanatory variable and would be expected to be negatively correlated with total concentrate 

demand as grass is a substitute for concentrate feed. The forage area is that area of the farm 

dedicated to the production of grass for sheep, including rough grazing and adjusted for 

commonage area. Dummy explanatory variables are included for: REPs participation, off-

farm job, Teagasc subscription, year and region. Note, in line with standard convention, the 0 

dummy value will the dropped reference (or lowest value dummy, e.g. 2008 year dummy) 

when interpreting the results of dummy variables from the model.  

REPS payments require an adherence to environmental measures as well as a ceiling 

on fertiliser usage and are typically associated with a lower intensity of production and output 

(Breen et al., 2012). The dummy for off-farm job corresponds to 1 where the farm holder has 

an off-farm job and 0 where the holder has no off-farm job. There is an expectation that 

REPS participants and those with an off-farm job would have more extensive management 

practices and thus have lower input demands.  

A farmer is deemed to be a Teagasc client when they have shown to make a 

subscription payment to the Teagasc advisory service. As a client of a farm research and 

extension provider, subscribers could be seen as having access to up-to-date best practice ( 

Hanrahan, 2010).  

A year dummy is used to control for weather, i.e., the effects of particularly severe 

weather, its potential effects on grass availability and, consequently, dependence on 

supplementary feeding. Region dummies control for the influence of geography, associated 

soil conditions and production system, whether upland or lowland (Burrell, 1989).  

Sheep numbers are based on farm sheep livestock units. The NFS variable sheep 

livestock numbers are calculated from “check tables” (raw data files which report monthly 

animal stocks and flows), by multiplying actual monthly numbers by the relevant livestock 

unit co-efficient. January Lambing date gives the percentage of births attributable to January. 

“Check tables” data were manipulated to calculate this derived variable. January lambing, 

together with those variables that capture the percentage of births for alternative months, are 

expected to highlight the influence of seasonality of production on concentrate usage for Irish 

sheep farms. Note that the figures reported in the summary statistics (Table 2.1) are for the 
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full sample of farms, some of which do not operate a productive ewe flock. Percentages will 

be lower accordingly.  

Table 2.1 Description and summary statistics for Model of Concentrate Use 

Variable  Description Obs Mean or 

Proportion* 

Std dev Min Max 

Concentrate use 

per livestock unit 

Concentrate use per sheep livestock unit 

(kg/Lu) 

710 6.82 6.76 0 57.38 

Concentrate price Price of purchased concentrate  per tonne 

(€/tonne) 

710 237.73 83.68 0 400 

Weaning rate Number of lambs  per ewe mated to ram  710 1.11 0.44 0 2.5 

Labour intensity Total  labour units divided by farm size  

(Lu/hectare) 

710 0.034 0.024 0.003 0.339 

Fertiliser 

application rate 

Rate of compound chemical fertiliser applied 

to farm forage area (kg/hectare) 

710 101.58 80.1 0 455.73 

Reps participation 0;Not a REPs participant farm                       

1;A REPs Participant farm 

710 0.545 0.498 0 1 

Off-farm job 0;Farmer has no off farm employment     

1;Farmer has off farm employment 

710 0.255 0.436 0 1 

Teagasc advisory 

client 

0;No subscription to Teagasc service              

1;Subscription to Teagasc service 

710 0.585 0.493 0 1 

Sheep numbers Number of sheep in LU equivalents 710 24.250 30.127 0.02 380.36 

Farm Size Forage Area measured in hectacres 710 18.280 30.002 0.02 346.3 

Lambing date 

 

Percentage of lamb crop born per month       

January   710 0.096 0.221 0 1 

February   710 0.207 0.302 0 1 

March   710 0.413 0.365 0 1 

April   710 0.187 0.296 0 1 

May - Dec  710 0.021 0.077 0 .722 

Region Farms belong to one of 8 geographic regions 

1- 8; see Table 3 for expanded regional 

breakdown. 

     

1 Border 710 0.24 0.43 0 1 

2 Dublin 710 0.01 0.11 0 1 

3 East 710 0.17 0.37 0 1 

4 Midlands 710 0.11 0.31 0 1 

5 Southwest 710 0.05 0.22 0 1 

6 Southeast 710 0.13 0.33 0 1 

7 South 710 0.12 0.33 0 1 

8 West 710 0.18 0.38 0 1 
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2.3 Results 

2.3.1 Model 1 – Concentrate Demand 

Table 2.2 presents the results for Model 1.  Model 1 estimates concentrate demand using the 

natural log of concentrates per livestock unit as the dependent variable. The model is 

estimated by a random effects general least squares regression for three years of NFS data 

2008-2010 inclusive Having previously estimated a probit to correct for sample selection 

bias, the IMR can be seen to enter the model as an explanatory variable.  

Concentrate price has a statistically highly significant negative influence on 

concentrate use, in line with a priori expectations. The coefficient on concentrate price can be 

interpreted as a cross price elasticity of demand for concentrate given the chosen log linear 

functional form. As previously noted concentrate ingredients will vary depending on the 

ration bought by farms and with the price per tonne. Whilst this data limitation makes the 

interpretation of the cross price elasticity more difficult, the coefficient for concentrate price 

is interpreted here as indicating that farmer demand for concentrates is elastic and thus 

sensitive to price changes. Burrell (1989)  highlights that for single equation econometric 

models of this type, the set of regressors chosen in specifying the model implies its own 

ceteris paribus conditions and interpretation of elasticities is thus similarly model specific. 

Similarly the log of labour intensity is highly significant and positive, indicating that, ceterius 

paribus, increased labour input is associated with increased demand for concentrate feed. 

Labour intensity per unit forage area used here as a proxy for the management intensity of the 

farm whereby increased intensity is associated with increased concentrate demand. The 

Region variable exhibits a negative coefficient for Regions 1 and 4, significant at the 10% 

and 5% levels respectively. A detailed description of the breakdown of sheep farms across 

region and discussion of the regional variation in production and concentrate input use on 

farms is further developed in the following section.  

Fertiliser application rate is significant at the 1% level and would indicate increasing 

concentrate use for increasing fertiliser application, although the interaction term with 

stocking rate is negative. The interpretation of the impact of fertiliser should be combined. 

For a moderately stocked farm with a stocking rate of greater than 1.1 life-stock units per 

hectare, concentrate use declines with increased fertiliser use, reflecting the trade-off between 
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grass and concentrate. For lower stocked farms, the relationship is positive; perhaps reflecting 

more about the efficiency of those types of farms. 

The Teagasc variable indicates whether a farmer has a subscription to the Teagasc 

advisory services. The indicator for Teagasc subscription is significant at 10% and negative 

indicating that clients use less concentrate per LU relative to non-subscribers. As a client of 

the semi-state body charged with agriculture research, education and advisory provision, 

subscribers have access to up-to-date farm management best practice which emphasise 

greater grass utilisation and reduced dependence on more expensive concentrate feed 

(Hanrahan, 2010).  Both REPs and off-farm job are statistically insignificant. However, given 

the extensive nature of the sheep enterprise, it is unsurprising that REPs participation does not 

significantly impact management practice and reduce input demand intensity.  Indeed an 

alternative input demand study Breen (2012) which looked the elasticity to demand for 

fertiliser for more intensive dairy production systems, also reported the coefficient on REPs 

participation as insignificant. Given the nature of sheep farms, which are often second 

enterprises on the farm, it follows that the division of labour that comes with an off-farm job 

has no discernible impact on the nutritional management practices of the sheep enterprise. 

The coefficients recorded for 2009 and 2010 relative to the reference dropped year 2008 are 

insignificant as is the coefficient for the log of sheep livestock units are insignificant.  

January Lambing is the proportion of births in January and is statistically significant 

and positive at the 10% level.  This agrees with a priori expectations that feed demand is 

higher at a time when feed supply is insufficient or in deficit, coinciding with lambing when 

the ewes’ plane of nutrition is elevated, thus increasing the requirement for supplementary 

feed in the form of concentrate to meet the nutritional deficit. This is a significant result and 

agrees with the sheep production literature. Interpreting the coefficient, a 1 percentage point 

increase in the level of January lambing leads to 7.7% increase in concentrate use per sheep 

livestock unit. The level of February, March, April, and Later lambing births does not have a 

statistically significant influence on concentrate feed intensity in model 1. As previously 

developed, this study hypothesises that seasonality of production has significant effects on 

supplementary concentrate feeding. Results support this hypothesis and point towards 

increased concentrate demand associated with a higher proportion of early lambing in the 

month of January before the onset of the grass growing season.  
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This chapter subsequently presents a second model that further develops the 

discussion of seasonality effects by taking into account the spatial difference across Irish 

sheep farms by region.  

Table 2.2 Results of a Random Effects model of supplementary concentrate feed  

Results of Model 1 for concentrate feed demand on Irish sheep farms 

 Coefficient (Stnd. Err) 

Constant 9.051*** (1.241) 

Log of concentrate price -1.134*** (0.204) 

Log of labour intensity 0.273*** (0.083) 

Region 11 -0.281* (0.150) 

Region 2 -0.496 (0.546) 

Region 4 -0.362** (0.181) 

Region 5 -0.198 (0.219) 

Region 6 -0.065 (0.168) 

Region 7 -0.163 (0.176) 

Region 8 -0.246 (0.161) 

Log of fertiliser application rate 0.264*** (0.097) 

Log of fertiliser application rate * Farm stocking density -0.239** (0.096) 

Reps participation 0.055 (0.072) 

Off-farm job -0.057 (0.095) 

Teagasc client -0.140* (0.082) 

Log of sheep numbers -0.000 (0.046) 

2009 Year -0.015 (0.067) 

2010 Year 0.027 (0.075) 

January lambing  0.739*** (0.247) 

February lambing  0.263 (0.211) 

March Lambing  0.061 (0.202) 

April Lambing 0.130 (0.233) 

Later Lambing -0.038 (0.472) 

Inverse Mills Ratio -0.022** (0.010) 

N                

R2 

Rho (fraction of variance due to individual fixed effect)           

649 

0.174  

0.501 

 

Standard errors in parentheses 

Significance levels: * p<0.10,  ** p<0.05,  *** p<0.01 

 

Region 

1 Border - Louth, Leitrim, Sligo, Cavan, Donegal, Monaghan                                                                                                                                 

2 Dublin          

3 East - Kildare, Meath, Wicklow                 

4 Midlands - Laois, Longford, Offaly, Westmeath                  5 

Southwest - Clare, Limerick, Tipp North                    

6 Southeast - Carlow, Kilkenny, Wexford, Tipperary South., Waterford  

7 South - Cork, Kerry                      

8 West - Galway, Mayo, Roscommon 
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Regional differences in concentrate use on Irish sheep farms 

From the initial model specification presented in Table 2.2, the level of lambing by month is 

hypothesised as having a statistically significant impact on concentrates usage. From Model 1 

only the January lambing proportion has a statistically significant positive impact on 

concentrate use per livestock unit. This chapter now turns to regional differences in lambing 

date to progress the story of seasonality effects on concentrate use. It is hypothesised that in 

addition to seasonality of production being an important predictor, this effect will vary across 

regions. The justification for this investigation is based on the current production literature 

(Hoyne, 2001; Teagasc, 2012, C) and the results of the cross tabulation of region with month 

of lambing and concentrate use which indicate regional differences in lambing and 

concentrate usage on Irish sheep farms. These regional differences are due primarily to 

environmental variability in weather, soil and altitude, with the South and East typically 

experiencing more favourable agronomic conditions. As a result optimal lambing patterns 

from a grass utilisation point of view will vary from region to region. 

Summary Statistics - Regional breakdown of production and concentrate use  

Descriptive statistics in Table 2.3 below present mean seasonal lamb production by month 

and concentrate usage broken down by region. The results of the cross tabulation indicate 

regional differences in lambing and concentrate usage on Irish sheep farms. Summary means 

are presented for the regional breakdown of the proportion of lambing that takes place on a 

monthly basis. The regional breakdown of the mean level of concentrates fed per livestock 

unit is based on the subsample of 649 farm observations that feed concentrates.  

Notable results highlight how farm location influences the sheep production system in 

terms of date of lambing and concentrate usage. In line with the production literature, regions 

where there is a high proportion of mountain flocks such as in counties Donegal, Sligo, 

Wicklow, i.e., Regions 1 and 3, tend to lamb later, exhibiting a greater proportion of later 

lambing vis-à-vis early lambing (Hoyne, 2001; Teagasc, 2012, C). Also, means of concentrate 

use per livestock unit for the western counties of Regions 1 are below the total sample mean. 

In contrast, regions 5 and 6 exhibit relatively higher percentages of early lamb births. 

Furthermore, the means of concentrate per livestock unit for regions 5 and 6, reported in 

Table 2.3, are above the total sample mean. The lack of grass growth in winter, when the feed 

requirements of early lambing flocks peaks(late pregnancy), leads to nutritional deficits. To 
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rectify grass deficits, it is necessary to provide alternative nutritional sources such as specially 

sown forage crops for winter grazing or extra concentrate feeds. Either option results in 

considerably increased feed costs compared with mid-season production. Early season 

lowland production systems are thus most readily accommodated in tillage areas or areas with 

an early start to the growing season, i.e. more southerly counties such as those of Regions 5 

and 6. On mixed farms with both tillage and sheep enterprises, competing demands for labour 

in spring are avoided by lambing in winter (Flanagan, 1999). Finally, Region 8 can be seen to 

have a high percentage of births in March and April (over 71%). The counties of Region 8 are 

important lowland mid-season producers and exhibit mean concentrate usage per livestock 

unit below the total sample mean. 

Summary statistics highlight the variation in seasonal production and concentrate 

usage, thus motivating an investigation of the spatial difference in lambing and its effects on 

concentrate use. The aim of the following model is to add to the discussion on the variation in 

practice on Irish farms across region and production system. 

 

Table 2.3 Regional Breakdown of Season of Production and Concentrate Usage  

Region1 N* 

 

N** Concentrate 

per 

livestock 

unit 

Percentage of births per month across Region 

Jan Feb March April May-Dec  

1 168 157 6.315 0.064 0.200 0.469 0.236 0.031 1 

2 7 5 4.441 0.000 0.334 0.345 0.274 0.047 1 

3 119 107 7.011 0.047 0.179 0.402 0.332 0.040 1 

4 79 67 5.565 0.092 0.269 0.451 0.181 0.006 1 

5 36 34 8.222 0.183 0.371 0.394 0.031 0.021 1 

6 88 84 7.125 0.162 0.333 0.465 0.038 0.002 1 

7 86 80 8.368 0.111 0.243 0.356 0.242 0.049 1 

8 127 115 6.585 0.157 0.129 0.532 0.177 0.005 1 

Total 710 649 6.834 0.104 0.224 0.446 0.202 0.023 1 

*
 Full sample of NFS farms 

** 
Sub sample of NFS farms which feed concentrate 

 

2.3.2 Model 2 – Spatial Heterogeneity in Concentrate Demand 

The results of Model 2 are presented in Table 2.4. Results are consistent with those 

explanatory variables common to the specifications of both models 1 and 2. Independent 
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variables common to both models exhibit the same degree of significance (except the Teagasc 

variable which is no longer significant), sign and general magnitude of the coefficient when 

explaining concentrate demand. 

Model 2 considers an alternative strategy for examining regional differences: 

incorporating the interaction terms of region with independent variables for seasonality of 

production by month (Jan – April). It is hypothesised that doing so gains a spatial difference 

by identifying differences in seasonal production effects, if any, across region. Only 

coefficients for significant interactions are presented in Table 2.4. Significant coefficients for 

a Month*Region interaction indicate the presence of spatially heterogeneous effects of 

lambing across regions relative to the reference dropped region.  

The coefficient for January lambing*Region dummy indicates how the effect of the 

level of January lambing on concentrate usage differs across groups. Looking to the results in 

Table 2.4, the negative coefficient on January lambing*Region3 interaction, significant at the 

10% level, is interpreted as follows: an increased percentage of flock births in the East for 

January results in less demand for concentrates relative to other regions. This result for the 

East reflects a relatively small proportion of farmers with more efficient systems who lamb 

earlier than others in their region.  

The same rationale can be used for the interpretation of the other significant 

interaction coefficients. Looking at the results for April Lambing, the interaction is significant 

and negative for all regions except Regions 5 and 6. The coefficient for the regional 

interactions terms is thus negative and in an opposite direction to the main effect. Results 

signify that regions 1,3,4,7,8 use less concentrate for an increased percentage of April lamb 

births relative to the reference dropped regions in the South West and South East. 

Agronomically the South has better grass growth earlier in the season, but there is a catch up 

in more Northern regions into later Spring and Summer. As a result it is more efficient for the 

southernmost counties to lamb earlier to maximise grass utilisation. Consequently those that 

lamb relatively later in the season while require more concentrate. The opposite is true for 

North where optimally later lambing will be more efficient, reducing concentrate use 

relatively.   

Model 2 results thus confirm the spatial difference that seasonality of production 

exhibits on concentrate demand across regions. 
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Table 2.4 Model of concentrate feed demand including regional interactions 

Results of Model 2 for concentrate feed demand with Regional interaction terms 

Constant 9.075*** (1.239) 

Log of Concentrate price -1.185*** (0.205) 

Log of Labour intensity 0.253*** (0.084) 

Log of Fertiliser Application 0.229** (0.098) 

Log of fertiliser application rate * Farm stocking density -0.207** (0.097) 

Reps participation 0.062 (0.072) 

Off-farm job -0.093 (0.095) 

Teagasc client -0.132 (0.082) 

Log of Sheep numbers -0.014 (0.047) 

2009 Year 0.002 (0.068) 

2010 Year 0.009 (0.076) 

January lambing  0.846* (0.498) 

January lambing*Region 3 -1.533* (0.796) 

April Lambing 3.412** (1.619) 

April lambing*Region 1 -3.214** (1.614) 

April lambing*Region 3 -2.938* (1.611) 

April Lambing*Region 4 -3.818** (1.651) 

April Lambing*Region 7 -3.228** (1.626) 

April Lambing*Region 8 -3.955** (1.624) 

Inverse Mills Ratio -0.021** (0.009) 

N                

R2 

Rho (fraction of variance due to individual fixed effect)           

      649 

      0.212  

      0.51 

 

 

Standard errors in parentheses 

Significance levels * p<0.05  ** p<0.01  *** p<0.001 

  

  

   

Region 

1 Border - Louth, Leitrim, Sligo, Cavan, Donegal, Monaghan                                                                                                                               

2 Dublin                                       

3 East - Kildare, Meath, Wicklow                  

4 Midlands - Laois, Longford, Offaly, Westmeath                                  

5 Southwest - Clare, Limerick, Tipp North                                   

6 Southeast - Carlow, Kilkenny, Wexford, Tipperary South., Waterford                                

7 South - Cork, Kerry                                    

8 West - Galway, Mayo, Roscommon 
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2.4 Conclusions 

This chapter describes the ‘Animal Nutrition’ component of the farm level systems model as 

proposed in Chapter 1. The framework proposes that a greater understanding of the factors 

influencing farmer decisions across the breadth of farm systems, sizes and environmental 

conditions, using nationally representative data, informs the actual choices being made on 

Irish farms and thus informs the interpretation and direction of farm management research, 

advisory services and dissemination. As a step towards addressing the information gap 

concerning the factors influencing the nutritional management strategies of Irish sheep 

farmers, this chapter proposes an econometric model of the factors affecting concentrate 

usage on NFS sheep farm enterprises in light of a review of farm production profiles from 

Chapter 1. The use of nationally representative data enables this study to analyse the actual 

choices being made on Irish farms and thus inform the interpretation and direction of farm 

management research, extension information and dissemination. Results from this analysis 

show that the seasonality of production affects concentrates demand and that a spatial 

difference exists across regions.  

An important feature of the study is that it combines new information on farmer’s 

actual management choices in terms of lambing date and estimates the effect of seasonality of 

production on concentrate usage. The approach employed uses NFS panel data to take into 

account the national distribution of farms across the range of farm systems, sizes and 

environmental conditions. Results highlight that farmer behaviour is consistent with the 

current animal science production literature. The demand for concentrates on Irish sheep 

farms was found to be elastic and thus sensitive to price changes. Farm labour input, fertiliser 

application, subscription to an extension and research provider and date of lambing were 

found to be significantly associated with concentrate demand on sheep enterprise. Significant 

results for the interaction of farm location with seasonal production indicates the presence of 

spatially heterogeneous effects of lambing on concentrate demand across regions.  

There is potential to further develop the study in terms of the potential cost savings 

associated with the better utilisation of grass relative to concentrate feeding. Results for the 

models proposed here agree with a priori expectations and point towards the substitutable 

nature of grass and concentrates. Practices that can be shown to decrease concentrate demand 

whilst increasing grass utilisation can be quantified to determine their cost saving potential. 

This model provides impetus for future development of a detailed model of nutrition for the 



 89 

national distribution of sheep farms. In particular there is the potential to augment NFS data 

with biological information linked to livestock activities. Feed systems models adapted for 

Irish production conditions (O'Mara, 1996) will provide a means of compare feeds on 

standardised unit basis. This will also enable the estimate of `residual’ outputs from the 

system associated with the digestive process, GHG emissions (Chapter 4). Furthermore, 

thanks to the recent geo coding of the NFS, developing spatial analysis data has the potential 

to supplement the current model with weather data and grass growth proxies to the farm level 

(O' Donoghue et al., 2016). 
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3. CHAPTER THREE: SYSTEMS APPROACH TO 

QUANTIFYING THE ECONOMIC IMPACT OF TECHNICAL 

PERFORMANCE IN THE SHEEP SECTOR 

Contributed Paper presented at the 89th Annual Conference of the Agricultural Economics 

Society (2015) 

3.1 Introduction 

Successive agricultural policy reform and in particular the decoupling of direct payments in 

2005 has led to the expectation of a greater market orientation for livestock production 

systems in the EU. Given that European farmers are considered price takers in a globally 

traded market with little scope to affect meat prices, any strategies to improve margins 

necessarily focus on increasing output volume on the one hand or cost minimisation practices 

on the other. Where the focus of the analysis in the previous chapter was on the factors 

affecting cost minimising feeding practices, this chapter looks at the factors influencing 

technical performance in terms of livestock output potential across the range of sheep farms.  

Policy makers, extension providers and farmers are interested in assessing the impacts 

of farm management strategies and innovations on the financial and technical performance of 

farms. A significant agricultural systems research literature has been developed within this 

context to analyse the components and relationships of the farm system to draw light on 

performance outcomes associated from both farm management and environmental changes to 

the system (Gordon, 1969). As discussed in the Chapter 1 a range of descriptions and 

applications of systems models have being published many of which can be classified as 

mathematical programming models of production (Janssen et al., 2007). Most models are 

based on hypothetical or representative farm types (Crosson et al., 2006) and few are 

designed to upscale model results to higher systems level such as national scale (Louhichi et 

al., 2010). To enable upscaling of model results to larger aggregate areas, information with 

regard to farm location, production activities, management practice, and farm environmental 

conditions must be readily available for the geographic area of study.  In this chapter an 

empirical econometric framework is presented to quantitatively evaluate the performance of 

sheep production systems at national scale using cross sectional data from the National Farm 

Survey (NFS).  
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The proposed modelling structure identifies key animal activity variables including 

reproduction and mortality rates in the profit equation in line with the review of sheep 

production from Chapter 1. To simulate the impact of improved flock performance through 

these key livestock “Demographic Variables” it was first necessary to estimate individual 

models for each performance indicator (Lesnoff et al. (2011). To achieve this three key 

animal “demographic variables”; lambing rate, lamb death rate and ewe death rate are  

identified and regressed against other farm specific environmental and management variables 

which drive flock performance and consequently farm financial performance.  

While a number of previous studies have analysed the economic performance of the 

Irish sheep flock  (Connolly, 1997a; Hanrahan et al., 2016) no study has quantitatively 

assessed the potential productivity and financial gains associated with improved levels of 

technical performance taking account of the underlying site specific agronomic conditions 

and management practices across the full distribution of producers. This is also the first study 

of technical performance in the sheep sector to employ panel data techniques which allow for 

the control of the effects of unobserved farm level heterogeneity. This is important, since 

simple cross-sectional or pooled models of the impact of technical performance parameters 

on output and margins are likely to suffer from omitted variable bias (Dillon et al., 2015).  

Simulation results also provide an estimate of financial and technical performance based on 

analysis of what is actually being achieved across the distribution of sheep farms, 

environmental conditions, management practices. As such it takes account of the actual 

production technologies employed across farms and not those of `representative` average 

farms or `hypothetical` farms based on stylised research design. Quantifying the impact of 

established farm level technology adoptions on financial performance also informs the current 

production research and extension advice. 

The chapter is structured as follows: the next section describes the data and methods 

employed, followed by sections outlining the results, and subsequent discussion. 
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3.2 Data and Methods 

3.2.1 Data 

In order to estimate the effect of varying technical processes on farm profitability at a national 

scale a number of data requirements must be met. These requirements are discussed in 

Chapter 1  where Teagasc National Farm Survey (NFS) is reviewed in detail and presented as 

a suitable data source.  Accordingly the NFS provides the required detailed farm level 

production data to sufficiently describe animal activities and associated costs across the 

distribution of sheep farms which are scalable to the national level.  

This study investigates the technical performance of sheep flocks in terms of three key 

livestock “demographic variables”; lambing rate, lamb death rate and ewe death rate. In order 

to focus on sheep enterprises with productive ewe flocks a subsample of NFS sheep 

enterprises is selected, .i.e. enterprises which specialise in store lamb finishing, etc. are 

excluded from the sample. The list of variables specified in GM and demographic model is 

presented in Table 3.2 and builds upon the current production literature and consultation with 

sheep production experts in order to develop the demographic models. Expert consultation 

was applied in developing the model specification to ensure the underlying assumptions 

associated with sheep production were deemed acceptable. The study was presented to 

production experts and at the 2015 Agriculture Economics Society (AES) conference 

(Kilcline, 2015) as part of an iterative process of model verification and subsequently 

validation of model outputs. 

This chapter  models the subsample of 589 enterprise observations for farms with 

productive ewe flocks over a 3 year period 2008 to 2010, i.e. approximately 196 annual sheep 

enterprise observations on average. Using a subsample of the NFS means that the dataset 

employed is a nationally representative short panel with relatively few time periods and many 

individual farms.  (N = 589, T = 3). Use of NFS panel data enables issues of heterogeneity 

and omitted variables, measurement error, dynamics and causality under certain conditions to 

be addressed (Hynes et al., 2007). An important feature of this chapter is that it combines new 

information on both biophysical animal performance and farmers’ actual management 

choices in terms of lambing rates, mortality rates and their timing. While NFS data is 

available dating back to 1972, the detailed monthly animal demographic breakdowns `Check 

Tables` used in this analysis are only available from 2008. It should be noted that a narrowing 
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of the Teagasc NFS sampling frame in 2012 is likely to have affected the average levels of 

output and margins on Irish sheep farms as measured by the Teagasc NFS. To avoid any 

distortion in sample response since 2011 which could be attributable to the sample change 

rather than to fundamental changes in the farming structure the study sample was restricted to 

the 3 year period 2008- 2010. A reweighted sample extending back over time has recently 

been released but was unavailable at the time of this study.  

The economic gain associated with best management practice and flock performance 

indicators has previously been documented within the literature in reference to research 

flocks (Keady, 2014; Keady et al., 2009), extension programmes and monitor farms (Lynch et 

al., 2010a; 2010b), and through investigations of the performance of the national flock 

(Connolly, 1997c; 2000; Hanrahan et al., 2016) and in the context of achieving national 

sectoral policy goals (DAFM, 2010; Teagasc, 2016a). Flock performance indicators as 

measured by reproductive rates and mortality rates (lamb death rates and ewe death rates) are 

key factors affecting the economic efficiency of sheep flocks and are a product of farm level 

management and environmental factors (Dawson et al., 2002; Eblex, 2008, 2015; Fagan, 

2017; Keady, 2014).  

Results from Teagasc’s NFS data and published data have consistently shown that 

large differences exist in the profitability of sheep farms and highlight that well managed 

sheep production enterprises can return high levels of financial and technical performance 

which compare favourably with alternative drystock systems (Diskin et al., 2012; Hanrahan et 

al., 2016; Hanrahan, 2010). National agricultural policy acknowledges this gap between 

commercial farm practice and the potential financial and production targets achieved under 

best practice. As part of the Government’s Food Harvest 2020 and Food Wise 2025  

implementation plans for the sheep sector a number of specific “achievable” farm level 

production targets have been set out for the industry (Creighton, 2015; Teagasc, 2016a). 

These targets presented in Table 3.1 set out sector production goals of increasing output, 

improving efficiency and profitability by 2025 across the national distribution of sheep farms.   
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Table 3.1 Financial and Technical Performance for Mid-Season Lowland Farms 

 

Technical/Financial 

Rate 

Research 

Flocks 

(Creighton, 

2014a) 

Teagasc NFS  

(Hanrahan et al., 2016)  

Sectoral Road Map Targets 

 (Teagasc, 2016a)  

Most  

Profitable 

(Bottom Tercile 

GM/Ha) 

Least  

Profitable 

(Top Tercile 

GM/Ha)) 

Industry  

target 2025 

Producer  

target 2025 

Stocking (ewe/ha) 14 8.75 5.57 9 12 

Weaning (lams/ewe) 1.74 1.32 1.09 1.45 1.75 

Lamb carcass (kg/ha) 486 231 121 260 420 

Gross Margin (€/ha) 1,037 896 217 740 1,145 

 

Stated national policy goals in the form of national industry target and producer target for 

mid-season lowland farms are presented in Table 3.1. Alongside this are the comparable 

financial and technical performance indicators achieved by research flocks and the top and 

bottom performing farms in the NFS sample. Results for key technical performance 

indicators, (weaning and lambing rates) and associated financial performance (Gross Margin 

(€/ha)) are presented. Industry Targets represent average production goals to be attained 

across the distribution of national midseason lowland flocks by 2025 under the most recent 

Food Wise 2025 strategy. The Producer Targets on the right hand column is the performance 

that mid-season producers should strive for but which may or may not be achievable given 

the underlying farm specific environmental conditions. From the table, these producer targets 

are in line with the performance of research flocks under high levels of management and 

favourable agronomic conditions. In reality sheep flocks face a range of farm specific 

environmental conditions as well as heterogeneity in farm management practice. For 

comparison purposes, mid-season lowland lamb enterprises within the NFS are ranked on the 

basis of gross margin per hectare, and assigned to one of three equally sized groups labelled 

least, average and most profitable. Gross margin is calculated as sheep gross output less direct 

costs. Accordingly the average levels of gross margin per hectare and indicators of technical 

performance across the top and bottom performing groups can be viewed in comparison to 

best practice from research flocks (Creighton, 2014a) and industry targets (Teagasc, 2016). 

Chapter 1 previously discussed the significant range in financial and technical performance 

indicators shown here across the distribution of mid-season farms. 

A vision, as outlined in the Ireland Food Harvest 2020 report, is that the value of 

sheep meat output will increase by 20% by 2020. One potential constraint to achieving this 

target is the prevailing low weaning rate nationally which is a product of ewe prolificacy 
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(lambing rate) and  mortality levels (ewe and lamb death rates), and which subsequently 

impacts on lamb carcass output. These initial NFS summary results  support the findings of 

the current production research and point towards significant scope to exploit productivity 

gains through the implementation of tried and tested best practice on commercial farms 

(Hanrahan, 2010), required to meet stated industry targets. However the descriptive study 

does not take into account the inherent heterogeneity across farms which motivate the deeper 

investigation in this chapter.  

To further develop the analysis this chapter develops a simulation model estimating 

the potential impact on margins of improved technical performance across the distribution of 

farms . The explanatory variables used in the simulation model are presented in table 3.2 and 

are subsequently discussed in the description of the model development.  
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Table 3.2 Summary statistics - Simulation model of NFS sheep enterprises 

Variable  Description Obs Mean or 

Proportion* 

Std dev Min Max 

Gross Margin Gross margin per 

hectare (€/ha) 

589 438.39 336.79 1.29 1922.13 

Lambing Rate Number of lambs born  

per ewe mated to ram 

589 1.33 0.30 0.26 2.51 

Lamb Death Rate Lamb deaths as a 

proportion of lambs 

born alive 

589 0.08 0.06 0.00 0.38 

Ewe Death Rate Ewe deaths as a 

proportion of the 

opening stock of 

breeding ewes 

589 0.06 0.06 0.00 0.60 

Concentrate use per 

ewe  

Concentrate use per ewe 

(kg/ewe) 

589 6.40 5.44 0.00 40.50 

Fertiliser application 

rate  

Chemical fertiliser 

applied to forage area 

(kg/hectare) 

589 62.68 45.52 0.00 235.95 

Fulltime Farmer 1;Fulltime 

0;Part-time 

(requires at least 0.75 

std labour units equal to 

1,350 labour hours) 

589 0.66 0.47 0.00 1.00 

Farm labour Labour units (1 lab unit 

equivalent to 1800 hrs) 

589 1.34 0.60 0.17 5.16 

Sheep specialisation Sheep forage area 

divided by total forage 

area  

589 0.35 0.29 0.01 1.00 

Reps participation  0;Not a REPs  

1;REPs Participant farm 

589 0.56 0.50 0.00 1.00 

Teagasc advisory 

client Lambing date 

 

0;Not a Teagasc client              

1; Teagasc client  

589 0.61 0.49 0.00 1.00 

Off-farm job 0;No off farm job  1;Has 

off farm job 

589 0.25 0.43 0.00 1.00 

Hill or lowland 0;Hill Farm              

1;Lowland Farm 

589 0.82 0.38 0.00 1.00 

Stocking rate Ewes per hectare  

(ewes/ha) 

589 8.31 4.15 0.70 33.72 

Veterinary expenses Vet expenses per hectare 

(€/ha) 

589 65.83 59.57 1.42 434.46 

Pasture costs Pasture expenses per 

hectare (€/ha) 

589 71.66 54.14 0.00 337.03 

Lambing spread Lambing period in 

months (1 – 11) 

589 1.38 1.68 0.00 11.00 

Start of lambing  Month of first birth 

(1,2,3,4 – Jan, Feb, Mar, 

April on) 

589 2.27 0.90 1.00 4.00 
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3.2.2 Methods   

As discussed in Chapter 1 a number of systems models have previously been developed to 

investigate the financial and technical performance of Irish farms. The Grange Beef Model 

GBM (Crosson et al., 2007), Moorepark Dairy Systems Model MDSM (Shalloo et al., 2004), 

and Teagasc Lamb Production Model TLPM (Bohan et al., 2016). They represent a static 

mathematical beef systems model, and stochastic budgetary dairy and sheep simulation 

models respectively. These mathematical models are based on representative or hypothetical 

Irish farm types and have been applied to a variety of research questions including; a Life-

Cycle Assessment (LCA) of the intensity of production on the GHG emissions and economics 

of grass-based suckler beef production systems (Clarke et al., 2013); the economic impact of 

cow genetic potential and concentrate supplementation level under different EU milk quota 

scenarios (Shalloo et al., 2004). See Chapter 1 for an extended discussion. 

Unlike previous systems studies this thesis is developed to specifically evaluate the 

performance of sheep farm practice for the full distribution of Irish farms over a number of 

years using a nationally representative panel dataset, the National Farm Survey (NFS). Within 

this context, the main objective of this chapter is to assess the potential economic gains 

associated with achieving improved farm technical performance within the Irish sheep flock. 

Applying an econometric framework to Irish farm level data the impact on output 

performance and consequently farm returns of reaching a number of technologically feasible 

production scenarios is estimated given the underlying farm specific environmental 

conditions under which they operate. Nationally representative NFS farm-level data from 

2008 to 2010 and panel data methods are used to consider the effect of these 3 improved 

technical performance scenarios on farm output and gross margin. These improved technical 

performance simulations bring the national flock within the bounds of Teagasc’s sectoral 

roadmap industry targets for sheep producers (Teagasc, 2016).  

While econometric models of production as proposed here allow for statistical testing 

of economic and technical relationships in the farming system they are only suitable where 

significant data requirements can be met (Norton et al., 1980), i.e. where both the bio-

physical processes and financial characteristics of the system can be sufficiently described 

with historical data.  
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Panel data models 

Exploiting the panel nature of the National Farm Survey, a series of random effects panel data 

models are estimated to investigate the effects of varying biological, technical and physical 

processes on farm profitability (Howley et al., 2012). Gross Margin per hectare was modelled 

for the sample of representative NFS sheep farms. The key demographic indicators identified 

in the literature as driving output and consequently the profit model for sheep farms include 

both reproduction (lambing rate), and the mortality rates (lamb death rate and ewe death rate). 

These three key explanatory “demographic variables” from the model of gross margin are 

themselves subsequently individually modelled. Through this system of equations framework 

the estimated impact of three improved performance scenarios on gross margin are quantified, 

one for each demographic variable.  

 The following is a farm specific random effects model of farm gross margins with 

flock performance indicators included as explanatory variables along with other relevant farm 

specific environmental descriptors and management variables:  

 

Yit = βo + βXit + (Uit + εit),  (eq1) 

 

Where Yit is the dependent variable, the log of gross margin per hectare (GM/ha) per farm i 

in year t (t = 08, 09, 10). Xit is a vector of explanatory variables which is composed of (E) 

exogenous farm environmental factors, (M) farm management factors and (D) animal the 

demographic variables. (Uit + εit) represents the composite error term (Vit). Uit is an 

idiosyncratic fixed effect which takes into account differences in unobservable time invariant 

characteristics of the farms (Between-entity error term), εit is the within-entity error term. 

From (eq1) farm gross margin can thus be expressed as follows: 

 

G = f (E, M, D)   (eq2) 

The random effects estimations performed here, weights within and between group variation 

according to where the variation in X and the variation in the error term lie (Greene, 2001). 

Given the structure of the NFS, where there are a lot more individuals than years, a random 

effects model was the most appropriate for the current study. Whilst performing a Hauseman 

test on model results suggested using a fixed effects estimator, doing so caused observations 

to drop out of the sample due to the time-invariant nature of relevant variables over the 
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reference period (Dillon et al., 2015; Hynes et al., 2009). Only within effects can be estimated 

(that is, the lower-level relationship net of any higher-level attributes), and so nothing can be 

said about a variable’s between effects or a general effect. The fixed effects estimator which 

uses within group variation in estimation is less appropriate here as the parameter estimates 

are not identifiable for time-invariant variables which are directly relevant to the research 

question here. The choice of random effects estimator in the current study is thus in line with 

the rationale previously developed in (Hynes et al., 2007) and (Bell et al., 2015) and logic 

described in chapter 2. Accordingly, it assumes the unobserved individual effect is 

uncorrelated with the regressors in the model. STATA the Data Analysis and Statistical 

Software package was used to analyse data and run statistical models in this chapter and 

Chapter 2.  

Simulating “Improved Performance Scenarios” 

To apply the model of gross margin specified in equation 1 to quantify the financial impact of 

improved flock performance scenarios requires the specification of individual models for the 

key demographic variables themselves i.e.; ewe birth rate, lamb deaths rate, ewe death rate. 

