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ABSTRACT 
 

 

Hill farming systems in Scotland are the result of long evolution and adaptation to 

financial, social and political changes. Farming in the hills is a major contributor to 

rural industry and plays an important role in the economy, environment and social 

cohesion of these areas. However, it is fragile and has been dependent for many 

decades on high and continued levels of support payments. Agricultural land 

managers in these hill areas are also under increasing pressure from the other land 

use groups whose interests lie outside farming. With recent agricultural reforms, 

shifts in policy orientations regarding land use and changes in support, the future 

role of hill farming remains uncertain. 

 

This thesis sets out to examine the role of hill farming in this context of change, by 

investigating how hill farmers respond to changing policy, by understanding what 

other interested stakeholders expect from the hills, and exploring how hill farmers 

may have to adapt their farming system in response to these changes and 

expectations.  

 

Using an adaptive conjoint analysis method, stakeholders’ expectations have been 

assessed. Multivariate analysis and participative research with hill farmers have 

also been carried out, to typify their management responses to policy changes, using 

the 2003 CAP reform as an example. Stakeholders’ expectations and farmers’ types 

were then used in a linear programming optimisation model, to explore how hill 

farmers can maximise their financial margins under different policy and market 

change scenarios, and how their motivation is a drive towards adaptation.  

 

The results suggest that whilst livestock production is identified by stakeholders as 

one of the most important features for the hill areas, the continuity of livestock 

farming in the hills is threatened, as hill farmers are strongly affected by policy and 

market changes. This research also shows that there is a strong diversity in hill 



 

 

 

farming systems and in hill farmers’ management styles and motivations. That, 

perhaps, is one of the most important factors to acknowledge when formulating 

policies. This research also highlights the vulnerability of hill farming businesses 

(especially hill cattle production) to market price volatility, policy, subsidies and 

support changes, making it difficult for any hill farmer to withstand these 

fluctuations. Although different land uses, such as planting forestry, potentially 

bring substantial economic benefits, they are dependent upon many other 

restricting factors, including government grants, and require long-term commitment 

before benefits are seen.  

 

Integration of different land uses and productions could be one economic option for 

these areas, but a set of measures, perhaps including livestock-linked subsidies that 

recognise the diversity of hill farmers is needed, as well as options for hill farmers to 

be able to provide other public goods. Unless there is stability in market prices, a 

policy drive towards increasing efficiency, adequate subsidies and support and 

more readily attractive diversification options, including the provision of other 

ecosystem services linked to these grassland systems, this thesis suggests that there 

is a danger of hill land abandonment, a further decrease in hill farming activity, 

leading eventually to a decline in rural areas, not unlike many other marginal hill 

and mountain areas in the UK and Europe. 
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CHAPTER ONE 

INTRODUCTION 
 

 

I. Presentation of the Scottish hill areas  

 

Scotland is divided geologically into three distinct areas, separated by two fault 

lines. The Highlands and Islands lie in the North and West of the Highland Boundary 

Fault; the region is separated by a narrow fissure called the Great Glen, running from 

south-west to north-east. Most of the mountainous areas in the Highlands lie to the 

north-west of the region, culminating with Ben Nevis at 1344 m. The Southern Uplands 

are also mountainous areas, lying south of the Southern Upland Fault line. The highest 

point here has an elevation of 840 m. Between these two areas lie the Central Lowlands. 

 

Scotland has an area of 7.8 million hectares and a population of 5.2 million people. 

Although rural Scotland only accommodates 19% of the total population, it represents 

94% of the Scottish land mass (Scottish Government, 2009a). Covering 72% of the 

country, agriculture dominates land use in Scotland. Eighty-six percent of the 

agriculture area in Scotland is also classified as Less Favoured Areas (LFA) under 

European legislation (LFA - Article 2 of EU Council Directive No. 75/268/EEC) and 

suffers from natural handicaps, such as climate, short growing seasons, tendency of 

depopulation, mountainous or hilly topography (OECD, 2002). In the Lowlands, the 

agriculture is mainly arable or mixed farming (Robinson, 1988). In the more hilly and 

mountainous areas, the vegetation is unimproved or semi-natural and the land is only 

suited for the rearing of livestock and not to their fattening (Davidson & Wibberley, 
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1977). Traditionally, what is called ‘hill farming’ has been based on extensive hill sheep 

and cattle farming for food and wool production, often in association with differing 

levels of intensity of game management. 

 

 

I.1. Hill farming 

 

Hill farming relies traditionally on all year round grazing, with away-wintering 

of the young replacement animals on lowland pastures (Symon, 1959). As Whitby 

(1970) described, most hill farms in Scotland are 

 “extensive-type hill sheep farms […] comprising a large area of rough grazing with a 

very small area of cultivated and enclosed or “in-bye” land and specialising in hill sheep 

often supplemented by a small herd of hill cattle”.  

 

The main output is the production of store lambs and cattle, sold for lowland fattening. 

Older ewes, referred to as draft ewes, are also sold for cross-breeding on farms with 

better land. This is the core of the stratified production system, with upland and 

lowland farmers buying livestock from the hills (Cooper, 2003; Dewar-Durie, 2000). 

These areas also traditionally acted as a genetic reservoir (Dinsdale, 1950) and are still 

of great importance for the lowland farming economy. 

 

Agriculture, forestry and fisheries account for 17% of the workforce in the remote rural 

areas, compared to only 0.4% in Scotland as a whole (Scottish Government, 2009a). The 

bulk of the labour force in hill farms comprises the farmer-occupiers and other family 

members. These systems also depend upon and provide a high level of local casual 

employment. Local contract shepherding is in high demand for gathering, shearing or 

lambing (Stott et al., 2005). In addition to shepherding, livestock haulage, animal feed 

suppliers, and veterinary services provide a source of local or semi-local employment. 
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These, in turn, allow for a steady flow of money within the rural communities, 

independent of outside cash streams such as from tourism. These marginal systems are 

consequently important for Scottish land use but also for the wider rural and cultural 

environment. These systems are not unique in Europe. For instance, areas in the North 

of England, such as the North York Moors, the Lake District and the Peak District 

(Defra, 2010a), or in the South West of England (Short & Dwyer, 2012; Turner et al., 

2008) present similar characteristics of marginality. Mountain areas in the French 

Massif Central (André, 1998; Chatellier & Delattre, 2005) or in the French Pyrennées 

(Bozzolo, 2009), the Irish uplands (O’Rourke et al., 2012) or the Mediterranean upland 

areas in Northern, Central and Southern Spain (Caballero & Fernández-Santos, 2009; 

Ripoll-Bosch et al., 2012), equally rely on these marginal agricultural systems.  

 

 

I.2. Hill farming and dependency on support 

 

Hill farming is however a fragile industry and is the current result of a long 

legacy of diverse developments in farming and in agricultural policies, dating as far 

back as the 17th century. It has been dependent on high and continued levels of public 

support in the form of subsidies since the Second World War (Ashworth & Caraveli, 

2000; Eadie, 1971; Gelan & Schwarz, 2008; Gray, 2000; Morgan-Davies et al., 2006a). At 

present, these subsidies are mainly from the European Common Agricultural Policy 

(CAP) (Brassley & Lobley, 2003).  

Since the 1980s, subsidies were headage-based and encouraged an increase in animal 

numbers, but this changed in 2003, when CAP was reformed (Scottish Executive, 

2003a). The key element then was the decoupling of subsidies, where direct support 

was replaced by a Single Farm Payment (SFP) delivered to farmers irrespective of their 

level of production or numbers of animals. This reform raised concerns for hill farming 
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activity (Franks, 2006; SAC Rural Policy Centre, 2008), as it could lead to a potential 

decline in animal numbers and to land abandonment in the hills, similar to the 

experience in other parts of Europe (IEEP & Veenecology, 2004; Strijker, 2005; Teagasc, 

2003). An historic overview of animal numbers (cattle and sheep) in Scotland since the 

19th century reflects these concerns (Figure 1.1). Whilst numbers have increased over the 

past two centuries, the most recent 15 years have witnessed a sharp decline, becoming 

more pronounced since 2003. For instance, in 2009, sheep numbers had fallen back to 

the 1880’s levels.  Whilst these trends are recorded at the national level, declines are 

more pronounced locally, particularly in the hill areas (Holland et al., 2011; SAC Rural 

Policy Centre, 2008). 

 

Figure 1.1.Total sheep and cattle numbers in Scotland: 1810-2011(Sources: Board of 

Agriculture for Scotland, 1913, 1920; Department of Agriculture for Scotland, 1932, 1940, 

1948, 1952; Department of Agriculture and Fisheries for Scotland, 1962, 1966, 1976; Houston, 

1961; Scottish Government, 2010a; 2011a, 2012a) 



 

5 
 

 

I.3. Other hill land uses 

 

Farming is only one of the land uses in the hills; with forestry, sporting interests, 

nature conservation, recreation, tourism, public access, renewable energies (especially 

hydro-schemes and wind), and carbon management being other key components. 

Forestry is the other major land use for the hill areas of Scotland. At present, forest and 

woodland covers 17% of Scotland’s land area, with a proposed increase to 25% by 2050 

(Forestry Commission, 2009). Game management (grouse or deer) on sporting estates 

also represents a significant land use in these areas (MacGregor & Stockdale, 1994; 

Sotherton et al., 2009). At present, sporting estates account for 43% of all privately-

owned rural land in Scotland (MacMillan et al., 2010). Many have extensive livestock 

production, either managed directly or through farming tenants, sharing some of the 

same land. Large areas of hills have also been designated for their international 

importance for nature conservation (Thompson et al., 1995), tied to international 

obligations; for instance, Scotland’s target to achieve 95% of Sites of Special Scientific 

Interest (SSSI) and Natura 2000 sites (Special Areas of Conservation for habitats and 

Special Protection Areas for birds) into favourable condition (Scottish Government, 

2012b). In total, more than one million ha are designated and a high proportion of sites 

is directly affected by land use in the hills (Scottish Natural Heritage, 2011).  

 

Access and tourism are also important factors to the hills. The hospitality sector 

accounts for 13% of the workers in rural Scotland, compared to 6% in the whole  of 

Scotland (MacLeod and By, 2007; Scottish Government, 2011b). Tourism in these remote 

areas has always been an important source of income and visitor attraction, as far back 

as the the 18th century (Vamplew, 2005). However, its form has been changing, and as 

Slee et al. (1997) argued, there has been an emergence of ‘soft tourism’ (B&B on farm, 

farm self catering holidays, campsites), compared to the ‘hard’ tourism (big hotels, 

timeshares, ski-resorts), the former being more embedded in the local economy and 
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bringing more direct benefits, especially pecuniary. Although this form of tourism may 

be less at odds with other land uses, issues of tourism pressure remain in places.  

The opening of two National Parks, especially the Loch Lomond and Trossachs 

National Park, which is within an hour’s drive of Glasgow, exaggerate such issues 

(Connell & Page, 2008; Dickinson, 1991; Getz, 1994; Hanley et al., 2010).  

 

Adding to the fragility of the hill farming industry is the increased pressure from these 

other groups, whose interests lie outside farming. Conflicts have existed since the 19th 

century (Smout, 2000), however, tensions have been exacerbated in the aftermath of the 

Second World War; for instance, between farming and afforestation (Mather, 1992; 

Morgan-Davies et al., 2008), or farming and the sporting industry (MacMillan & Phillip, 

2008). The recognition at government level of nature conservation and public access 

interests (Mackay, 1995; Sheail et al., 1997) has also created a source of contention for 

the hill farming community.   

 

 

II. Rationale and structure of the thesis 

 

Hill farming in Scotland is in a situation where it seems not only to depend on 

external support to sustain production, but also has to face increased demands from 

non-farming activities, whose lobbying powers have to be reckoned with. Policies have 

focused on providing affordable food for consumers (Gardner, 1996; Tracy, 1976), while 

at the same time, retaining small farms in remote rural areas, where they are seen as 

essential for sustaining rural life, rural communities and a cultural heritage (Gray, 

2000). This appears to be incompatible unless incomes or markets are supported. Latest 

changes in agricultural support may most likely affect this already fragile state of 

affairs. This situation is not confined to Scotland. Hill farming in Europe faces similar 
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challenges, with land abandonment, rural desertification, poor productivity and 

reliance on subsidies (Arnaez et al., 2011; Bernués et al., 2011; Caballero et al., 2007; 

MacDonald et al., 2000). Recent challenges on food security and farming have also 

emerged, and food production is once again the focus of policy makers (Foresight, The 

Future of Food and Farming, 2011). Despite multiple options for alternative approaches 

or for co-existence with other land uses, it seems nowadays that there is limited scope 

for agriculture. It is therefore justified to question the role of hill farming and its future.  

 

The aims of this thesis are: 

a) to investigate how hill farmers in Scotland respond to changing 

policies, using the introduction of the 2003 CAP reform as an example,  

b) to understand what other interested communities expect from the 

hills,  

c) and to explore how hill farmers can adapt their farming system in 

response to these expectations. 

 

 

Chapter 2 presents a literature review and background to the thesis and focuses on the 

history of hill farming in Scotland, in order to understand how the actual system came 

to be and how it evolved into the present one. It dwells on hill farming’s relationships 

with government policies and other external and foreign influences, the impacts of 

wars and the depression and how agriculture came to be viewed and supported 

differently at different times. Chapter 2 also presents a brief history of the European 

Union, and more specifically of the Common Agricultural Policy, and how it has 

affected the hill farming industry in Scotland. Finally, the influences of hill land uses 

other than farming are reviewed; namely forestry, game management and the 

emergence of nature conservation, access, recreation, energy and carbon sequestration 

issues. The conflicts amongst all of these different uses are also considered. 
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Chapter 3 is a literature review of the methodologies that have been used to investigate 

the proposed topics; in particular, methods assessing trade-offs and people’s views on 

conflicting issues. Census data, questionnaires, surveys, farm typologies and statistical 

methods relating to multivariate databases are also discussed in the context of 

exploring the effect of changing policies on hill farming. Finally, methods to assess and 

ultimately model changes at farm level are reviewed.  Chapter 3 also presents the 

methods chosen in this thesis. 

 

Chapter 4 presents the results of the first assessment, in which an Adaptive Conjoint 

Analysis approach has been used to assess what stakeholders in the hills and uplands 

of Scotland expect from these areas, and what trade-offs are made when conflicting 

objectives need to be included in a single policy. 

 

Chapter 5 reports on the results on a second assessment, in which a survey of hill 

farmers has been carried out, to understand what management changes had been made 

following the 2003 CAP reform. A typology approach has also been used to typify their 

responses to policy changes. 

 

Chapter 6 presents the results of a modelling exercise, which used outcomes from 

Chapter 4 and the farmers’ typology from Chapter 5.  A case study hill farm has been 

used as a basis for the model, and a series of scenarios has been modelled to explore 

how hill farmers can maximise their margin under different policies and market 

changes as well as stakeholders’ expectations. The model also explores farmers’ 

motivation as a drive to adaptation.  

 

Chapter 7 presents concluding remarks for the whole thesis and considers how hill 

farming and its role in the Scottish hills has evolved. Considerations for the different 

stakeholders groups are also proposed.  
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Chapters 4 and 5 have already been published as individual papers in two peer-

reviewed scientific journals. Their format has been altered to fit in with the core of the 

thesis. In particular, the introduction sections of both papers have been shortened, to 

avoid repetitions within Chapters 2 and 3. The printouts of these articles are in 

Appendix X.  
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CHAPTER TWO 

LITERATURE REVIEW 
 

 

 

 

This chapter reviews the history and role of hill farming in Scotland to its present day. 

It presents the European Common Agricultural Policy and its developments, as well as 

the other hill land uses. This chapter also examines and reflects on conflicts that have 

erupted between all these different land uses.  

 

 

I. History of hill farming in Scotland 

 

I.1. Introduction 

 

Hill farming in the 21st century is the current result of a long legacy of diverse 

developments in farming and in agricultural policies, dating as far back as the Middle 

Ages, or even earlier (Figure 2.1). The aim of this section is to focus on the history of hill 

farming up to the UK accession to the European Union in 1973. The particular aspect of 

the European Union and its effects on Scottish hill farming is dealt with in a different 

section. 
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I.2. Pre-industrial revolution (pre-18th century period) 

 

Up to the 17th century, farming in Scotland was an agriculture of subsistence, 

based on limited cropping and livestock keeping (Symon, 1959). The classic layout of 

Scottish farms consisted of “infield” and “outfield” (Handley, 1953). The infield was the 

area surrounding the farm steading that was kept under constant tillage and got most 

of the animal manure. The outfield was ploughed and rested alternately. Most farms 

had a common pasture land, called moor, waste or hill, beyond the outfield and 

separated from it by a stone wall (Handley, 1953; Sprott, 1995). 

 

Each farm consisted of a township or village, cultivated by a number of joint tenant 

families, with subtenants (Handley, 1953). The arable land was ploughed in ridges, to 

improve drainage; the unploughed land in-between was used as additional pastures for 

livestock. Arable land was re-allocated periodically amongst the joint tenants of a farm 

within a system called “runrig” (Franklin, 1952; Sprott, 1995; Symon, 1959). This system 

of rotation discouraged farmers to improve their land, which they cultivated only 

temporarily. As the drainage of land was primitive, only two main crops were 

commonly planted (oats and barley); manure was not used widely and farming 

implements were inefficient. The harvest was late and long, and sometimes lost entirely 

(Handley, 1953).  

 

The livestock, which comprised mainly cattle, sheep and horses, was apportioned on 

the basis of the arable land that the tenant rented, in a system called “souming” (Sprott, 

1995). Animals were herded by day and folded by night (Ryder, 1968; Symon, 1959) and 

grazed on the common land and on stubble in winter. There were no permanent 

enclosures; the livestock wandered on the infields until seedtime, then were sent to the 

outfields and the moor to stay during the summer months. In the Highlands, the 

livestock was led to spring and summer pastures in the hills (Franklin, 1952; Symon, 
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1959). The quality of animal was based on its ability to survive on the least possible 

amount of food (Symon, 1959). However, the main problem was overstocking, with 

farmers keeping a third more than they could feed in winter (Handley, 1953).  

 

This system at the time was the same for lowland and highland areas, and was 

prevalent until the agricultural revolution of the 18th century (Symon, 1959). The 

difference was in emphasis: lowland was more arable, highland was more pastoral, 

presenting hill farming elements (Sprott, 2011), such as hill summer pastures.  

 

Land tenure also evolved little between medieval times and the 17th century (Symon, 

1959). In the Highlands, the social unit was the clan. The land upon which it lived 

belonged to the tribe, who in turn appointed a leader or chief. The chief was maintained 

by its numbers as defender of the territory and head of the tribe, in a patriarchal system 

(Darling, 1955; Ryder, 1968). In Lowland Scotland it was the feudal system, introduced 

after the Norman invasion, that prevailed (Dixon, 2011).  

 

The landlord owned the land, with tenants paying rents in kind and having to fulfil 

certain obligations (Symon, 1959). In the Highlands, the landlords were the clan chiefs 

(Sprott, 2011). This system of tenure caused problems, as landlords generally did not 

invest in their land; tenants, whose leases were short and precarious, were not 

encouraged to improve the land either (Tracy, 1989).  
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Figure 2.1. Chronological scale of hill farming major events 
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I.3. The agricultural revolution 

 

I.3.1. Changes in the old system 

 

In addition to low productivity and land tenure problems at the end of the 17th 

century, farmers and the general population of Scotland faced a series of political and 

economic events, as well as bad harvests, with extreme weather conditions. From 1695 

to 1702, Scotland was brought to near famine (Cullen, 2010), and in 1698, one in five or 

six lived upon the verge of destitution (Handley, 1953).   

However, the Union Treaty between England and Scotland in 1707 provided £400,000 

to pay off Scottish debts and to improve the industry. Banks were created and financial 

help became available to landlords to improve their estates (Handley, 1953). It also 

allowed Scotland to take part in England’s foreign trade and opened up markets, 

especially for cattle and sheep (Darling, 1955).  

 

This opening also meant the emergence of new ideas to improve agriculture, such as 

the provision of livestock winter feeding through the introduction of different crops 

(turnips, grass and potatoes), the implementation of permanent enclosures to protect 

winter crops, the development of new methods of cultivation through land levelling 

and improvement of arable land, and a change in land tenure (Handley, 1953; Sprott, 

1995) through a process of land division.  

 

In the runrigs, strips of arable land were permanently allocated to the tenants. 

Concurrently, the division and appropriation of the common land started in the 1750s.  

These changed conditions of land holdings saw the emergence of a new type of tenant, 

characterised as a ‘professional farmer’ (Handley, 1953). Farms became bigger and the 

tenant population decreased.  
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I.3.2. The particular case of the Highlands and the “Clearances” 

 

In contrast, in the Highlands, a large proportion of the land still remained open 

and unenclosed and improvements did not happen until the 19th century (Handley, 

1953, Sprott, 1995). For these regions, it was the crushing of the Stuart rebellion 

(“Jacobites”) in 1745 that became the catalyst to change as, at this time, the system of 

Highland farming was near to collapse (Handley, 1953) due to rises in population not 

matched by a rise in agricultural production. After 1745, clans were abolished. Chiefs 

whose estates were not confiscated became landlords, their importance not based on 

people anymore but on wealth and, as Franklin (1952) reports, “the scramble to increase 

the value of the estates began”. This was to have devastating consequences for the tenant 

farming population.  

 

Handley (1953), Darling (1955), Symon (1959) and Ryder (1968) argue that the 

displacements of tenants (“Clearances”) that followed the Stuart rebellion was not the 

only reason that led to en-masse emigration of tenants and crofters from the Highlands. 

Most certainly, Highland landlords renting large parts of their estates to sheep farmers 

from the south for hill grazing (Fenton, 1976; Ryder, 1968) put an end to smaller tenants 

having access to the summer pastures and led to a breakdown of the system. However, 

these authors report that the prejudices of Highland landlords to grant proper leases, 

the rise in rents with no help to improve efficiency and the conversion of small farms 

into larger ones, were also all major contributors to the emigration (Darling, 1955; 

Handley, 1953; Ryder, 1968; Symon, 1959).  

 

In places, the crushing of the Stuart rebellion led to some infrastructure improvements, 

such as the construction of military roads and bridges, which subsequently rendered 

distant markets more accessible to hill farmers (Darling, 1955).   
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I.3.3. Introduction of commercial livestock farming 

 

The French Wars (1789-1815) were also a major influence on hill farming as 

demand for wool and mutton, especially for uniforms and troops’ food supplies, made 

sheep farming lucrative (Handley, 1953; Sprott, 1995). Sheep farming became more 

commercial, with the introduction of large flocks and novel breeds (Bangor-Jones, 

2002). It spread rapidly in the Highlands between 1760 and 1790 (Darling, 1955). At the 

end of the 18th century there were three times more sheep than cattle; the greatest 

concentration of sheep in 1795 being on the Southern Uplands and central to western 

part of the Highlands (Carlyle, 1979).  

 

Sheep fared better on the hills than the cattle (Ryder, 1968). By 1750, the small native 

sheep breeds were ousted by the Tweedale, Linton or Blackface. They had short and 

firm carcasses with long, open and coarse wool and fattened well (Franklin, 1952). They 

were also hardy and active which made them thrive on indifferent herbage and endure 

severe winters (Ryder, 1968). In the south of Scotland, Cheviots became in high demand 

for their fine and soft wool, as Britain’s isolation due to the Napoleonic Wars prevented 

imports (Carlyle, 1979; Franklin, 1952).  

 

Native hardy cattle breeds stayed in the Highlands since they could be driven a long 

way, fattened well and their market in England was good (Franklin, 1952; Handley, 

1953). The Galloway breed thrived in the South of Scotland and were also much in 

demand for the English markets. 

 

Despite this relative prosperity, there was still a dichotomy between the Scottish 

farming systems. In the Lowlands regions, farms were smaller, with a mixed farming 

system (arable land and livestock) and the ability to improve the land.  In the 
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Highlands, where most of the hill farming land lay, small and un-improvable crofts 

(Perren, 1995) coexisted with large sheep farms.  

 

 

I.4. Hill farming in the 19th century 

 

I.4.1. Years of prosperity – up to 1879 – “High Farming” 

 

Despite a sharp decline in mutton and wool prices when the Napoleonic Wars 

ended in 1815, by 1830 hill farming became relatively prosperous (Symon, 1959) and 

developments led to a system that is still in place nowadays. 

 

From 1837 to 1874, Scotland’s agriculture enjoyed years of prosperity and in the 1870s, 

Highland sheep farming was the most profitable branch of Scottish farming 

(Glendinning & Wade Martins, 2008). The vertically or altitudinally stratified and 

integrated system of sheep breeding in Scotland also started to appear (Carlyle, 1979).  

 

Farming developments in the hilly remote areas were greatly helped by the 

construction of railways. Hill sheep farmers were able to send their young sheep to off-

winter on better land, cattle could be sent to markets by train. It was also a period 

where land was being reclaimed on heather, moss and moor, thanks to drainage, 

ploughing and liming techniques (Symon, 1959). These provided more grass wintering 

for hoggs and sheltered lambing fields for hill ewes. 

 

Additionally, a Board of Agriculture and Internal Improvement was established in 1793 

to provide farmers with full information on the best methods to use, to encourage and 

co-ordinate the work of private societies and to publish information relating to 
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agriculture. This Board promoted scientific inquiries and was responsible in particular 

for the first surveys county by county of Scottish agriculture (Holmes, 2011). In 1889, 

the Board of Agriculture Act was passed and in 1911, a specific Board of Agriculture for 

Scotland was created,  which became the Department of Agriculture for Scotland in 

1929 (Symon, 1959). 

 

At the same period, trade laws regarding cereals (Corn Laws) were introduced (1815), 

to curb any imports of cheap grain from outside the United Kingdom, and protect the 

income of cereal producers. However, these laws had a direct effect on food prices, 

especially for the growing urban population (Williamson, 1990). 

 

I.4.2. The great agricultural depression and the bleak years (1879-1914) 

 

This period of prosperity came to an end and initial impacts of a farming 

depression were felt in the late 1870s and early 1880s. In Britain, bad seasons and poor 

harvests from 1875 blighted agriculture, culminating with one of the wettest years on 

record in 1879 (Perren, 1995). At the same time, world developments meant that 

overseas markets started to expand. The end of the American Civil War, followed by 

the rush of settlers to the American Mid-West, the increase in sheep farming in New 

Zealand and Australia, and the opening of the Suez Canal in 1870, allowed the import 

of cheap meat to the UK. Developments in chilled and frozen meat transportation also 

increased this trend. 

 

From the 1870s, British industrial cities expanded and the urban population overtook 

the rural one.  Demand for cheap food became a priority for the government and, as 

described by Symon (1959) and Robinson (1988), a policy of Free Trade was 

implemented. In particular, the Corn Laws were repealed in 1846 (Williamson, 1990). 
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Imports of cheap food and grain meant falling prices for UK farmers (Handley, 1953; 

Symon, 1959; Tracy, 1989), especially for the Scottish hill farmers producing cattle and 

sheep (Whitby, 1950).  

 

In addition, public demand for leaner meat and smaller joints increased (Dinsdale, 

1950). As a result, sheep numbers declined in the Highlands, as wethers (mutton 

formerly kept for 3-4 years) were replaced by ewes and lamb sold annually (Carlyle, 

1979). They were in strong demand from lowland farmers who converted arable land to 

grassland (Whitby, 1950). Cross-breeding hill ewes became popular and the stratified 

system of sheep breeding developed fully (Carlyle, 1979). This production change made 

hill farmers more dependent on lowland markets.  

 

At this time, estates with hill grazings for livestock were also being converted to “deer 

forests1” (Fenton, 1976), as it provided a higher return than tenant rents (Perren, 1995). 

Symon (1959) reports a rise in deer forests from 0.8 million ha in 1883 to 1.4 million ha 

in 1912. In places, these estates provided more income than sheep farming (Ryder, 

1968).  

 

Another effect of the depression was on agricultural labour. After 1870, a lot of the farm 

workforce migrated towards towns and cities (Perren, 1995). In Scotland, full-time 

farmworkers declined by 36 per cent between 1871 and 1911. Growing industrialisation 

attracted workers from the land, and raised wages of those that remained (Whitby, 

1950).  

 

By the turn of the 19th century, Britain only produced a quarter of her food (Sprott, 

1995). At the eve of the First World War, the policy of Free Trade and farmers’ freedom 

                                                 
1
 Sporting estates maintaining a population of red deer for shooting 
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of action were still prevalent. Governments still allowed the markets to determine the 

size, structure, and health of the farming sector (Perren, 1995), and any ideas of limited 

protectionism were rejected. 

 

 

I.5. The 20th century – a legacy for the Scottish hill farming system 

 

I.5.1. World War I 

 

During the First World War, the blockades and loss of food supplies from its 

colonies made the British government understand the importance of its home farming 

sector. However, it was only in 1917 that a first step towards intervention appeared 

(Tracy, 1976), with the Corn Production Act of 1917, which guaranteed a minimum 

price for corn (Sprott, 1995). This became a major feature of agricultural policy for the 

years to come (Perren, 1995) and was a important change in attitude towards 

agriculture (Symon, 1959). The Agricultural Wages Boards, with minimum wage rates 

for farm workers, were also introduced by the Act. 

 

In the Highlands, many of the estates were already in debt when the First World War 

started (Sprott, 1995). After 1918, the death toll led to serious shortage of farming 

labour, and the financial burden linked to death duties on some estates (Dinsdale, 1950) 

meant they got divided and sold out to the tenant farmers.  
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I.5.2. Depressions of the 1920s and 1930s 

 

With the establishment of the Agriculture Act (1920), prices were guaranteed to 

help farmers against losses in wheat and oats, and security of tenure was increased 

(Symon, 1959). At that time the farmers’ voice started to get stronger. The National 

Farmers Union (NFU) of England had been created in 1908, and in 1913, the NFU of 

Scotland was established. However, it was really between the wars that their 

membership and lobbying influence increased (Cooper, 1989; Perren, 1995; Symon, 

1959).  

 

In 1920, world production increased but prices fell rapidly, leading to years of 

unrelieved depression (Whitby, 1950). The Agriculture Act was repealed in 1921 

(Whetham, 1974) and Free Trade re-established. Many lowland arable lands reverted 

back to pasture (Dinsdale, 1950). In the hills of Scotland this additional demand for 

stock from the lowland farmers guarded at first the hill sheep farmers from the worst of 

the depression (Whitby, 1950).  

 

The financial crash of 1929 derailed an already fragile economy, with unfortunate 

consequences on hill farming. In 1930-31, Symon (1959) reports a 40% drop in store 

sheep prices; farms in the remote areas of Scotland suffered most, because of transport 

to markets costs. Hill farming became unprofitable, the severe climate limited 

adjustments of animal numbers on the hill, leading to a rapid decline in livestock 

numbers (Perren, 1995). Fluctuating and low prices intensified the deterioration of hill 

farms and their low standards of housing and equipment (Perren, 1995). 

 

In 1931, the government abandoned the Free Trade policy and introduced a series of 

measures to stabilise agriculture prices (Perren, 1995; Symon, 1959).  It also encouraged 

the establishment of marketing schemes, the most successful in Britain being the Milk 
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Marketing Board. However, in Scotland, it did not include the most northern part of the 

country and control over prices was not as comprehensive as in England (Perren, 1995). 

Proposals for a Meat Marketing Board were made in 1931, but not accepted at the time 

(Symon, 1959). It was only in 1937, with the Livestock Industry Act, that provision was 

made for the appointment of a Livestock Commission to develop livestock interests that 

would be relevant to hill farming. 

 

The introduction of the Agriculture Act of 1937 (Gardner, 1996; Symon, 1959) had little 

relevance to sheep and cattle farmers, especially in the hills, and after years of unbroken 

economic depression, outright subsidy seemed to be the only adequate means for 

keeping the industry alive (Hart, 1956). A temporary subsidy for beef was introduced in 

1934 and, with the Livestock Industry Act in 1937, a long-term subsidy policy came into 

operation (Symon, 1959) as subsidies seemed the only way to take hill farms out of their 

depression. 

 

The period between the wars was a bleak one, but it led farming to be seen as any other 

branch of the British industry (Cooper, 1989). This period also saw the end of Free 

Trade and the beginning of negotiations for tariffs, quotas and preferential marketing 

(Cooper, 1989), with subsidies and deficiency payments.  

 

I.5.3. World War II 

 

During the Second World War, policies to help and maintain a viable 

agriculture industry were continued and extended as, once again, food supplies became 

the main priority for the government (Tracy, 1976). Some products were purchased at 

fixed prices and incentives to convert pasture to arable were put in place. However, 
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prices for fat cattle and sheep were at lower levels than other commodities, resulting in 

a decline in lowland ewes and beef cattle production.  

 

Conversely, the importance of hill production was recognised, as hill sheep and hill 

cattle could utilise rough vegetation on ground that was impossible to plough (Symon, 

1959). The Hill Sheep Subsidy and Hill Cattle Subsidy were introduced in 1940-41, in 

order to maintain maximum food production on moorland areas and keep a reservoir 

of breeding stock for lowland farmers (Robinson, 1988). Between 1940 and 1948, £7.5 

million and £3.5 million were paid out in subsidies for sheep and cattle respectively 

(Dinsdale, 1950). In 1942, special measures for marginal land farmers were also 

introduced. In the hills, these encouraged farmers to reseed old pastures. Post-war 

surveys indicate that without hill sheep and hill cattle subsidies, even the best hill farms 

would not have broken even (Hart, 1956). Nonetheless, as Symon (1959) states,  

“the impact of the war had changed the attitude of the nation towards agriculture. It was 

felt that in the future the industry could, and must, play a much more important part in 

the State’s welfare, but to do so agriculture must be […] adequately supported”.  

 

I.5.4. Immediate post-war period 

 

In 1945, food was in shortage (Symon, 1959) and to restrict the import of meat 

and feed-stuffs it could barely afford, the British government had to encourage home 

production and a more effective use of home-grown fodders, especially grass (Dinsdale, 

1950).  

 

The first significant hill farming Acts to be passed were the Hill Farming Act 1946 and 

the Livestock Rearing Act 1951, aimed at improving hill capacity and efficiency 

(Dinsdale, 1950; MacEwen & Sinclair, 1983). They involved improvement of soil 

fertility, permanent equipment of farms and the adoption of measures designed to 
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benefit the health and output of the stock; they proved especially valuable for 

improving pastures. (Hart, 1956; Symon, 1959).  

 

The Agriculture (Scotland) Act (1948) required all land to be put to efficient use. Area 

Agriculture Executive Committees were set up, with Scotland being divided into 11 

areas (Symon, 1959). Agriculture Advisory Committees were also established to 

provide technical assistance and initiate improvements (Holderness, 1985). 

Finally, to create stability, price or income guarantees to the farm sector were needed 

(Symon, 1959; Tracy, 1976). The Agricultural Act of 1947 was passed and applied to the 

whole country. Guaranteed prices were fixed in an annual process review between the 

government and the NFU, to give farmers a reasonable living (Bowers, 1985; Hodge, 

1990; Robinson, 1988). For the first time since the 1870s, the government was willing to 

pay for food.  

 

However, guaranteed prices were for fat sheep only, which meant that hill farmers 

could not profit from it directly as the major part of the outputs of a hill farm was 

intermediary products (Dinsdale, 1950). So, not only were the hill sheep and hill cattle 

excluded from direct annual price guarantees, but their fortunes depended upon 

decisions taken by other farmers.  This reinforced the importance of the Hill Sheep and 

Hill Cattle subsidies, given directly to hill farmers. 
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I.5.5. 1950 to the accession to the EU 

 

I.5.5.1. Support for the hills – questions on its adequacy 

 

World prices fell in the mid 1950s. The growing cost of support, and doubts on 

its effectiveness (Tracy, 1976), meant that in political circles, a debate on the role of 

agriculture in the economy started to emerge. 

 

In 1964, the social role played by agriculture was finally recognised in a review, 

resulting in a policy of expansion that would last until the 1980s (Bowers, 1985). Special 

support for the hills and uplands was also mentioned, with a livestock headage 

payment on a long-term basis, an increase in its value (1965), hill ploughing grants 

(1967) and structural measures (1969). Marketing Boards, after being suspended during 

the war, were reinstated in 1954 (Holderness, 1985; Robinson, 1988). Most importantly 

for hill farming, the Wool Marketing Board was set up in 1950, and wool became one of 

the farm commodities eligible for guaranteed prices (Riddell & Walker, 2011; Symon, 

1959). The Meat and Livestock Commission, created under the 1967 Agricultural Act, 

was aimed at promoting the sale of red meat (Holderness, 1985).  

 

Whitby (1970) argues that, unfortunately, all these measures were not altogether 

successful and made  

“virtually no impact on traditional farming methods in these areas during a period 

when most sectors of lowland farming were undergoing considerable technical change”. 

 

These schemes were thought to be inflexible and over-ambitious. Research and 

development had not reached hill farming efficiently enough and the stratified sheep 

industry created a reliance of hill farmers on lowland farmers. Payment of the hill 

subsidy had always been dependent on the application of traditional hill sheep farming 



 

26 
 

 

practices, and its underlying aim was to “maintain the flocks in the hills, but not to increase 

them”. This subsidy was also fluctuating and did not encourage investment (Whitby, 

1970). The non-targeting of these grants also prevented change in land use in the hills, 

where poorer hill farms might have been put to better use, such as afforestation or 

sporting activities (Dinsdale, 1950; Hart, 1956).  

 

Support systems also created a level of dependency, with subsidies and grants 

providing the equivalent of two-thirds of the net income of hill sheep farms in some 

places (Hart, 1956). From 1950 to 1970, support  had risen from around 60-70% to 130-

190% of the farm net profit (Cunningham, 1971; Eadie, 1971; Holderness, 1985).  

 

Science and innovation were needed for the hill farming sector. The setting up of the 

Hill Farming Research Organisation (HFRO) in Scotland in 1954 started research 

specifically on hill farming production, which was to change its fortunes in the 1970s 

(Cunningham & Maxwell, 2011). 

 

From the 1950s to the 1970s, hill farming industry costs, especially labour, had 

increased but the prices of stores lambs and cast ewes had remained static. In the 1950s, 

increasing mechanisation led to depopulation in the rural areas. For those who stayed, 

the standard of living was much improved but this exodus led to a decrease in rural 

shops and schools and public transport (Holderness, 1985). People working the land 

were now a minority (Sprott, 1995). Whitby (1970) argues that in this period, there had 

been a more rapid rate of loss of Scottish farm workers than in England. This trend 

worsened in later years (Figure 2.2). 
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Figure 2.2. Number of farm employees and type of employees (1930-2011). Source: Department 

of Agriculture for Scotland, 1932, 1940, 1948; Department of Agriculture and Fisheries for 

Scotland, 1962, 1966, 1976; Scottish Government, 2010a, 2011a, 2012a) 

 

 

I.5.5.2. Emergence of technical developments for the hills 

 

At the beginning of the 1970s, technical improvements started to emerge. The 

need to improve pasture management and grazing conditions in the hills, especially for 
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wintering of sheep and summer cattle grazing, had been advocated immediatly after 

the war (Jones, 1946), but  it was not until the late 1960s that sufficient biological 

information on hill ewe production had been collected to allow improvements to be 

made (McClelland, 1986).  

 

The HFRO provided early research results on hill ewe nutrition, soil and vegetation of 

hill land (Cunningham & Maxwell, 2011). Winter feeding and grazing control were 

essential (Whitby, 1970), and Cunningham (1971) and Eadie (1971) advocated the 

development of a new system for the hills to improve outputs, through a combination 

of off-wintering or in-wintering and improved pasture management. A two-pasture 

system, with a small area of improved pasture and a large area of unimproved hill was 

proposed, based on ewe nutritional work by Russel (1971).  

 

By 1979, a new system to intensify hill sheep production had been tested and 

developed (Cunningham & Russel, 1979). Technological advances allowed improved 

efficiency in supplementary feed allocation and better control of ewe mortality; for 

instance, the use of body condition scoring (Russel et al., 1969) to assess fat level on live 

animals and the development of ultrasound scanning (White et al., 1984) to determine 

the number of lambs being carried. Developments to improve the growth of hill lambs, 

bringing an increasing proportion much nearer to the meat market and often right to 

the point of marketing fat, were also seen (Whitby, 1970).  

 

New breeds were developed to increase lamb production (Whitby, 1970). As such, the 

‘Mule’ (a cross of a Bluefaced Leicester ram with a hill ewe – such as Blackface) started 

to become popular. As a result of these developments, animal performance increased 

during this period. For instance, in the Loch Lomond area, lambing percentage figures 

increased by almost 30 percent between 1955 and 1992 (Topp, 1999). 
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Hill farming research also gradually shifted in the 1970s and 1980s into wider issues of 

land use in hill and upland areas, such as deer farming, goat production, forestry and 

hill farming, and agroforestry (Cunningham & Maxwell, 2011).  

 

 

I.6.  Conclusion 

 

In the space of 250 years, hill farming in Scotland evolved from subsistence to 

commercial farming. Large scale improvements in the 18th century made hill farming a 

prosperous farming system, which allowed farmers to export some of their production 

and create wealth. Since then, hill farming has been through periods of ups and downs, 

but nonetheless showed a certain degree of resilience.  

 

Hill farming has also been influenced by various policies, motivated by pressing 

national matters such as world wars, world recessions, and social needs. However, it is 

the period of post WWII that saw the emergence of an increasing trend of outside 

influences and control on farming, especially in the hills. It was also a time when tenure 

and farm sizes were changing. The number of holdings was decreasing (Figure 2.3), 

compensated by an increase in size as farmers sought economies of scale, greater 

economic security and increased gains from taxation and policy entitlements (Munton, 

2009). The number of owner-occupiers also went up, meaning that capital costs had to 

be met only by one person or one family (Davidson & Wibberley, 1977). 

