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Abstract 

 

The achievement of a sustainable future for Scotland’s coastal communities is subject to, and 

dependent upon, a complex policy landscape of stakeholders and policy documents within 

which resource and information is transferred where relationships and dependencies, are linked 

to the power and influence of policy actors and documents. Understanding the dynamics of the 

policy network is critical for effective stakeholder engagement. This study investigated four 

policy themes and explored their impact and relevance on government and civil society efforts 

for Scottish coastal community sustainability. This was informed by a review of the marine and 

coastal estate, policy and planning in addition to sustainable economics, behaviour, innovation 

and governance. The four policy themes of low carbon economy, marine renewable energy, 

zero waste and sustainability were subject to a literature reviews and to policy network analysis 

using a new method developed here called Rapid Policy Network Analysis. This method 

provides a broadly applicable, relatively simple, replicable mechanism, with cost to its 

application for non-policy specialists to understand those issues which are most pertinent to 

their objectives. The research considered established theories and models for achieving 

sustainable equilibrium in complex systems including common pool resources and recent 

initiatives in developing sustainable communities. A working hypothesis for a future policy 

framework supporting sustainable development in the Scottish coastal region was proposed and 

tested using the results of the policy network analysis and literature review based on specific 

questions. Across all policy themes the Climate Change (Scotland) Act 2009, the Electricity 

Act 1989, the Environmental Protection Act 1990, the Second National Planning Framework 

(NPF2), the UK and Scottish Governments and Scottish Local Authorities were amongst the 

most important and influential. The study shows that there continues to be a gap between the 

national development of sustainability policy and the authority required at the coastal scale. 
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Chapter 1 – Introduction 

1.1 Thesis overview, aims and objectives 

This thesis forms part of ‘Theme 3 of the MaREE Project’ which was funded by the Regional 

Development Fund, the Scottish Funding Council and Highlands and Islands Enterprise and 

delivered by the Environmental Research Institute - North Highland College (ERI), in 

partnership with the Scottish Association for Marine Science (SAMS). Theme 3 of the MaREE 

Project was tasked to explore the opportunities and threats presented by the emergent marine 

energy sector in the context of ‘…sustainability management, policy and communities’. The 

overall MaREE project objective was ‘…to explore the environmental issues related to marine 

renewable energy development in the Highlands and Islands and socio-economics internal to 

the region.’ (Environmental Research Institute, 2013). 

The original title for the research was “Marine spatial planning, innovation and renewable 

energy – supporting a transition to sustainable regional economies” and its aim was contained 

in three questions. An extensive initial literature review provided the following (summarised) 

answers based on the information available at the time (2010) and as such it was agreed to 

establish new goals for the research:  

Q1. How can broad scale development in energy policy be reconciled with local needs for 

employment, investment and social cohesion? 

A1. National energy policy will only support local needs for employment, investment and social 

cohesion if mechanisms for an obligation to invest in, or compensate local communities are 

established. Until Developers can guarantee the build of installations and guarantee delivery of 

revenues, following the licencing and assessment stages, they will be unlikely to invest in 

training and employment of local manpower. Without increased investment in rural and coastal 

communities the migration to urban and metropolitan areas will likely continue. 

Q2. Does marine spatial planning offer a potential process for reconciling energy policy, 

sustainable development and community aspirations?  

A2. Whilst marine spatial planning is seen as a critical tool in managing human activity to 

achieve social, economic and environmental objectives it cannot, in isolation, reconcile energy 

policy, sustainable development and community aspirations. 

Q3. How is the rhetoric for the ‘green economy’ applied in terms of regional innovation 

strategy for peripheral coastal communities and marine renewables?  
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A3. The national initiatives driving the ‘green economy’ are disconnected from innovation and 

renewable energy strategies, especially at a regional level and as such benefits to peripheral 

coastal communities will be haphazard and random. 

The literature review had raised a multitude of questions as to the feasibility of Scottish coastal 

communities evolving to a state of sustainability within the current political and policy process. 