Through this framework a simulated change in a given demographic variable can be 

estimated across farms. These individual models provided a farm level estimate of the given 

demographic rate based on the underlying agronomic conditions and management for the full 

sample of farms. Simulating an improved animal performance scenario is achieved by 

estimating the impact of bringing the full sample of sheep farms into the top third of technical 

performance for a given demographic rate conditional on each farms agronomic conditions 

and management technologies. 

To achieve this all sample farms are moved into the top third of technical performance 

based on their residual estimate from the individual agronomic random effects model (e.g. 

Lambing Rate Model). This effectively applies a level of livestock performance to those 

“under-performing” farms that is actually been achieved on agronomically similar farms. 

Simulating improved lambing rate performance through the residual estimate changes the 

farm specific technical conditions under which gross margin is estimated for these farms. 

Subsequently comparing actual gross margin figures to simulated estimates for improved 

technical performance scenarios thus indicates the potential impacts on farmer’s returns of 

improved animal performance achievable through specific technology adoptions as specified 

in the individual demographic model.  
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3.3 Results 

3.3.1 Model of Farm Gross Margin 

The regression results for the random effects model of gross margin are presented in Table 

3.3. Results for animal demographic indicators are presented in (parentheses). Management 

Variables are presented in italics while Environmental factors are presented in plain text. 

Table 3.3 Random Effects Model of Farm Gross Margin on Irish Sheep Farms 

 Dependent Variable  -  Log of Gross Margin per Hectare 
 Coefficient (Std.Error) 

Constant  4.152*** (0.3264) 

(Lambing Rate)  1.547*** (0.109) 

(Lamb Death Rate) -2.324*** (0.535) 

(Ewe Death Rate) -2.57*** (0.440) 

Enterprise specialisation -0.463*** (0.135) 

Concentration of Lambing period (months) -0.065*** (0.018) 

Farm size  0.002** (0.001) 

Stocking rate  0.110*** (0.009) 

Fertiliser application rate -0.003** (0.001) 

Concentrates fed per ewe -0.050*** (0.006) 

Log of labour units 2.99*** (0.086) 

Month of First lambing -0.210*** (0.039) 

Region 3  0.262** (0.122) 

Region 4  0.368** (0.145) 

Region 7 -0.390*** (0.143) 

Region 5 -0.317** (0.153) 

Soilcode 6 -0.959*** (0.359) 

2009 Year  0.146*** (0.051) 

2010 Year  0.508*** (0.055) 

N                

R2 

Rho (fraction of variance due to individual fixed effect)     

587 

0.697  

0.5804 

 

 

Robust S.E. (i.e. S.E. allowing for heteroscedasticity (variation) in the data) reported in parentheses 

Significance levels * p<0.10 ** p<0.05 *** p<0.01 

Region – NUTS III 

1 Border - Louth, Leitrim, Sligo, Cavan, Donegal, Monaghan                                                                                                                                 

2 Dublin          

3 East - Kildare, Meath, Wicklow  

4 Midlands - Laois, Longford, Offaly, Westmeath 

5 Southwest - Clare, Limerick, Tipp North     

6 Southeast - Carlow, Kilkenny, Wexford, Tipperary South., Waterford 

7 South - Cork, Kerry                                       

West - Galway, Mayo, Roscommon  
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Impact of Demographic rates on farm level margins 

In this profit model the Lambing Rate variable captured the reproductive rate of the ewe 

flock. The variable is defined as the number of lambs born alive divided by the number of 

ewes mated with the ram. This variable also takes into account the net of in lamb purchases 

minus sales. Model results are in line with the findings of previous studies which highlighted 

stocking rates and lambing rates as drivers of both technical and finance performance on 

sheep farms (Teagasc, 2012, C). The effect of lambing rate is statistically significant at P < 

.01 and infers significant economic gains associated with increasing lambing rates.  

 In line with a priori expectations the sign of the coefficient on both mortality rates is 

negative and statistically significant at P < 0.1. Ewe Death Rate is a measure of ewe deaths as 

a proportion of the opening stock of breeding ewes. As expected model results report ewe 

death rates as significant and negative indicating that higher ewe death rates decrease the 

productive capacity of the ewe flock and reduce the potential number of cull ewes and are 

thus negatively associated with profit margins. Lamb Death Rate variable captures the 

number of lamb deaths (before weaning) as a proportion of the number the lambs born alive. 

On Irish sheep farms the primary output from the production system is sheep meat carcass 

and higher lamb deaths will necessarily reduce output and ultimately returns. In line with a 

priori expectations the sign of the coefficient is negative and significant.  

Impact of Management Variable on margins 

Explanatory variables are deemed to be management variables if they come under the direct 

influence and management control of the farm holder. Concentrates fed per LU captures the 

quantity of supplementary concentrates fed to sheep on a per livestock unit basis per year. 

Concentrates fed per LU variable is statistically significant at P < 0.01 indicating a negative 

relationship between the level of supplementary concentrate feeding and farm gross margins. 

National Farm survey results consistently highlight that more technically efficient and 

profitable farms maximise the input of grass in the diet of the flock through a greater focus on 

pasture expenditure rather than more expensive supplementary feed (Teagasc, 2012, C). The 

Fertiliser application rate variable in this model corresponds to the level of inorganic Nitrogen 

fertiliser (kgs) per unit area (ha) of application. Fertiliser use on these forage based farms is 

for the production of grass, which is the main feed input in pastoral based ruminant 

production systems. Fertiliser application rate is statistically significant at (P<0.5) and 
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negative. While the coefficient on the individual term for fertiliser application is negative and 

would appear counterintuitive previous studies have highlighted that many sheep farms 

operate extensively at very low levels of inorganic fertiliser application .The coefficient on 

the square of fertiliser application is positive but insignificant but may indicate that relatively 

higher rates of fertiliser application are associated with a greater focus on the pasture resource 

as a cost effective feed strategy and thus farm gross margins. While grass productivity and 

utilisation will vary depending on management and environmental conditions across farms, 

the fertiliser variable is proposed here as a proxy for targeted grass management and greater 

grass utilisation. 

Stocking rate is defined as the number of breeding ewes per hectare of forage area 

where forage area is an enterprise level variable. In line with a priori expectations stocking 

rates are shown to have a significant positive relationship with farm GM/ha. The Log of 

labour units is statistically significant and positive which indicates that higher farm labour 

inputs are associated with increased GM/ha  

Month of First Lambing captures the influence of seasonality of production on gross 

margin returns on Irish sheep farms. Previous studies have highlighted the various levels of 

financial and technical performance associated with farms operating early, mid-season, and 

later lambing systems of production (Connolly, 1997a, 1997c; Flanagan, 1999). The 

coefficient in Table 3.3 is significant and negative indicating that farms which commence 

lambing early exhibit higher GM/ha. This would be in line with previous studies which show 

farms that operate early lamb production systems typically exhibit higher levels of technical 

performance and higher levels of output per hectare. Returns from these systems however has 

been shown to be more reliant on market conditions and the need to achieve a price premium 

for out of season lamb given the higher input costs of production (Connolly, 2000).  

On most lowland farms, sheep production remains mainly a second enterprise with the 

grazing area shared with cattle. Typical of the profile of Irish sheep farms the majority of 

sheep farms in the sample also operate alternative farming enterprises. The Enterprise 

Specialisation variable captures the fraction of the farm forage area dedicated to the sheep 

enterprise. The variable has a significant at P < 0.01 negative relationship with GM/ha. This 

appears counter intuitive but is most probably explained by the fact that many of the 

dedicated sheep farms in the sample operate hill production systems which are typically more 

extensive in their nature with lower GM/ha .  
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Concentration of Lambing period is a variable which describes the relative 

concentration or spread in the lambing period measured in months. Birth data is aggregated 

on a monthly basis and thus while the measure of lambing period is not precise it does give an 

indicator of lambing spread. While the importance of compact calving to the financial returns 

of Suckler and Dairy herds has been well documented (Eblex, 2008) less research has been 

focused on this area in for the sheep enterprise. Benefits of compact lambing include labour 

and costs savings associated with batching ewes and lambs for feeding, routine veterinary 

treatments, and batching of lambs to avail of favourable market conditions.  In-line with this 

rational the sign on the coefficient is significant and negative, i.e. less compact lambing 

period negatively associated with GM/ha.  

Impact of Exogenous Variables on margins 

Exogenous control variables are those environmental factors influencing margins which are 

outside farm management direct control (presented in italics). These variables represent farm 

environmental conditions and are used to control for the influence of weather, farm structural 

factors (farm size), geography, associated soil conditions and production system (whether 

upland or lowland). In particular using the EU Nomenclature of Territorial Units for Statistics 

(NUTS) administrative region at NUTS3 level, the spatial heterogeneity in performance 

across farms can be estimated. Accordingly all farms are identified as being located in one of 

eight EU NUTs three regions in order to establish regional difference between farms. 

The coefficients for Regions 3 and 4 in Table 3.3 are positive and significant 

indicating that sheep farms in the East and Midlands have higher gross margins per hectare 

than farms in the Border (Region 1, reference dropped region). The opposite is true for the 

Southern Region (Region 7). This can reasonably be explained by farm type associated with 

each region. The East and Midlands would typically be associated with better agronomic 

conditions and lowland production  relative to the reference Border region while sheep 

production in the South would be predominantly at higher altitudes and extensive in nature. 

A Year dummy is used to control for exogenous shocks outside the control of the farm 

gate, in particular weather and price shocks. The significant and positive coefficients recorded 

for 2009 and 2010 relative to the reference dropped year (2008) can be explained by the 

relatively positive market environment witnessed for sheep meat product in 2009/2010, in 

which  tightening supplies on international markets had positive effects on output prices and 

consequently gross margins (Teagasc, 2011). 
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The Hill variable indicates the hill sheep farms as defined by the NFS exhibit relative 

lower margins due to their more extensive nature and upland grazing (Hoyne, 2001).  

Impact of Prices on Model of Gross Margin 

The Gross Margin model presented here was also run to include price effects by deflating the 

explanatory variable gross margin/ha (GM/ha). To achieve this GM/ha was divided by the 

mean regional level of GM/ha for each observation. The mean regional GM/ha was then 

included as an explanatory variable in the right hand side of the GM equation. However, 

including prices by deflating GM/ha leads to estimates that are wholly inconsistent with 

producer theory. The gross margin model presented here effectively represents a profit 

function. Profit functions are defined as convex in output such that an increase in output 

prices increases profit (GM) (Nadiri, 1993). However the sign of coefficient for the price 

deflator was negative and inconsistent with economically rationale producer behaviour. Thus 

the un-deflated model specification as presented in Table 3.3 is deemed the most appropriate 

representation of the predictors of gross margins on Irish sheep enterprises.  The 

unresponsiveness of sheep farms to output price effects however does highlight the lack of a 

market based focus by producers and deviation from profit maximising behaviour and may be 

related to the stagnation of technical production progress on farms as previously highlighted 

in the review of sheep production trends in chapter 1. 

3.3.2 Demographic models - Modelling “Lambing Rates” on Irish Sheep 

Farms 

Estimation of the impact of improved animal performance scenarios on gross margins 

requires the specification of individual models for the key demographic parameters 

investigated. The impact of ewe birth rates on GM/ha is presented in the results of the gross 

margin model (Table 3.3) entering the model through the “Conditional Lambing” rate 

variable. In the following section the results of an individual model of “Lambing Rate” are 

presented in Table 3.4 based on the current agronomic and sheep production literature. It 

should be noted that data is collected on farmers own records of farm activities and 

management. Data is not collected on abortion or stillbirths with only lambs born alive 

recorded. The dependent variable lambing rate is defined as the number of lambs born alive 

divided by the number of ewes mated with the ram. This variable takes into account the net of 
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inlamb ewe purchases minus sales where applicable. Net in lamb ewe purchases accounts for 

a small proportion of births, i.e less than 1 %. 

Accordingly lamb births as recorded by NFS data will combine some measure of early 

perinatal deaths post lambing. The model presented below takes this into account in model 

specification. Tables 3.1 and 3.2 in the appendices present the results for the models of Ewe 

and Lamb Death Rates respectively.  

 

Table 3.4 Model of Lambing Rates on Irish Sheep Farms     

 Dependent Variable  -  Lambs born per ewe mated 

 Coefficient (Std. Err) 

   

Constant 
0.196*** (0.021) 

Concentration of lambing period (months) 
-0.154*** (0.038) 

Concentrates fed per ewe 
-0.277*** (0.047) 

Fertiliser application rate 
-0.087*** (0.021) 

Veterinary expenditure per Lu 
1.287*** (0.031) 

Proxy for efficiency 
0.196*** (0.021) 

Cheviot 
-0.154*** (0.038) 

Scottish Blackface 
-0.277*** (0.047) 

Year 2009 
-0.044** (0.020) 

Year 2010 
-0.087*** (0.021) 

N                

R2 

Rho (fraction of variance due to individual fixed effect)     

589 

0.38386 

0.4215 

 

 

Robust S.E. reported in parentheses  

* p<0.10 ** p<0.05 *** p<0.01 

 

Ewe Breed 

Sufflok/Suffolk Cross                 1 

Greyface/half-breed   2 

Cheviot                   3 

Belclare Cross    4     

Continental Crosses   5 

Scottish Blackface                  6 

Other Hill Cross                  7 

Other                   8  

    

Management Variables 

Management explanatory variables are presented in italics in Table 3.4. Explanatory variables 

are deemed to be management variables if they come under the direct influence and 

management control of the farm holder.  



 106 

Concentration of Lambing period is a variable which describes the relative 

concentration / spread in the lambing period measured in months. The coefficient is positive 

and significant indicating that longer lambing spreads are associated with higher lambing 

rates potentially indicating a labour response to greater workload associated with increased 

prolificacy and multiple births. 

Meeting the nutritional requirement of the ewe is a key factor in maximising the 

productive potential of the ewe flock. While the NFS does not have specific breakdowns of 

flock diets, information is collected on range of variables that may be used as proxies for 

positive dietary provision and ewe management. In the results presented in Table 3.4 

Concentrates fed per ewe and fertiliser application rate are used as proxy nutritional variables. 

Fertiliser use on these forage based farms is for the production of grass, which is the main 

feed input in pastoral based ruminant production systems. Nitrogen fertiliser application per 

unit area is thus included as a proxy for forage provision in the model. The Nitrogen Fertiliser 

application rate is a farm level variable which is assumed to be representative for the sheep 

enterprise of mixed farms in the sample. Concentrate feed is a substitute for grass and grass 

silage and so the Concentrates fed per ewe is included as an explanatory variable. Previous 

studies have shown that flock productivity as measured through litter size increases for higher 

ewe live weights at mating (Hanrahan, 1999). Other studies have shown that a high birth 

weight and milk yield associated with ewe body condition score is desirable for lamb survival 

and can be supported by higher rates of supplementation (at a time when forage supply is 

limited) (Grennan, 2002). On the other hand a limited number of studies have shown that 

overfeeding of pregnant ewes is associated with issues such as increased dystocia, reduced 

lamb vigour and survival (Povey et al., 2016). The model as presented here hypothesises that 

evidence of suboptimal production is primarily due to under nutrition of the ewe and 

insufficient body condition as opposed to overfeeding. Thus while the NFS doesn’t provide a 

measure of the feed value of forage and ration fed to sheep in this chapter, evidence of 

management practices which increase nutritional supply are expected to be positively 

associated with improved ewe nutrition and consequently increased lambing rates. From 

Table 3.4 both Fertiliser application rate and concentrates fed per ewe are significant and 

positive in-line with the rational presented.  

Veterinary expenditure per LU is calculated as the expenditure on veterinary supplies 

attributed to the sheep enterprise per sheep livestock unit. The relative spend on veterinary 

medications per livestock unit is taken a proxy for animal husbandry and relative flock health 
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status. Whilst disease outbreak and poor health status will necessitate treatment and incur 

veterinary cost it is hypothesised that the majority of costs associated with veterinary expense 

are for preventative measures such as routine worm drenching and vaccination for clostridial 

diseases and abortion. This is particularly relevant given that our definition of lambs born 

alive incorporates information on stillbirths and abortions. It is thus hypothesised that a 

higher level of animal husbandry in the form of increased veterinary expense is associated 

with increasing ewe production. In-line with expectations the sign on veterinary expenditure 

per LU is positive and significant at P < 0.1. 

Previous studies such as Keady (2014) have highlighted that ewe genotype is 

inherently linked to ewe prolificacy or lambing rate and that Belclare-cross ewes have proven 

to attain higher lambing rates than a wide range of other crossbred types (Keady et al., 2009). 

To capture between breed differences across flocks a breed variable is included in the model. 

The breed dummy variable captures the predominant ewe breed of each flock (one of eight 

categorical breed variables). Results highlight a significant negative relationship for the 

Cheviot and Blackface Mountain Breeds relative to the reference dropped breed 

Sufflok/Suffolk Cross. This is in-line with a priori expectations that hill breeds generally 

managed on upland rough grazing would exhibit lower lambing rates than the predominant 

sufflok/suffolk cross used on the majority of lowland farms (Lynch, 2010b). While the sign 

on Belclare cross breed is positive it is not statistically significant. 

To estimate a proxy for an efficiency measure in our demographic regression models 

we need to look to our error term in our model of GM/ha 

Measure of Efficiency 

From regression equation (eq1) the composite error term (Uit + εit) can be seen to capture the 

unobserved explanatory power which is that element of the equation for which we have no 

observed variables to estimate our dependent variable for our demographic models.  Within  

this error term there are two elements the individual fixed effect (Uit) which is constant over 

time and the random transitory component (εit),which are those unobservable factors over 

time that are the product of chance, luck,  such as storms or extremes in weather. The 

individual fixed effect on the other hand is that component of the error term which is specific 

to the individual over time .i.e. those unobserved characteristics of the farm or farmer which 

influence their actual outcome for the dependent variable been measured such as inherent 

skill, aptitude, etc for which may not be able to fully capture with NFS variables. Through 
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specific statistical methods we are able to estimate an efficiency regression (model of GM) 

where we estimate the explanatory power inherent to the individual farm, i.e. the individual 

fixed effect (Ui). Having estimated a farm level proxy estimate for efficiency we are able to 

include it in our estimation of our dependent variable for each demographic model. 

Accordingly we can think of this variable as a proxy for efficiency at the individual farm 

which impacts on our estimate of the flock performance and is thus included in our model 

specification.    

 The econometric technique employed here captures a measure of the underlying farm 

level efficiency by adding a normal error term in order to allow the function to be fitted 

through the data (Paul et al., 2000). However this does not in itself constitute a full 

productivity analysis such as a Stochastic Frontier Analysis (SFA) or Data Envelopment 

Analysis (DEA). Frontier estimation on the other hand divides the composite error term into a 

a one-sided technical inefficiency error term (ui) and a two sided normally distributed “noise 

component”(vi) (Paul et al., 2000). The SFA model is usually estimated by maximum 

likelihood after assuming a distribution for both components. Thus it is proposed the analysis 

of sheep production could be further developed in the future using such well-established 

techniques as first developed by Aigner et al. (1977) and Meeusen and van den Broeck (1977) 

for production functions. This would enable a more detailed enterprise level investigation of 

measures of Technical Efficiency (TE) through econometrically estimated 

production/cost/profit function parameters. Accordingly deviations of observed choices from 

optimal ones could be modelled as statistical noise resulting from failure to optimise 

(inefficiency) or random shocks.  

Exogenous Variables 

As per the model of gross margin presented in Table 3.3 exogenous explanatory variables 

outside farm management control are presented in italics. A Year dummy represents the 

influence of exogenous farm environmental variables including weather, and prices. The 

significant and negative coefficients recorded for 2009 and 2010 relative to the reference 

dropped year 2008 can be explained by particularly adverse weather conditions experienced 

in the Spring of both years and throughout the key lambing periods which negatively affected 

output of lambs from ewe flocks. 
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A similar modelling approach based on the production research was adopted to 

examine the factors affecting both “Ewe Death Rates” and “Lamb Death Rates” the results of 

which are presented in the Table 3.1 and Table 3.2 of the appendices. 

 

Table 3.5 Financial and Technical Performance under 3 improved performance 

scenarios. 

 Actual 

Performance 

Improved Technical Performance 

Technical/Financial 

Rate 

NFS farms 

(2008 – 2010) 

Scenario 1  

Lambing rate 

Scenario 2 

Ewe death rate 

Scenario 3  

Lamb death rate 

Lambing rate (Lambs/ewe) 1.22 1.48 1.22 1.22 

Ewe death rate 6.19% 6.19% 2.69% 6.19% 

Lamb death rate  8.67% 8.67% 8.67% 5.10% 

Gross Margin (€/ha) 437.94 548 478.46 465.483 

 

3.3.3 Improved Technical Performance Simulation  

The individual models presented in Table 3.4 and the Appendix 3.1 and 3.2 provide a farm 

level estimate of the various demographic rates of interest based on the underlying agronomic 

conditions and management for the full sample of productive ewe flocks. Simulating an 

improved “animal performance” scenario, is achieved by estimating the impact of bringing 

the full sample of sheep farms into the top third of performance for each of the demographic 

rates (lambing rate, ewe death rate, lamb death rate) conditional on their agronomic 

conditions and management. To achieve this all sample farms are moved into the top third of 

lambing rate performance based on their residual estimate from the individual agronomic 

random effects model (e.g. Lambing Rate Model). This effectively applies a level of 

performance to those “under-performing” farms (farms in the bottom two terciles of 

performance) that has actually been achieved on agronomically similar farms (top tercile of 

performance) based on the underlying demographic model of interest. Thus the three 

simulations are independent from one another and are based on the demographic models 

developed through an iterative process of verification and validation with production experts. 

Simulation results for the three improved technical performance scenarios are presented in 

Table 3.5. Bringing all farms into the top distribution of performance for lambing rate is 
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shown to increase the average lambing rate from 1.2 to 1.48 lambs/ewe, which is in line with 

industry sectoral targets (Teagasc, 2016a), Table (4.1). Applying this simulated increase in 

lambing rate to our model of gross margin enables an estimate of the potential profitability 

that would arise if average lambing rates across the distribution of flocks were brought inline 

with industry targets. In the simulation scenario for lambing rate GM/ha is estimated to 

increase from €438/ha to €548/ha. This is equivalent to a GM/ha increases of 25% for the 

sample of NFS sheep farms.  

A similar simulation exercise for “Lamb death rate” and “Ewe death rate” shows how 

achievable improved technical performance has the potential to increase farm gross margins 

significantly, though not to the same extent as increased lambing rates. Simulating an 

improved performance scenario for lamb death rate decreases lamb death rate from 8.7% to 

5.1%  with an estimated increase in GM/ha in the order to 6%. For Ewe death rates the 

improved performance scenario was estimated to decrease from 6.2% to 2.7% and associated 

with a 9% increase in GM/ha. 

Simulating an improved lambing rate performance in this way through the residual 

estimate changes the farm specific technical conditions under which gross margin is 

estimated for these farms. Comparing actual gross margin figures to simulated estimates for 

improved technical performance scenarios thus qualifies and quantifies the significant 

potential positive returns to farmers of improved animal performance achievable through 

specific technology adoptions as specified in the individual demographic models.   
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3.4 Conclusions 

In order to improve best practice in livestock production systems in the EU it is important to 

demonstrate the economic gains achievable from improved animal performance and 

management practices. This Chapter investigates the structure and characteristics of the full 

distribution of Irish sheep farms achieving various levels of financial and technical 

performance. While a description of Irish sheep flocks using NFS data in chapter 1 showed 

sheep farms exhibited relatively low levels of technical performance and that on-farm 

technical advances have been stagnant over the past 20 years, these summary statistics do not 

explicitly control for underlying farm agronomic and management capacity. 

 Using a nationally representative panel dataset, the National Farm Survey, this 

chapter identifies and analyses key flock performance indicators including reproduction and 

mortality rates for the sample of sheep farms. NFS data files not previously manipulated for 

research purposes are used to capture monthly animal data flows and describe key 

demographic variables of interest; lambing rate, lamb death rate and ewe death rate for the 

full sample of NFS sheep farms for the 3 year period 2008 – 2010. These “Livestock 

Demographic” variables are important indicators for estimating and modelling flock 

dynamics and production, combining two drivers of flock performance; the biological 

characteristics of the stock on the farm and the farmers’ flock management practices given 

the underlying environmental conditions.  

Results indicate the potential impacts on farm output and gross margins of improved 

animal performance which is achievable through specific technology adoptions.  The current 

study thus bridges the information gap about what is actually being achieved on farms and 

what is achievable given the underlying agronomic conditions and management technology. 

Results agree with the production literature and show that the number of lambs reared per 

ewe and available for marketing is one of the most important factors affecting the 

productivity and profitability of sheep flocks. In particular improved conception rates, ewe 

mortality and lamb survival are shown to have significant impacts on flock potential. With 

processors and consumers demanding high quality products and ever increasing levels of 

animal welfare, improved animal health and livestock management at the herd level is 

increasingly important for the sheep industry (Stott et al., 2012). In a more general sense, 

animal health improvements have implications beyond the farm level, increasingly so with 

regard to the competitiveness and marketability of agricultural output. The quantification of 
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both productivity and economic gains resulting from reproductive and livestock mortality rate 

improvements is all the more important given the scope for improvement through established 

management best practices. In this context, the current research presents new evidence on the 

farm-level economic gains of improved technical performance in terms of output and gross 

margins in Ireland using comprehensive and nationally representative herd-level data and 

panel data techniques. 

Returns on sheep farms are highly reliant on direct income support through subsidies. 

Indeed direct payments constituted on average over 100% of gross margin/ha for the sample 

of sheep farms analysed over the three year period in this study. Furthermore sheep 

enterprises are typically small and employed as a secondary enterprise to cattle production. 

Thus the results presented in this thesis point towards areas which require further 

investigation. These include the need for a more detail examination of the relative production 

inefficiencies apparent on sheep enterprises, an investigation of the issue of joint production 

(not directly investigated in this thesis) including whether sheep enterprises are been used as a 

complementary management strategy to improve the management and efficiency of the 

primary farm enterprise. In terms of efficiency analysis the econometric investigation of 

sheep production could be further developed in the future using well established Stochastic 

Frontier Analysis (SFA) techniques. This would enable a more detailed enterprise level 

investigation of measures of Technical Efficiency (TE) whereby econometric techniques 

would be employed to estimate production/cost/profit function parameters. Accordingly 

deviations of observed choices from optimal ones could be modelled as statistical noise 

resulting from failure to optimise (inefficiency) or random shocks (Kumbhakar et al., 2003).  

This study also opens related areas for further investigation in the area of flock 

performance including flock replacement strategies employed by sheep farms and the impacts 

of participation in discussion groups on technology adoptions. The production literature 

emphasises the potential benefits of retaining homebred ewe lambs to replaced cull ewes, 

including animal health benefits, and targeted breeding/ performance recording. However 

there has been little research on the actual practices adopted by the distribution of sheep 

farms. Raw NFS data not previously applied for research purposes will allow an investigation 

of the factors influencing whether a farm operates a closed flock or what percentage of 

breeding replacements are source from off farm purchases.  In particular structural constraints 

associated with operating at low levels of scale, a characteristic of the Irish flocks, could be 

investigated in the context of individual breeding ewe replacement strategies. 
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4. CHAPTER FOUR: THE CARBON FOOTPRINT OF SHEEP 

FARMING 

4.1 Introduction 

Temperate regions such as New Zealand, the UK and Ireland are significant producers and 

exporters of sheep meat to European markets (see Chapter 1 for a review of the EU sheep 

meat market). A significant proportion of output from these temperate climates is based on 

grazing highly managed productive lowland pasture, where sheep are often reared as part of a 

mixed farming enterprise alongside cattle production (Ripoll-Bosch et al., 2013). With world 

food demand being increasingly driven by the shift of diets towards animal-based products 

such as meat, milk and dairy (FAO, 2016), demand for meat will continue to grow and is 

expected to exceed population growth over the next decade and in particular due to dietary 

changes in developing countries (Havlík et al., 2014).  

This is creating a number of challenges and opportunities for the agricultural industry 

and in particular those temperate regions where meat is the major product output. Changing 

land-use patterns and the increasing policy pressure to address climate change and reach 

GHG emissions reduction targets have the potential to alter the future farm level profitability 

and sustainability of farming systems (Morris, 2009). Emerging environmental and resource 

use policy pressures are often in contrast to national industry production targets which set out 

growth and sustainable intensification goals into the future. In many cases it remains to be 

established whether such policies are mutually achievable and as such represents a growing 

area of research (Bennett et al., 2014; Havlík et al., 2014; Herrero et al., 2013). Much debate 

in this context has centred around the concept of ‘sustainable intensification’ which suggests 

that through technology adoption and appropriate management, agricultural systems can be 

managed more intensively in order to increase production and at the same time minimise 

negative impacts, for example reducing GHG emissions per unit of agricultural output. 

However, debate continues regarding the justifications for and feasibility of sustainable 

intensification, and whether it is the appropriate response to these overarching agri-

environmental challenges (Godfray, 2015). 

The distortionary impact of production based subsidies under previous EU Common 

Agriculture Programmes (CAP) is well documented in the literature (Breen et al., 2005; 

Goodwin et al., 2006; Serra et al., 2006; Weber et al., 2012). These policy signals altered 
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producer priorities and consequently agricultural output and input allocation decisions, 

environmental externalities and income distribution. The CAP has provided high product 

prices and encouraged systems with high inputs of concentrate feed, fertiliser, and machinery 

and associated labour inputs, particularly in the beef and dairy sectors (Dillon, 2007). As 

previously discussed sheep production on the other hand has in general continued to remain 

relatively extensive. In response recent EU Common Agricultural Policy (CAP) reforms have 

sought to reduce these distortionary policy effects and make EU agriculture more 

environmentally sustainable whilst having a greater market orientation. This has been 

particularly evident with the decoupling of subsidy payments in 2005 under the Agenda 2000 

Mid-Term Review and the move towards “greening” measures as announced in the 2013 

reform (Louhichi et al., 2015). The reform process and its objectives are described in more 

detail in Chapter 1.  

With little scope to affect meat prices European farmers are considered price takers in 

a globally traded market and any strategies to improve margins should necessarily focus on 

increasing output volume on the one hand or cost minimisation practices on the other. Thus, 

to improve the profitability on sheep farms, production costs must be examined as closely as 

flock performance. In particular a better understanding of the farm level breakdown of the 

main variable cost component, feed costs is required to better describe the cost structure and 

resource footprints of farms across the range of sheep subsystems, and environmental 

conditions (Kilcline et al., 2014).  While chapter 3 developed a model of `Nutrition’ on sheep 

farms  there is the potential to extend this analysis by augmenting NFS data with biological 

information linked to livestock activities from external systems models (O'Mara, 1996) in 

order to provide a means of compare feeds on a standardised unit basis.  

With European and national policy focus evolving to foster the competitiveness and 

sustainability of farming systems in Europe (e.g. EIP-AGRI, Food Harvest 2020) there is an 

increasing demand for micro level analysis of the environmental, financial and social 

performance of agricultural systems. In response, a growing number of studies are based on 

farm-level models aimed at gaining a better understanding of the decision making process of 

farms across the distribution of farming systems, agronomic and environmental conditions 

(Louhichi et al., 2015). 

In the context of a growing population, emerging market trends for meat products and 

potentially conflicting policy challenges this chapter details a case study of Irish sheep flocks 

aimed at investigating the sustainability of these ruminant meat production systems from an 
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environmental and economic perspective (Garnett et al., 2013). Ireland represents a 

significant producer and exporter of sheep meat on the European Market and has a clear 

national sectoral growth strategy for sheep meat (DAFM, 2010, 2015a). These strategy 

reports propose significant growth targets for the value of the agri-food industry whilst 

emphasising agricultural sustainability. At the same time, international marketing initiatives 

and eco labels are increasingly being used to promote the sustainability of production systems 

and certify the environmental impacts of value chains based on initiatives to improve the 

environmental performance of products (Chen et al., 2017;Bord Bia, 2016). However, it has 

been highlighted that the level of agricultural production envisioned under national sectoral 

strategies will pose environmental challenges particularly in the context of Ireland achieving 

its emission reduction targets set down under the EU “Effort Sharing Decision” (ESD) 

(Decision No 406/2009/EC) and that continued monitoring and analyse is required to ensure 

that these plans are implemented in an environmentally sustainable manner (Wall et al., 

2016).  

With Ireland’s agriculture dominated by grass based ruminant production systems, 

and in particular cattle production, emissions from agriculture consequentially contribute 32% 

of total emissions and 47% of non-Emissions Trading Sector (ETS) emissions (Duffy et al., 

2017). Under the European Union emissions reductions targets, Ireland has been set an 

ambitious target to reduce emissions by 30% by 2030 (EC, 2016), whilst at the same time, 

national sectoral strategy targets aims to  increased production (Lynch et al., 2016). 

Furthermore sheep farming faces a number of economic and social challenges. In Ireland, hill 

and upland farms are typically based on robust mountains breeds (Blackface Mountain and 

the Cheviot breeds) which can withstand harsh weather and survive on poorer quality herbage 

unsuitable for other ruminants. These traditional sheep farming enterprises are concentrated 

in severely Less Favoured Areas (LFAs) which are characterised by low population density 

and other socio-economic constraints while grazing ground is often on poorer soils and steep 

slopes. There is a growing recognition of the importance of these farming systems in 

providing a range of ecological services and public goods, including landscape management, 

preservation of biodiversity, traditional farming systems and cultural heritage (Osoro et al., 

2016; Plieninger et al., 2006). From a financial perspective however, sheep farms have been 

shown to demonstrate persistently low income levels and a high and increasing reliance on 

direct income support (Hennessy et al., 2016). In 2015, 26% of all sheep farms were 
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estimated to be economically viable with 68% of output generated from the market and 32% 

from subsidies and grants (Lynch et al., 2016). 

This chapter explores these issues by comparing the farm level economic and 

environmental performance for Irish sheep farms using data from a nationally representative 

panel data (Hennessy et al., 2016). NFS data enables the evaluation of the farm level Carbon 

Footprints (CF) and land occupation for the range of Irish sheep flocks. The environmental 

performance of distinct sheep farming systems operating at different levels of production 

intensity and input use is presented and compared with key financial and technical 

performance outcomes. Sheep farming in Ireland is generally considered to be pasture-based 

and extensive, but large differences in production intensity, and land and input use exist.  

Evidence from previous research based on representative (average) farms points towards 

increased production intensity as a means of mitigating GHG emissions from meat production 

systems (Bohan et al., 2017). The application of a farm level modelling approach in this 

chapter means the variation in environmental outputs and financial performance across 

individual (real) farms can be described (Louhichi et al., 2015). 

The purposed of this chapter is twofold: 

- To develop a nationally representative modelling framework to estimate the farm level 

carbon footprint and land occupation on ruminant grazing farms in Ireland. 

- To develop environmental resource use and cost parameters for input to a National 

Bioeconomy Input-Output (BIO) model (Grealis et al., 2015).  

 

As described in Chapter 1 this LCA analysis can be seen as contributing the environmental 

analysis component of the integrated systems framework developed in this thesis. As such it 

integrates the production analysis developed in Chapters 2 and 3 by combining detailed 

information on animal activities and a production description of input use and costs of 

homegrown feeds and pasture. Together with information from a feed system model adapted 

to Irish production (O'Mara, 1996) and emission coefficients from the LCA and IPCC 

literature, the analysis of the sheep production systems is extended in this chapter to provide a 

more detailed model of nutrition, building on Chapter 3, and an environmental account of 

GHG emissions at farm level.  

Furthermore the integrated micro/farm level analysis presented here will enable 

upscaling of results on inputs and output (including environmental outputs) to a macro level 

analysis of the agriculture value chain. As proposed in Chapter 1 this information will be used 
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to inform the disaggregation of the BIO macro level model and enable its extension to 

account for emissions from the agriculture sector in the subsequent analysis presented in 

Chapter 5. In Chapter 5 scenario analysis will enable estimation of the economy wide impacts 

and consequential flow of resources through the meat value chain of meeting national 

agricultural sectoral targets. The impacts of these scenarios will be measured in terms of their 

environmental and economic impacts, i.e., GHG emissions and economic output value. 

The focus of the economic analysis in this chapter is not to present a detailed model of 

feed costs or an analysis of gross margins (already described in Chapter 1) but rather to 

integrate the analysis of the environmental performance of sheep farms (Carbon Footprints) 

with their associated economic performance in terms of gross margins. Thus this chapter 

represents the first LCA estimating the carbon footprints of the distribution of sheep farms. 

Results are broken down and presented for a cross section of NFS sheep enterprises, grouped 

by terciles of profitability (Gross Margin). Thus the approach applied here is in line with 

O’Brien et al. (2016) which investigates the relationship between the CF of milk and dairy 

farm economic performance. The integration of the economic and environmental performance 

of sheep farms is also required to develop environmental resource use and cost parameters 

which are subsequently used as input parameters to inform the environmental extension of the 

National Bioeconomy Input-Output (BIO) model (Grealis et al., 2015), the results of which 

are presented in chapter 5 of this thesis. 

4.2 Data and Methods 

4.2.1 Sheep Production Systems 

Sheep farming is the second most common enterprise on Irish farms and is often undertaken 

alongside cattle production in a mixed farming system (CSO, 2017b). Whilst Ireland does not 

exhibit the same stratified crossbreeding structure as the UK, sheep farming can be most 

readily classified into hill or lowland production (Pollott et al., 2006). A portion of upland 

ewe lambs are used for crossbreeding in the lowland sector but most are reared on rough hill 

grazing ground or improved uplands and sold for fattening and finishing on lowland farms. 

Lowland sheep production is predominantly grass based, with most ewes lambing in the 

spring with the onset of grass growth and most lambs going for slaughter before the end of 

the grazing season (Keady et al., 2009). The lowland sector accounts for the bulk of the sheep 

flock and meat production and can be divided into a number of sub systems. These 
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subsystems are defined here according to the NFS typology and applied to the following 

analysis of sheep farms. A detail description of the various sheep production systems and a 

summary of their associated financial and technical performance are presented in Chapter 2.  

In order to estimate emissions and financial performance at a farm level this chapter 

employs National Farm Survey data. The survey collects detailed production information 

required in this study including data on animal activities and associated costs, the area, yields 

and input costs of home-grown crops, and pasture inputs and costs. This information is 

collected for the full sample of farms and results are scalable to the national level through the 

application of representative weighting factors.  Weights used to make the NFS representative 

of the Irish farming population are based on the sample number of farms and the population 

number of farms (from the Census of Agriculture) in each farm system and farm size 

category. A detail description of the NFS is provided in Chapter 2.  