 

When Britain joined the EU in 1973, hill farming was in the midst of technical 

improvements, with great efforts being made to increase productivity and efficiency of 

the hill systems. However, other sectors of the livestock farming industry had seen far 

greater improvements. For instance, the dairy industry saw a substantial increase in 
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productivity. Changes in the pig, poultry and arable sectors were equally dramatic 

(Carter & Stansfield, 1994; Riddell & Walker, 2011). 

 

Figure 2.3. Numbers of holdings and owner-occupiers in Scotland: 1912-2009 (Sources: Board 

of Agriculture for Scotland, 1913, 1920; Department of Agriculture for Scotland, 1932, 1940, 

1948; Department of Agriculture and Fisheries for Scotland, 1962, 1966, 1976; Scottish 

Government, 2010a) 

 

 

In comparison, the hill farming sector, despite the technical improvements discussed 

earlier, did not see such radical changes, and was still an industry extremely reliant on 

support from government. Accessing the EU intensified this level of support and 

introduced a new dimension to the importance of hill farming in the UK. 
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II.  The Common Agricultural Policy and its influence on hill 

farming  

 

II.1. Introduction and principles 

 

The Treaty of Rome in 1957 created the European Economic Community (EEC), 

based on the idea of a European economic zone amongst France, West Germany, Italy, 

Belgium, the Netherlands and Luxembourg. It expanded the concept of a common 

agricultural policy (Brassley & Lobley, 2003).  

 

The essential features of the Common Agricultural Policy (CAP) were laid down in 

Article 39 of the Treaty, with the following objectives (Bowler, 1985; Fennell, 1979; 

Holderness, 1985;): 

 

 to increase agricultural productivity by promoting technical progress and by 

ensuring the rational development of agricultural production and the 

optimum utilisation of the factors of production, in particular labour; 

 thus to ensure a fair standard of living for the agricultural community, in 

particular by increasing the individual earnings of persons engaged in 

agriculture; 

 to stabilise markets; 

 to ensure the availability of supplies; 

 to ensure that supplies reach consumers at reasonable prices. 

 

Three major principles were laid down in 1962 (Bowler, 1985; Tracy, 1976). 

1. market unity to harmonise prices amongst the Member States for major 

agricultural commodities, with an assigned annual target price,  
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2. community preference with the abolition of trade barriers within the 

Community and the establishment of common measures of protection against 

third countries through a variable import tax system. In the case of surplus, 

various agencies were required to buy the stocks at “intervention price”, i.e., 

slightly lower than the target price, and to hold the commodities in store, 

3. financial solidarity through the creation of the FEOGA (Fonds Européen 

d’Orientation et de Garantie Agricole - European Agricultural Guarantee and 

Guidance Fund) (Tracy, 1976), which received the levies imposed on the imports 

(Holderness, 1985). The Guarantee section provided market support for 

agricultural products. The Guidance section provided finance for structural 

improvements in production and marketing but had, from the outset, a limited 

budget (Bowler, 1985). 

 

For the policy to be a success, the choice of each year’s commodity target price was 

vitally important. However, it was often set too high (Holderness, 1985; Tracy, 1976). 

Originally, prices were to be maintained by fixed exchange rates, but this was 

undermined by the fluctuations in the value of the different European currencies 

(Holderness, 1985). In the 1970s and 1980s, the Commission devised new methods of 

calculating payments within the CAP (Gardner, 1996; Neville-Rolfe, 1990), with varied 

levels of success (Holderness, 1985).  
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II.2. Accession of the UK to the European Union  

 

II.2.1. Negotiations  

 

Although the UK was not part of the founding members of the EEC, the 

objectives of the CAP were similar to those of the 1947 UK Agricultural Act (Hodge, 

1990). However, at the time, British agriculture policy was based on largely duty-free 

imports of agricultural commodities from the cheapest source, guaranteed producer 

prices and strict control over the agricultural budget. After initial negotiations in 1961-

63, the UK joined the EEC in 1973 and had to abide to the common rules of the CAP.  

 

Britain managed to impose its views on two areas; the introduction of a variable 

premium for beef (Neville-Rolfe, 1990), and in 1975, the creation of the Less Favoured 

Areas (LFA) Directive, which came from Britain’s long-standing aid to hill farmers 

(Brassley & Lobley, 2003). Within the LFA, a payment was made to hill farmers, based 

on their hill stock numbers, the Hill and Livestock Compensatory Allowance (HLCA) 

(Leat, 1986). Its aim was not to encourage production in these areas, but to compensate 

farmers in order to ensure the continuation of farming (MacEwen & Sinclair, 1983). It 

was a social rather than a productivity measure. 

 

II.2.2. Introduction of the sheep and goat meat regime  

 

When the UK joined the EEC, there was no common policy regarding 

sheepmeat (Ashworth et al., 2000). After much debate between France, the UK and 

Ireland, the sheep and goat meat regime was introduced in 1980 (Gordon et al., 1993).  

 



 

34 
 

 

It was principally based on the introduction of an annual ewe premium, the Sheep 

Annual Premium (SAP) (Ashworth & Caraveli, 2000; Ashworth et al., 2000). This 

regime was intended to generate increased production in excess of demand to provide 

meat for export (Robinson, 1988). However, it was not until 1992 that all member states 

received the same level of SAP.  

 

 

II.3. Problems with the CAP and the need for reforms 

 

II. 3.1. Surplus and fluctuations in currency values 

  

One of the main initial problems with the CAP was the pressures of surplus, 

particularly for milk, wheat and beef, as actual demand for the commodities was not 

related to price (Holderness, 1985; Riddell & Walker, 2011; Tracy, 1976).  

 

Consequently, adjustments were made in the late 1970s and early 1980s to curb 

production or to increase consumption within the EEC. One of the first attempts (in 

1977) was the introduction of a ‘co-responsibility’ levy on the dairy sector. It was 

intended as a way of getting  producers to share the budgetary consequences of their 

actions, to discourage surplus and generate revenues to dispose of the surplus and 

encourage milk consumption, but it did not have the desired effect (Ackrill, 2000; Tracy, 

1989). A number of other attempts and schemes were also made, as described by Tracy 

(1989), Neville-Rolfe (1990), Ackrill (2000) and Brassley & Lobley (2003). They 

comprised a policy to pay producers not to deliver milk, another to encourage dairy 

producers to switch into beef or sheep production (end of 1970s), a ceiling on 

agricultural spending (1984), the introduction of a stabilizer system, setting a 

production limit beyond which support prices would fall, milk quotas (1984) and, in the 
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arable sector, the establishment of voluntary set-asides (1988). Despite these efforts, 

surplus peaked in 1986-87, and the gap between prices in the EEC and the rest of the 

world further increased. 

 

II.3.2. The “Farm Problem” and structural reform policies 

 

Governments were reluctant to reduce agricultural prices within their own 

country, as prices were viewed as a way to raise and maintain farm incomes 

(Holderness, 1985). Besides, one of the main principles of the CAP was to sustain small 

farms and to protect poorer farmers whose holdings were not viable, by introducing 

such price guarantees.  

 

It was then thought that structural reforms alongside price guarantees would eliminate 

or improve uneconomic holdings, and that in the longer term, the situation would 

balance itself. Such structural reforms were proposed as early as 1968 (‘Mansholt Plan’) 

but it was only in 1972 that three directives for structural reforms were adopted 

(Bowler, 1985; Gardner, 1996; Tracy, 1976, 1989). They provided investment aids for 

farm modernisation, payments to outgoers and promotion of socio-economic 

information and training.  

 

This debate gave the impetus for creating the LFA directive in 1975. The measures 

contained in this directive were important, since they permitted price policy to be 

abandoned as the instrument of income support; direct payments were selective to a 

certain stratum of farmers and could be divorced from production (Bowler, 1985). A 

“regional rural development” dimension would be the next required phase in the 

evolution of the CAP (Bowler, 1985; Tracy, 1989).  
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Other forms of regionally specific grant aid schemes were also established in the late 

1970s, and the Agricultural Structures Policy, adopted in 1985, provided aid for forestry 

development, environmental protection, education and training (Meredith, 1987). 

Specifically, article 19 of EEC regulation 797/85 contained a provision for the 

designation of Environmental Sensitive Areas (ESAs) (Neville-Rolfe, 1990). Fourteen 

such areas were designated in the UK; this regulation was important as it 

acknowledged that EEC funds should be “allocated to environmental protection and that 

agricultural and environmental policies should be linked” (Meredith, 1987). Farm woodlands 

establishments were also initiated in this regulation (Neville-Rolfe, 1990). 

 

In the late 1980s, it became clear that the CAP was failing smaller and marginal farms 

(Brassley & Lobley, 2003) and that the process of artificially supporting farmers became 

self-defeating (Gardner, 1996). In 1991, another aim of the CAP was outlined, stating 

that: 

“Sufficient numbers of farmers must be kept on the land. There is no other way to 

preserve the natural environment, traditional landscapes and a model of agriculture 

based on the family farm as favoured by society generally” (CEC, 1991).  

 

 

II.4. From market to environmental and direct support 

 

II.4.1. MacSharry reforms 

 

In 1992, the agriculture commissioner, Ray MacSharry, proposed a series of 

reforms. The main change was to see farmers as food producers as well as managers of 

the environment. This began the process of “switching the emphasis in the agricultural 

support system from agricultural markets to landholders” (Gardner, 1996). Measures to keep 
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farmers on the land were introduced and support was directed towards direct 

payments, subject to certain levels of livestock numbers.  

 

Substantial cuts in support prices for certain commodities were also put in place 

(Ackrill, 2000; Brassley & Lobley, 2003). Sheep quotas were introduced in 1993, with 

regulation limiting trade into ring-fenced zones, generally LFA and non-LFA 

(Ashworth & Caraveli, 2000).  

 

Other measures concerning environmental management of the land and afforestation 

were proposed (Brassley & Lobley, 2003). Under such measures, Member States were 

required to draw up zonal programmes for the application of environmental measures, 

suited to the needs of these areas (Gardner, 1996). In the UK, this Agri-environment 

Regulation enabled farmers to be paid for activities which enhanced the natural 

environment (Fay, 1998). In particular, these comprised reducing inputs, changing to 

extensive pasture, reducing livestock density and keeping abandoned land in good 

condition. Extensification premium payments were also introduced for beef animals, 

linked with stocking density and number of sheep. These measures were particularly 

important in the LFA areas. ESAs policies continued and the Countryside Stewardship 

Scheme was introduced in 1991, for all areas outside the ESAs (Centre for Rural 

Economics Research et al., 2002).   

 

For the first time, there had been a shift between market support towards more 

environmental and direct support. In particular it focused attention on the 

environmental benefits of the LFA (Dax & Hellegers, 2000). 

 

However, critics called for a more competitive, market-led industry, delivering the 

quality of rural environment desired by the public and promoting the viability of the 

rural economy (Marsh, 1998).  Some also argued that the 1992 policies were more about 
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better financial management of the CAP than about better management of the 

countryside (Gardner, 1996). 

 

II.4.2. Agenda 2000 and its mid-term review in 2003 – a new era in farming policies 

 

On the international scene, the CAP was still seen as too protectionist, with 

support insufficiently decoupled from production (Brassley & Lobley, 2003). 

Additionally, if eastern and central European countries joined the EU, further changes 

would be necessary (Ackrill, 2000; Marsh, 1998). 

In response to these critics, a new policy, the Agenda 2000, was based on the concept of: 

“the multifunctional nature of Europe’s agriculture and the part it plays in the economy 

and the environment, in society and in preserving the landscape, whence the need to 

maintain farming throughout Europe and to safeguard farmers’ incomes” (CEC, 1998). 

 

Agenda 2000 reform divided the CAP into two ‘Pillars’: production support (Pillar I) 

and rural development (Pillar II).  

 “Pillar I” saw market price support of livestock further reduced and area-based 

direct payments rose (Brassley & Lobley, 2003). 

 “Pillar II” introduced a rural development programme.  

 

Under the Rural Development Regulation, all Member States were required to 

implement agri-environmental measures. Some of them came from the 1992 reforms 

but new instruments were added, such as cross-compliance (Schmid et al., 2007). LFA 

payments were one of the core measures of this regulation, which also required to 

“define production methods compatible with environmental objectives and the maintenance of 

natural resources” (Dax & Hellegers, 2000). Greater adaptation within each Member State 

became possible, notably with the introduction of modulation.  
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France and the UK were the first two Member States to adopt such practice, with the 

UK having separate Rural Development Plans for Scotland, Wales and England.  In 

Scotland, it had a strong social focus and special emphasis on the need to maintain farm 

viability (Lowe et al., 2002).  

 

Agenda 2000 was nonetheless criticised as a missed opportunity to transform the CAP 

(Lowe et al., 2002; Sustain and UK Food Group, 2002). When its mid-term review came 

in 2003, the European Commission put forward an ambitious reform package, amidst 

the forthcoming enlargement of the European Union and international trade 

agreements (Osterburg & von Horn, 2006). 

 

II.4.3. Mid-term review – 2003 CAP reform 

 

The reform adopted in 2003 set the framework of EU agricultural policy until 

2013. The key element within Pillar I was the decoupling of direct support, replaced by 

a Single Farm Payment (SFP), which was to be delivered to farmers, irrespective of their 

level of production or animals on the land (Oglethorpe, 2005).  This decoupling was set 

to meet the World Trade Organisation requirements. The SFP was conditional upon 

observing statutory management requirements (SMR) in respect of the environment, 

food safety, animal health and welfare, as well as maintaining the land in Good 

Agricultural and Environmental Condition (GAEC) (Scottish Government, 2008a).  

 

Measures within Pillar II saw the development of a Rural Development Programme 

(RDP) . The measures comprised non-competitive agri-environment schemes as well as 

competitive ones. They replaced all previous agri-environmental schemes, such as the 

ESAs. The main aim was to improve the wider countryside and the rural areas. 

Payments relative to the LFA were to be managed through the RDPs.  
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However, this current phase was only to be a transitory one. The Health Check of the 

CAP was initially proposed in November 2007, with a final draft in May 2008. 

According to the Scottish Government (2008a), the objectives of this check were to 

 “assess the implementation of the 2003 CAP reform and to make necessary adjustments 

to simplify the policy, to grasp new opportunities and to prepare for new challenges”.   

 

The main adjustments concerned a change in cross-compliances, further decoupling 

and an increase in the flexibility and amount of modulation. 

 

 

II. 5. The impacts on hill farming in Scotland 

 

When the UK joined the EU, the principal impact on hill farming had been the 

introduction of the LFA directive. As a result, 53% of the UK area was registered as 

LFA, nearly 65% of which was in Scotland (Robinson, 1988); with the long-standing Hill 

Sheep and Hill Cattle subsidies being replaced by the Hill and Livestock Compensatory 

Allowance (HLCA). 

 

However, the implementation of the LFA directive had been criticised.  Robinson (1988) 

reported that payments had not been sufficiently selective to meet the social objectives, 

and that large farms had benefited disproportionally compared to smaller producers. 

The British government, unlike France for instance, was criticised for focussing too 

much on agricultural production and not enough on the social measures that could 

have been implemented (MacEwen & Sinclair, 1983). 

  

When the sheep and goat meat regime was introduced, it stimulated production, 

resulting in an increase in ewe numbers (Ashworth et al., 2000; Bowler, 1985; Cahn et 

al., 1990). The regime had also encouraged upland and some hill farmers to fatten their 
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lambs, a trend that was assisted by the introduction of modern off-wintering. This 

resulting increase of fat lambs caused a decline of suckler beef herds in some upland 

areas (Robinson, 1988). Although the Suckler Cow Premium was introduced in 1981, to 

increase incomes of specialist beef rearers without increasing those of dairy producers, 

Leat (1986) reported that cow numbers had declined in the hills during that same 

period. When the price stabilizers for sheep were introduced in 1988, the increase in 

sheep numbers slowed down.  

 

In 1990, the regime was further consolidated by the introduction of two regulations; 

one regarding the specialisation of production systems (heavy lamb versus light lamb) 

and the other set to limit the full rate of the premium to 1000 animals per producer in 

the LFA and to 500 animals in the other areas (Ashworth & Caraveli, 2000; Cahn et al., 

1990). Amidst concern that this reduction would be unfavourable to LFA farmers, an 

additional premium was created for hill farmers in 1991. This payment, known as the 

LFA supplement, was based on numbers of animals and limited by flock size, like the 

SAP (Ashworth et al., 2000).  

 

This regime led to increased dependency on support and, since until 1991 support was 

being paid for the ewe and lamb, a tendency for heavier lamb production, more cross-

bred lambs, even on the hills, with an increasing impact on the environment (Ashworth 

& Caraveli, 2000). It also led to an increase in concentrates feeding in the hill areas of 

Scotland (Bowler, 1985).  

 

Sheep quotas and ring-fencing measures from the 1992 reforms slowed down further 

the number of ewes. Sheep farmers were also allowed to claim premium on hoggs. This 

froze the increase of flock size, so a decline in the numbers of ewes, with a concomitant 

increase in their productivity, was observed (Ashworth & Caraveli, 2000). However, in 
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the LFA, this intensification was not always possible, leading to concerns of reduction 

in sheep numbers to a lower level of intensity or even abandonment of sheep farming.  

Gray (2000) argued that these policies not only created overproduction and 

environmental degradation but also a polarisation of income between the larger, 

technologically-based farms and the small family hill farms (that the CAP initially 

wanted to preserve), that led to rural decline. 

 

Although Agenda 2000 had no specific references to the sheep and goat meat regime 

(Ashworth & Caraveli, 2000), it introduced the Rural Development Regulation. The 

Less Favoured Area Support Scheme (LFASS) was introduced in 2001 to replace the 

HLCA. Payments were based on farm area and not on numbers of breeding sheep and 

beef cows (Caskie et al., 2001), leading to a decline in sheep numbers. Moreover, the 

LFASS comprised an environmental component, targeted at supporting a favourable 

balance of cattle to sheep (Morgan-Davies et al., 2006a). Consequently, cattle numbers 

on hill farms tended to increase. 

 

The introduction of the agri-environmental schemes was also meant to have a positive 

impact on the hill farms. In Scotland, 10 ESAs were created and, as alluded to earlier, 

the Scottish Countryside Premium Scheme was then implemented in 1997, to cover all 

areas outside the ESAs (Scottish Office, 1999). The Rural Stewardship Scheme (RSS), 

introduced to cover the whole of Scotland, superseded the Scottish Countryside 

Premium Scheme and became open within Environmentally Sensitive Areas from 2001 

(Scottish Executive, 2006a).  

 

However, all the above schemes were orientated towards limited elements of the hill 

farming system or specific areas of a hill farm (Morgan-Davies et al., 2006a). 

Specifically, the RSS was criticised for not targeting the bulk of the Highlands grazed by 

livestock and for its lack of accessibility of funding for smaller scale management 
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operations (Scottish Executive Social Research, 2003). As a result, the agri-

environmental schemes did not have as much beneficial effects as predicted for the hill 

farming industry. 

 

The 2003 reform implementation had been slightly different according to the regions of 

the UK.  

In Scotland, measures under Pillar I were: 

 a SFP based on historic payments (2000-2002), subject to the statutory 

requirements and cross-compliances (Scottish Executive, 2003a),  

 the participation in a UK wide national reserve (funded from a scale back of 

SFPs) in order to deal with certain situations caused by the switch from the 

coupled to decoupled subsidy regimes, 

 the introduction of a Scottish Beef Calf Scheme, paid for with an annual top-

slicing of 10% from the beef sectors SFPs, and 

 voluntary modulation to fund Pillar II (Scottish Government, 2008a). 

 

The Scottish Rural Development Programme (SRDP) was established under Pillar II 

and comprised a number of delivery mechanisms. The main one was the Rural 

Development Contract, with Land Managers Options (LMO) and Rural Priorities (RP). 

The LMO was a non-competitive scheme available to rural land managers, whilst the 

RP were competitive, designed to address priorities across the Scottish regions; it 

replaced other competitive schemes such as the RSS (SAC, 2009). The SRDP 

encompassed the LFASS, with payments still made on an area basis depending upon 

the type and quality of the land farmed (Rawlence, 2009).  

 

When the 2003 reform was announced, initial predicted impacts had been for a slight 

downward trend in sheep production and a decline in suckler beef outputs (European 

Commission, DG for Agriculture, 2003). For Scotland, it was principally a decline in hill 
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and upland beef production that had been forecasted (SEERAD, 2004). However, since 

then, there have been major concerns in terms of hill farming activity (Franks, 2006; 

SAC Rural Policy Centre, 2008) with, in 2008, reports of great losses in sheep numbers 

in the Scottish hills and uplands (National Farmers Union Scotland, 2008; Royal Society 

of Edinburgh, 2008). Potential land abandonment in the hills was being predicted, as 

seen in other parts of Europe (Strijker, 2005).  

 

The LFASS, which has always been an important source of support for hill farming, 

also saw its future challenged, with a review planned for the period 2010-2013 (Pack, 

2010a; Scottish Government, 2008a).  

 

Finally, the main objectives of the SRDP were to retain viable rural communities. 

However hill farmers have found it difficult to apply for measures under the Rural 

Priorities, partly due to the competitive and collaborative aspects of the application 

process (SAC Consultancy, pers. comm.). 

 

 

II. 6. Conclusion 

 

Since the creation of the EEC and the CAP, policies have evolved to 

accommodate changes in production levels, in agricultural orientations, in world trade 

negotiations and also in Member State numbers. In 1957, the EEC had only 6 Member 

States. In 2012, it had 27. Despite these major changes, the core CAP objectives remain 

to sustain viable rural communities and to provide a decent living to those on the land.  

 

Hill farming has always been sensitive to changes in policies, as reflected in animal 

number trends (Figure 2.4). With the EU having perhaps the biggest impact on 
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agriculture policies in the UK, hill farming is more than ever dependent on the latest 

reforms.  

Additionally, hill farming is not the only land use in the hills and upland land areas of 

Scotland. Other key elements, such as forestry, sporting interests, nature conservation 

and access and recreation, have an impact on hill farming that often leads to conflicts. 

These conflicts are particularly linked to the management of the land. Although some 

conflicts between these activities have existed since the 19th century, tensions have been 

exacerbated in the aftermath of WWII.  The following section summarises the different 

key components of the other hill land uses and outlines the resulting conflicts with hill 

farming. 

 

Figure 2.4. Trends in breeding ewe and beef cow numbers (1970-2008) in Scotland and 

associated support systems (Source: Department of Agriculture and Fisheries for Scotland, 

1971; Scottish Government, 2010a, 2011a, 2012a) 
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III. Other land uses and stakeholders in the hills  

 

III. 1  Introduction 

 

 “at virtually the same time as Walter Scott provides his poetic shortlist of Areas of 

Natural Outstanding Beauty, the peat bog improvers are talking about ‘immense 

deserts’. Delight is one thing, use is quite another […]. In place of the old unity 

constructing nature as static but simultaneously delightful and useful, there is an 

alterable nature and a tension set up between use and delight” (Smout, 2000). 

 

Though Smout refers to the 19th century period, this dichotomy of use and delight 

carried on throughout the 20th century, leading to the development of multiple, often 

conflicting, interests for the hills and uplands of Scotland. This section outlines the 

different key components, other than farming, of the hill areas of Scotland, namely 

sporting interests, forestry, nature conservation, access and recreation, renewable 

energies and carbon management, to understand their evolution and how conflicts 

about land management developed.  

 

 

III.2  Game management and sporting estates 

 

III.2.1. Evolution 

 

Smout (2000) presents a very comprehensive description of the origins and 

development of sporting estates (deer forests and grouse moors) in Scotland. Their 

development occurred in the 19th century, with an increase in accessibility to the 

Highlands due to the railways, and the emergence of a healthy land market in the 
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uplands. In Perthshire and Aberdeenshire, the emphasis was on grouse moor, which 

still carried flocks of sheep. Such development created a substantial shift in the Scottish 

landscape, where sporting estates were used by a small numbers of rich owners, with 

no place for the common herds and flocks (Dickinson, 1991).  

 

At present, sporting estates represent one of the most significant concentration of land 

dedicated to sport in Western Europe (MacMillan et al., 2010), for the pursuit of three 

main species: red grouse, red deer and salmon. Some 250 sporting estates remain in 

Scotland, covering approximately 2 million hectares (MacMillan & Leitch, 2008).  

 

III.2.1. Conflicts with other land uses 

 

These estates have been subjected to different pressures, leading to potential 

conflicts with other land uses. In the 19th century, there were some notable 

confrontations between tenant farmers and the rich estates owners, as reported by Orr 

(2011), over the use of grazing land. However, during and after WWI, sheep and cattle 

were reintroduced for meat production on many of the deer forests, stopping their 

expansion. In 1957, though, 1.1 million hectares were still set aside for deer shooting. 

The creation of the Forestry Commission (see next paragraph) to ensure a secure supply 

of timber, made forestry a competitor to these estates (Orr, 2011). Nowadays their 

management is geared towards game for a more intensive form of hunting and short-

term returns (Dickinson, 1991). This situation, coupled with the quick turn-over of 

estate ownership, may lead to a decrease in well-established management practices 

which require a long-term approach (Dickinson, 1991) and conflicts with recreational 

pursuit and access to the hills will erupt. Indeed, MacMillan et al. (2010) present a list of 

conflicts between sporting estates and other stakeholders, such as 

“[being] accused of stifling local economic development to protect their right to pursue 

game […] conflicts with other land management can also arise with neighbouring 
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farmers and foresters over marauding deer, with conservationists over the illegal 

persecution of raptors and browsing damage to vulnerable and rare natural woodlands”.  

 

The Deer (Scotland) Act 1959 established the Red Deer Commission which had overall 

responsibility for conservation and control of wild red deer in Scotland (MacGregor & 

Stockdale, 1994). Throughout the 1980s, the Commission encouraged estates managers 

to cull deer. However, conflicts started between the conservationists’ perception of too 

many deer and between the landowners’ one of fewer deer undermining traditional 

stalking (Phillip et al., 2009). Pressures due to unsustainable numbers of deer also led to 

conflicts with the surrounding land uses, such as forestry (Smart et al., 2008).  

 

Traditionally, sheep were not banned from deer forests or grouse moors, but their 

numbers were tightly controlled (Smout, 2000). After WWII, far too many sheep were 

kept on moors and deer forests tended to be overstocked (Smout, 2000). Nowadays, 

some sporting estates still have sheep farming in place, mainly to keep their 

gamekeeper fully employed (MacMillan et al., 2010) or to use the sheep as “tick mops” 

(Game and Wildlife Conservancy Trust, 2010). 

 

 

III. 3.  Forestry 

 

Although forestry is the other major land use in Scotland, its importance is 

relatively recent, compared to traditional hill farming or sporting estates. It has 

nonetheless often been in opposition with the other land uses and interests in the hills. 
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III.3.1. Early development and history 

 

Throughout the 18th century, the systematic development of agriculture on the 

low ground reduced the forest areas. On high ground and on the hills, grouse moors 

and deer forests hindered tree expansion. Commercial afforestation started in earnest in 

the 18th and 19th centuries to respond to the needs of British ship building. By the end of 

the 19th century, though, the rate of planting dwindled (Mackay, 1995) so that, after 

WWI, the British government was keen to promote forestry to address timber 

shortages. The Forestry Commission was set up in 1919 (Smout, 2000), through the 

Forestry Act of 1919.  

 

III.3.2. Development of commercial forestry, through government policies 

 

At the outset, uptake of private planting was restricted by taxation regimes and 

by the 1930s agricultural depression. It was mainly concentrated on woodland 

expansion and new planting (Smout, 2000). Plantation rates were still slow after WWII, 

and post-war shortage of land meant that planting was driven ‘up the hill’ on to poorer 

grazings (Davidson & Wibberley, 1977). As a result, by the 1950s, integration with hill 

farming became a priority, with allegations that foresters had “ruined huge areas of 

natural heath, moor and scrub” (Mackay, 1995). Afforestation in the Scottish glens by non-

native species also brought strong criticisms from environmentalists and 

conservationists (Robinson, 2011; Smout, 2000). In response to this, the Forestry 

Commission more firmly reinstated amenity and National Forest Parks within its 

policies. Nonetheless, the 1960s saw an expansion of afforestation, especially at the 

hands of the private sector.  
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III.3.3. Criticisms of forestry and shift in policy orientations 

 

In the 1970s, returns on public money invested in forestry came under scrutiny; 

the Forestry Commission had to review its policy intentions. Forests for amenity and 

recreation purposes became more important (Davidson & Wibberley, 1977). Planting 

species other than conifers, despite their lower economic value, also became more 

accepted. In Scotland though, planting on bare ground in the uplands was still going 

strongly with no regards for species variety or forest design, and the benefits of 

afforestation to rural employment in the hills and uplands were questioned (Mackay, 

1995). A new Forestry Grant Scheme, launched in 1981,  boosted rates of large scale 

planting from investment forestry but remained of little use to struggling hill farmers 

(Mackay, 1995). 

 

In the 1980s, through the European Commission policies, the Forestry Commission 

started to take measures to integrate forestry with agriculture (Mackay, 1995). However 

the combination of agriculture and forestry schemes was not integrated with 

conservation programmes (MacEwen & Sinclair, 1983).   

 

To tackle such criticisms, in 1988, the tax regime was modified to limit the profits made 

by private forest companies (Smout, 2000). In 1990, the Forestry Commission 

underwent restructuring and, in 2003, following the Forestry Devolution Review to 

decentralise forestry policies and management, the Forestry Commission Scotland was 

created. It served as the forestry directorate of the Scottish Government, advising on 

and implementing forestry policy and managing the national forest estate. 
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III.3.4. Towards a better integration with other land uses? 

 

In the early 1990s, the benefits of planting broadleaves were recognised, through 

higher rates of grants. To discourage large scale planting of conifers a Farm Woodland 

Premium Scheme, for farmers to plant trees on farm, was also introduced. Woodland 

regeneration grants were also proposed.  

 

Recognition that farm woodlands could bring benefits was accepted and integration of 

farming and forestry was being advised (Crabtree et al., 1997; McKnight, 1996). Despite 

this, all schemes excluded livestock from woodlands. However, Pollock et al. (2005) 

argued that stock can be grazed in woodlands for landscape or biodiversity purposes, 

provided there is enough forage available to limit browsing impact. The combination of 

land uses with forestry had also recently shown environmental and economic benefits 

(Morgan-Davies et al., 2008; Sibbald et al., 2001). Nevertheless, upland pastoral grazing 

systems and forestry are still seen to be in conflict, and agroforestry is not yet 

recognised in latest forestry orientations.  

 

However, much progress has been made to accommodate other hill land uses. In the 

early 2000s, the environment, amenity, employment and social aspects of forestry were 

mentioned in the Forestry Commission’s corporate plans (Forestry Commission, 2005a; 

Gill et al., 2006). Whilst there are still conflicts between forestry, agriculture and 

sporting uses, policies now take into account the potential of the public recreation and 

demands for access, tourism and biodiversity. New avenues, such as carbon 

sequestration and climate change issues, are also part of the latest forestry policies 

agenda (Forestry Commission, 2008a; Forestry Commission, 2009). Provisions to pilot a 

woodland grazing scheme within the Scottish Forestry Grant Scheme have been made 

(Pollock & Sumsion, 2008); it is now available to farmers under the Scottish Rural 

Development Programme (Scottish Government, 2008b).  
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The Scottish Government set a target increase in woodland cover in Scotland from the 

current 17% to around 25% in 2050 (Forestry Commission, 2009). The Forestry 

Commission aspires to achieve this increase in woodland cover whilst adapting forestry 

practices to help reduce the impact of climate change (Reed et al., 2009). Their intention 

is to increase the proportion of native trees in new plantations and to improve 

integration with other land uses (Humphrey et al., 2006). However, there is some 

controversy in this target as it is still seen to be in conflict with livestock farming, 

particularly in the hills (Towers et al., 2006; Waterhouse et al., 2008). 

 

III.3.5. Other forms of forestry 

 

Other organisations, mainly orientated towards conservation, should also be 

mentioned as players in the forestry and woodland debate. Conservation organisations, 

such as the Woodland Trust, the National Trust, or other local Scottish associations, 

consider forestry and native trees as being important for biodiversity and recreation 

(Woodland Trust Scotland, 2002). Scottish Natural Heritage also advocates benefits 

from woodlands (Scottish Natural Heritage, 2008).  

 

 

III. 4.  Nature conservation and access to the countryside 

 

Despite some early notions in the 19th century that everyone should have the 

right to enjoy the countryside (Smout, 2000), it was really after the WWII that both 

nature conservation and access to the countryside became regulated by the government 

(Mackay, 1995). 
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III. 4.1. The government agencies 

 

In 1949, the Nature Conservancy, which became Nature Conservation Council, 

then Nature Conservation Council for Scotland, was created to promote a network of 

National Nature Reserves (NNR) and Sites of Special Scientific Interests (SSSI). It 

purchased or leased land for NNR and undertook an extensive programme of 

designation of SSSIs. In Scotland, there were 37 NNR, extending over 75,000 hectares 

(Mackay, 1995). The concept of agreements for the management of NNRs was extended 

to SSSIs, under the Countryside Act, 1968 (Sheail et al., 1997). This was further extended 

in 1981, by the Wildlife and Countryside Act, which offered more protection to the 

NNRs and SSSIs network. This Act also made the notification of SSSI, at the hands of 

the Nature Conservancy alone, as a means of habitat protection with legal sanctions 

attached (MacGregor & Stockdale, 1994). However, the NFU secured a provision by 

which compensation had to be offered by the NCC if farming operations were 

restricted by SSSI notification. This led to many conflicts in later years, especially in the 

Highlands, dependant on agriculture and where every change made was deemed 

damaging (Mackay, 1990). SSSIs designations were also seen to hamper efforts to 

economically develop some remote areas, leading to conflicts between ministers, NCC 

and landowners (e.g. Islay developments, Flow countries, Glen Lochay). 

 

In parallel to the issues of nature conservation, access and tourism were also becoming 

topical in government circles and the Countryside Commission for Scotland (CSS) was 

created in 1967. Its responsibility was to both conserve scenic beauty and develop 

recreation and tourism. It supplemented existing bodies, such as the Forestry 

Commission and Nature Conservancy, and got funding from the government (Mackay, 

1995). 
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Early in its establishment, CCS did not find itself in conflict with other land uses and its 

initiatives encompassed a recreation strategy, ranger services, the establishment of long 

distance walking routes and the identification of national scenic areas (NSA) as a basis 

for landscape protection. A list of 40 areas was drawn up, covering 13% of Scotland 

(Mackay, 1990). In the 1980s, CCS had a more interventionist approach on traditional 

land uses, especially on agriculture and forestry in the hills and uplands. Policy aims 

for the uplands were highlighted by the Commission, mentioning special measures to 

assist hill and upland farming (Countryside Commission, 1984).  

 

In 1991, through the Natural Heritage (Scotland) Act 1991, the combined bodies of the 

Scottish end of the NCC (NCCS) and the CCS became the Scottish Natural Heritage 

(SNH), whose aims were that:  

“nature conservation should cease to be a self-contained crusade, wilfully pushing all 

other considerations aside […] and should take its place alongside other interests, 

seeking to understand their point of view and to gain their sympathy – with the aid of 

finance, if necessary” (Mackay, 1995). 

 

III.4.2. Access legislation and the particular case of the National Parks  

 

In 1949, the National Parks and Access to the Countryside Act was passed, 

leading to the implementation of National Parks in England and Wales. However, in 

Scotland, there was a perceived lack of need for national parks. It was argued that the 

low intensity agriculture posed no threat to the environment and, as the population 

was mainly concentrated around Glasgow and Edinburgh, recreational pressure was 

limited (Barker & Stockdale, 2008; Crabtree, 1991). In the Highlands, the powerful 

landowning lobby and the weak amenity and access interest groups, rendered the 

implementation of National Parks difficult (Mackay, 1995).   
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In 1990 however, conflicts between recreation and estate management were growing 

(Countryside Commission for Scotland, 1990). Confrontation with wildlife conservation 

interests resulting from afforestation had also been particularly dramatic (Crabtree, 

1991). Despite these, it was only after Scottish Devolution in 1999 that the National 

Parks (Scotland) Act (2000) was passed (Barker & Stockdale, 2008).  The Loch Lomond 

and the Trossachs National Park was created in 2002, and the Cairngorms National 

Park in 2003. One of the parks’ aims was to provide for the social and economical well-

being of communities, a unique view at the time (Barker & Stockdale, 2008). 

Nonetheless, in case of conflict of interest between aims, the Act specified that priority 

must be given to conservation matters. 

 

In the 1990s, countryside access legislation was also becoming a growing concern in 

Scotland. Organisations, such as the Ramblers Association had campaigned for the 

“right to roam” in the countryside (Ramblers Association, 2009). Consequently, the 

Land Reform (Scotland) Act (2003) was passed, and SNH published the Scottish 

Outdoor Access Code in 2004 which encompassed all areas in Scotland and was not 

confined to the National Parks areas (Scottish Natural Heritage, 2004).  

 

 

III.5.  Renewable energy sources and carbon management 

 

The Climate Change (Scotland) Bill, introduced into the Scottish Parliament in 

2008, set the target of reducing the greenhouse gases (GHG) emissions by 80% by 2050 

(compared with 1990 levels). Additionally, 40% of the electricity produced in Scotland 

must come from renewable energies by 2020 (Scottish Executive, 2006b; Scottish 

Government, 2009b).  
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Whilst in Scotland there is a range of potential sources of renewable energy production, 

such as hydropower, wind, wave, tidal, solar, biomass production, energy from waste 

and landfill gas, and geothermal (Warren & Birnie, 2009), the hill areas, with their 

geography, climate (wind and rainfall) and abundance of lochs and rivers, offer the 

largest part of this potential, especially in terms of hydropower generation and onshore 

wind (Bergmann et al., 2008).  

 

III.5.1. Hydropower 

 

Historically, hydroelectricity was one of the first renewable energies harnessed 

in Scotland with, in 1890, a private hydro installation near Loch Ness becoming the first 

hydro-powered public electricity supply scheme in the UK (Wood, 2004). However, it 

was the need for electricity for industrial use that drove the development of hydro-

schemes in Scotland from the end of the 19th century until the mid-20th century.  A first 

major hydro-electric development was established in 1895 on the south side of Loch 

Ness. A decade later, the Kinlochleven hydro-electric scheme (1905-1909) was 

undertaken (Miller, 2007). In 1921, it was estimated that water power resources of 

Scotland, mostly in the Highlands, could generate 218 MW/year (Miller, 2007). In the 

period between wars, as Wood (2004) and Payne (1988) stated, a flurry of hydro-

schemes was undertaken, for industrial and public supplies, so that in 1938 the 

potential electricity output from these schemes was re-estimated at 229 MW/year.  

 

In 1943, the North of Scotland Hydro Electric Board was founded to provide electricity 

and also to provide rehabilitation of Northern Scotland (Payne, 1988), as many saw 

these developments as a means to bring forward economic activities in these areas. 

From 1944 until 1975, up to 22 projects were undertaken in the hill areas of Scotland 

until electricity production was privatised at the end of the 1980s. In 2000, a hydro-



 

57 
 

 

scheme was built near Ullapool (Wood, 2004). However, the hydropower plant in 

Glendoe, beside Loch Ness and approved in 2005, was likely to be the last large 

conventional hydro-power scheme to be built, as limited amount of large hydro-

schemes are left to be developed in Scotland (Bergmann et al., 2008). In 2004, the 

electricity generated from hydro-schemes and pumped storage (dams) was estimated at 

9.4% of the total electricity generated in Scotland (MacLeod et al., 2006).  

 

III.5.2. Wind power 

 

Wind power is the other major renewable energy production from the hill areas 

in Scotland.  Scotland as a whole has the best onshore and offshore wind resources in 

Europe (Warren & Birnie, 2009), and onshore wind is rapidly overtaking hydropower 

as the renewable technology with the greatest generating capacity. In 2010, it was over 

10% of the total electricity generated in Scotland, compared to 6.5% from the 

hydropower plants (Department of Energy and Climate Change, 2011). Its development 

is relatively recent. In 1995, there were no wind farms in Scotland; in 2008, there were 

59 operational farms, 65 consented to or under construction and 103 in the planning 

process (Warren & Birnie, 2009). In 2003, only 1% of the electricity produced in Scotland 

was from onshore windfarms, compared to over 10% in 2010.  

 

III.5.3. Carbon management 

 

Scotland’s soils are richer in carbon than the rest of the UK so the Scottish 

Government (Scottish Executive, 2006b; Scottish Government, 2009b) advocates 

practices preserving or enhancing this carbon sequestration (or carbon sink). For 

instance, between 1990 and 2003, the amount of carbon removed from the atmosphere 

by Scotland’s carbon sink (including forestry) grew by 20%. This carbon sequestration 
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function is increasingly important in the hill areas, where most of the carbon rich soils, 

grassland and forestry lie. There are calls to offer land managers incentives for positive 

carbon management to mitigate climate change (Warren, 2009). 

 

 

III.6.  Conflicting land uses  

 

III.6.1. Conflicting policies 

 

As early as the 1970s, reviews warned of the different land use policies targeting 

the same areas without clear focus (Davidson & Wibberley, 1977; Mackay, 1995). For 

instance, although the Wildlife and Countryside Act (1981) was passed to allow more 

protection for SSSIs and NNRs, MacEwen & Sinclair (1983) maintain that it did not 

ensure “reconciliation of conflicting agricultural, forestry and conservation policies”.  