At the same time it became evident that policy supporting sustainability in the UK and Scotland 

was complex not only because of the numbers of documents and stakeholders involved but also 

because of the relationships between them. Further complexity was observed with overall 

‘sustainability’ policy supported and dependent upon a diverse range of policy programmes 

with their own clear objectives. The UK Government and the UK devolved governments’ issued 

a joint statement in 2005 entitled ‘One Future – Different Path: The UK’s Shared Framework 

for Sustainable Development’ which described the following five objectives: to achieve a 

sustainable economy; use sound science responsibly; promote good governance; live within 

environmental limits; and to ensure a strong and healthy and just society (UK Government, 

2005). These objectives reflect the ambition to achieve a sustainable future for Scotland’s 

coastal and island communities which is subject to a complex policy landscape of stakeholders 

and policy documents within which resource and information is controlled and distributed and 

influenced the subsequent research . 

The diversity of issues, environments, contexts and objectives in the sustainability policy 

landscape necessitated the definition of research boundaries for this study to establish a 

manageable and relevant context. As such, three distinct synergistic Scottish policy areas (sub-

themes) were aggregated to form a sustainability ‘proxy’ as a fourth stand-alone policy theme. 

The policy sub-themes were: low carbon economy, marine renewables and zero waste which 

reflect the priority areas of: ‘Sustainable consumption and production, climate change and 

energy, natural resource protection and environmental enhancement and sustainable 

communities’ described in the UK and devolved governments ‘One Future – Different Paths…’ 

document (UK Government, 2005). They were also selected to reflect policy, which when 

combined, traverse the terrestrial, coastal and marine environments and were of sufficient 

complexity to be analysed independently. 

Based on the literature review, national initiatives driving the low carbon economy, marine 

renewables, zero waste and thus sustainability (in this context) appeared disconnected from 

regional and local requirements and competencies. Whilst many policy documents described 
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aspirations to delegate control to the local scale in order to facilitate a responsive and fit-for-

purpose policy landscape there was little evidence to support this transition. There were an 

increasing number of examples of community sustainability initiatives driven by bottom-up 

activity (chapter 3) however it was clear that rapid change towards coastal sustainability could 

not be achieved solely via a volunteer collective. 

The range of subject areas explored in the initial research resulted in the development of an 

hypothetical model for a future policy landscape along with ten key questions relating to the 

complexity of current policy and the capacity to deliver coastal sustainability in Scotland. It 

was agreed that the revised focus of the project should seek to explore and explain sustainability 

policy in the UK and Scotland in the context of the ten questions and establish whether the 

current policy framework supported a proposed policy model framed in the following question:  

Does the current policy framework support: ‘a nested hierarchy of policy instruments 

and actors in a policy framework which is responsive and adaptive to changing social, 

economic and environmental requirements and delegates authority and control at the 

appropriate scale to expedite the dynamic and evolutionary creation and delivery of 

policy which is fit for purpose and place.’ 

The ten questions were: 

Question 1: How complex are the policy themes and is it possible for non-policy specialists and 

generalists to achieve an overview and working knowledge of the most important, relevant and 

influential components without loss of sense and context of the whole policy landscape?  

Question 2: Are there synergies and commonalities between the policy themes analysed and 

would they suggest a joined-up, holistic approach to sustainability between different policy 

objectives, initiatives and programmes?  

Question 3: Is climate change still the dominant driver of a low carbon Scotland and what other 

programmes and policies are emerging? 

Question 4: What level of importance does environmental and biological policy have within the 

policy themes and are ecosystem sustainability and biodiversity in the marine environment 

supported within the policy themes analysed? 
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Question 5: How important is planning policy, both marine and terrestrial, in the policy 

networks and is there evidence of synergy between them at the coastal interface? 

Question 6: What is the context for the legislative component of the policy landscape and does 

legislation alone provide stakeholders with the tools necessary to engage in the policy debate?  

Question 7: Is there burdensome duplication inherent in the policy landscape for Scotland? 