The current study modelled the full sample of 3235 sheep farm enterprises (farm year 

records) over the 10 year period 2010 to 2015. 506 were classified as hill farms and 2729 

lowland farms. The NFS classify farms as specialist sheep farms when at least 66% of the 

standardised gross margin of the farm comes from the sheep enterprise. In this study all sheep 

enterprises were modelled irrespective of whether it represented the major enterprise on the 

farm. The key technical performance indicators for the sample of farms summarised by hill 

and lowland farms is presented in Table 4.1. The average farm size was 50 hectares for hill 

farms and 42 hectares for lowland farms.  On average, lowland farms demonstrate higher 

levels of technical performance across the range of parameters analysed. This is in-line with 

the discussion from Chapter 1 and priori expectations.  Hill farms are typically managed on 

upland rough grazing, have lower lambing and stocking rates than lowland breeds managed 

on higher quality pasture (Hanrahan, 2010). Sheep farmers can be seen to represent, on 

average, the oldest cohort of farmers when compared to other farming systems with an 

upward trend and average age peaking at 59 in 2015. This trend raises questions about 

generational renewal and the long term sustainability of the sector (Cush et al., 2016). 

Hill farms are, on average, larger than lowland farms with larger flocks but are 

relatively more extensive. Average stocking rates recorded were 7.1 and 8.9 ewes/ha for hill 

and lowland farms respectively. Weaning rates were .9 lambs/ewe and 1.2 lambs/ewe 

respectively.  At an assumed carcass weight of 20kg this combination of stocking and 

weaning rates results in average output levels of 124kg and 219kg of lamb carcass weight 

(CW)/ha for hill and lowland farms.  In terms of inputs, hill farms are shown to exhibit 
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slightly higher direct costs per unit output compared to lowland farms. In line with their more 

extensive nature, these farms get a higher proportion of DM intake in the form of grazed grass 

compared to lowland farms. In both systems, a similar proportion of the energy requirements 

of stock was met with purchased concentrate feed while lowland farms, agronomically more 

suitable for tillage, grow and feed more crops. Lowland farms on average spread more 

nitrogen fertiliser (92.4kg/ha vs 67.2 kg/ha) and use more fuel (34.6L/ha vs 26.7L/ha) per unit 

area than hill farms. 

 

Table 4.1 Technical Summary of the average Lowland and Hill enterprise 

 

4.2.2 Life Cycle Assessment 

In this thesis, it is proposed that the livestock systems approach, discussed in the previous 

section and developed in chapters 2 and 3, be extended to perform a Life Cycle Assessment 

(LCA) of the environment outputs from Irish sheep farms. LCA is an established and 

standardised method to evaluate environmental impacts across the life cycle of a production 

system and has been widely applied to livestock production systems, in particular the carbon 

 Hill Lowland 
d
P-Value All Farms 

Number of farms
1 

506 2729 0.00 3235 

Farm Size 50 41 0.00 43 

Age of Farmer 57 55 0.0057 55 

Weaning rate (lambs/ewe) 0.9 1.2 0.00 1.16 

Stocking Rate (ewes/ha) 7.1 8.9 0.00 8.6 

Lamb carcass kg/ha
2
 124 219 0.00 200 

Dir costs €/kg carcass
 

1.6 1.5 0.00 1.5 

Breeding ewe numbers 147 92 0.00 102 

Concentrate (kg DM/ewe) 46.8 62.6 0.00 59.8 

N fertilizer (kg/ha) 67.2 92.4 0.00 88.8 

Farm fuel use (l/ha) 26.7 34.6 0.00 33.4 

Breakdown of Feed sources 

Grazed Grass (%of the diet) 81.2% 75.5% 0.00 76.4% 

Concentrate (kg DM/ewe) 12.3% 12.4% 0.00 12.3% 

Home grown crops feed (% of the 

diet)
3 

4.1% 11.0% 0.00 9.9% 

Purchased bulk feed (%of the diet) 2.4% 1.0% 0.00 1.3% 
dttest;  Test that difference between the mean value (each summary variable) of the two groups (hill or upland) is not equal to 

0, significant results highlighted in bold (P<0.05). 
1NFS Sample 2000 - 2015 
2Assuming an average carcass weight of 20kg 
3Includes conserved forage, hay and silage 
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foot printing of agricultural outputs (Edwards et al., 2008; Yan et al., 2011). As described in 

Chapter 1 the primary global framework for performing (LCA) is the ISO standard 

comprising 14040:2006 and 14044:2006 (Matthews et al., 2015). These standards specify 

guidelines for life cycle assessment (LCA) including: definition of the goal and scope of the 

LCA, inventory analysis (LCI) and impact assessment. While the analysis presented in this 

chapter follows the ISO standard layout, the Carbon Footprint calculations represent a partial 

LCA. This approach to calculating a carbon footprint of sheep farms without undertaking a 

full LCA as has been applied in a number of previous related studies of UK sheep production, 

(Saunders et al., 2006; Williams et al., 2006; Jones et al., 2009). In this context, a carbon 

footprint (CF) analysis represents a single-issue LCA which can be extended to account for a 

multitude of additional environmental outputs, such as water use, land use, acidification, 

energy use, eutrophication, etc. (Murphy et al., 2017; Schmidinger et al., 2012; Thomassen et 

al., 2008).  

Goal and scope definition 

The goal of this analysis was to estimate and compare Carbon Footprint of the full 

distribution of Irish sheep farms as describe by the nationally representative farm business 

survey, the Teagasc National Farm Survey (NFS). The CFs for sheep farms were calculated 

in this study according to a cradle to farm gate system boundary. Figure 1 provides a 

schematic representation of this system boundary which follows the British Standards 

Institute (BSI, 2011) approach with emissions estimates  based on a Life-cycle assessment 

(LCA) methodology. This is a holistic systems approach that aims to quantify the potential 

environmental impacts e.g. GHG emissions, generated throughout a product or processes life 

cycle within a defined boundary. Thus the analysis accounts for all GHG emissions from the 

farm up to the point of product sale from the farm (cradle to farm gate). This takes into 

account the emissions from upstream processes, i.e., the production process for the input 

materials used on farm, but excludes all downstream emissions arising after the farm gate 

such as meat slaughtering, processing, secondary processing, packaging etc. As such it can be 

seen to be a process based LCA where the process is the sheep farm production system. 

Therefore it is not a complete carbon footprint of sheep meat product excluding as it does the 

emissions from the rest of the sheep meat value chain beyond the farm gate. The approach 

also ignores national boundaries and as such includes the emissions from the production, 

manufacture and transport of concentrates and LUC from concentrates, e.g. Brazilian soybean 
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meal. While the calculation of CF takes into account emissions from land use change 

(emission from land use change associated with on-farm arable land, and off farm arable land 

for concentrate production), a Tier I methodology for emissions from animal activities is 

applied. Thus this study represents a partial life cycle assessment (Rotz et al., 2010) where the 

carbon footprint estimation is not PAS 2050 compliant and does not represent a full LCA 

(Jones et al., 2009). 

Figure 4.1 Schematic representation of the system boundary for Irish Sheep Production 

 

 

Using NFS data, a cradle-to-farm gate LCA methodology was applied to evaluate the 

environmental impact and resource use of sheep farms. O'Brien et al. (2016) previously 

modelled the emission for average sheep farms and described the application of emissions 

factors. The systems boundary (Figure. 1) represents the processes taken into account by the 

sheep farming system modelled in this study based on Edwards & Jones (2009) and includes 

the following activities: (1) the emissions associated with the home produced feed crops and 

the crops grown as constituents of the concentrate feed, including the inputs to field 
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operations for production, processing and transport; (2) emissions associated with the diesel 

used in agricultural field operations in crop production (e.g., fertiliser application, manure 

application, cultivation and forage production); (3) emissions associated with N fertiliser 

production, transportation and application; (4) emissions associated with livestock and related 

manure management. In line with previous studies, emissions associated with the production 

of minor inputs and infrastructure on sheep farms such as veterinary supplies, electricity, 

machines, buildings, and roads are excluded due to lack of data and given their minor 

contribution to overall emissions (Casey et al., 2005; Lynch et al., 2016). The exclusion of 

emissions associated with the manufacture and maintenance of capital goods is in accordance 

with (BSI, 2011) methodology. 

The functional unit (FU) is taken as an attribute of the main product being analysed 

which enables comparison of farm emissions on a standardised per unit basis. For sheep 

production systems, the main product is sheep meat, and the FU for this study is expressed as 

the environmental impact per  unit production of 1kg of liveweight equivalent. Functional 

units relate the main functions of a farming system to environmental impacts. The production 

of sheep yields more than one output (meat and wool) and most LCAs of agricultural systems 

allocate environmental impacts and resources between these co-products based on their 

economic value (De Vries et al., 2010; Jones et al., 2009). In Ireland, meat is the main 

product output and wool sales are only sufficient to cover the cost of shearing (O'Mara, 

2008). Given that Irish farming has a single purpose production focus this study presents all 

emissions in terms of sheepmeat live weight. It is proposed that future work will develop the 

analysis in this chapter to capture a full LCA of sheep farm through the calculation of a Tier 

II estimate of enteric fermentation, while the allocation of environmental impacts will be 

separated between co-products (meat and wool) based on their economic value. 

Inventory Analysis 

The resources used and emissions related to sheep enterprises were quantified in the 

inventory analysis stage through the sheep farm systems model previous developed in 

Chapters 2 and 3 and the crops sub model described here. This crops sub model was 

developed to estimate emissions from crops used for livestock feed. While the NFS provides 

detailed farm level data on the quantity of inputs used in feed crops and pasture production as 

well as the quantities and cost of purchased feed, additional data were required for a number 

of inputs for which there was insufficient information. The NFS records information on the 
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quantities of feeds (home-grown and purchased) fed to the different livestock enterprises. 

Inputs of seed, fertiliser, etc., and associated direct cost of crop production and pasture are 

broken down by crop type. (IPCC, 2006) guidelines for GHG inventories and NFS input use 

records were used to estimate on-farm CO2 emissions from lime and urea application, and 

diesel fuel use (Table 4.2). N2O emissions resulting from the application of synthetic 

fertilisers were estimated by multiplying the standard direct and indirect N2O emissions factor 

for synthetic fertilisers by the quantities applied as recorded in the NFS. Lime is treated as a 

capital land improvement expenditure item in the NFS and here application rates are assumed 

on the basis of the total utilisable agricultural area (uaa) and assigned to crops accordingly. 

NFS data on fuel and pesticide use is recorded at a farm level in monetary terms and 

not allocated to individual crops. Fuel use by contract machine hire is also not recorded in the 

NFS (O’Brien et al., 2015). To calculate the emissions associated with the 14 feed crops 

recorded in the NFS a representative crops submodel was developed. Field work processes 

were ascribed to each crop. Fuel use factors litres per ha and litres per hour (depending on the 

machine operation) were used to calculate representative fuel use data per unit area 

(Appendix 4). Fuel use factors for the range of field operations were adapted from Nemeck et 

al. (2007). The creation of a representative set of field processes was informed by the national 

research literature and through consultation with Teagasc Tillage specialists (DAFM, 2012; 

Phelan, 2017; Teagasc, 2011a). Representative pesticide factors (kg active ingredient/ha) 

were calculated for the 14 feed crops recorded in the NFS based on a national pesticide 

survey of arable crops (DAFF, 2004; DAFM, 2012) (Appendix 1 of Chapter 5). These fuel 

and pesticide factors were applied to NFS records of the area of feed crops and pasture 

grown. While the NFS records yield for the main cereal crops grown (including wheat, barley 

and oats) and forages (hay and silage), it only records hectares grown of other fodder crops. 

In order to calculate the volumes in kgs of crops grown and fed to livestock, average yields 

for the sample period were calculated based on national crop survey data (CSO, 2017a). 

Applying these yields enabled the calculation of representative emissions factors per unit 

hectare and per unit kg output for the full range of 14 feed crops and pasture as recorded in 

the NFS across the full sample of farms.  The sum of all emissions associated with each 

individual crop (fuel, fertiliser, lime etc.) was subsequently summed and an average 

`representative’ emissions factor per unit kg of crop was calculated. This `representative’ 

emissions factor was then assigned to the NFS record of purchased bulkfeed (crop) thereby 

assuming the input processes and emissions profile of purchased crops used to feed livestock  
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is in line with national average for the associated crop as recorded by the NFS (no emissions 

for  additional transport and fuel use was assigned to purchased bulkfeeds beyond what is 

detail in Appendix 4.4). Average yield data from the CSO was applied to the purchased 

bulkfeeds to calculate their equivalised land area/occupation.  

Whilst some of the sample farms operated mixed enterprises and sold crops, results 

are presented here  for the sheep enterprise . The detailed enterprise level collection of data on 

inputs thus avoids the allocation between crop and animal products (O’Brien et al., 2015). 

However, there are a number of products of multifunctional systems which require allocation 

in this study. For example, in cereal production systems the main product comes from the 

barley, wheat, or oat grain while straw can be seen as a by-product. In this study, allocation of 

environmental impacts and resources between co-products (e.g. fuel and fertiliser use) is 

based on economic allocation (Casey et al., 2005).  

The breakdown of a representative 17% Crude Protein (CR) concentrate ration fed to 

sheep is presented in (Appendix  4.2). The DM formulation and emissions factors are adapted 

from O'Brien et al. (2016) and the Carbon Trust (2013). The equivalised land area of the 

individual feed components is based on international yields from the Feedprint database 

(Vellinga et al., 2013). For cereal straw, the NFS does not record the main crop source, i.e., 

whether wheat, barley, or oat straw and therefore a single weighted economic allocation 

factor for straw is estimated based on national crop production statistics for the sample period 

(CSO, 2017a). National straw yields are taken from (Teagasc, 2016b). 

The methodology as outlined in the Irish National Inventory Report (NIR) (Duffy et 

al., 2017) and described in IPCC (2006) guidelines is applied here to calculate the emissions 

from enteric fermentation and manure management. Emissions factors are applied for the 

breakdown of animal stocks. Manure management involves the storage and spreading of 

manure on land and the deposition of urine and dung by grazing sheep on pasture. The 

calculation of emissions for these processes follows the IPCC reporting guidelines for 

national GHG inventories. In line with (Jones et al., 2014b), the IPCC national reporting 

approach was applied to the farm scale by estimating animal enteric fermentation and manure 

management emissions based on the farm inventory of the various sheep age classes. The 

average number of each livestock class on the farm over a production year is based on the 

monthly check tables data reported in the NFS and described in Chapters 2 and 3. 

Accordingly, enteric fermentation methane (CH4) emissions are estimated from livestock 

inventories by multiplying the numbers of sheep of relevant age category (scaled according to 
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length of time present on farm) by the relevant NIR inventory coefficient (Table 4.2). This 

follows the approach previously applied to NFS data (Lynch, 2017; Lynch, et al., 2016; 

Lynch et al., 2016) and is enabled by the collection of check tables data on NFS farms since 

2007. Check tables record the stocks and flows of animals over the 12 month period, 

including entries (births, purchases), exits (livestock mortality, sales) and transfers (transfers 

of stock by the range of livestock age categories). A limitation of this study is that it applies a 

Tier I estimate of CH4 and N2O emissions factors for livestock. This approach fails to fully 

capture the variation in livestock performance across farms, in particular live-weight gains, 

(which affects energy requirements and feed intake) which subsequently affects the relative 

production efficiency and emissions intensity of output (O’Mara et al., 2007). Given the 

detail and structure of the NFS a Tier II estimate of Enteric Fermentation emissions would 

require additional assumptions around animal performance, growth rates, and dry matter 

intake (DMI). These additions would need to be made in conjunction with livestock 

specialists in order to more accurately describe the farm level variability in livestock 

performance and related emissions. This is beyond the scope of the current study but is 

proposed as an area of future investigation which could be used to better describe the effects 

of different management practices across farms and overtime (Crosson et al., 2011). 

Manure management methane emissions were estimated via the same approach, using 

the appropriate NIR methane manure coefficients for each livestock category, where the 

proportion of manure attributed to manure management system by livestock coefficient is 

based on the findings of the national farm facilities survey (Hennessy et al., 2011; Hyde et al., 

2005). These values are differentiated between lowland and upland sheep. Individual 

emissions coefficients are used for the following lowland and upland livestock categories: 

Ewes; Other Sheep over 1y/hoggets; Lambs; Rams. On average, 92.4% per cent of sheep 

manure is excreted on pasture with the remainder held in deep bedding solid manure storage 

systems for later application to soils. 

Similar to the calculation of Enteric Fermentation, and in line with Lynch (2017), the 

annual N excretion (kg/N/year) was estimated based on the stocks of various animal 

categories kept throughout the year and associated N excretion factors taken from the NIR. N 

excretion from livestock was subsequently allocated to pasture and solid manure storage 

using NIR coefficients based on representative data collected in the farm facilities survey 

(Hyde et al., 2005). Manure management N2O emissions were estimated by applying the 

appropriate emissions coefficients from the NIR. Additional gaseous N losses from manure 
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(NO, N2 and NH3) were calculated according to the Environmental Protection Agency 

Informative Inventory Report (Duffy et al., 2017), in accordance with the NIR 

methodologies. Remaining N (having adjusted for N losses in storage and housing) was 

assumed applied to managed agricultural soils, with relevant N2O soil emissions coefficients 

used. 

In line with the IPCC methodology the LCA whole farm emissions estimate includes 

the emissions from managed soils associated the application of synthetic N fertiliser (Direct 

N2O emissions from soils and indirect N2O emissions from atmospheric deposition and 

Nitrogen leaching and runoff) and the carbon emissions from liming and urea application. To 

maintain consistency the associated emissions factors are taken from the most recent NIR 

report to the IPCC (Duffy et al., 2017) (Table 4.2) In addition the whole farm (cradle to 

farmgate) LCA analysis includes the emissions from inputs used (on-farm) inputs(pesticides, 

fuel, phosphorus (P) and potassium (K) and ammonia nitrate fertilisers) along with the inputs 

used in the production of purchased feeds produced off-farm (pesticides, fuel, P,K and 

ammonia nitrate fertiliser) and the emissions released in the manufacturing process of these 

same inputs (off-farm). The emissions factors for these inputs and the their respective sources 

are detailed in Table 4.2). 

The French Net Energy NE System of feed evaluation for ruminants as described by 

Jarrige (1989) has been adapted to Irish production systems (O'Mara, 1996) and has been 

used extensively throughout the literature to calculate energy feed demands of livestock and 

energy supply from feeds. To calculate the energy demand for sheep, the NE system was 

applied in this chapter to the average number of animals on the farm throughout the year on a 

livestock unit basis (LU). Here one livestock unit was estimated to be equivalent to the feed 

requirements of an average dairy cow yielding 5,500 litres (Hennessy et al., 2016; O'Mara, 

1996). The equivalised energy demand for one LU was thus calculated using well-defined 

equations from O’Mara (1996) and applied to the average number of LUs per farms to give a 

farm level approximation of energy demands. For the purposes of this study, the NE values of 

the range of feed stuffs fed on sheep farms is taken from feed tables for representative Irish 

feeds (O'Mara, 1996). Unité fourragère du lait (UFL) is the unit of energy used in the NE 

system, with one UFL equating to one kg of air dried barley. The NE values of concentrate 

and grass silage were estimated as 0.96 UFL/kg Fed and 0.75 UFL/kg DM respectively 

(Kavanagh, 2011). The NE value of grass varies throughout the year, and an average value of 

.96 UFL/kg DM is applied here (O'Neill et al., 2013). The DM intake of pasture by sheep is 
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estimated by subtracting the NE provided by concentrate, home-grown feed crops and 

purchased bulky feed from the flocks’ total NE requirements and then dividing by the NE 

fraction of grass. 

Irish soils have the potential to emit or sequester CO2. Soils typically lose carbon 

following land use change from the conversion of pasture to cropland. Conversely, soils gain 

carbon upon conversion from crops to pasture land. Estimates from a number of recent 

studies suggest that managed “permanent grassland” have the potential to act as important 

long-term carbon sinks (Soussana et al., 2010). The IPCC (2007) report showed that the 

efficient management of grassland has the potential to form an important mitigation strategy 

to reduce agricultural GHG emissions while improving farm productivity. This is leading to a 

growing area of research investigating the extent and sustainability of grassland carbon 

sequestration and their application to farm level modelling (Del Prado et al., 2013). A number 

of LCA studies have included soil C sequestration in their analysis (Leip et al., 2010), 

including Irish studies of agricultural production systems (Duffy et al., 2017; O’Brien et al., 

2015). 

Rates of carbon sequestration by permanent Irish grassland soils have been shown to 

vary significantly depending on vegetation growth. In line with (O'Brien et al., 2016) and 

based on Leip et al. (2010) and Schulte et al. (2013), this study applies C-sequestration rates 

of .57t/ CO2 and .89t/ CO2 to the grazing area on upland and lowland sheep farms 

respectively. All area under cropland was assumed to have previously been under grassland in 

the past 20 year and thus land use-change emissions associated with carbon loss were 

attributed to the arable cropping area at a rate of 6.7 t CO2/ ha per annum (BSI, 2011). The 

assumption here is that all crop area on sheep farms was permanent pasture in the past 20 

years. Similarly the assumption for purchased bulk feed is that these crops were grown on 

dedicated tillage farms which will have been under continuous cropping and are thus not 

associated with carbon loss from land use change. Both of these assumptions represent 

extreme cases and are subject to revision if more detailed information becomes available. 

Also the flow of GHGs into and out of agricultural plants and soils is a developing area of 

research and estimates of carbon sequestration and loss are subject to revision (Jones et al 

2009; Del Prado et al., 2013). To reflect uncertainties surrounding these parameters a 

sensitivity analysis is undertaken comparing the Carbon Footprints of sheep farms both 

including and excluding emissions from non-recurrent land use and carbon sequestration from 

grassland. 
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 DAFM (2013) statistics show that the Irish Feed milling industry imports 

approximately 2.8 million tonnes of animal feed ingredients annually, of which 

approximately 66% are used in the production of ruminant concentrate feed. Previous studies 

have shown that the production of some imported feeds used by the milling industry, such as 

Brazilian soybean or Malaysian palm kernel oil are associated with deforestation and 

conversion to cropland and consequently land use change emissions (Lambin et al., 2011). 

The Land Use change emissions for a representative sheep ration (0.23kg CO2 per kg 

Concentrate dry matter fed) (Table 4.3) are estimated here by computing the land use change 

emissions associated with the production of relevant constituent feed ingredients based on the 

associated crop information for source countries (Vellinga et al., 2013) and emissions factors 

from the Carbon Trust (2013) and are in line with O’Brien et al. (2016). Land area was 

quantified in hectares, including land required to produce home-grown forage and crops and 

land for imported feedstuffs (Table 4.2). 
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Table 4.2 Key on-farm emission and energy factors for Irish Sheep flocks 

Emission source  Emission or energy factor Unit Reference 

     

Methane (CH4)     

Enteric fermentation     

Ewes Lowland On-farm 8 × livestock number kgCH4/animal (Duffy et al., 

2017) 

 Other Sheep over 1yr 

Lowland 

On-farm 8 × livestock number kgCH4/animal 

Lambs Upland On-farm 2.73 × livestock number kgCH4/animal 

Ewes Upland On-farm 8 × livestock number kgCH4/animal 

Rams Upland On-farm 8 × livestock number kgCH4/animal 

Other Sheep over 1yr 

Upland 

On-farm 8 × livestock number kgCH4/animal 

Rams Lowland On-farm 8 × livestock number kgCH4/animal 

Lambs Lowland On-farm 2.73 × livestock number kgCH4/animal 

Ewes Lowland On-farm 8 × livestock number kgCH4/animal 

     

Nitrous oxide (N2O-N)     

Synthetic N fertilizer 

application 

On-farm 0.01 × N fertilizer applied (KG N) kg N2O-N (IPCC, 2006 ; 

Carbon Trust, 

2013; 

Vellinga et al., 

2013) 

Nitrogen leaching from 

synthetic N application 

On-farm 0.0075 × frac N applied (10% of N 

input to managed soils is lost through 

leaching) 

kg N2O-N 

Atmospheric Deposition of 

nitrogen (N) volatilised 

from synthetic N  

On-farm 0.01 × frac applied volatilised (3% of 

synthetic fertilizer N applied to soils 

volatilises as NH3 and NOx, 8% for 

livestock N)) 

kg NH3-N 

Solid manure storage On-farm 0.005 × solid manure N stored   kg/kg N (Duffy et al., 

2017) 

 Manure excreted on 

pasture  

On-farm 0.01 × N excreted on pasture  kg/kg N 

Solid manure application  On-farm 0.01 × N in manure spread  kg/kg 

Ammonia (NH3) re-

deposition 

On-farm 0.01 × sum of NH3 loss  kg/kg NH3-N 

     

Nitrogen oxides (NOx)     

Solid manure storage  On-farm 0.01 × solid manure TAN stored  kg/kg TAN  (Duffy et al., 

2017) 

 Solid manure application  On-farm 0.002 × N in manure spread kg/kg N  

Manure excreted on 

pasture  

On-farm 0.0035 × TAN excreted on pasture kg/kg TAN 

     

Ammonia (NH3-N)     

Housing On-farm 0.22 × manure TAN stored  kg/kg TAN (Duffy et al., 

2017) 
Solid manure storage  On-farm 0.35 × solid manure TAN stored  kg/kg TAN  

Solid manure application  On-farm 0.68–0.004 × TAN in solid manure 

spread  

kg/kg TAN  

Manure excreted on 

pasture  

On-farm 0.06 × TAN excreted on pasture  kg/kg TAN 
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Carbon Dioxide (CO2)     

Diesel On-farm 2.63 × diesel use (litres) kg CO2/l (IPCC, 2006) 

 
Gasoline On-farm 2.30 × gasoline use (litres) kg CO2/l 

Kerosene On-farm 2.52 × kerosene use (litres) kg CO2/l 

Urea application On-farm 0.733× urea application (KG Urea) kgCO2/kg urea 

Lime application On-farm 0.44 × lime application (Kg Lime) kgCO2/kg lime 

LUC from on-farm arable 

land1 
On-farm 6.7 × crop area (Ha) kgCO2/Ha (BSI, 2011) 

Grassland carbon 

sequestration2 
 0.57–0.89 × grassland area (Ha) tCO2/Ha (Leip et al., 

2015) 
1Arable land used for the production of home-grown feeds  
2Grassland carbon sequestration  estimated at 0.89 t of CO2/ha for lowland farms and 0.57 t of CO2/ha for lowland 

farms 

 

Table 4.3 Key off-farm emission and energy factors for Irish Sheep flocks 

 Emission or energy factor Unit Reference(s) 

    

Diesel Off-farm .38 × diesel use (litres) kg CO2/l  

Lime application Off-farm 0.15 × lime application (Kg) kgCO2/kg lime (Carbon Trust, 2013) 

Urea Off-farm 2.89  × urea application (KG N) kg CO2/kg N (Carbon Trust, 2013 

P fertilizer Off-farm 1.87  × P application (KG P) kgCO2/kg P (Carbon Trust, 2013 

K fertilizer Off-farm 1.80  × K application (KG K) kg CO2/kg K (Carbon Trust, 2013 

Ammonia Nitrate Off-farm 3.63× K application (KG N) kg CO2/kg N (Carbon Trust, 2013 

Pesticides Off-farm 8.40  × Active Ingredient (KG) kgCO2/kg 

active 

ingredient 

(Carbon Trust, 2013 

Concentrate 

production1 
Off-farm 0.161× Concentrate Fed (Kg DM) kgCO2/kg DM (Carbon Trust, 2013 

Concentrate (CO2 

from land use 

change)2 

Off-farm 0.23 × Concentrate Fed (Kg DM) kgCO2/kg DM (Carbon Trust, 2013 ; 

Vellinga et al., 2013) 

1GHG emissions associated with of representative 17% CP concentrate feed (see Appendix 2 for DM formulation) 
2Nonrecurrent land use change emissions associated with of representative 17% CP concentrate feed 

Impact assessment 

The climate change impact of GHG emissions from sheep production was calculated in terms 

of CO2 equivalents using 100 year global warming potential (GWP) The Global Warming 

Potential (GWP) factors are a relative measure of how much heat a greenhouse gas traps in 

the atmosphere and was developed to allow comparisons of the global warming impacts of 

different gases. In this study IPCC (2006) GWP values are applied to determine the overall 

contribution of CO2, CH4 and N2O to total emissions. Accordingly, all GHG emissions 

calculated are estimated in terms of the reference gas CO2 equivalents where the GWP of 1 

kg CO2 is 1, 1 kg CH4 is 25, and 1 kg N2O is 298, assuming a 100-year time horizon.  
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The other resource use measure examined in this study is the equivalised land area 

occupied by sheep production systems. Land occupation was quantified in m2/kg of LW and 

included land required to produce homegrown forage (grass and grass silage or hay) fodder 

crops used for the sheep enterprise, and the equivalised land footprint of purchased bulkfeeds 

and imported feedstuffs (presented in hectare equivalents). 

4.2.3 Economic Performance and Feed Costs 

The economic performance of sheep farms was analysed using the NFS panel dataset which 

provides a time series (2005-2015) of key financial records for sheep farms including farm 

gross output and variable costs (Hennessy et al., 2016). Analysis is performed at the 

enterprise level and broken down by hill and lowland enterprises, taking into account their 

differential production systems. To benchmark the different sheep farming systems, a gross 

margin analysis is performed. Gross margin does not take into account fixed costs, such as 

depreciation, land rent, interest and farm maintenance, etc., all of which are extremely 

variable from farm to farm. While the net profit/ha is the bottom line figure, it is difficult to 

attribute a fixed cost share to the individual enterprise when the majority of farms have more 

than one enterprise. Gross margin analysis, on the other hand, gives an indication of the 

physical performance of the enterprise, which can thus be compared across farms or 

production systems. Gross margin as defined here relates to outputs plus production-linked 

subsidies minus direct costs associated with the enterprise. Gross output is defined as the 

change in the value of sheep numbers (taking account of births, deaths, sales, purchases). 

Variable costs included charges for purchases of raw materials, such as feedstuffs, fertilizer, 

livestock, medicines, and seeds. In the preceding analysis, financial results are presented for 

the average of lowland, hill and all farms. Similar to the approach applied previously mid-

season lowland farms are also ranked on the basis of gross margin per hectare, and grouped 

into three categories; the top third, middle third and bottom third of performing farms. The 

average levels of output, direct costs and gross margin per hectare across these groups, and 

the key indicators of technical performance, can then be compared. 

Feed costs represent the major cost component on ruminant grazing farms in Ireland, 

accounting for 70 to 75 % of total direct costs and form a particular focus of the financial 

analysis in this study. In the initial analysis, they are broken down into concentrates, pasture 

and winter forage costs. Subsequently, the contribution of the 14 fed crops to flock diets, as 
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recorded in the NFS, is analysed. The costs and environmental outputs of the individual feeds 

is analysed on a standardised unit energy basis.  

Few previous studies have examined the economics of feeding practices on Irish 

farms using national panel data. Läpple et al. (2012) developed a supplementary survey to the 

NFS to explore the cost saving potential of extending the grazing season, thereby increasing 

the proportion of the lowest cost feed component, grazed grass, in the diets of Irish dairy 

herds.  Finneran et al. (2012) developed the Grange Feed Cost Model – a static, spreadsheet-

based, agro-economic simulation model to evaluate the financial costs of producing and 

feeding alternative feed crops  to ruminant livestock in Ireland under a range of 

environmental and management conditions (sowing dates, yield data, etc). Kilcline et al. 

(2014), adapted from chapter 3, proposed a model examining the economic factors affecting 

concentrate usage on Irish sheep farms including the cost saving potential of greater 

utilisation of grass relative to concentrate feed. Results found the demand for concentrates on 

Irish sheep farms to be elastic and thus sensitive to price changes. This single equation input 

demand study highlighted the substitutable nature of grass and supplementary concentrate 

feeds and called for a detailed description of flock diets and breakdown of feed costs for the 

national distribution of sheep farms as presented in this chapter. 

4.3 Results 

4.3.1 Economic Performance and Feed Costs 

Figure 1 describes this distribution of gross output across sheep enterprises over the sample 

period. The average value of gross output per hectare for the sample of sheep flock 

subsystems is measured relative to their forage area (hectares) and number of sheep livestock 

unit. The difference between the two measures is largely due to the difference in the average 

stocking rate across systems. Early season enterprises have the highest gross output in both 

unit measures (€1047/ha €530/lu). The higher per livestock output from the early season 

system is facilitated through indoor housing and a greater emphasis on more expensive, 

concentrate based diets required to meet the nutritional requirements of ewes lambing earlier 

in the season, when grass is in short supply (Flanagan et al., 2001). The predominant mid-

season system has the second highest output per LU and per hectacre (€849/ha, €442/lu) with 

farms typically lambing down in the spring with the onset of grass growth (Keady et al., 

2009). Later lambing or mainly store lamb production systems (also includes farms that buy 
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in store lambs for fattening and later finishing) have lower margins (€672/ha, €363/lu) and 

lower stocking rates (7.7ewes/ha). The hill sheep systems have the lowest output per hectare 

output as would be expected given their extensive nature and upland grazing. Blackface 

Mountain systems exhibit the lowest stocking rates (0.6ewes/ha) and output per unit 

(€153/ha, €262/lu) of all the systems analysed. 

 

Figure 4.2 Distribution of Gross Output and Stocking Rates by sheep Sub-System 

 

   

A breakdown of financial performance at the enterprise level for hill, lowland and midseason 

lowland farms is presented in (4.4). Lowland farms exhibit higher gross margins driven by 

significantly higher gross output per unit hectare. Hill farms are much more dependent on 

direct income support: of the €206/ha gross margin earned on hill farms over the period 

€110/ha or 54% of this is attributable to subsidy payments, whilst on lowland farms almost 

80% is earned from the market. Analysing midseason lowland farms, the top performing 

group earned an average gross margin of €937 per hectare; farms in the bottom group earned 

an average gross margin of only €198 per hectare. This means that the top producers earned, 

on average, almost 5 times more per hectare than their counterparts in the bottom group 

whilst a breakdown of the trend in gross margin (2000 – 2015) highlights that the gap 

between the top and bottom third of mid-season lowland lamb producers has been growing. 

This is in line with the financial performance description as detailed in chapter 1. The best 

performing farms can be seen to achieve significantly higher levels of output while 

simultaneously keeping a control over direct cost. Higher output levels are achieved through 

better technical performance and reflected in higher stocking rates and weaning rates. 
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In terms of direct costs per hectare, feed costs represent the major cost item. Over the 

sample period, feed costs contributed on average over 73% of total direct costs across all 

sheep farming enterprises. If feed costs are broken down into its components, concentrate 

costs are the single largest expense item, contributing on average over 44% of direct costs 

across all enterprises for the same period. The share of expenditure attributable to 

concentrates is lowest in the top performing farms (41%) and highest in the bottom third of 

farms (45%) while the opposite is true for pasture costs (33% vs 29%). In line with the 

findings from Kilcline et al. (2014), results highlight the importance of maximizing output 

and returns from well managed pasture and simultaneously controlling concentrate input as 

means of improving margins (Figure 3). A more detailed breakdown of the key sources of 

forage and feed crops fed to sheep is detailed in Table 4.4 along with their relative costs on a 

per unit energy basis and contribution to total flock energy requirements.  

The list of feeds presented in Table 4.4 can be seen to contribute on average over 99% 

of animal feed supplied to sheep over the reference period. In line with expectations, grass 

represents the most important and cheapest feed on a cost per unit energy basis, contributing 

over 76% of energy supply to livestock and at a cost of little over 1 cent per unit energy 

across all farms. Concentrates is the second most important feed source, supplying 12.3% of 

energy to livestock at a cost of 24 cent per UFL. This makes concentrate feed the most 

expensive feed source. Forage crops, silage and hay contribute 4.7% and 3.2% of energy 

requirements at a cost of 7.9 and 5.2 cent per UFL respectively. While the percentage of fed 

crops grown on hill farms is miniscule, on average across all farms home-grown cereal feed 

crops, oat and barley contribute .2% and .6% of energy requirements at a cost of 13.6 and 

12.2 cent per UFL respectively. It should be noted here that the estimation of feed costs is 

based on the “accounting cost” as detailed by NFS data including all production (grassland 

maintenance, land preparation, sowing and crop management) and utilisation (processing, and 

feed-out) costs associated with the respective feeds. However it does not represent the full 

“economic cost” of the feed which would also include an imputed land charge (i.e. based on 

the current annual rental market price) for the “opportunity cost” of the relevant land base. 

Finneran et al. (2010) in developing the Grange Feed Cost Model (GFCM) proposed 

“economic costs” as the most appropriate cost measure with which to benchmark home-

produced feeds and purchased alternatives. Using economic costs would thus reduce the scale 

of the cost differential between purchased concentrates and grass as presented here.  
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In the following section the results of the LCA of emissions from Irish sheep flocks 

are presented, broken down according to profitability criteria (terciles of gross margin).  

 

Table 4.4 Financial Performance Indicators (€) and Feed constituent costs (€/UFL) 

 Bottom, middle, and top third of 

Midseason lowland farms ranked by 

GM/Ha 

 Hill Lowland Total Bottom 1/3 Middle 1/3 Top 1/3 

Key Financial Performance Indicators (€/ha) 

Gross output1 400 854 774 516 830 1291 

Total Direct Costs 194 322 299 318 308 354 

Concentrates 

expenditure 

84 144 133 142 134 146 

Winter Forage 

expenditure 

16 28 26 31 27 32 

Pasture Expenses 37 65 60 62 61 78 

Other Direct Costs 57 83 79 81 84 95 

Gross Margin 206 532 474 198 522 937 

Unit Energy Costs of main feed sources (€/UFL) % energy contribution to diet (All farms) 

Grass 0.008 0.011 0.0108 
76.4% 

   

Concentrates 0.245 0.242 0.242 
12.3% 

   

Fodderbeet 0.120 0.084 0.084 
0.4% 

   

Hay 0.058 0.051 0.052 
3.2% 

   

Silage 0.093 0.077 0.079 
4.7% 

   

Barley 0.129 0.121 0.122 
0.6% 

   

Oats 0.125 0.137 0.136 
0.2% 

   

Purchased hay 0.177 0.153 0.160 
1.1% 

   

Purchased Silage 0.173 0.158 0.163 
0.1% 

   

    
99.2% 

   

1Includes subsidy payments    
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Figure 4.3 Variation in Gross Output Direct Costs and Gross Margin-Mid-Season farms 

  

4.3.2 GHG Emissions and Land Occupation 

Whilst sheep farms produce wool, on average the return from wool sales is only sufficient to 

cover the cost of shearing. This study thus presents the CF of sheep farms, expressed in terms 

of the main production output, sheep liveweight (Table 4.5). GHG emissions from sheep 

farms are expressed in terms of the Carbon Dioxide (CO2) equivalent per kg of live weight 

equivalent of sheep produced, unlike previous LCAs of sheep farms which allocated 

emissions between products based on economic allocation (Casey et al., 2006a; O'Brien et al., 

2016).   

The average CF of lowland farms was estimated at 9.8kg of CO2-eq/kg LW, which 

was 13% lower than the average CF estimated for hill farms. The average CF of lowland 

farms was within the range previously estimated by O'Brien et al. (2016) whilst the CF of hill 

farms diverged significantly. This reflects the alternative data source used by O’Brien et al. 