 

Warren (2009) also referred to the controversy surrounding the reintroduction of wild 

mammals in Scotland. Propositions to reintroduce wolves, lynx and wild boars 

encountered outspoken opposition in rural areas, notably by estates managers, 

livestock and arable farmers. The recent reintroduction of beavers in Argyll also proved 

highly controversial, with strong opposition from foresters, land-owners and anglers 

(Warren, 2009). Sea-eagle and golden eagle reintroductions potentially created conflicts 

between conservation interests and hill farming (Arts et al., 2012; Scottish Natural 

Heritage, 2007) and sporting interests (Hanley et al., 2010; Madders & Walker, 2002).   

 

The recent access policies (e.g. Scottish Outdoor Access Code, 2004) also created 

contention amongst land users. Not only were farmers concerned over the freedom to 
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roam by the public on the land, but even conservationists raised issues of conflicting 

interests (Warren, 2009).  

 

III.6.2. Conflicts over management 

 

The intensity of management in the hill areas also brought contention. Some 

groups advocated a different sort of management for the hills, with calls for “re-

wilding” (Warren, 2009). The Scottish Wild Land Group, founded in 1982, questioned 

the need for management in some areas of Scotland. They believed that the “defensive 

approach of recreation and conservation has been failing” (Kempe, 2002) and demanded that 

“natural processes” be allowed to take their course. SNH also produced a policy note on 

wildness and wild land and its protection though land use planning (Scottish Natural 

Heritage, 2002) and made recommendations for its management (Wrightham, 2002).  

The John Muir Trust, which owns large tracts of land in the Highlands and Islands 

(20,000 hectares), also strived at protecting wild places (John Muir Trust, 2009). 

However, some critics argued that land abandonment is often mistaken for re-wilding 

and that to think that “re-wilding would lead to an eco-tourism based economy is seriously 

flawed” (Rotherham, 2008).   

 

Conversely, for the past 40-50 years, there had been issues over the density of livestock 

and deer in the hills, leading to overgrazing (Evans, 1997; Thompson et al., 1995). The 

subsidies regime linked to animal numbers was often blamed (Evans, 1997). However, 

in the wake of the 2003 CAP reform and the decoupling of subsidies, the question of 

under-grazing emerged (Holland et al., 2008; Pollock et al., in press). The SMR and the 

GAEC cross-compliance mentioned both overgrazing and undergrazing as detrimental. 

No measures were proposed though, especially on how to measure undergrazing or 
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overgrazing objectively. The implementation of such policy is therefore potentially 

another source of conflict.  

 

III.6.3. Conflicts over development scale 

 

Conflicts between land uses also occurred with large scale development of one 

type of land use. Some of the strongest oppositions arose with forestry plantation (as 

seen previously in this section), but also over energy production.  

 

The earliest large hydro-schemes developments did cause frictions amongst other land 

users or vested interests, such as the coal industry, Highlands landowners and 

sportsmen (Miller, 2007; Payne, 1988). After 1945, hydro-schemes encountered bitter 

criticisms from conservationists, fishing interests and the coal lobby, with issues that it 

would desecrate the Scottish countryside, exterminate salmon, decimate the tourist 

trade, and submerge the grazing of sheep and stags (Payne, 1988). These concerns 

proved, in some cases, justified (e.g. landscape issues), leading nowadays to better 

attempts at regulations and showing greater care for the environment as a matter of 

public concern (Reid et al. 2005). 

 

More recently, large scale wind farms have created some of the highest profile 

environmental issues in Scotland (Warren, 2009), the most notorious being the proposal 

to build 181 turbines on the Isle of Lewis, which was finally rejected in 2008. Some of 

the most voiced concerns were over the effects of turbines on wildlife (especially birds) 

and on peat soils (disturbed during the construction of the turbines). Warren & Birnie 

(2009) argued that opposition to hydro-schemes or wind turbines was stronger when 

the schemes were privately owned, rather than being state owned or controlled. 
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Intrinsically, ownership of land and natural resources is a source of conflict (Bryden, 

2011; Warren, 2009).  

 

III.6.4. Distinctions between lowland and hill areas 

 

Hill and upland land use conflicts are also distinctly different in character from 

those in lowground areas. In the uplands, most of the lands are semi-natural pastures, 

which limit the scope for alternative land uses, compared to the wider opportunities 

found in the more arable and improved lands of the lowlands. Forestry planting on a 

large scale is also more often found in the upland and hill areas, as reviewed earlier, 

where large tracts of land are under one ownership, thus facilitating planning 

application. It is the same for renewable energy production, such as the windfarms. 

Finally, the scale of designated land in the uplands also limits alternatives and may 

exarcerbate conflicts between land uses (e.g. only 1.3% of the Scottish SSSIs are found 

on arable and improved grassland, Scottish Government, 2012b).  

 

III.6.5. Towards reconciliation 

 

Reconciliation between these multiple land uses started to emerge however. The 

rationale for the aims of the Scottish National Parks, which introduced the 

consideration of sustainable development, was quite unique and perhaps reflected a 

shift towards a multi-functional dimension of natural heritage management (Stockdale 

& Barker, 2009). McMorran (2008) also stated that the Cairngorms National Park began 

to deliver a regional approach to policy and development that involved collaboration 

between government agencies and landowners. Warren (2009) reported a move 

towards a multifunctional landscape, with abandonment of single-purpose 
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management. The final Pack Inquiry into future support for agriculture in Scotland 

(Pack, 2010b) strongly emphasised the need to move towards a sustainable agriculture, 

with the combination of food production as its primary purpose, but coupled with 

delivering a range of other benefits to tackle global challenges. In 2011, the Scottish 

Government advocated the use of an ecosystem approach that recognises and sustains 

the benefits provided by the environment whilst delivering other economic and social 

goals (Scottish Government, 2011c). This concept of ecosystem services in agriculture 

has been increasingly debated (Carrere et al., 2012; van Doorn et al., 2006; Metzger et 

al., 2006), particularly for the upland areas (Reed et al., 2009). Such a principle is 

another example of integrating different land use managements.  

 

 

III. 7.  Conclusion 

 

Conflicts are still prevalent, given the multitude of land uses and views 

regarding the hills. It is difficult for policy-makers and governments to decide which 

priorities to satisfy, as well as taking into consideration emerging policies and new 

requirements. For instance, water management, the generation of renewable energy 

and, most recently, carbon management are now at the forefront of governmental 

agendas (Scottish Executive, 2006b; Scottish Government, 2009b; Scottish Government, 

2011d). Where will hill farming policies fit amidst all the plethora of Acts, which 

organise and regulate government agencies and the various industries involved (Figure 

2.5)?  

 

With the latest European Reforms, increased regulations, increased public demands 

and a shift in agricultural and environmental priorities, it is becoming vitally important 

to ask what we (collectively) want from these areas and what sort of land use policy 
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should be developed by government to reconcile these differing views. The recent Land 

Use Strategy for Scotland (Scottish Government, 2011d) is the first of its kind in Europe 

to set a long term vision and inquire what the land can deliver. Opportunities for 

delivering multiple benefits and integration are strongly promoted, as is better 

involvement of stakeholders.  Whilst this is a very positive step, as it is the first time 

that the breadth of land uses, priorities and interests has been formally recognised, the 

question of its practical application, such as setting the priorities, is still a crucial one 

(Warren, 2009).  

 

All land uses in the hills of Scotland have their own merits, and whilst trying to 

reconcile these interests is laudable, there is “no society-wide consensus about the ultimate 

goal that we should be aiming for, or the best way to getting there” (Warren, 2009). Conflicts 

should nonetheless be recognised and understood, before any form of consensus 

between hill farming issues and the other hill land use priorities can be achieved.  
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Figure 2.5. Different interests and land uses in the hill and upland areas of Scotland 
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CHAPTER THREE 

REVIEW OF METHODOLOGIES 
 

 

 

The previous chapter was a literature review on the evolution of hill farming in 

Scotland throughout history, but also on how this industry has been influenced by 

external policies and reforms, in particular those coming from the EU Common 

Agricultural Policy. Chapter 2  also presented the other hill land uses, either as 

alternatives or coexisting with hill farming, such as forestry, sporting, tourism, 

recreation, nature conservation, and more recently, renewable energy generation linked 

to the policy drive to combat climate change. These coexistences have been tumultuous 

and many conflicts have erupted. To reconcile the differing interests highlighted 

previously, policy priorities need to acknowledge the multi-faceted character of hill 

land use.  

 

This chapter presents a review of: 

1. methods that can be used to explore land use conflicts and to assess policy 

priorities and preferences for the hills,  

2. methods to assess how recent policies have affected hill farming and hill 

farmers’ choices,  

3. models and modelling approaches that could be applied to farming system 

studies, to explore potential future options that may be available to hill 

farmers following policy priority changes.   

 

The methods chosen in the context of this thesis are subsequently presented. 
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I. Exploring conflicting land uses and policies  

 

Given the spread of policies, orientations, objectives and specific challenges for 

the hill areas in Scotland, it is legitimate to ask if it is possible to satisfy the views of 

everyone. One of the first difficulties lies in determining the appropriate method to use 

in order to elicit people’s preferences for these different land use functions or for policy 

priorities.  

 

I.1. Introduction 

 

Governments tend to consult the public on future policies or decisions 

(Appendix I). For instance, in 1997, the Land Reform consultation drew more than 350 

responses, from a wide range of groups and individuals. Some had a direct interest on 

land matters, but equally there were significant numbers of responses from individuals, 

many of whom had personal experience of the issues raised. The overall breakdown of 

the responses encompassed public bodies, local authorities, community councils, 

political parties, non-governmental organisations, professional or representative bodies, 

land owners, land agents, farmers, crofters and individuals (Scottish Office, 1998), all of 

whom had a ‘stake’ in these matters. Many representative bodies (e.g. the NFU) also 

held their own consultation process to provide considered views. More recently, a 

consultation on a strategic review of the National Parks in Scotland elicited 55 

responses, where only 14 of those were individuals (Scottish Government Social 

Research, 2009). The Inquiry into the Future of Support for Agriculture in Scotland also 

drew out 105 responses, but only 58 of those were individuals (Pack, 2010b). 

 

Expertise does not need to be academic or formally recognised by qualifications, 

and personal experience is also very valuable. However, at present, consultation is 
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often dominated by single issue groups and not by the general public. Issues and 

interests are not transparent enough to truly get a wide opinion. Relying solely on 

public sector groups, non-government agencies or academic wisdom to define and 

propose potential priorities for managing the hill areas of Scotland might be 

detrimental. A more rounded approach involving a varied consultation base is 

necessary to obtain a holistic vision of what the hills should deliver. 

 

Key player or stakeholder consultation in a broad sense, i.e., asking stakeholders’ views 

or opinions, regardless of the methods, is one way to obtain such a holistic vision 

(Walker, 2001). Similarly, Soliva et al. (2008) state that  

“research that takes into account the views of local stakeholders has the potential to give 

a voice to those who are directly affected by political and administrative decisions, and 

whose daily actions shape and maintain mountain areas”.  

 

Patel et al. (2007) recommend including  

“actors not normally considered as ‘experts’ but who possess equally valid and valuable 

knowledge and perspectives of the realities of the problems affecting their regions”.  

 

 

I.2. Methods to elicit stakeholders’ views and preferences 

 

I.2.1. Quantitative data: Use of questionnaires, surveys and census 

 

Questionnaires and surveys are techniques that have been used extensively to 

elicit people’s views (Hall et al., 2004). They form the basis of many participatory 

approaches and allow the targeting of a wide audience. Recently, many research 

projects on land use and farming have used such techniques. 
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For instance, a survey of farmers’ intentions in England regarding the impacts of the 

Common Agricultural Policy was undertaken for Defra by ADAS (2007), in the context 

of an annual survey of farmers’ opinions (‘Farmers’ Voice’). In 2009, Defra launched a 

farming practices survey targeted specifically at English farmers in the uplands and 

LFA. More than 2000 holdings were sampled (Defra, 2009). Similarly, IEEP et al. (2004) 

used extensive surveys and case studies to report to Defra on the impacts of hill 

farming in England on the economic, environmental and social sustainability of the 

uplands.  

 

Most of the information for government databases is also collected using surveys and 

censuses (e.g. Scottish annual Agricultural Census, which has been collected annually 

since the mid-nineteenth century (National Archives, 2011)). Such methods are useful to 

collect large volumes of data, covering a wide range of topics, from a wide respondent’s 

base (Morgan, 1996). Given that there is no interaction between the respondents and the 

researcher, questions need to be clear, well enunciated, with no equivocal 

interpretation. Closed questions are preferred to open ones, to avoid bias or 

misinterpretation from the respondent (Fowler, 2009). Simplicity is the key, to avoid 

inaccuracy of responses, or lack of responses.  

 

However, as stated by MacMillan et al. (2002), whilst individual survey questionnaires 

“provide quantitative data on attitudes and behaviour […], they provide little in the way of in-

depth information on context, values and perceptions”.   
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I.2.2. Qualitative data 

 

I.2.2.1. Focus groups and related participatory approaches 

 

Focus groups are a useful technique to elicit information from people who are 

‘experts’ in their fields (for instance, farmers), with a high involvement with the topics 

studied (Krueger, 1998; Morgan, 1998). They do not require a large number of 

participants (Morgan, 1998), and have been used extensively for land use and farming 

topics (Holland et al., 2011; Jokinen et al., 2012; Morgan-Davies et al., 2006a, 2006b, 

2008; Oudshoorn et al., 2008; Phythian et al., 2011), often at a European level (Padel, 

2008; Verbeke et al., 2010). However, the facilitator running the focus groups needs to 

be skilled in leading discussions and avoiding bias. Such methods are often used as a 

starting point, or as a part of other techniques.  

 

Morgan (1996) has carried out an extensive review on the use of focus groups, in 

particular comparing such technique with surveys. Whilst surveys cover more topics 

and are useful for eliciting yes/no answers, they are limiting when sensitive topics are 

approached. He notes the trade-off between the depth that focus groups provide and 

the breadth that surveys offer.  

 

Another technique, which is an extension of focus groups, but with quantitative 

aspects, is the Q methodology. This technique analyses subjectivity (Brodt et al., 2006), 

and provides a useful investigational approach with a level of sophistication beyond 

standard structured survey methods (Davies & Hodge, 2007). Q methodology has been 

used to investigate perceptions and attitudes of a specific group towards a particular 

topic, such as farmers’ goals (Fairweather & Keating, 1994; Walter, 1997), farmers’ 

management styles (Brodt et al., 2006), farmers’ environmental management 

approaches (Davies & Hodge, 2007), and farmers’ attitudes towards GM crops (Hall, 
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2008). It has also been used to interpret conflicts over habitat management (Visser et al., 

2007). Whilst it is designed to minimise the interference of researcher bias (Brodt et al., 

2006), the process can be lengthy and requires a number of focus groups or workshops, 

which can be time-consuming; it also relies on the availability of the target audience. In 

the case of farmers or land managers, this can be a problem. 

 

I.2.2.2. Monetary valuation methods 

 

In government and policy circles, one method used extensively is the cost-

effectiveness analysis.  The technique is strictly based on market values, and costs of 

alternative ways of providing similar kinds of output are compared.  

When non-marketed outputs need to be included, for instance for 

environmental problems and management (Hanley & Spash, 1993), cost-benefit 

analysis (CBA) can be used. These non-marketed outputs are explicitly valued in 

monetary terms, defined as the ‘willingness to pay’ (WTP). However, whilst CBA is 

being widely used, its influence on policy making is questionable, mainly due to the 

validity of its benefits transfer and its cost (Pearce, 1998). The relevant data to establish 

these money values may not be readily available or might be too expensive to collect 

(Communities and local government, 2009). Moreover, if the concept to measure is 

poorly understood by respondents, then CBA should not be used (Spash & Hanley, 

1995). The debate over the use and merits of CBA still remains (Turner, 2007). 

 

As an alternative to the CBA, contingent valuation (CV) methods and choice 

experiment (CE) can also be used (Hall et al., 2004). Christie et al. (2006) report on the 

benefits of using both techniques together, to study the economic valuation of 

biodiversity.  Hanley (1989) defines contingent valuation (CV) as a method to  
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“place a figure on the benefits people derive from consuming a public good by directly 

questioning a sample of consumers in order to obtain their maximum ‘willingness to 

pay’ (WTP) to have the goods, or minimum compensation sum to go without it.”  

 

Hypothetical scenarios are developed, in which specific features are valued. The 

content of a scenario is defined after focus groups and survey pre-tests. In the CE 

approach, respondents are asked to rank a number of treatments, rather than choosing 

one. Hanley et al. (1998) compare both techniques to estimate the benefits of 

Environmentally Sensitive Areas in Scotland, and find that both methods offer rather 

different insights for the policy researcher, with CV best suited to valuing an overall 

policy package, and CE to individual characteristics that make up a policy. Whilst the 

valuation of such individual characteristics is extremely useful, the requirement for 

respondents to choose between complex, multi-attribute scenarios may be confusing 

and limiting (Hall et al., 2004). Other techniques, which would offer respondents a 

more direct choice between individual policy areas or policy options (Moran et al., 

2004), without cognitive barriers (Hall et al., 2004), or any monetary preferences, may 

be more appropriate.  

 

I.3.2.3. Non-monetary preferences 

 

Multi-criteria analysis (MCA) is used to compare impacts in ways which do not 

involve applying explicit monetary values. There are different types of MCA, but the 

fundamental principle is to identify options, criteria, and the performance or 

consequence of each option against each criterion. It is generally carried out using a 

performance matrix, which is converted into consistent numerical values, using scoring 

(on a preference scale) and weightings. A final simple weighted average of scores is 

derived and used to identify a single most preferred option, or to rank options 

(Communities and local government, 2009). Multi-criteria decision analysis is an 
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extension of MCA that uses software to calculate overall weighted scores. It is used for 

an overall ordering of options, from the most preferred to the least preferred.  

 

The analytic hierarchy process is a variant of MCA and is based on pair-wise 

comparison judgements on each criterion and sub-criterion (or sub-goals) (Mawapanga 

& Debertin, 1996; Pažek et al., 2010). This technique improves the understanding of 

how respondents trade-off non-quantifiable attributes or attributes that may exhibit 

only subtle differences (Moran et al., 2004). However, it is time consuming (Hall et al., 

2004), as it requires preparatory interviews to select the stakeholders and understand 

the decision context, followed by workshops or focus groups to define the options and 

the criteria, with a final round of interviews or focus groups to weigh and evaluate 

alternative options (Antunes et al., 2011). Whilst this is a thorough method, time 

constraints and availability of key players or stakeholders can be limiting factors.  

 

I.2.2.4. Conjoint Analysis and Adaptive Conjoint Analysis  

 

Whilst an analytic hierarchy process makes subtle trade-offs in non-quantifiable 

attributes, a conjoint analysis enables respondents to make trade-offs over quantifiable 

levels or costs (Duke & All-Hyde, 2002).  

 

Conjoint Analysis is a method that portrays consumers’ or stakeholders’ decisions 

realistically as trade-offs among multi-attribute products or services (Huber, 1987). This 

technique is used to understand how respondents develop preferences, and is based on 

the simple premise that consumers evaluate the value of a product/service/idea (real or 

hypothetical) by combining the separate amounts of value provided by each attribute of 

this product/service/idea (Hair et al., 1998).  

One of the extensions of the technique is the Adaptive Conjoint Analysis (ACA). Müller 

& Schmitz (2002) and Hillert et al. (2004) use this technique to measure preferences for 
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landscape functions in Germany. The term ‘adaptive’ refers to the fact that this 

computer-administered interview is customised for each respondent; at each step, 

previous answers are used to decide which question to ask next, to obtain the most 

information about the respondent's preferences (Sawtooth Software Inc., 2005). The two 

main advantages of such methods are that a computer-interactive interview can be 

designed and administered easily, and that preferences for new or modified products 

can be simulated, to explore ‘what if’ scenarios.  

 

 

I.3. Conclusion 

 

There are many potential methods to elicit stakeholders’ preferences for land uses in 

the hills, each with their own merits and shortfalls, and those chosen for this thesis will 

be presented later on in this chapter.  

.Another aspect is, however, to assess impacts of policies and of changes, on such 

diverse hill systems. This is presented in the next section. 
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II. Assessing the effects of policies in the hills 

 

II. 1. Policies evaluation practices 

 

II.1.1. European policies evaluation 

 

At the EU level, it is common practice to evaluate policy measures, to determine 

their effectiveness, efficiency and relevance. The ‘Common Evaluation and Monitoring 

Framework’ proposed for policy and legislation evaluation uses questions, specific 

criteria to answer the question, and indicators. Questions can be forward looking (ex 

ante) or retrospective (ex post). In any evaluation the questions, list of indicators and 

measurements must be defined. Specific tasks or phases must be carried out: 

structuring, collecting data, analysis and judging. Often, a mid-term evaluation then an 

ex post evaluation is required (European Commission, 2004).  

 

At the Member State’s level, policy evaluation has also grown in usage but the main 

difficulty remains in “the inconsistencies in the commitment and approach to evaluation 

between countries and regions” (Bachtler & Michie, 1995).  

 

II.1.2. UK and Scottish land use policies evaluation 

 

At these levels, policy evaluation is generally carried out through commissioned 

research (e.g. mid-term evaluation for the Scottish Rural Development Programme by 

Cook et al., 2011; report on CAP Pillar I Areas Payments, Buchan et al., 2010), or 

through wider consultation, as detailed in the previous section.   
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The government can also commission specific inquiries on a given topic. For instance, 

the Pack Inquiry was launched in 2009 by the Scottish Government to investigate the 

future of support for agriculture and rural development in Scotland, and to provide 

advice for future policy developments (Pack, 2010b). Scottish Parliamentary 

Committees can also conduct inquiries. For example, in 2010, the Scottish Parliament 

Rural Affairs, Climate Change and Environment Committee conducted an inquiry into 

the future of agricultural support in Scotland, to which research organisations, NGOs, 

stakeholders and individuals responded (Scottish Parliament, 2012). Likewise, an 

inquiry into the future of Scotland’s Hills and Islands was also conducted in 2010 

(Scottish Parliament, 2012). 

 

These evaluations at government and EU level are clearly designed for a policy practice 

end, and suggest that policy impacts matter to those developing them. There is 

openness in such processes, with an apparent wish to consult with involved 

stakeholders. However, most often, these stay at the industry sector, regional or 

country levels, and perhaps do not always reflect the impacts at local or farm levels. 

 

 

II.2. Methods to assess policies’ impacts at the farm level 

 

II.2.1. Governments’ farm classification methods and their limits 

 

Agriculture census data are a means to report on farming activities both at EU 

and country levels. For instance, at European level, one of the uses of the Farm 

Accounting Data Network (FADN) is to report on EU farming activity (European 

Commission, 2010). In the UK, a farm classification system exists, based on the EU 

system, where a holding is classified into nine robust types (Defra, 2011a). In Scotland, 
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agriculture census data is reported using these nine types which are disaggregated by 

region (North West, North East, South West and South East), and, within each region, 

by groupings of local authorities areas. Data are also published by LFA and non-LFA.  

 

To investigate the impacts of policies on these farm types their legitimacy, in terms of 

describing the diversity of farming activities, must be assured. Some authors (e.g. 

Jenkins, 1990) question this classification, arguing that “its appropriateness for use in the 

analysis of farm-level situation is uncertain”. Gibon et al. (1999) also stress its lack of 

“sufficient information for sustainable livestock development purposes”. This is partly why the 

construction of livestock farm typologies is becoming increasingly prevalent. 

Typologies are also a unique way of representing and understanding the diversity of 

farms (Duvernoy, 2000; Milán et al., 2003).  

 

Farmers’ views, attitudes and goals also play an important role in the day to day 

management or development of their business (Brodt et al., 2006; Fairweather & 

Keating, 1994) and it is essential to recognise this. Girard et al. (2008), in the French 

Pyrenees, equally highlight the importance of  

“characterising the diversity of farming practices and analysing the reasons why 

farmers do what they do”.  

 

II.2.2. Merits of a typology approach 

 

In-depth studies to investigate changes in farming practices and animal 

numbers at farm level can be beneficial. Local knowledge is invaluable and sometimes 

there are more advantages in considering smaller local groupings than using wider 

ones. For instance, in Spain, Milán et al. (2003) have conducted surveys with 52 sheep 

farmers to understand the situation of their farms and the effects of agricultural 

policies. Gaspar et al. (2008) studied farm management rationalisation following the 
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2003 CAP reform on 46 Spanish dehesa sheep farms, using on-site interviews. In these 

two studies, the authors use typologies or categorisation techniques. Although each 

farm has its unique set of resources and problems, classifying them into simpler 

groupings enables policy solutions to be considered somewhere between individual 

farm and whole industry levels, and increases the general applicability of any policy 

recommendation (Köbrich et al., 2003).  

 

Typologies are based on multivariate analysis methods, most often Principal 

Component Analysis (PCA), followed by clustering. These techniques depend on 

sample size and the types of variable available. When data are numerical or continuous, 

PCA is the method of preference. If the data cannot be measured directly, or if the data 

are categorical, then a factorial analysis or a Principal Coordinate Analysis (PCO) can 

be used. 

 

Such analysis allows for the reduction in the dimensionality of a data set. A set of (p) 

variables is replaced by a smaller number (r) of new variables, called the principal 

components (or dimensions), in such a way that nearly all the information in the 

original variables is retained in the new ones. The coordinates of the samples on this 

new dimension are called the scores. Once the dimensions have been interpreted, 

Cluster Analysis can be carried out on the scores of the dimensions which explain most 

of the variation, to group the samples on these particular variables (McNicol & Hirst, 

2004).  

 

Riedel et al. (2007) use such a technique in a study of Spanish sheep farms, as do 

Rehman et al. (2008) to establish a behavioural typology of English farmers in response 

to reforms. Gorton et al. (2008) compare farmers’ attitudes to the 2003 reform at 

European level. Milán et al. (2006) follow a slightly different approach to create a 

typology of beef farms in the Spanish dehesas. Since a large proportion of their data 
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was qualitative, they used Multiple Correspondence Analysis, transforming the 

quantitative variables into classes, before carrying out a hierarchical cluster analysis. 

Finally, Rapey et al. (2001) have studied silvo-pastoral practices in the French Massif 

Central using a combination of principal component and common factor analysis, using 

categorical and numerical variables.  

 

A summary of these techniques as used by various authors in the context of farming is 

presented in Appendix I. 

 

 

II.3. Conclusion 

 

Although a variety of methods exist to assess the impacts of policies on diverse 

hill systems, they vary according to their end-users. Evaluating the impacts of a policy 

on an industry sector requires techniques to understand how a particular group of 

farms is being affected by that policy. Methods such as farm typologies, and their 

associated statistical analyses, are therefore potentially useful tools for use in this thesis, 

as presented later on in this chapter.  

 

The question remains: is it possible to pre-empt, forecast or model the impacts of 

potential policies, as defined by relevant stakeholders, at a meaningful farm level? The 

next section of this chapter presents relevant techniques that can be applied to answer 

such a question. 
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III. Modelling farming systems 

 

Identifying the impacts of policy changes or of new policies on hill farming 

systems is important, as they can vary from one farm type to another or from one 

region to another. Furthermore, understanding how future policies or scenarios could 

affect hill farming systems is equally important, as potential problems or opportunities 

can be explored in advance of the situation potentially arising. This type of exploration 

can be achieved using a modelling approach.  

 

This section presents the benefits of mathematical modelling and reviews the different 

types of models that have been used and developed for livestock farming, particularly 

hill farming.  

 

III.1. Why use mathematical modelling in the context of farming? 

 

In a particular livestock farming system, livestock performance can be 

described, vegetation or soil characteristics can be defined, and farmers’ views on 

husbandry can be detailed or explained. However, as HFRO (1979) argue,  

“a full understanding of a system cannot be obtained solely by studies of its components 

in isolation […] and how the parts relate to each other and of how the system relates to its 

environment and to other systems must be taken into account”.  

 

Using mathematical modelling at the farming system level is a way of synthesising all 

this information.  

 

To understand the effects of alternative management strategies or of different measures 

on a particular farming system, field studies and experiments need to be carried out. As 

extensive or hill farming systems are complex, they would require, by their nature, 
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large scale experiments that are costly and not time effective. Consequently, 

mathematical modelling has been developed and increasingly used since the 1980s and 

1990s (e.g. Gordon & Hutchings, 1993; Graham et al., 1976; Milne & Sibbald, 1998).  

 

 

III.2. Review of existing farm system models 

 

There have been several reviews of agricultural models (Janssen & van Ittersum, 

2007; Payraudeau & van der Werf, 2005; Ruben et al., 1998). However, Brown (2000) 

interestingly refers to a continuum of models, with  

“at one extreme […] are those that are primarily biological process models to which an 

economic analysis component has been added. At the other are the economic 

optimisation models which include various bio-physical components as activities among 

the various choices for optimisation”.  

 

Following this approach, predictive biological models are reviewed in this section of 

the chapter, followed by those using economic optimisation. 

  

III.2.1. Predictive models 

 

Models adapted to grazing conditions and designed to simulate grazing 

systems for ruminants on pasture or on hills can be categorised by two different types 

of predictive models, either based at a single component level (animal or vegetation) or 

at a whole farm level.  
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III.2.1.1. Single component/biological process 

 

Models based on an animal component and/or on a vegetation component, 

generally predict intake of energy and protein by the animal from the vegetation. 

Energy and protein balances are consequently used for simulating production, 

maintenance and performance.  

 

Graham et al. (1976) simulated sheep growth and production by predicting daily 

energy and nitrogen utilisation by sheep. Sibbald et al. (1979) reported on a model of 

herbage intake by hill sheep, to determine weekly intake and herbage digestibilities, as 

well as animal performance through bodyweight changes; only one vegetation type 

was described. Finlayson et al. (1995) also described a model for predicting sheep 

production and performance in New Zealand, based on the level of feed intake and diet 

selection. Hutchings (1997) looked specifically at the use of energy during sheep 

pregnancy. France et al. (1982) detailed a simple binary model for calculating rations for 

ewes, using metabolisable energy and crude protein requirements. Freer et al. (1997) 

also described a model simulating grazing systems for ruminants (sheep and cattle) on 

pasture in Australia that predicts vegetation intake, weight gain and production of 

wool or milk, as part of a bigger grazing model (GRAZPLAN).  

 

Most of these models use the Agricultural and Food Research Council nutrition 

requirements system (AFRC, 1993), based on metabolisable energy (MJ/day) and 

metabolisable protein (g/day) requirements, rather than, for example, the French 

nutrition system, which uses Feed Units, based on the net energy (NE) content of 

feedstuff, and not the digestible organic matter (Jarrige, 1990).  
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These models are based on physiological equations that provide better frameworks for 

planning and interpretation of research in nutritional physiology, as well as to explore 

alternative management options. 

 

Armstrong et al. (1997a, b) have created one of the first models to synthesise available 

information on hill grazing systems in the UK into a simulation model. They predict 

both seasonal food resource available to herbivores from vegetation commonly found 

in the hill areas of the UK, as well as seasonal changes in the quantity and digestibility 

of offtake by sheep, using an algorithm based on bite size and bite weight. Sibbald et al. 

(1987) previously described a model of Calluna moorland grazing systems; however, it 

did not have a seasonal component as does Armstrong’s. Blackburn & Kothmann (1991) 

use similar principles to Armstrong et al. (1997a), but do not incorporate bite size and 

bite weight.  

 

These models do not predict animal productivity or performance, since they are 

focused on diet selection and grazing processes. They are deterministic, as they use 

equations and empirical relationships between components to describe a process.  

 

III.2.1.2. Whole farm models 

 

Whole farm level models introduce a farm management aspect to a biological 

process (e.g., vegetation production, intake, diet selection). Milne & Sibbald (1998) 

described a model that used Amstrong et al.’s (1997a, b) processes and added the use of 

fields and hectares of land, as well as cattle and sheep production aspects (HILLPLAN). 

However, because of its size and complexity, this fully integrated model was never 

completed. 
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Other models also introduce economic elements. Very often, it is simple profitability, 

income or gross margin that is introduced. For instance, Cacho et al., (1995) expanded 

on Finlayson et al.’s (1995) work to create a whole farm approach. Moore et al. (1997) 

used an animal module (described by Freer et al., 1997) and a grass module to analyse 

simplified grazing systems in terms of pasture, animal production and gross margins.  

 

Whilst all of the models above are deterministic, other farm level models use a 

stochastic approach, describing a biological process by introducing random numbers to 

equations to allow variation in accordance with known statistical properties. Edelsten & 

Newton (1977), in their lowland sheep model, introduced probability distributions at 

the onset of their modelling using a population of sheep, with each animal behaving 

differently. Werth et al. (1991) proposed a stochastic approach for their beef 

reproduction model and a deterministic approach for cow-herd economic simulations. 

Villalba et al. (2006) use a stochastic approach in their simulation of mountain beef 

cattle systems. Conington et al. (2004) integrated results from Armstrong et al.’s (1997a, 

b) model into a whole-farm model to derive economic values for production traits of 

pasture-based sheep systems, using a stochastic approach to describe the flock 

structure.  

 

These predictive models are mainly descriptive, increasingly complex at the whole 

farm level and time-consuming to build, requiring specialist programming skills. They 

do not, in their nature, find a best solution or an optimised solution. 
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III.2.2. Optimisation models or Linear Programming 

 

Managing a farm can be difficult, especially to decide on the best mix of 

enterprises and management practices. Pannell (1996) argued that although whole-farm 

level decision making is complex, one way for non-farmers to assess implications of any 

change to the farming systems is by using whole-farm computer models.  Simulation 

models (as seen in the previous paragraph) are one method, whilst optimisation models 

are another. Optimisation models consist of  

“solving problems of maximisation (or minimisation) of a linear mathematical function 

(the objective function) subordinated to a certain number of constraints, which are also 

linear”(Louhini et al., 2004). 

 

Linear programming (LP) is the foundation of a set of practical optimisation techniques 

(Barnard & Nix, 1979; Dent et al., 1986; Smith et al., 2002). This technique is therefore 

very useful in linear planning, to determine a combination of enterprises that maximise 

the net returns to a particular set of fixed or scarce resources. It is also useful to help in 

the estimation of on-farm benefits, even if it is not used widely by farmers themselves. 

For instance, Pannell (1999) argued that the attraction of a detailed whole-farm LP 

model when looking (for instance) at increased production and decreased production 

costs, is that it avoids having to make simplistic and inaccurate assumptions about 

supply curves, by directly “representing the constraints, differences in resources qualities, 

technical relationships, alternative enterprises and their bio-physical interactions”. He also 

stated that without a whole-farm LP model, it would be difficult to estimate any 

impacts of the change in surplus for the product in question. Likewise, Pannell (1999) 

also implied that using a whole-farm LP model can be very useful to correctly estimate 

the economic implications of the impacts of increased product sale price. The author 

nonetheless recognised some of the limitations of LP, a point often quoted being “based 

on a set of assumptions that affect the capacity of the technique to represent some problems”. 

However, both Pannell (1997a; 1999) and Dent et al. (1986) noted that  
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“their significance as limitations has often been exaggerated, and that the limitations 

imposed by the assumptions of linear programming are more perceived than real […] and that 

benefits often do outweigh the costs.” 

 

Linear programming can be applied to a wide range of farming systems, provided it 

has the following characteristics (Dent et al., 1986): 

1) a range of activities is possible, 

2) various constraints prevent free selection from the range of activities, 

3) a rational choice of combination of activity levels is related to some measure of 

the farmer’s utility (for example: profit) associated with each of the activities,  

4) there is an objective which can be quantified (generally, profit).  

 

It is assumed that a farming system and its associated activities can be defined as a set 

of equations, provided they are related to each other linearly.  

In the literature, farming systems and their respective activities and farm parameters 

have been obtained or defined using different methods.  

 

III. 2 2.1. Definition of the farming system to study 

 

a) Typologies 

Some authors define a farming system using typologies based on farm surveys, 

to obtain representative farm types. Acs et al. (2010), for instance, have carried out 

surveys with farmers in the Peak District, and subsequently derive and use six farm 

types in an LP based on sheep, cattle or dairy production. García-Martinez et al. (2011) 

used a similar approach, with a typology of 71 mountain cattle farms, grouped into six 

representative farms.  
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Typologies can also be based on census data, or existing datasets. Oñate et al. (2007) use 

a 2002 CAP subsidies applications database in Spain, combined with land use 

information and farm size, to subsequently derive 25 representative farm types.  Júdez 

et al. (1996) used a similar approach to study the effects of the CAP on Spanish cereal 

farms.  

 

b) Typical farm 

A ‘typical’ farm or a series of typical farms can also be used. Veysset et al. 

(2005), in France, choose to model two types of farm – a mixed crop farm and a beef 

cattle farm, and parameterised their LP model, using data from a performance dataset 

of 90 cattle farms over 20 years. Crosson et al. (2006), who explored alternative 

management strategies for Irish beef systems, used a ‘typical’ beef farm, with 

parameters from recent Irish studies for the area and this type of farm. Kopke et al. 

(2008) used a representative sheep farm to examine profitability and environmental 

impacts of different sheep systems in Australia. In a review carried out by Reading 

University (Rehman, 2006), looking specifically at agricultural policy models in the UK, 

five of the six models identified used LPs with a representative farm or an aggregate 

single farm.  

 

III.2.2.2. Simulation scenarios 

 

Once a representative type or set of typical farms is constructed, simulation 

scenarios can be implemented. For instance, Crosson et al. (2006) looked at different 

prices and alternative forages for beef systems. Some scenarios also allow investigating 

environmental impact of changing the farming systems (Crosson et al., 2007). The most 

frequent farming systems simulation scenarios relate to policy changes, specifically the 
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CAP (Acs et al., 2010; García-Martinez et al., 2011; Oñate et al., 2007; Pacini et al., 2004; 

Veysset et al., 2005).  

 

III.2.2.3. Extensions to the classic LP process and other techniques employed 

 

a) Goal programming: 

Linear programming techniques give the same weight to all activities. They 

optimise a single goal, most often profit maximisation. To incorporate other non 

economic aspects, such as environmental and societal ones, goal programming can be 

used (Fleskens & de Graaff, 2010; Romero & Rehman, 1984). Behera et al. (2008) also 

suggested the use of goal programming when seeking an optimal compromise among 

several objectives. This has been used by Wallace & Moss (2002) to reconcile farmers’ 

multiple conflicting objectives and by Zander & Kächele (1999) who looked at 

sustainable land use options in Germany.  

 

b) Risk programming  

Including risk in an LP equates to providing the model with an objective 

function and also measuring its variability or variance (Behera et al., 2008). Farms with 

activities presenting low risk in terms of profit have a low profit variance, whilst farms 

with higher risk have a higher profit variance. Certain activity or land uses can reduce 

the variability of income rather than maximise returns (Smith et al., 2002). The 

Minimisation of Total Absolute Deviations (MOTAD) method has been devised to 

minimise the total absolute deviation in overall farm income (Hazell, 1971).  It can be 

used to define farmers’ motivation and their primary production objectives, whereby 

risk adverse farmers produce at a lower level of intensity than would be adopted under 

profit maximisation (Oglethorpe, 1995).  
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c) Positive Mathematical Programming 

In a standard LP model, unobserved non-linear elements are not included in the 

linear cost function. These costs may be managerial costs, fixed costs and risk (Louhini 

et al., 2010). Positive Mathematical Programming is a technique that can be used to 

calibrate the model and guarantee the exact reproduction of the observed situation 

(Carles et al., 1998; Howitt, 1995). These models are non-linear and quadratic. They are 

free to respond to changes in a competitive equilibrium induced by policy changes 

(Oñate et al., 2007). Júdez et al. (2001) use this approach to analyse the effects of the 

Agenda 2000 reforms on crop, beef and veal producers in Spain, as do Borges et al. 

(2010) in Portugal to assess farmers’ behaviour to changes in agricultural policies and 

product prices.  

 

III.2.3. Agent-based or multi-agent systems 

 

By modelling representative agents or farms, optimisation approaches miss the 

interaction between heterogeneous farmers, an aspect explicitly considered in agent-

based models (Lobianco & Esposti, 2010). Applied to farming systems, the objective of 

agent-based models is to represent the behaviour of a group of users or other agents 

towards a limited resource (Payraudeau & van der Werf, 2005).  

 

Most agent-based models are land use models (Fontaine & Rounsewell, 2009; Matthews 

et al. 2007; Valbuena et al. 2010). Agent classes can be natural (plants, animals), people 

(individual, households) or more abstract entities (institution, market stocks). Agent 

interactions can be simple queries or complex activities with conditional reactions or 

feedback mechanisms (Fontaine & Rounsewell, 2009).  
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The multi-agent systems approach aims at facilitating the dialogue concerning the 

management of a resource among a group of stakeholders which may include farmers, 

local institutions, policy makers and research workers (Payraudeau & van der Werf, 

2005). They are also the preferred choice when heterogeneity and interactions of agents 

are significant and therefore policy responses cannot be aggregated linearly. This is 

important when farm types change over time (Berger et al., 2006). However, the great 

potential of agent-based models comes at a cost. They are more complex in structure 

than analytical models, are more difficult to analyse, understand and communicate 

(Grimm et al., 2006). 

 

 

III.3. Conclusion 

 

Mathematical modelling is a useful tool to explore alternative systems in 

agriculture, or impacts of external factors on agricultural systems, without the use of 

farm-scale experiments. There is a multitude of different models, as reviewed in this 

section (Table 3.1). The next section presents the methods chosen for this thesis and 

explains the reasons behind their adoption. 