Question 8: Does robust policy and legislation exist to support community resilience1, 

innovation clusters, sustainable economics and sustainable behaviour?  

Question 9: Are there policies in place to provide local authorities, community organisations 

and the Third Sector2 with sufficient authority and control and the necessary resources to 

support local bottom-up initiatives beyond delegating policy delivery and actions to Scottish 

local authorities? 

Question 10: Is there evidence of adaptive management and synergy between organisations, 

with policy structured to support the operational level; the collective choice level; and the 

constitutional level to manage the marine and coastal common pool resource in a responsive 

policy process? 

The development of the proposed policy model evolved over the period of the initial literature 

review and a significant catalyst came from research into the work of Ostrom on the 

management of common pool resources (CPR) (Ostrom, 1990) (Ostrom, Gardner, & Walker, 

1994) (Ostrom, Burger, Field, Norgaard, & Policansky, 1999). Chapter 3 presents the most 

pertinent areas covered in the preliminary research which contributed to the formation of the 

policy model and the choice of method e.g. sustainable economics, behaviours and 

communities, however it was necessary to explore a range of other subjects which are not 

reported in detail to better understand the topics discussed. Investigation of Ostrom’s concepts 

and models led to an appraisal of Game Theory (Poundstone, 1993) which had been used to 

predict and test rational and non-rational behaviour within the context and boundaries of CPR. 

Ostrom’ work also led to research into chaotic systems (Gleick, 1998), complexity (Gell-Mann, 

                                                 
1 Resilience is "the capacity for a system to absorb disturbance and still retain its basic function 

and structure"1 (Walker & Salt, 2006) and is a component of the long term survival and integrity 

of sustainable communities and regions. 
2 The ‘Third Sector’ are defined here as organisations which are: ‘independent from 

Government and self-governing, have a formal structure which involves some volunteer 

population and which are non-profit based’ (Scottish Government, 2009F) 
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1994) (Coveney & Highfield, 1995) (Mitchell, 2009), emergence (Johnson, 2001) (Grobstein, 

2007) and complex adaptive systems (Kauffman, 1993) (Holland, 1995) (Kauffman, 1995) 

(Miller & Page, 2007) (Innes & Booher, 2000). The model was also influenced by Epstein’s 

(2006) view that communities are ‘complex adaptive systems’ and Lipsky’s (1980 & 2010) 

concept of ‘street level bureaucrats’ in which he argued that public policy delivery is strongly 

influenced by decisions made at ‘street level’. Influence also came from the work of Rihani and 

Geyer (2002) ( 2010) who proposed that high levels of complexity in social and policy systems 

came as a result of the conscious awareness of individuals seeking to manipulate outcomes for 

themselves, and for the system. Faber and Alkemade’s (2011) recommendations for the use of 

complexity science to manage policy systems led to an exploration of Gunderson and Holling’s 

(2002) adaptive cycle for complex systems. The Gunderson and Holling ‘Panarchy framework’ 

proposes that sequential changes in a complex adaptive system may follow an adaptive cycle 

from growth to conservation to collapse and then reorganisation prior to a new growth phase. 

The Panarchy framework was of interest as it assumes that adaptive systems at different scales 

are interconnected, where a change in state at even the lowest hierarchical level might have 

repercussions at all levels. The framework resonated with the many references to ‘clusters’ 

observed across diverse subject areas (Engels, 1993) (Johnson, 2001)(Johnson, 2001) (Solvell, 

Lindqvist, & Ketels, 2003) (Mclean & Pillia, 2005) (Policy Research Corporation, 2008) and 

the nested structure of successful common pool resources (Ostrom, 1990).  