(2016) to construct an average hill farm representation based on mean e-profit monitor 

financial benchmarking data. The e-profit monitor is a financial analysis tool that is available 

to all Teagasc clients that when completed provides a detailed financial breakdown of the 

business. However the results generated are not nationally representative as the farms 

included in the sample are self-selecting and do not proportionally represent the farming 

population (Teagasc, 2016c). 

All sheep farms analysed in this study operate grass based grazing systems. Estimates 

of the breakdown of energy supply from the range of feed stuffs support this and show that on 

average across all farms grass contributed 76.4% of flock energy demands (Table 4.4). As 

Gross Output 
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would be expected, given their more extensive nature, grass supplied a greater proportion of 

energy to livestock on hill farms (81%) when compared to lowland farms (75.5%) , Appendix 

3. Taking into account the carbon sequestration value of grassland reduces the carbon 

footprints on hill farms to 9.99kg of CO2-eq/kg LW (12% reduction) and lowland farms to 

8.6kg of CO2-eq/kg LW (10% reduction). In line with O'Brien et al. (2016), the carbon 

sequestration rate had a relatively larger impact on reducing emissions for more extensive 

farms. This is evident when comparing the average of hill to the average of lowland farms or 

average top and bottom performing midseason farms to the bottom performing one.  

 

Table 4.5 Carbon footprint (CF) of sheep meat production (kg of CO2 /kg LW)  

    Midseason Farms ranked by 

GM/ha 

 All farms Hill Lowland Bottom Middle Top 

Carbon Footprint 9.88 11.33 9.84 10.47 8.44 7.47 

Carbon Footprint excluding Land use 

change
1 

9.52 11.04 9.12 10.03 8.13 7.18 

Carbon Footprint with Carbon 

Sequestration 

8.89 9.99 8.58 9.13 7.54 6.49 

1
Nonrecurrent land use change emissions from the conversion of grassland to arable land and from the cultivation of 

South American soybean and southeast Asian palm concentrate feedstuffs 

 

Looking at the breakdown of emissions across all sheep farms (Table 4.6), animal activities 

represent the largest source, with Tier I estimates of enteric fermentation and manure 

management comprising (64%) and (6%) of total emissions respectively. Other emissions 

include those emissions from soils (14%) and total emissions associated with feed production 

(16%). A detailed breakdown of emission from feed production included emissions 

associated with inputs used in the feed production process (field processes, transport, 

manufacturing and processing of feed grains, mixed rations and forage) and land use change 

are presented in (Table 4.6).  

The GHG emissions associated with the cultivation, processing, and transport of 

concentrate feed (but excluding non-recurrent land use change emissions) were the largest, 

contributor of emissions associate with feed input provision 49% (7.8% of total emissions). 

The off-farm emissions from land use change (LUC) associated with the production of 

Brazilian soybean meal (protein ingredient in representative concentrate feed) accounted for 

the next largest proportion of emissions from feed inputs at 20% (3.2% of total farm 

emissions), followed by on-farm emissions from artificial N fertiliser application at 11% 
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(2.5% of total). While the overall proportion of direct cost expenditure on fertiliser and 

pasture costs was shown to be higher on the most profitable midseason farms (Table 4.4), the 

proportion of GHG emissions coming from fertiliser application and production per unit 

output is lower, reflecting the relative efficiency of fertiliser input use per unit of output. 

Table 4.6 GHG emissions profiles of Irish sheep flock Diets 

 Bottom, middle, and top third of 

Midseason lowland farms ranked 

by gross margin/ha 

GHG emssions and 

source as CO2 

equivalent 

Emissions 

Location 

All Sheep 

Farms 

Lowland Hill Bottom 

Third 

Middle 

Third 

Top Third 

        

Methane (CH4 ) 

Livestock Activities 

       

Enteric Fermentation On-Farm 64.4% 62.4% 70.7% 58.7% 62.2% 64.1% 

Manure Management 

and excretion 

 6.2% 6.1% 6.3% 5.7% 6.2% 6.3% 

Nitrous oxide (N2O-N) 

Livestock Activities 

       

Manure storage and 

spreadings, & excretion 

on pasture 

 13.6% 14.8% 10% 14.4% 14.7% 15.2% 

        

Nitrous oxide (N2O-N)        

Synthetic N fertilizer 

application 

On-farm 2.5% 2.8% 1.5% 4.1% 2.9% 2.2% 

N leaching  0.2% 0.2% 0.1% 0.3% 0.2% 0.2% 

Atmospheric 

deposition(6) 

 0.1% 0.1% 0.0% 0.1% 0.1% 0.1% 

Carbon Dioxide (CO2)        

Fuel Use (Diesel) On-farm 0.7% 0.7% 0.7% 1.1% 0.6% 0.5% 

Fertiliser Application 

(Urea  applied) 

On-farm 0.1% 0.1% 0.0% 0.2% 0.1% 0.1% 

Lime application On-farm 0.4% 0.4% 0.3% 0.6% 0.4% 0.2% 

LUC from on-farm 

arable land (home-grown 

feeds)1 

On-farm 0.5% 0.6% 0.1% 0.5% 0.5% 0.8% 

Fertiliser Production 

(Urea, P, K, and 

Ammonia Nitrate 

fertiliser applied) 

Off-farm 0.6% 0.6% 0.3% 0.9% 0.7% 0.5% 

Concentrate production2 Off-farm 7.8% 8.1% 6.7% 8.5% 7.8% 7.0% 

Carbon dioxide, CO2 

from land use change 

LUC3 

Off-farm 3.2% 3.3% 2.7% 3.5% 3.2% 2.8% 

Other Inputs4 Off-farm 0.5% 0.4% 0.8% 0.5% 0.3% 0.4% 

1Nonrecurrent land use change emissions from the conversion of grassland to arable land. 

2The GHG emissions associated with the cultivation, processing, and transport of concentrate feed, but excluding 

nonrecurrent land use change emissions. 
3Nonrecurrent land use change emissions from the cultivation of South American soybean feedstuffs used as a constituent 

in concentrate ration. 
4Emissions from the production of purchased forage, milk replacer, fuel, pesticides and plastic. 
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The average land occupation for the various sheep systems analysed in this study is presented 

in (Table 4.7). Average land occupation levels are broken down into key feed categories and 

aggregated to on-farm and off-farm area totals (hectares). Results highlight the grass based 

nature of sheep production, with diets supplemented in winter and particularly around 

lambing season (O'Mara, 2008). The vast majority of land occupied by sheep farms is used 

for home produced forage in the form of pasture grazing and conserved forage, hay and 

silage. The proportion of the total equivalised land area used for on-farm forage production 

ranged from 92% for the average of the poorest performing group of midseason lowland 

farms to 98.8% for the average of hill farms. The next most important land area occupied by 

sheep enterprise was off-farm land used in the production of supplementary concentrate 

feeds. Crops yields of imported feed ingredients used in the manufacture of purchased 

concentrate were taken from (Vellinga et al., 2013). In line with previous studies, lowland 

farms can be seen to occupy a significantly smaller land footprint (O’Brien et al., 2016). This 

reflects the greater carrying capacity of more productive lowland pasture, higher stocking 

rates and more intensive production. A larger equivalised land area is occupied on average by 

hill farms for the growing of crops used to supply purchased bulkfeeds while lowland farms 

on average have a greater area of land assigned to home-grown feed crops. This reflects the 

relative cost and ability of hill and lowland farms to grow tillage crops. Hennessy et al. 

(2016) has previously shown that 45% of the on-farm grassland area of the lowland sheep 

farms is tillable whereas primary cultivations are not possible on the majority of hills farm 

given soil type and topography. 

Table 4.7 Land Occupation - Feed crops and pasture on Sheep Enterprises Ha  

 Hill Lowland All 

Farms 

Bottom 

third 

Middle 

third 

Top 

Third 

Purchased concentrate 1.08 0.91 0.94 1.08 1.11 0.79 

Purchased bulkfeeds 0.29 0.09 0.13 0.08 0.04 0.18 

Off farm land occupation 
1
 1.37 1.00 1.07 1.16 1.15 0.97 

Pasture 38.69 12.67 17.29 14.35 14.23 11.05 

Conserved forage area
2
 0.43 0.75 0.69 0.93 0.95 0.61 

Homegrown feed crop 0.03 0.25 0.21 0.27 0.19 0.19 

On farm land occupation
3
 39.16 13.66 18.19 15.55 15.37 11.85 

Total Equalized Land area allocated  

to sheep feed crops and pasture 

40.53 14.67 19.26 16.70 16.52 12.82 

1 Land occupation representing the area required to grow purchased Bulk Feed and Concentrates fed to sheep 
2 Land occupation representing the area of required to grown hay and silage crops 
3 Land occupation representing the area of pasture and home-grown crops allocated to sheep livestock 
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4.4 Discussion and areas for further investigation 

In the context of sheep farming, there are a number of differential production systems which 

provide a significant range of both market and non-market outputs, all of which must be taken 

into account when comparing the relative sustainability of systems (Ripoll-Bosch et al., 

2013). In this analysis both financial and economic performance indicators were estimated 

and analysed to provide insight into the relative sustainability of Irish sheep farms. 

Results of financial performance and feed analysis highlight that sheep farms operate 

grass-based production systems and that the best performing lowland flocks are focused on 

the production and use of grazed grass as the cheapest feed source. Supplementary 

concentrate feed on the other hand is shown to be the most expensive feed per unit energy 

with poorer financial performing farms more reliant on it as a key source of nutrition. The 

more profitable lowland enterprises are characterised by higher technical performance, 

stocking and weaning rates, greater production intensity and greater emissions efficiency on a 

per unit basis and is in line with previous studies in comparable production settings (Hyland, 

2016; Jones et al., 2014a; O’Brien et al., 2016). Improved technical performance is reflected 

in the average carcass output per hectare of 332 kilos on the top third of lowland mid-season 

farms, versus 167 kilos on the bottom third of farms. This higher level of lamb output per 

hectare, combined with tighter control of direct costs is reflected in higher enterprise 

profitability. Results agree with previous studies of NFS data which highlight the large 

differences in the profitability of sheep farms (Connolly, 1997; Hanrahan et al., 2016; 

Hanrahan, et., al., 2008) and showed stocking rate, lambs weaning rate and lamb prices  as 

important sources of variation in profit margins with each accounting for 18 to 20% of 

observed variation (Connolly, 2000). Findings agree with the production literature and 

previous LCA and economic studies of Irish sheep production (Kilcline et al., 2014; O’Brien 

et al., 2016) which found that management strategies which maximise animal performance 

from grass and reduce reliance on concentrate feed can improve the overall environmental 

and financial performance of sheep farms. 

The results of the analysis of carbon footprints and land occupation in this study are 

not directly comparable with previous studies of sheep production systems. Previous carbon 

CF studies used alternative methodologies applied to different farm samples, locations, or 

production settings. Estimates are thus model specific and are not compared to previous 

published studies based on similar production settings, Ireland (Brien et al., 2016), UK (Jones 
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et al., 2009; Jones et al., 2014b).  Development of a framework to enable the application of 

nationally representative panel data (Hennessy et al., 2016) results in farm level estimation 

which is scalable and representative at a national level and thus more suitable for agronomic 

and policy recommendations. 

Including estimates of carbon sequestration by soils reduces the enterprise CFs across 

the entire sample of sheep farms. However carbon sequestration of grassland soils is an 

emerging area of research and a range of estimates are provided in the literature. Whilst the 

IPCC recognises soil Carbon as a potentially important carbon sink for grazing systems, 

uncertainty regarding the capacity of grassland to store C and the period it takes these soils to 

reach C saturation means it is not currently included in the IPCC (2006) NIR standard or PAS 

2050 (BSI, 2011) standard for LCAs. Accordingly, estimates of grassland soil carbon storage 

are excluded from many LCA and CF studies of grazing production systems (Jones, 2014) 

while estimates provided here are based on a review Soussana et al. (2010) of the literature 

and LEAP (2015) and subject to revision. 

In line with previous studies (Jones et al., 2014b), extensive hill production systems 

demonstrated lower production efficiency and higher GHG emissions per unit output. 

However, there are a range of other environmental sustainability measures that are not 

analysed in this study. O’Brien et al. (2016) also analysed nutrient surpluses, acidification and 

eutrophication as part of an LCA and found more intensive sheep farms had the greatest 

negative environmental impact for these factors.  This highlights the potential conflict 

between carbon efficiencies and other environmental objectives not analysed here (Jones et 

al., 2009; Maier et al., 2001). Sheep farming has also been shown to provide an  important 

range of ecological services and public goods, including landscape management, preservation 

of biodiversity, clean water supplies, flood mitigation, and recreation opportunities, 

traditional farming systems and cultural heritage (Buckley et al., 2009; Osoro et al., 2016; 

Plieninger et al., 2006; Reed et al., 2009). Sheep production is highly embedded in the rural 

economy and supports downstream economic activity and employment. (Grealis et al., 2015) 

have previously estimated high economic and employment multipliers for sheep and cattle 

production systems. Therefore, when assessing the overall sustainability and contribution of 

production systems, the range of economic, environmental and social sustainability indicators 

should be taken into account. Many of these are not readily quantifiable or easily comparable 

across different production settings (Buckley et al., 2012; Dillon et al., 2010). 
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4.5 Conclusions 

The farm level modelling framework developed in this chapter was used to analyse the GHG 

emissions from the range of sheep production systems consistent with IPCC reporting 

standards. Additionally, the emissions from upstream input production were estimated to 

provide a CF of sheep farms. This framework can be readily extended to estimate CFs for 

cattle and dairy production systems as recorded in the NFS. Furthermore, the use of a 

consistent panel dataset stretching back to 1972 and before Ireland’s accession to the EU 

means the environmental impact associated with the evolution of farming management 

practice in response to market and policy stimulus can be investigated. The NFS captures 

information on farmer participation in agri-environmental schemes which have emerged in 

line with the general “greening” of the CAP. This study can be developed to compare the 

emissions profiles of participating and non-participating farms in agri-environmental 

schemes. In particular the effectiveness of the Green Low Carbon Agri-Environmental 

Scheme (GLAS) (DAFM, 2015b) could be investigated to see whether the scheme’s stated 

objectives of improving the emissions profile of participants through the greater retention of  

carbon stocks in soil is being achieved, through measures such as the maintenance of 

margins, habitat preservation and practices such as minimum tillage. 

There is also the potential to develop the analysis in this chapter to produce a full 

LCA of sheep farms. This would require a Tier II estimate of Enteric Fermentation emissions 

in line with LCA protocols. However, given the structure of NFS data, additional assumptions 

around animal performance, growth rates, and dry matter intake (DMI) would need to be 

made in conjunction with livestock specialists and in order to more accurately describe the 

farm level variability in livestock performance and related emissions. While this farm level 

approach could potentially be used to better describe the effects of different management 

practices across farms and overtime (Crosson et al., 2011), use of IPCC defaults as applied 

here means that results for the sample remain representative of the population and are 

scalable to higher level analysis at a sectoral level. In this regard, extending this study to 

estimate emissions factors for the other livestock systems can enable the estimation of a 

national sectoral level emissions profile through the application of Input Output modelling 

methodologies which take account of the multitude of linkages within the economy. 

Specifically, one of the key contributions of this chapter is the provision of environmental 
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resource use and cost parameters which are necessary for input into and development of a 

National Bio-economy Input-Output model of agricultural emissions.  

In the preceding chapter, an IO model of the Irish Economy is presented, building 

upon previous work by (Grealis et al., 2015). This input output modelling framework is 

proposed as having the potential to provide a full description of the sectoral linkages within 

the economy, and more specifically the flow of value added within the Sheep meat Value 

Chain. Scenario analysis is subsequently undertaken to simulate the economy wide impacts 

and consequential flow of resources through the meat value chain of reaching national 

agricultural sectoral targets. The potential impact of meeting expansion strategies under Food 

Wise 2025 (FW 2025) targets are measured in terms of their economic and environmental 

impacts, i.e., GHG emissions and economic output. 
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5. CHAPTER FIVE: THE ENVIRONMENTAL AND 

ECONOMIC IMPACTS OF MEETING FOOD WISE 2025 

TARGETS 

5.1 Introduction 

Ireland is a small open economy, which, relative to other EU member states, attributes a large 

portion of economy activity to agricultural output and exports: 5.7% of Gross Value Added 

(GVA) in 2015 (Eurostat, 2017b). Furthermore, Irish agriculture structure is dominated by 

relatively high methane output ruminant production systems which have evolved in line with 

policy stimulus (Breen et al., 2005) and a natural comparative advantage in grass production 

(O'Mara, 2008). The importance of Ireland’s grass-based ruminant agricultural sector and 

relative lack of heavy manufacturing industry is further reflected in figures from Ireland’s 

National Inventory Report (NIR), which show that agriculture accounts for over a third (32% 

in 2016) of national GHG inventory (EPA, 2017a). This results in Ireland’s share of 

emissions from agriculture far outstripping that of other EU member states (10% for EU-28 

on average) as depicted in Appendix 1, while, among OECD member countries, only New 

Zealand can be seen to attribute a larger share to its agriculture sector (OECD, 2017). 

Given the relative strength of the sector, agriculture and environmental policy 

represent important levers that have the potential to impact significantly upon National 

Revenue and employment figures, on the one hand, and the provision of environmental goods 

or negative environmental externalities on the other. This chapter examines the intersection of 

these binding environmental emissions reduction policies and strategic national expansionary 

agricultural strategies. Potential economic and environmental output pathways are measured 

in terms of economic output and associated GHG emissions. The focus of this chapter is to 

extend the analysis previously presented by Grealis et al. (2015) to an environmental account 

of GHG emissions from the agriculture sector. Thus, while the impacts on economic output, 

jobs and value added were previously presented by Grealis et al. (2015) this study focuses on 

the impact on economic output and emissions throughout the sheep meat value chain.  

The significant adverse effects of the 2006 property crisis and subsequent banking, 

competitiveness and fiscal crises on the Irish economy have been documented at length 

(Honohan, 2009a; 2009b). Indeed, Ireland can be considered one of the countries that was 

most severely affected by a global recession in which national income fell by more than 10 
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per cent between 2007 and 2012 (Callan et al., 2014). Since 2013, the Irish economy has 

recovered strongly, bolstered by significant growth in agri-food exports, which, over the 

period 2010 to 2016, increased by 38% to €12.2bn – a higher growth rate than any other 

merchandise export sector (CSO, 2017c). Accordingly, one of the key success stories of 

economic recovery has been the growth in agricultural output and exports in line with 

medium term growth strategy targets for the agriculture and food processing sectors as 

established under Food Harvest 2020 (FH 2020) (DAFM, 2010).  

Based on a combination of agricultural output volume and manufacturing value added 

growth targets, FH 2020 is often pointed to as an important policy initiative which supported 

sectoral growth opportunities and jobs, with much of the benefit accruing to the rural 

economy most severely affected by the downturn. Unsurprisingly, impressive export growth 

has led to a growing recognition of the contribution of Agriculture and the Agri-food sector to 

the national economy and has framed the development of Food Wise 2025  (DAFM, 2015a), 

the most recent 10-year rolling Agri-Food Strategy and successor to FH 2020.  

Standing in way of unfettered agri-food expansion is Ireland’s commitments to reduce 

emissions. Under the EU’s 2020 Climate and Energy Package Effort Sharing Decision (ESD) 

(Decision No 406/2009/EC), Ireland has signed up to achieve strict EU GHG emissions 

targets by 2020. Accordingly, Ireland’s 2020 target is to achieve a 20% reduction in 

emissions from the non-Emission Trading Scheme (NETS) sector relative to 2005 levels, and 

a 30% reduction by 2030, with annual limits set for each year over the period. In Ireland, the 

two main contributors to the non-ETS are agriculture (46%) and transport (29%) (Duffy et al., 

2017). According to the EU’s ESD, national governments are given autonomy in deciding 

how to achieve these overarching GHG emissions targets. While agriculture does not have a 

specific reduction target, if the sectors emissions remain unchanged or increase, then, 

consequently, the required rate of GHG emissions reduction for the other non-ETS sectors 

(transport, industrial processes and household energy, etc.) will be even higher.  

While emissions from the transport sector had reduced significantly during the 

economic downturn, the upswing in economic activity since 2013 has resulted in a significant 

rise in related emissions – one that is projected to continue to grow into the future, in line 

with positive economic growth projections. These two factors can be seen to contribute to the 

EPA’s most recent GHG emissions assessment for the period 2016 to 2035, which projects 

that Ireland will breach its annual obligations for GHG emissions from 2016 to 2020, driven 

by increased emissions from agriculture and increased transport emissions (EPA, 2017b). 
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More alarming is that, under all scenarios assessed, Ireland is projected to exceed its 

emissions reductions targets on aggregate for the current assessment period 2013 to 2020, 

even after having taken account of the overachievement of the annual limits in the period 

2013-2015.  

By analysing the trade-off between competing objectives of increasing economic 

output on the one hand, and reducing GHG emissions on the other, this chapter explores 

possible pathways to achieving the National Agriculture strategy goals as set out under Food 

Wise 2025. To address this question, the Irish Bio-Economy Input Output model of Ireland 

(subsequently referred to as BIO) is adapted and combined with environmental emissions and 

cost parameters from the LCA analysis framework, developed in Chapter 4. A set of feasible 

increased agricultural output scenarios are developed in line with sectoral strategy targets 

from Food Wise 2025 and subsequently used to simulate the economy wide impact of 

meeting targets in terms of economic output and GHG emissions.  

Whilst this chapter represents the first application of the BIO model to the task of 

estimating GHG emissions from agriculture, BIO has been designed to examine the agri-food 

sector in detail and, more specifically, to describe supply chains for use in Life-Cycle 

Analysis of GHG emissions (Grealis et al., 2015). Input output (I-O) tables detail the 

comprehensive set of linkages that exist between the disaggregated agriculture commodity 

sectors and the rest of the national economy. The BIO modelling framework is subsequently 

applied to a focused description of the Irish sheep meat sector. Identifying the key commodity 

sectoral linkages that add value in the life cycle of sheep meat product as it makes its way 

through the economy from farm to fork enables an accurate description of the Irish Meat 

Value Chain as captured by the CSO’s National Income accounts. Indeed, a key objective of 

this chapter is the analysis and description of the economic and environmental contribution of 

the sheep meat sector to the national economy from a value chain perspective, taking account 

of the multitude of sectoral interlinkages.   

In the following section, a profile of the Irish sheep meat sector is developed using a 

Global Value Chain GVC methodology. This builds upon the analysis of farm production and 

market structure in Chapter 1 by combining information from the BIO model to investigate 

the sector according to four key elements (Gereffi et al., 2005): Input-output structure; 

geographical scope; governance structure; institutional context. Subsequently, the profile of 

Irish GHG emissions from agriculture and the associated policy issues are discussed in 

greater detail, including the current state of research in the area. This builds upon the policy 
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context introduced in Chapter 1 and the discussion of the environmental footprints of sheep 

production systems from Chapter 4. In this chapter, the scope of analysis is extended to all 

key agricultural sectors. Alternative theoretical and modelling frameworks, previously 

applied to analysis of the economic and environmental pathways associated with meeting 

national agricultural strategy targets, are reviewed and the justification for the approached 

applied here is presented. In Section 3, the data used is described and the I-O modelling 

approach applied to calculate the emissions from agriculture is developed. Summary statistics 

for the key emissions and cost factors and associated data sources are presented. Section 4 

presents the approach to calculating the representative macronutrient contribution of livestock 

food product outputs and fisheries product according to which the Carbon Footprints of the 

range of sectoral production output are expressed. Summary output scenarios are developed 

to analyse alternative pathways to achieving FW 2025 targets in section 5. The results of the 

analysis are discussed in Section 6. Section 7 concludes by highlighting some limitations of 

the current study and making recommendations for future areas of investigation. 

5.2 Contextual Framework  

5.2.1 Mapping Sheep Value Chains 

Ireland’s grass-based beef, sheep meat and dairy production model is often considered more 

environmentally sustainable than many of its export competitors. A European Commission 

study has shown that Irish agriculture has the lowest carbon footprint (CF) in the EU for milk 

and the fifth lowest CF in the EU for beef (Leip et al. 2010). While sheep production is 

internationally regarded as relatively more extensive in nature and has not yet being been 

subject to the same level of environmental scrutiny, a growing number of process based LCA 

have looked at the CF of lamb (Jones et al., 2009; Jones et al., 2014a, 2014b; O’Brien et al., 

2016). While sheep production on average can be characterised by relatively low levels of 

production efficiency and relatively high carbon footprints its multi-attribute nature and low 

input, extensive production is typically highlighted as more than compensating for high 

emissions intensity relative to more intense production systems (Ripoll-Bosch et al., 2013). 

The perceived positive sustainability attributes of Irish grass-based ruminant 

production have contributed to a number of successful branding strategies of Irish agricultural 

products by Bord Bia in both domestic and international markets, including the ‘Origin 

Green’ cross promotional campaign (Henchion et al., 2014; Pagell et al., 2016). However, the 
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achievement of further expansion in production and increased international market access will 

be increasingly tied to compliance with environmental regulation standards, product 

sustainability and quality assurance credentials (Henchion et al., 2014). In particular, this 

requires an assessment of emissions along the value chain in order to address possible 

inefficiencies and capitalise on expansion through optimisation and innovation. While Irish 

dairy and beef industry value chains has previously been mapped, no such analysis has been 

undertaken for the sheep sector. 

Utilising the Bio-Economy Input-Output (BIO) model (Grealis et al., 2015) to 

calculate the direct and indirect output along the value chain, analysis presented in this 

chapter adds to the literature by quantifying and mapping the contribution of the Irish sheep 

value chain to the national economy. A global value chain methodology is used to describe 

the sheep meat sector for Ireland as depicted in Figure 1 (De Backer et al., 2014; Frederick, 

2014; Heery, 2015). The methodology, as applied here, employs the I-O modelling 

framework to highlight key products and processes which add value over the life cycle of 

sheep meat production ‘from Cradle to Farm gate’ and through to final demand of meat 

products (McAuliffe et al., 2016), i.e., across the entire value chain.  

As reflected in the value chain diagram, the market structure for sheep production can 

be seen to broadly reflect that for cattle production, as previously described by Heery et al. 

(2016). With many producers and a highly concentrated processing sector, sheep farmers are 

defined as prices takers, with little market power. The vast majority of processing is directed 

through 10 modern DAFM approved export plants, while much smaller local abattoirs under 

the remit of local authorities account for less than 10% of the national kill (PMCA, 2016). Of 

the export plants, Slaney/ICM operates the two largest plants at Navan in Co. Meath and 

Camolin, Co. Wexford. The other main processors are Kepak, Kildare Chilling Company and 

Dawn (which, along with ABP in sheep meat processing in the State, but is active in NI and 

GB). 

As with beef production, Ireland is more than self-sufficient in lamb with an export 

orientated market structure, as previously described in detail in Chapter 1. Annually, over 

80% of output produced is exported, with the balance consumed domestically. Ireland’s main 

export market is France and accounts for one third of Irish sheep meat exports, with the UK – 

another important export destination – accounting for approximately a fifth of shipments. 

While considerable market uncertainty is associated with the potential fallout from Brexit 

negotiation, the sheep industry is not as exposed to the same level of market reliance as the 
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beef sector, with considerable market diversification evident in exports in recent years. In 

2017, almost 45% of shipments were destined for markets other than France and the UK. 

Compared with beef, a larger proportion of live lambs are imported, predominantly from NI, 

for slaughter and further processing in ROI export plants (PMCA, 2016). 

Sheep meat supply can be seen to be driven by the grass based production system and 

leads to a seasonal production pattern. This creates significant challenges related to marketing 

of Irish lamb and efficiency at processing level. Previous industry commentaries and 

agriculture strategy responses have highlighted the need to move towards a greater market 

driven innovation led industry rather traditional production-oriented supply. The Malone 

(2006) sheep industry development strategy previously highlighted the need to bridge the gap 

between the peaks and troughs in the seasonal pattern and to ensure a better utilisation of an 

under capacity processing sector. 

Sheep meat production shares a multitude of other similarities with beef production in 

terms of the structure of its processing industry. While secondary processing through the 

manufacture of value added dairy food products is a key component of the dairy value chain, 

it is considerably lacking in both beef and sheep meat processing. Also, unlike the dairy 

cooperative model, sheep farms have no role in the ownership or management of the main 

final processing industry. The ownership structure of the dairy processing sector, progressed 

through co-operative structures, has facilitated considerable investment and returns associated 

with further processing of milk constituents into added value products, such as whey protein 

sports powders for North American market and dried cheese powders for middle eastern 

markets (Devaney et al., 2017). While there is an element of secondary processing through 

added-value products such as ready-made meals, the majority of product is exported as 

commodity lamb product. Thus, the primary processing segment dominates activities in the 

value chain, which includes cutting, boning and packing of chilled and frozen meat, as well as 

the basic processing of meat for products like hamburgers.  

While lamb can be seen as a relatively more expensive ‘premium’ meat product, with 

a traditionally older and more affluent market segment, it has not adopted the level of product 

innovation witnessed in the dairy sector (Aylward, 2008). It has many characteristics of a 

niche product and lacks a wider and younger consumer profile. Targeted marketing 

campaigns in the past have aimed to address this in a bid attract a younger demographic. Bord 

Bia – the Irish food marketing group – have previously targeted younger consumers through 

product and receipt promotions with a view to changing the perception of lamb as a 
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convenient ‘quick’ food through marketing campaigns such as the ‘presto agneau’ French 

market promotion.  

While commodity lamb may represent a less versatile ‘raw’ product, it is particularly 

associated with low levels of product innovation. Renwick et al. (2014) highlight some 

barriers to innovation that appear particularly manifest within the beef and sheep meat value 

chains, including issues of trust between farmers and key institutions and processors, and a 

lack of transparency. They point towards the need for increased collaboration and co-

operation and partnership across industry, academia and advisory services as key drivers of 

innovation and value creation.  

Sheep farmers share most of their key industry stakeholders with the other ruminant 

grazing production systems of beef and dairy. Much of the sheep marketing and processing 

infrastructures are shared with cattle farmers in the form of local markets, typically under 

cooperative ownership, and dual purpose meat slaughtering facilities (PMCA, 2016). They 

also share key local input suppliers such as feed merchants, veterinary supplies, energy 

suppliers, as well as local veterinary and contracting services. Much of the institutional 

supports are also tailored to meet the requirements of the significant number of mixed sheep 

and cattle farms, including education, training and advisor supports provided by the State 

research and advisory body Teagasc.  

From a social and economic sustainability perspective, sheep farms demonstrate 

persistently low income levels and a high and increasing reliance on direct income support. 

Indeed, households involved in sheep farming are, on average, the most economically 

vulnerable of all farms. However, averaged performance hides significant variation and farms 

in the top distribution performance have been shown to exhibit high levels of technical 

financial and environmental performance (Hennessy et al., 2016).  

An important characteristic of sheep farms highlighted throughout this study is the 

significant range of environmental conditions under which farms operate and the resultant 

impact on management intensity and product outputs (Kilcline et al., 2014). Furthermore, 

given that sheep are typically a secondary enterprise on Irish farms, they are often used as a 

temporary complementary management strategy to the main beef enterprise. An example is 

store lamb finishing, which may be employed as a management strategy whereby sheep can 

be managed to utilise excess covers over the winter period and provide an additional revenue 

stream in positive market conditions. 
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Outside the market for production, sheep farming is associated with a range of 

additional non market goods which add value to the local economy and environment. In 

particular, traditional hill sheep farming enterprises are typically found in severely Less 

Favoured Areas (LFAs), which are characterised by low population density and other socio-

economic constraints. Sheep farms are characterised as among the most embedded of all 

sectors and contribute significantly to their local rural economies. Other than livestock output, 

these farms also produce a range of non-market goods, ecological services and public goods, 

including landscape management, preservation of biodiversity, traditional farming systems 

and cultural heritage (Plieninger et al., 2006). Sheep grazing of upland areas, for which there 

are limited alternative livestock management options, prevents gorse and scrub invasion, 

keeping these areas accessible for hill walking and other tourism activities (Gottstein, 2007).  
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Figure 5.1 Irish Sheep meat Value Chain 
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5.2.1 Strategic Agricultural expansion in the context of Climate Change  

FH 2020 was envisaged, in the wake of the financial crisis, as a policy initiative and 

supporting mechanism to aid the development of Ireland’s largest indigenous export 

orientated industry. Indeed, the strategy can be seen to have been explicitly incorporated into 

the Government’s overarching National Recovery Plan for the period 2011–2014 under a 

series of action points, including: implementation of key recommendations of FH 2020 and 

the establishment of an agri-research advisory group (Irish-Government, 2010). At the 

agricultural subsector level, FH 2020 outlines targets for beef, dairy, sheep, pig and poultry 

production as well as organics and aquaculture (DAFM, 2010). In particular, a 50% increase 

in the volume of milk output and a 20% increase in the value of beef output by 2020 (relative 

to the average of 2007–2009 production years) were targeted. While FH 2020 focused on 

primary output, based on a set of detailed sectoral production targets, FW 2025 avoids 

quantifiable production targets and instead focuses on 3 headline value added growth targets 

and a downstream jobs growth target to be achieved by 2025: 

- Increase the value of agri-food exports by 85% to €19 billion 

- Increase value added to the sector by 70% to €13 billion 

- Increase the value of primary production by 65% to €10 billion 

- In turn, achieving these targets is expected to deliver a further 23,000 jobs in the agri-

food sector by 2025 

However, in terms of primary production, neither the FW 2025 strategy document itself nor 

its accompanying environmental impact assessment quantifies the expansionary production 

pathways necessary to achieve the envisaged 65% increase in output value. FH 2020 states 

that targeted production growth should be reached sustainably through ‘smart’ and ‘green’ 

practices while FW 2025 promotes as a guiding principal the values of sustainability where 

any increase in output from the sector ‘must be attained primarily through sustainable 

intensification’. Neither policy provide substantive evidence of the clear environmental 

challenges inherent in meeting such ambitious expansionary strategies which clearly 

challenge the limits set down in binding GHG emissions reduction targets under the EU 

Effort Sharing Decision (Decision No 406/2009/EC). Given the relative importance of the 

agriculture industry, these ruminant production targets are not just key determinants of GHG 

emissions from Irish agriculture but from the national economy as a whole. 
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5.2.2 GHG emissions – Profile of Irish Agriculture 

Projections from recent studies suggest that increases in global population and changing 

patterns of wealth will increase demand for dairy and meat products by 50-80% by 2050 

(Bruinsma, 2009; Huang et al., 2010). This raises important challenges for food systems 

internationally and Irish agriculture in particular given the importance of its export orientated, 

ruminant livestock based production. Indeed, there are growing concerns that increasing food 

production and, in particular, red meat production, will lead to increased global GHG 

emissions. On a global scale this raises important question about whether grazing ruminant 

production systems have a place within a sustainable food system (Garnett et al., 2017). 

The composition of agricultural emissions for Ireland in 2015 is presented in Figure 2. 

Enteric fermentation from livestock dominates the agricultural emission profile, accounting 

for 55.5% of emissions. Direct N2O emissions from soils is the second largest category, at 

30%, which includes emissions from organic and inorganic N applications to soil and dung 

and urine deposition by grazing livestock. The remaining agricultural emissions are 

accounted for by manure management systems, indirect N2O emissions from soils, with 

limited emissions arising from urea and lime application. It is clear from Figure 2 that cattle 

systems account for the majority of Irish agricultural emissions. With the expectation of 

sustained future demand for dairy and meat, it is essential that GHG emissions per unit 

product (emissions intensity) are accurately measured and that reductions through mitigation 

technology adoption and increased production efficiencies are achieved and quantified 

(Teagasc, 2017).  

The EPA, under its responsibilities for compiling and reporting GHG emissions 

inventories to the European Commission (EC) and United Nations Framework Convention on 

Climate Change (UNFCCC), show that emissions from Irish agriculture increased over the 

early to mid-90s, while falling livestock numbers since 1998, as a result of market and policy 

stimulus, caused emissions to decrease to 4.6 per cent below 1990 levels by 2015. However, 

emissions from agriculture are once again on an upward trajectory, having increased for 4 out 

of the 5 years (2012-2016), i.e., 2012, 2013, 2015 and 2016. In 2016 alone, emissions are 

estimated to have increased by 2.7% or 0.52 Mt CO2eq relative to 2015, driven by rising dairy 

cow numbers. Indeed, between 2012 and 2016, the dairy herd has expanded by 22% (+6.2% 

in 2016), reflecting national plans to expand milk production (27% increase in production 

over the same period) under FW 2025 and the removal of the milk quota in 2015 (EPA, 
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2017a). In line with these developments in the agricultural sector, and given strong forecasts 

for GDP growth and associated increases in transport emissions, it is projected that, over the 

period 2013 to 2020, Ireland will cumulatively exceed its overall obligations under the EU 

Effort sharing Regulation (ESR) by between 11.5 and 13.7 Mt of CO2eq (EPA, 2017b). This 

will have implications for Ireland, which will be required to achieve compliance using a 

number of mechanisms, including use of transfers from other Member States and the use of 

international credits from approved projects. 

The EPA further estimate that, in 2020, emissions from the non-ETS sector will be 

4%-6% below 2005 levels, compared to a target of 20% (EPA, 2017b). This poses further 

challenges for Ireland in the next compliance period 2021–2030, where any potential 

emissions gap will need to be made up before additional targets can be achieved. However, it 

should be noted that the EC’s current proposal is that members’ starting point in 2021 under 

the ESR will be on the basis of a country’s average 2016-2018 emissions. In the case of 

Ireland, Belgium, Denmark, Luxembourg and the Netherlands, emissions are expected to be 

on average higher in this reference period than their 2020 targets. Thus, under the current 

proposal, these Member States could be given a less stringent starting point in 2021 than their 

2020 target. This effectively rewards non-compliance over the period 2013-2020.  

Chapter 1 previously presented the overarching Climate Policy challenge. 

Accordingly the EU agreed to a binding 2020 climate change policy framework under the 

current EU 2020 Climate and Energy Package and associated Effort Sharing Decision 

(Decision No. 406/2009/EU). Ireland was given a 20% reduction target for the period 2013-

2020 relative to 2005, with initial emissions targets allocated to member states based on GDP 

per capita in 2005. This resulted in Ireland having the highest target in the EU along with 

Denmark and Luxembourg. As discussed in Chapter 4, when compiling emissions inventories 

for determining compliance with nationally binding emissions targets, Carbon (C) offsets are 

not permitted to be taken into account due to uncertainty in estimating the relevant carbon 

sinks. 