 

 
 

 

 

Table 3.1. Summary of farm model types and techniques 

Model 

types 

Techniques Level Outputs Examples 

P
re

d
ic

ti
v

e 

 

Determi- 

-nistic 

 

Component 

/process 

Sheep growth/production 

Intake/herbage digestibilities, wethers performance 

Sheep production/performance, intake/diet selection 

Energy use during sheep pregnancy 

ME/CP requirements of ewes, rations 

Intake, growth, production of sheep & cattle  

Seasonal diet selection, and intake by sheep, seasonal vegetation 

production from hill (HGMM)  

Number of sheep that can be supported on Calluna moorland 

Diet selection and animal intake 

Vegetation dynamics and animal production 

Graham et al., 1976 

Sibbald et al., 1979 

Finlayson et al., 1995 

Hutchings, 1997 

France et al., 1982 

Freer et al., 1997 

Armstrong et al., 1997a,b 

 

Sibbald et al., 1987 

Blackburn & Kothmann, 1991 

Hutchings & Gordon, 2001 

Whole farm 

 

Whole 

farm/bio-

economic 

Vegetation, animal intake, diet selection, farm management and 

animal production (HILLPLAN) 

Same as Finlayson et al, 1995, but with farm incomes 

GRAZPLAN – pasture, animal production, gross margins 

Milne & Sibbald, 1998 

 

Cacho et al., 1995 

Moore et al., 1997; Donnelly 

et al., 1997 

Stochastic & 

determi- 

-nistic 

Whole 

farm/bio-

economic 

Sheep performance and economic outputs 

Beef reproduction and cow-herd economics 

Mountain beef systems – production /economics   

Economic values for production traits of pasture-based sheep systems 

Edelsten & Newton, 1977 

Werth et al., 1991 

Villalba et al., 2006 

Conington et al., 2004 

O
p

ti
m

is
at

io
n

 

(L
P

) 

Classic LP Representa- 

-tive farm 

(typical) 

 

 

 

Effects of CAP reform on cereal and beef farms 

Alternative forage management and prices for beef farms 

Price policy markets and environmental impacts for beef farms 

Impact of CAP reform and agri-environmental schemes for a dairy 

farm 

Production decisions and impact of policy changes on hill farming 

farming systems  

Model of an Integrated Dryland Agricultural System (MIDAS) 

Optimal farm plan for dryland crop-livestock farms in Australia 

Veysset et al., 2005 

Crosson et al., 2006 

Crosson et al., 2007 

Pacini et al., 2004 

 

Acs et al., 2010 

 

Pannell, 1987 

Morrison et al., 1986 
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Continued 

 
Model 

types 

Techniques Level Outputs Examples 

O
p

ti
m

is
at

io
n

 (
L

P
) 

Classic LP Representative farm 

(typology/survey) 

Socio-economic (labour) and policy impacts on mountain 

cattle 

CAP effects on cereal farms  

CAP support and CAP reforms, Climate change  

Profit and welfare on extensive sheep farms 

García-Martinez et al., 2011 

 

Júdez et al., 1996 

Rehman, 2006 

Stott et al., 2012 

Goal 

program- 

-ming 

and/or Risk 

program- 

-ming 

(MOTAD) 

Representative 

farming types 

 

 

Farm and region 

levels 

Cross-compliance and agri-environmental schemes for 

mountainous olive production systems 

Management strategies for resources and incomes on 

Indian farming systems 

Strategic planning for dairy & beef/sheep farms in 

Northern Ireland 

Strategic planning for farms in Northern England 

Policy decision and strategy planning 

Flenskens & de Graaff, 2010 

 

Behera et al., 2008 

 

Wallace & Moss, 2002 

 

Oglethorpe, 1995 

Zander & Kächele, 1999 

Positive 

Mathe- 

-matical 

Program- 

-ming 

Representative 

farms  

 

 

Effects of CAP policies and agri-environmental schemes on 

high nature value cereal-steppe farming systems 

Effects of Agenda 2000 on cereal, beef and veal farms 

Impacts of CAP changes on land use pattern (agricultural 

and forestry) in Portugal 

CAP reform policy impacts at EU levels (use of other 

models outputs, such as CAPRI) - FSSIM 

Oñate et al., 2007 

 

Júdez et al., 2001 

Borges et al., 2010 

 

Louhini et al., 2010 

 

A
g

en
t-

b
as

ed
/m

u
lt

i-
ag

en
t Object-

orientated 

program- 

-ming 

Conceptual 

framework 

representing the 

agents and their 

interactions, with a 

spatial dimension 

Agent-based land use models 

Effects of farmers’ decisions on the landscape structure 

Future residential pressure on regional landscape 

Targeting of development policies in less-favoured areas in 

Uganda and Chile. 

Effects of policies on agricultural systems (example in 

Italy) 

Matthews et al., 2007 

Valbuena et al., 2010 

Fontaine & Rounsewell, 2009 

Berger et al., 2006 

 

Lobianco & Esposti, 2010 
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IV. Methods proposed for this thesis  

 

IV.1 Preferences for land use policies  

 

 An approach that can incorporate stakeholders’ value preference and trade-offs 

effectively is most beneficial, given the conflicting nature of the hills. It would not 

concern monetary values or costs, but policy priorities. Consequently, a conjoint 

analysis approach has been chosen since it captures trade-offs in people’s decision-

making, regarding a product or service. In this case the product is a hill system, with 

different policy orientations attached to it (Figure 3.1).  

 

The Adaptive Conjoint Analysis (ACA) is an extension of the conjoint analysis, and, as 

explained previously, has the advantage to be computer-based and easily 

administrated. The possibility to explore ‘what if’ scenarios through its simulation 

function is also very pertinent, as it would allow comparing existing land use policies 

with those developed by stakeholders. Whilst originally the ACA was developed for 

the elicitation of consumer preferences (Green & Srinivasan, 1990), it has been used 

more recently in the context of farming (van Schaik et al., 1998; Stott et al., 2005; 

Valeeva et al., 2005). In Germany, the ACA has been used to investigate preferences for 

landscape functions (Hillert et al., 2004; Müller & Schmitz, 2002). The ACA is therefore 

an appropriate technique to elicit opinions on land use policy priorities from a range of 

stakeholders who live, work or have an interest in the hills and upland areas of 

Scotland.  
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Figure 3.1. Summary of the methods for this thesis 
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Additionally, whilst most of the other methods detailed earlier have been used 

extensively to elicit opinions of land managers and farmers regarding land use policy 

options, the ACA has never been used before in this context. It is therefore a novel 

approach to understand what policy orientations and which hill systems’ attributes 

would be most preferred by stakeholders. It could also help in designing future land 

use options for the Scottish hill and upland areas. 

 

The Sawtooth Software SMRT version 4.7 was chosen to run the ACA because this 

version of the software was the one available at the time. Sawtooth Software developed 

the ACA technique in the 1980s (Sawtooth Software, 2007). 

 

 

IV.2. Impacts of policies and conflicts on hill farmers and their management 

decisions 

 

Policies and measures can be evaluated at different levels; however, impacts at 

farm level are, ultimately, the most important factors to assess. Although hill farming in 

Scotland has been subject to many changes and policy measures over the past two 

centuries, its evolution can mostly be attributed to farmers’ reactions and decisions to 

these changes. Representing the diversity of farms and farmers is paramount to 

understanding policies’ effects (Köbrich et al., 2003); hence a typology approach 

appears as the best option to investigate and illustrate the diversity of Scottish hill 

farms and to ascertain how hill farmers react to reforms and changes.  

 

Typologies at farm level are not meant necessarily to be representative of all the farms 

in a given region but, through their illustrative nature, can provide useful insights into 

how particular types of farms have been affected by policy measures. Such an approach 
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can also be used on a small sample size (n<80 farms), as seen in the previous literature 

review. 

Most of the recent typology studies at farm level have been done in Spain or France. 

There have been very few studies of typologies of Scottish hill farms. Consequently, 

using such a method can also bridge the gap in the knowledge of hill farming in 

Scotland.  

 

In this work, questionnaires and on-farm interviews have been chosen to collect data to 

understand how hill farmers have changed their management systems following the 

2003 CAP reform, to create a typology of hill farmers. As farmers’ opinions were 

collected, the resulting dataset contained both qualitative (non-continuous) and 

quantitative (continuous) variables. The subsequent multivariate analysis was therefore 

carried out by means of a customised statistical program using Genstat 8th Edition (VSN 

International Ltd, 2005), written by Dr Sarah Brocklehurst (BioSS – Biomathematics and 

Statistics Scotland), that allowed analysing both types of variables jointly. More details 

are given in Chapter 5 and in Appendix VI.  

 

 

IV.3. Modelling future options for hill farming systems  

 

IV.3.1. Developing a representative model 

 

The context is to understand and explore the effects of reforms and changes on 

hill farming systems in Scotland. Whilst predictive models are useful to describe 

relationships between the components of a system at different levels, they are 

increasingly complex once farm management or farmers’ decisions are included. A 
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model that “links formulation describing farmers’ resource management decisions to 

formulation that describes current and alternative production possibilities” would be more 

appropriate (Janssen & van Ittersum, 2007). Such model types fall in the category of 

optimisation models, one form of which is LP.  

 

To explore the land use options available to hill farmers, given the policy and resource 

constraints they are facing, using a straight linear programming is more appropriate, as 

it is “suited for explorative research of new opportunities and innovations in a context of 

resource constraints” (Buysse et al., 2007). Louhini et al. (2004) also mention the LPs 

“simplicity and ability for representing complex farming systems, in contrast with econometric 

models which rest on the building of a production function”.  

 

Consequently, an optimisation model, based on a simple LP, using both empirical data 

and a predictive model, has been developed, based on a ‘typical’ case study hill farm. 

 

The Hill Grazing Management Model (Armstrong et al., 1997a, b) that covers hill 

environments and vegetation has been used. The AFRC system (AFRC, 1993), which is 

specially designed for grazing conditions and takes into account more appropriately 

the seasonal cyclical changes that occur in body condition in most grazing systems 

(Milne & Sibbald, 1998) has been used for the animal energy requirement calculations. 

The LP consequently uses these results, as well as additional empirical data derived 

from the case study, from government census data and farm management handbooks 

(SAC, 2010). Farmers’ opinions and management choices have also been included in the 

design of the model, based on the typology approach discussed in this section. More 

details are given in Chapter 6. The LP model has been designed using MS Excel Solver, 

as it was readily available on most PCs, as well as being an intuitive system to use.  
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IV.3.2. Alternative scenarios for hill farming in Scotland 

 

Once a representative model is built, it is essential to design scenarios that can 

be explored (Hanley et al., 2012). These scenarios need to be characterised in a format 

that allow their inclusion in the previously defined optimisation model. They also need 

to be representative of the potential future for the hills of Scotland; involving 

stakeholders within discussions on appropriate scenario selection is worthwhile (Reed 

et al., 2009; Sheate et al., 2008; Soliva et al., 2008).  

 

In this thesis, some of the scenarios are defined using the ACA method in Chapter 4. 

Hill farming in Scotland is also dependent on the wider European and international 

scene, as reviewed in Chapter 2. Hence, issues debated in the recent Foresight Report 

(Foresight, The Future of Food and Farming, 2011) have also been included in this 

study, as other potential alternative scenarios. 
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CHAPTER FOUR 

PREFERENCES FOR LAND USE OPTIONS IN THE HILLS 
 

 

 

 

In previous chapters, the conflicts between land uses in the hills, particularly  in 

relation to hill farming, have been reviewed extensively. This chapter explores in more 

detail the nature of these conflicts, by investigating the trade-offs being made when 

thinking of land use policy priorities in the hill areas of Scotland. A wide range of local 

stakeholders has been consulted, and their preferences assessed using an Adaptive 

Conjoint Analysis method.  

 

 

 

 

 

 

 

 

 

 

 

This chapter has been adapted for publication as: 

Morgan-Davies, C. and Waterhouse, A. (2010) Future of the hills of Scotland: 

stakeholders’ preferences for policy priorities. Land Use Policy, 27. 387-398. 
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I. Introduction 

 

In Scotland, most of the agricultural land is in the LFA. Within these areas,  75% 

of the land is classified as rough grazing, with unimproved or semi-natural vegetation 

on high ground and can be termed “hill areas”. As detailed in previous chapters, the 

land uses in these hill areas have been based on extensive hill sheep and cattle farming 

for food and wool production, often in association with differing levels of intensity of 

game management. These systems are critical to the economic sustainability of the hill 

areas (Waterhouse, 1996); more recently, the Royal Society of Edinburgh (2008) and the 

National Farmers Union Scotland (2008) also put emphasis on the importance of 

livestock farming in the hills. As explained in Chapter 2, forestry (Forestry 

Commission, 2008b) and game management (grouse or deer) on sporting estates 

(MacGregor & Stockdale, 1994; PACEC, 2006) also represent significant land uses in 

these areas.  

 

A hill system, in this context, could be defined as an area of hill, mountain or moorland, 

with multiple land uses. Conflicts often exist between multifunctional land uses and 

such hill systems are no exception (Chapters 1 & 2). This can make the formulation of 

land use policies for these areas quite difficult, with potential adverse effects. It is 

therefore legitimate for land managers and policy makers to ask what should the hill 

systems deliver, to satisfy the views of stakeholders.  

 

One of the difficulties lies in determining the appropriate method to use in order to 

elicit people’s preferences for different land use functions, as reviewed in Chapter 3.   

 

Participatory approaches and instruments adapted to enable a "trading-off" approach 

can be very beneficial (Ananda & Herath, 2003; de Groot, 2006; van den Horst & 
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Gimona, 2006; Ledoux et al., 2000).  Müller & Schmitz (2002) and Hillert et al. (2004) 

describe an approach to measure preferences for landscape functions in Germany, 

using an adaptive conjoint analysis (ACA) method.  

 

In this context, the ACA is considered an appropriate technique to elicit opinions from 

a range of stakeholders who live, work or have an interest in the hills and upland areas 

of Scotland.  

 

The aim of this chapter is therefore to describe the use of an ACA to assess the hill 

systems of Scotland, as an aid to help understand and quantify: 1) what these systems 

should deliver, 2) how rural, environmental or land use policies should be prioritised, 

as seen by stakeholders and finally, 3) to see if such a method could be a useful tool for 

formulating land use policies in the future. 

 

 

II. Methods 

 

II.1. Participatory approach 

 

A computerised ACA questionnaire allows participants to work with a large 

number of attributes for a given system and assesses the participants’ preferences for 

these attributes. The questionnaire is automatically customised so that each respondent 

is asked in detail only about those attributes of greatest relevance to them. Any given 

system has specific levels (or options) of attributes. A respondent’s preference for any 

system is modelled as the sum of their preferences for each of the attribute options (van 

Schaik et al., 1998). A key issue with the methodology is therefore to obtain meaningful 

attributes and options to describe any given system.  
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In this chapter, a methodology based on the methods described by Müller & Schmitz 

(2002) has been used. Figure 4.1 summarises the approach. The hill system is first 

described through a list of broad definitions (Pre-survey). These broad definitions are 

then ranked and defined in more detail, to form a list of attributes and options for a hill 

system (Survey). Finally, the ACA is designed using the most important attributes and 

options, to assess the preferences of the stakeholders. 

 

Figure 4.1. Overview of Chapter 4 methodology (respondents, methods and research outputs) 

The three stages of research were not mutually exclusive, and some respondents 

answered at more than one stage. Although 171 answers in total were obtained, in 

reality, it represented only 147 different people. 

 

II.1.1. Pre-survey 

 

Twenty-five experts (scientists and rural advisers) working in the upland and 

hill areas were contacted by electronic mail. The scientists included ecologists, 

Respondents Methods Research Output

Experts

n=16

(out of 25)

Pre-survey

Definition of 20 attributes of a 

hill system

Broad definition of a hill 

system

Stakeholders

n=75

(out of 537)

Survey

Ranking of attributes and 

definition of levels

Characterisation of a hill 

system (attributes & 

options)

Stakeholders

n=80

(out of 480)

Adaptive Conjoint Analysis

Trade-offs between 5 attributes 

and their options

Policy Simulation

Preference/Analysis of 

policy targets for the 

hills 
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economists, and welfare and livestock specialists. The advisers were agricultural, 

environmental and forestry consultants and rural veterinary investigation officers; they 

represented a broad range of rural activities linked to the land. They were asked to 

“draw-up a list of the attributes that you consider would best describe a hill system”. In total, 

332 words and short descriptions were collected and sorted into 53 descriptions 

(Appendix II). These descriptions were further reduced into 20 broad attributes, 

designed to best reflect the respondents’ answers.  

 

II.1.2. Survey 

 

When designing an ACA, the higher the number of attributes, the higher the 

number of combinations and the time necessary to complete the questionnaire. 

Consequently, it was decided to reduce the initial number of 20 attributes down to five. 

It was also imperative to define the options of each attribute. The survey was used for 

these two purposes.  

 

A full postal and electronic survey was carried out in early 2006, to identify the five 

main attributes of a hill system and to define their options, as seen by local 

stakeholders. A total of 537 people were contacted, including farmers, other land 

managers such as estate managers, veterinary investigation officers, rural agents, 

conservation scientists and managers, researchers and consultants, who were actively 

involved in or lived in the hills and uplands of Scotland. After a few background 

questions, they were asked to select and rank five attributes (out of the 20 given) that 

would best define a hill system. They were also asked to state what characterised a 

good and poor level for each of the five selected attributes (Appendix II).  

Ranking scores were calculated by weighting each ordinal number:  
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  1 =10 points (best rank) 

  2 = 8 points  

  3 = 6 points 

  4 = 4 points  

  5 = 2 points (worst rank) 

All the points were added together for each attribute, giving a total number of points 

for each. The highest total gave the highest rank. The resulting 20 ranked attributes are 

given in Table 4.1. 

 

Table 4.1.  Ranking scores of the 20 attributes that best defined a hill system, as seen by 

respondents (n=75) 

 

Attributes Ranking scores 

Land use management 

Landscape & Topography 

Upland vegetation 

Livestock management 

Physical environment 

Livestock 

Woodland & Forestry 

Farming products  

Jobs & local employment 

Access & Recreation  

Game management 

Socio-economic elements 

Upland birds 

Rurality & remoteness 

Tourism  

Wild mammals 

Other categories  

Invertebrates 

Improved pastures 

Built features 

340 

276 

180 

178 

176 

164 

138 

126 

102 

90 

74 

74 

74 

58 

54 

38 

24 

16 

12 

2 

 

The subjective definitions of good and poor levels for the participants’ chosen attributes 

were collected. The main recurrent themes were identified. Their compilations 
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ultimately led to the definitions of options within each attribute in the ACA 

questionnaire. 

 

II.1.3. Adaptive Conjoint Analysis (ACA) 

 

The Sawtooth Software ACA questionnaire package provides respondents with 

a series of different computer screens. It starts with questions about ratings of options 

of single attributes, then preferences of one option of one attribute versus another 

option of another attribute, and moves onto preferences of combinations of attributes 

and options, with a final calibration exercise. The software estimates the preferences 

(utilities) for each single option of each attribute for the individual respondent. The 

relative importance of each attribute is then derived for each individual by obtaining 

the difference between the utilities of the most preferred and least preferred attribute 

options, and expressed as a percentage. It thus becomes possible to assess the trade-offs 

made by respondents among multi-attributed systems. Van Schaik et al. (1998) and 

Valeeva et al. (2005) explain in detail the principles behind this technique. In the current 

study, the ACA was used to address the question, “What should the policy targets be in the 

next 10 years for the hill areas of Scotland”. In this context, policy targets were directly 

linked to the attributes and options of the hill system. 

 

The initial number of attributes was reduced down to five. Firstly, only the attributes 

with a ranking score above 100 were considered. Secondly, attributes which were of a 

similar nature (e.g. livestock and livestock management) were amalgamated. 

Additionally, “Landscape and Topography” and “Physical Environment” were not 

included in the ACA attributes, since it is difficult to influence these physical attributes 

by short-term policies. The options for each chosen attribute were designed using the 

information obtained in the survey, as explained above. Table 4.2 shows the final five 
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attributes and their options. Game management and sporting issues were not included 

in the attributes because they were not ranked high enough by the respondents.  

 

Table 4.2. List of the attributes and their options  

Attributes Options 

Land Use Management 

(LUM) 

(1) Integrated, multiple objectives management closely linked to the 

characteristics of the land and people  

 (2) Management focused on a high quality habitat supporting 

biodiversity objectives 

 (3) Management focused on a single primary objective, which suits the 

land and the people 

Vegetation (VC) (1) Mosaic of indigenous vegetation communities in favourable condition 

 (2) Managed heathland 

 (3) Productive conifer plantation intended for timber 

 (4) Un-managed landscapes and vegetation 

Livestock system (LS) (1) Combined sheep and cattle system - with low input/low output $ 

 (2) Cattle only - with low input/low output $ 

 (3)  Sheep only - with low input/low output $ 

 (4)  Combined sheep and cattle system - with high input/high output $ 

 (5)  Sheep only - with high input/high output $ 

 (6)  Cattle only - with high input/high output $ 

 (7)  No livestock system 

Farming products 

(FP) 

(1)  High level of output of good quality products for local markets or 

branded with local labelling for wider sales 

 (2)  Lower production of a lower quality product with no consideration of 

local or other market specifications, but with broad national or regional 

labelling 

 (3)  Products sold as a world-wide commodity 

 (4)  No direct products sold  

Local economy 

(LE) 

(1) Local economy with a few jobs from land management and more from 

rural tourism with some economic activity linked to the land * 

 (2) Local economy with high levels of employment and economic activity 

linked to the land * 

 (3) Local economy with negligible direct employment for land 

management and little economic activity linked to the land * 
$ For these options, respondents were asked to consider choices between cattle or sheep or mixed systems, 

with differing levels of inputs and outputs and differing levels of care.  

* The contribution of the different sectors to rural employment, and to the use and supply of local services 

is complex. Here respondents had three generalised scenarios to provide variation, for instance in the 

proportion of rural houses that are used by workers as opposed to holiday lets, older retirees or home-

workers.  
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Explanations about the meaning behind the attributes and options were provided in the 

ACA questionnaire. Two final questions asked about the profession and area of interest 

of the respondents. The layout of the ACA questionnaire is presented in Appendix III. 

 

A total of 480 people were asked to take part, either by mail or electronic mail, in May-

June 2006. Most of the people contacted had previously been involved in the survey, 

and were people who were actively involved, interested in or lived in the hills and 

uplands of Scotland. Respondents who agreed to take part were sent a floppy disk or a 

CD containing the ACA questionnaire files. In some cases, we were able to send the 

ACA files by email. 

 

II.1.4. Policy Simulation  

 

The ACA questionnaire assessed stakeholders’ preferences for different policy 

targets for a hill system, based on their preferences of different attributes and options. 

Respondents were not asked to take into account costs and practicality of their policy 

preferences. However, it would be interesting to understand how the stakeholders’ 

preferences compare to a series of profiles which relate to existing policy targets and 

orientations for the hills. Such comparison could be a useful tool to evaluate policies in 

time. The ACA software has a function called “market simulations” which allows such 

comparison. Within the software, a simulation transforms the calculated preferences 

into a useful model of projective market choices or share of preference for different 

products (in this case, for different policies). In other words, it uses the calculated 

respondents’ preferences to estimate their likely preferences for hypothetical policy 

scenarios or profiles (Sawtooth Software Inc., 2003). 

 



 

 

 

 

Table 4.3. ACA simulation policy profiles: attributes and options: statements and sources 

Profiles         Attribute/Options   Justifying Statements         Sources$ 

Carbon   LUM: 1,2,3 “land use sector […] acts as carbon sink”        {a} p39 

Footprint VC: 3   “forestry makes a net contribution to reducing CO2”       {b} p51 

  LS: 1,2,3  "reduction in emissions through less intensive management practices”     {b} p54 

  FP: 1  "local marketing initiatives for energy efficiency"; "local timber processing which reduces timber miles"          {b} p64; 53 

  LE: 2  A greener Britain where a new green economy provides greater prosperity and high quality jobs  

    even as it protects  the environment and provides a better quality of life for all.    {c} p1 

Tourism  LUM: 1  tourists prefer "more variety in the landscape"       {d} 

  VC: 1,2  tourists prefer "open moorland/hill land"        {d} 

  LS: 1,2,3,4,5,6 tourists prefer "fields, moorland, hill land with livestock grazing"     {d} 

  FP: 1  "create a strong brand for Scotland"; "local marketing"; "authenticity"                {e} p12; 15; 38 

  LE: 1  "maximise the benefit of tourism in Scotland"        {e} p34 

Wild Land LUM: 2  " manage places to enhance their wild attributes"                        {f} p17; 14 

  VC: 4  "vegetation should consist of species which should be present naturally" 

    "allow natural processes to become dominant again"       {f} p14 

  LS: 7  "stopping certain human activities, […], particularly sheep farming"     {f} p17 

  FP: 4  follows on from LS option 7 and VC option 4. 

  LE: 3  “policy of minimal outward promotion of these areas as recreational destinations" and follows on LS option 7    {f} p17 

Livestock LUM: 3  “we want a prosperous and sustainable farming industry”      {g} p1 

  VC: 1,2  follows on the obvious requirement for livestock 

  LS: 1,2,3,4,5,6 “helping to create a cost-effective and productive […] industry”     {h} p1 

  FP: 1  “create an environment to increase demand for branded Scottish products”    {h} p7 

  LE: 2  “particularly in the uplands, grazing livestock are a key component in the rural economy”   {i} p8 

Forestry  LUM: 1  “ensure that the planned development of woodlands enhances the integration of forestry with other land uses” {j} p9  

  VC: 3  “promote the production of fit for purpose timber”       {j} p4 

  LS: 7  “grazing in farmland premium supported woodland will not be allowed”; 

     “stock fencing in establishing forests”                      {k} p7.4; 2.4 

  FP: 1,2  “support the development of products […] which increase the utilisation of home grown timber”  {j} p4 

   “FSC label is now […] used on UK-grown forest products”      {l} p11 

  LE: 1,2  “rural development: forestry should make a significant contribution”; 

   “develop the contribution of woodlands […] to the growth of tourism”                    {j} p5; p4 

1
0
7
 



 

 

 

 

Continued 

 

Profiles         Attribute/Options   Justifying Statements         Sources$ 

Biodiversity LUM: 2  “enhancing Scotland’s biodiversity”         {m} p6 

  VC: 1  “providing a mixture of woodland, blanket bog, moorland and upland pasture habitat”   {n} p5 

  LS: 1,2  “reducing grazing intensity”; “summer cattle grazing is the only hill livestock option in SRDP”             {n} p5;{g} p76 

  FP: 1  “encourage development of high value, place-linked products such as food from special farming systems” {n} p7 

  LE: 1,2  “upland’s economic […] developed to couple wildlife and landscape enhancement to 

    revenue-generating activities”         {n } p7 

    “enhance […] tourism”          {m} p22 

    “to encourage [moorland] management that sustains and enhances economic  

    prosperity and sustainable communities”        {o} p1 

National  LUM: 1  “National Parks were introduced in Scotland to ensure a more integrated approach to the 

Parks      management of areas”          {q} p2 

  VC: 1,2,3  “well managed and conserved […] environments supporting a wealth of biodiversity and healthy 

     network of habitats”; “woodlands and forests […] make an important contribution to the Park”          {p} p22;{q } p23 

  LS: 1,2,3,4,5,6 “the Park Authority […] will work with farmers […] to help the long-term viability of farming in the Park” {p} p50 

  FP: 1  “3 Year Milestone: Park Brand in place”; “promote a brand identity”             {p} p 9;{q} p140 

  LE: 1,2  “support and stimulate economic and social development within the Park that sustains  

    and is sustained by its special natural and cultural values”; “increase value of sustainable tourism”;  {p} p3,4, 

    “stronger and more diverse economic opportunities”; “healthy local economy”    {q} p12 

 
$  Sources: 

{a} Scottish Government, 2008b; {b} Scottish Executive, 2006b; {c} HM Government, 2008; {d} Morgan-Davies et al., 2003; {e} VisitScotland, 2007;  

{f} Scottish Wild Land Group, 2002; {g} Scottish Executive, 2006c; {h} Quality Meat Scotland, 2007; {i} National Farmers’ Union, 2007; {j} Forestry Commission, 2005a; 

{k} Forestry Commission, 2005b; {l} Forestry Commission, 2004; {m} Scottish Natural Heritage, 2008; {n} RSPB, 2007; {o} Scotland’s Moorland Forum, 2008; {p} 

Cairngorms National Park Authority, 2005; {q} Loch Lomond and Trossachs National Park Authority, 2007. 

1
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Seven different policy profiles were created that reflected different current land use 

issues in the hills. These profiles were established using a range of policy statements 

from different government agencies and NGOs. Where necessary, references from 

published research were also used. The sources for the statements are presented in 

Table 4.3. The seven profiles were: (1) Carbon Footprint, (2) Tourism, (3) Wild Land, (4) 

Livestock, (5) Forestry, (6) Biodiversity and (7) National Parks. Each of the profiles was 

matched with the most appropriate options for each ACA attribute. In the end, each 

profile could be described as a specific combination of this study’s attributes and 

options. In this way, it was possible to see how these profiles compared to the 

respondents’ preferences, in terms of share (%) of preferences. Within the simulation 

software, an arbitrary value was assigned to each option, to replace its original ordinal 

number (Table 4.4). Within an attribute, when more than one option reflected a given 

policy profile, the average of the options’ values was used. Indeed, the simulation tool 

did not allow more than one value for each attribute option. The arbitrary values were 

chosen in such a way that, where possible, the average of the options’ values was not 

the same as the value assigned to another independent option.   

 

Table 4.4. Arbitrary values assigned to each option of each attribute 

Attributes Original ordinal number of each option 

1 2 3 4 5 6 7 

Land Use Management 10 20 40     

Vegetation Cover 10 20 40 70    

Livestock System 11 15 25 31 35 45 60 

Farming Products 10 20 30 70    

Local Economy 10 20 40     

 

 



 

110 
 

 

 

II.2. Analysis 

 

II.2.1. Pre-survey and survey 

 

A method for analysing focus group answers (Millward, 2006; Royal National 

Institute for the Blind, 1999) was used to collate, sort and compile pre-survey attributes 

into a final list of 20. The same method was used to compile attribute options from the 

results obtained in the survey. Correlation analysis and non-parametric tests (Genstat 

statistical software, VSN International Ltd, 2005) were used to analyse the way the 

survey respondents chose and ranked the characteristics.  

 

II.2.2. Adaptive Conjoint Analysis 

 

The consistency of the answers of each respondent was checked using 

correlation coefficients provided by the ACA software. It calculated correlations 

between the calculated preferences for each attribute option, for each respondent. Two 

respondents with low correlation indicating a high level of inconsistency were 

subsequently discarded and the remaining respondents all displayed correlation 

coefficients greater than 0.64.  

 

Using the Genstat statistical package (VSN International Ltd, 2005), a Linear Mixed 

Model (REML) was used to examine whether the relative importance (expressed as a 

percentage ratio) of the policy priority of each attribute was dependent on the 

profession and/or area of interest of the respondents.  
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Within each attribute option, analyses of variance (ANOVA) were carried out on the 

utility points obtained in the ACA questionnaire for each respondent, to investigate 

whether or not their answers varied according to their profession and/or area of 

interest.  

 

The simulation results were analysed using REML to examine the effect of the 

respondents’ profession and/or area of interest on their preferences for different policy 

profiles. 

  

 

III. Results 

 

III.1. Pre-survey and survey 

 

Sixteen experts responded to the pre-survey, providing a wide range of 

definitions and attributes of a hill system. When grouping the information, the most 

mentioned categories were plant types, animal types, human elements, physical 

environment, socio-economic elements, topography and, landscape and land use. This 

information was collated and sorted into 20 main attributes, which were used in the 

survey (Table 4.1).  

 

Seventy-five people answered the survey, giving a low response rate of 14%. The 

respondents were farmers (20%), NGOs/agencies (19%), scientists (16%), rural 

agents/nature conservation officers (12%), agricultural advisers (11%), conservation 

land managers (7%), policy advisers (7%), veterinary investigation officers (5%) and 

commercial land managers (4%). Correlation analysis between the choices of the 

different respondent groups showed that scientists’ choices were highly similar to those 
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of rural agents (r2=0.79), agricultural advisers (r2=0.77) and NGOs/agencies (r2=0.64). 

Agricultural advisers and NGOs/agencies also chose their attributes similarly (r2=0.64). 

Interestingly, the choices made by the farmers were not strongly correlated with any 

other group. 

 

The ranking of the main attributes is presented in Table 4.1. Non-parametric tests 

(Mann-Whitney U and Wilcoxon rank-sum tests) were used to analyse the way 

respondents ranked their attributes. They showed that farmers ranked their chosen 

attributes in a similar manner to that of the agricultural advisers, NGOs/agencies and 

scientists (P<0.05). However, farmers were different from commercial land managers, 

conservation land managers, veterinary investigation officers and rural agents/nature 

conservation officers.  

 

 

III.2. ACA questionnaire 

 

Out of 480 people contacted, 134 agreed to have the ACA sent to them. Of those, 

60% completed the ACA questionnaire.  

III.2.1. All respondents 

 

The relative importance of each attribute, using data from all respondents, is 

shown in Table 4.5, as well as respondents’ preferences for each option within each 

attribute (expressed as zero-centred differences). Although all five attributes were 

considered important to the respondents (range: 17.0% to 22.9%), Farming Products 

and Livestock System had the two highest values. Since the initial question related to 

policy targets, this shows that these two attributes were considered as the two most 
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important policy targets for the hills. Table 4.6 shows the most preferred and the least 

preferred combination of the attribute options using data from all respondents.  

Table 4.5. The relative importance (in %) of the policy priority of each attribute for all 

respondents and the zero-centred differences of each option for all respondents 

Attributes and options Zero-Centred 

Differences 

Average attribute importance (%) 

Land Use Management 17.0 

Option 1 29.9  

Option 2 10.0  

Option 3 -39.9  

Vegetation cover 
18.3 

Option 1 39.5  

Option 2 5.5  

Option 3 -22.3  

Option 4 -22.6  

Livestock System 
22.9 

Option 1 37.8  

Option 2 6.9  

Option 3 3.7  

Option 4 11.4  

Option 5 -12.2  

Option 6 -5.5  

Option 7 -42.1  

Farming Products 
21.1 

Option 1 56.8  

Option 2 -12.9  

Option 3 -4.5  

Option 4 -39.5  

Local Economy 
20.7 

Option 1 13.6  

Option 2 39.9  

Option 3 -53.5  
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Table 4.6. Most and least preferred combinations of attribute options (policy priorities) for the 

hills, as seen by the stakeholders 

Attributes 

Options 

Most preferred Least preferred 

Land Use 

Management 

Integrated, multiple objectives management 

closely linked to the characteristics of the land 

and people 

Management focused on a single 

primary objective, which suits 

the land and people 

Vegetation Cover Mosaic of indigenous vegetation communities 

in favourable condition 

Un-managed landscapes and 

vegetation 

Livestock System Combined sheep and cattle system with low 

input/low output 

No livestock system 

Farming Products High level of output of good quality 

products for local markets or branded with 

local labelling for wider sales 

No direct products sold 

Local Economy Local economy with high levels of 

employment and economic activity linked to 

the land 

Local economy with negligible 

direct employment for land 

management and little economic 

activity linked to the land 

 

III.2.2. Within respondents’ groups 

 

Figure 4.2 shows the number of respondents according to both their 

profession and area of interest. The two biggest profession groups were 

researchers/scientists (n=18 respondents, 23%) and NGO/Government policy officers 

(n=18, 23%). Researchers ranged from animal scientists, ecologists, welfare specialists, 

upland farming specialists and land economists. The NGO/Government policy officers 

group had respondents from local Scottish councils, Scottish Natural Heritage, Scottish 

National Parks, Forestry Commission and Royal Society for Protection of Birds. The 

farmers were the third largest group (n=14, 18%), followed closely by the commercial 

land use consultants/advisers (n=12, 15%). The latter were mainly agricultural, 

conservation and forestry consultants.  
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Figure 4.2. Profession and area of interest of the ACA respondents (the profession “others” was 

one of the options offered) 

 

 

Figure 4.3. Relative importance of policy priorities for each attribute, by interest group 
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When asked to choose their single main area of interest relative to the hills of Scotland, 

individuals from these profession groups chose a broad range of interests. For instance, 

researchers/scientists were interested in livestock production, nature conservation, 

forestry, animal care and welfare and rural communities.  

 

Results of the REML on the relative importance of the policy priority of each attribute, 

according to respondents’ profession and area of interest, are shown in Table 4.7. All 

respondents had similar levels of agreement on the relative importance of Land Use 

Management, Local Economy and Livestock System attributes. However, the attributes 

of Vegetation Cover and Farming Products differentiated respondents by area of 

interest (as seen in Figure 4.3). Both the Nature Conservation and Access/Recreation 

groups prioritised Vegetation Cover as the most important attribute for policy support 

in hill systems. In contrast with other groups, the Access/Recreation group saw 

Farming Products as the least important attribute of a hill system.  

 

Table 4.7. Significance of the effects of the respondents’ profession and area of interest on the 

relative importance of policy priority of each attribute, resulting from the REML analysis 

       P value    

Attributes    Profession   Area of Interest 

Land Use Management   0.331    0.304 

Vegetation Cover   0.417    0.003 ** 

Livestock System   0.582    0.566 

Farming Products   0.206    0.037* 

Local Economy    0.944    0.615 

 

At the options level (Table 4.8, ANOVA results), there was a general consensus 

amongst the respondents on the Local Economy options, with a preference for option 2 

(“high levels of employment and economic activity linked to the land”). 
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Table 4.8. Results of a one-way ANOVA, showing the effect of respondents’ interests on the 

options of each attribute (P value), the average utilities points for each option and rank (in 

brackets, 1 being best) of each option, by interest group  

Attribute Options Average Utility Points (and rank) per interest group 

 P value livestock 

production 

forestry/        

woodlands 

nature 

conservation  

animal care 

and welfare 

rural 

communities 

access/  

recreation 

Land Use              

Option 1 NS 31.7 (1) 23.8 (1) 24.6 (2) 30.7 (1) 37.3 (1) 27.6 (2) 

Option 2 0.008** -7.4 (2) 4.5 (2) 29.2 (1) 13.6 (2) 2.5 (2) 36.9 (1) 

Option 3 NS -24.3 (3) -28.3 (3) -53.8 (3) -44.3 (3) -39.8 (3) -64.4 (3) 

Vegetation 

Cover 

             

Option 1 <0.001*** 34.0 (1) 19.5 (1) 59.9 (1) 35.1 (1) 20.6 (1) 59.8 (1) 

Option 2 0.020* 14.1 (2) -23.1 (4) 3.2 (2) 2.1 (2) 8.2 (2) 1.5 (2) 

Option 3 0.043* -22.8 (3) 11.3 (2) -38.0 (4) -10.4 (3) -7.9 (3) -42.0 (3) 

Option 4 NS -25.3 (4) -7.7 (3) -25.0 (3) -26.8 (4) -20.9 (4) -19.3 (4) 

Livestock 

System 

             

Option 1 NS 39.1 (1) 59.2 (1) 40.9 (1) -1.7 (5) 34.6 (1) 40.9 (1) 

Option 2 NS -2.0 (4) 10.5 (2) 22.3 (2) -18.5 (6) 12.9 (3) -0.8 (3) 

Option 3 0.030* 3.3 (3) -15.7 (6) 11.6 (3) 14.9 (4) 3.7 (4) -8.5 (5) 

Option 4 0.005** 27.3 (2) -2.4 (3) -12.5 (5) 18.9  (2) 16.4 (2) 16.9 (2) 

Option 5 <0.001*** -4.5 (5) -31.2 (7) -19.6 (6) 26.1 (1) -18.8 (6) -18.1 (6) 

Option 6 NS -6.4 (6) -11.6 (5) -12.4 (4) 15.3  (3) 1.4 (5) -5.6 (4) 

Option 7 <0.001*** -56.8   (7) -9.0 (4) -30.3 (7) -55.0 (7) -50.2 (7) -24.9 (7) 

Farming 

Products 

             

Option 1 0.024* 60.9 (1) 64.1 (1) 50.5 (1) 63.0 (1) 63.7 (1) 35.8 (1) 

Option 2 NS -7.7 (3) -6.3 (2) -15.2 (3) -15.6 (3) -19.5 (3) -15.9 (3) 

Option 3 0.006** -2.1 (2) -30.1 (4) 0.7 (2) -7.6 (2) -7.0 (2) 1.0 (2) 

Option 4 0.025* -51.1 (4) -27.7 (3) -35.9 (4) -39.8 (4) -37.2 (4) -20.9 (4) 

Local 

Economy 

             

Option 1 NS 9.7 (2) 13.5 (2) 16.0 (2) 7.6  (2) 17.3 (2) 18.5 (2) 

Option 2 NS 51.6 (1) 35.2 (1) 27.3 (1) 41.9 (1) 38.1 (1) 38.6 (1) 

Option 3 NS -61.3 (3) -48.7 (3) -43.3 (3) -49.5 (3) -55.4 (3) -57.1 (3) 

 

However, there were differences regarding the other four attributes, according to the 

respondents’ area of interest. For example, the Access/Recreation interest group 

preferred a land use management focussed on high quality habitat supporting 

biodiversity objectives (LUM option 2), with a mosaic of indigenous vegetation (VC 
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option 1). The Nature Conservation interest group had a similar vision for these two 

attributes. However, they were in disagreement with the Livestock Production interest 

group, who preferred Livestock System option 4 (combined sheep and cattle with high 

inputs and high outputs).  