In accordance with the 2016 Paris Agreement, which shapes the future of international 

climate policy, the EU adopted the new 2030 EU Climate and Energy Framework, which sets 

new targets to 2030. Under this framework, the EU proposal on the non-ETS targets for 

individual member states, the Effort Sharing Regulation (ESR), was published by the 

European Commission in July 2016 and is due to be enacted in 2018. The ESR initially 

suggested a 39% GHG emissions reduction target for Ireland, based on GDP per capita, for 
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the period 2021 to 2030. This target has subsequently been adjusted downwards for cost-

effectiveness by 9% to give a headline target of 30%. In addition, Ireland has been offered the 

maximum use of flexibilities through two proposed new mechanisms: up to 4% of the 

emissions reduction target can be offset through the purchase of carbon credits; while 5.6% 

can be offset by carbon sequestration in woody perennial biomass and soils through evidential 

land use management and land-use change. In the case of the latter flexibility, it is up to 

individual member states to defend the inclusion of relevant Carbon (C) offsets in their NIR 

returns, which are subject to scientific peer review. 

It is evident that, in line with the mounting policy pressure to reduce emissions from 

agriculture, there is growing research focus both internationally and domestically to develop 

mitigation technologies and accompanying accounting frameworks to accurately measure 

emissions sources, sinks and the impacts of these same mitigation technologies to feed into 

the NIR process. At the same time, ambitious domestic policy targeted at the development 

and expansion of the agriculture and agri-food sectors is supporting increased agricultural 

production and, consequently, emissions from the sector. 

5.2.3 GHG emissions – Previous Research on Irish Agriculture 

More and more environmental issues are coming to the fore in Irish agricultural policy reform 

and in the development of associated farm level supports and schemes. In recent years, 

national policy has increasingly focused on addressing the challenges of climate change and 

air quality, biodiversity and water quality (EPA, 2016). Research focus in both the 

environmental and economic spheres has similarly shifted to addressing climate change in 

line with emerging policy priorities. In this section, previous research efforts to model the 

GHG emissions from Irish agriculture are presented. The following studies have a clear 

policy focus, where emissions estimates are based on the production effects associated one or 

more recent influential agricultural policy reforms. Policy scenarios reviewed include the 

impact of changes to international WTO trade policy; supra national agricultural policy (EU 

CAP reform or milk Quota removal); national agricultural policy (FH 2020, FW 2025) and 

the implications of a hypothetical methane tax.  

As already detailed, under Irish legislation (Statutory Instrument S.I.244, 2006), the 

EPA are the national authority charged with delivering Ireland’s National Inventory Report 

(NIR) in accordance with obligations to the UNFCCC and the Kyoto protocols. The EPA also 

produces a number of studies modelling the future trajectory of national emissions, taking 
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account of forecasts for agricultural commodities and potential future ag policy drivers. One 

such study (EPA, 2017b) projects national GHG emissions over the periods 2016-2020 and 

2020-2035 by applying activity data for the agriculture sector (animal numbers, crop areas 

and fertiliser use) as provided by projections from the Teagasc FAPRI model.  Activity data 

reflect the output production and input use required to meet the overarching objectives of 

Food Wise 2025. Agriculture emission projections are generated for two scenarios, both of 

which assume achievement of Food Wise 2025 production targets: A “With Additional 

Measures”, which simulates the positive impact of increased nitrogen fertilizer use 

efficiencies, and a “With Existing Measures” estimate. The difference between the two 

scenarios is seen to be less than 1%, with total emissions from agriculture projected to 

increase by approximately 5% over the period 2015–2020 to 20.8 Mt CO2eq, before 

subsequently falling by 2.45 % between 2020 and 2035. This emissions reduction is projected 

to be achieved by a ‘rebalancing’ between dairy and suckler cow numbers and a reduction in 

fertiliser use.  

The FAPRI-Ireland model, as applied by the (EPA, 2017b) to model agricultural 

emissions, is a dynamic, partial equilibrium model which is linked to both to the FAPRI-EU 

and world modelling systems. This framework has been used extensively in the analysis of 

agricultural and trade policy changes (Binfield et al., 2008; Binfield et al., 2009; Binfield et 

al., 2001) and is increasingly used to estimate the associated impacts on GHG emissions. The 

development and application of the FAPRI approach to agriculture sector models and policy 

analysis is described in Meyers et al. (2010). The FAPRI modelling framework incorporates 

three sub-models which enable conversion of the standard output from the macro economy 

model into GHG and ammonia emission levels, as well carbon sequestration by on-farm 

forests. Previous policy analysis (Donnellan et al., 2003; Donnellan et al., 2006) details the 

workings of the GHG emissions sub-module, which applies the IPCC (2006) methodology to 

calculate environmental coefficients (emissions factors) used to convert outputs into GHG 

emissions. A number of other relevant applications of the FAPRI model are discussed here.  

McQuinn and Binfield (2002) used the FAPRI-Ireland model to project emissions of 

greenhouse gases from agriculture as outlined in the Kyoto Protocol. The model projected 

key agricultural outputs and associated emissions from the sector over a 9 year period 2001–

2010 according to a baseline or ‘no policy change’ scenario and an alternative scenario in 

which World Trade Organisation (WTO) export subsidy levels were reduced. The difference 
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between the two projections was used to calculate the marginal cost of emissions reduction 

for Irish agriculture reducing emissions which was estimated at €4.87 per tonne of CO2.  

As part of the Mid Term Review of the Common Agricultural Policy, Binfield et al. 

(2003) applied the FAPRI model to estimate the potential economic and environmental  

impacts of Common Agricultural Policy (CAP) reform. The analysis estimated the future 

impacts of decoupling subsidy payments from livestock numbers on financial returns, 

livestock numbers and related emissions. Under a full decoupling scenario, CH4 emissions 

were projected to decline to 9,147,600 t CO2 eq. and N2O emissions to 4,743,000 t CO2 eq. by 

2012, representing decreases of 20 % and 36 %, respectively relative to 2004.  

Lynch et al. (2017) recently applied the FAPRI model to examine the implications of 

achieving 2020 and 2030 GHG emissions reduction targets (as set under the Under the Effort 

Sharing Decision, ESD) for the agriculture sectors in the UK and Ireland. Results suggest 

that, under emissions reductions, based on adopting all technical abatement options alone, UK 

agriculture would meet its pro rata share of the Non-ETS target, while Irish agriculture would 

require additional actions such as a reduction in agricultural activity (such as cull in suckler 

cow numbers) or alternative policy interventions. It is important to note that these estimates 

for Irish agricultural emissions were made assuming the full deployment of technical 

measures equivalent to a maximum 10% reduction in emissions relative to 2005 levels, and a 

37% pro rata ESD reduction target for agriculture. As discussed in Chapter 1 and in the 

introductory paragraphs here, the final Emission Sharing Regulation (ESR) target agreed for 

Ireland will be considerably less, at 30%, with the initial GDP based target having been 

reduced 9% to reflect cost-effectiveness. In addition, to reflect the significant contribution of 

agriculture to the Non ETS sector in Ireland and the relatively limited potential of current 

agricultural abatement technologies (in particularly with regards methane reduction) as 

highlighted by Schulte et al. (2012), Ireland has been offered the maximum use of 

flexibilities: up to 4% offset through the purchase of carbon credits and 5.6% offset for 

carbon sequestration. However, evidence from Matthews (2016) suggests that, 

notwithstanding full uptake of these flexibilities, Ireland will be subject to a significant 

‘distance to target’ in 2030. Accordingly, given the profile of the non-ETS sector in Ireland 

(Duffy et al., 2017), significant additional mitigation efforts will be required if agriculture is 

to bridge this gap and contribute to Ireland meeting its 2030 Non ETS targets.  

Miller et al. (2014) applied the FAPRI  model and associated GHG emissions module 

to calculate the required reduction in cattle output to meet two a priori targets: a 20 % 
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reduction in GHG emissions by 2020 compared to 2005 (in line with Ireland’s commitments 

to the EU’s Effort Sharing Directive) and a less demanding 10 % reduction target. 

Subsequently, a CGE model of the Irish economy based on a Social Accounting Matrix 

(SAM) (including a detailed representation of the agri-food processing sectors) was used to 

simulate the GDP, household income and employment effects of meeting the respective 

production scenario, i.e., under no production constraint and where production was 

constrained in order to meet the pro rata sectoral targets set under climate policy. The results 

estimated that achieving a 20 % reduction in emissions would require a 29 % reduction in 

cattle output, with a significant associated reduction in beef throughput negatively impacting 

the beef supply chain, and beef processing sector in particular. 

Hynes et al. (2012) applied an alternative approach to model GHG emissions from 

agriculture. Focusing instead on the regional implications of imposing a methane tax on 

livestock production for farm incomes and GHG emissions, the study applied a spatial 

microsimulation framework. The microsimulation approach as employed by Hynes et al. 

(2012) is developed in detail in Chapter 5 of O’Donoghue et al. (2012). In the absence of 

spatially disaggregated data, a technique called simulated annealing is used to match Irish 

Census of Agriculture data to the National Farm Survey to develop a spatially matched 

dataset at the level of Electoral District (ED). This dataset is then used to estimate the spatial 

distribution of methane CH4 emissions across Irish farms and to simulate the distributional 

impact of imposing a carbon tax on farm income and emissions.  

5.2.4 GHG emissions – Alternative Modelling approaches 

Intergovernmental Panel on Climate Change IPCC  

The analyses underpinning the emission projections of all studies reviewed in the previous 

section follow the methodology of the Intergovernmental Panel on Climate Change (IPCC) as 

described in IPCC (2006). These emissions models can be characterised as agricultural policy 

studies that estimate the impact of varying policy stimulus on economic outcomes: income, 

output, inputs, etc. (either at the farm level or aggregate sectoral level), which are 

subsequently used to calculate associated emissions from agricultural activity data. Emissions 

analysis is performed in the context of estimating emissions under various economic policy 

scenarios relative to binding climate change policy and the achievement of non-ETS 

emissions reductions targets for Ireland, set out in the EU Effort Sharing Decision (ESD).   
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Thus, the IPCC provides a consistent methodology in these studies for the purposes of 

estimating national emissions under policy change scenarios, which are comparable to a 

baseline from the country’s National Inventory Report (Duffy et al., 2017) and against 

specific emissions reduction targets into the future as detailed in the ESD.  

A significant drawback to the IPCC methodology, however, is that it seeks to 

accomplish an international objective of reducing global emissions but is limited by its 

national boundary reference. Accordingly, the IPCC methodology only captures emissions 

originating or emitted within national boundaries and thus does not seek to identify the true 

emissions associated with a product or production process. Furthermore, by dividing 

emissions into sectoral categories to provide a consistent approach comparable across 

countries, it does not capture the complexity and integrated nature of agricultural production 

systems with the rest of the economy. This results in emissions from upstream manufacture of 

agricultural inputs, fuel use and land use change being attributed to alternative sectors of the 

economy or excluded altogether in the case of imported feed and fertiliser produced outside 

the national boundary (Schulte et al., 2011). Therefore, this approach cannot accurately 

identify the most carbon efficient product or production process between a set of alternatives. 

These limitations of the National Inventory Reporting methodologies are highlighted by a 

growing number of LCA whole farm systems models, discussed in Chapter 4, many of which 

aim to more accurately describe the emissions profile of Irish pastoral based grazing systems 

(Crosson et al., 2011; O'Brien et al., 2012). Where the IPCC inventory represents an output 

based accounting system, LCA, on the other hand, is a bottom up input based methodology 

focusing on specific production processes (Pairotti et al., 2015)  

Life Cycle Assessment LCA  

As discussed in Chapter 4, Life Cycle Analysis (LCA) provides an alternative approach to 

assess and evaluate the environmental impacts of products or processes over their full life 

span (or within the bounded limits of a products supply chain as defined by the system 

boundary) (Matthews et al., 2015). LCAs, as applied to Irish agricultural production, are 

typically defined as process based ‘cradle to farm gate’ studies, which, in addition to 

measuring farm level production activities, capture the emissions arising from upstream 

processes involved in the delivery and production of inputs, including imported feed and 

fertiliser. These ‘process’ or ‘product’ based LCAs can therefore be used to calculate the total 

global emissions arising from a specified activity or process. LCA allows for the 
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comprehensive evaluation of alternative measures and or changes to the production cycle 

which result in either reduced overall emissions or lower emissions per unit output. 

Accordingly, whole farm system LCAs are increasingly presented as appropriate tools to 

develop and measure GHG mitigation strategies for livestock farms.  

Chapter 4 discussed a number of LCA studies of Irish agricultural production systems 

and proposes a partial LCA to analyse the Carbon Footprint (CF) for the range of sheep 

flocks. Other studies of Irish agricultural production which propose LCA as a suitable method 

for emissions analysis and which highlight the relative deficiencies of the IPCC method when 

analysing emissions efficiency of alternative production process include Casey et al. (2006), 

Crosson et al. (2011) and O'Brien et al. (2012).   

O'Brien et al. (2012) compare IPCC and LCA methods to quantify GHG emissions 

from pasture and confinement based dairy production systems. The study found that the IPCC 

methodology incorrectly ranked the confinement based dairy production system as more 

carbon efficient per unit of product (milk) because it excluded embedded or indirect GHG 

emissions from upstream input processes. The LCA method on the other hand took account of 

emissions from the entire supply chain (up to the farm gate). Results indicate LCA provides a 

more appropriate holistic accounting approach for the analysis and development of farming 

systems which target a net reduction in global GHG emissions.  

Similarly, Schulte et al. (2011) highlight that while total emissions per unit area for 

the dairy sector as measured by the NIR is high, emissions per unit output, as measured by 

LCA, are the lowest in the EU (Leip et al., 2010). Thus, strategies aimed at reducing Irish 

emissions through reductions in Irish production levels have the potential to indirectly 

increase production of less emissions efficient production elsewhere. This may ultimately 

raise global emissions if less efficient production fills the gap left in international demand. 

This concept is referred to as “carbon leakage”, which arises directly as a result of the metrics 

employed internationally for the national GHG inventories under the Kyoto Protocol and 

according to the IPCC method. 

Casey and Holden (2006) employ a LCA to estimate emissions from the Irish suckler-

beef herd in order to evaluate a number of alternative management scenarios. Results show 

that the use of the alternative IPCC method as per the NIR cannot account for management 

practices which effectively ‘export’ emissions elsewhere, such as the use of imported 

supplementary concentrate feed and the associated embedded emissions from the production 

and transport processes. To address this, it proposes the need for a harmonised and robust 
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international LCA analysis of beef production systems to avoid the potential of ‘carbon 

leakage’. The study proposed that this perverse mitigation outcome has the potential to arise 

if Ireland were to reduce livestock numbers in line with National Climate Change Strategy 

(pro rata sectoral basis), with a resultant increase in global emissions as less efficient 

production fills the resulting unmet demand. 

Through a review of the literature Crosson et al. (2011) demonstrate that there has 

been a significant shift towards whole farms systems analysis for modelling emissions at the 

farm level to address the issues here outlined. However, the review also highlights that 

significant challenges would need to be overcome before LCA could be feasibly adopted in 

the construction of national inventories. In line with these findings from the whole farm 

production process LCAs, Schulte et al. (2012) developed a Marginal Abatement Cost Curve 

for Ireland by comparing the abatement cost of different technologies under both an LCA and 

IPCC accounting framework. While results highlighted that an LCA methodology based on 

emission per unit output is preferable in estimating the true impact of agricultural production 

at a global scale and in the context of Ireland’s stated policy objective of achieving “carbon-

neutrality” by 2050, the use of LCA for national inventory analysis is problematic and 

presents considerable challenges. For the approach to be adopted, the process would require 

international agreement on a consistent LCA method of emissions inventory, including 

agreement on the start and end point of each product/processes life cycle; agreement on 

sectoral delineation consistent with the integrated nature of agricultural production systems, 

and agreement on international boundaries to address international trade. These issues have 

also previously been discussed by Grealis et al. (2014) in the development of ‘A Dynamic 

Spatial Microsimulation Model for Irish Agricultural Emissions’. 

As a result of these challenges, the IPCC remains the preferred method for producing 

national emissions inventories. LCA, on the other hand, has as an important role to play, not 

just in assessing various mitigation options at the farm level, but also as a research tool to 

guide the future direction and refinement of current IPCC reporting standards and emissions 

factors. This latter role can be seen in the recent updates to IPCC reporting standards, which 

integrate Land Use, Land Use Change and Forestry LULUCF into the agriculture sector 

(Agriculture, Forestry and Other Land Use AFOLU) to reflect the body of previous research 

evidence.  
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5.2.5 Developing an alternative approach to Modelling the Economy Wide 

Economic and Environmental Impact of Food Wise 2025 

In summary, LCA and the IPCC represent the established approaches to modelling GHG 

emissions. Both methods have their advantages, which are reflected in their different areas of 

research. The IPCC methodology is preferred for the compilation of national emissions 

inventories and thus policy studies investigating trade-offs between competing agriculture, 

trade and environmental policy reforms. LCA analysis based on whole farm systems models 

is the chosen framework for modelling farm level alternative production systems and 

emissions mitigation technologies. In the context of this study, which aims to assess the 

economy wide impact of a national agricultural expansion strategy from both an economic 

and environmental perspective, neither approach is comprehensive. To date, the approach 

taken by Miller et al. (2014), which employs a social accounting matrix (SAM) multiplier 

analysis and environmental systems module can be seen as going furthest towards meeting 

the requirements of such an integrated economy wide assessment.  

Miller et al. (2014) contributes to addressing the questions raised in this chapter by 

exploring the trade-off between competing objectives of employment creation associated with 

meeting Food Harvest 2020 targets on the one hand and climate policy commitments on the 

other. While a SAM model based on an extension of the Irish economy I-O tables (CSO, 

2009) enables a sectoral breakdown of the employment impacts (as per the marginal 

employment elasticities - multipliers) for alternative production scenarios (shocks described 

by increased final demand), the associated emissions changes are not similarly described 

across the full agricultural production value chain. Instead, the FAPRI Ireland model 

previously described is used to generate projections of agricultural output and income while 

an environmental sub-module subsequently applies these outputs to generate projections of 

GHG emissions. As discussed above, the FAPRI GHG emissions sub model is based on the 

IPCC methodology, which does not capture the complexity and integrated nature of 

agricultural production systems. Accordingly, it cannot capture the impact of increased 

agricultural production along the entire value chain, including increased emissions associated 

with the upstream processes of farm input production and transportation and emissions from 

downstream processes in the processing, transport and retail sectors.  

On the other hand, the process based LCA approach is typically focused on modelling 

the farm level environmental impacts of production systems and is not suitable for integrated, 
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economic and environmental impact assessment at national economy scale. Furthermore, 

LCA analysis suffers from truncation error whereby limitations set by the boundary 

specification result in analysis that fails to fully capture the emissions of upstream processes 

in their entirety (Crawford, 2008). 

An alternative approach, which adds to the contribution of Miller et al. (2014) and 

addresses the limitations of both LCA and IPCC approaches in the context of our research 

question, is proposed in the following section in the form of the economic Input-Output Life 

Cycle Assessment (IO-LCA) 

Input-Output Life Cycle Assessment (IO-LCA)  

The input–output based LCA is an alternative approach that uses the economic transaction 

tables and national environmental accounts to determine, depending on its design and 

application, the economy wide environmental and economic impact, triggered by shocks to 

final demand in a given sector. Thus, while process based LCAs can provide analysis of the 

impact of production or mitigation technologies at the farm level, input-output based LCA 

can offer sustainability guidance at the national scale while also integrating assessment of the 

accompanying economic impacts.  

Chapter 1 reviews the General Equilibrium Theory as applied in I-O modelling 

approaches. IO-LCA can be seen as an extension of the input-output approach to estimate 

environmental outputs on a sectoral level across the economy. I-O tables describe in 

monetary terms the inter-industry relationships within an economy, explicitly representing 

how output from one industrial sector becomes an input to another industrial sector. Nobel 

prize winning economist Wassily Leontief (Leontief, 1986) is credited with the development 

of the I-O analytic framework, which has been used extensively to describe the monetary 

transactions of the goods and services of national and regional economies in terms of 

intermediate consumption by industry and final demand by consumers.  

Leontief (1970) also recognised the potential contribution of I-O models for 

environmental analysis by describing how negative environmental externalities can be 

incorporated into input-output descriptions of the national economy. However, the application 

of the I-O framework to environmental analysis was not fully exploited until the development 

of modern information technologies, the greater availability of national emissions inventory 

releases, and the development of focused research agendas by the likes of the Green Design 

Institute (Hendrickson et al., 2006). 
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Furthermore, the description of the interactions of the industrial sectors of the 

economy means that I–O-based LCA can offer guidance to environmental impact mitigation 

at the national scale. To date, there have been relatively few applications of I–O based LCA 

to Irish economic sectors. Acquaye et al. (2010) focused on the construction sector while Yan 

et al. (2013) focused on an assessment of Irish milk production.  

Yan et al. (2013) developed and evaluated a process based I–O based LCA model to 

assess the GHG emissions from Irish milk production. In evaluating both approaches, the 

study found process based LCA to be more suitable for developing farm level sustainable 

management strategies, while I–O based LCA that account for interactions of the national 

economy sectors offered sustainability guidance at the national scale. Results from the I-O 

model suggested that the Agriculture, Forestry and Fishery industrial sector itself was largely 

responsible for the environmental impact of milk production, rather than other industrial 

sectors as a result of economic interactions. This suggests that, while emissions from 

agricultural products are largely self-contained within the Agriculture industrial sector, the 

Food, Beverage and Tobacco, and Transportation sectors were influenced by demand for 

agricultural products and thus contributed a notable share of CO2 emissions. 

Comparing the advantages and disadvantage of LCA and I-O Based LCA 

I-O based LCAs are often proposed as an accounting framework to avoid the issues of 

‘truncation error’ associated with LCA as previously discussed. Truncation occurs in the 

application of LCA that fail to fully capture the emissions of upstream or downstream 

processes associated with integrated production systems as a result of the limitations set by 

tight boundary specification (Crawford, 2008). With the full range of the economies industrial 

sectors described by the I–O tables, the entire value chain is represented. This removes the 

need for boundary selection and avoids this ‘truncation error’ (Hendrickson et al., 1998). 

However, in theory the boundary specification for process based LCAs can be drawn 

further downstream so as to fully capture the range of emissions across the entire value chain 

from ‘cradle to grave`. Specifically, cut-off rules enable LCAs to be conducted without 

having to model 100% of the product system. While cut-offs should be avoided where 

possible they can be applied in accordance with guidance given in (ISO 14044). As a rule of 

thumb if there is insufficient or missing data to specify a particular process and if that process 

is estimated to contributes less than 1% of the total emissions based on prior assessment then 

that process can be excluded from the LCA. Cut-off rules are quantified in relation to the 
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percentage of environmental impacts that have been approximated to be excluded. The 

paradox here is that one must know the final result of the LCA to estimate their relative 

magnitude in order to determine which processes can be left. If accurate information on this 

gap was available then this would do away with the requirement for cut-off in the first place. 

Decisions on inclusion or exclusion of processes in an analysis thus create practical 

difficulties for drawing system boundaries and can result in error (Suh et al., 2004). In reality 

truncation will arise from the inevitable omission of steps and processes that cover the entire 

life cycle in order to make the task manageable. While it can be argued that LCA can 

adequately represent the system of analysis as a finite number of steps (Baumann and 

Tillman, 2004), in the context of an economy wide scenario as presented here it is less 

appropriate. A number of studies highlight that in a macroeconomic context ‘truncation error’ 

associated with LCA leads to the underestimation of the total impacts and propose I-O LCA 

as a more appropriate method (Lenzen, 2001; Suh et al., 2004)  

 ‘Top-down’ assessments on the other hand applies Input–Output analysis (IO) to 

allocate emissions to different sectors taking account the structure of the macro-economy. 

This approach has the benefit of not underestimating global figures and thus avoiding 

truncation whilst being less data intensive. At the same time this approach has a number of 

limitations, including the time lag in data availability associated with the publication of 

national accounts and the fact that the calculations are made for economic sectors and not for 

certain products. Thus even disaggregated input-output tables as developed in this chapter 

combine products and production technologies that are heterogeneous in terms of input 

requirement and environmental output production, thus leading to the issue of ‘aggregation 

error’ (Suh et al., 2004). This results in I-O LCA calculations which are more comprehensive 

on the one-hand and cruder on the other, making them less appropriate for detailed LCA 

studies (Pairotti et al., 2015). Indeed hybrid approaches are been increasingly developed in 

order to combine the strengths and reducing the weaknesses of each method (Suh, 2004). 

While there has been some research effort to propose a clear definition for hybrid I-O LCAs, 

a range of methods and definitions exist (Crawford, 2018) 

While there are strengths and weaknesses to both approaches and there is an ongoing 

debate in the literature on the merits of their various applications (Gibon et al., 2017; Lenzen, 

2000; Pomponi et al., 2018; Schaubroeck et al., 2017; Yang, 2017a, 2017b; Yang et al., 

2017), given data limitations and the macroeconomic focus in this investigation, an I-O LCA 

method is deemed most appropriate. This is in contrast to the systems analysis in the previous 
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chapter which applied an LCA to estimate the emissions associated with sheep production 

process using a cradle to farm-gate boundary. 

The work presented in the remainder of this chapter adds to this literature by 

developing an integrated assessment framework to estimate the implications of FW 2025 

expansionary plans for the agriculture value chain in terms of economic and environmental 

outputs. While estimates of the potential value added and jobs creation resulting from FW 

2025 have been estimated (Grealis et al., 2015), the environmental and economic impacts 

across value chains have not been presented, and are the focus of this chapter. This chapter 

thus represents the first disaggregated IO-LCA of the Irish agriculture sector. Detailed 

disaggregated I–O tables within the agricultural sector are developed to analyse the 

interactions among agricultural commodities and wider economy so as to gain more precise 

estimation of the environmental and economic impact of a range of growth strategies for any 

given sector.  

In the following section, the concept of the IO-LCA is developed in more detail. The 

disaggregated I-O model of the Irish Economy is then developed, drawing upon the previous 

work by Grealis et al. ( 2015). In essence, the approach involves the ‘extension’ of the Irish 

Bio-economy Model (BIO) through the development of an environmental account which 

enables the calculation of emissions from each industrial sector. The focus of the 

investigation here is the agriculture sector and a description of sheep meat value chain in 

particular.  

 

5.3 Data and Methods  

This chapter uses the National BIO I-O model , described in detail by Grealis et al. (2015) 

and ‘extends’ its economic I–O tables so as to cover the production of environmental 

externalities in the form of GHG emissions. Here, the relationship between the level of 

sectoral output and associated emissions output is described by well-defined structural 

coefficients – emission factors from the literature. 

BIO is an I-O model developed with the aim of analysing the multitude of linkages 

between the agriculture sectors and the wider economy and to assess the potential impact of 

national sectoral expansion strategies (Food Wise 2025) on the entire value chain in terms of 

economic output, employment, and GVA. The BIO model is based upon the 2010 CSO 

Supply Use Tables (SUTs) (CSO, 2014) and is adapted here to represent an IO-LCA model. 
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This work can be seen to build upon earlier research by O’Toole and Matthews, (2002a; 

2002b) and Miller et al. (2014) which developed Agri-Food Input-Output Models based upon 

the 1993 and 2005 CSO SUTs  tables respectively. This study adds to the current body of 

research through: 

- Extension of the I-O tables to include an environmental account of GHG emissions 

- Disaggregation of the Agricultural and Energy Industrial Sectors to more accurately 

account for heterogeneity of product outputs and residual outputs (pollution) 

 

The Input-Output approach is a long established, widely used economic method recognised as 

underpinning the most commonly applied system of national accounts globally through the 

publication of Supply, Use and I-O tables. A summarised description of the I-O modelling 

approach taken by Grealis et al. (2015) and adapted here is now presented. This includes a 

description of the data sources and requirements, disaggregation procedures, production 

assumptions and balancing approaches required to create Symmetric I-O tables from the 

National Accounts. The significant contribution of this chapter in extending the I-O tables to 

incorporate an environmental account of GHG emissions is subsequently described.  

5.3.1 The Bio-Economy Input Output model (BIO) 

The structure and composition of the four main economic activity tables applied in the 

development the I-O modelling framework BIO and their consistency with publicly available 

CSO data releases is now presented. These tables include: the Supply Table at basic prices; 

the Use Table at purchasers’ prices; the Symmetric Input-Output Table of domestic product 

flows; and the Leontief inverse matrix of domestic flows for multiplier analysis. 

The Supply and Use and Input-Output Tables for 2010 as applied in this study are 

recorded by the CSO according to the recognised EU definitions and standards of the 

European System of Accounts 1995 (ESA95). The methodological basis for this approach is 

described in the Eurostat Manual of Supply, Use and Input-Output Tables (Eurostat, 2008). 

These CSO input-output tables describe the flow of goods and services from 58 product 

groups between all 58 industrial sectors of the economy for 2010 including the destination of 

outputs to be used as inputs in other areas of the economy. The data can thus be used to 

highlight the inter-industry linkages that lie behind the National Accounts, along with 

reporting the main aggregates such as gross output, operating surplus and external trade 
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movements, etc. These tables serve as an integrated framework and as the base data from 

which to compile the disaggregated Agricultural I-O model that is the focus of this research.  

Supply Table at basic prices 

The ‘Supply table’ provides estimates of the supply of goods and services (products) by 

domestic industries, as well as imports of goods and services. The supply of products is 

presented in the rows while the columns show the industry sectors that produce these goods 

and services. Products are classified according to the CPA (Classification of Products by 

Activity) method. Each firm is assigned a NACE sector code on the basis of the classification 

of its primary produced output. While the CPA and NACE codes are fully aligned, the 

distinction is required in order to report secondary output to account for the fact that many 

firms produce multiple secondary products, some of which may not match its NACE code 

classification. By definition, a sector’s principal production, shown on the diagonal elements 

of the supply table, is larger than its secondary production as shown on the off-diagonal 

elements. A summary of the 2010 Supply Table at basic prices as presented by the CSO is 

seen in Appendix 1 accompanying this chapter. This is a condensed, aggregated version of 

the 58 sector 2010 Supply Table.  

Use Table at purchaser’s prices 

The ‘Use table’ shows the use of products by domestic industry and by the final demand 

sectors. Final demand here includes households, governments, non-profit organisations, 

exports, the formation of capital and changes in the stock of inventories. As in the previous 

table, industries are shown in the columns and products in the rows. The figures are reported 

at purchaser’s prices, i.e., the final price paid for each good by the ultimate consumer after 

taxes, subsidies and trade margins have been applied. A condensed version of the 58 sector 

use table at purchaser’s prices for Ireland for 2010 as presented by the CSO is shown in the 

accompanying Appendix 2. The columns for industry sectors show the goods and services 

used by each industry for the purposes of achieving its output, i.e., intermediate consumption.  

Input-Output Table 

The Input-Output table is derived from the Supply and Use Tables to provide a balanced 

product by product representation of national economy outlining the inter-sectoral 

relationships present in the production system (Grealis et al., 2015). The transformation is 
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based on the commodity technology assumption which is outlined in the Handbook of Input-

Output Table Compilation and Analysis (UN, 1999). The commodity technology assumption 

(CTA) assumes that a product has the same input structure in whichever industry it is 

produced. An alternative approach is the Industry Technology Assumption (ITA), which 

assumes that all commodities made by an industry share the same input structure. Guo et al. 

(2002) discuss the relative merits of both approaches. 

The table summarises the use of domestic products in the production of other 

products. Products are valued at basic prices since they are used as intermediate consumption 

in the production process and do not represent the price paid by the final consumer.  

Information on the imports of goods and services for further production and for final 

consumption is included, followed by rows detailing product taxes less subsidies and Gross 

Value Added (GVA) giving the total domestic output for each sector. The table is symmetric, 

with the sum of the entries row for Primary, Manufacturing and Service products equal to the 

sum of the entries in the corresponding column. This is because total output of a product, 

shown at the end of a row, can be analysed according to the various costs going into its 

production, shown down the column. The table can be seen to represent the best estimate of 

the balanced interdependent relationship of product flows within the economy, rather than as 

an absolute or definitive statement of nominal values. A summary of the Input-Output table 

for domestic product flows for 2010 is presented in the Appendix 3. 

The Leontief inverse Matrix 

As per the input and supply tables described above, an increase in final demand for a product 

will be associated not only with an increase in the output of that product but also an increase 

in demand for other products along the supply chain (i.e., increased intermediate 

consumption). The Leontief Inverse Matrix is derived from the symmetric input-output table 

to measure the complete direct and indirect impacts on the economy resulting from the 

increase in demand for domestic output of a given product, i.e., industrial sector. These direct 

and indirect macroeconomic effects are referred to as economic output multipliers, used to 

estimate the potential increases or decreases in exogenous demand (Leontief, 1974). From the 

definition of the Inverse Matrix and simplified representation of a stylised 3 sector economy 

for 2010 presented below, it can be seen (Table 5.1) that the output multiplier for sector (a) is 

defined as the total value of production in all sectors of the economy (a-c) that is necessary in 
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order to satisfy one euro worth of final demand for sector (a’s) output. This equates to €1.44, 

i.e. the output multiplier (CSO, 2014). The Leontief Inverse Matrix which is defined as: 

 

Leontief = (I-A)-1 where: 

A = aac =
  𝑧𝑎𝑐

𝑥𝑎𝑐
   = matrix of input coefficients for sectors a-c 

𝑧𝑎𝑐
  
= intermediate demand for inputs between sector a and the supply sector c 

𝑥𝑎𝑐
  
= total output for sector a 

 

 

Table 5.1 Summary Leontief Inverse Matrix for Domestic Product Flows - 2010 

 

CPA Products 1-9 10-43 45-97 
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CPA  Products       

1-9 Primary (a)  1.18   0.04   0.00  

10-43 Manufacturing (b)  0.11   1.09   0.03  

45-97 Services (c)  0.16   0.14   1.36  

  Output Multiplier  1.44   1.27   1.39  

             Source: CSO (2014) 

5.3.2 Disaggregation of the Agricultural Sector 

This section summarises the process by which 42 individual agriculture sub sectors are 

disaggregated from the 2010 Symmetric Input-Output Table to formulate the Agriculture 

component of the BIO I-O Model.  

In the CSO Input-Output Table for 2010, primary production is grouped into 

Agriculture, Forestry and Fisheries (AFF). According to the BIO model, the primary sectors 

are divided into the following sectors, which are themselves subsequently disaggregated: 

- Agriculture into the main Animals and Crop sub-sectors  

- Sea fishing and Aquaculture  

- Forestry  
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The 2010 Symmetric Input-Output Table is disaggregated to include an additional 42 

agriculture sectors consistent with the estimates for output, and income (GVA) as 

extrapolated from representative farm level production data from the NFS and scaled to 

National level using representative weights. For a detailed description of the disaggregation 

process applied to the Agriculture, Sea fishing and Aquaculture and Forestry sectors see 

Grealis et al. (2015).  .   

The availability of detailed representative production data from the NFS enables the 

matching of farm level data to national scale I-O tables. This provides a structured approach 

to analysing the contribution and interlinkages of the agriculture sector with respect to the rest 

of the economy. The list of disaggregated agriculture sectors that form the additional rows 

and columns in the Input-Output table are presented in Table 5.2. These new columns and 

rows form the basis for the calculation of the Leontief Inverse Matrix from which the various 

multiplier analyses for the agriculture sector can be performed. The source of inputs and the 

destination of outputs for all sub sectors are summarised in these I-O tables and provides a 

means of studying the intensity and direction of economic interlinkages (flow of goods and 

services) between agriculture and other production sectors. In particular, in this study the 

disaggregation process enables the identification of key relationships that define the sheep 

meat value chain.  

The main source of data for disaggregating the Agricultural Sector is the Teagasc 

National Farm Survey. As described in Chapter 1, this dataset represents the Irish component 

of the Farm Accountancy Data Network (FADN) and provides a consistent record of highly 

disaggregated economic data for agricultural enterprises. A 40 year panel of between 1,000 to 

1,200 farms annually provides detailed production data through a decomposition of inputs 

and outputs for the main land based agricultural systems at the enterprise level. However, 

only partial information for the pig and poultry sectors is collected. As previously discussed, 

Irish agriculture is dominated by pastoral based grazing systems, with most farms having at 

least one animal enterprise often along with an additional cropping enterprise for the 

production of animal feed. Dairy systems contain both a dairy enterprise and a cattle 

enterprise for non-milk producing beef animals (O’Brien et al., 2015) while most ‘tillage 

only’ farms have multiple crop enterprises.   

In the BIO model, production data is utilised to track inputs and outputs so that 

measures of intermediate consumption between enterprises and output from enterprises can 

be defined and scaled to the national level. The structure of NFS data was previously 
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described in Chapter 1, which depicted the move from raw production, input, output and cost 

data, to derived economic data with the ultimate aim of estimating a measure of family farm 

income. Higher level derived economic variables form the basis of analysis in all but a few 

published NFS economic studies. In this study, raw production data, as applied by the BIO 

model, moves the analysis from the farm level microscale to agriculture sector at the national 

scale. This methodology can be seen to identify the amount in terms of both volume and 

value (based upon calculated unit costs) of each crop type input by animal enterprise. Records 

of the inputs used in the production of each means that it is possible to track input use, such 

as fertiliser input to the silage enterprise, which is subsequently used as input in the form of 

fodder for the sheep enterprise.  

In the BIO model, the CSO Input-Output table is the primary source of constraint 

data. While information is taken from the national accounts and scaled from the NFS, any 

balancing adjustments are made to ensure consistency with the macro totals in the CSO 

national accounts. Manual balancing is employed based upon expert judgement. Table 5.21 

describes the allocation of output into domestic output and imports as well as exports. Due to 

balancing and definitional differences between the national accounts totals for these sectors 

and the Input-Output totals, total output in the Input-Output table is 5.2 per cent lower than 

the national accounts, while imports are 6 per cent higher. Exports are 27% higher.  
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Table 5.2 Output Adjustment for consistent CSO (NATACC) and IO Table - 2010 

  

We use national accounts to source inputs by sector. Therefore, we scale all national accounts 

sectors pro rata. Some manual balancing is required based upon expert judgement. We 

disaggregate cereals in Table 5.3 using National Farm Survey information with aggregated 

cereals, fruit and vegetable, forage and other crops sectors.

 While the Teagasc National Farm Survey is used to disaggregate the National 

Accounts by enterprise, there are a number of systematic differences between the two datasets 

that need to be taken into account when balancing the I-O tables. Table 5.3 compares the 

CSO national accounts to the NFS aggregated national totals calculated by applying 

representative NFS weights. The CSO assists Teagasc in their sample selection procedure for 

the NFS, whereby each farm is assigned a weighting factor so that the results of the survey 

are representative of the national population of farms (Hennessey et al., 2016). Accordingly 

farm level output production can be scaled to provide an estimate of the national sectoral 

level output which can in turn be validated against the CSO’s National Income Accounts. 

 National Accounts Adjusted 

€m Output Domestic 

Output 

Exports Imports Output Domestic 

Output 

Exports Imports 

Cattle 1676 1502 339 173 1671 1488 247 183 

Pigs 334 334   330 330   

Sheep 166 166   164 164   

Horses 151 151 73  149 149 54  

Poultry 112 112   111 111   

Milk 1542 1542   1527 1527   

Other 

Products 

41 41   40 40   

Cereals 377 377   373 373   

Fruit & Veg 1257 346 227 912 1308 342 166 966 

Forage 701 701   694 694   

Other Crops 102 102   101 101   

Home 

Grown Seed 

19 19   19 19   

Contract 

Work 

278 278   275 275   

Total 7676 6424 1312 1252 7688 6362 957 1326 

IO 7688 6362 957 1326 7688 6362 957 1326 

Ratio 

NACC:IO 

1.00 1.01 1.37 0.94     
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Cattle and dairy totals provide reasonable approximations, with the CSO cattle total output 

figure reported as 5 per cent higher than that derived from the NFS. This reflects the NFS 

sampling structure, where small farms with an output of less than €4,000 (standard gross 

output measure) are not represented. The NFS dairy output, on the other hand, is 8 per cent 

higher than the national accounts. While estimates for Dairy and Cattle output form relatively 

accurate scaled approximations, there is a significant difference between the sheep output in 

the NFS and the CSO national accounts. Reflecting the fact that the NFS sample does not 

cover the commercial pig and poultry farms and horse producers, output from these sectors 

are not comparable. The multiplier analysis and impacts of the expansionary impact of 

achieving Food Wise 2025 targets is therefore focused on the Dairy and Dry stock sectors and 

associated value chains in this study. 

Table 5.3 Teagasc NFS vs CSO National Accounts Animal Output - 2010 

 CSO  

€m 

NFS 

€m 

Ratio 

Dairy 1541.9 1673.00 0.92 

Cattle 1502.3 1437.00 1.05 

Sheep 165.6 275.00 0.60 

Horses 150.8 11.80 12.8 

Pigs 333.7 24.60 13.6 

Poultry 112.2 0.06 1898.3 

Deer and Goats 40.8 0.00 n/a 

Total (Dairy, Cattle, Sheep) 3209.8 3385.00 0.95 

5.3.3 Extension of I-O Model to environmental account (GHG Emissions) 

The main aim of this study is to assess the GHG emissions along the sheep meat value chain 

in Ireland and to estimate the impact of achieving a number of increased production scenarios 

in line with FW 2025 targets. The results are reported for the sheep meat industry where the 

functional unit is kilo-tonnes of carbon dioxide equivalent per million euro of output (kt CO2 

eq per €m of Output).  

Secondly, the adaption of the BIO model (Grealis et al., 2015) to an analysis of 

agriculture emissions means that the Carbon Footprints (CF) of food production from the 

range of agriculture sub sectors can be readily compared to sheep meat. An established 

approach to compare the performance of different food commodities is to express the 

emissions on a per protein or energy basis (Eory et al., 2014; Opio et al., 2013). While the 

discussion of the results focuses on the sheep meat value chains, the emissions for the other 

livestock products/sectors and fisheries sectors can be thus compared. In the context of the 
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growing debate on sustainable food systems, as presented earlier, this chapter contributes to 

the evaluation and comparison of the emissions intensity of Irish livestock products. Given 

that results of different LCAs are not readily comparable, the application of a consistent 

assessment method here across all livestock and fish products enables a cross sectoral 

comparison. This provides greater value relative to an individual value chain assessment in 

isolation. In the context of planetary boundaries and feeding a growing world population, an 

assessment of the carbon intensity of foods is most appropriate in terms of macronutrient 

contribution and not in monetary terms. Thus, functional units are also reported for emissions 

on a protein and energy basis, respectively, t CO2 eq per tonne of protein and t CO2 eq per 

tonne of kcal energy. 

The data in this analysis are based on 2010 emissions, which are described later in this 

section. The data source and approach used to convert the sectoral outputs to physical units in 

terms of macronutrient, protein and energy values for livestock and fish products is also 

discussed.  

Defining Value chains  

Assessment of the emissions along the whole value chain has become a standard technique 

for developing policies associated with environmental management (Clift et al., 2000), 

allowing for the identification of emissions `hotspots’, where emissions per unit of value are 

the highest or, alternatively, lowest. This enables an assessment of where environmental 

damage is compensated the least or most.  

In this thesis, the term ‘value chain’ is used to identify the full range of activities that 

firms undertake to bring a product or a service from its conception to its end use by final 

consumers. Adopting the approach, taken by Heery et al. (2016) for the dairy sector, this 

chapter maps the value chain of sheep meat production from ‘cradle to grave’. Here, the 

various inputs and transformations across the value chain are derived from the value change 

description from the BIO model. Accordingly, the sheep meat value chain is mapped using 

the BIO I-O tables for 2010. Here, the mapping of the Input-Output structure of the sheep 

meat sector can be seen to contribute one of the four basic elements that constitute a holistic 

Global Value Chain (GVC) analysis as described by Gerreffi et al. (2005). The other elements 

are geographical scope, governance structure and institutional context as discussed earlier. 
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I-O LCA 

The Supply and Use tables applied in this study represent the production and consumption 

activities of the entire Irish economy in monetary terms. The focus of previous I-O models 

and CGE derivations applied to the Irish agricultural production chain was on the economic 

effects, in terms of production, employment and value added changes associated with a 

simulated policy shock (Grealis et al., 2015; Miller et al., 2011; O’Toole et al., 2002).  By 

adding environmental information to these input–output models, it is possible to extend the 

analytic scope of the BIO model to the assessment of the environmental externalities 

associated with policy changes from a value chain perspective. This is a key contribution of 

this chapter, representing as it does the first disaggregated IO-LCA of the Irish agriculture 

sector.  

As previously discussed, Miller et al. (2014) applied a social accounting matrix 

(SAM) multiplier model to examine the employment effects of meeting FH 2020 production 

targets. To estimate associated GHG emissions, however, Miller et al. (2014) employed the 

FAPRI (Partial Equilibrium) model and accompanying emissions module. Thus, the 

environmental analysis did not take account of the integrated nature of agriculture production 

or capture the flow of emissions across the entire ‘value chain’.  

Input-output analysis has a long tradition in linking input-output tables in monetary 

units with supplementary information in physical units (Leontief 1970). Physical flows can be 

calculated from the monetary I-O tables for each sector by applying publicly available 

activity (CSO livestock numbers) and cost data (NFS crop input costs) for the disaggregated 

agricultural and industrial sectors to establish material (livestock numbers and crop) and 

energy balances respectively. In turn, these physical material flows can be used to estimate 

the flow of associated GHG emissions (pollution) throughout the entire value chain based on 

well-established emissions factors from the literature and, in the case of Irish tillage crops, 

from the cropping module for Irish farms developed in the process based LCA from Chapter 

4.  

In practice, this framework is implemented here by multiplying the economic output 

in the I-O tables for each product stage (disaggregated agriculture sectors and other industrial 

sectors) by the environmental impact per euro of output as measure by derived emissions 

factors (Hendrickson et al., 2006). These emissions factors are based on the emissions 
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intensity of physical (product/sectoral) output, expressed per unit value of that same sectoral 

output. 

The mathematical framework of BIO was described previously in section 6.2. This 

framework is extended here for environmental analysis by multiplying x (vector of total 

outputs of the sectors) by the matrix of environmental burden coefficients r (the ratio of 

environmental burdens to output for each sector). This provides a vector of total 

environmental burdens associated with final demand, denoted e (Kitzes, 2013): 

𝒙 − 𝒂𝒙 = 𝒇   

𝒙 = [𝑰 − 𝒂]-1𝒇   

𝒆 = 𝒓𝒙 = 𝒓[𝑰 − 𝒂]-1𝒇 

 

The r matrix can include environmental/physical coefficients of any measurable 

environmental impacts of interest such as energy use, and GHG emissions (Joshi, 2000). In 

this analysis, the environmental burden coefficients for CO2 equivalents are expressed per 

million euros of output. Emissions here include emissions from energy consumption as well 

as process emissions (e.g. animal and soil emissions for agriculture). A similar approach is 

applied to converting monetary values to physical quantities of product outputs and 

macronutrient values. This enables emissions to be expressed in macronutrient terms in order 

to compare emissions from `protein’ food products from the agriculture and marine sectors.  

The e matrix captures both direct and indirect (or total) emissions that originate from 

sales to final consumers (Kitzes, 2013). Direct emissions are released as a result of activities 

directly related to production (𝒓𝑰). Indirect emissions are associated with direct and indirect 

suppliers and are the difference between direct and total emissions (Acquaye et al., 2010). 

The data sources and method of estimating emissions factors are presented in the 

following section.  

5.3.4 Emissions from Agriculture Sectors – Emission Factors 

In the first section, the source of emission factors for describing the livestock sectors and the 

method of application to the I-O modelling framework is presented. Focus is then directed to 

the method of estimating emissions for the disaggregated feed sectors.  
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Livestock Sectors – Sheep, Cattle, Horses, Pig, Poultry, Deer and Goats 

The methodology as outlined in the Irish National Inventory Report (Duffy, Hanley, et al., 

2017) and described in IPCC (2006) guidelines is applied here to calculate the emissions 

associated with the disaggregated livestock sectors. Emissions factors and animal stock 

inventories, as reported in the common reporting format (CRF) tables (UNFCCC, 2003:13) of 

the NIR (Duffy et al., 2017) and in line with the CSO livestock survey (CSO, 2017a), are 

used to calculate aggregate livestock (sectoral) emission factors per million euro of output. 

Emissions factors are applied to the outputs from the I-O sectoral tables to describe associated 

emissions flows and calculate the impact on emissions as a result of output shocks in line 

with Food Wise 2025 scenarios. In this case, all emissions associated with animal activities 

are calculated for 2010, such that the sum of emissions for the livestock sectors balances to 

match those figures reported in the CRF tables accompanying the NIR.   

Methane – CH4   

Ireland’s emissions inventory applies a Tier II approach to calculating the main source of 

national CH4 emissions, i.e., emissions associated with enteric fermentation and manure 

management from cattle production systems. For the other livestock sectors, a Tier I approach 

is utilised. From the NIR CRF tables, simplified emissions factors per unit livestock are 

derived for total CH4 emissions by combining the implied emissions factors for enteric 

fermentation and manure management. Given sectoral output from the I-O table and livestock 

population statistics from the CRF tables, livestock emissions factors are subsequently 

converted to express the emissions, in kilo tonnes, per million euro of output (kt CH4/ €m). It 

is assumed that, in simulating increased production scenarios, these emission factors provide 

a reasonable approximation of the resulting change in emissions. In reality, Tier I CH4 and 

N2O emissions factors for cattle would change slightly in line with any changes in important 

driving parameters such as average energy requirements, affected by live-weight gains, winter 

housing periods, etc. (O’Mara et al., 2007). However, this is beyond the scope of the current 

analysis and is not taken into account here. Also, the implied emission factors produced by 

the CRF relating to total populations of livestock in Ireland are based on the relative 

proportions of animal sub-categories for these sectors. These proportions in terms of age class 

are assumed to remain constant in any expansion scenario (Duffy et al., 2017).  
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Nitrous Oxide - N2O 

The other agriculture emissions which are a function of livestock numbers are N2O Nitrous 

Oxide emissions. This includes 4 categories: direct and indirect N2O emissions from manure 

management, direct N2O emissions from soils associated with manure application from 

housed animals, direct N2O emissions from soils associated with urine and dung deposition 

by grazing animals. As with CH4 emissions, simplified total N2O emissions factors for each 

livestock (sector) are calculated by summing the 4 derived emissions factors categories 

together. This calculation requires the following information and data sources: 

  

- Direct N2O emission from manure management. These emissions factors are sourced 

directly from the CRF ‘Table 3.B(b)’.  

- Calculation of the Indirect N2O emissions from manure management by livestock 

category. This requires additional data on ammonia balances sourced from the EPA.  

NH3 Ammonia losses by livestock were converted to N2O-N and subsequently N2O to 

calculate the N2O factor by livestock.  

- Calculation of the Direct N2O emissions from manure applied to managed soils. This 

required supplementary data from the EPA in the form of N excretion rates and straw 

bedding factors per livestock type, as well as the N content of straw. The relevant N2O 

soil emissions coefficients were taken from the NIR. Applying this data, the total kg 

of N excreted by livestock was adjusted to take account of direct and indirect 

ammonia losses from storage and housing (described above), as well as N additions 

from straw bedding.  

- Calculation of the N2O emissions from urine and dung deposited on soils by grazing 

animals. This required supplementary information from the EPA on the ‘Allocation of 

Animal Wastes to Manure Management Systems’ while the relevant N2O soil 

emissions coefficients were taken from the NIR. Applying this data, N2O emissions  

were calculated for the portion of manure deposited by grazing animals on pasture and 

expressed on a per unit livestock basis. 

 

As with CH4 emissions, a total N2O emissions factors for each livestock (sector) is calculated 

by summing these 4 derived emissions factors together. The emissions factors are then 

converted to express the emissions, in kilo tonnes, per million euro of output (kt N2O / €m).  
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The emissions output from the livestock sectors in terms of nitrous oxide N2O and methane 

CH4 emissions is subsequently calculated by multiplying the economic output for each 

product stage/ livestock sector in the I-O tables by the environmental impacts per millon euro 

of output as measured by derived emissions factors for N2O, CH4, as presented in Table 5.4. 

This is in line with the approach presented in Hendrickson et al. (2006). 

 

Table 5.4 Methane and Nitrous Oxide factors for livestock per unit value output 

 ktN2O/€m ktCH4/€m 

Dairy 0.0011 0.081 

Cattle 0.0059 0.168 

Sheep 0.0031 0.162 

Horses 0.0015 0.014 

Pigs 0.0017 0.028 

Poultry 0.0014 0.017 

Deer and Goats 0.0005 0.004 

 

Feed Crops and Concentrates 

Home produced crops – Concentrate (Wheat, Barley, Oats), Pasture, Winter Forage, 

Silage, Hay, Roots 

The framework for assessing the GHG emissions for the range of farm enterprises is 

previously developed in Chapter 4. Accordingly, a LCA modelling framework is applied to 

NFS data to calculate the emission factors associated with growing the range of key feed 

crops on Irish livestock farms. This crops sub model calculates emissions intensities per unit 

of crop output. The NFS collects associated sales price and input cost data, which, along with 

‘raw’ production data on input use and output yield, enables the calculation of emissions per 

unit value of crop  (Table 5.5). Once the economic output for each product stage 

(disaggregated agriculture sector) is calculated, a vector of environmental outputs can be 

obtained by multiplying the economic output at each stage by the environmental impact per 

euro of output (Hendrickson et al., 2006).  
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Table 5.5 Carbon Dioxide emissions factors for crops 

  Crops kt CO2/€m 

Concentrate Own 1.687765 

Concentrate Opening 1.687765 

Pasture 8.108426 

Winter Forage 4.114493 

Winter Forage Op 4.114493 

Winter Forage Pur 1.491499 

Silage own 3.043202 

Hay Own 3.943453 

Silage Op 3.043202 

Hay Op 3.943453 

Roots 2.152469 

Energy Sector Emissions 

GHG emissions are usually presented in line with UNFCCC accounting rules and IPCC 

reporting guidelines, which do not readily capture changes in fuel and the sectoral mix of 

energy use both upstream (e.g., emissions associated with the combustion of fossil fuels in 

electricity production that is subsequently used by consumers) and downstream (e.g., 

combustion of fossil fuels such as natural gas and coal). Using energy balance and cost data 

from the sustainable energy authority (SEAI, 2010, 2016), this chapter addresses this issue by 

detailing what energy sources are being consumed across economy sectors and the upstream 

source of that same energy, and, consequently, emissions.  

A detailed analysis of energy flows requires a much greater disaggregation of the 

energy sector than is common. Therefore, production sectors which produce primary energy 

(coal, lignite, crude oil) or transform it into secondary energy (coke, petroleum products, 

electricity, produced gas, steam and warm water) are listed individually. The resultant energy 

balances are detailed material inputs (e.g., coal and crude oil extracted) and intermediate 

energy inputs, which are transformed into secondary energy sources or consumed 

(combusted). From the energy balances, the transformation or combustion of energy can be 

calculated in terms of ‘residual outputs’ (unwanted polluting by-products), in this case GHG 

emissions. In the case of energy balances, the calorific energy content of energy flows from 

the industrial sectors is calculated on a terra joule basis, having converted monetary values 

from the I-O tables to KWhs based on commercial and domestic fuel price data (c/kWh) for 

2010 (SEAI, 2010). KWhs are subsequently converted to tera joules, where one kwh is the 
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equivalent of 3.6E-6 tera joules. The use of tera joules (physical heat unit which measures the 

energy content of each energy flow) ensures that all quantities of the different energy sources 

can be aggregated by column and row. SEAI published data was sourced to provide energy 

emissions factors for the range of fuel/energy sources on a tera joule basis, enabling the 

subsequent calculation of GHG emissions (CO2 equiv) throughout the entire supply chain. 

The methodology for calculating energy flows can be seen to be in line with Beutel (1983) 

where the I-O table is extended to enable the estimation of emissions associated with the 

direct and indirect energy content of products. The impact on GHG emissions, i.e., the 

‘residual outputs’ induced by increased final demand under FW 2025 increased production 

scenarios can thus be simulated. 

5.4 Food Products from the Agriculture, and Fisheries sectors 

This section describes the process of conversion of trade data to physical production and 

macronutrient coefficients, for the comparison of food production from the bioeconomy 

sectors. In order to compare the emissions intensity of food production, emissions factors for 

meat, dairy and fish products need to be expressed on a comparable macronutrient basis, i.e., 

in terms of protein and calories. Therefore, functional units are also reported in this study for 

emissions on a protein and energy basis: t CO2 eq per tonne of protein and t CO2 eq per tonne 

of kcal energy. This enables the Carbon Footprints (CF) of food production from the range of 

agriculture sub sectors to be compared. This is an established approach to CF analysis which 

has previously been applied in LCA studies including the global scale, Global Livestock 

Environmental Assessment Model (GLEAM) (Eory et al., 2014; Opio et al., 2013). 

Information on product volumes from CSO trade data is converted into macronutrient 

contributions by calculating edible product shares and applying nutritional values. The data 

sources, estimation methods and assumptions applied to express emissions per nutrient value 

of product are now described. A summary of these key conversion factors and resultant 

emissions factors are presented in Table 5.6. 

5.4.1 Meat products (Beef and veal, Pig meat, Sheep meat, Poultry meat) 

For the beef, pig meat, and sheep meat sectors, the CSO’s (2011) ‘Meat Supply Balance’ 

provides a breakdown of meat trade volumes in tonnes of carcass weight equivalent (CWEs) 

(Appendix 6). In order to calculate the macronutrient contribution from edible production, 

these carcass weights are converted to edible meat volumes. CSO reported CWEs represent 
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the ‘dressed percentages’
2
 for beef, pig meat and sheep meat. These are converted to edible 

meat yield by adjusted for ‘bone loss’ as reported by the FAO ‘meat cutting and utilisation’ 

guidelines (Heinz and Hautzinger 2007). The bone fraction for whole chicken carcass is taken 

from Orr et al. (1984). These fractions are detailed in Table 5.6. The bone loss from carcasses 

for any given meat category will obviously vary depending upon factors such as breed type, 

livestock age as will fat scores etc. A single conversion factor is used here based on previous 

related studies and is deemed appropriate given the scale of the analysis (national production 

data). Average carcass data for the respective meat categories would improve these estimates 

and are identified here as an area for future investigation.  

While there are a large number of individual meat cuts / products which could be 

derived from livestock carcasses and individually assessed, given the scale of the current 

analysis it is most appropriate to use a single weighted meat nutritional value representative 

of the range of edible carcass cuts.  

Protein content of meat - Beef and veal, Pig meat, Sheep meat, Poultry meat 

The protein content of edible beef, chicken and pork meat are taken from a study by De Vries 

et al. (2010) which compared the environmental impacts for livestock products. These protein 

percentages are applied to edible meat yield having adjusted CWEs for the non-edible 

fraction. The protein value for beef was applied to sheep meat in the absence of a comparable 

fraction and is in line with the approach applied in previous studies (Opio et al., 2013). The 

protein value of poultry meat is based on the macronutrient values reported for ‘raw meat and 

skin from whole chicken’ using McCance and Widdowson's Composition of Foods Integrated 

Dataset (Roe et al., 2015). Nutritional values are detailed in Table 5.6. 

Energy values – Meat products  

The energy (Kcal) content of edible carcass meat excluding bone for beef, lamb and pig meat 

are taken from the FAO meat processing guidelines for small to medium scale producers 

(Heinz et al., 2007). The energy (Kcal) content poultry is based on the macronutrient values 

reported for ‘raw meat and skin from whole chicken’ using food composition tables (Roe et 

al., 2015). 

  

                                                 
2
 ‘Dressing percentage’ is a factor used to calculate carcase weight from a known or estimated liveweight. 
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5.4.2 Dairy products (Cheese, Butter, Cream, Milk Powder, Drinking Milk 

& Buttermilk) 

Dairy production can be divided into a large number of individual products. For the purposes 

of this study, the product classification applied by the CSO ‘Supply Balance for Dairy 

Products’ is used to assign national production and to calculate macronutrient provision to 

national trade data for 2010 (CSO, 2011a). Accordingly, dairy production is classified in 

terms of tonnes of cheese, butter, cream, milk powder, drinking milk and buttermilk product. 

The ‘Supply Balance for Dairy Product’ is presented in Appendix 7 and provides a 

breakdown of edible dairy products in tonnes. 

Protein values - Dairy products 

Fixed protein percentage for dairy products as previously applied by the CAPRI model 

(Heckelei et al., 2008) are matched to CSO quantities and applied for butter, cheese, cream, 

fresh milk products skimmed milk powder, whole milk powder. The value for milk powder is 

calculated by applying weighted production levels for whole and skim as reported for the 

2010 production year to respective protein value (Appendix 8).  

Energy content - Dairy products  

The CAPRI model does not provide calorie contents for dairy products. Instead, 

representative values are taken from food composition tables. McCance and Widdowson’s 

composition of foods integrated dataset (CoFIDs) (Roe et al., 2015) provides the energy 

(Kcal) contents of dairy products. This is the accepted data source for food composition 

statistics in the UK and Ireland (FSAI, 2014). All product classifications are then combined to 

provide a weighted ‘Dairy’ production/product in terms of energy and protein consumable. 

The nutritional values for disaggregated dairy production classifications are presented in 

Appendix 8. 

5.4.3 Fish Products - Aquaculture and Commercial Fisheries  

For the Aquaculture and commercial fisheries sectors, total fish output is aggregated in order 

to compare production and consumption with that of livestock products, as recorded in the 

national accounts. There are a huge number of fish species/products caught by these 

industries that can be individually assessed in terms of their macronutrient content. For 
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instance, there is significant difference in the composition of oily and white fish. To reflect 

this variation, species catch data for 2010 is sourced for the aquaculture and commercial 

fisheries sectors. While the CSO previously gathered information on fish landings, this data 

series was discontinued in 2004. The Sea Fisheries Protection Authority (SFPA) provided 

data on the commercial fisheries sector through a breakdown of fish landings by species for 

Irish vessels for 2010. Bord Iascaigh Mara (BIM), Ireland’s Seafood Development Authority, 

collects data on the value and composition of Irish Aquaculture. BIM provided information 

on domestic aquaculture production in tonnes of product broken down by species for 2010.  

Energy values - ‘Fish’ 

The energy (Kcal) content of fish products is based on the macronutrient values of individual 

fish products. An inedible fraction is taken into account for species (where relevant) to adjust 

the landed tonnes for bones and skin, or shells in the case of shell fish by species, e.g., crab 

meat energy is calculated from brown and white crab meat using the edible conversion factor 

0.44. These energy content values are taken from McCance and Widdowson’s Composition 

of Foods Integrated Dataset (Roe et al., 2015). When combined, this data provides a single 

weighted ‘fish’ product, derived to represent the range of heterogeneous fish products 

produced and consumed. Note the species composition that equates to domestic production is 

applied to the other trade flows, imports, exports, and domestic consumption. The same 

assumption was applied to the dairy production mix. In reality, the products mix is likely to 

vary across trade flows but is proposed in this study as a providing a suitable approximation. 

Fish landings, nutritional breakdown and weight protein and kcal conversion factors are 

presented in Appendix 9. 

Protein values – ‘Fish’ 

A similar methodology is employed to calculate the protein content of ‘fish’. Matching 

species landed to protein values from the food composition dataset (Roe et al., 2015), a 

weight protein conversion factor is derived.  
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Table 5.6 Micronutrient value of Livestock and ‘Fish’ products  

Edible meat yield Beef and 

veal 

Pig meat Sheep 

meat 

Poultry 

meat 

Seafood 

processing/fish 

Dairy 

Bone % 16 18 17 19 - - 

Meat yield % 84 82 83 81 - - 

       

Meat macronutrient factors (per kg of product) 

Protein Conversion 

factors g/kgram 

190 190 190 190 163 200 

Energy Conversion 

factors kcal/kgram 

3230 4720 3230 2150 1238 4666 

 
      Meat macronutrient factors (per kg of edible product) 

Protein tonne/ 

(000)tonne of output 

160 156 158 154 163 200 

Energy (M) kcal/ 

(000)tonne of output 

2713 3870 2681 1742 1238 4666 

       

Product Price  

Average Price of Kg 

Carcass (€) 

2.91 2.11 4.25 2.15 3.69 N/A 

Average Price 

Kg/edible product (€) 

3.46 2.58 5.12 2.65 3.69 5.46 

       

Macronutrient & Cost Factors (kg of edible product) 

Protein tonne/ €m 

output 

55 74 37 72 44 37 

Energy (M) kcal/ € m 

output 

933 1831 631 810 336 854 

  Beef and 

veal 

Pig meat Sheep 

meat 

Poultry 

meat 

Seafood 

processing/fish 

Dairy 

Carbon Footprints of Products 

kTCO2Eq per €m of 

Output 

3.59 0.90 2.53 0.44 0.49 1.02 

TCCO2Eq per tonne of 

Protein 

65.43 12.20 68.08 6.12 10.96 28.01 

TCCO2Eq per kcal 

Energy 

3.85 0.49 4.00 0.54 1.45 1.20 

5.4.4 Carbon Footprints of Livestock and Fisheries Products 

Table 5.6 also presents the Carbon Footprints for the livestock and fisheries products 

according to the three different functional units. A discussion of these CFs is presented in 

Section 6.7.3, following discussion of the distribution of Life-Cycle Emissions across the 

Agri-food Value Chain. The CFs combine the range of emissions from livestock products, 

calculated from the matrix of emission factors previously described, relative to the monetary 

and nutritional value of output (matrix of nutritional values described in previous section). 
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5.5 FW 2025 Growth Scenarios    

This chapter focuses on estimating the potential economic and environmental impacts of 

meeting Food Wise 2025 growth targets. In order to estimate these impacts through the I-O 

modelling framework proposed here, the potential shocks to final demand must be identified 

for the relevant disaggregated agriculture sectors in line with policy targets. This section 

proposes a set of sub sector growth scenarios in line with the proposals set down by the 

FW2025 committee.  

Table 5.7 details the specific projection assumptions at sectoral level under two 

growth scenarios: a base case and base case+ scenario. The two scenarios propose projected 

growth to 2025 relative to the 2012-2014 average baseline. These growth scenarios are based 

on growth level suggest by the FW 2025 Committee and those previous presented by Grealis 

et al. (2015). The Base Case scenario involves continuation of the rate of change in 

production levels seen over recent years to generate a moderate increase in output through 

improvements in technology and management techniques. This scenario essentially 

represented a “business as usual” development of the Agri-Food industry. The Base Case + 

Scenario represented more ambitious levels of expansion than recent historical trends given 

the recent pace of technological advances, the proposed investment in knowledge transfer 

under the RDP 2014-2020 and, particularly, the removal of milk quotas in March 2015 

(Grealis et al., 2015). 

In modelling the impact on emissions of reaching increase FW2025 targets, the focus 

in this study is on capturing the changes across the entire value chain. In the methodology 

proposed in this chapter changes in final output drive the change in upstream primary sector 

production, such as farm level output of animals and feed inputs etc. For example, an increase 

in the processing of pig meat product at processor level drives the requirement for animal 

numbers and the production of feed at farm level.  

Given the linkage between primary and processing sectors in sheep meat, dairy, pig 

and poultry, processing volume changes translate readily to primary farm level production. In 

the case of beef production, the distinction is less well defined, given that the dairy sector also 

contributes dairy animals for processing in the beef sector. To address this, Table 5.8 converts 

livestock change assumptions for the dairy and cattle sectors into a meat volume assumption. 

The table incorporates information on the distribution of animal numbers and assumptions on 

replacement animals required for dairy herd expansion and the percentage of stocks exiting 
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for live export. Under these assumptions and growth projections, it is estimated that the value 

of domestic beef cattle for processing would grow by 6.2% in the base case scenario and 7% 

in the base+ scenario.  

 

Table 5.7 Growth Projection level to 2025 relative to Baseline 

 Output Change by 2025 (%) relative to (12-14) baseline 

Category Base Case Base Case + 

Production Volume(head)   

Total Cattle  8.0% 10.0% 

Dairy Cows  20.0% 30.0% 

Other Cows  -10.0% 0.0% 

Total Sheep  10.0% 15.0% 

Ewes  0.0% 10.0% 

Total Pigs  10.0% 17.0% 

Breeding Pigs  0.0% 10.0% 

Poultry  45.0% 100.0% 
   

Production Volume(tonnes)   

Milk  49.3% 64.2% 

Barley  19.4% 34.2% 

Wheat  3.4% 6.7% 

Oats  10.2% 31.1% 

Peas & Beans  51.0% 253.0% 

Oilseed Rape  1.0% 175.0% 

Maize Silage (ha) 53.0% 91.0% 

Seafood  13.7% 62.4% 

Forestry Planting (ha) 53.4% 130.1% 

Source: (Grealis et al., 2015) 
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Table 5.8 Growth in Beef Output as a result of changes in Dairy and Cattle Sector (€m) 

 Avg 12-14 Base 

Case 

Base Case 

+ 

Base Case 

% 

Base Case 

+ % 

 Livestock Output (€m) % Change in output 

Total cattle 6268 6770 6895 8.0% 10.0% 

Cows 2175 2284 2502 5.0% 15.0% 

Dairy cows 1090 1308 1417 20.0% 30.0% 

Other cows 1085 976 1085 -10.0% 0.0% 

Bulls 37 40 41 8.0% 10.0% 

Cattle: 2 years and over 474 512 522 8.0% 10.0% 

Cattle male: 2 years and over 189 204 208 8.0% 10.0% 

Cattle female: 2 years and over 285 308 314 8.0% 10.0% 

Cattle: 1-2 years 1660 1793 1826 8.0% 10.0% 

Cattle male: 1-2 years 766 827 842 8.0% 10.0% 

Cattle female: 1-2 years 894 966 984 8.0% 10.0% 

Cattle: under 1 year 1922 2076 2114 8.0% 10.0% 

Cattle male: under 1 year 934 1009 1028 8.0% 10.0% 

Cattle female: under 1 year 988 1067 1086 8.0% 10.0% 

Total cattle: male 1926 2080 2119 8.0% 10.0% 

Total cattle: female 4342 4690 4776 8.0% 10.0% 

Live Exports 314 339 346 8.0% 10.0% 

Replacement Dairy Animals under 2 436 523 567 20.0% 30.0% 

Cattle 1-2 that will progress to 2+ 474 512 522 8.0% 10.0% 

Replacement Dairy Animals aged 1 218 262 283 20.0% 30.0% 

Domestic Beef Cattle going to 

processing 

1442 1531 1542 6.2% 7.0% 

Cattle due to live exports    1.4% 1.8% 

 

Within the CSO SUTs and I-O tables, the meat processing sector is not disaggregated into its 

individual meat processing subsectors. While Miller et al. (2014) address this by further 

disaggregating the meat sector into beef, sheep meat, pig meat and poultry meat sectors based 

on data from the CSO Census of Industrial Production (CIP), the meat processing sector in 

the BIO model is not disaggregated. This is not an issue for the calculation of emissions 

multipliers, as the disaggregated breakdown of output changes in livestock sectors that drive 

emission can be observed. However, it is an important consideration for estimating 

employment multipliers for the aggregate processing sector.  
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To address this, Grealis et al. (2015) weight individual meat growth scenarios to 

produce an aggregate meat volume production target based upon data from the CSO ‘Meat 

Supply Balance’ for 2010. This translates to a 12% volume growth in the base case scenario 

and a 22% volume target in the base+ scenario (Table 5.9) (CSO, 2011b). 

 

Table 5.9 Increase in Meat Volume as a result of Individual Scenarios (‘000 Tonnes) 

Meat Slaughtering 2010 Base Base+ 

Beef and veal 558 1.062 1.07 

Pig meat 215 1.10 1.17 

Sheep meat 48 1.10 1.15 

Poultry meat 126 1.45 2.00 

Other meat 11 1.00 1.00 

        

Total 958 1.12 1.22 

Source: (CSO, 2011b) 

5.5.1 FW 2025 Growth Scenarios and comparison to ‘current’ growth  

Table 5.10 represents the key volume growth assumptions for the list of disaggregated 

livestock (meat and dairy) and seafood based products. These scenarios form the basis of the 

subsequent emissions projections. Output scenarios are thus applied to the BIO modelling 

framework together with the matrix of emissions factors described in the previous section to 

calculate the consequential impact on emissions across the value chain. Two scenarios are 

proposed for each sector: a base and a base+ scenario.  

 One of the limitations of I-O analysis is the significant time delay in publishing CSO 

SUTs which results in a lag in producing comprehensive I-O analysis. I-O analysis is also 

static and cannot project the output pathway over time. The I-O tables that form the basis of 

the BIO model represent the 2010 National Accounts. While the output baseline applied here 

represents the average of 2012-2014 production, there has been considerable growth in 

national agricultural output in the intervening period. In Table 5.10, the average growth in 

sectoral output for the period 2012–2017 is presented relative to the FW 2025 targets.  

It is evident that some sectors are already close to achieving (and, in the case of beef 

production, have even surpassed) growth targets set under FW 2025. Increased beef output 

here can be seen as a product of dairy sector expansion and the growth of ‘secondary output’ 

(meat) from an expanding dairy herd, rather than any expansion in output from beef farms. At 



 192 

the same time, a significant gap remains between current production and targets set out for 

the values of poultry sector. This relationship between the current growth and the ‘base +’ 

target are shown in Figure 5.2. 

Table 5.10 Agri-Food Growth (12-17) & FW 2025 Targets 

  2012-2017 

Growth 

Target 

2025 

 Target 2025 

   Average Base Base + 

Beef and veal 1.23 1.06 1.07 

Pig meat 1.13 1.10 1.17 

Sheep meat 1.13 1.10 1.15 

Poultry meat 1.11 1.45 2.00 

Other meat 1.00 1.00 1.00 

Seafood Processing 1.06 1.14 1.62 

Dairy Products 1.39 1.49 1.64 

 

Figure 5.2 Agri-Food Growth (12-17) & FW 2025 Targets 

  

 

 

The growth scenarios for the employment multipliers which are not a focus of the is study are 

shown in Appendix 7. Employment multipliers are adjusted to reflect the aggregated meat 

processing sector in the I-O tables and the meat volume projections as presented in Table 5.9. 
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5.6 Calculation of Multipliers – GHG Emissions Multipliers 

The aggregate impact on GHG emissions as a result of a simulated change in output volume 

(prices are assumed constant) depends upon 3 factors: 

- The size of the output shock or change (Table 5.10) 

- The interaction between different sectors as defined by the output multipliers  

- The emissions intensity of sectoral production processes defined by emissions factors 

Table 5.10 summarises the key output shocks which are employed to estimate the resultant 

change in emissions. Here, output multipliers for the various disaggregated agriculture sectors 

are presented.  

The interaction of output multipliers with output volume shocks for final demand 

determines the overall impact on output across the national economy. When subsequently 

combined with the matrix of environmental emissions coefficients described in Section 6.3.4, 

the impact on GHG emissions throughout the economy can be estimated. Appendix 9 

presents the output multipliers from the original un-disaggregated CSO 2010 Input-Output 

model. Table 5.11 presents the disaggregated output multipliers for the detailed farm level 

sub-sectors and Table 5.12 presents the disaggregated output multipliers for detailed food 

processing sectors. 

The overall output multiplier for the Agriculture, Forestry and Fisheries (AFF) sector 

as presented in Table 5.11 is high at 1.97. Usually, sectors which have fewer leakages will 

have a higher multiplier and are thus the most embedded in the national economy (Miller et 

al., 2011). The sectors with the highest output multipliers among the agri-food sectors are the 

cattle and sheep sectors. From Table 5.11, the output multiplier for the sheep sector is 2.20. 

For each one euro of output produced by the sheep sector, €1.20 of indirect and induced 

output is generated in other sectors in the economy. Given the high level of embeddedness of 

the Agri-Food sector within the Irish economy, targeted output growth will have significant 

impacts on Ireland’s economic performance.  

Input-Output Modelling has been used extensively to identify the relative structural 

importance or embeddedness of individual economic sectors to the wider economy (Miller et 

al., 2014; Toole et al., 2002a). The output multipliers presented in Table 5.10 are taken from 

the previous investigation by Grealis et al. (2015) using the the BIO model. BIO has been 

used previously to simulate the direct and indirect impacts associated with changes in levels 

of output on economic indicators such as output and employment. Here, BIO is extended in 
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this chapter through the addition of a matrix of environmental (emissions per output) 

coefficients. Multiplying the matrix of emissions factors by the matrix of I-O output 

multipliers for a given shock in final demand provides an estimate of the resultant impact on 

emissions throughout the value chain.  

Table 5.11 Disaggregated Output Multipliers for Agriculture, Forestry and Fishing 

Sector Output Multiplier 

Agriculture, forestry and fishing 1.97 

Forestry 2.20 

Commercial Fishing 1.77 

Aquaculture 2.27 

Concentrate Feed 1.59 

Pasture 1.95 

Winter Forage 1.86 

Silage 1.68 

Hay 1.85 

Other Cash Crop 1.48 

Potato Fruit Vegetable 1.14 

Setaside 1.83 

Sugar Beet 2.45 

Dairy 1.93 

Cattle 2.51 

Sheep 2.20 

Horses 2.14 

Pigs 2.72 

Poultry 2.86 

Deer and Goats 1.77 

 

Table 5.12 Disaggregated Total I-O Multipliers for Food, beverage and tobacco product 

Sector Output Multiplier 

Food & beverages and tobacco products 1.98 

Meat and Meat Products 2.40 

Seafood Processing 2.12 

Fruit and Vegetables 1.99 

Vegetable, Animal oils and fats 2.17 

Dairy Products 2.21 

Grain mill products, starches and starch products  1.62 

Bakery and Farinaceous Products 2.00 

Other Food Products 1.75 

Prepared Animal Feeds 2.00 

Beverages 1.97 
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5.7 Results  

5.7.1 Structure of the Agri-Food Value Chain 

Grouping the Agri-Food Value chain into Meat (disaggregated), Seafood and Dairy pathways, 

Table 5.13 describes the structure of the Agri-Food Value Chain. As the BIO model contains 

a total of 138 sectors, in order to summarise, the results for Value Chains are categorised into 

seven components as follows: 

- Primary 1: The Primary Inputs from the same Value Chain (e.g., Milk for the Dairy 

Products Value Chain) 

- Primary 2: Other Primary Inputs from the Value Chain (e.g., Milk for the  Beef and 

Veal Meat Products Value Chain) 

- Secondary 1: The Secondary Inputs from the same Value Chain (e.g., Dairy 

Processing for the  Dairy Products Value Chain) 

- Secondary 2: Other Secondary Inputs from the Value Chain (e.g., Dairy Products for 

the  Beef and Veal Meat Products Value Chain) 

- Industry: All other Industrial Inputs into the Value Chain 

- Services: All other Service Inputs into the Value Chain 

- Energy: Energy Inputs into the Value Chain 

The Leontief Inverse Matrix is applied to produce the Direct and Indirect Inputs per unit of 

Output. Table 5.13 describes the share of the output multiplier from each of the Meat and 

Dairy sectors. 