 

The option of high input/high output livestock system meant good levels of care, 

appropriate levels of nutrition and animal health, perhaps with more on-farm labour at 

key events, all leading to higher levels of saleable output such as higher number of 

twins or crossbred young animals (as explained within the computerised ACA 

questions). As such, this system can be seen as generally intensive even if the resource 

is used extensively, hence the label “high input/high output”. However, this option was 

never meant to be viewed as a ‘classic’ intensive lowland system.  

 

Finally, the Animal Care and Welfare interest group most favoured Livestock System 

option 5, whereas the Woodland/Forestry interest group did not.  

 

 

III.3. Policy Simulation  

 

Results showed that out of the seven created policy profiles, the "Biodiversity" 

profile best fitted (33.5%, ± 1.2) the individual scores of the respondents (Table 4.9). This 

indicates that policy targets, based around the attributes and options that are most 

closely linked to the Biodiversity policy statements used, are the best match to the 

preferences of the stakeholders in this study. The Tourism profile was the next best fit 

to the individual scores of the respondents (18.2%, ± 1.6), although it was much lower. 

The Livestock, Carbon Footprint and National Parks profiles were quite similar, with 

respective shares of stakeholders’ preferences of between 11% and 15%. The Wild Land 
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and Forestry policy profiles did not match with the policy preferences of the 

respondents (2.6%, ± 0.4 and 5.4%, ± 0.7 respectively).  

 

Table 4.9. How policy profiles ‘fit’ stakeholders’ preferences - in % preferences for all 

respondents and by interest groups (in bold are the best fit between stakeholders’ groups and 

policy profiles, in italics are the worst fit) 

Policy profiles 

All 

respondents 

Livestock 

Production 

Forestry 

/Wood-

lands 

Nature 

Conser-

vation 

Animal 

Care and 

Welfare 

Rural 

Communities 

Access 

/Recreation 

 

Carbon 

Footprint 

11.2 9.7 22.3 7.9 16.9 14.2 6.8 

Tourism 18.2 17.7 14.5 18.1 25.0 19.3 16.3 

Wild Land 2.6 1.1 3.4 4.2 0.8 2.3 4.9 

Livestock 14.1 23.8 7.0 8.2 12.1 11.8 6.9 

Forestry 5.4 3.9 12.7 4.5 6.9 5.7 5.9 

Biodiversity 33.5 24.5 30.7 48.0 22.1 26.6 50.4 

National Parks 14.9 19.3 9.4 9.1 16.3 20.1 8.9 

 

There were statistical differences between the profession groups and area of interest 

groups in how well they matched the policy profiles. The Biodiversity policy profile 

best matched the policy preferences of the Conservation Land Managers profession 

group (P=0.018); the Livestock policy profile best matched the preferences of the 

Farmers profession group (P=0.017). The Forestry policy profile was preferred most by 

the Woodland/Forestry interest group (P=0.034). 
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IV.  Discussion 

 

IV.1. Surveys 

 

Defining hill systems proves to be quite a challenge, given the wide range of 

people living, using, studying or enjoying the land. It takes more than 20 attributes to 

achieve a comprehensive description of what such a system represents.  

 

Although most respondents in the survey agree in their choice of attributes, some 

groups are set apart, as seen in the correlation analysis. Indeed, farmers are not well 

correlated to any other group and tend to choose predominantly livestock management 

and farming products as the defining attributes of a hill system. This probably reflects 

their primary involvement and shows that they still define themselves through their 

husbandry systems, as producers.  

 

Ranking of the attributes gives a different picture. Although farmers tend to rank 

attributes in the same way as NGOs/agencies, scientists and advisers, they are still set 

apart from the other major land users (commercial and conservation land managers) 

and rural representatives (rural agents/nature conservation officers). Landscape and 

Topography and Land Use Management attributes come up at the top of the ranking 

for all respondents. Physical Environment (i.e. soil, climate, slope, and accessibility) is 

also an aspect that is considered as very important. It could show that people 

understand the limitations or constraints that are unalterable, and the fact that any use 

of hill areas must work around these. Upland Vegetation, Livestock and 

Woodland/Forestry (primary production sources for these systems) are also high up in 

the ranking. Tourism and Access/Recreation are much lower in the ranking, which 

might show that these functions are not yet regarded as greatly important aspects in the 
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definition of hill systems. This notion has also been found in the less favoured areas of 

Germany where landscape heritage was found to only be of medium importance to 

sustainable land use systems after water quality (Müller at al., 2001).  

 

 

IV.2. Adaptive Conjoint Analysis 

 

The ACA questionnaire assesses stakeholders’ preferences for policy targets and 

support for a hill system, based on its attributes and options. The Livestock System 

attribute has the highest average importance for all respondents, whilst the Land Use 

Management attribute has the lowest. This is somewhat in contrast with the initial 

survey results and shows that looking at trade-offs can elicit different answers than 

simply choosing or ranking attributes. Although the ACA method does not allow the 

motivation of respondents to be understood, or the cost of provision to be considered, 

the results demonstrate that most stakeholders believe livestock have a role to play in a 

hill system. However, the actual trend for animal numbers (sheep and cattle) in the hill 

areas of Scotland is rapidly declining (SAC Rural Policy Centre, 2008). Consequently 

there could be a conflict between what is happening and what the respondents would 

favour. This would also depend on whether this decline is a move to 'low' outputs and 

numbers (which is favoured by quite a few groups) or a move to no livestock, which is 

the least favoured. Moreover, respondents also agree that a ‘local economy with high 

levels of employment and economic activity linked to the land’ is the best option for 

policy support. 

 

Combining these two findings, it can be deduced that stakeholders thought that 

livestock production and a local economy linked to land activity are two factors that are 

important for the hills. This echoes results from France (Deuffic & Candau, 2006). 
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However, the option which favoured tourism based jobs is not the least preferred. It 

shows that tourism and diversification are also options worthy of policy consideration. 

This reflects other situations, such as in Somerset, where a study by McInerney & 

Turner (1993) shows that 25% of farm holdings in the area had diversified. Likewise in 

Scotland, this trend of increasing diversification has been shown by Slee et al. (2001).  

 

Finally, despite differences in their levels of rating, respondents think that policy 

support should be given to deliver a specialised product (high quality, with local 

branding). This idea is partly recognised by the latest Forward Strategy for Scottish 

Agriculture, which identified the importance of product differentiation and aimed to 

promote local processing and marketing (Scottish Executive, 2006c). Likewise with the 

branding of Scotch beef and Scotch lamb, recognised as Protected Geographical 

Indication (Quality Meat Scotland, 2006). These findings thus highlight that there is 

probably scope for a more specific local market, at the local regional level, rather than at 

the national (Scotland or UK) level. For instance, Sims (2009) notes the renewed 

“enthusiasm for food products that are perceived to be traditional and local”. 

 

The ACA questionnaire also allows distinctions to be made between groups of 

respondents. Area of interest is the most differentiating factor. Some of the differences 

between interest groups are to be expected. Indeed, woodland policies and timber 

production are not closely related with issues regarding animal care and livestock 

production, hence their frequent opposition in stakeholder ratings. Although some 

recent policy changes regarding grazing in woodland (Pollock & Sumsion, 2008) have 

been made, this research shows that there is still a strong feeling that woodland and 

animal production are two very different issues. Likewise, some of the preferences of 

people interested in Nature Conservation or Access and Recreation are expected; for 

instance rating the vegetation cover attribute as very important. This relates well with 
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strategies concerning the natural environment, such as the Scottish Natural Heritage 

strategy (Scottish Natural Heritage, 2008).  

 

The livestock system options created many differences between interest groups, with 

very strong views and ratings. Clearly the level of outputs in sheep, cattle or combined 

systems seems to have a very different meaning between each interest group. The 

Animal Care and Welfare group strongly prefer policy support for a sheep system with 

high input/high output. This might be because this group perceive that high inputs 

mean higher welfare inputs. Indeed, higher outputs can mean less mortality in both the 

adult and young animals (as shown by Morgan-Davies et al., 2008). However, when 

looking at all respondents, policy support for the combined system with low inputs/low 

outputs is the most preferred option. This underpins the debate about level of stocking 

and outputs from these livestock systems, as mentioned by Morgan-Davies et al. 

(2006a). 

 

This research reinforces the fact that different interest groups, with different agendas, 

have conflicting opinions on certain issues. These disagreements re-emphasise how 

difficult it can be for policy makers to propose rural, environmental and land use 

policies that suit everybody.  

 

 

IV.3. Policy Simulation  

 

Whilst the ACA questionnaire was used to assess the trade-offs between policy 

targets, the subsequent simulation allow a further exploration of current policies and 

orientations relating to the hill areas of Scotland.  
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However, when setting about establishing the different policy profiles, it is difficult to 

establish the relevant attribute options. This is mainly because most statements 

available from agencies and organisations lacked specificity about those issues. It 

reinforces the complexity of defining a single vision for the hills. 

 

Nonetheless, such a simulation exercise is useful and highlights which of the set policy 

profiles are not very popular with our range of stakeholders. For instance, the Wild 

Land profile is not favoured, bearing similarities with what Soliva et al. (2008) found in 

some European mountain communities (in France, Scotland, Norway, Switzerland, 

Greece and Slovakia). Likewise, the Forestry profile also scores low in the preferences 

of our stakeholders, highlighting a potential conflict with the actual policies and 

incentives for afforestation, which aim to achieve the Scottish Government’s vision to 

have a further 50% increase to an overall 25% woodland cover by 2050 (Forestry 

Commission, 2009).  

 

Both wild land and increases in tree cover have strong advocates in Scotland (Forestry 

Commission, 2008b; Scottish Wild Land Group, 2002) but is it interesting to see that 

these visions are poorly supported by our stakeholders, compared to others.  

Biodiversity especially and Tourism are the most preferred profiles, which in turn seem 

to be in line with the trends in policy making and orientations (Scottish Government, 

2008b) at the time of writing this chapter. Since then, orientations have changed. With 

the emergence in policy circles of the notion of ecosystem services, ecosystem 

approaches (Scottish Government, 2011c) or climate change, perhaps this clear 

preference for the Biodiversity profile would shift. This may also show that the 

respondents prefer policies based on a mix of different outcomes rather than policies 

focused on singular issues. This would support the idea of a multi-functional landscape 

for Scotland, linked to a mixed policy model (Royal Society of Edinburgh, 2008). The 
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differences found between groups reflect once more the range of interests and 

professions and hence of policy choices within our respondents.  

 

This methodology could potentially be very useful when understanding and 

formulating future land use policies. Nonetheless, some points need to be taken further 

into consideration in our approach.  

 

First of all, some topics may appear to be missing. For instance, carbon storage, and 

wind and other renewable energy production methods were not included in the 

original set of attributes of a hill system. However, at the time of the pre-survey (early 

2006), the respondents did not see these as importantly as they might be now.  

 

Secondly, these results are respondent driven and the composition of respondents in 

this study has a large part to play. In the survey, farmers are the largest answering 

group (20%) whilst, for the ACA questionnaire, they are in third position (15%), behind 

scientists and NGOs/policy officers. The surveys’ format might have influenced the 

respondents. The first survey was paper-based and did not require any specific 

equipment. The ACA questionnaire was computer-based and may have discouraged 

some of the potential farmers and land managers. Indeed, Warren (2002) reports a 

divide between UK farmers on the use of computers and Information Technology. This 

aspect should be taken into account if the ACA is to be used in the future as a method 

to assess all types of stakeholders. It could also be that the ACA method was focused on 

policy objectives whilst the survey was more descriptive. Farmers may have found the 

ACA more challenging to complete than the survey. Additionally, most scientists and 

NGOs/policy officers were intrigued by the use of the ACA to assess policy objectives, 

and this may have prompted them to take part in the study. It also relates to which 

groups are targeted when sending the surveys. Whilst the author tried to contact a large 

number of stakeholders, and as varied as possible, there was always a bias and groups 
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of respondents were not equal. However, even if these results only express the views of 

our samples of respondents, the differences between groups are relevant. The answer 

rates to the survey and the ACA could also be considered rather low (14% to the 

survey, 17% to the ACA). However, in perspective, any unsolicited questionnaire can 

only expect a maximum responses rate of 30-35% (Dillman, 1978).  

 

There is also a lack of budget constraint in the ACA analysis, as well as the fact that cost 

of provision is not considered. Other techniques, such as the contingent valuation or the 

choice experiment (Christie et al., 2006; Hall et al., 2004), as described in Chapter 3, 

could bring more insights on economic valuation of public goods and provision; in this 

instance, the cost and benefit of supporting livestock systems on the hills. 

 

Finally, the policy profiles created are based on the interpretation of existing policies 

and visions, which may not have fitted completely within the attributes and options of 

this study. Indeed, some policies are close to some of the profiles, whilst others are not. 

Moreover, the hill system is considered as a whole. If a singular policy or a well defined 

conflict issue is considered, the method would work better. Nonetheless, this approach 

gives some insight into how new rural, land use or environmental policies and schemes 

might have to be drafted or prioritised to convey what the local stakeholders want from 

these hill systems. It can be a useful tool to consider in the future.  

 

 

V. Conclusion 

 

 This work shows the complexity of hill systems and their outputs and of 

formulating policies for these environments. It demonstrates that there is not a single 

shared vision for policy support for the hill areas of Scotland. Overwhelmingly though, 
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it shows that stakeholders in this study would prefer the rural, environmental and land 

use policy priorities to deliver a system in which livestock has a part to play. These 

views are echoed in Europe, where Nisbet et al. (2005) showed that sustaining farming 

practices is one area where consensus can be reached amongst a wide range of 

stakeholders.  

 

This study also suggests that more multi-objective and integrative schemes and policies 

would be needed if policy makers want to reflect people’s preferences and opinions. 

Finally, questions arise of how these ideal policy targets can be attained and how to 

communicate to and from government and agencies. In addition, the composition of 

respondent groups is a key point. It may also have been useful to contact urban 

stakeholders in this study (as Soliva et al. (2008) have done).  

 

Nonetheless, the ACA questionnaire and simulation approach prove to be a useful tool 

to explore which future rural, environmental and land use policies are favoured, or less 

preferred, by a wide range of stakeholders involved in the hills and uplands of 

Scotland. Such a method of comparing a set of ‘ideal’ policy targets with existing policy 

orientations could still be beneficial in a wider land use policy setting context, even if 

working on a singular issue or conflict would be more effective.  

 

The next chapter builds on the importance of livestock, as recognised in this section, by 

investigating in detail the state of hill farming in Scotland in the wake of the latest 

policy changes, as well as hill farmers’ views and opinions regarding any change.  
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CHAPTER FIVE 

CHARACTERISATION OF HILL FARMERS’ RESPONSES TO 

POLICY CHANGES IN THE SCOTTISH HILL AREAS 
 

 

 

 

Chapter 4 defined hill systems and the often conflicting policy priorities that 

should be targeted to ensure their sustainability, as seen by local stakeholders. This 

chapter focuses in turn on a particular group of stakeholders, the hill farming 

community, as they are directly involved in the management of these areas. It presents 

the results of a hill farmers questionnaire, followed by a typology of hill farms, to 

characterise how this group responded to policy changes, particularly to the 2003 CAP 

reform. 

 

 

 

 

 

 

This chapter has been adapted for publication as: 

Morgan-Davies, C., Waterhouse, A., Wilson, R. (2012) Characterisation of farmers’ 

responses to policy reforms in Scottish hill farming areas. Small Ruminant Research, 

102. 97-107.
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I.  Introduction 

 

Many pastoral systems throughout the world are in transition. In Europe, there 

have been widespread changes, with abandonment and farming retreat in many areas 

(IEEP & Veenecology, 2004). European policies, such as the CAP and its successive 

reforms, have been implicated in maintaining farming systems and also directly linked 

to changes (MacDonald et al., 2000; Royal Society of Edinburgh, 2008). As a country 

where agriculture is dominated by pastoral systems, which play a dual role of food 

production and of upholding social and rural landscapes, Scotland provides a useful 

case study of the factors influencing these issues. 

 

 

I.1. Scotland in numbers 

 

In Scotland, 69% of the agricultural holdings are in the LFA (Scottish 

Government, 2010b). For instance, in 2009, there were 51,993 registered agricultural 

holdings in Scotland, with 27% (13,983) being classified by the Scottish Government as 

LFA Cattle and Sheep, and only 4% (1,900) classified as Lowground Cattle and Sheep. 

Most of the LFA Cattle and Sheep holdings are situated in the north-west and south-

west of the country. Moreover, 91% of breeding ewes, and 82% of beef cows are in the 

LFA. Livestock farming, particularly with those classified as LFA Cattle and Sheep, is 

therefore the predominant land use in the hills and upland areas (Figure 5.1, Scottish 

Government, 2010b). 
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Figure 5.1. LFA and non-LFA in Scotland (Source: Scottish Government, 2010b) and location 

of the study sample farms 
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Most of these farms have large areas of unfenced hill grazings and smaller areas 

of inbyes, often fenced (Frame et al., 2003). The local economy in these areas relies 

greatly on farming activity, as explained in earlier chapters.  

 

 

I.2. Reliance on support from policies 

 

This industry is fragile and has been dependent on high and continued levels of 

public support since the Second World War (Ashworth & Caraveli, 2000; Eadie, 1971; 

Gelan & Schwarz, 2008; Gray, 2000; Morgan-Davies et al., 2006a), as explained in detail 

in Chapters 1 and 2. For instance, in 2008/2009 subsidies and support payments 

represented 41% of the outputs of the LFA Sheep and Cattle farms (Scottish 

Government, 2010b). These subsidies predominantly result from the CAP (Brassley & 

Lobley, 2003).  

 

The 2003 CAP Mid-Term Review set the framework of EU agricultural policy until 

2013. In Scotland, the SFP is based on historic payments, but subject to statutory 

requirements and cross-compliances (Scottish Executive, 2003a), as detailed in Chapter 

2. In practice, farmers can reduce their livestock numbers considerably and still receive 

the same amount of SFP. However, concerns have been voiced about the impact of 

decoupling production subsidies on hill farming activity.  

 

These concerns can be partly informed from agricultural census data, in particular 

changes in regional farm animal numbers and some farming practices. However, as 

explained in Chapter 3, in-depth studies at farm level can also be useful (Gaspar et al., 

2008; Milán et al., 2003) and enable the formulation of better tailored policy solutions 

(Köbrich et al., 2003).  
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For this study, census data for the Scottish hill and upland areas are compared with 

results from a survey and detailed interviews with farmers, to obtain information on 

whether or not the most recent CAP reform and the decoupling of production subsidies 

caused changes in animal numbers and management in the hills of Scotland.  In order 

to encapsulate the 2003 CAP Mid-Term Review, three time-periods are considered: 

2001-2005 (period when the review was announced), 2005-2007 (when the SFP was 

introduced in Scotland), and 2008-2013 (the future). 

 

The aims of this chapter therefore are a) to explore changes in breeding ewes and beef 

cows numbers in the hill farming areas of Scotland using census data over three 

periods, b) to find out what changes have occurred at farm level in some of these areas, 

over the three same periods and compare it with the census, and c) to identify if some 

characteristics of farm types, as well as motivation of farmers can explain these 

changes.  

 

 

II. Methods 

 

II.1. Agricultural census data 

 

In Scotland, agricultural census data are reported by region (North West, North 

East, South West and South East) and, within each region, by groupings of local 

authorities areas. Data are also published by LFA and non-LFA.  
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For the purpose of this study, census data relating to numbers of breeding ewes and 

beef cows were compiled at regional level and at LFA/non-LFA level, for the period 

between 2001 and 2007.  

 

Data were also compiled at the local authority level, for those authorities where hill 

farming is the dominant land use, with low stocking density of livestock and a high 

proportion of rough grazing. These are the Highland (North West region), the Scottish 

Borders (South East region) and Argyll and Bute (South West region).  

 

 

II.2. Survey and interviews data 

 

II.2.1. Study areas  

 

For this analysis, data were drawn together from linked farm-scale studies in these 

three aforementioned local authority groups: 

 

II.2.1.1. Highland, in the North West region of Scotland 

 

The total Highland area is 2.15 million hectares (35% of the whole of Scotland 

and 80% of the North West region). It has extensive areas of high ground and includes 

the highest point in the UK (Ben Nevis, 1344 m). The mean annual temperature is 

around 8.5 °C but on the highest ground, the annual mean is just below 0°C. The 

coldest month is January or February and the warmest is July or August, but the daily 

maxima are less than 16°C.  The frost free season is often as short as three months. 

Much of this area is exposed to rain-bearing westerly winds and as a result the average 
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annual rainfall is at least 1700 mm, with the wettest area being to the northwest of Ben 

Nevis (over 4000 mm per year) (Met Office, 2011). 

 

The main agricultural land use is livestock grazing (72% of the area is rough grazing, 

which is unimproved or semi-natural vegetation, 14% is common rough grazing and 

5% permanent pasture (grass older than 5 years)). Five percent of the agricultural area 

is woodland and only 4% is arable. Although the main livestock productions are sheep 

and beef, there are very small numbers of farmed deer, pigs and goats (Scottish 

Government, 2008c).  

 

II.2.1.2. Around Loch Lomond, in Argyll and Bute in the South West region 

 

Argyll and Bute has a total area of 0.49 million hectares (8% of the whole of 

Scotland and 31% of the South West region). Much of the landscape consists of high 

ground; however, the climate is milder than that of Northern or Eastern Scotland due to 

the stronger maritime influence, as the prevailing winds blow from the sea. As a result, 

the annual mean temperatures are around 9.3°C.  July or August are the warmest 

months, but mean daily maxima only reach 14.6°C on the highest ground. The average 

annual rainfall is over 3500 mm, with a marked seasonal variation (autumn and early 

winter are the wettest seasons). The area is also one of the more exposed areas of the 

UK, being close to the Atlantic, with several noteworthy major storms recently affecting 

it (Met Office, 2011). 

 

With 80% of the area being rough grazing, and 8% permanent pasture, the main land 

use is livestock grazing. Six percent of the agricultural area is woodland and 3% is 

arable. The main livestock productions are sheep and cattle (including some dairy 

cows), but also small numbers of farmed deer and goats (Scottish Government, 2008c). 
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II.2.1.3. The Scottish Borders, in the South East region 

 

The total area of the Scottish Borders is 0.38 million hectares (6% of the whole of 

Scotland and 20% of the South East region). The mean annual temperature is less than 

6°C on higher ground, with the coldest month being January or February, where 

temperatures can be less than -2°C. However, July is the warmest month and 

temperatures can reach 20°C at low levels, the highest in Scotland. Most of Eastern 

Scotland is sheltered from the rain-bearing westerly winds, so the average annual 

rainfall varies between 700 mm to over 1500 mm (Met Office, 2011). 

 

Although the land use is predominantly livestock grazing (42% is rough grazing and 

24% is permanent pasture), there is more arable land (28%) with some tillage crops. 

Five percent of the agricultural area is woodland. The major livestock production is 

sheep. There are also some beef and pigs, and a substantial number of poultry (18% of 

the total number of birds in Scotland) (Scottish Government, 2008c).  

 

II.2.2. Data collection 

 

Data collection for the research was carried out in two steps: 

1. A postal survey with hill farmers  

2. A series of face-to-face interviews with hill farmers  

 

II.2.2.1. Postal survey  

 

The aims of this survey were principally to identify some of the main changes 

that hill farmers had made or were making in these areas since the introduction of the 

2003 CAP reform.  
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Using local lists from SAC researchers and agricultural consultants, 50 hill farmers from 

Loch Lomond and the Highland were contacted in the winter of 2006-2007. In total, 23 

farmers responded (Table 5.1).  

 

They were asked specific questions about: 

 Their farm characteristics, animal numbers, labour and production type 

 Any changes in animal numbers and management and the reasons behind these 

changes. Changes within three particular periods were considered, centred on 

the most recent reform of the CAP: 

a) 2001-2005 (announcement of the CAP review) 

b) 2005-2007 (introduction of SFP) 

c) 2008-2013 (review of SFP) 

The design of the questionnaire adhered to the principles of Fowler (2009) and 

comprised both open and closed questions. The template for the survey is presented in 

Appendix IV. 

 

II.2.2.2. Face-to-Face interviews  

 

In addition to the postal survey, face-to-face interviews with farmers were 

carried out from May to November 2007. Although livestock changes have been the 

greatest in the Highland area, time and distance constraints meant that the interviews 

were only conducted in the Loch Lomond and the Scottish Borders areas. 

The aim of these farm interviews was to understand in more detail the changes farmers 

had made in 2001-2005 and 2005-2007, and to gauge the potential impacts of these 

changes on their farm and the immediate wider rural economy, as well as their future 

plans. 
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Farmers’ addresses were found using both local lists from SAC researchers and 

agricultural consultants, and local business directories on the Internet 

(www.yell.co.uk/farmers). Stratified sampling by postcode was then used. In total, 65 

farmers were contacted, first with an advance letter (as advised by Dillman, 1978), then 

followed by a phone call to arrange a visit. Due to willingness, timing and busy farm 

schedules, only thirty interviews were subsequently conducted in Loch Lomond and 

the Scottish Borders (Table 5.1). Six of the hill farmers from Loch Lomond had 

previously responded to the postal questionnaire. 

 

All interviews were conducted by the same person and lasted approximately 2 hours. 

Interviewees were asked detailed information (see Appendix IV) on: 

 Animal numbers and locations 

 Farm characteristics, changes in animal numbers and management 

(including many of the same core questions that were part of the postal 

questionnaire) 

 Farm management and farm infrastructure 

 Their views on risk, opportunities, and the future of farming.  

They were asked to consider the same three time periods as in the postal questionnaire.  

Table 5.1 summarises the approach, the variables and the datasets obtained in these two 

steps.  

 

Table 5.1. Chapter 5 research steps, variables obtained and number of datasets 

 Research steps  

Variables obtained 1. Postal survey 2. Interviews Total 

Farm characteristics and 

changes in animal numbers 

and management 

23 datasets 24 datasetsa 47 datasets 

“sample farms” 

 

Detailed farm husbandry, 

farmers motivations, views 

and impacts of changes 

None 30 datasets 30 datasets 

“interview farms” 

 
a Six farms out of the 30 interview farms had responded previously to the postal survey 
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II.3. Analysis 

 

Descriptive statistics were used to analyse the results of the survey (Genstat 8th 

Edition, VSN International Ltd, 2005). Multivariate analysis was subsequently used on 

the interview results, to identify groups of farmers and farms, using a customised 

statistical program written by Dr Sarah Brocklehurst (BioSS), using Genstat 8th Edition 

(VSN International Ltd, 2005), as explained in Chapter 3. The program creates a 

similarity matrix between the interview farms data, using a simple matching method; 

this similarity matrix is then used in a subsequent PCO analysis. A non-Hierarchical 

Cluster Analysis, using Euclidean distance, is then carried out on the PCO scores. 

 

A total of 149 variables was used in the analysis (Appendix V). Variables relating to 

some socio-economic aspects and to the CAP reform were not included in the initial 

analysis but were used afterwards to further analyse each of the clusters, as proposed 

by Gorton et al. (2008). ANOVA was used on the continuous variables and Kruskall-

Wallis (Chi-square) was used on the discrete variables, in order to check the statistical 

differences between the obtained clusters.  

 

 

III. Results 

 

III.1. Agricultural census 

 

In Scotland, between 2001 and 2007, there has been a reduction of 11% in the 

number of breeding ewes (from 3.28 million to 2.92 million). The number of beef cows 

decreased by 3% over the same period (from 489,000 to 472,000). However, there were 

regional differences. In the North West, the reduction in the number of breeding ewes 
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reached 24%, in the North East, 8%, in the South West, 6% and in the South East, only 

5%. For the beef cows, the reductions were less dramatic. The North West lost 8% of its 

number of beef cows, the North East, 3%, the South West 7% but the South East saw an 

increase of 1%. The North West was the region the most affected by the loss of ewes 

and beef cows. In the LFA, the number of breeding ewes decreased by 12% over that 

period, whilst the number of beef cows decreased by 4%. The non-LFA saw a decrease 

of only 1% in the number of breeding ewes, whilst beef cow numbers increased by 1% 

(Scottish Executive, 2002a, 2004a, 2006d; Scottish Government, 2008d). 

 

In the Highlands, the reduction in breeding ewe numbers between 2001 and 2007 was 

24%; Argyll and Bute saw similar reductions (20%). The Scottish Borders, however, saw 

an increase of 2% in its number of breeding ewes over the same period. There were 

significant reductions in sheep numbers within some of this area due to major 

slaughtering during the Foot and Mouth outbreak of 2001. Beef cow numbers also 

decreased in the Highlands (by 10%) and in Argyll and Bute (by 12%). The reduction in 

beef cow numbers in the Scottish Borders was, however, less pronounced (only 2%) 

(Scottish Executive, 2002b, 2004b, 2006e; Scottish Government, 2008c). 

 

 

III.2. Descriptive analysis of the survey and the interviews 

 

Data relating to the characteristics of the farms, collected during the survey and 

the interviews, illustrates the diversity of hill farms in the sample (Table 5.2). On 

average, farms had less than 2000 ha of land; however, farms in the Highland region 

had larger average areas (>3000 ha). There were large disparities in the flock sizes and 

herd sizes, as reflected in the large standard deviations.  
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Fifty-three percent of the farmers carried out changes in 2001-2005, when the majority 

decreased sheep numbers (Table 5.3). In 2005-2007, 49% of the farmers reported 

changes; of those, 74% decreased their sheep and cows numbers. When asked about the 

future (2008-2013), 53% planned to change their management. A quarter of them said 

they would decrease their sheep numbers. However, 38% had other ideas, such as 

diversification (housing, tourist accommodation), growing cereals, forestry or 

retirement.  

Table 5.2. Results from the descriptive analysis (47 datasets) for the three areas 

  

Highland 

 

Loch Lomond 

 

Scottish Borders 

 

Total 

 

Variables Unit  ̅ Freq.  ̅ Freq.  ̅ Freq.  ̅ Freq. 

Tenanted 

farms 

Farm 6 0.60 11 0.39 5 0.56 22 0.47 

Owner-

occupier 

farms 

Farm 2 0.20 14 0.50 2 0.22 18 0.38 

Mixed 

tenancy 

Farm 2 0.20 3 0.11 2 0.22 7 0.15 

Sheep only 

farms 

Farm 2 0.20 12 0.43 5 0.56 19 0.40 

Cattle only 

farms 

Farm 0 0.00 2 0.07 0 0.00 2 0.04 

Sheep & 

cattle farms 

Farm 8 0.80 13 0.46 4 0.44 25 0.53 

Other farms Farm 0 0.00 1 0.04 0 0.00 1 0.02 

Farmers' 

age:   

        

18-30 years 

old 

Farmer 0 0.00 1 0.04 0 0.00 1 0.02 

31-45 years 

old 

Farmer 2 0.20 9 0.32 2 0.22 13 0.28 

46-60 years 

old 

Farmer 3 0.30 10 0.36 6 0.67 19 0.40 

>60 years old Farmer 5 0.50 8 0.29 1 0.11 14 0.30 

   ̅ SD  ̅ SD  ̅ SD  ̅ SD 

Farm size Ha 3348 2876 1279 1064 965 553 1680 1793 

Inbye size Ha 234 353 51 64 73 47 94 186 

Hill size Ha 3101 2708 991 1094 892 557 1421 1724 

Flock size Ewe 778 411 919 832 1060 417 916 692 

Herd size Cow 66 85 27 30 57 56 41 53 
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The main reasons given by farmers for these changes were due to economic factors 

(costs and availability of labour, costs of feed and lack of value in the outputs, loss of 

subsidies). However, the need to abide to Scottish agri-environmental schemes or 

LFASS rules was also mentioned. Retirement, increasing age and reducing the work of 

handling livestock were also part of the rationale for change.  

 

Table 5.3. Change options, as reported by farmers, for 2001-2005, 2005-2007 and 2008-2013 

(some farms carried out more than one option, hence the percentages do not add up to 100%) 

 Period 

 

2001-2005 

(Actual actions) 

2005-2007 

(Actual actions) 

2008-2013 

(Projected actions) 

Options No. of 

farms 
% 

No. of 

farms 
% 

No. of 

farms 
% 

No change 

 

22 47% 24 51% 22 47% 

Changes: 

 

25 

 

53% 

 

23 

 

49% 

 

25 

 

53% 

 

 No. of 

farms 

% of those who 

changed 

No. of 

farms 

% of those who 

changed 

No. of 

farms 

% of those 

who changed 

decrease 

sheep 15 48% 15 48% 7 24% 

decrease 

cows 3 6% 8 3% 3 3% 

increase 

sheep 2 10% 1 26% 1 10% 

increase 

cows 5 16% 1 3% 3 10% 

change 

management 6 19% 1 3% 4 14% 

others 0 0 5a 16% 11b 38% 
a  includes forestry options, land improvement and succession 
b includes housing, tourism accommodation, forestry options, hydro-electric scheme, succession, changing 

tenancy, growing cereals. 

 

The reduction of ewe numbers in the sample averaged 15 % (from 1150 ewes down to 

980 between 2001 and 2007). However, the Loch Lomond area showed the greatest 
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reduction, with an average loss of 18% of the animals (from 1220 ewes down to 1000, on 

average).  

 

 

III.3. Typology on the interviews  

 

The PCO used 149 variables (107 discrete and 42 continuous). These covered 

farm characteristics, farmers’ motivations and views of risks. Five dimensions were 

retained in the analysis, since there was a significant decline in the percentage variation 

between the 5th and 6th dimensions. The five dimensions explained 64% of the total 

variation. The variables which were correlated (r ≥|0.5|) with any of the 5 dimensions 

were investigated for interpretation purposes (Table 5.4). When two or more variables 

were strongly correlated (r >|0.8|), only one was kept, as suggested by Köbrich et al. 

(2003). With the subsequent non-Hierarchical Cluster Analysis on the PCO scores, it 

was possible to identify 3 homogeneous clusters of farms (Figure 5.2). The first cluster 

comprised 7 farms, the second, 10 farms and the third cluster, 13 farms. Looking at the 

1st and 2nd dimensions of the PCO, the clusters of farms were clearly distinct, but less so 

when other pairs of dimensions were used (Figure 5.2). However, the analysis of 

variances conducted (ANOVA and Kruskall-Wallis Chi-square) showed that these 

three clusters were statistically distinct on many variables (Table 5.4).  

 

The first cluster, which represented 23% of the farms, comprised extensive sheep farms, 

with a medium number of ewes (on average, 930), but with a low productivity (94% 

lambing percentage – number of lambs weaned per 100 ewes). Grazed forage was the 

limiting factor for their ewe numbers and most of them fed the ewes in winter. Only 

half of them had their ewes ultrasound scanned at mid-pregnancy. Most of the animals 

produced were sold as store. Contractors were mainly employed at gathering times. 



 

143 
 

 

 

Most farmers were tenants. All of the farmers agreed on diversifying their income and 

half of them already had forestry on their farm. Most of them would use their resources 

differently and be prepared to start ventures other than farming; in this respect, they 

could be labelled as adaptive farmers (‘adaptive’).  

 

The second cluster contained 33% of the interview farms and was reflective of the more 

intensive sheep and beef farms. These farms had the lowest number of ewes (on 

average, 780) but their productivity was the best (124%). They also had the highest 

number of cows (59 on average).  All the farmers fed their ewes in winter and produced 

their own silage and hay. Most of the young animals were sold finished. Contractors 

were not used for sheep work. Most farmers were tenants and their spouses had a job 

outside farming. They strongly believed that there was a future in hill farming and had 

strong positive views on farming without subsidies. They stated that farming came first 

in terms of their income and had mixed views on diversification. In summary, they 

could be labelled as farmers focused on farming (‘focused’).  

 

The last cluster, which was the largest with 44% of the farms, represented very large 

extensive sheep and beef farms, constrained by their resources.  They had the highest 

number of ewes (1430 on average) but the lowest ewe productivity (80%). They had a 

medium number of cows (40 on average), which were spring calving. Two-third of the 

lambs and nearly all calves were sold as store. Silage was produced on the farms but 

not hay. The farmers did not feed the ewes in the winter and only half of them had their 

ewes ultrasound scanned at mid-pregnancy. They stressed that their ewe numbers were 

limited by the labour availability on the farm, and sheep gatherings required the 

highest number of people (4.5 people on average). Most farms were owner-occupied. 

These farmers strongly agreed on value of diversification but, in terms of 

infrastructures, half of them thought their buildings were not fit for purpose and could 
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not be used for any other venture. In summary, this group could be labelled as resource 

constrained farmers (‘resource constrained’). 

 

To further analyse the clusters, a set of variables, excluded from the primary analysis 

and related to demographic, future intentions and responses to the CAP reform, was 

used. Statistical differences (ANOVA and Chi-square) between the clusters concerned 

the age of the farmers and their level of education, with the ‘adaptive’ farmers being the 

most educated and the oldest, whilst the ‘resource constrained’ farmers were the 

youngest (Table 5.5).  

 

The influences of the 2001-2005 changes on paid labour force and whether or not the 

changes their neighbours had made (in 2005-2007) would affect their own management 

decisions were also statistically different between the three clusters (Table 5.5). Indeed, 

the ‘adaptive’ farmers thought that their paid labour would decrease and that changes 

made by their neighbours would affect them. Conversely, the ‘focused’ farmers did not 

think they would be affected by their neighbours’ decisions. 
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Figure 5.2. Positioning of the 30 interview farms according to the five principal dimensions and 

by the three identified clusters 

 



 

 

 

 

Table 5.4. Characteristics of the clusters obtained in the analysis by PCO dimensions (majority of answers shown in brackets) 

      Clusters   

      1 

‘adaptive’ 

2 

‘focused’ 

3 

‘resource constrained’  

    Number of farms in cluster 7 10 13   

  r Variable name       Sig. 

P
C

O
 d

im
en

si
o

n
 (

an
d

 %
 o

f 
v

ar
ia

ti
o

n
) 

1 -0.8 Do you calve in Autumn? n/a No (5)/Yes(3) No (11) <0.001 

(18%) -0.8 Do you calve in Summer? n/a No (5)/Yes(3) No <0.001 

 -0.7 Do you calve in Spring? n/a No (6) Yes (12) <0.001 

 0.6 Is the max number of ewes your farm could 

carry constrained by forage? 

Yes (5) No No (12) <0.001 

 -0.6 % lambs sold finished 1% 94% 35% <0.001 

 -0.6 Number of cattle 0 59 40 <0.01 

 0.6 Ranking of farming activity  2nd (4)/ 1st (3) 1st (9) 1st (10) NS 

2 0.6 Ewe productivity (lamb weaned/100 ewes) 94% 124% 80% 0.001 

(14%) -0.6 Do you feed the ewes in winter? Yes (6) Yes (10) No (9) <0.001 

 -0.6 Type of farm a LFAs LFAb+s (5)/LFAs (5) LFAb+s (11)/LFAb (2) <0.001 

 0.6 Do you scan your ewes? Yes (4)/No (3) Yes (9) Yes (6)/No (5) NS 

 0.6 % calves sold store n/a 57% 92% <0.001 

 0.5 No silage is produced on the farm Yes (4)/No (3) No No (9) <0.05 

 

-0.5 

There will be a steady decline until the 

economic situation improvesb 

Ag (5)/Ne (2) Ag (7),Sag (2) Ag (12) NS 

 0.5 Are distances an issue on your farm? No No No/Yes <0.01 

 

-0.5 

Local residents are not sympathetic to 

farmers and their needsb 

Ag (4)/Dis (2) Dis (8) Ag (8)/Dis (5) <0.05 

 0.5 No hay is produced on the farm Yes No (7) Yes (9) <0.05 

 -0.5 My buildings are fit for purpose Yes Yes (9) No (7)/Yes (6) <0.05 

1
4
6
 



 

 

 

 

Table 5.4 (Continued)  a LFAs = LFA sheep farms; LFAs+b = LFA sheep and beef farms; LFAb = LFA beef farms; b Likert scale: Sag=strongly agree; Ag=agree; 

Ne=neutral; Dis=disagree; Sdis=strongly disagree; c  1= profitability until I retire; 2= providing a working system for the next generation; 3=developing an environmentally 

friendly system, even though not always profitable; 4= enjoy farming and will carry on regardless 
 

 
r Variable name ‘adaptive’ ‘focused’ ‘resource 

constrained’ 

Sig. 

P
C

O
 d

im
en

si
o

n
 (

an
d

 %
 o

f 
v

ar
ia

ti
o

n
) 

3 0.7 Ewe numbers (main flock) 931 776 1432 NS 

(11%)  0.7 Max number of ewes the farm could carry 1160 1012 1458 NS 

 0.7 Do contractors do the gathering? Yes (5) No (9) Yes (9) <0.01 

 0.6 Number of people for the biggest gather 3 1.6 4.5 <0.05 

 -0.5 I will try to diversify my incomeb Sag (2), Ag (5) Ag (5)/Dis (2)/Ne (3) Ag (9), Sag (1) NS 

 -0.5 Is the maximum of ewes your farm could carry 

constrained by labour? 

No (6) No (7) No (8)/Yes (5) NS 

4 
0.5 % time the spouse works off-farm in non-

farming activities 

14% 85% 44% NS 

(11%)  

0.5 Would you be prepared to borrow money to 

start a new venture? 