 Reflecting the relative attributes of products and the distribution of results, the value 

chains can be divided into three groups. The pastoral meat value chains (beef, sheep and 

other) have the highest share of primary inputs (Primary 1 and Primary 2) at about 25%, 

reflecting their relatively extensive nature, combined with lower value added processing as 

previously discussed by the Global Value Chain analysis (GVC). Whilst over the last decade, 

processing facilities for beef and lamb have developed such that most products leave the 

country in the form of primal cuts rather than in carcass form, the level of secondary process 

remains limited. 

The next group, at about 18%, contains the higher value added Dairy, Seafood and Pig 

Meat sectors, while the heavily industrialised Poultry sector has the lowest share of value 

added in the Primary sector at 7%. Processing has the highest share of the multiplier with 40–
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65% for Secondary 1, with the highest for Poultry and lowest for Beef. Secondary 2, which is 

predominantly processed animal feed, is highest for the pig sector, reflecting its reliance on 

processed feed. As an intensive indoor finishing system, pig production is strongly linked to 

the Irish feed and feed mill industry. Other services and industrial inputs (including Fertilisers 

and Pesticides) account for a similar proportion of the multiplier as the Primary sector. 

Overall energy inputs are relatively low at about 3% and are highest among the more 

intensive livestock pig and poultry sectors. 
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Table 5.13 Distribution of Value across the Agri-food Value Chain 

Share of Multiplier Primary1 Primary2 Secondary1 Secondary2 Industry Services Energy Total 

Beef and veal 18.9 8.4 43.6 6.8 6.6 12.6 3.1 100.0 

Pig meat 13.7 3.9 49.0 12.4 6.2 11.6 3.2 100.0 

Sheep meat 19.5 4.0 50.2 6.0 5.7 11.8 2.9 100.0 

Poultry meat 6.1 1.1 64.8 4.9 6.6 13.2 3.4 100.0 

Other meat 22.2 4.3 49.9 5.8 5.9 9.6 2.2 100.0 

Seafood Processing 15.2 2.8 46.4 11.7 6.2 14.2 3.5 100.0 

Dairy Products 15.0 3.4 55.2 3.4 3.9 17.3 2.8 100.0 

 

 

Table 5.14 FW 2025 Growth Targets (€m) 

 Growth in Output % Output (€m) 

Growth 

Scenario 

2025 Base 2025 Base 

+ 

2010 

Baseline 

2025 Base 2025 Base + 

Beef and veal 1.06 1.07 3072.1 3260.4 3283.6 

Pig meat 1.10 1.17 1053.3 1158.7 1232.4 

Sheep meat 1.10 1.15 376.4 414.1 432.9 

Poultry meat 1.45 2.00 788.0 1142.7 1576.1 

Other meat 1.00 1.00 80.8 80.8 80.8 

Seafood Processing 1.14 1.62 391.5 444.9 635.6 

Dairy Products 1.49 1.64 4758.1 7103.9 7814.8 

Total   10520.3 13605.5 15056.2 
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5.7.2 Emissions Associated with Final Demand and the Impact of FW2025 

Table 5.14 recalls the growth assumptions applied to simulate the impact of FW 2025 

strategies on economic and environmental outcomes according to the base and base+ 

scenarios. Here, output growth is represented explicitly in terms of millions of euro of output 

relative to the 2010 base from the disaggregated tables of the BIO model. It is these shocks to 

final demand, which when combined with the matrix of I-O multipliers and GHG coefficients 

by sector, that determine the resultant emissions. Looking at the output value per sector, the 

dominant contribution of the Dairy and Beef sectors is evident. While the sheep sector 

represents an important indigenous sector, its economic contribution is significantly smaller 

than the other main meat sectors. 

Grouping the Agri-Food Value chain into Meat, Seafood and Dairy pathways, Table 

5.18 describes the flow of emissions from the Agri-Food Value Chain for the 2010 production 

reference. The description of the emission sources in terms of direct and indirect pathways 

across the value chain is most insightful here. To represent the contribution of the various 

sources more clearly, Table 5.19 describes these emission flows in terms of their proportional 

contribution to disaggregated sectoral emissions. While the emissions for the base and base+ 

increased production scenarios are presented in Table 5.16 and Table 5.17 they provide no 

additional insight given that emissions factors are applied as scalar coefficients. Emissions by 

sector are scaled according to the proportional output shock presented. This is clearly evident 

in Table5.17, which shows the proportional change in emissions in the base and base+ 

scenarios is equivalent to the output shocks presented in Table 5.14. Note that the aggregate 

change in emissions in the base and base+ scenarios as a result of the combination of 

individual output growth scenarios is an increase in CO2 equivalent of 19 % and 25% 

respectively. 

Table 5.15 FW 2025 “Base” Scenario - Distribution of GHG Emissions – KTCO2 eq 

 Primary1 Primary2 Secondary1 Secondary2 Industry Services Energy Total 

Beef and veal 9517.5 152.5 103.9 0.3 1191.8 0.2 745.5 11711.7 

Pig meat 471.7 9.3 39.8 0.1 262.5 0.1 258.2 1041.7 

Sheep meat 867.3 3.8 12.4 0.0 89.9 0.0 72.4 1045.8 

Poultry meat 110.2 4.2 39.1 0.1 166.5 0.1 180.4 500.6 

Other meat 10.3 0.7 2.6 0.0 21.9 0.0 12.1 47.7 

Seafood 

Processing 

0.4 62.7 0.9 0.1 51.3 0.0 100.5 215.9 

Dairy Products 5880.1 49.7 17.4 0.9 559.6 0.7 753.8 7262.3 

Total 16857 283 216 2 2343 1 2123 21826 
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Table 5.16 FW 2025 “Base+” Scenario - Distribution of GHG Emissions - KTCO2 eq 

 Primary1 Primary2 Secondary1 Secondary2 Industry Services Energy Total 

Beef and veal 9585.1 153.6 104.6 0.3 1200.3 0.2 750.8 11794.8 

Pig meat 501.7 9.9 42.4 0.1 279.2 0.1 274.7 1108.0 

Sheep meat 906.7 4.0 12.9 0.0 93.9 0.0 75.7 1093.4 

Poultry meat 152.0 5.8 53.9 0.1 229.7 0.1 248.8 690.5 

Other meat 10.3 0.7 2.6 0.0 21.9 0.0 12.1 47.7 

Seafood 

Processing 

0.5 89.5 1.3 0.1 73.3 0.1 143.6 308.5 

Dairy Products 6468.5 54.7 19.2 1.0 615.6 0.8 829.2 7989.0 

Total 17625 318 237 2 2514 1 2335 23032 

 

Table 5.17 Change in emission relative to 2010 resulting from FW 2025 targets  

 2025 Base 2025 Base + 

 Change  

(KT CO2eq) 

Prop Change  Change 

(KT CO2 eq)  

Prop Change  

Beef and veal 677 0.06 760 0.07 

Pig meat 95 0.10 161 0.17 

Sheep meat 95 0.10 143 0.15 

Poultry meat 155 0.45 345 1.00 

Other meat 0 0.00 0 0.00 

Seafood Processing 26 0.14 118 0.62 

Dairy Products 2398 0.49 3125 0.64 

Total 3446 0.19 4652 0.25 

 

Table 5.18 describes the distribution of emissions across the Agri-Food Value Chains. The 

proportion of emissions from the Primary 1 sector varies quite significantly from the large 

animal pastoral sectors (Beef, Sheep and Dairy), where these emissions account for 81%–

84% of total emissions. 81% of Dairy emissions are at farm level, reflecting Finnegan et al.’s 

(2015) finding of 80%. It is worth noting here that enteric fermentation for the productive 

Dairy cow herd are allocated to the Dairy sector and dominate its emissions profile. Primary 1 

sector emissions for Sheep are even more pronounced. This reflects the high level of CH4 

Enteric Fermentation release associated with these ruminant farms and the relatively 

extensive nature of production/input use otherwise and low value added processing. The 

emissions associated with Poultry have relatively low primary emissions reflecting the fact 

that, while emissions do occur from manure management, enteric fermentation does not. 

Seafood on the other hand has negligible primary emissions.  

Other Primary farm level inputs are relatively small, with the next biggest share 

coming from Industry, which incorporates in this breakdown the contribution of fertiliser 
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inputs and processed concentrate feed. The share of energy emissions varies from 6% in the 

relatively low intensity, high enteric fermentation Beef and Sheep Meat value chains to 

46.5% for the fuel and energy intensive seafood processing sector, and 25-38% in the 

industrialised pig and poultry sectors. 

While the discussion here provides insight into the distribution of emissions across the 

Global Value chain, it does not comment on the relative carbon efficiency of production from 

these same sectors. To address this, Carbon Footprints for disaggregated agri-food and 

fisheries sectors are presented in the following section.  
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Table 5.18 Distribution of GHG Emissions across Agri-food Value Chain 2010 – KTCO2 

 Primary1 Primary2 Secondary1 Secondary2 Industry Services Energy Total 

Beef  8967.7 143.7 97.9 0.3 1123.0 0.2 702.4 11035.2 

Pig meat 428.8 8.5 36.2 0.1 238.6 0.1 234.8 947.0 

Sheep meat 788.4 3.5 11.3 0.0 81.7 0.0 65.9 950.7 

Poultry meat 76.0 2.9 27.0 0.0 114.9 0.0 124.4 345.2 

Other meat 10.3 0.7 2.6 0.0 21.9 0.0 12.1 47.7 

Seafood Processing 0.3 55.1 0.8 0.1 45.2 0.0 88.4 190.0 

Dairy Products 3938.4 33.3 11.7 0.6 374.8 0.5 504.9 4864.2 

Total 14210 248 187 1 2000 1 1733 18380 

 

Table 5.19 Distribution of Life-Cycle Emissions across the Agri-food Value Chain 

Share of Emissions Primary1 Primary2 Secondary1 Secondary2 Industry Services Energy Total 

Beef and veal 81.7 1.3 0.3 0.0 10.2 0.0 6.4 100.0 

Pig meat 46.4 0.9 1.4 0.0 25.8 0.0 25.4 100.0 

Sheep meat 83.6 0.4 0.4 0.0 8.7 0.0 7.0 100.0 

Poultry meat 23.2 0.9 2.9 0.0 35.0 0.0 38.0 100.0 

Other meat 22.5 1.6 1.9 0.0 47.6 0.0 26.3 100.0 

Seafood Processing 0.2 29.0 0.4 0.0 23.8 0.0 46.5 100.0 

Dairy Products 81.0 0.7 0.2 0.0 7.7 0.0 10.4 100.0 
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5.7.3 Assessing Carbon Footprints from Livestock and Fish Production  

The Carbon Footprints for the disaggregated meat, dairy and seafood products are presented 

in Table 5.20 and Figure 3. These Carbon Footprints (CFs) represent the emissions intensity 

of production for the disaggregated Agriculture, Forestry and Fisheries (AFF) sectors. 

Emissions are expressed according to three separate functional units described in Section 4. 

The CF ‘KTCO2equiv per €m of Output’ relate emissions to the total value of output in terms 

of a standard monetary base, whilst the emissions intensity of production in terms of the 

macronutrient content of the respective foods is also estimated, i.e., protein ‘KTCO2Eq per 

tonne protein’ and energy ‘KTCO2Eq per tonne of energy’.  

 Under all metrics, beef and sheep meat are shown to be relatively more emissions 

intense than other livestock and fish based products. While the CF of lamb on an output basis 

is significantly lower than beef, it is slightly higher in both macronutrient terms. From Table 

5.20, the CF of sheep meat in terms of protein was estimated to be 68.08 TCO2Eq per tonne 

of Protein compared to 65.43 TCO2Eq per tonne of beef protein. The reason for the relative 

change between functional units is on account of the significant price differential between the 

two products and the premium associated with sheep. When emissions are compared on a 

standardised macronutrient basis, the CFs are broadly in line. These results are reflected in 

previous studies that compared the footprints of a range of agri-food production (Wiltshire et 

al., 2009).   

Williams et al. (2006) also previously applied LCA techniques to report the emissions 

arising from the production of ten key commodities, including beef and lamb under 

comparable production settings in England and Wales. Comparing similar livestock products, 

they found that sheep meat was the most emission intense in terms of carcass weight 

equivalent: 17 TCO2 Eq per tonne of sheep meat carcass (CWE) compared to 16 TCO2 Eq for 

beef. Taking account of the fractions applied in this study to CWEs in terms of edible meat 

and nutrient values, the results from Williams et al. (2006) are very much in line with those 

presented in Table 5.20.   

Nijdam (2012) reviewed 52 LCA studies across meat, milk, seafood and other sources 

of protein. Results of the LCAs reviewed for beef and sheep meat ranged widely across the 

literature as a result of the heterogeneous nature of ruminant productions systems and the 

particular context of a given study. Poultry and pig systems, on the other hand, tended to 

demonstrate similar footprints across production in line with their homogeneous production.  
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Similar to the results presented here, beef and lamb scored high across studies in terms of 

GHG emissions (Nijdam et al., 2012). 

Of the other food products, poultry meat has the lowest CF followed by pig meat, 

seafood and dairy product. It is worth noting the change in order of footprints when 

comparing, for instance, pig meat and poultry meat on either an energy or protein basis. 

While the results point towards poultry as having the overall lowest CF, on an energy basis 

pig meat has a slightly lower footprint. This is a reflection of the relative leanness and lower 

fat content for representative poultry carcass and associated higher energy value for pigmeat 

(Table 5.7). Given as these foods are typically characterised as ‘protein’ sources within food 

systems, CFs are typically presented in terms of protein as the nutritional base (Opio et al., 

2013).  

Dairy product has the third highest footprint, followed by fish (processed seafood) 

with the fourth highest footprints. Given the relative emissions intensity of beef and dairy 

product, the substitution from beef to dairy that has been evident since the elimination of milk 

quota in 2015 will necessarily see an overall reduction in the emissions per euro of 

agricultural output. However, this is likely to result in an overall increase in emissions as 

witnessed in 2016 (Duffy et al., 2017), unless there is a commensurate reduction in the beef 

suckler herd.  

It is apparent that ruminant products produce more emissions than monograstic 

products (pig and poultry meat). This is linked to the process of fermentation in the rumen of 

ruminants which produces the greenhouse gas methane CH4. This is the main reason why 

beef and lamb demonstrate such high CFs (Nijdam et al., 2012). Monogastrics, on the other 

hand, have much higher levels of technical performance and efficiency including higher daily 

gains, better feed conversion ratios, higher prolificacy and finishing times (McAuliffe et al., 

2016; Williams et al., 2006). While sheep and beef are more emissions intense, environmental 

sustainability is not a single issue and cannot be determined by one metric alone. While this 

chapter looks at Carbon Footprints, there are a whole range of other environmental burdens 

which can be taken into account when assessing the environmental sustainability of 

production. In particular, the relatively more extensive production that characterises sheep 

production should be acknowledged. This thesis provides a framework to further explore 

these other environmental outputs. 

From a land use policy perspective, while non-ruminant pigs and poultry effectively 

‘live’ on arable land, sheep production systems and, in particular, hill sheep manage and 
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graze rough upland herbage that is unsuitable for alternative land uses or management by 

other livestock species. Therefore, any land use policy which takes account of emissions 

profiles must also take account the multifunctional aspects of production and the clear limits 

to potential substitution of any livestock system for another. As highlighted in this thesis, 

sheep production is highly embedded in the rural economy and contributes to the social 

sustainability of rural communities, whilst also providing a range non-market goods (Ripoll-

Bosch et al., 2013). 

Table 5.20 Carbon Footprints of Agri-Food Products  - GHG Emissions (CO2 

equivalent)  

  Beef and 

veal 

Pig meat Sheep 

meat 

Poultry 

meat 

Dairy 

Base Carbon Footprints of Products 

Output kTCO2Eq per €m of 

Output 

3.59 0.90 2.53 0.44 1.02 

Protein TCO2Eq per tonne of 

Protein 

65.43 12.20 68.08 6.12 28.01 

Energy TCO2Eq per kcal 

Energy 

3.85 0.49 4.00 0.54 1.20 

 

Figure 5.3 Carbon (CO2 equivalent) per €m of Output 
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5.8 Conclusions  

The need to exploit international food market opportunities in a sustainable way that 

minimises the impact on GHG emissions is growing steadily as consumers across the globe 

demand enjoyable, safe, healthy, high quality food products. In Ireland, the ambitious agri-

food sector expansion targets (DAFF 2010; DAFM 2015) highlight the importance of 

measuring the relative sustainability of agriculture and food exports. This provides the 

sustainability credentials for the likes of the ‘Origin Green’ export marketing campaign 

developed by Ireland’s food marketing board (Bord Bia) which highlights the extensive, low-

input, grass-based production systems employed in Irish food production, giving Irish food 

exports a competitive advantage in global markets.  

Previous research highlighted the relative emissions efficiency of Irish Dairy and Beef 

production vis-a-vis other international agri-food producers. Maintaining this competitive 

advantage for dairy and improving efficiencies for beef will require data on emissions 

efficiencies along the entirety of agri-food value chains. In the analysis, Carbon Footprints for 

the main Irish agri-food products are estimated according to three different functional units: 

emissions intensity per output value and per protein and energy content. Applying the BIO I-

O model to an extended analysis of emissions, the CFs for ruminant based sheep meat and 

beef were found to be the highest of all agri-food products. In this analysis, emissions 

associated with the agri-food value chain were assessed using an adapted I-O LCA. 

Due to the small component of energy emissions, primary sectors will not benefit 

from innovations associated with energy production, as emissions associated with animals 

and soils (fertiliser) continue to be the main component of emissions from these sectors. 

Thus, primary agricultural sectors will continue to come under pressure to reduce emissions 

associated with farm level production and mitigation technology. In particular, the rapid 

expansion in the Irish dairy herd since the removal of milk quotas in 2015 and ambitious 

growth targets have the potential to challenge Ireland’s ‘green’ image. The requirement to 

reduce emissions on the one hand, and achieve further sectoral growth as promoted under FW 

2025 on the other, is highlighting the inherent trade-offs between Climate Change Policy and 

expansionary growth strategies. 

In their methodology, IPCC use territorial based (or production-based) methods of 

emissions accounting, which include emissions associated with production confined within a 

country’s territory (IPCC, 2015). However, this approach to emissions accounting is often 
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criticised (Schulte et al., 2012) as it does not account for emissions embodied in international 

trade and transportation and exacerbates carbon leakage (Schulte et al., 2012). The alternative 

method proposed here is an economy wide I-O approach which accounts for embedded 

emissions associated for direct and indirect output along the entirety of the respective value 

chains.  

The results of this analysis have a number of limitations that need to be highlighted to 

caution the reader when interpreting the results. The first caution is associated with the 

limitation of the IO analysis: 1) as a linear model, it assumes that inputs are proportional to 

outputs, so potential future economies of scale are not taken into account in such models. This 

limits the efficacy of this model in performing overtly large scale demand shocks or long-

term analysis hypothesis testing; 2) the homogeneity assumption implies that each product 

and process is homogeneous within a sector, whilst, in reality, there is likely to be a non-

significant variety in performance and processes across the sector; 3) the boundaries of the IO 

analysis are limited by the geographic region of a country. As such, important processes 

which may have large indirect impacts on global markets lie, by definition, outside of such 

boundaries (Duffy et al., 2016). 

There are also certain limitations regarding emissions factors employed in the 

construction of the I-O matrix of environmental coefficients. Coefficients are applied from 

the EPA Common Reporting Format (CRF) tables to calculate emissions from livestock 

activities. In particular, enteric fermentation for sheep is based on IPCC Tier I calculation 

methods. Whilst this is sufficient for this study, and has been similarly applied in other 

studies at a similar scale of analysis (Lynch, 2017), it does not capture the relative efficiencies 

between livestock.  

Notwithstanding these limitations, the analysis presented in this paper enables the 

mapping of value added and emissions along the sheep meats value chain. Such analysis is 

valuable in identifying the hot spots along the value chain which require more detailed 

investigation and the further development of mitigation options. In line with the LCA 

literature, this analysis highlights that the vast majority of emissions within the sheep meat 

value chain are attributable to direct production emissions within the farm gate associated 

with animal activities of ruminant digestion (enteric fermentation) and manure management.   
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6. CHAPTER SIX: CONCLUSION 

This chapter summarises the findings of this thesis in relation to the objectives outlined in the 

opening chapter and is structured as follows: Section 1 highlights the important findings of 

this thesis and their impact in expanding the base of knowledge in relation to the systems 

modelling of Irish sheep production systems. Section 2 provides a brief description of the 

limitations of this research. Section 3 describes the opportunities for further research. Section 

4 highlights some key contributions from this thesis before Section 5 arrives at some 

concluding comments. 

6.1 Important Findings of this Thesis  

Whilst comprehensive farm level models for the dairy, beef and cereal sectors have 

previously been developed, to date, less research has been conducted on the economics of the 

sheep sector at either farm level or from the perspective of the sheep meat value chain at 

national economy level. The objective analysis of agricultural production systems proposed in 

this thesis provides an essential tool for evaluation by policy stakeholders within the 

agriculture food supply chain and for farm management planning by producers. 

The primary objective of this thesis involved the assessment of the financial, technical 

and environmental performance of sheep production systems at farm level and the economic 

and environmental contribution of the entire sheep meat value chain at national economy 

level. To achieve these objectives an integrated assessment framework is proposed which is 

capable of informing the current set of policy decisions overarching the sector. This new 

framework is applied to sheep production systems through four applied economic studies.  

Chapter 1 provides a background to sheep farming in Ireland through a description of 

farm practice and performance across the distribution of farms, together with a description of 

the overarching institutional and policy frameworks that support and shape this production. 

The financial and technical performance of farms is analysed using the Teagasc nationally 

representative panel of sheep farms over the period 2000 to 2015. Results highlight EU and 

national policy supports as critical to the financial viability of the sheep sector and the 

production decisions made by farmers. Gross margin analysis highlights the consistently low 

and negative average market return on drystock farms and the reliance on the Single Farm 

Payment for income. Farm technical performance in terms of stocking and weaning rates are 

shown to be low on average and stagnant over the past two decades. However, average 
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performance hides significant variation and farms in the top distribution of financial 

performance exhibit high levels of technical financial and environmental performance.  

The importance of international trade is highlighted by Ireland’s position as the largest 

net exporter of sheep meat in the EU. While international market diversification for Irish 

sheep meat is evident in recent years, the French and UK markets still account for the lion’s 

share of exports: 30% and 20% respectively. Much uncertainty remains in the medium term 

in relation to the potential fallout of Brexit negotiations for access to these key markets. EU 

Common Agriculture Policy (CAP) reform is shown to be a driver of farm level production 

decisions and, consequently, flock structure over time. CAP reform negotiations have 

recently commenced that will underpin the agriculture support structure regime post 2020. 

These key policy issues have the potential to affect the profitability of farm level production 

and will shape the future face of farming in Ireland. This description of farm profiles and the 

overarching policy context in which they operate frame the subsequent development of a 

systems modelling approach for ex-ante assessment of policy reform and changing farm 

practice.  

Chapter 1 also reviews the literature on agriculture systems models and proposes a 

new conceptual systems framework to accurately capture key farm production decisions and 

the associated technical and financial performance of the national distribution of sheep flocks. 

A number of important methodological proposals and areas of research focus are identified to 

meet the contemporary challenges identified previously and the review of systems models. 

The combination of national expansionary agriculture strategies and the ever increasing 

policy and market demand for sustainable food production in particular requires an integrated 

system framework capable of taking account of the environmental burdens associated with 

production. In response, an integrated bioeconomic system framework is presented that is 

capable of accounting for the multi-functionality of sheep production and which can be linked 

to higher systems level, at the national scale. In light of the significant variation in sheep farm 

practice, a key contribution of this thesis is the development of a framework that accurately 

describes farm management practice across the range of ‘actual’ farms.  

Surveying the body of past research, it is clear that mathematical modelling 

techniques applied to dairy systems and, to a lesser extent, beef production systems, dominate 

the literature. Most models are based on hypothetical or representative farm types and have 

been typically developed for specific applications, agricultural systems or locations. In 

contrast, the framework developed here is designed to explicitly address multiple assessment 
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areas and geographic locations, which is capable of upscaling to higher systems levels for 

national or regional scale analysis. With its robust sampling frame and representative nature, 

the NFS is proposed as a suitable dataset to enable a systems analysis that models the 

production processes of actual farms, the results of which are scalable to the national level.  

Chapter 2 represents the first applied economic model of production in this thesis and 

can be seen to correspond to the “Nutrition Component” of the systems framework proposed 

in Chapter 1. NFS data is applied to develop a model examining the economic factors of 

concentrate usage on Irish sheep farms, informed by the current body of literature on pastoral 

based production systems research. Since the decoupling of CAP payments from production 

in 2005, and with the general downward trend in sheep output and associated financial returns 

over the past two decades, there is a growing research focus on the need to develop cost 

reduction strategies in order to maintain viable producer incomes. In this regard, Chapter 2 

investigates the strategy of maximising the utilisation of low cost grazed grass relative to 

more expensive supplementary concentrates in flock diets. The analysis identifies the 

underlying factors affecting concentrate usage on Irish farms in terms of price effects and 

management practice, including seasonality of production and farm environmental factors, so 

as to better describe the economic behaviour of agents through the actual choices made on 

Irish farms.  

Results from a 2 step random effects panel regression of a demand function for 

concentrate use with log linear functional form support the established production literature. 

The demand for concentrates on Irish sheep farms was found to be elastic and thus sensitive 

to price changes. Farm labour input, fertiliser application, subscription to an extension and 

research provider and date of lambing were found to be significantly associated with 

concentrate demand on sheep enterprises. Results from a second model specification indicate 

the presence of spatially heterogeneous effects of lambing on concentrate demand across 

regions. Farms located in the south of the country have an earlier start to the grass growing 

season. As a result, it is more efficient for the southernmost counties to lamb earlier to 

maximise grass utilisation. The opposite is true for farms located further North where 

relatively later lambing is more efficient, and is associated with reduced supplementary 

concentrate feed input.   

Chapter 3 represents the second applied economic model of production in this thesis 

and corresponds to the ‘demographic component’ of the systems framework proposed in 

Chapter 1. In order to improve best practice in livestock production systems in the EU, it is 
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important to demonstrate the economic gains achievable from improved animal performance 

and management practices across the range of sheep production systems. Econometric 

estimation techniques are employed to simulate the financial impact of bringing all farms into 

the top distribution of management performance, as measured by key flock performance 

measures. In line with national policy targets set down under Food Harvest 2020, scenario 

analysis simulates the impact of improved lambing percentages on financial performance 

across farms. NFS data files not previously applied for research purposes are used to capture 

monthly animal data flows for the full sample of NFS sheep farms. This data identifies key 

flock performance indicators including reproduction and mortality rates. These derived 

‘Livestock Demographic’ variables are important indicators for estimating and modelling 

flock dynamics and production, combining two drivers of flock performance: the biological 

characteristics of the stock on the farm and the farmers’ flock management practices. 

Results indicate the potential impacts on farm output and gross margins of improved 

animal performance, which is achievable through specific technology adoptions. The current 

study thus bridges the information gap about what is actually being achieved on farms and 

what is achievable given the underlying agronomic conditions and management technology. 

Results agree with the production literature and show that the number of lambs reared per 

ewe and available for marketing is an important factor affecting the productivity and 

profitability of sheep flocks. In particular, improved conception rates, ewe mortality and lamb 

survival are shown to have significant impacts on flock production potential and margins.  

Chapter 4 performs a Life Cycle Assessment (LCA) of Irish sheep farms to account 

for GHG emissions associated with production. It is evident that farming in a manner that is 

compatible with the societal values associated with environmentally friendly and multi 

attribute production is becoming increasingly important. Together with more stringent 

environmental regulation, farm systems are being increasingly required to account for their 

environmental footprints. To address these challenges, Chapter 4 estimates the farm level 

economic and environmental performance for the distribution of Irish sheep farms using data 

from a nationally representative panel dataset, NFS. Carbon Footprints and land occupation 

are estimated for hill and lowland sheep farming systems, with the performance of the most 

common mid-season farms further analysed according to profitability criteria.  

Results provide an estimate of the farm level carbon footprint associated with sheep 

Irish sheep farms. The distribution in performance witnessed across farms points towards 

higher technical performance and increased production intensity as a means of mitigating 
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GHG emissions from sheep production systems. This is in line with the findings of previous 

LCA of Irish production systems based on stylised or average farms. Farms with higher 

technical performance and lower CFs were also found to be more profitable on average. 

Including estimates of carbon sequestration by soils reduces the enterprise CFs across the 

entire sample of sheep farms. 

Chapter 5 takes data generated from the systems model developed in the previous 

chapters and scales results to be representative at the national economy level. This 

information is used as input to the Bioeconomy Input-Output (BIO) model for Ireland, 

adapted here to simulate the environmental and economic impacts of meeting FW 2025 

growth targets and to describe the sheep meat supply chain in detail. Previous research has 

highlighted the relative emissions efficiency of Irish ruminant grass based production systems 

relative to other EU member states. In order to evaluate and improve this ‘green’ image, 

scientific evidence is required on the emissions efficiencies of Irish agriculture production, 

not just at farm level but along the entirety of Irish agri-food value chains. In this context, and 

against the backdrop of potentially conflicting economic and environmental policies for Irish 

Agriculture, a scenario analysis is undertaken which assesses the potential increase in GHG 

emissions arising from the achievement of agriculture sector expansion plans.  

Mapping the sheep meat value chain, farm level production is shown to be highly 

embedded in the rural economy, supporting significant downstream economic activity. Sheep 

farms demonstrating high output multipliers thus contribute significantly to their local rural 

economies. The sheep meat value chain also attributes the highest share of input to the 

primary sector compared to other agri-food products, reflecting the relatively extensive nature 

of lamb production and with lower value added from processing. The Carbon Footprints 

(CFs) for the main Irish agri-food products are estimated according to three different 

functional units: emissions intensity per output value and per protein and energy content. CFs 

for ruminant based sheep meat and beef were found to be the highest of all agri-food 

products. Indeed, ruminant based livestock products of meat and dairy are shown to produce 

more emissions than monograstic products of pig and poultry meat. This is linked to the 

process of fermentation in the rumen of ruminants which produces the greenhouse gas 

methane CH4, while monogastrics, on the other hand, demonstrate much higher levels of 

technical performance and efficiency. 
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6.2 Limitations of the Research 

Whilst this thesis provides a thorough integrated assessment of sheep production and the 

sheep meat value chains in Ireland, a number of study limitations exist that are acknowledged 

here. Some of these are data limitations while others relate to the methodologies as applied. 

 In this thesis, it is proposed that the NFS provides a sufficiently detailed farm level 

production dataset to specify a systems model that can describe individual farm level 

production and which is scalable to the national population of farms for policy analysis. 

Accordingly, detailed production data on animal activities, factor input use and production 

output from the NFS is applied to two production studies in Chapters 2 and 3. In Chapter 4, 

this production description is subsequently integrated with information from a feed system 

model adapted to Irish production (O'Mara, 1996) and emission coefficients from the IPCC 

literature to form a LCA of sheep farms. 

A detailed biophysical description of the production process is developed that uses 

‘raw’ data to capture the factor (input) and product (output) relationships at a farm level. To 

date, systems analysis of Irish agricultural production has focused primarily on modelling 

‘hypothetical’ farms, based either on experimental farm data or utilising the characteristics of 

‘average’ survey farms. These whole farm systems models utilise typical farm data based 

upon experimental conditions to simulate the impact of changes in farm practices and 

technological adoption. Experimental data based on field trials provides detailed information 

on biological processes. In this study, farm level production data does not possess the same 

level of granularity and is not always fully available in the NFS. Therefore, survey data must 

be supplemented with additional ‘representative’ information from the production literature.  

As such, while the production description is at the farm level, some of the heterogeneity in 

production performance is not observed due to data limitations. 

While the NFS provides detailed farm level data on the quantity of inputs used in feed 

crops and pasture production, as well as the quantities and cost of purchased feed, additional 

data was required for a number of inputs for which there was insufficient information. This 

was achieved through the formalisation of a representative crops submodel. In particular, 

representative input volumes for fuel, pesticides, as well as yield (fodder crops), were 

assigned to the farm level based on individual crop hectarages. In reality, there will be 

considerable variation in input use efficiency and volume outputs across farms based on 

management and environmental factors. Despite these data limitations, the approach taken 
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here – to evaluate policy responses through an assessment of outcomes for the distribution of 

farms, taking account of the range of environmental conditions and management practices, as 

far as possible – is deemed more appropriate than the traditional approach using wholly 

stylised farm representations.  

Due to the focus of this study, emissions from animal activities are estimated here by 

applying the Tier I methodology as detailed by the Intergovernmental Panel on Climate 

Change (IPCC, 2006) and implemented in Ireland’s National Inventory Report. In reality, 

farm level Methane CH4 and Nitrous Oxide N2O emissions factors for livestock will change 

slightly in line with important driving parameters such as average energy requirements, 

through variation in live-weight gains and winter housing period. While the approach applied 

here does not capture the relative efficiencies associated with a detailed biophysical 

description of livestock performance, it is sufficient to capture heterogeneity across a wide 

range of farms and has been applied in other studies at a similar scale of analysis.  

In Chapter 4 of this study, the systems boundaries are defined to estimate the ‘cradle 

to farm gate’ carbon footprint of sheep farms. However, while LCA aims to provide a holistic 

analysis of emissions, including upstream input supply, it suffers from truncation error 

whereby limitations set by the boundary specification result in analysis which fails to fully 

capture the emissions of upstream processes in their entirety or the downstream emissions 

associated with product processing beyond the farm gate. However, these limitations, 

associated with the tight specification of the system boundary, are well flagged in the 

discussion of the results in Chapter 4, while in Chapter 5 an alternative approach based on 

economic Input-Output Life Cycle Assessment (IO-LCA) is proposed. With the full range of 

the economy’s industrial sectors described by the I–O tables, the entire value chain is 

represented. This removes the need for boundary selection and avoids this ‘truncation error’ 

(Hendrickson et al., 1998). 

Whilst the I-O approach avoids the issue of truncation error, it suffers from a number 

of theoretical limitations: 

- IO is a linear model in that it assumes that inputs are proportional to outputs. 

Accordingly, potential future economies of scale are not taken into account, which 

limits its efficacy for estimating large scale demand shocks or for long-term analysis 

hypothesis testing. 



 214 

- The homogeneity assumption implies that each product and process is homogeneous 

within a sector. In reality, there is considerable heterogeneity in performance and 

processes across the sector. 

 

Along with these theoretical limitations, IO analysis suffers by excluding large indirect 

impacts on global markets, which, by definition, lie outside the national boundary. Another 

limitation of I-O analysis is the significant time delay in publishing CSO SUTs, which results 

in a lag in producing comprehensive I-O analysis. The I-O tables that form the basis of the 

BIO model in this thesis represent the 2010 National Accounts. While the output baseline 

applied here represents 2010 production, there has been considerable growth in national 

agricultural output in the intervening period. 

 Notwithstanding these limitations, the analysis presented in Chapter 5 enables the 

mapping of value added and emissions along the sheep meat value chain. Such analysis is 

valuable in understanding the value added across sectors and in identifying emissions hot 

spots along the value chain, which require more detailed investigation and the development of 

further mitigation options.  

6.3 Potential Future Research Areas 

The development of a systems framework to utilise the NFS data, scalable to be 

representative at national level, represents a significant methodological contribution and 

opens a number of possible avenues for future research. 

 Thanks to the recent geo coding of the NFS, developing spatial analysis has the 

potential to supplement the current model with weather data and grass growth proxies to the 

farm level and to more accurately and explicitly estimate the potential Dry Matter (DM) 

growth (O' Donoghue et al., 2016). In terms of livestock feed demand, raw livestock data can 

be used to specify the number of multiple births within the NFS using biological functions 

(Connington et al., 2004), so as to better describe the nutritional demands of the productive 

ewe flock. Whilst accurate livestock weight data are not recorded in the NFS estimates of 

livestock growth, weight gain at the farm level can be derived by calculating the time to bring 

youngstock from birth to representative growth stages or sale, as recorded in monthly 

livestock records. This can then be used to estimate livestock demand and gross energy and 

DM intakes, which, when combined with spatial grass growth proxies, can be used to more 

accurately determine farm level pasture utilisation. These are just some of the examples by 
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which NFS data can be developed to further capture the variation in biophysical performance 

across farms and to develop a more detailed model of production and livestock nutrition that 

explicitly models energy requirements of individual flocks. This would also enable Tier II 

estimation of ‘residual’ GHG emissions outputs from the system associated with the digestive 

process. 

This study also opens up the opportunity for related research in the area of flock management 

strategies, including flock replacement strategies employed by sheep farms. The production 

literature emphasises the potential benefits of retaining homebred ewe lambs to replaced cull 

ewes, including animal health benefits, and targeted breeding/ performance recording 

McHugh et al. (2010). However there has been little research on the actual practices adopted 

by the distribution of sheep farms. Raw NFS data could be used to investigate the factors 

influencing whether a farm operates a closed flock or what percentage of breeding 

replacements are sourced from off farm purchases.  In particular, structural constraints 

associated with operating at low levels of scale – a characteristic of the Irish flocks – could be 

investigated in the context of individual breeding ewe replacement strategies. The analysis of 

farm level sheep developed in chapter 2 and 3 could be further developed in the future using 

well established SFA techniques. This would enable a more detailed enterprise level 

investigation of measures of Technical Efficiency (TE) whereby established econometric 

techniques estimate production/cost/profit function parameters. Deviations of observed 

choices from optimal ones are modelled as statistical noise resulting from failure to optimise 

(inefficiency) or random shocks (Kumbhakar et al., 2003).  

In line with previous studies (Jones et al., 2014b), extensive hill production systems 

demonstrated lower production efficiency and higher GHG emissions per unit output. 