Yes (4)/No (3) Yes (6)/No (4) Yes (10) NS 

 0.5 There is no future in hill farmingb Ag (2)/Dis (4) Dis (6), Sdis (1)/Ag (3) Ag (5)/Ne (4)/Dis (4) NS 

 0.5 Are you an owner-occupier? No (5) No (7) Yes (10) <0.05 

 0.5 I want to farm with less subsidiesb Sag (2), Ag (2)/Ne (2) Ag (8),Sag (1) Ag (7),Sag (2)/Dis (3) NS 

 -0.5 As a farmer, I am a respected member of the 

local communityb 

Ag (5)/Ne (2) Ag (9) Ag (8)/Dis (3) NS 

5 
0.6 Would you use your resources for things other 

than farming? 

Yes (5) Yes (7) No (7)/Yes (6) NS 

(10%) 

-0.5 My buildings are fit if my stock numbers were 

to increase 

Yes (4)/No (3) No (7) No (7)/Yes (6) NS 

 0.5 Would you be prepared to do things other than 

farming? 

Yes (6) Yes (7) Yes (11) NS 

 0.5 What is your motivation?c 2 (2); 3 (2); 4 (2) 2 (4); 4 (4) 1 (3); 2 (5); 4 (3) NS 

 0.5 Do you have forestry activities on your farm? No (4)/Yes (3) No No (11) NS 

1
4
7
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Table 5.5. Further analyses of the clusters according to the socio-economic variables and to 

the CAP reform outcomes, external to the primary analysis (significant differences in bold) 

  Clusters  

Name of variable 

 

1 

‘adaptive’ 

2 

‘focused’ 

3 

‘resource 

constrained’ 

Sig 

Level of education 

Univ/Higher 

qual. Secondary Secondary P<0.05 

Age bracket  Over 60 years 46-60 years 31-45 years P<0.05 

Years in the area 28 43 35 NS 

Do you have a long-term plan? No Yes No / Yes  NS 

Do you have a successor? Yes  No / Yes No / Yes  NS 

Have you made any change in 

2001-2005? 

No  Yes / No Yes  NS 

Have you reduced your 

livestock in 2001-2005? 

Yes Yes/No Yes NS 

Influences of 2001-2005 

changes on paid labour 

decrease mix same P<0.05 

Influences of 2001-2005 

changes on unpaid labour 

same mix mix NS 

Influences of 2001-2005 

changes on habitat 

same/increase don’t know same/increase NS 

Influences of 2001-2005 

changes on the local economy 

same/increase don’t 

know/same 

same NS 

Have you made any change in 

2005-2007? 

Yes / No  No  Yes / No  NS 

Have you reduced your 

livestock in 2005-2007? 

Yes/No Yes  Yes  NS 

Influences of 2005-2007 

changes on paid labour 

same don’t know same NS 

Influences of 2005-2007 

changes on unpaid labour 

same don’t know decrease/same NS 

Influences of 2005-2007 

changes on habitat 

increase don’t know mix NS 

Influences of 2005-2007 

changes on the local economy 

same don’t know same NS 

Were these 2005-2007 changes 

a result of the CAP reform? 

No No  Yes  / No NS 

Post CAP reform, your 

farming will be: 

mix same/easy same/easy NS 

Have your neighbours made 

any changes in 2005-2007? 

Yes Yes/No Yes  NS 

Will these 2005-2007 changes 

affect your management? 

Yes  No  No /Yes  P<0.05 
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IV. Discussion 

 

Results from the agricultural census data show that, since 2001, breeding 

ewe and beef cows numbers have declined in Scotland. This decline is more 

dramatic in the more extensive hill farming areas, where livestock density is low 

and where rough grazing is predominant. The census data also show that this 

decline is particularly more pronounced since 2005, when the SFP was introduced. 

The data obtained during the survey and interviews concur with such a decline. 

Indeed, on average, a reduction of 15% in the number of breeding ewes is observed 

in the survey and interview farms; this being similar to the average loss of 13% 

recorded in the census over the same period. However, it is in the Argyll and Bute 

survey and interview farms that the biggest reduction is observed (18%), whilst in 

the census, the Highland region shows the largest reduction (24%).  

 

The typology approach used in this study highlights the reasons and impacts 

behind such declines and is complementary to the census data analysis. Indeed, 

although farm typologies, in Scotland or elsewhere, have been widely used (mostly 

by government for reporting farm statistics), they are mainly based on the type of 

production or land quality. These typologies do not take into account the farmers’ 

views, attitudes and goals, which often play a very important role in the day to day 

management of their business (Brodt et al., 2006; Fairweather & Keating, 1994; 

Girard et al., 2008).  

 

This study also relies on what can be considered relatively small sample sizes, both 

for the survey and for the interviews. However, although some studies report larger 

sample sizes (e.g. Milán et al. (2006) use data from 130 cattle farms; Willock at al. 

(1999) report on 245 Scottish farms), more detailed farm level studies tend to use 

small samples. Indeed, Olaizola et al. (2008) in Spain studied new feeding 

technology in sheep farming systems and use two samples of 23 and 79 sheep farms 

respectively. Girard et al. (2008) interviewed 33 hill farmers to categorise farming 
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practices in mountain areas in France and Acs et al. (2010) surveyed 44 hill farms in 

the Peak District to investigate land management. Although a large and varied 

sample of farmers in each area (e.g. from small farms to larger estates) was 

contacted, ultimately there is a bias towards self-selection, which may have limited 

the range of data compiled. However, the sample is considered typical of the 

farming areas chosen, while perhaps not being fully representative. 

 

The three clusters identified in this study show not only the disparities in farm 

characteristics, but also the disparities in farmers’ views. This reinforces the fact that 

hill farms in Scotland vary in size, number of animals and type of outputs. This 

diversity needs to be acknowledged in policy making. For instance, farm labour, 

which is an important factor in extensive conditions in the UK and in Europe 

(Caballero, 2001; Stott et al., 2005), is different across the clusters. It is a significantly 

more important issue for the ‘adaptive’ farmers. These extensive sheep farmers are 

dependent on contractors and reducing livestock numbers is a way of reducing 

labour costs (as shown by Stott et al., 2010); this reinforces the crucial role that 

skilled farm labour has in the hill farming industry.  

 

The typology also identifies constraints that hill farmers are facing, something that 

census data alone can not provide. This may dictate how, in the future, hill farmers 

could react to the coming changes in subsidy regime, especially with respect to agri-

environment or diversification measures such as those found in the SRDP (Rural 

Development Regulation (EC) No. 1698-2005). Indeed, the ‘adaptive’ cluster, despite 

being made of farmers ready to diversify, is composed of older farmers. The 

question of farm succession or continuity becomes a potential threat, as already 

reported by Caballero (2001) and Riedel et al. (2007). These farmers are also those 

with the highest education level and who, according to Gorton et al. (2008), may 

have been more able to diversify off-farm. Gasson (1998) also reports education 

level as being a key factor which “induces farmers to participate in schemes”. 

Conversely, farmers in the ‘resource constrained’ cluster have a limited capacity for 
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adaptation. This echoes what Franks (2006) and Gelan & Schwarz (2008) argue in 

their research, that not all hill farmers can diversify their business, due to the low 

opportunity costs of farmers’ own labour. Farm tenure conditions and relationships 

between landlords are also major restricting factors. So, even if diversification seems 

to be an option for some farmers, as recent research in the English uplands has 

shown (Defra, 2009), these results suggest that it is not always a feasible one.  

 

The importance of the behaviour of neighbouring farmers is a major factor 

highlighted in the typology analysis (Table 5.5) and would not have been picked up 

by census data analysis. Here it shows that extensive farms are more affected by 

changes carried out by their neighbours. Indeed, in these types of environment, 

grazing hills are large and unfenced, and any changes in stocking density in one 

part of a hill will greatly affect livestock management. Farmers, who report being 

affected by their neighbours, have to destock or re-arrange their flock’s spatial 

distribution to avoid their animals straying or to improve sheep gathering 

conditions. This demonstrates how linked hill farms can be and how decisions by 

one individual farmer can affect the whole ‘local’ fabric. This interdependency has 

been further observed by Gray (2000) and Caballero (2001). High levels of hill 

farming interdependency bring with them the unwelcome prospect that as 

neighbouring businesses disappear, those remaining become less tenable. 

 

At a wider level, this study’s results are also an example of what can happen in 

farming areas dependent upon extensive pastoral systems. Agricultural and rural 

activities decline and abandonment is a risk. This has already been highlighted in 

other parts of Europe, especially the states of Eastern Europe which have witnessed 

dramatic agricultural changes (Moravec & Zemeckis, 2007), and for Southern 

European mountainous areas, where adjustments have been occurring over a long 

period. However, for the UK, such recent changes in animal numbers following a 

long period of stability during the production subsidy eras of the 1980s and 1990s, 

demonstrate how policy can have a large impact on marginal pastoral areas.  This 
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also highlights the continued dependency of hill farming and pastoral systems on 

financial support, as reported by Strijker (2005) and also by Pack (2010a), in the 

latest review into the Less Favoured Area Support Scheme for Scotland. Caballero et 

al. (2007) encapsulates the problem when stating that these systems are  

“dependent on public handouts for survival, but successive policy schemes have only 

showed mixed effects and, […], clear inconsistencies in their aim to stop the general 

declining trend of LSGS [large scale grazing systems]”, and advocating “better-

focused policy intervention”.  

 

This issue is therefore not confined solely to Scotland but relates to many marginal 

and extensive hill areas in Europe.  

 

It is evident in this study that the latest CAP reform policies have not been 

altogether a success for Scotland’s marginal pastoral systems. Whilst it is recognised 

in the setting of the CAP reform that “regional shifts in the pattern of livestock 

production may bring change to the most peripheral areas” (Scottish Executive, 2003b), 

the dramatic impacts on sheep numbers in the hills have not been entirely expected. 

This reiterates the difficulty of formulating a single policy for marginal agriculture 

areas, where the role of farming is multi-faceted: producing food, helping to 

maintain the prosperity of rural communities and protecting and enhancing the 

environment.  In this context, it is therefore important to discuss how further policy 

should be altered to accommodate the extra layer of information that the typology 

brought. Which policy instruments would be most appropriate for each of the 

clusters identified here?  

 

The ‘adaptive’ farmers are innovators and as such represent the imaginative and 

entrepreneurial spirit that needs to be fostered. They are more likely to respond to 

policy mechanisms that encourage business improvements and diversification, 

possible through the SRDP options (Scottish Government, 2010c). Dependence upon 

the SFP could be reduced more easily with this group.  
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Conversely, the ‘focused’ farmers are dedicated to food production and are 

therefore important from a food security viewpoint. They may be more likely to 

welcome policy mechanisms that foster the production aspects of their business. The 

SFP may still be the most appropriate primary support mechanism, but making a 

larger share of the total budget available for upgrading production resources (such 

as buildings and equipment) or for co-operative activities associated with 

production, could be routes favoured by this group. 

 

Finally, the ‘resource constrained’ farmers represent the biggest and most 

vulnerable group and, as such, is the one which would naturally continue the 

current trend of reductions in size of business and of risk of farm abandonment, 

under normal market forces.  However, if these farms are to be retained for their 

multi-faceted roles such as maintaining rural communities (preventing the tipping 

point or domino effect referred to earlier), contributing to food production and 

providing environmental goods and services, then the SFP might partly  still the 

best vehicle for support, as these farmers inherently lack the capacity to adapt and 

change. The opportunities offered through the SRDP at present are probably of less 

relevance to these farmers as they may lack the wherewithal or impetus to access 

them. For them personally some opportunity to leave farming might be the most 

appropriate. However, if the SFP was also somehow linked to providing other 

positive externalities, such as ecosystem services, biodiversity, encouraging new 

entrants or offering training, perhaps this group would be less vulnerable.  

 

There are some final implications to this simple split of policy support proposals. 

Firstly, representativeness is key, as it would be necessary to ensure that all hill 

farmers in Scotland belong to these three clusters. Although the sample farms in this 

study are typical of their areas, perhaps more clusters would be identified if more 

areas are considered. This aspect could be tested by choosing other hill areas at 

random and test whether or not they could by classified by this typology. Secondly, 

it is necessary to establish to which typology a particular farm or group of farms 
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belongs. If membership of a cluster cannot be easily identified through a few 

additional questions in the annual census, then this becomes a difficult exercise. 

Finally, the stability of these clusters needs to be established, i.e., would farmers 

remain in their clusters or move due to changes in circumstances?  Most of these are 

not in the scope of this study, but need to be addressed in the future if more 

innovative approaches for delivery of policy instruments that recognise hill farm 

diversity are to be valid.  

 

 

V. Conclusion 

 

This chapter reinforces the view that since the implementation of the latest 

policy reforms in 2005, animal numbers in marginal areas have decreased 

dramatically. It also showed that hill farmers and their farms are diverse and that 

this diversity needs to be recognised when formulating policies. Using a typology 

approach to do so could be a useful adjunct.  

 

The interdependency of these hill farming systems is also of considerable 

importance, when action by one individual farm has repercussions across the wider 

local area. This complexity of situations, constraints and motivations helps to 

explain the difficulty of formulating effective policy appropriate for these extensive 

and marginal systems.  

 

Finally, this chapter points out the value of multi-faceted data sources to help 

inform policy formulation, and more targeted delivery of policy mechanisms to 

reflect the diversity within extensive farming systems. Although agricultural census 

data can offer cost-effective nation-wide metrics such as crop area and animal 

number trends, small scale interviews do provide different layers of detail useful to 

policy makers. Farm typologies can be helpful in predicting impacts of future policy 
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changes at local area or farm level. Knowing the constraints at farm level and the 

deeper motivation of the farmers should allow better predictions of farmers’ 

response to policy changes.  

 

The next chapter uses these farmers’ motivation by coupling them to a series of 

scenarios in a farm model, to investigate their combined likely effects at farm level. 

These scenarios will be developed by linking elements from the land use 

preferences identified in Chapter 4 with other hypothetical scenarios from the 

current literature on the future of farming.   
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CHAPTER SIX 

IMPACTS OF DIFFERENT POLICY AND LAND USE 

SCENARIOS AND OF FARMERS’ MANAGEMENT STYLES 

ON HILL FARMING BUSINESS INCOMES AND 

STRUCTURES 
 

 

 

 

In the previous chapter, clusters of hill farms and farmers have been defined 

based on their farms characteristics and on their motivations. This approach was to 

acknowledge hill farming diversity and to investigate farmers’ reactions to policy 

changes and to their economic environment. Chapter 4 focused on what a larger 

group of stakeholders expect from the hills and what land policy priorities should 

be. This chapter brings together both aspects, by modelling the impacts of different 

land use and policy scenarios, based on the priorities defined previously and on 

more recent policy developments, on a case study hill farm business income and 

structure. The element of hill farming diversity, highlighted in Chapter 5, is 

explored using the different motivations and attitudes to hill farming of the three 

farmers’ clusters defined previously. To allow this comparison, a single case study 

hill farm is used as a base model and compared to the three other different 

management styles. This offers a representation of the diversity of hill farming; and 

quantifies, in terms of income, throughputs in the local economy, land use and 

labour, what this diversity means for the hill and upland areas of Scotland. It also 

provides an insight into how a variety of management styles of hill farming in 

Scotland may fare, under different scenarios. 
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List of acronyms and abbreviations in Chapter 6 
 

 

AF: Adaptive Farmer 

AoH: Abandonment of the Hill 

CF: Constrained Farmer 

CFnd: Constrained Farmer no deer 

CFnw: Constrained Farmer no wood 

CS: Combined Style 

E: Net Energy 

EBV: Estimated Breeding Value 

Eg: Energy for growth 

El: Energy for lactation 

Em: Energy for maintenance 

Ep: Energy for pregnancy 

EU: European Union 

FBI: Farm Business Income 

FF: Focused Farmer 

FNM: Farm Net Margin 

GAEC: Good Agricultural and Environmental Condition 

GHG: Greenhouse Gases 

GJ: Gigajoules 

HF&E: High Fuel and Energy 

HGMM: Hill Grazing Management Model 

HMP: High Market Prices 

LFA: Less Favoured Area 

LFASS: Less Favoured Area Support Scheme 

LMO: Land Management Option 

LP: Linear Programming 

LU: Livestock Unit 

MCC: Mitigation of Climate Change 

MCCa: Mitigation of Climate Change – animal options 

MCCa5%_1yr: Mitigation of Climate Change – animal options – increased efficiency 

by 5%, longevity of animal increased by 1 year 

MCCa5%_1yr_0x: Mitigation of Climate Change – animal options – increased 

efficiency by 5%, longevity of animal increased by 1 year, costs of ram/bull is null 

MCCb: Mitigation of Climate Change – forestry option 

ME: Metabolisable Energy 
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MJ: Megajoules 

NPV: Net Present Value 

NS: No Subsidies 

NSa: No Subsidies at all (agricultural or woodland) 

NSb: No SFP or woodland grant 

NSc: No agricultural subsidies but with woodland grants 

NSd: No agricultural subsidies but with woodland grants and an increase in output 

prices 

QMS: Quality Meat Scotland 

RP: Rural Priority 

SAC: Scottish Agricultural College 

SC: Standard Case 

SFP: Single Farm Payment 

SLR: Standard Labour Requirement 

SRDP: Scottish Rural Development Plan 

W/D: Woodland/Deer 
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I. Introduction 
 

Farming in European hill and mountain areas, based as it is on extensive 

livestock farming, has always been a fragile existence, recently highly dependent on 

economic support and highly vulnerable to policy changes (Acs et al., 2010; Bernúes 

et al., 2011; Cocca et al., 2012; Thompson, 2009). Policy changes, such as the de-

coupling of subsidies in the EU 2003 CAP reform, have had wide repercussions on 

these marginal areas (García-Martinez et al., 2011), and questions of their future, 

their sustainability, and their role has been widely debated (Hubacek et al., 2009; 

Reed et al, 2009; Ripoll-Bosch et al., 2012).  

 

While formulating policies for these areas has always been challenging, partly due 

to the variety of land uses and its inherent conflicts (Morgan-Davies et al., 2006a; 

Chapter 4), the concept of rural diversity is now increasingly recognised (e.g. van 

Eupen et al., 2012) and accepted. The diversity is apparent among the different 

farming systems in these areas, but more so within them. For instance, as shown by 

O’Rourke et al. (2012) in Western Ireland and in Chapter 5 of this thesis, hill farmers 

are not a homogenous group, neither in their farming practices nor in their views 

and their management styles. 

 

The main question remains, as to what interactions policy and land use options 

have on optimal solutions for these diverse marginal farm businesses, and what can 

be done to accommodate this diversity. Following the announcement of various 

reforms of the CAP, studies have been conducted as to how these affect farming in 

marginal areas (e.g. Oñate et al., 2007; Pacini et al., 2004). 

 

The most common approach to tackle both farm diversity and policy impacts has 

been to use farm typologies to represent this diversity, and to use farm models and 

scenarios to investigate the potential economic, ecological and social outcomes of 
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policies (Acs et al., 2010; García-Martinez et al., 2011). Most of these studies use 

simulation models to investigate the likely outcomes under a series of scenarios. 

Hanley et al. (2012), looking at farm-scale ecological and economic impacts of 

agricultural change in the UK uplands, argue that  

“when combined with simulation modelling, scenario analysis provides insights into 

the relative strength and direction of key outcome variables and a means of scoping 

uncertainty when precise predictions are not available”.  

 

These studies use farm classifications in their modelling approach. However, 

Wilson et al. (2012) and Viaggi et al. (2011) also stress the need to acknowledge the 

attitude and behaviour differences amongst farmers in land use policy making. 

Janssen & van Ittersum (2007) demonstrate the usefulness of “so-called” farming 

styles to distinguish groups of farms with different strategies.  

 

In the UK, 74% of the land is classed as agricultural, of which 29% is classed as 

rough grazing, only suitable for livestock farming. This proportion is uneven across 

the regions. Sixty-one per cent of Scotland agricultural land is covered by rough 

grazing, compared to 24% of Wales, 17% of Northern Ireland and only 10% of 

England (Scottish Government, 2011a). Scotland’s hill farming conditions are also 

more extreme than in the rest of the UK for climatic and geographic reasons, and 

striking differences between and within farming systems do exist (Chapter 5). As 

well as making a major contribution to the economic and social life in these areas, 

hill farming systems in Scotland are typically more extensive than in the rest of the 

UK. For instance, in the English LFA, the ewe stocking density is 2.4 ewes/ha2 

(Defra, 2011b), compared to 0.5 ewe/ha in the Scottish LFA (Scottish Government, 

2011a).  

 

Despite the preponderance of these marginal lands in Scotland, relatively few recent 

studies on the impacts of recent reforms are available in the published literature. 

                                                 
2
 Calculated based on number of breeding ewes in the LFA and the total grazing areas in the LFA 

(grassland and rough grazing). 
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Although several reports have been undertaken to investigate the impacts of the 

CAP reform on farming activities and the environment (Buchan et al., 2010; Holland 

et al., 2011; Royal Society of Edinburgh, 2008; SAC Rural Policy Centre, 2008; 2011), 

few academic studies (Matthews et al., 2013; Osgathorpe et al., 2011) have used 

models to predict or forecast the likely futures of these marginal areas, especially at 

a farm level. Conversely, most of the studies of this type have been done elsewhere 

in the UK (Acs et al., 2010; Hanley et al., 2012, in the Peak District; Matthews et al., 

2006, in Wales; Defra (2009) and Gaskell et al. (2010), in the English uplands; Lobley 

& Butler (2010) in the South West of England).  

 

In these studies, findings show that the main choices faced by the farmers are a 

reduction in flock or herd size, the abandonment (partial or total) of hill grazing, a 

substantial increase in gathering labour, retirement, diversification, off-farm work, 

selling SFP entitlements or stopping farming altogether. Whilst these changes are 

radical in themselves, no research has been done relating to how management styles 

or farmers’ motivations for running their farm would impact on these changes or 

choices. The previous chapter of this thesis underlined the importance of 

motivations and constraints of farmers in their responses to policy reforms. It also 

demonstrated the usefulness of a typology approach based on farmers’ opinions 

and motivations, rather than government census farm types, to highlight differences 

between them when faced with policy changes and choices.  

 

It is therefore appropriate to investigate the likely effects of different policy 

scenarios at farm level in Scotland’s marginal areas under different styles of 

management, rather than just by farm types. 

 

One of the advantages of using an optimisation farm model is that many activities 

can be considered simultaneously and the effects of changing parameters can be 

easily assessed (Janssen & van Ittersum, 2007). Optimisation most often employs 
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linear programming (e.g. Acs et al., 2010), which may or may not be embedded in a 

larger model framework (Hanley et al., 2012; Pacini et al., 2004). 

Defining a farming production system in a model framework, based on animal 

production and inputs and outputs, can be relatively straightforward. However, in 

hill grazing systems, most of the livestock feeding needs are covered by their 

grazing activities, so that one of the main challenges lies in the estimation of the 

livestock food intake from the rough grazing areas. Conington et al. (2004) and Stott 

et al. (2012) use a model defined by Armstrong et al. (1997a, b) to predict vegetation 

production on such environments, coupled with the AFRC (1993) animal energy 

requirements. This is the approach taken here.  

 

The aims of this chapter are therefore to report on the design and building of a hill 

farming optimisation model then to investigate the effects on farm incomes, land 

use, farm structure and the rural economy (in terms of economic outputs and labour 

activities) when operating this model under a range of farming management styles, 

in a series of alternative scenarios for hill farming. 

 

The five-step approach (Figure 6.1) uses an established computer program to 

estimate vegetation energy production, calculates animal energy requirements and 

then creates an optimisation model based on a Scottish hill farm to link these energy 

estimates, as well as labour requirements and financial information, in the context of 

a series of competing productive outputs. This case study approach has been 

formed around a single parameterised hill farm system, so that constraints and 

parameters can be accurately defined, since vegetation data, animal production 

data, and labour and economic data are easily available. It is good practice to have a 

proper definition of activities, which form the inputs, and constraints that are 

explicitly explained (Janssen & van Ittersum, 2007). Using a farm case study, where 

all parameters are known and clearly defined, is thus deemed most appropriate. The 

model has been parameterised using data from an existing hill farm, SAC 

Kirkton/Auchtertyre research hill farm, located in West Perthshire.  
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Next, a series of alternative farming scenarios has been devised, partly based on the 

results from Chapter 4 and on global challenges, and a series of management styles 

created which are based on the results from the hill farmers’ typology described in 

Chapter 5. In this way it is hoped to represent the diversity natural to hill farming.  

 

The optimisation model is then run under the conditions of each scenario and each 

management style and the resulting outcomes compared.  

 

Figure 6.1. Modelling approach in this chapter 
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II.  Methods 

 

II.1. Overview 

 

A financial optimisation model has been used, based on linear 

programming, which uses animal energy demands, vegetation production energy, 

livestock performance, labour use and market data to optimise farm business 

income. 

 

The SAC Kirkton & Auchtertyre farms (hereafter referred to as “Kirkton”) were 

used as a typical case study hill farm, as detailed information was readily available 

on the various input and output parameters required in the optimisation component 

of the procedure.  

 

Kirkton is located in West Perthshire, near Crianlarich, in the parish of Killin. The 

farm has an area of 2200 ha and is divided into three different simple types of land, 

as are most hill farms in Scotland (Figure 6.2).  

 

Figure 6.2. Schematic representation of a hill farm 
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The inbye land (232 ha) consists of semi-permanent pastures fertilised annually, 

with potential for silage and hay making. It is located near the farm steadings, at a 

low altitude (150 m above sea-level). The hillpark land (486 ha) is non-fertilised 

permanent pasture of lower energetic quality than the inbye land. This type of land 

is fenced off with an average altitude of 300 m. The rest of the land, the hill (1482 

ha), is unfenced rough grazing of poorer quality vegetation, with an altitude 

ranging between 300-1000 m.  

 

 

II.2. Generic description of a Linear Programming model 

 

The general structure of a standard linear programming model is: 

Maximize Z= c1x1 + c2x2+…+cnxn 

Subject to b1 ≥ a11x1 + a12x2+ …a1nxn 

  b2≥a21x1 + …a2nxn 

  …. 

  bm≥ am1x1 + am2x2+ …amnxn 

and x1 ≥ 0, x2≥0, …xn≥0 

Where Z is the margin at farm level; xj is the level of the jth activity; cj is the margin 

or costs per unit of activities, aij is the matrix of technical coefficient; bi is the supply 

of the ith resource or constraint (Hazell & Norton, 1986; Pannell, 1997a).  

 

Linear programming incorporates a number of assumptions; in particular it 

assumes that, for a defined activity, relationships linking resource use, resource cost, 

activity level and activity return (or margin) are all linear (Denardo, 2011; Dent et 

al., 1986). 

 

In this study, the model represented a hill farm, with a set of constraints and 

activities based on Kirkton. 
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The activities, based on hill farm practices and possible land use diversification, 

were simplified and limited to 7 main headings: Forage, Feeds, Livestock 

production (sheep and cattle), Deer, Labour, Forestry and LFASS. Three time 

periods were considered for most of the activities: Winter, Spring and Summer, as 

most of the Livestock activities (pregnancy, birthing, growing) on a hill farm can be 

summarised, on parsimony grounds, into these three main periods. Although it 

must be noted that this simplification may be a limitation to the whole approach. 

Other potential activities were not included in the LP model for reasons explained 

later in this chapter. 

 

The constraints and resource supplies of the model were linked to: 

 the land (maximum areas in Winter, Spring, Summer), 

 the energy supply available to the animals in Winter, Spring, Summer (from 

the three types of land and from supplementary feeds), 

 the animals (number of animals and types, i.e. ewe, lamb, cow, calf, deer) 

and, 

 the labour available in Winter, Spring, Summer (permanent and casual). 

 

The matrix of farm technical coefficients for the model was populated through Step1 

and Step 2 (below).  
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II.3. Building the optimisation model 

 

II.3.1. Definition of the technical coefficients of the model (Step 1 and Step 2) 

 

II.3.1.1. Step 1: Technical coefficients relating to the vegetation energy production and 

animal energy requirements 

 

The vegetation energy production was estimated using the Hill Grazing 

Management Model (HGMM), developed by the Macaulay Land Use Research 

Institute, Scottish Natural Heritage and English Nature in 1997.  

The model was run for the three different types of land on the farm, namely the hill, 

the hillpark and the inbye, to obtain the digestibility and the production (kg Dry 

Matter ha-1) for each of the vegetation types on them. These values were 

subsequently used to calculate the energy provided by the vegetation and the 

monthly requirements of the animals grazing on it (based on the digestibility of the 

vegetation at their disposal).  

 

In this approach, the energy provided by the vegetation in each time period was 

matched by what the animals required for that same period, bypassing the problem 

of having to consider the hill grazing as a finite resource when, in fact, it varies 

dramatically during the year. Opportunities for rectifying any nutritional 

deficiencies were provided for in the optimisation section by allowing 

supplementary feed to be purchased. Details of the model and the calculations are 

given in Appendix VI.  

 

An animal has different energy requirements depending on its physiological stage - 

maintenance, gestation, lactation, and growth. In the UK, AFRC (1993) describes the 

Metabolisable Energy (ME) system, which is based upon the basic relationship 

between ME, intake from a feed or a diet, and the Net Energy (E) utilised or retained 

in the animal product, both expressed as MJ per day.  
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In this study, E was calculated for each physiological stage considered (maintenance 

Em, gestation Ep, lactation El and growth Eg). The ME from the feed or diet was a 

function of its digestibility, from which values were derived from the HGMM 

results. The final ME requirements (MJ) for each animal (ewe, lamb, cow and calf), 

on the three types of vegetation (inbye, hillpark or hill), were calculated on a 

monthly basis. Full details of the calculations and assumptions are given in 

Appendix VII. 

 

For the subsequent optimisation process, three seasons were considered, by 

amalgamating the ME values: 

Winter = Σ Monthly ME (Oct-Mar)  

Spring = Σ Monthly ME (Apr-Jun)  

Summer = Σ Monthly ME (Jul-Sep) 

The ME values from the different types of land were expressed in GJ/ha, whilst the 

animal requirements were in GJ/head.  

 

II.3.1.2. Step 2: Technical coefficients relating to the farm information and market data 

 

In the model, the animal performance, prices and costs were based on:  

 Kirkton data, recorded routinely on the farm (animal performance, grassland 

data, and land area),  

 market data from the 2010/2011 SAC farm management handbook (SAC, 

2010) for feeds costs, animal costs, animal prices, labour costs,  

 subsidies levels from 2010 for the woodland grants and costs (Scottish 

Government, 2011e), 

 data from Smart et al. (2008) for deer activity. 

 

The farm labour coefficients (Appendix VIII) were calculated using: 

 data on labour relating to sheep work, recorded at Kirkton as part of a 

current (2011-2016) research project, 
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 assumptions based on receipts and invoices from contractors for the hours 

worked at Kirkton to carry out tasks relating to silage and hay making, as 

well as maintaining (fertilising and liming) the inbye, hillpark and hill lands,  

 published cow labour requirements (Standard Labour Requirement (SLR3), 

hours/head/year; Defra, 2010b) for the cattle enterprises. These annual SLRs 

have then been allocated across the three time periods according to six major 

labour operations (i.e. winter feeding, mating, calving, weaning, sales and 

checking the animals,) required in any particular period (Appendix VIII).  

 

An LP model operates at a single point in time, so a single value for forestry is 

required to represent an activity that in reality spans over several years. 

Consequently, for the trees, net present values (NPV) were calculated over the first 

16 years (once all the maintenance and woodland creation grants had been claimed), 

using a discounted cash flow method, to annualise the grants and costs of planting, 

maintenance and labour (Appendix VIII). 

 

II.3.2. Step 3: Subsequent calculations of Net Margin and Farm Business Income in 

the Optimisation model 

 

Z is only a partial margin, as the LP only includes activities that are constrained 

by farm resources and have a linear relationship between each other. All other 

activities were subsequently included, in order to calculate a final net margin and 

the farm business income. These were: 

 the SFP, which was calculated using the Scottish allocation of SFP based on 

historic levels of animals at Kirkton. It had been initially fixed at £68,957 

(Appendix VIII), 

 the LFASS payment, which was linked to the LP results. The LP provided 

the number of hectares not used by forestry (therefore eligible for LFASS 

                                                 
3
  1 SLR = 1900 hours of labour per year 
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payment) and the number of animals on the farm. Calculations (Appendix 

VIII) follow LFASS rules 2007-2009 (Scottish Government, 2007),  

 the fixed farm costs, (excluding labour costs). Although these costs are 

related to the activities, the relationship is not strictly linear. To circumvent 

the issue, average values across all types of LFA farms in Scotland in 2010 

(Scottish Government, 2011a) were taken. They included machinery costs 

(fuel and maintenance) at £14,618, machinery depreciation at £12,875, and 

land and building costs (including rent and imputed rent) at £13,875. 

 

The Final Net Margin for a hill farm was calculated as follows (Scottish 

Government, 2011a):  Farm Net Margin = Gross Margin – Fixed Costs 

 Gross Margin = Net Output – Variable Costs 

 Net Output = Gross Output – replacements 

o Gross Output = sheep outputs (lamb, hoggs, ewe sales) + 

cattle outputs (calves, heifers, cow) + forage outputs 

(silage, hay sales) + other outputs (including subsidies & 

payments) 

o Replacements = costs of hoggs, rams, heifers, bulls 

 Variable costs = feed costs (concentrates, silage, hay, forage) + 

veterinary costs + bedding + other costs (market costs, haulage, 

tags, scanning, shearing, etc.) 

 Fixed costs = labour costs + machinery costs + machinery depreciation + 

land and buildings costs. 

Adding income from diversification activities to the Farm Net Margin (Appendix 

VIII) gave the Farm Business Income (SAC, 2010; Scottish Government, 2011a).  

 

There is some debate on whether or not to include the farming subsidies in the gross 

output calculations. Some authors (e.g. SAC, 2010) include them after the calculation 

of the Farm Net Margin, and before the Farm Business Income. In this study, it was 

decided to follow this approach, to fully grasp the impact of these payments on the 
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farm finances. The SFP is therefore a fixed value, not linked to production levels, 

that has been added to the Farm Net Margin. The LFASS, although being linked to 

the production levels obtained through the LP optimisation, has also been added to 

the Farm Net Margin, and is also part of the Farm Business Income. 

 

II.3.3. Parameterisation of the optimisation model 

 

The model was parameterised using historical (1987-88) physical data from 

Kirkton. The farm carried 2689 breeding ewes and 66 cows, on 232 ha of inbye, 486 

ha of hillpark and 1482 ha of hill. For parameterisation of the model only, these 

levels of livestock numbers were fixed. One ewe weaned on average 1.06 lambs, the 

ewe mortality was 8% and the female replacement rate was 28%. Ewes were culled 

or sold on after producing 4 crops of lambs. The calving percentage was 94%, with a 

calf mortality of 4.5%. Cows were culled or sold on after 7 years on average. One 

full-time employee was necessary to sustain such animal levels, with a maximum of 

5 casual employees in Spring (for lambing, marking, cow mating).  

 

These levels of production, labour and types of land were typical of hill breeding 

ewe flocks and hill suckler cattle herds with improved inbye available (SAC, 2010) 

and corresponded to the average to top-third hill flocks and herds performance as 

labelled by Quality Meat Scotland  (Quality Meat Scotland, 2011). The mix of 

animals was also typical of LFA farms with sheep and cattle, making Kirkton an 

appropriate basis for analysis.  

 

The SFP and the LFASS payments were calculated using these levels of livestock 

and a total grazing area of 2200 ha (Appendix VIII). This parameterisation provided 

the Historic Baseline. 

 

This procedure necessitated the adjustment of some of the matrix coefficients to 

return a mix of activities consistent with the system as it was operated historically; 
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this was not a reflection of the optimal mix of activities. In particular, the number of 

animals was predetermined at a set level consistent with the historic data. 

Invariably, the resulting adjusted calibrated coefficients are only realistic in relation 

to these particular historic data.  

 

II.3.4. Resources and constraints limitations in the model 

 

The model was fixed to a maximum of 2200 ha, with 1482 ha of hill. Renting 

out additional land was not included. Given these areas and the quality and 

quantity of the vegetation, animal numbers were limited to 2700 ewes and 70 cows 

(Appendix VI). These limits also prevented the problem of overgrazing the land. 

Deer shooting numbers were also limited to a maximum of 50 animals, in line with 

the Deer Management Group results for Kirkton and its surrounding area.  The total 

farm area was assumed to be fenced, straying animals from neighbouring farms 

were not included, neither was the livestock on the farm permitted to ‘stray’ from it. 

This limit did not influence grazing per se but was to confine labour use. 

 

In this model, family labour and/or farmer’s labour was costed, as were all 

additional labour demands, and was either covered by permanent or casual labour. 

As such, hiring out labour (from the permanent one) was not included in the 

activities, even if in practice on a farm, family labour or the farmer himself may 

sometimes work off-farm. 

 

Although the model included rent in its fixed costs, activities were not restricted by 

any tenancy issues. As such, forestry planting or deer shooting were allowed, whilst 

in reality, agreement with the landlord would have to be sought on a tenanted farm.  

 

The SFP was set at a fixed amount. Likewise, the LFASS activity could not be related 

linearly to the livestock numbers. Therefore the model did not return an optimal 
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mix of livestock activities that maximised the agricultural subsidies, as its aim was 

to optimise labour and food resources.  The LFASS was calculated in the model 

based on land used by the livestock and was constrained by the area available for 

grazing. It was also assumed that the EU rules relating to the cross-compliances 

were abided by, and any penalties potentially linked to undergrazing the land were 

not included in the model. 

 

Under the SRDP, any agri-environmental options available are financed either 

through the LMO (non-competitive but with claiming area restrictions and 

digressive tariffs) or the RP (SAC Rural Policy Centre, 2008). The RP are 

competitive, most often rely on joint applications between adjacent farms and are 

area-specific. For these reasons they have not been considered in the model. The 

only agri-environmental option considered related to woodland and forestry 

planting. The model did not include diversification activities not directly 

constrained by the land use and farm labour usage neither, nor did it incorporate 

alternative livestock (such as farmed deer or goats) or more intensive game 

management (e.g. estate grouse moor or deer forest).  

 

In general, linear programming gives each activity the same weight or importance 

by default. This approach has been used in this model, although some activities can 

have additional intrinsic value beyond purely a monetary one. As these values 

cannot always be objectively measured (for instance, labour quality differences 

between casual and permanent staff), it was preferred in this model to give each 

activity the same weight.  
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II.4. Steps 4 and 5: Exploring and comparing future land use and policy 

scenarios for the hills at farm level under different management styles 

 

II.4.1. Overview 

 

Once the model had been parameterised, it was run without the fixed 

livestock numbers. Instead, upper limits on ewe and cow numbers were added 

(respectively 2700 and 70) to account for the vegetation utilisation rate on the hill. 

This run is hereafter referred to as the Standard Case.  

 

Using the results from Chapter 4, as well as literature on future land uses, a series of 

10 scenarios (with further sub-options included) was developed. They represented 

potential alternative futures for livestock hill farming. 

 

These scenarios were then applied to the Standard Case and to three other farmers’ 

management styles, based on the farmers’ typology described in Chapter 5. This 

approach was used to represent the variety of responses and management styles 

amongst hill farmers in Scotland (Table 6.1).  

 

II.4.2. Description of the potential alternatives 

 

The alternative scenarios used in the model were developed using the land 

use policy options identified in Chapter 4, as well as recent policy developments at 

national and international levels.  

 

II.4.2.1. W/D – Competing land use options: Woodland / Deer  

 

In Chapter 4, the hill and upland areas stakeholders’ most preferred hill 

system was one with an integrated land use management (which would have 
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livestock, game and forestry plantation). Extensive livestock production systems 

(with sheep and cattle) were preferred but still produced good quality farming 

products. Therefore, in this scenario, the model used the Standard Case coefficients 

and constraints with the following added activities, which both compete for land 

resources in the model:   

 opportunities to shoot up to 50 deer on the hill; 

 opportunities to plant native or conifer woodland on inbye, hillpark or 

hill land, up to a maximum grant of £750,000 (Scottish Government, 

2011e). 

 

Table 6.1. The 40 model runs (10 scenarios x 4 management styles)  

 

MANAGEMENT STYLES 

Standard 

Case 

Adaptive 

Farmers 

Focused 

Farmers 

Constrained 

Farmers 

S
C

E
N

A
R

IO
S

 

Competing land use options: 

Woodland/Deer 
W/D+SC W/D+AF W/D+FF W/D+CF 

Abandonment of the hills AoH+SC AoH+AF AoH+FF AoH+CF 

No subsidies (4 options)* NS+SC NS+AF NS+FF NS+CF 

High market prices HMP+SC HMP+AF HMP+FF HMP+CF 

High fuel and energy prices HF&E+SC HF&E+AF HF&E+FF HF&E+CF 

Mitigation for climate change 

(2 options)$ 
MCC+SC MCC+AF MCC+FF MCC+CF 

* this scenario was further sub-sectioned in 4 options (NSa, NSb, NSc, NSd) 
$this scenario was further sub-sectioned in 2 main options (MCCa – animals, MCCb – forestry) 

 

II.4.2.2. AoH – Abandonment of the hills 

 

Recent changes in policies (namely the 2003 CAP reform) have allowed and 

accelerated the withdrawal of animals on the hill areas in Scotland as subsidies 

became decoupled from production levels (National Farmers’ Union Scotland, 2008; 

SAC Rural Policy Centre, 2008; Royal Society of Edinburgh, 2008). In Chapter 5, it 

was found that this withdrawal was partly from the hill land within farms, as 

labour at gathering times became unsustainable and unpractical in areas where hill 

fences were non-existent. The impacts of neighbouring farms’ decisions were also a 
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determinant factor; if one farm destocked its hill area, this affected neighbouring 

hills as hill sheep were more likely to stray further, causing more labour problems at 

gathering and increasing animal health risk issues. Hill farmers tended 

consequently to abandon parts of their farm, concentrating their farming on the 

lower land where possible, since their level of subsidies was unaffected by this 

decision.   

 

In response to these issues, the AoH scenario was devised. It used the technical 

coefficients and activities of the Woodland/Deer scenario, but all activities linked to 

the hill areas were disabled. The total area of the farm was reduced to 718 ha (inbye 

and hillpark only). Woodland plantation on the hill was not possible and no deer 

shooting was available. All other activities remained. 

 

II.4.2.3. NS - No subsidies 

 

This scenario was also explored since it is an on-going debate within the 

CAP and the EU, and also at higher international level (Foresight, The Future of 

Food and Farming, 2011). Moreover, there are hill farmers in Scotland who do not 

have access to the SFP. Indeed, new entrants to farming cannot always claim this 

subsidy as no historical levels can be linked back to their farm, or as the previous 

owner may decide to retain the existing entitlements. Therefore, in this context, 

based on the Woodland/Deer scenario coefficients and activities, four different sub-

approaches were modelled: 

 NSa: No agricultural subsidies (SFP, LFASS) or woodland grants were 

available. 

 NSb: No SFP available; only the LFASS and the woodland grants were 

available.  

 NSc: No agricultural subsidies were available; only the woodland grants 

were available. 
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 NSd: As NSc, but with an increase in animal prices to reflect the possibility 

that the market for animal products may change after a few years of no 

agricultural subsidies, as more farmers may leave farming altogether after 

the withdrawal of such subsidies. An increase in output prices of 68% for 

sheep products and 70% for cattle products have been considered. This 

increase included marginal items such as market levies and tag costs, 

replacement of animals and male costs. It was based on real price 

fluctuations between 2004 and 2010, not adjusted for inflation (Figure 6.3). 

Such fluctuations reflected changes in livestock farm numbers and livestock 

outputs around the time of the 2005 introduction of the SFP (major change in 

subsidies regime).  

 

II.4.2.4. HMP – High market prices for the livestock outputs 

 

This scenario has been partly devised using the findings of Chapter 4, where 

the stakeholders’ preferred option was for good quality products for local markets 

or branded with local labelling for wider sales. It also reflected the recent higher 

market prices for livestock (2010-2012) and used the output price increases defined 

in the NSd sub-approach (68% for sheep products and 70% for cattle products – 

Figure 6.3). The technical coefficients and activities were otherwise similar to those 

of the Woodland/Deer scenario.  

 

II.4.2.5. HF&E - High fuel and energy prices  

 

This scenario was based on predictions for higher energy prices due to crude 

oil and gas prices, as referred to in the latest Foresight report ‘The Future of Food 

and Farming: Challenges and choices for global sustainability’ (Foresight, The 

Future of Food and Farming, 2011). Using projected oil and gas prices described by 

Woods et al. (2010), who looked at energy and the food system, all input prices 

(fertilisers, feeds, veterinary products and forestry costs) were increased by an 
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Figure 6.3. Prices indices for sheep and cattle (2004-2010)  

 

 

 

 

+68% 

+70% 
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average of 51% (Appendix VIII). Technical coefficients and activities in this scenario 

were otherwise similar to those of the Woodland/Deer scenario. 

 

II.4.2.6. MCC –Mitigation for climate change 

 

This scenario was based on the latest government policies and their 

commitments to reduce GHG (Climate Change (Scotland) Act, 2009; HM 

Government, 2011), as well as being linked to the carbon footprint policy simulation 

profile defined in Chapter 4. 

 

In order to include mitigation of GHG emissions of this farming system, two sub-

options were modelled, following the latest debates in literature (Foresight Land 

Use Futures Project, 2010 (p20); Foresight, The Future of Food and Farming, 2011 

(p29); Steinfeld et al., 2006 (p119): 

 MCCa: Increase the efficiency of the livestock system. Two avenues were 

explored:  

a) increase the performance of the ewes and cows by 5%, and increase 

the longevity of the flock/herd by 1 year (MCCa5%_1yr), 

b) achieve this by offering financial incentives to encourage the use of 

males (rams and bulls) with known genetic merit, such as Estimated 

Breeding Value (EBV). The incentive for better EBV males was set as the 

amount of the actual cost of male replacement ( MCCa5%_1yr_0x). 

 MCCb: Offer financial incentives for woodland plantation by increasing the 

total grant limit per scheme (£750,000 at present; Scottish Government, 

2011e) by 20%, to £900,000. 

The land, feeds, activities, variables and technical coefficients other than those 

detailed above were otherwise similar to those of the Woodland/Deer scenario. 

 

 



 

180 
 

 

 

II.4.3. Description of the three farmers’ management styles 

 

Chapter 5 identified three types of farmers, representing the diversity of hill 

farming systems and hill farmers. In order to explore the farming community’s 

response to the scenarios detailed above, these three types of farmer were used to 

define three farmers’ management styles.  

 

II.4.3.1. Management style for the Adaptive Farmer (AF) 

 

In Chapter 5, this farmers’ type contained farmers who agreed on 

diversifying their income, with half of them already having forestry on their farm. 

Most of them said they would use their resources differently and be prepared to 

start ventures other than farming. They also were the most educated and the oldest. 

Consequently, the following management style was defined.  

 

The land, feeds and livestock activities were the same as the Standard Case, with the 

opportunities for deer shooting and forestry planting. However, these farmers being 

older, the labour coefficients relating to all activities were increased by 10% to reflect 

this age effect.  

 

II.4.3.2. Management style for the Focused Farmer (FF) 

 

The Focused Farmer type strongly believed that there was a future in hill 

farming and had strong positive views on farming without subsidies. They stated 

that farming came first in terms of their income and had mixed views on 

diversification. Most of their spouses had a job outside farming.  

 

The land, feeds, and livestock activities and their technical coefficients were the 

same as for the Standard Case. However, the deer shooting and forestry plantation 

land use diversification options were not included. The mitigation measures 



 

181 
 

 

 

adopted in MCC only concerned the livestock (increased efficiencies), but not the 

forestry. 

 

II.4.3.3. Management style for the Constrained Farmer (CF) 

 

This farmers’ type was essentially constrained by its resources. Farmers 

stressed that their ewe numbers were limited by the labour availability on the farm 

as they had the most extensive farms, and sheep gatherings required the highest 

number of people. They strongly agreed on the value of diversification but, in terms 

of infrastructure, most of them had buildings not fit for purpose that could not be 

used for any other venture. For this type, labour and infrastructure were the main 

constraints.  

 

As such, the feeds and livestock activities were the same as for the Standard Case. 

Although the land use diversification options (deer and forestry) were included, no 

more than one was allowed at a time to reflect the constrained aspect of this type. 

For the same reason, land and labour resources were reduced by 20%.  The inbye 

land was reduced to 185 ha, the hill park to 389 ha, and the hill to 1186 ha, leading to 

a total farm area of 1760 ha. The limit on casual and permanent labour was reduced 

as well (2 permanent, 4 casual). The limits on animal numbers were set at 2160 ewes 

and 56 cows. The SFP was reduced accordingly to £55,165. 

 

Table 6.2 summarises the differences between the three farmers’ management styles 

and the Standard Case, for all the scenarios.  
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Table 6.2. Summary of assumptions used for scenario analysis - management style by 

scenarios 

 MANAGEMENT STYLES 

Standard Case 

(SC) 

Adaptive 

Farmer (AF) 

Focused Farmer 

(FF) 

Constrained 

Farmer (CF) 

S
C

E
N

A
R

IO
S

 

W
/D

 

Up to 2700 ewes, 70 

cows, 50 deer, 2200 

ha, 3 permanent, 5 

casual employees 

woodlands, SFP, 

LFASS, prices 

2010/2011 

As W/D+SC but 

increased labour 

demand (+10%) 

Up to 2700 ewes, 

70 cows, 2200 ha, 3 

permanent, 5 

casual employees, 

no deer, no 

woodlands, SFP, 

LFASS, prices 

2010/2011 

Up to 2160 ewes, 56 

cows, only 1760 ha 

farm area, 20% less 

employees, either 

woodlands or 40 

deer, lower SFP, 

LFASS, prices 

2010/2011 

A
o

H
 

As W/D+SC except: 

only 718 ha (no 

hill), no deer, no 

woodland on hill 

As AoH+SC but 

with increased 

labour demand 

(+10%) 

Up to 2700 ewes, 

70 cows, 718 ha, 3 

permanent, 5 

casual employees, 

no deer, no 

woodlands, SFP, 

LFASS, prices 

2010/2011 

Up to 2160 ewes, 56 

cows, no deer, only 

574 ha farm area, 

20% less employees, 

woodlands (but not 

on hill), lower SFP, 

LFASS, prices 

2010/2011 

N
S

 

N
S

a 

Up to 2700 ewes, 70 

cows, 50 deer, 2200 

ha, 3 permanent, 5 

casual employees, 

woodlands, no SFP, 

no LFASS, no 

woodland grants, 

prices 2010/2011 

As NSa+SC but 

with increased 

labour demand 

(+10%) 

Up to 2700 ewes, 

70 cows, no deer, 

2200 ha, 3 

permanent, 5 

casual employees, 

no woodlands, no 

SFP, no LFASS, 

prices 2010/2011 

 

Up to 2160 ewes, 56 

cows, only 1760 ha 

farm area, 20% less 

employees, either 

woodlands or 40 

deer, no SFP, no 

LFASS, no woodland 

grants, prices 

2010/2011 

N
S

b
 As NSa+SC except 

LFASS is included 

As NSb+SC but 

with increased 

labour demand 

(+10%) 

As NSa+FF except 

LFASS is included 

As NSa+CF except 

LFASS is included 

N
S

c 

Up to 2700 ewes, 70 

cows, 50 deer, 2200 

ha, 3 permanent, 5 

casual employees, 

woodlands, no SFP, 

no LFASS, prices 

2010/2011 

As NSc+SC but 

with increased 

labour demand 

(+10%) 

N/A Up to 2160 ewes, 56 

cows, only 1760 ha 

farm area, 20% less 

employees, either 

woodlands or 40 

deer, no SFP, no 

LFASS, prices 

2010/2011 

N
S

d
 

As NSc+SC but 

with increased 

agricultural output 

prices 

As NSd+SC but 

with increased 

labour demand 

(+10%) 

As NSa+FF but 

with increased 

agricultural 

output prices 

 

As NSc+CF but with 

increased 

agricultural output 

prices 
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Table 6.2 (continued) 

 

 MANAGEMENT STYLES 

Standard Case 

(SC) 

Adaptive 

Farmer (AF) 

Focused Farmer 

(FF) 

Constrained 

Farmer (CF) 
S

C
E

N
A

R
IO

S
 

H
M

P
 

Up to 2700 ewes, 70 

cows, 50 deer, 2200 

ha, 3 permanent, 5 

casual employees, 

woodlands, SFP, 

LFASS, increased 

agricultural output    

prices 

As HMP+SC but 

with increased 

labour demand 

(+10%) 

Up to 2700 ewes, 

70 cows, no deer, 

2200 ha, 3 

permanent, 5 

casual employees, 

no woodlands, 

SFP, LFASS, 

increased 

agricultural 

output prices 

Up to 2160 ewes, 56 

cows, only 1760 ha 

farm area, 20% less 

employees, either 

woodlands or 40 

deer, lower SFP, 

LFASS, increased 

agricultural output 

prices 

H
F

&
E

 

Up to 2700 ewes, 70 

cows, 50 deer, 2200 

ha, 3 permanent, 5 

casual employees, 

woodlands, SFP, 

LFASS, increased 

input prices 

As HF&E+SC but 

with increased 

labour demand 

(+10%) 

Up to 2700 ewes, 

70 cows, no deer; 

2200 ha, 3 

permanent, 5 

casual employees, 

no woodlands, 

SFP, LFASS, 

increased input 

prices 

Up to 2160 ewes, 56 

cows, only 1760 ha 

farm area, 20% less 

employees, either 

woodlands or 40 

deer, lower SFP, 

LFASS, increased 

input prices 

M
C

C
 

M
C

C
a 

Up to 2700 ewes, 70 

cows, 50 deer, 2200 

ha, 3 permanent, 5 

casual employees, 

woodlands, SFP, 

LFASS, prices 

2010/2011, 

increased 

performance, 

longevity and 

financial incentives 

As MCCa+SC but 

with increased 

labour demand 

(+10%) 

Up to 2700 ewes, 

70 cows, no deer, 

2200 ha, 3 

permanent, 5 

casual employees, 

no woodlands, 

SFP, LFASS, 

prices 2010/2011, 

increased 

performance, 

longevity and 

financial 

incentives 

Up to 2160 ewes, 56 

cows, only 1760 ha 

farm area, 20% less 

employees, either 

woodlands or 40 

deer, lower SFP, 

LFASS, prices 

2010/2011, increased 

performance, 

longevity and 

financial incentives 

M
C

C
b

 

Up to 2700 sheep, 

70 cows, 50 deer, 

2200 ha, 3 

permanent, 5 casual 

employees, 

woodlands, SFP, 

LFASS, prices 

2010/2011, 

increased limit to 

woodlands grants 

As MCCb+SC but 

with increased 

labour demand 

(+10%) 

N/A Up to 2160 ewes, 56 

cows, only 1760 ha 

farm area, 20% less 

employees, either 

woodlands or 40 

deer, lower SFP, 

LFASS, prices 

2010/2011, increased 

limit to woodlands 

grants 
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II.4.4. Scaling up to all LFA sheep and cattle farms  

 

In Scotland, there are 13,753 holdings categorised as LFA sheep and cattle 

farms. They represent an area of 2,873,476 ha, which is 53% of the total LFA 

agricultural land (Scottish Government, 2011a). To understand the potential impacts 

on land use and farm labour of the different future scenarios at the level of all LFA 

sheep and cattle farms, the following scaling up has been carried out.  

 

Amongst these farms, it can be assumed that some of them would be ‘adaptive’, 

‘focused’ or ‘constrained’. Although the exact proportion of these management 

styles cannot be determined, the sample of farms from Chapter 5 was typified as 

23% of the sample being ‘adaptive’, 33% being ‘focused’ and 44% being 

‘constrained’. This particular proportion of the three management styles could be 

used as an example of combined style, and this weighted management style is 

hereafter labelled as management style ‘CS’.  

 

For comparison, each of the other three management styles (AF, FF and CF) has also 

been scaled up, as if each represented 100% of the LFA sheep and cattle farmers. 

This approach was to emphasise and visualise the disparities present between the 

management styles. For the sake of simplification, the management style CF 

comprised both deer and forestry activities. 

 

Land use (in terms of hectares used by sheep, cattle, deer and for forestry), labour 

use (in terms of hours of farm labour and average percentage labour change), the 

amount of meat produced (from lambs and calves), and the associated farm 

business incomes for all LFA sheep and cattle farms in Scotland have been explored 

in this manner. 
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III. Results 

 

III.1. Historic Baseline (parameterisation of the model) 

 

The Historic Baseline results are detailed in Table 6.3. The Final Business 

Income (FBI) was £52,500, with a Gross Margin of £57,200 and a Farm Net Margin of  

£(-)35,200.  

 

The model allocated only hay (584 tonnes) and no concentrates or silage; the model 

maximised returns and hay was cheaper than concentrates per tonne of unit. In 

reality, farmers would buy more concentrates than hay, trading off costs for ease of 

storage and dispensing issues, and use silage where possible. 

There may also have been a limitation in the results due to the simplified approach 

of only using three time periods over the year.  

 

The fixed costs for machinery, depreciation and land and building costs were based 

on the average for all types of LFA farms in Scotland, as reported in the Scottish 

Government Economic Report for Scottish Agriculture (Scottish Government, 

2011a). In reality, these values are changeable and could be higher for certain types 

of LFA farms (e.g. LFA beef cattle farms).  

 

QMS Cattle and Sheep Enterprise Profitability in Scotland (Quality Meat Scotland, 

2011) and Scottish Government Farm Account Survey results (Scottish Government, 

2011a) have been used for comparison to check the reliability of the 

parameterisation (Table 6.4). The results were expressed in £/Livestock Unit, with 66 

cows and 2689 ewes equating to 469 LU (scaling up details in Appendix IX).  
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Table 6.3. Historic Baseline results  

  number of units £/ unit  Total £) 

Ewe numbers 2689 N/A N/A 

Cow numbers 66 N/A N/A 

Lambs sales  1960 53 103,991 

Draft ewe sales 596 42 25,019 

Wool sales (kg) 4302 0.65 2,797 

Calves sales 58 627 36,454 

Cull cow sales 9 700 6,168 

Fodder sales (ha) 0 37 0 

Gross output      174,428 

Replacement hogg1 765 -18 -13,770 

Replacement heifer 9 -1,000 -9,429 

Net output (a)     151,230 

Variable costs       

Feeds:       

Forage Cost of inbye use (ha)  174 -8 -1,366 

Cost of silage produced (ha) 0 -563 0 

Hay bought (t) 584 -90 -52,566 

Concentrates bought (t) 0 -197 0 

Cost of ewe2 2689 -11 -30,493 

Cost of cow3 66 -145 -9,570 

Total variable costs (b)     -93,994 

Gross Margin (c) = (a)+(b)     57,236 

Fixed costs        

Labour:       

permanent (men) 1 -25,000 -25,000 

permanent overtime (hours) 118 -14 -1,652 

casual (hours) 1,772 -15 -24,559 

Machinery: (fuel + maintenance) 1 -14,618 -14,618 

Machinery depreciation 1 -12,774 -12,774 

Land & buildings costs (incl. rent & 

imputed rent) 

1 -13,875 -13,875 

Total fixed costs (d)     -92,478 

Farm Net Margin (e)=(c)+(d)     -35,242 

Subsidies       

SFP 1 68,957 68,957 

LFASS 1 18,744 18,744 

Farm Net Margin after subsidies (f)     52,459 

Diversification income (g) 0 0 0 

Farm Business Income (f)+(g)     52,459 
1 includes away-wintering charges 
2 includes bedding, veterinary and medicine costs, haulage, market and tag costs, scanning and 

shearing costs, and ram replacement costs 
3 includes bedding, veterinary and medicine costs, haulage, market and tag costs, bull replacement 

costs. 
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Table 6.4. Historic baseline results compared to QMS and Scottish Government results 

(£/Livestock Unit) 

  

Historic 

Baseline 

QMS (£/LU) Scottish 

Government (£/LU) 

  

(£/LU) 

Bottom 

flock/herd 

Average 

flock/herd 

Top third 

flock/herd  

Large 

LFA 

sheep 

Large 

LFA 

sheep & 

cattle 

Net Output 

(includes calf + 

lamb + wool) 322 196 361 487 305 510 

Variable Costs:       

Feed & Forage 115 60 81 81 96 170 

Other variable 

costs 85 92 86 78 69 83 

Gross Margin 122 43 194 328 139 257 

Fixed costs:       

Labour 109 71 88 87 61 72 

Other fixed 

costs 88 146 169 205 208 301 

Net Margin -75 -174 -63 36 -130 -116 

 

Outputs for sheep and cattle lay between the bottom-third and the average of QMS 

LFA hill sheep flocks and LFA hill cattle herds, whilst feed costs and labour costs 

were higher than the top-third flocks and herds. The other fixed costs were much 

lower than the QMS figures for the bottom-third farms. The net margin was similar 

to QMS figure for the average LFA hill flocks and herds.  

 

The higher labour figure of the parameterised model could be explained by the fact 

that all labour has to be paid in the model. Conversely, in the QMS figures, an 

average of 2 hours 40 minutes per cow and 40 minutes per ewe was contributed by 

unpaid family labour (respectively equivalent to 1793+176 = 1969 hours unpaid, 

103% of 1 Standard Labour Requirement, which corresponds to one worker).  

 

Compared to the Scottish Government figures, the outputs for sheep and cattle were 

slightly higher than those of large LFA sheep farms; likewise for feed costs. The 
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other variable costs were similar to those of large LFA sheep and cattle farms. The 

major differences were the labour costs and the other fixed costs.  Labour costs were 

much higher than those of both large LFA sheep farms and large LFA sheep and 

cattle farms. The average of these figures (£67/LU) was still lower than the model 

result of £109/LU. The difference of £42/LU or £19,700 for 469 LU could correspond 

to the wages of one employed farm worker. Scottish Government figures did not 

include the farmer’s labour time, perhaps explaining the difference. The other fixed 

costs of the Historic Baseline were much lower due to their calculation. They were 

based on the average of all LFA farms, regardless of their size.  

 

Results from the parameterisation, with the exception of the labour costs and the 

other fixed costs, corresponded to average to large LFA hill sheep and cattle farms 

in Scotland, which was representative of hill farms in the hill areas.  

 

When the model was not set to reflect the original system (Standard Case), then no 

cows appeared in the optimal solution and only 980 ewes were present (Appendix 

IX for details). The Farm Business Income was higher (£53,000) with a Gross Margin 

of £30,600 but the Farm Net Margin was less negative (£(-)23,000), as less labour was 

required. The LFASS was also lower at £7,800. In this situation, cattle prices would 

need increased by 28% for cows to appear as an activity; in this case, 14 cows 

appeared in the optimal solution.  

 

 

III.2. Standard Case Scenarios  

 

W/D+SC (Woodland/Deer) had a higher Farm Business Income (FBI) than 

the Historic Baseline or the Standard Case (Figure 6.4), despite a lower LFASS, 

fewer sheep and no cows, due to deer and forestry outputs. This resulted in less 

economic throughputs (variables costs and labour costs) in the rural economy.  
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The AoH+SC (Abandonment of the Hills) scenario results were similar to W/D+SC, 

with fewer ewes but with a positive FBI, due to the animal-based subsidies and the 

forestry grants income. The similarity was due to the fact that, in both W/D+SC and 

AoH+SC, trees were planted on the inbye land, so that removal of the hill area only 

affected deer shooting and sheep numbers. If cows had been present in W/D+SC, the 

removal of the hills would have had a larger effect on their numbers.  

 

The No Subsidies scenarios showed some variations. The removal of all subsidies 

(NSa+SC) and of the SFP and woodland grants only (NSb+SC) provided the worst 

FBI (negative values). In the case of NSa+SC, if only the labour costs were accounted 

for, the margin was positive (~£18,000). Despite these two scenarios having negative 

FBI, the model chose sheep as an activity as current prices were advantageous. 

However, if sheep prices (i.e. fat and store lambs, draft ewes and wool prices) 

dropped by 43%, then the model would return no livestock activity (Gross Margin 

of £930; negative FBI of £(-)40,300). Such a drop in prices would equate to a value of 

£33 for fat lambs, £22 for store lambs, £24 for draft ewes and a wool value of 

£0.37/kg. These prices were similar to those of 2006. If output prices increased to the 

values of those from NSd+SC then the FBI for NSa+SC would be equal to £34,700, 

with 2700 ewes and 70 cows.  

 

NSc+SC showed a positive FBI thanks to the forestry grants income and despite the 

loss of agricultural subsidies. NSd+SC was largely positive despite the absence of 

agricultural subsidies, mostly due to an increase in cow numbers (54) and in ewe 

numbers (2700), encouraged by higher output prices. The economic throughputs 

were high in this particular scenario.  
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Figure 6.4. Farm Business Income, outputs and costs for the Standard Case management 

style versus the different scenarios and the Historic Baseline 

 

 

The HMP+SC (High Market Prices) scenario displayed the same number of animals 

as NSd+SC, but the addition of the agricultural subsidies greatly increased the FBI. 

As in NSd+SC, there were substantial economic throughputs with this scenario.  

 

HF&E+SC (High Fuel and Energy prices) scenario showed very few activities in the 

economy and had the lowest number of animals (312 ewes, no cows). If this scenario 

was combined with NSc+SC (no agricultural subsidies) then the FBI would be barely 

positive (£5,700), despite the forestry grants income. 

 

Increasing the efficiency and longevity of the animals (MCCa+SC) provided better 

financial returns. Improving the animal performance by 5% and increasing the 

longevity by 1 year (MCCa5%_1yr +SC compared to W/D+SC) increased the FBI by 

£13,400, due to more ewes (2700) and cows (18). Keeping animals an additional year 
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would increase the FBI by £1500 and a subsequent 5% increase in the efficiency of 

the animals would further improve the FBI by £3,400. Based on W/D+SC animal 

levels, an animal performance increase of just 2% would be enough for the model to 

provide a substantial change in animal numbers (from 462 ewes and 0 cows to 2700 

ewes and 18 cows).  

 

Adding an incentive which covered ram and bull costs (MCCa5%_1yr+SC compared 

to MCCA5%_1yr_0x+SC) increased the FBI by £11,100. 

 

The incentives for more forestry (MCCb+SC) resulted in a scenario with much fewer 

animals, less labour and variable costs. Any increase in forestry grants income 

showed a decrease in animal outputs, causing Farm Business Incomes similar to 

W/D+SC. To obtain a substantial increase in the FBI, the forestry grants limit needed 

to be at least twice its actual value. Indeed, a grant limit of £1,500,000 would provide 

a FBI of £110,400, an increase of £23,400 from the W/D+SC.  

 

In summary, forestry activities seemed to displace cattle and sheep, and prices of 

outputs had a major impact on activities. Cows were only chosen by the model 

when output prices were high (NSd+SC, HMP+SC), when cow costs were lower 

(MCCa with a grant to cover bull costs: MCCa5%_1yr_0x+SC), or when animal 

performance increased (MCCa5%_1yr+SC). Likewise, permanent labour was only 

selected by the model when cows were chosen. Increasing the efficiency of the 

system also increased agricultural throughputs, due to increased animal numbers.  

 

Sheep dominated the use of land (Figure 6.5) and land use diversification options 

(deer and forestry) displaced cows. As shown previously, cows appeared 

substantially as part of the land use when the output prices increased (NSd+SC, 

HMP+SC) or when animal performance increased (MCCa+SC). 
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The 20% increase of the forestry grants limit did not change the percentage of 

forestry land use appreciably. In order to plant 25% of the land with trees (Forestry 

Commission’s target for the whole of Scotland, Forestry Commission, 2009), there 

would be a need to substantially increase the actual grant limit by 160% (from 

£750,000 to £1,950 000 per scheme); in this case all of the inbye land, as well as 325 

ha of the hillpark, would be planted.  

 

Figure 6.5. Enterprises Land Use results for the Standard Case management style and the 

different scenarios  
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III.3. All management styles and alternative futures/scenarios 

 

III.3.1. Comparisons between the management styles for incomes, labour, land use 

and animal numbers  

 

Table 6.5 presents a comparative summary of the Standard Case and the 

three other management styles, for each of the scenarios. In order to focus 

specifically on income and activities, only animal numbers, hectares of forestry, 

labour, variable costs, subsidies and farm business incomes are shown. Individual 

full margins and comparative graphs of land use and economic throughputs are in 

Appendix IX.  

 

The Standard Case (SC) performed consistently better than the other management 

styles, although only marginally so when compared to the AF management style 

(Figure 6.6 and Table 6.5). The main difference between SC and AF was the labour 

demand (higher in AF), resulting in similar trends of results. CF no woods (CFnw), 

i.e. constrained farmers with only deer diversification, performed poorest across 

practically all scenarios. Limitations in land area and labour availability meant a 

lower number of animals, not compensated by forestry grants income and with deer 

income being small in comparison (£930).  

 

When CF were planting trees (CF no deer, CFnd), their results were better than 

those of the FF (focused farmers). The FF management style compensated for their 

lack of forestry grants income by maximising cow numbers (Table 6.5) when output 

prices were high (HMP, NSd). 
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Figure 6.6. Farm Business Income across management styles and the alternative scenarios 

 

 

The forestry planting pattern varied between the management styles (Table 6.5), SC 

and AF only planted on the inbye (higher incomes), except in the MCCb scenario. 

However, the CF management styles had different patterns because of their reduced 

inbye sizes, resulting in the planting going up the hill (inbye, then hillpark). When 

the opportunity arose to maximise cow numbers (e.g. high prices scenarios, HMP, 

NSd), the hillpark was not planted (and kept for animal feed) and the hill was used 

instead, despite its lesser income value. A trade-off between feed costs and forestry 

grants incomes was observed. In the HF&E+CF scenario, the option of planting the 

hill with conifer was chosen, despite its lower income value.  

 

The FF management styles generated most often the largest throughputs in the local 

economy in terms of variable costs (Table 6.5), even in the HF&E scenario. This was 

due to the number of animals, especially cows, that it sustained. When the efficiency 



 

195 
 

 

 

of animal numbers increased (MCCa scenarios), FF management style throughputs 

decreased compared to those of AF and SC management styles, as feed costs were 

higher for these two latter styles (less inbye land available due to forestry). 

 

In summary, labour played a major role in deciding which animal type and the level 

of animal numbers to choose. However, it is important to remember the degree of 

uncertainty regarding some of the labour coefficients, especially those relating to the 

cows. This uncertainty might explain why labour (and in particular its cost) has had 

such an effect in the model. The forestry option provided an important income 

against which animals (especially the cows) could not compete. There were also 

some trade-offs observed between animal costs (feed), land use for energy (feed) 

and land use for forestry, when the inbye land was restricted. 

 

Management styles also made a difference, with CFnw having the lowest FBIs 

across all scenarios, followed closely by FF for the majority of scenarios. The only 

scenarios when FF outperformed CFnd and AF were those with no forestry grants 

available (NSa and NSb). 

 

 



 

 

 

 

Table 6.5. Comparison between the management styles for incomes, labour, animal numbers and forestry under the different scenarios 

 SCENARIOS 

W/D AoH NS HMP HF&E MCCa 

 

MCCb 

 

NSa NSb NSc NSd 5%, 1yr 5%; 1yr, 0x 

M
A

N
A

G
E

M
E

N
T

 S
T

Y
L

E
S

 

S
ta

n
d

ar
d

 C
as

e 

Ewes No. 

Cows No. 

Deer No. 

Permanent labour (man) 

Casual labour (hrs) 

Variables costs (£) 

LFASS (£) 

FNM + subsidies (£) 

Inbye woodland (ha) 

Hillpark woodland (ha) 

Hill woodland (ha) 

462 

0 

50 

0 

444  

5,300 

3,650 

41,000 

214  

0 

0 

333 

0 

0 

0 

317 

3,800 

2,600 

36,600 

214 

0 

0 

978 

0 

50 

0 

935 

12,500 

0 

-22,800 

0  

0 

0 

978 

0 

50 

0 

935 

12,500 

7,700 

-15,100 

0 

0 

0 

466 

0 

50 

0 

448 

5,400 

£0 

-31,500 

214 

 0 

0 

2700 

54 

0 

1 

1,512 

95,500 

0 

22,200 

214 

0 

0 

2700 

54 

0 

1 

1,512 

95,500 

16,900 

108,000 

214 

0 

0 

312 

0 

50 

0 

307 

5,000 

2,500 

36,500 

214  

0 

0 

2700 

18 

50 

1 

1,161  

80,100 

12,500 

54,400 

214 

0 

0 

2700 

18 

50 

1 

1,161 

69,000 

12,500 

65,600 

214 

 0 

0 

404 

0 

50 

0 

389 

4,600 

3,200 

39,600 

232 

25 

0 

A
d

ap
ti

v
e 

 F
ar

m
er

 

Ewes No. 

Cows No. 

Deer No. 

Permanent labour (man) 

Casual labour (hrs) 

Variable costs (£) 

LFASS (£) 

FNM + subsidies (£) 

Inbye woodland (ha) 

Hillpark woodland (ha) 

Hill woodland (ha) 

462 

0 

50 

0 

488 

5,300 

3,600 

40,400 

214   

0 

0 

330 

0 

0 

0 

345  

3,900 

2,600 

36,100 

214  

0 

0 

987 

0 

50 

0 

1,038  

12,600 

0 

-24,000 

0  

0 

0 

987 

0 

50 

0 

1,038 

12,600 

7,800 

-16,200 

0 

0 

0 

466 

0 

50 

0 

492  

5,400 

0 

-32,100 

214  

0 

0 

2700 

54 

0 

1 

1,906 

95,500 

0 

16,900 

214  

0  

0 

2700 

54 

0 

1 

1,906 

95,500 

16,900 

102,800 

214  

0  

0 

311 

0 

50 

0 

336  

5,000 

2,400 

36,000 

214  

 0 

0 

2700 

12 

50 

1 

1,334  

77,100 

12,500 

51,500 

214  

 0 

0 

2700 

12 

50 

1 

1,334  

66,100 

12,500 

62,600 

214  

0  

0 

394 

0 

50 

0 

417  

4,500 

3,100 

38,800 

232 

25 

0 

1
9
6
 



 

 

 

 

Table 6.5 (continued) 
  

W/D AoH NSa NSb NSc NSd HMP HF&E MCCa 

1yr 

MCCa 

1yr, 0x 

MCCb 

M
A

N
A

G
E

M
E

N
T

 S
T

Y
L

E
S

 

F
o

cu
se

d
 F

ar
m

er
 

Ewes No. 

Cows No. 

Deer No. 

Permanent labour (man) 

Casual labour (hrs) 

Variable costs (£) 

LFASS (£) 

FNM + subsidies (£) 

Inbye woodland (ha) 

Hillpark woodland (ha) 

981 

0 

0 

0 

938  

12,500 

7,700 

52,900 

0  

0 

854 

0 

0 

0 

812  

11,000 

4,500 

47,400 

0  

0 

981 

0 

0 

0 

938  

12,500 

0 

-23,700 

0  

0 

1014 

0 

0 

0 

970 

12,500 

8,000 

-15,000 

0 

0 

N/A 

=NSa 

2700 

70 

0 

1 

1,757  

94,000 

0 

34,800 

0 

0  

2700 

70 

0 

1 

1,757  

94,000 

18,700 

122,500 

0  

0 

680 

0 

0 

0 

664  

12,700 

5,400 

43,000 

0  

0 

2700 

0 

0 

1 

1,445  

63,300 

13,900 

67,200 

0  

0 

2700 

0 

0 

1 

1,445  

52,500 

13,900 

78,000 

0 

0  

N/A 

   
N

o
 w

o
o

d
s 

   
   

   
C

o
n

st
ra

in
ed

 F
a

rm
e

r 
  

   
   

 N
o

 d
ee

r 

Ewes No. 

Cows No. 

Deer No. 

Permanent labour (man) 

Casual labour (hrs) 

Variables costs (£) 

LFASS (£) 

FNM + subsidies (£) 

Inbye woodland (ha) 

Hillpark woodland (ha) 

Hill woodland (ha) 

342 

0 

0 

0 

330  

3,900 

2,700 

23,200 

186 

28 

0 

214 

0 

0 

0 

204  

2,400 

1,700 

19,700 

186 

28 

0 

811 

0 

0 

0 

776  

10,300 

£0 

-26,700 

0  

0 

0 

811 

0 

0 

0 

776 

10,300 

6,400 

-20,300 

0 

0 

0 

343 

0 

0 

0 

330  

3,900 

£0 

-34,700 

186 

28 

0 

2160 

43 

0 

1 

847  

76,000 

£0 

9,100 

180  

0 

34 

2160 

43 

0 

1 

847 

76,000 

13,200 

77,400 

180  

0 

34  

238 

0 

0 

0 

235  

3,700 

1,900 

20,000 

186  

0 

42 (conifer) 

2160 

0 

0 

0 

2,501  

58,600 

9,800 

32,900 

186  

28  

 0 

2160 

0 

0 

0 

2.501  

49,900 

9,800 

41,500 

186  

28  

 0 

315 

0 

0 

0 

303  
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0 
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0  
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40 

0 

2,444  

51,400 
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0  

2160 
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40 
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42,700 
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51,500 

0  

N/A 

 

1
9
7
 



 

 
 

198 

 

 

III.3.2. Scaling up to all LFA sheep & cattle farms 

 

III.3.2.1. Land Use 

 

Figure 6.7 shows the percentage of the total area of LFA sheep and cattle 

farm land that would be used by sheep, cattle, deer and for forestry, under each of 

the scenarios and sub-approaches modelled in this study, for the combined  

management style CS and for each of the other management styles AF, FF, and CF.  

 

The highest percentages of land used by sheep appeared when there were no 

subsidies available (NSa) or only the LFASS (NSb), as sheep became the least costly 

land use option available. Although as noted earlier, when livestock prices dropped, 

sheep were excluded. NSc showed a similar level of sheep, deer and forestry 

percentage than W/D. The HMP and NSd resulted in a varied land use (mix of 

sheep, cattle and forestry). However, it was the higher efficiency and performance 

scenarios (MCCa) that provided the most equitable spread of land use (including 

cattle).  

 

Although the abandonment of the hills was not financially disastrous for individual 

land managers it had an appreciable impact on the local economy. In terms of land 

use, it also resulted in 67% of the LFA sheep and cattle farm land being unused 

(wild and/or scrub land), which was the equivalent of 1,925,228 ha.  

 

The forestry share of land use stayed similar (7%) across the scenarios, except for 

MCCb. Most of the forestry was being planted on inbye land. However, across the 

management styles, there were disparities in the forestry planting share. The FF 

management style would never display any forestry and would have lower incomes 

under most scenarios.  
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Figure 6.7. Land Use under the scenarios and sub-approaches for the combined management 

style (CS) and the three individual management styles (AF, FF, CF). Note that the scale 

varies as the incomes increase or decrease dramatically between the scenarios 
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Conversely, FF would consistently return the highest proportion of land use for 

cattle. CF would present the highest use of hill land for forestry planting as its inbye 

land was restricted compared to the other management styles. 

 

The issue of the Forestry Commission’s target of 25% of forestry cover in the whole 

of Scotland is an interesting one for the LFA sheep and cattle farm land area. At 

present, there are 349,650 ha of woodland on farms spread across all LFA farm types 

in Scotland (Scottish Government 2011a, p121). This represents approximately 6.5% 

of the total LFA agricultural area (5,380,740 ha). Sheep and cattle farms occupy 

2,873,480 ha, about 53% of all LFA agricultural land. Assuming that there is an equal 

distribution of woodlands amongst all LFA farm types, then this suggests that 

186,720 ha of woodlands would be specifically on LFA sheep and cattle farms (53% 

of 349,650 ha).  

 

If an additional 7% of the total LFA sheep and cattle farms land was occupied by 

forestry (as in most scenarios, Figure 6.7), this would represent an increase of 

201,140 ha. At present, there are 1.385 million ha of forests in Scotland, which is 

17.8% of the total land area (Forestry Commission, 2011). An additional 201,140 ha 

would increase this percentage to 20.3%. If an additional 8% (229,880 ha) of the total 

LFA sheep and cattle farm land were to be forested (e.g. NSc, NSd or HF&E 

scenarios), this would be reflected in an increased percentage of forestry up to 

20.8%.  

 

Given the variations amongst the management styles, to obtain the 25% target of the 

Scottish Forestry Commission by only relying on plantation on LFA sheep and cattle 

farms land, this would mean that more than 25% of these areas should be forested. 

If the CS management style was representative of the proportion of AF, FF and CF 

in the LFA sheep and cattle farmers’ population then, to obtain such a target, an 

extraordinary forestry scheme limit increase of 250% (£2,625,000 instead of 
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£750,0004) would be necessary (Figure 6.8). This would allow 27% of these areas to 

be forested (including 20% on hills).  

 

Figure 6.8. Land Use for the combined management style (CS) and the three other individual 

management styles under a scenario allowing at least 25% woodland cover 

 

 

III.3.2.2. Labour use 

 

The use of labour at the LFA sheep and cattle farms level (Figure 6.9) would 

also vary greatly under the different scenarios.  

 

The scenarios with high market prices (NSd, HMP) or with greater animal 

productivity (the series of the MCCa scenarios) would be the only ones to provide 

enough labour during the year to justify the employment of one permanent labourer 

(1900 hours/year).  

                                                 
4
 The financial limit of any application is set at £750,000 per case (Forestry Commission, 2010)  



 

 
 

202 

 

 

Figure 6.9. Labour use (in hours) and FBI (£) between all the scenarios, for the combined 

management style (CS) and the three individual management styles (AF, FF, CF) 
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Some scenarios would be disastrous for farm labour and employment, especially 

those with more forestry (MCCb) and HF&E, both being linked with animal 

numbers. This would affect not only employed staff but also farming families. 

 

Across management styles, if all farmers were FF, the highest number of farm 

labour hours (especially in Spring) would be used as animal numbers (especially 

cows) were maximised, with no forestry. Conversely, farm business incomes would 

generally be lower than with the other management styles. 

 

The 2010 Scottish agricultural census specifies that the 13,753 holdings in the LFA 

sheep and cattle farms type represent the equivalent of 17,834 Standard Labour 

Requirements (SLR) (Scottish Government, 2011a). On average, this equates to 1.3 

SLR per holding, or 2464 hours of labour per year. 

 

Comparing this number with those from different scenarios under the different 

management styles (Figure 6.10), the impact of these alternative futures on Scottish 

LFA sheep and cattle farm actual labour can be estimated. 

 

Only the scenarios with high prices and high livestock performance showed an 

increase in actual farm labour. There were disparities between management styles; 

FF and AF would potentially provide the highest positive farm labour changes.  

 

However, as an example, looking at the equivalent farm business income for each of 

these scenarios (Figure 6.11) under the combined management style CS, highlighted 

that although the hours of annual labour can be very low under certain scenarios 

(for instance, MCCb, HF&E), the equivalent income was positive. This was due to 

the presence of forestry planting which brought income without requiring farm 

labour. Similar trends were found for the competing land use option of woodland 

and deer (W/D) scenario and, to a certain measure, for the AoH scenario. 
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Figure 6.10. Percentage change in farm labour under the different scenarios for the combined 

management style CS and the three individual management styles 

 

 

Figure 6.11. Total farm annual labour (in hours) and equivalent farm business income under 

the CS management style for all scenarios (the Standard Case is also shown for comparison).  