However, there are a range of other environmental sustainability measures that are not 

analysed in this study. O’Brien et al. (2016) also analysed nutrient surpluses, acidification and 

eutrophication as part of an LCA of representative farms and found more intensive sheep 

farms had the greatest negative environmental impact for these factors. This highlights the 

potential conflict between carbon efficiencies and other environmental objectives not 

analysed here (Jones et al., 2009; Maier et al., 2001). The LCA analysis presented in Chapter 

4 and 5 can thus be further extended to take account of additional externalities associated with 

sheep production.  
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6.4 Thesis Contributions 

In achieving the research objectives outlined in Chapter 1, this research makes a number of 

policy and methodological contributions: 

Contribution 1: This research adds to the existing agricultural production systems literature. 

While systems models have been developed for Irish agriculture (Bohan et al., 2016; Crosson 

et al., 2006; Shalloo et al., 2004), these model ‘representative’ average farms, or 

`hypothetical’ stylised farms based on experimenta’ data from research farms. This is the first 

integrated systems approach to model actual sheep farms using NFS panel data, whereby 

results are representative of the national population of farms, and inference can be made on 

distribution of performance taking account of site specific environmental and agronomic 

conditions.  

Contribution 2: This thesis extends the analysis of National Farm Survey production data to 

an account of farm level biophysical processes. At the core of the modelling system proposed 

in this thesis is a bio-economic farm systems simulation model that takes account of 

agronomic conditions and management practice at farm level in order to relate financial 

outcomes to biophysical processes across the range of heterogeneous (sheep) farms. 

Biophysical processes relate to the attributes of livestock and crops based on well-established 

production research (IPCC, 2006; O'Mara, 1996). Furthermore, new detailed farm level 

production data from the NFS not previously used in applied economic research provides 

information on animal and crop performance. 

Contribution 3: Chapter 4 extends systems analysis to a LCA of Irish sheep farms using 

NFS data. While a LCA of sheep farms has been performed previously (O'Brien et al., 2016), 

analysis was based on ‘representative’ average farms and did not account for the significant 

heterogeneity presented across ‘actual’ farms. The distribution in performance observed in 

this study points towards higher technical performance and increased production intensity as 

a means of mitigating GHG emissions from sheep production systems.  

Contribution 5: Chapter 5 represents the first disaggregated IO-LCA of the Irish agriculture 

sector. As such, it is the first study to estimate the Carbon Footprint for the range of major 

Irish agri-food products across their entire respective value chains. Results highlight beef and 

sheep meat as the relatively more emissions intense than other livestock and fish based 

products. While the CF of lamb on an output basis is significantly lower than beef, it is 

slightly higher when expressed on a protein basis.  
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From a policy perspective it was found that the development of a LCA based method 

of emissions inventory has the potential to more accurately estimate the emissions associated 

with agriculture products by taking account of the full breath of upstream and downstream 

processes along the entire product value chain.  

   

Contribution 5: This thesis adds to the literature by analysing the sheep meat and 

disaggregated agriculture sectors from a wider value chain perspective. Mapping the sheep 

meat value chain, farm level production is shown to be highly embedded in the rural 

economy, supporting significant downstream economic activity. The sheep meat value chain 

also attributes the highest share of input to the primary sector compared to other agri-food 

products, reflecting the relatively extensive nature of lamb production. The low share 

attributed to the processing sector relative to dairy production demonstrates the lower value 

added from sheep meat processing and low levels of product innovation which characterise 

the sector.  

Adopting a novel value chain approach, Chapter 5, highlights that the vast majority of 

emissions within the sheep meat value chain are attributable to direct production emissions 

within the farm gate, associated with animal activities of ruminant digestion (enteric 

fermentation) and manure management. 

6.5 Concluding Comments 

This thesis provides a detailed description of the sheep meat sector in Ireland across the entire 

sheep meat value chain from input supply to primary production through to final consumer 

demand. Given the policy commitment to increase the value of the sector over the short to 

medium term (FW 2025), this thesis provides insight and suggestions on how best to support 

sustainable growth given the manifest challenges facing the sector.  

While the analysis of the farm level production systems points towards the potential of 

improving key technical performance through the adoption of well-established technologies, a 

more integrated policy approach is required, which takes account of upstream processes and 

consumer demand. Rather than a singular productionist approach to interrogating the sheep 

meat sector, there needs to be a refocus from a value chain perspective. While farm level 

production efficiency is one important element of the sheep meat supply chain, a 

comprehensive and strategic policy direction needs to pursue the creation of value added 

across the sheep meat value chain. As such, there needs to be a reorientation towards the 
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consumer and a greater focus on product innovation. This is a strategy which has been 

particularly successful for the progressive dairy sector in the recent past and has led to the 

focus on value added manufacturing in Ireland and the move away from commodity exports. 

However, clearly, structural differences exist between the two value chains, including the 

alternative ownership structure of the processing sectors, which changes the market power of 

producers and their role as strategic stakeholders and decision makers. These structural 

challenges are associated with issues of trust within the meat supply chain and require greater 

research and policy efforts to move towards a more sustainable value chain.  

Ireland’s strategic expansionary policy for agriculture has set ambitious value added 

growth targets for the various agri-food value chains. In the light of the significant 

contribution of agri-food exports to economic growth and recovery, FW 2020 and FW2025 

have received broad political support within Ireland. However, in the context of climate 

change policy, expanding agriculture production raises considerable challenges for Ireland in 

the achievement of longer term environmental obligations under EU emissions reduction 

regulations. It is now evident that even with the implementation of available mitigation 

technologies, in the short run, Ireland will miss out on its 2020 emissions targets through a 

combination of wider economic growth and agricultural expansion, driven by an increase in 

the dairy herd. This points towards the significant trade-offs inherent between meeting current 

domestic agricultural policy and Ireland’s commitments to international emissions regulation. 

Indeed, specific emissions reduction targets within Irish agriculture strategy are conspicuous 

by their absence. In the face of continued agricultural expansion and in the absence of sector-

specific reduction targets or targeted agri production related emissions taxes, the burden on 

other industrial sectors or the taxpayer will necessarily be greater. While governments have 

the option to implement carbon taxes on agriculture production to reflect the cost of 

emissions, to date, the concept has met with significant political opposition (Matthews, 2017). 

Additionally, the level of uncertainty surrounding the economic costs of climate and the 

emissions footprint of individual consumer products makes it extremely difficult to relate the 

‘true’ carbon cost to the individual consumer.  

At the same time, this thesis raises question marks over the suitability of the current 

IPCC accounting framework, as implemented by the EPA in the NIR to the EU, in 

incentivising emissions efficiencies throughout agri-food value chains. While, in absolute 

terms, Ireland’s agricultural emissions footprint is comparatively high on a per capita basis, 

this is largely due to Ireland’s status as a major exporter of agricultural produce and ruminant 
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based meat products in particular. In relative terms, LCA points towards Ireland’s emissions 

efficiency per unit of output for the beef and dairy sectors, which are among the lowest in 

Europe due to production efficiencies associated with its grass based system of production 

relative to more intense confinement based continental systems (Leip et al., 2010). Similarly, 

efficient lowland sheep production systems were shown in this thesis to be capable of 

achieving high levels of technical, financial and environmental performance. Therefore, 

emissions leakage is a potential issue which could arise under the current system if more 

efficient Irish agriculture was displaced under targeted policy measures to reduce national 

emissions. This would ultimately lead to an overall increase in global emissions as less 

efficient production would gain increased market access.   

While the adoption of an LCA approach has been well established for process based 

production analysis, it is not the recognised standard for emissions inventory. The evidence 

presented here suggests that Irish agriculture, with its significant export orientation, could 

gain considerably under such an alternative LCA based approach, whereby emission profiles 

would take account of the full value chain. As such, emissions reduction could be targeted at 

where goods are consumed, rather than where they are produced.  Indeed, greater analysis on 

the agriculture import and export shares within the BIO model can be used to quantitatively 

estimate the potential gains associated with such an approach. At the same time, Ireland is a 

small open economy dependent on trade and with a limited industrial manufacturing sector. It 

remains to be seen whether the gains to be made to Irish agriculture under such an approach 

would be commensurate with losses elsewhere in the economy across the range of industrial 

sectors. 
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Appendix 1.1 Early lamb production; Financial and Technical Performance (2003 – 2016) 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Gross Output 1234 1279 996 1021 928 1029 1370 1221 1158 1441 1780 1771 1517 

Direct Costs 364 503 479 538 422 429 625 663 510 606 634 606 610 

Concentrates 164 310 293 295 216 229 417 375 251 319 359 299 265 

Winter Forage 37 35 21 30 31 29 32 71 31 75 46 43 42 

Pasture 81 56 78 110 79 79 88 82 111 96 122 125 179 

Other Dir costs 83 103 87 102 96 93 88 142 118 116 107 141 123 

Gross Margin 870 776 517 482 506 600 745 558 648 836 1146 1165 907 

 

Size and Technical Performance of sheep farms 

Ewe/ha 11.7 11.5 12.6 11.3 9.8 11.5 9.2 9.9 9.1 10.4 10.1 9.2 8.9 

Weaning rate/  1.1 1.3 1.2 1.2 1.3 1.2 1.3 1.3 1.3 1.3 1.2 1.3 1.1 

Lamb carcass 

kg/ha 263 290 294 272 249 285 230 260 230 267 247 239 200 

Dir costs €/kg 

carcass 1.5 1.1 1.2 1.2 1.3 1.6 1.8 1.6 1.9 1.7 2.0 1.6 1.8 
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Appendix 1.2 Black Face Mountain flock; Financial and Technical Performance (2003 – 2016) 

 

  

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Gross Output 60 29 32 23 32 29 51 76 76 67 82 64 76 

Direct Costs 22 33 20 26 29 23 27 40 44 64 39 43 38 

Concentrates 11 16 9 14 12 10 12 15 20 25 16 19 17 

Winter Forage 2 3 2 2 3 1 2 4 1 2 2 2 1 

Pasture 4 5 4 3 7 4 4 6 8 9 5 7 6 

Other Dirt Costs 5 9 6 7 8 8 10 15 15 27 15 15 13 

Gross Margin 38 -4 12 -3 3 6 24 37 32 3 43 21 39 

Size and Technical Performance of sheep farms 

Ewe/ha 8.4 6.0 6.8 8.9 5.9 4.8 5.8 5.0 7.8 4.0 4.6 4.4 4.8 

Weaning rate 0.6 0.9 1.0 0.8 0.9 0.8 0.8 1.0 0.9 1.0 1.1 0.9 1.1 

Lamb carcass 

kg/ha 97 104 134 137 105 79 92 95 142 81 103 84 104 

Dir costs €/kg 

carcass 0.2 0.3 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.8 0.4 0.5 0.4 
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Appendix 1.3 Cheviot Hill Flock; Financial and Technical Performance (2003 – 2016) 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Gross Output 63 51 46 62 56 53 79 96 94 90 99 99 96 

Direct Costs 22 33 30 34 35 39 46 45 41 55 50 48 55 

Concentrates 8 9 12 13 17 16 20 19 19 28 24 23 23 

Winter Forage 2 3 2 3 3 4 4 5 3 5 2 2 5 

Pasture 5 8 6 6 7 8 10 9 8 10 11 11 12 

Other Dir Costs 9 12 10 12 9 11 13 13 10 12 12 13 15 

Gross Margin 40 19 15 28 21 14 32 50 53 35 49 51 40 

Size and Technical Performance of sheep farms 

Ewe/ha 8.8 6.8 7.2 7.6 8.5 7.6 7.9 6.5 7.2 7.0 5.9 7.3 8.3 

Weaning rate/ 

ewe 0.9 1.0 1.0 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.1 1.1 1.1 

Lamb carcass 

kg/ha 157 138 144 156 178 142 154 133 143 150 129 162 178 

Dir costs €/kg 

carcass 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.4 0.3 0.3 
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Appendix 2.1 Description and summary statistics for Model of Concentrate Use     

(Subsample of NFS which feed concentrates) 

Variable  Description Obs Mean or 

Proportion* 

Std dev Min Max 

Concentrate use 

per livestock unit 

Concentrate use per sheep livestock unit 

(kg/Lu) 

649 7.47 6.72 0.11 57.38 

Concentrate price Price of purchased concentrate  per tonne 

(€/tonne) 

649 259.66 43.13 117.37 400.00 

Weaning rate Number of lambs  per ewe mated to ram  649 1.15 0.40 0.00 2.50 

Labour intensity Total  labour units divided by farm size  

(Lu/hectare) 

649 0.03 0.02 0.00 0.14 

Fertiliser 

application rate 

Rate of compound chemical fertiliser 

applied to farm forage area (kg/hectare) 

649 101.70 78.40 0.00 455.73 

Reps participation 0;Not a REPs participant farm                       

1;A REPs Participant farm 

649 0.56 0.50 0.00 1.00 

Off-farm job 0;Farmer has no off farm employment     

1;Farmer has off farm employment 

649 0.26 0.44 0.00 1.00 

Teagasc advisory 

client 

0;No subscription to Teagasc service              

1;Subscription to Teagasc service 

649 0.59 0.49 0.00 1.00 

Sheep numbers Number of sheep in LU equivalents 649 25.91 33.36 0.02 380.36 

Farm Size Forage Area measured in hectacres 649 19.49 31.18 0.03 346.30 

Lambing date 

 

Percentage of lamb crop born per month       

January   649 0.10 0.22 0.00 1.00 

February   649 0.21 0.30 0.00 1.00 

March   649 0.43 0.36 0.00 1.00 

April   649 0.20 0.30 0.00 1.00 

May - Dec  649 0.02 0.08 0.00 0.72 

Region Farms belong to one of 8 geographic 

regions 1- 8; see Table 3 for expanded 

regional breakdown. 

     

1 Border 649 0.24 0.43 0 1 

2 Dublin 649 0.01 0.09 0 1 

3 East 649 0.16 0.37 0 1 

4 Midlands 649 0.10 0.30 0 1 

5 Southwest 649 0.05 0.22 0 1 

6 Southeast 649 0.13 0.34 0 1 

7 South 649 0.12 0.33 0 1 

8 West 649 0.18 0.38 0 1 
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Appendix 3.1 Model of Lamb Death Rate on Irish Sheep Farms 

 Dependent Variable  -  Annual Lamb Deaths per Lamb crop 

 Coefficient (Std.Err) 

Constant 0.108*** (0.010) 

Ewe death rate 0.127*** (0.033) 

Winter forage expenditure per Lu -0.001** (0.000) 

Veterinary expenditure per Lu -0.000** (0.000) 

Pasture expenditure per ha -0.000*** (0.000) 

Enterprise specialisation -0.017* (0.010) 

Fulltime (FTE) -0.013** (0.005) 

Proxy for efficiency -0.019*** (0.005) 

Concentration of lambing period (months) -0.003** (0.001) 

Land value 0.013** (0.005) 

Soilcode 5 0.041*** (0.012) 

Soilcode 6 0.067** (0.028) 

2009 Year -0.009** (0.004) 

N                

R2 

Rho (fraction of variance due to individual fixed effect)  

589 

0.1872 

0.613 

 

      

Standard errors in parentheses 

* p<0.10 ** p<0.05 *** p<0.01 
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Appendix 3.2 Model of Ewe Death Rate on Irish Sheep Farms 

 Dependent Variable  - Ewe Deaths per Opening Stock of Breeding Ewes 

 Coefficient (Std.Err) 

   

Constant 0.080*** (0.020) 

Lambing rate -0.023** (0.010) 

Lamb Death rate 0.198*** (0.048) 

Enterprise specialisation -0.029*** (0.011) 

Month of First lambing -0.005 (0.003) 

Proxy for efficiency -0.020*** (0.006) 

Winter forage Expenditure per Lu 0.000*** (0.000) 

Pasture Expenditure per ha -0.000 (0.000) 

Hill or Lowland System 0.015* (0.009) 

Year 2009 0.012** (0.005) 

Year 2010 0.002 (0.005) 

N                

R2 

Rho (fraction of variance due to individual fixed effect)  

589 

0.4742 

0.1482 

 

 

Standard errors in parentheses 

* p<0.10 ** p<0.05 *** p<0.01 
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Appendix 4.1 Irish Statutory Instruments (S.I) on climate change 

S.I. 244/2006-Kyoto Protocol 

Flexible Mechanisms Regulations 

2006 

Establishment of the EPA as “The agency” for the purposes of 

Art 6 and 12 of the Kyoto Protocol  and the establishment  of a 

registry with the EPA as the national registry administrator for the 

purposes of Article 7. 

S.I.127/2011 - EC (GHG 

Trading) (Amendment) 

Regulations 2011 – 

Amending the EC GHG Trading Regulations 2004(incl previous 

ammendments in order to reflect “Commission Regulation” on 

the timing, administration and other aspects of auctioning of 

greenhouse gas emission allowances. 

S.I.161/2010 - EC (GHG 

Trading) (Amendment) 

Regulations 2010 – 

Amending the EC GHG Trading Regulations 2004(incl previous 

ammendments) in order to include aviation activities in the 

scheme for greenhouse gas emission allowance trading within the 

European Community 

S.I.706/2005 - EC (GHG 

Trading) (Amendment) 

Regulations 2005 – 

Amending the EC GHG Trading Regulations 2004 in order to 

provide for the linking of the Kyoto Protocol ‘s project 

mechanisms to the scheme for GHG emission allowance trading 

within the European Community 

S.I.437/2004 – EC (GHG 

Trading) Regulations 2004 

Providing for “the implementation in Ireland of a scheme for 

GHG emission allowance trading within the EC in order to 

promote reduction of GHG emissions in a cost effective and 

economically efficient manner.” 

S.I. 274/2009 EC (GHG 

Trading)(Aviation) Regulations 

2009 

Amending 2005 Regulations to provide for provisions to promote 

reductions in the Aviation industry. 

S.I. No. 821/2007 — Waste 

Management (Facility Permit and 

Registration)  Regulations 2007 

Requires Registration with local authority or the EPA for 

activities involved in the reception and temporary storage of 

fluorinated GHG’s 

S.I. 820/2007 Waste Management 

(Collection Permit) Regulations 

2007 – 

Promoting Compliance with Regulation (EC) No. 842/2006, - 

outlines conditions necessary for non-application of Section 

34(1)(a) of the waste management acts in relation to the 

collection and transportation of fluorinated GHGs 

S.I 803/2007 EC (passenger car 

entry into service) (amendment) 

Regulations 2007 

Given updated effect to EC regulations on HFC-134a 

S.I. 281/2006 Control of 

Substances that Deplete the 

Ozone Layer Regulations 

Giving Full effect to Regulation (EC) No. 2037/2000 

S.I. 407/2017  European 

Communities 

(Environmental Impact 

Assessment) (Agriculture)  

Giving effect to Directive No 2011/92/EU of the European 

Parliament and of the Council of 13 December 20111 as amended 

by Directive 2014/52/EU of the Parliament and of the Council of 

16 April 2014 
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S.I. 244/2006-Kyoto Protocol 

Flexible Mechanisms Regulations 

2006 

Establishment of the EPA as “The agency” for the purposes of Art 6 

and 12 of the Kyoto Protocol  and the establishment  of a registry 

with the EPA as the national registry administrator for the purposes 

of Article 7. 

S.I.127/2011 - EC (GHG Trading) 

(Amendment) Regulations 2011 – 

Amending the EC GHG Trading Regulations 2004(incl previous 

ammendments in order to reflect “Commission Regulation” on the 

timing, administration and other aspects of auctioning of 

greenhouse gas emission allowances. 

S.I.161/2010 - EC (GHG Trading) 

(Amendment) Regulations 2010 – 

Amending the EC GHG Trading Regulations 2004(incl previous 

ammendments) in order to include aviation activities in the scheme 

for greenhouse gas emission allowance trading within the European 

Community 

S.I.706/2005 - EC (GHG Trading) 

(Amendment) Regulations 2005 – 

Amending the EC GHG Trading Regulations 2004 in order to 

provide for the linking of the Kyoto Protocol ‘s project mechanisms 

to the scheme for GHG emission allowance trading within the 

European Community 

S.I.437/2004 – EC (GHG Trading) 

Regulations 2004 

Providing for “the implementation in Ireland of a scheme for GHG 

emission allowance trading within the EC in order to promote 

reduction of GHG emissions in a cost effective and economically 

efficient manner.” 

S.I. 274/2009 EC (GHG 

Trading)(Aviation) Regulations 

2009 

Amending 2005 Regulations to provide for provisions to promote 

reductions in the Aviation industry. 

S.I. No. 821/2007 — Waste 

Management (Facility Permit and 

Registration)  Regulations 2007 

Requires Registration with local authority or the EPA for activities 

involved in the reception and temporary storage of fluorinated 

GHG’s 

S.I. 820/2007 Waste Management 

(Collection Permit) Regulations 

2007 – 

Promoting Compliance with Regulation (EC) No. 842/2006, - 

outlines conditions necessary for non-application of Section 

34(1)(a) of the waste management acts in relation to the collection 

and transportation of fluorinated GHGs 

S.I 803/2007 EC (passenger car 

entry into service) (amendment) 

Regulations 2007 

Given updated effect to EC regulations on HFC-134a 

S.I. 281/2006 Control of 

Substances that Deplete the Ozone 

Layer Regulations 

Giving Full effect to Regulation (EC) No. 2037/2000 

S.I. 407/2017  European 

Communities 

(Environmental Impact 

Assessment) (Agriculture)  

Giving effect to Directive No 2011/92/EU of the European 

Parliament and of the Council of 13 December 20111 as amended 

by Directive 2014/52/EU of the Parliament and of the Council of 16 

April 2014 
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Appendix 4.2 Pesticide application by Feed crop 

 Economic 

Allocation 

Factor 

kg Active 

Ingredient/ha 

Average 

Number of 

pesticide 

applications 

weighted barley total 0.92 2.318 8.585 

weighted wheat total 0.95 4.823 13.471 

weighted oats total 0.95 2.789 7.920 

straw total (average of all cereal) 0.068 0.230 10.055 

protein beans 1 3.25 5.48 

triticale 1 2.8 8.1 

potatoes 1 18.9 15.9 

sugar beet 1 2.355 6.73 

fodder beet 1 2.355 6.73 

maize 1 2.295 3.05 

arable silage 1 1.195 1.89 

turnips 1 1.915 0.69 

kale 1 0.9 1.96 

rape 1 0.9 1.96 

Grass (permanent pasture) 1 0.11 0.09 

Silage 1 0.11 0.10 

Hay 1 0.11 0.01 

Source: (DAFF, 2004; DAFM, 2012) 
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Appendix 4.3 Composition of representative sheep concentrate feed in g/kg dry matter 

for Irish sheep farms 

Feed Ingredients g DM/kg conc DM Economic Allocation 

factor (%) 

Origin 

Barley 200 92 Ireland 

Beet pulp 170 4 Germany 

Soybean 150 66 South America 

Molasses 30 5 Cuba 

Minerals 50 100 Netherlands 

Citrus pulp 70 1 USA 

Maize Grain 150 95 Germany 

soya hulls 40 2 USA 

Wheat grain 100 95 Ireland 

Sunflower meal 40 23 France 
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Appendix 4.4 Fuel Use by machine operation per unit output of feed crop 

 Wheat  Barley Oats Beans Turnips  Fodder 
beet  

Kale  Rape  Straw Triticale Arable 
Silage 

Hay  Silage  Maize 
silage 

Pasture    

 

Machine 

operation  

Litres of Diesel Fuel by machine operation Unit/output 

Spray 
application 

28.2885 18.02876 16.6316 11.508 1.441925 14.13343 4.10779 4.10779 21.11473 17.01 3.96267 0.21 0.218082 6.400964 0.19203 Litres /ha 

Fertiliser 

spreading 
appliation 

18.9 18.9 18.9 6.3 6.3 12.6 6.3 6.3 18.9 6.3 6.3 6.3 6.3 6.3 6.3 Litres /ha 

Topping 

(pasture) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.18 Litres /ha 

Ploughing 31.08 31.08 31.08 31.08 31.08 31.08 31.08 31.08 31.08 31.08 31.08 0 0 0 0 Litres /ha 

Spring Tine 

harrow 

5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28 0 0 0 0 Litres /ha 

Rotary 
cultivator 

16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 0 0 0 0 Litres /ha 

Chisel 
cutivator 

0 0 0 18.48 18.48 18.48 18.48 18.48 0 0 0 0 0 0 0 Litres /ha 

Rolling 3.78 3.78 3.78 3.78 3.78 3.78 3.78 3.78 3.78 3.78 3.78 0 0 0 0 Litres /ha 

Sowing 4.55 4.55 4.55 0 0 0 4.55 4.55 4.55 4.55 4.55 0 0 0 0 Litres /ha 

Planting 0 0 0 0 20 20 0 0 0 0 0 0 0 0 0 Litres /ha 

Beet 
harvesting 

0 0 0 0 0 123.2 0 0 0 0 0 0 0 0 0 Litres /ha 

Harvesting 
Maize  

(incl 

transport) 

0 0 0 0 0 0 0 0 0 44.31 44.31 0 0 44.31 0 Litres /ha 

Combine 
harvesting 

39.65 39.65 39.65 0 0 0 0 0 39.65 0 0 0 0 0 0 Litres /ha 

Mowing 0 0 0 0 0 0 0 0 0 0 0 5.13 5.13 0 0 Litres /ha 

Tedding 0 0 0 0 0 0 0 0 0 0 0 2.28 0 0 0 Litres /ha 

Rowing 0 0 0 0 0 0 0 0 0 0 0 3.5 0 0 0 Litres /ha 

Baling 

Hay/straw 

1.355467 1.355467 1.355467 0 0 0 0 0 1.355467 0 0 0 0 0 0 Litres /ha 
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Loading 

bales 

0.644 0.644 0.644 0 0 0 0 0 0.644 0 0 0 0 0 0 Litres 

/tonne 

Transporting 

crop(straw) 

0.05183 0.05183 0.05183 0 0 0 0 0 0.05183 0 0 0 0 0 0 Litres 

/tonne 

Transporting 
crop(Wheat - 

cereal) 

0.05183 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Litres 
/tonne 

Transporting 

crop(Barley - 
cereal) 

0 0.05183 0 0 0 0 0 0 0 0 0 0 0 0 0 Litres 

/tonne 

Transporting 

crop(Oat - 
cereal) 

0 0 0.05183 0 0 0 0 0 0 0 0 0 0 0 0  

Transporting 

crop(Average 

weighted 
cereal  - 

straw) 

0 0 0 0 0 0 0 0 0.05183 0 0 0 0 0 0 Litres 

/tonne 

Baling 
Hay/straw 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Litres 
/tonne 

Loading 

bales 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  Litres 

/tonne 

Transporting 

crop(straw) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  Litres 

/tonne 

Transporting 

crop(Wheat - 

cereal) 

0 0 0 0 0 0 0 0 0 0 0 0 1.304286 0 0  Litres 

/tonne 

Transporting 

crop(Barley - 

cereal) 

0 0 0 0.05183 0.05183 0.05183 0.05183 0.05183 0 0 0 0.05183 0.05183 0 0  Litres 

/tonne 

Fuel Use per unit output of feed crop 

 Wheat  Barley Oats Beans Turnips  Fodder 

beet  

Kale  Rape  Straw Triticale Arable 

Silage 

Hay  Silage all Maize 

silage 

Pasture   

Total Harvest 

operations 

150.4316 140.1719 138.7747 93.228 103.1619 245.3534 90.37779 90.37779 143.2579 129.11 116.0627 17.42 11.64808 57.01096 10.67203 Litres /ha 

Total Harvest 

operations 

0 0 0 0.05183 0.05183 0.05183 0.05183 0.05183 0 0 0 0.05183 1.356116 0 0 Litres 

/tonne 
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Appendix 5.1 Contribution of Agriculture emissions to total GHG emissions by EU (MS) 

 

Source: (EEA, 2015) 
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Appendix 5.2 Breakdown of Emissions sources from Agriculture 

 

 

 

Source: Emissions from Agriculture 1990-2015 

 



 

235 

 

Appendix 5.3 Summary of 2010 Supply Table at basic prices €m 

 Industries     €m 

  Agriculture, 

forestry & 

fishing 

Manufac Construc  Distribution, 

transport & 

communic 

Business 

services 

Other 

services 

Total 

Domestic 

Imports 

c.i.f.  

Margins Taxes less 

subsidies 

Total 

Supply 

(purc 

prices) 

Products (1-3) (5-39) (41-43) (45-61) (62-82) (84-97)           

Agriculture, forestry & fishing 6,362 0 0 0 0 0 6,362 1,326 924 -347 8,265 

Manufacturing 14 98,163 0 14 0 0 98,191 48,328 23,328 9,913 179,760 

Construction 40 0 13,008 0 0 0 13,048 0 0 1,899 14,947 

Distribution, transport & 

communication 

14 763 0 72,123 200 0 73,101 17,214 -24,252 1,583 67,645 

Business services 0 560 86 716 99,483 400 101,245 60,907 0 2,180 164,332 

Other services 14 3 0 54 0 44,373 44,444 551 0 -196 44,799 

Output 6,445 99,489 13,094 72,907 99,684 44,772 336,391 128,326 0 15,030 479,747 

Source: (CSO, 2014) 
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Appendix 5.4 Summary of 2010 Use Table at purchaser’s prices € 

 

Industries 

   
€m 

  Agriculture, 

forestry & 
fishing 

Manufacturing Construction Distribution, 

transport & 
communication 

Business 

services 

Other 

services 

Total 

inter-
industry 

Consumption 

and GFCF 

Exports 

f.o.b. 
(free on 

board) 

Total Uses 

            

Products (1-3) (5-39) (41-43) (45-61) (62-82) (84-97)         

Agriculture, forestry & fishing 1,225 4,071 39 139 2 29 5,506 1,776 983 8,265 

Manufacturing 2,540 30,020 6,123 7,993 3,186 4,448 54,309 41,478 83,973 179,760 

Construction 71 438 1,727 396 739 412 3,783 11,164 0 14,947 

Distribution, transport & communication 99 4,106 267 9,989 7,613 1,274 23,349 18,063 26,233 67,645 

Business services 337 25,635 1,933 21,132 44,642 5,186 98,866 19,293 46,173 164,332 

Other services 20 173 215 910 2,252 3,941 7,511 36,839 448 44,799 

Total Intermediate consumption 4,292 64,444 10,305 40,558 58,435 15,290 193,325 128,613 157,810 479,747 

           
COE 604 10,214 4,272 16,371 13,704 24,653 69,819 

   
GOS 2,704 24,167 -1,520 15,016 27,296 5,358 73,022 

   
Taxes less subsidies -1,156 664 36 962 248 -529 225 

   
Value added 2,152 35,046 2,789 32,349 41,248 29,483 143,066 

   
Output 6,445 99,489 13,094 72,907 99,684 44,772 336,391 

    Source: (CSO, 2014) 
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Appendix 5.5 Summary of 2010 Symmetric Input-Output table of domestic product flows €m 

 
 Products 

   
€m 

       
   Agriculture, 

forestry & 
fishing 

Manufacturing Construction  Distribution, 
transport & 

communication 

Business 
services 

Other 
services 

Total 
inter-

industry 

Consumption 
and GFCF 

Exports 
f.o.b. 

(free on 
board) 

Total 
Outputs 

 
Products (1-3) (5-39) (41-43) (45-61) (62-82) (84-97)         

 
Agriculture, forestry & fishing 975 3,173 38 109 3 22 4,321 1,084 957 6,362 

 
Manufacturing 510 4,811 1,844 1,951 855 990 10,960 4,476 82,755 98,191 

 
Construction 63 406 1,708 407 477 356 3,418 9,630 0 13,048 

 
Distribution, transport & communication 301 5,036 626 8,104 5,699 1,343 21,110 24,513 27,477 73,101 

 
Business services 249 2,606 1,531 9,073 22,234 3,540 39,233 15,839 46,173 101,245 

 
Other services 20 153 214 814 2,298 3,721 7,220 36,776 448 44,444 

 
Total Intermediate consumption 2,118 16,185 5,961 20,458 31,567 9,973 86,263 92,319 157,810 336,391 

 
Imports 2,080 47,396 4,137 19,034 26,104 4,190 102,942 25,384 0 128,326 

 
Product taxes less subsidies 41 149 196 1,199 1,656 879 4,120 10,910 0 15,030 

 
Total at purchasers' prices 4,240 63,730 10,294 40,691 59,327 15,042 193,325 128,613 157,810 479,747 

 
COE 577 10,054 4,282 16,476 13,888 24,542 69,819 

   

 
GOS 2,702 23,747 -1,564 14,955 27,776 5,406 73,022 

   

 
Other taxes less subsidies -1,157 660 36 978 254 -547 225 

   

 
Value added 2,122 34,461 2,754 32,409 41,918 29,402 143,066 

   

 
Total inputs (= total outputs) 6,362 98,191 13,048 73,101 101,245 44,444 336,391 

    Source: (CSO, 2014) 
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Appendix 5.6 Meat Supply Balance 2010 

 Carcass Tonnes 

 Total 

Meat 

Beef 

and 

veal 

Pig 

meat 

Sheep 

meat 

Poultry 

meat 

Other 

Meat 

Meat Slaughterings (000 Tonnes) 958 558 215 48 126 11 

Meat Imports (000 Tonnes) 217 50 72 4 85 6 

Supplies = Uses of Meat Products 

(000 Tonnes) 

1175 608 287 51 211 17 

Meat Exports (000 Tonnes) 815 519 150 40 93 11 

Variation in Meat Stocks (000 

Tonnes) 

6 0 4 0 2 0 

Meat Products for Domestic Use (000 

Tonnes) 

354 88 133 11 116 6 

Meat Gross Indigenous Production 

(000 Tonnes) 

1044 596 269 42 124 14 

 

Appendix 5.7 Supply Balance for Dairy Products 2010 

 Supply and uses of Dairy production in tonnes 

  Cheese Butter Cream Milk 

Powder 

Drinking 

Milk & 

Buttermilk 

Usable Dairy Production (Tonnes) 172 138 21 94 541 

Dairy Imports (Tonnes) 43 8 6 9 86 

Supplies = Uses of Milk Products 

(Tonnes) 

215 146 27 103 627 

Dairy Exports (Tonnes) 163 136 3 105 9 

Variation in Dairy Stocks (Tonnes) 20 -4 0 0 0 

Dairy Products for Domestic Use 

(Tonnes) 

33 14 24 0 618 

 

Appendix 5.8 Macronutrient values for Dairy Products  

 Macronutrient content of dairy products 

 Cheese Butter Cream Milk 

Powder 

Drinking 

Milk & 

Buttermilk 

Weighted 

average 

based on 

export 

product mix  

Protein tonne/ (000)tonne of 

output 

300.0 6.0 24.0 314.0 34.0 199.7 

Energy (M) kcal/ (000)tonne of 

output 

3000.0 7440 2500 3900 2600 4666 
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Appendix 5.9 Commercial Fisheries Species landings 2010 and macronutrient values 

Fish Species Protein 

(g)/(100g) 

Fat 

(g)/(100g) 

Energy 

(kcal) 

/(100g) 

Tonnes 

(production) 

Edible 

tonnes 

Value 

(€000) 

Total 

Tonnes 

Protein 

Total 

(million) 

kcal 

         

Mackerel 19.9 22.0 278 27,845 27,288 38,854 5430.3 75860.9 

Whiting 19.4 0.8 85 5,724 5,724 4,620 1110.5 4865.4 

Horse Mackerel 19.9 22.0 278 10,969 10,969 39,156 2182.8 30493.8 

Whiting 19.4 0.8 85 14,424 14,424 64,933 2798.3 12260.4 

Crab weighed with shell 31.7 1.8 213 9,843 4,331 6,758 1372.9 9224.9 

Megrim (apply Turbot nuntrient value) 14.1 2.1 76 11,266 11,266 4,943 1588.5 8562.2 

Hake 14.4 1.8 74 15,511 15,511 10,238 2233.6 11478.1 

Lobster 8.0 0.6 37 25,220 25,220 7,880 2017.6 9331.4 

Monkfish 17.5 0.4 74 23,867 23,867 8,144 4176.7 17661.6 

Scallops, steamed 23.2 1.4 118 10,463 10,463 1,973 2427.4 12346.3 

Total Domestic landings   155,132  187,499 25,339 192,085 

 
Protein 

Factor 

Energy 

Factor 

Tonne/ 

(000) tonne 

of output 

(M) kcal/ 

(000) tonne 

of output 

163.3 1238.2 
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Appendix 5.10 Individual Processing Sectoral Growth Assumptions 

Sectoral Scenario Meat Seafood Dairy Meat Seafood Dairy 

Scenario Type Base Base+ 

Meat and Meat Products 1.12 0 0 1.22 0 0 

Seafood Processing 0 1.14 0 0 1.22 0 

Dairy Products 0 0 1.49 0 0 1.64 

   

  



 241 

Appendix 5.11 Total Output Multipliers from the 2010 CSO Input-Output Table 

Sector Output Multiplier 

Agriculture, forestry and fishing 1.97 

Mining, quarrying and extraction 1.14 

Food & beverages and tobacco products 1.98 

Textiles, wearing apparel and leather products 1.09 

Wood and wood products (excl furniture) 2.01 

Pulp, paper and paper products 1.33 

Printed matter and recorded media 1.74 

Petroleum; furniture; other manufacturing 1.45 

Chemicals and chemical products 1.26 

Basic pharmaceutical products 1.94 

Rubber and plastics 1.37 

Other non-metallic mineral products 1.82 

Basic metals 1.37 

Fabricated metal products 1.48 

Computer, electronic & optical products 1.69 

Electrical equipment 1.38 

Machinery and equipment n.e.c. 1.43 

Motor vehicles, trailers and semi-trailers 1.22 

Other transport equipment 1.07 

Repair/installation of machinery & equipment 1.91 

Electricity and gas supply 1.67 

Water collection, treatment and supply 1.86 

Sewerage, refuse and remediation services 1.69 

Construction and construction works 2.31 

Motor fuel and vehicle trade and repair 1.66 

Wholesale trade 1.58 

Retail trade 1.71 

Land transport services 1.98 

Water transport services 1.90 

Air transport services 1.52 

Warehousing 1.91 

Postal and courier services 1.63 

Accommodation and food & beverage services 1.63 

Publishing, film and broadcasting services 1.93 

Telecommunications services 1.69 

Computer consultancy; data processing 2.11 

Financial intermediation services 1.62 

Insurance, reinsurance and pension funding 1.80 

Other financial activities 1.75 

Real estate services 1.68 

Legal and accounting services; mgt consultancy 1.86 

Architectural and engineering services 1.54 

Scientific research and development services 1.25 

Advertising and market research services 1.05 

Other professional, scientific services 1.40 

Rental and leasing services 1.19 

Employment services 1.22 

Travel and tourism service activities 2.24 

Security, office & business support services 1.30 

Public administration  1.66 

Education services 1.36 

Human health and social work services 1.35 

Cultural and sporting services 1.41 

Recreation services 1.28 

Membership organisation services 2.16 

Repair of consumer goods 2.55 

Other services 2.42 

Private households with employed persons 1.00 
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