The circles correspond to groupings by type of situation (win-win/lose-lose/intermediate) 
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The scenarios where both hours of farm labour and farm business incomes were 

positive and substantial were those with high market prices for livestock and 

increased animal performance. This reiterated the strong link between farm labour 

and livestock activities, and the apparent trade-offs between forestry grants income 

and farm labour. Although incomes were positive at farm level, the decrease of farm 

labour under certain scenarios could certainly have detrimental impacts on the local 

economy. 

 

If the permanent labour was the farmer, he would remunerate himself and his 

wages would have both added to the FBI and contributed to the farm household 

income. In this case, the scenarios with higher output prices and higher animal 

performance became even more attractive to the wealth of the local economy, as 

more money would be available to circulate locally.  

 

Figure 6.11 also showed distinct grouping of scenarios, with those that could be 

labelled ‘win-win’ with higher numbers of labour hours and high FBI, and those 

that were ‘lose-lose’ scenarios with negative incomes and lower labour hours. This 

distinction highlighted the financial importance of subsidies, with most NS 

scenarios displaying much lower incomes whilst having similar levels of labour to 

those scenarios with higher FBIs. It also showed the huge step in labour hours 

required to reach those scenarios with higher efficiencies (MCCas) and higher 

prices, compared to the relative small differences in FBIs (intermediate vs. win-win).  

 

III.3.2.3. Meat production 

 

Using killing out percentages of 50% for lambs and 53% for calves (Warris, 

2010), the scenarios with high market prices for livestock and increased animal 

performance showed the highest amount of meat produced (Figure 6.12). The AoH 

and HF&E scenarios presented the lowest amount of meat produced (54% and 60% 

less than the Standard Case scenario). 
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Figure 6.12. Meat production (in tonnes) versus Farm Business Income for the combined 

management style (CS) under all the potential scenarios (the Standard Case is also shown 

for comparison) 

 

 

 

IV.  Discussion 

 

IV.1. Building the model 

 

When building the LP model, it is assumed that all activities can be 

conducted and all resources used, in fractional units. However, when considering 

the labour units, rounding up these figures to whole numbers is unacceptable since, 

as Dent et al. (1986) explain, a plan requiring a 1.5 full-time labour unit will be 

overstaffed with two persons and inoperable if only one person is employed. To 

circumvent this, the labour unit has been flagged as an ‘integer’ in the model. Linear 

programming techniques also mean that all relationships between activities and 

constraints are linear. This causes a problem with the fixed costs for the farm, which 
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are not linearly linked to activities. Acs et al. (2010) have encountered a similar issue 

and suggest calculating them separately from the LP, which is the approach chosen 

in this study.  

 

While the approach taken here is defensible it has to be acknowledged that some of 

the results obtained in the model are not necessarily ‘robust’, i.e. insensitive to 

changes in parameters, especially due to the uncertainty in the labour data and 

some of the assumptions made regarding some of the technical coefficients. This 

approach can be limiting, and thus bring uncertainty to the results. For instance, the 

approach taken to parameterise the model (Historic Baseline) with appropriate 

labour coefficients, especially in the springtime period when much of the livestock 

work is being carried out (lambing, marking, cow mating), may be one limitation. 

Whilst labour data are published (such as Standard Labour Requirements) for cattle 

and sheep, they are annually based and adapting such data over time periods has 

proved difficult. Some data exist for specific tasks (Kirwan et al., 2009; Waterhouse 

& Ashworth, 1998) but more research is needed to accurately represent labour 

variation in extensive conditions. In this chapter, parameterisation of the model has 

been carried out by using previous data from the case study farm, and adjusting 

them by comparing the model results with the real results from that period (1987). 

Acs et al. (2010) used a similar approach by comparing their model outputs (based 

on livestock numbers from their survey averages) with their actual survey data. 

Pannell (1997b) also discussed issues around sensitivity analysis, errors and 

uncertainties in optimisation models, suggesting for instance to report and identify 

which parameters most affect any optimal recommendation. In the case of this 

chapter, labour coefficients are certainly one parameter which can be identified as 

such.  

 

In this model the only diversification activities included are forestry and deer 

shooting, as they are linked to land and labour constraints and can be represented as 

competing land use options within the LP. However, other activities could have 
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been included such as wind turbines, tourism or phone masts. In the case of 

Kirkton, some of these activities already exist on the farm (a phone mast and a 

campsite with 26 wooden tents/lodges) or can be implemented (wind turbines), 

bringing a potential annual income of £73,900 (£4000, £69,000 and £876 respectively) 

but, due to their locational specificity, they are not included in the optimisation 

model. Labour directly linked to the forestry activity is not included in the model as 

a specific constraint either. Its cost is instead included into the final income value 

from forestry as, most often, forestry planting or maintenance is carried out by 

external non-farming contractors.  

 

Tenancy/ownership status will also have an effect on diversification activities, and 

on the type of diversification (Maye et al., 2009), but it is not included in this study; 

all profiles are ‘allowed’ to consider any activity, regardless of the ownership status. 

 

Payments under the Single Payment Scheme are also dependent on farmers meeting 

cross compliance conditions (Scottish Executive, 2003a). There are two elements: 

firstly, respecting existing legislation in environmental protection, animal, plant and 

public health, and animal welfare; secondly, maintaining land in Good Agricultural 

and Environmental Condition (GAEC). For the latter, the particular issue of 

minimum livestock stocking rates to avoid undergrazing could have been 

considered for the model as it may be a serious issue for the scenario AoH. 

However, this particular constraint is not built into the model as such minimum 

stocking rates are not yet clearly defined; impacts of undergrazing are also site and 

vegetation specific, and some vegetation species of greater conservation value 

require grazing (Holland et al., 2008).  

 

The optimisation results confirm those views highlighted by local stakeholders on 

policy options for these hill areas (Chapter 4). For instance, the Wild Land option 

was not preferred by the stakeholders, which is reflected here by the lower income 

generated and percentage of land used on the case study farm when under the AoH 
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scenario. Similarly, one of the favoured policy options was for a high level of output 

of good quality products, which is mirrored somehow here in the MCCa scenarios’ 

results. Drawing on stakeholders’ opinions to develop alternative scenarios is 

therefore very useful and echoes findings from Kallimanis et al. (2011) in Greece, 

where stakeholders were used to define alternative agricultural policy scenarios for 

sustainable Greek mountain areas. Similarly, Vayssières et al. (2011) combined 

qualitative data provided by farmers with quantitative data provided by farm 

surveys and simulation modelling. This confirms the validity of the approach used 

in this thesis.  

 

 

IV. 2. Outcomes of the Optimisation model 

 

IV.2.1. Farm Business Income 

 

In terms of incomes, the model clearly indicates that cattle activities are the 

most sensitive to change. Indeed, cows are displaced by the introduction of forestry, 

whilst sheep activities show more resilience. The cattle enterprise is also sensitive to 

price and cost changes, particularly labour. This concurs with findings from García-

Martínez et al. (2011) in their study of Spanish mountain cattle farming.  

 

The input and output prices are also some of the most determinant factors in terms 

of farm business incomes. Indeed, excluding the effect of subsidies, the HMP 

scenario shows the highest farm business income and highest money throughputs in 

the system, whilst the HF&E shows the lowest. The responsiveness of change in 

enterprise mix and number of animals to the output prices by the system is 

encouraging in the short-term. Changes in the farming system such as labour, 

intensity of activity, or livestock numbers, are slow to implement and this increases 
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farmers’ vulnerability to markets, which are naturally volatile. Input costs are 

equally volatile, linked as they are to international oil and gas markets.  

Labour costs also have a major influence on farm business income and on the type 

of activities possible on the farm. Indeed, reducing permanent labour costs by 5% 

allows a six-fold increase in sheep numbers, as well as the appearance of cows, even 

when forestry and deer activities are present on the farm. The associated income 

change is not that large (+10%: £96,000 vs. £87,000) compared to the larger increase 

in animal numbers. These corner point solutions producing large jumps in the 

model are normal drawbacks in LP, and are also seen when the animal performance 

increased by only 2%, resulting in a substantial change in animal numbers, as seen 

earlier in this chapter . Permanent labour and keeping cattle are also closely linked, 

as this type of labour does not appear in the model unless the cattle enterprise is 

present. The values used for labour costs in this study are consistent with current 

market values, although they may appear high in comparison to other studies (Acs 

et al., 2010; Vosough-Ahmadi et al., 2010).  

 

This optimisation model shows how financially difficult it can be to justify 

employing permanent labour unless costs decrease or productivity increases. This 

may have repercussions on farm labour stability and potentially other rural 

activities. Roberts et al. (2013) argue that it is the whole farm household that should 

be considered to understand the economic benefits of maintaining a  farm sector, 

not just the farmer or the farm, as the farm household constitutes a “significant 

proportion of the local consumer base and/or where family members contribute to the non-

farm local labour market”. On these premises, one could speculate that stability for 

farm labour might encourage continuity of other rural activities such as schools, 

health services and housing provisions as well as for other local businesses. At 

present, in the less populated rural areas of western Scotland, part-time working 

and multiple-job holding is seen as a survival strategy, not a choice (Dickey & 

Theodossiou, 2006). This trend is also observed in other rural upland areas in the 

UK (Commission for Rural Communities, 2010). 
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At an average of 74% of the total costs, fixed costs are another substantial 

consideration.  Unless they can be reduced, or their impacts mitigated by adding 

value, through diversification for example, they will always constitute an 

immutable negative factor. Variable costs also fluctuate greatly between scenarios; 

they could be considered as a proxy measure of financial risk exposure as they are 

often covered by bank loans and are thus susceptible to changing bank rates. For 

instance, although the HMP scenario is financially rewarding in terms of output 

prices, the higher associated variable costs generate financial risks. Secondary 

incomes from a spouse or from off-farm working might help cover these costs 

although, in this case, farming ends up being subsidised by a non-farming source of 

income. This may remove some element of financial risk or exposure, but farms that 

do not have access to this option are still subject to the unpredictable nature of 

farming in the hills. 

 

In the model, removal of all subsidies (NSa) leads to negative farm business 

incomes, which are unsustainable in the long-term. If the Single Farm Payment is 

removed yet the LFASS remuneration remains (NSb), the farm business income is 

still negative. If output prices increase (as in NSd or HMP), the farm business 

income becomes positive. However, if output prices decrease to the level of those of 

2006/07 (43% reduction), then the farm would cease all livestock activities as they 

become truly uneconomical, even when the fixed costs are excluded. This reinforces 

the precariousness of these hill farms towards fluctuating market forces if subsidy is 

removed or made marginal. To allow both farm and rural viability without recourse 

to subsidies, the market prices need to increase. Shucksmith & Rønningen (2011) 

insisted on the essential role of farms in rural sustainability, where they are 

necessary to “maintain ‘light in the windows’ of remoter rural areas”. It also concurs 

with the situation of other hill areas in England, where economic support is equally 

necessary (Acs et al., 2010; Thompson, 2009).  
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However, if only agricultural subsidies are removed and woodland grants remain 

(NSc), farm business incomes become positive. This suggests that the financial 

attraction makes forestry an alternative land use in hill areas. However, in these 

model runs, it leads to activities linked to farming being greatly reduced which is a 

serious issue for these rural areas (Chapter 4). As forestry is also dependent on 

grants and subsidies (Scottish Government, 2011e), in the end, it is just substituting 

one government subsidy for another. 

 

Increasing the efficiency of the farm system potentially greatly increases farm 

income. The MCCa sub-approaches show that even slightly improving livestock 

performance by 2% can bring financial rewards of £9,600. Keeping animals one year 

longer to increase longevity of the flock or herd (MCCa5%_1yr) also increases the 

farm business income. Not only does the system become more financially attractive 

but, with an increase of output per animal, it also becomes more energy-efficient 

(Benoit & Laignel, 2010; Bernúes et al., 2011) - an important consideration in the 

mitigation of climate change. Adding a financial incentive to use males with known 

or better EBVs which pass on more productively efficient traits (MCCa5%_1yr_0x) 

increases financial benefits as well as increasing the potential for more cattle within 

the farm system. However, these financial improvements are still minor compared 

to the high amounts of subsidies. 

 

The notion of threshold numbers in an enterprise is also important. In some of the 

model runs, cattle activity appear but with low numbers; for instance 18 animals in 

MCCa+SC, 12 animals in MCCa+AF. Whilst the model calculates a financial 

optimum mix of animal numbers, in reality, farmers would probably not consider 

starting cattle production with only 12 animals. The same notion of threshold 

applies for sheep numbers in the NSa and NSb scenarios for all management styles. 

In these runs, the fixed costs are the cause of a negative farm business income, 

despite a positive optimised gross margin. In reality, farmers would likely have a 

perceived threshold of how high their gross margin would need to be to counteract 
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their fixed costs, and would possibly adjust their animal numbers and farming 

activity accordingly.  

 

IV.2.2. Land use 

 

The results of the model suggest that cattle are not financially sustainable 

unless their output prices increase. This has wide-ranging repercussions on land use 

and land management.  Acs et al. (2010) argued that “loss of suckler cows […] along 

with worsening economic circumstances of this sector, could pose particular problems for 

upland ecosystems”. Stakeholders in these upland areas also prefer mixed livestock 

systems, where both sheep and cattle productions are present, to fully benefit from 

an integrated approach (Chapter 4).  

 

Although the abandonment of the hills scenario shows a decrease in livestock 

numbers, forestry planting is not affected as planting on inbye would naturally 

occur in the model, before planting on the hill. The resulting FBI for such a scenario 

is positive, although the long-term impact on the hill vegetation could be 

detrimental to its biodiversity value (Holland et al., 2008). The issue of undergrazing 

on the hill could also in the long-term cause the farm to lose its Single Farm 

Payment for failing the cross-complying GAEC. Additionally, although it is 

assumed that the farm is contained within fixed boundaries for modelling purposes, 

in reality, abandoning the hills may also cause difficulties for neighbouring farms, 

with the problem of unfenced hills and straying sheep (Chapter 5). 

 

In terms of land use, forestry is certainly an interesting conundrum. The results of 

this study suggest that increasing forestry grants income alone only increases 

modestly the final farm business income by £5,500. However, in terms of land use, 

this can create wide-reaching implications. In most of the Standard Case runs 

(Figure 6.5), the percentage of forestry on the farm is around 10%. At present, the 
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average percentage of woodland on LFA sheep and cattle farms is assumed to be 

nearer to 3.5%. To reach the 25% level suggested by the Scottish Forestry Strategy, a 

major increase of the grant level would be required. This need for “economic 

incentives appropriately pitched” has been previously highlighted by Crabtree et al. 

(2001).  

 

 

IV.3. Representing diversity of management styles within hill farmers 

 

Whilst the Standard Case model results provide interesting insights into 

responses to different scenarios, including farmers’ management styles, the model 

supplies a breadth of results necessary to mirror the diversity of hill farmers and the 

differences in farming styles. This notion has been highlighted by Hanley et al. 

(2012), who found differences between farm types in their study of ecological and 

economic impacts of agricultural changes in the uplands. In the Austrian LFA, a 

strong influence of different farming styles on biodiversity maintenance was also 

found (Schmitzberger et al., 2005). Defra, in England, also stress the importance of 

recognising the diversity within farmer’s attitudes when developing policies (Defra, 

2008). 

 

Out of all the three main farmers’ management styles, it is the adaptive farmers (AF) 

who fare the best in terms of farm business income. One of the main reasons for this 

is the labour constraints experienced by the CFnw and the CFnd management 

styles. García-Martínez et al. (2011) argued that “labour productivity is crucial” for 

mountain beef cattle farm systems. In an EU wide study, labour availability and 

labour management was also found to be essential to on-farm investment and 

development when subsidies are decoupled (Viaggi et al., 2011). As with the 

Standard Case management style, the three other farmers’ management styles use 

casual labour rather than permanent labour, which brings the same issues of farm 

employment security previously discussed.  
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The focused farmer (FF) and the CFnw management styles are most often worse off 

in terms of farm business income, because of the absence of a forestry grants 

income. These management styles have more animals, but this does not compensate 

for the loss. When forestry is not an option, as with the NSa scenario, then FF is 

slightly better off than AF. Although these results suggest that forestry grants can be 

financially attractive to farmers, this reticence to adapt to forestry is not uncommon. 

Crabtree et al. (2001) highlighted some of the potential reasons, such as loss of 

flexibility of land use and a lack of experience in tree planting. Urquhart et al. (2010) 

also found that woodlands need to be profitable or at least break-even before 

farmers would consider planting. Additionally, Warren (2009) argued that although 

farm forestry can become an attractive option for struggling upland farmers  

“if the calls to offer incentives for the carbon management to mitigate climate change 

are heeded”, such diversification is “not an option for many remote farms, nor for 

many tenant farmers who work over the third of agricultural holdings”  

 

In the case of FF, the reluctance to plant trees is also extended to farm diversification 

in general as they clearly indicate that farming comes first in their motivation 

(Chapter 5). Although this study shows that diversification in general does bring 

financial benefits, some farmers have a strong feeling of identity, of ‘what farmers 

should do’, regardless of financial reasons. For example, Brandth & Haugen (2011) 

reported that French farmers refuse to diversify as they see it as a “betrayal of the 

agricultural profession”. They also argued that in the UK, farmers are still “dominated 

by productivist self-concepts despite post-productivist undertakings”. Warren (2009) 

mentions this mentality as well, and further explains that farmers are “uncomfortable 

with the multifunctional roles being expected of them”. In a study in South West 

England, Lobley & Butler (2010) found that only a minority of farmers will take on 

the opportunities offered by decoupling. However, if the local rural environment 

encourages the expansion of strictly farming activities, such as collaborations 

between farmers and meat processors, or the development of branded meat 

products, these farmers might respond favourably (Morgan et al., 2010).  
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The results of this study also underline the matter of continuity of farming and the 

problem of succession. Whilst the AF profile is the best-off financially, it is made up 

of older farmers. What will happen in 10-20 years, when these farmers retire? 

Bernúes et al. (2011) identified this issue as one of the main critical points of viability 

for livestock-based farming systems. Gaskell et al. (2010), in the English uplands, 

also argued that attachment to a farming ‘way of life’ was not enough for the 

younger generation to contemplate farming in these areas. Lobley et al. (2010) 

appealed to governments, educational institutions and farming institutions for 

measures to encourage young people into farming. They also argued that proper 

succession plans are needed for that purpose.  

 

Finally, despite the diversity of management styles in this study, cattle production is 

rarely chosen. Unless there are some financial incentives (or higher output prices) to 

attract cattle production to hill farms, the results of this study suggest that, in the 

future, sheep and forestry might dominate land use of the land considered here. 

 

 

IV.4. Scaling up to all LFA sheep and cattle farms 

 

Scaling up these results to all LFA sheep and cattle farms offers some 

insights into potential future land use and future farm labour demand.  

 

In total, 66% of the Scottish agricultural area is classed as less productive hill areas 

(Scottish Government, 2011a). If lowland Scotland is to be preserved for food 

production (Scottish Government, 2010d), then only these hill areas can be expected 

to make a contribution to reach the Scottish Government target of 25% forest cover. 

The results of this study suggest that 27% of LFA sheep and cattle farmland could 

be forested, with 20% of this being on open hill. Financial incentives would have to 

be substantial, and probably would not be possible within the government’s budget. 

Farmers’ attitudes towards forestry would also have to be changed which, at 
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present, is not an easy task (Warren, 2009), not least because schemes are perceived 

to be costly, time-consuming and too restrictive (Urquhart et al., 2010). Perhaps if 

forestry and woodland creation were seen as integrated and complementary with 

other land-use objectives, as advocated by the Woodland Expansion Advisory 

Group (2012), then conflicts could be reduced and mentalities changed. However, 

open hills are not always appropriate for economic forestry activity, and the 

environmental limitations of such sites should not be underestimated (Morgan-

Davies et al., 2008). 

 

Such changes to forested areas would also have a major effect on local farm labour, 

leading to substantial losses of existing labour (up to 90%).  At present, very few 

scenarios, however financially attractive, create demand for farm labour. 

Converting to forestry cannot be an answer to the local farm labour problem, as 

seen in the MCCb scenarios. Chapter 4 also shows that local stakeholders do not 

favour forestry options either. In fact, the forestry policy profile, as defined in 

Chapter 4, is one of the least preferred profiles (Table 4.8).  

 

Arguably, farm labour could be used for forestry tasks; retraining may be necessary, 

and some of the Land Management Options proposed in the SRDP could cater for 

such an eventuality. However, at present, most of the labour force within the 

forestry industry is employed at the national contractual level and is therefore 

highly transient. At the local level, it offers very few job opportunities (Robinson, 

2011).  

 

The other issue is the cost of farm labour compared to the value of the farm output. 

Over the past twenty years, farm wages have increased faster than lamb and cattle 

prices. For instance, at present, to cover the wages of a permanent shepherd (around 

£25,000), 520 store lambs need to be sold, whereas in 1988/89, 260 lambs were 

sufficient (SAC, 1988; 2010). This issue over farm wages is also seen in Figure 6.11 

where farm incomes stay similar between the ‘intermediate’ and ‘win-win’ 
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situations, whilst labour hours greatly increase. Such a disparity may be a barrier to 

uptake by farmers, despite scenarios being potentially financially rewarding.  

Indications to policy makers as to the uptake of policies within the hill farming 

population can also be obtained through scaling up. For example, this study shows 

that farmers belonging to the FF group are quite immune to policy changes, 

implying that a proportion of the hill farmers, potentially, would likely not react to 

certain policy incentives. This has implications for policy makers who, in England 

and Wales for instance, are increasingly aware of the diversity of farmers’ 

motivations and beliefs (Defra, 2008; Ingram et al., 2013).  

 

Scaling-up also highlighted the potential effects of scenarios on the rest of the 

farming economy. Lowland farming is linked to the hills, not least through 

stratification of the sheep industry. If livestock numbers continue to decline on the 

hills, as seen in most of the scenarios modelled, this could create a loss of breeding 

stock and genetic material for lowland livestock farmers dependant on hill livestock 

for their replacement and breeding animals. Demand for lowland grazing to away-

winter hill animals may also decrease, to the detriment of the lowland farmers who 

would lose rental income. The amount of meat produced in the hills would also 

decrease (up to 50-60% under some scenarios). If the lowlands were to be kept for 

more intensive food production to compensate for such a decline, more lowland 

planning restrictions may also be necessary, to avoid loss of productive land to 

housing or to forestry.  

 

Additionally, as under most of the scenarios modelled, the farm labour on hill farms 

would also decrease, a proportion likely to seek alternative rural employment.  
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IV.5. Future policy changes 

 

The next round of reforms of the Common Agricultural Policy, due in 2014 

(European Commission, Agricultural and Rural Development, 2011) will also add 

yet another dimension to this debate. At present, the inclination is to retain a direct 

payment (Basic Farm Payment) based on eligible hectares rather than on the basis of 

historical payments. The impetus will also be on active farming. Cross-compliance 

measures (SMR and the GAEC), although simplified, will still be in place. 

‘Greening’ measures will also be proposed; in particular, permanent pastures 

should be maintained and, where more than 3 hectares of crops are grown, there 

should be least 3 different crops. New entrants will be financially encouraged 

(Scottish Government, 2011f).  

 

Under these presumptions, the scenarios HMP and MCCas are likely to fare better 

as they create substantial economic throughputs and farming activities. Whilst these 

scenarios rely on higher animal numbers and better animal and farm efficiency, they 

imply somehow better use of home-grown feeds (better forage crops in particular) 

and grazing. However, as reported by the SAC Rural Policy Centre (2012), some 

commentators have argued that several of the ‘greening’ proposals might hinder 

this as farmers may choose not to grow crops for animal feeds anymore (to avoid 

the constraints of the crop diversification); the definition of permanent pastures may 

also cause problems to hill farmers who may wish to improve their hill parks for 

better grazing.  

 

Some of the scenarios that potentially reduce the number of outputs (such as HF&E) 

or abandon part of the farm, increasing issues of undergrazing as well as farm 

labour losses, may have a different outcome after the next reform. Substantially 

increasing the forest cover also reduces farming activity. Could there be a trade-off 

nonetheless between forestry grants and EU farming subsidies? The Woodland 

Expansion Advisory Group (2012) certainly suggests that the next SRDP, combined 
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with a whole-farm planting approach, could help integrate forestry with other land 

uses, especially farming, thus breaking down cultural barriers.  

 

These issues mean that to benefit fully from this next set of negotiations, hill farms 

in Scotland need to increase the efficiency of their systems. This may also be valid 

for all hill farmers in the UK. If new entrants were to be encouraged then it may 

solve the issue of succession and age amongst the older ‘adaptive farmers’, and thus 

boost that facet of the industry. However, the key issue remains: in these hill areas, 

agricultural subsidies are more than ever crucial to the industry and to the 

continuity of the local social fabric.  

 

 

V. Conclusion 

 

This chapter examines the consequences of attempting to optimise farm 

business incomes under different scenarios and under different farmers’ 

management styles, and to determine whether farming styles affected interaction 

with policy.  

 

It shows that different farmers’ management styles have an impact on the way they 

respond to the scenarios. Farm business incomes prove healthier under the 

‘adaptive’ farmer management style and worse under the ‘constrained’ farmers, 

with no forestry diversification. This stresses the contention that one policy does not 

fit all in these remote areas, and differences between farmers’ motivations need to 

be acknowledged when formulating policies. What could be proposed in practice is 

perhaps to increase the number of potential options available to farmers, to manage 

these differences.  

 

The most profitable scenarios, in terms of income, are the High Market Prices 

(between 1.5 and twice the income generated by the Competing land use options 
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Woodland/Deer scenarios). The Mitigation of Climate Change (animal efficiency 

options) are also profitable scenarios, but not to that extent (only 20% to 60% the 

income of the Woodland/Deer scenarios). Higher market prices and changes in farm 

systems are thus shown to be critical to sustainable future hill farming systems. 

However, the lowest outcomes in terms of incomes are the No Subsidies at all (NSa) 

and LFASS only (NSb), which still reinforces the issue of dependency on subsidies 

in these remote areas, and the potential difficulty of embracing other scenarios, 

especially due to labour constraints. This shows how much policy influences hill 

farming in these areas, where government and subsidy policies have been in place 

since before WWII. Breaking free from such a framework would require major 

changes to farming systems and the industry as a whole, as well as to consumer 

willingness to pay a higher price for meat products or other ecosystem services 

linked to the hills. Subsidies also perhaps need to be linked to other services that 

farming and livestock systems might bring. For instance, livestock systems on 

permanent grassland (such as in Scotland) are thought to be beneficial to carbon 

capture (Cloy et al., 2012). Keeping giving financial support to farmers without any 

other linked benefits may not be a viable long term solution, and the other beneficial 

aspects of livestock farming onto wider ‘externalities’ also perhaps need to be 

considered. 

 

Forestry grants seem to be central to higher incomes. However, this study could not 

focus on the particularities of woodland planting, of farmers’ views and of 

individual farm situations. Forestry economic activity can indeed be inappropriate 

due to site conditions. Tenancy agreements equally may prevent any plantation, as 

many individual farm financial situations, such as the amount and types of debt.  

 

Succession issues, linked with the age of ‘adaptive’ farmers, could not be quantified 

in this study but should be mentioned, especially given the long-term nature of 

diversifying into forestry.  
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Finally, cattle production is at risk of disappearing entirely from the hills if financial 

issues alone are considered. Unless cattle prices increase or labour becomes more 

efficient, with the high forestry grants and policies, then forestry and sheep 

production will likely displace the cattle.  

 

In conclusion, this optimisation approach, based on a variety of hill farm 

management styles, has provided information on the possible financial, land use 

and labour effects of policy and market change scenarios in the hill areas. Continued 

financial support for more viable hill farming systems is probably needed, but with 

the caveat that other ecosystem services must be provided in return so that the 

wider society may also profit from such viable hill systems. Increased livestock 

productivity or efficiency, opportunities for any diversified income and greater 

flexibility in farm labour and in land resources are also important to achieve 

farming systems viability. These would allow hill farmers to lessen the effects of any 

external intervention on their businesses. 
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CHAPTER SEVEN 

CONCLUSIONS 

 

 

 

 

I. Introduction 

 

The work in this thesis investigates how hill farmers respond to policy 

changes, given the fragile nature of the industry and its reliance on subsidies 

(Chapter 2), and in the context of the turmoil and polemic surrounding the 

decoupling of production subsidies after the 2003 CAP reform. The impacts of 

policy changes are considered in Chapter 5, through a survey of hill farmers, 

followed by face to face interviews, in order to develop a farmers’ typology using 

multivariate analysis techniques. The thesis also aims at understanding what other 

stakeholders expect from these same hill areas and what targets future policy 

measures should focus upon. Chapter 4 describes how survey techniques, followed 

by a computerised Adaptive Conjoint Analysis (ACA) method, are used to 

investigate stakeholders’ expectations. Finally, this thesis explores how hill farmers 

could adapt their farming systems in response to these future policy changes and 

orientations. This is done in Chapter 6, where research outputs from Chapter 4 

(policy preferences from the ACA) and Chapter 5 (farmers’ typology) are coupled 

with recent literature concerning future land use scenarios (principally the Foresight 

Report) in an optimisation model which examines impacts on hill farming business 

incomes and structures.   
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In this thesis, two opposite and conflicting orientations are considered: hill farmers 

on one side, wider stakeholders on the other. The combination of using 

stakeholders’ opinions to form scenarios applied in the modelling, together with the 

results of the farmers’ typology, offers an innovative assessment method. 

 

Such a process is appropriate as it proposes a wider approach to tackle the multi-

faceted aspects of the hill land uses and the problems they face. At the outset, wind 

energy was not included as, when starting this thesis, the prominence of this 

technology was not as marked as now. However, in retrospect, including “energy” 

stakeholders, such as the energy production companies and carbon trusts, might 

also have been beneficial.  

 

 

II. Main conclusions 

 

In Chapter 4, the ACA approach shows that integrating ideas and knowledge 

from different groups of stakeholders when formulating policies for hill and rural 

areas can be extremely valuable as it can reflect the diversity of views and interests. 

Areas of consensus or conflicts can be identified and unless that knowledge is taken 

into account, future policies and measures could be flawed, or at least may not have 

the desired effects. This approach also suggests that there is still a divergence 

between what local stakeholders expect from hill areas and what effects the policies 

have had, especially where livestock production is concerned. Indeed, livestock 

production and farming products are identified by stakeholders as two of the most 

important features of hill areas, whilst the very essence and continuity of livestock 

production in the hills is very much threatened, partly due to the 2003 CAP reform 

and the uncertainty that the pace of reforms may bring.  
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This work also suggests that there should be multi-objective and integrative 

schemes that recognise all aspects of hill land use to combine their benefits; leading 

more towards what an ecosystem services approach advocates, where multiple 

(private and public) benefits are recognised, not just those linked to livestock 

production. This follows what Pannell (2008) argued in his research, namely that it 

is important to consider the level of public (external) and private (internal) net 

benefits from proposed land management practices, and that, depending on their 

relative levels, different policy mechanisms are appropriate. When public benefits 

are positive (for example, providing flood control, maintaining a cultural landscape 

that the community values, providing biodiversity or planting trees for climate 

change mitigation) but private benefits are negative (in the case of the work of this 

thesis, when farming alone is not providing enough of an income due to costs), then 

Pannell (2008) argued that positive incentive (such as subsidies) is justified. Cahill 

(2001) also advocated the need to recognise the multifunctionality of agriculture, as 

an argument for improved targeting of policy measures. The author talked of 

mountain pastures, where it is difficult to dissociate completely the landscape or 

biodiversity value, from the production of beef or sheep; the former producing a 

positive externality (or non-commodity output) for which there is no direct market, 

even if the output in question is a public good.  

 

In terms of methodology, this section of the thesis demonstrates that using an ACA 

technique to assess existing land use policies can be very useful; it can be applied to 

show that some current government policies may not be acceptable to those 

involved and to those whose role is to enforce such policies. For example, policies 

involving forestry are rated lowest by stakeholders, despite a major government 

drive to encourage them. The ACA technique could be therefore, in a similar role, 

an applicable approach on larger scales (e.g. the UK as a whole or even pan-

European). 
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Chapter 5 indicates that since the 2003 CAP reform, animal numbers in marginal 

areas have decreased dramatically. It also shows that hill farmers are affected by 

policy and market changes, as reflected in the way they manage their farming 

system or in the changes they have made to adapt, such as reducing their flock sizes 

or destocking part of their hill land. The interdependency of these hill farming 

systems, where action by one individual has repercussions across the wider local 

area, is also found to be of considerable importance.  

 

Hill farmers are an ageing population, with half of them not having any successors. 

Perhaps associated to this, labour and skills linked to agricultural activity in the hills 

are also found to be in sharp decline, as seen in other parts of the UK hill and 

upland marginal areas. The availability of skilled labour in these areas is also a 

major constraint.  

 

The participative research and typology approach developed in this chapter provide 

a better understanding of hill farmers’ motivations and management styles, as well 

as how policy changes affect them. This further underlines the fact that the diversity 

in hill farming systems and in hill farmers’ management styles and motivations are 

perhaps the most important factors to take into account when formulating policies 

for these areas. In practice, an increased number of potential options for hill farmers, 

not necessarily all based on livestock production but potentially on other ecosystem 

services, might be the answer, to reflect this diversity of views and opinions. 

Another approach could be to include motivation questions when carrying out 

annual agricultural census surveys. However, this would certainly be a difficult, 

time consuming and costly suggestion.  

 

The optimisation approach used in Chapter 6 highlights how changeable and 

volatile the market can be, and how difficult it can be for hill farmers to adapt their 

farming system accordingly. Potential scenarios underline the fragility of livestock 
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production, especially beef cattle, and, unless cattle prices increase or labour 

becomes more efficient, then sheep and forestry will be likely to displace them.  

 

Subsidies (mainly farming, but also those linked to forestry or energy generation) 

are found to be important for farm finances. Any removal or cuts to this external 

finance are shown to increase farming’s vulnerability to the full effects of fluctuating 

market prices where, for instance, a small decrease in sheep prices can drastically 

affect sheep numbers. This chapter illustrates to a certain extent that livestock 

production has been buffered by government support, which could be seen to 

represent a sort of “social subsidy” allowing continued activity in these remote rural 

areas, not unlike the situation in other marginal farming systems in Europe. Any 

decline in farming activity is also shown to lead invariably to a decline in ancillary 

activities (both upstream and downstream to agriculture), especially where labour is 

concerned. 

 

Although any diversification of land use, predominantly towards forestry, can 

potentially bring substantial financial benefits to individual farmers, results in this 

chapter show that it would be to the detriment of beef cattle production and that not 

all hill farmers are willing or able to implement such changes. The optimisation 

model indicates that hill farmers are limited in their choice to increase outputs and 

not all diversification options are acceptable to or feasible for them. Any extra 

labour involved within the different scenarios might also be a barrier to uptake.  

 

Results from this modelling exercise suggest that even if hill farmers have the 

motivation to change, it can be extremely challenging to adapt a farming system fast 

enough to respond adequately and efficiently to change. For instance, it would take 

years to restock a hill, to improve flock or herd performance, and many more years 

to reap the benefits of planting trees. The timeframe between farming system 

changes and market or policy changes is markedly different, suggesting that the 

safety net that subsidies bring is even more crucial in these types of environments. 
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This is with the caveat that public benefits that could potentially be provided by 

these environments are also taken into account when considering subsidies (or 

positive incentives) for these systems, as referred to by Pannell (2008). 

 

This chapter also shows that using farmer’s management styles in the context of a 

variety of alternative scenarios is interesting; combining such optimisation 

techniques with typology methods can be valuable in studying the impacts of 

scenarios throughout the UK and Europe.  

 

 

III. List of considerations 

 

III.1. Considerations for policy makers (Scottish Government, UK 

Government, European Union) 

 

i. Relevant stakeholders need to be involved when making policies. 

ii. It is difficult for market forces alone to support the hill farming sector 

and targeted subsidies are necessary to sustain an integrated land use 

activity in these areas. If subsidies disappear, it may lead to areas in the 

hills of Scotland, with no land-based industry that can provide both an 

economic activity and a social base, as projected for other marginal 

farming areas in Europe. However, in this context, the public net benefits 

must also be taken into account, to justify the use of potential positive 

incentives. An ecosystem approach that considers all aspects of land and 

livestock management in the hills, and that recognises the ‘other’ services 

that could be delivered (e.g. biodiversity, carbon capture through 

grassland and peat management, water management, culture heritage, 

etc.), could be beneficial. These public goods are not always recognised 

by market forces, but nonetheless need to be rewarded somehow. Hill 
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farmers could demonstrate how they contribute to these ‘other’ services 

too.  

iii. Hill farming production in Scotland needs to be viewed within the UK 

and European context, and the consequences of a reduction in farming 

outputs recognised. A decrease in the volume of meat, as well as a 

decrease in the number of store and breeding animals produced from the 

hills, would have an impact on exports.  

iv. The difficulties to adapt or improve any hill farming system due to farm 

structure and labour availability need to be understood.  

v. The vulnerability of hill cattle production needs to be recognised.  

vi. Within the next round of CAP reforms, there is a need to tackle the real 

constraints faced by hill farmers, who farm the majority of the 

agricultural land area in Scotland. These constraints are both physical 

and linked to farmers’ attitudes. Without such an approach, there may 

still be areas which could under-perform or end up being abandoned, 

unless alternative land uses are proposed through an increase of 

potential options available to farmers, as well as opportunities for more 

efficient systems. Potentially all LFA in Europe could face similar 

difficulties. 

vii. A heightened awareness of major problems likely to arise in the next 10 

years is required, specifically: 

 most ‘adaptive’ farmers who would be willing to embrace 

new opportunities and diversification options would have 

retired or passed away, 

 most ‘focused’ farmers who are unwilling to consider non-

farming prospects may have left farming if livestock 

production per se is not supported, 

 the majority of farmers who are constrained by their physical 

and working environment may have already given up or 

scaled back their production,  
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 ageing of population may become even more important in 

these remote areas than in the less rural ones. The average 

farmers’ age group will have increased, as the younger 

generation perhaps does not want the traditional ‘way of life’ 

and probably expects better remuneration for their efforts.  

 

 

III.2. Considerations for the farming community and the industry 

(including NFU and levy boards) 

 

viii. The diversity of hill farming styles and of farmers themselves needs to 

be acknowledged.  

ix. With farm-based labour and the position farming plays within the rural 

community under threat, hill farmers’ motivations and frame of mind 

should be encouraged to adapt or to embrace opportunities more 

readily.  

x. Facilitate farm labour or changing hill farmers’ skills to improve 

efficiency by perhaps promoting existing and developing technologies 

(such as EBVs) or providing additional help through the existing Land 

Management Options to uptake such technologies on hill farms 

(including grants to cover the costs, maintenance and training to use 

such technologies).  

xi. Encourage young farmers to enter the profession and/or put measures 

in place to allow older farmers to retire appropriately. 

 

 

III.3. Considerations for the conservationist and NGO groups 

 

xii. There is a need for a more holistic approach to land use management and/or 

conservation. Although biodiversity policy is found to be the nearest to hill 
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farming policy orientations devised by the group of stakeholders in this 

thesis, there is a major risk of land abandonment in the hills, and of the 

development of a monoculture approach. With cattle production at risk, 

sheep production or forestry planting may be the only viable alternatives, 

resulting in the potential loss of biodiversity.  

xiii. It would be beneficial to have the right approach when considering projects 

or policies for these hill environments. As suggested by Pannell (2013), 

multiple benefits of projects need to be properly recognised and 

acknowledged, before decisions being made.  

 

 

IV. Final words 

 

Is hill farming at a crossroads? Are hill farming systems resilient enough or 

is their economic, social and cultural future at risk? The decoupling of subsidies in 

the 2003 CAP reform has been a major shift for this industry, and it appears that 

variations are becoming increasingly rapid. Since starting this thesis in 2006, more 

land use changes in these areas have occurred; for instance, a greater drive towards 

renewable energy and wind turbines, more emphasis on carbon emissions and 

ecosystem services and perhaps less on biodiversity. Livestock markets have also 

evolved. What other developments can be forecast for the next 10 years, at what 

scale and at what cost?  

 

What should the role of hill farming be in these marginal, remote areas on the 

fringes of Europe? Should it be for food production or for protecting or maintaining 

environmental goods? Should it be as a retainer of the rural social fabric or as a 

provider of ecosystem services? Or should it be a combination of all these aspects? 

 

Such questions are still challenging to answer. However, regardless of its role, if 

there is to be a future for hill farming at all, then a mechanism needs to be put in 



 

 
 

232 

 

 

place to ensure it can persist. The diversity of farming systems and farmers’ 

motivation should be acknowledged to remove any barriers to improvement or 

change. An integrated approach that follows through and includes farm labour, 

rural social aspects and support for the provision of ecosystem services by hill 

farmers or for any other alternative provision of public goods is needed. Hence, a 

set of measures, including perhaps some livestock-linked subsidies, that recognises 

the diversity of hill farming and the diversified roles that hill areas still play, is 

necessary. Government intervention and supportive market forces are both needed, 

within the acknowledgement that budgets are finite, and that in order to receive 

public support, provision of public goods must also be considered.  

 

These considerations are not to be taken in isolation; similar issues undoubtedly 

exist across most hill and mountain areas in Europe. Informed action is clearly 

required to protect these vulnerable yet significant marginal areas, and approaches 

such as the work presented here can offer potential future options upon which 

policy decisions can be made. 
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