It was necessary to decide upon an appropriate method to test the proposed model and answer 

the ten questions posed and a number of options were explored. Grounded Theory was 

considered as a mechanism to develop a policy model from first principles to compare with the 

proposed model (Glaser, 1978) (Goulding, 2002) (Corbin & Strauss, 2008). The method was 

not used due to concerns about its ability to guarantee delivery of an alternative policy model 

and provide a pragmatic methodology for future research. The same concerns eliminated the 

use of a Delphi study in which participants are anonymous to each other and in which ideas and 

concepts are evolved in an iterative process of ‘rounds’ facilitated by the researcher (Linstone 

& Turoff, 1976) to "establish a judgement based on a merging of the information collectively 

available to the experts" (Jones, 2002). Whilst it is was considered probable that analysis of the 

policy landscape using agent based modelling (Holland, 1995) (Epstein & Axtell, 1996) 

(Epstein, 2006) would deliver tangible results it was beyond the skills and experience of this 

researcher. Rapid Policy Network Mapping (Bainbridge, Potts, & O'Higgins, 2011) was also 

considered as a means to map the policy landscape and as a result this study developed a 



6 

 

methodology called Rapid Policy Network Analysis (RPNA) to uncover, assess and interpret 

patterns within policy complexity using freely available network analysis tools and software. 

The RPNA method was developed iteratively by analysing the policy publications, 

consultations, actions and legislation affecting the three policy sub-themes described above and 

combining them into a proxy sustainability network. It represents a significant evolution of the 

Rapid Policy Network Mapping method previously developed by the author (Bainbridge, Potts, 

& O'Higgins, 2011). The method uses a step-wise approach to sample policy areas, to generate 

policy networks and to manipulate data prior to analysis using network analysis algorithms. All 

policy networks were generated and analysed to 2 degrees of separation as recommended by 

Hansen, Schneiderman and Smith (2011) to provide a manageable limit to the number of 

documents and actors in the networks with sufficient relationships for meaningful graph metric 

analysis. The network analysis results were generated in graphical and tabular formats which 

can provide insight into importance, influence and centrality in networks and which contribute 

towards understanding resource exchange (Wasserman & Faust, 1994) (Monge & Contractor, 

2003) (Fowler, Dawes, & Christakis, 2009). In network analysis there are several types of 

centrality which can be measured. This study reports the following (see also chapter 4, table 5): 

Degree: which is a count of the unique relationships a policy document or actor has to other 

documents or actors; Betweenness Centrality: where higher values reflect a greater capacity to 

act as a bridge for resource transfer in the network; Eigenvector Centrality: policy documents 

and actors with higher values are more effectively connected to the rest of the network in the 

sense of being ‘most central’, and; PageRank Centrality: the importance of a document or actor 

is calculated as a function of its degree centrality and the degree centrality of the documents 

and actors it is directly connected to and ranks them in terms of relative importance (Hansen, 

Schneiderman, & Smith, 2011). Dependency within the networks can be assessed by analysing 

network graphs where some actors and documents are only connected to the rest of the network 

via other documents or actors. Cluster analysis is used to investigate differences in the densities 

of relationships between documents and/or actors (relational densities) within the network as a 

mechanism to establish where densely connected groups occur (Hansen, Schneiderman, & 

Smith, 2011).Only the summary results are reported here due to space limitations however all 

results were summarised in four data books, which are available electronically and a companion 

summary was developed for each. 

The findings of the initial literature review, the policy network analysis and a final literature 

review of the most relevant policy documents contributed to the answers to the ten questions in 
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chapter 9 and to test whether the proposed policy model was supported within the current policy 

landscape.  

1.2 Thesis structure 

The original literature review was conducted to explore theories and policy addressing 

sustainability supported by the low carbon economy, zero waste and marine renewable energy 

initiatives in the UK and Scotland. Other areas investigated included the policy and processes 

which might cause communities to evolve towards sustainable practices and future-state 

scenarios based on a range of established theories and concepts. Chapter 2 reviews the relevant 

policy and planning pertinent to coastal and marine sustainability and the three policy sub-

themes and then chapter 3 explores the challenges and opportunities for the achievement of 

community based sustainability e.g. the Transition Town initiative,  in the context of complex 

human systems at various scales. It presents a range of subjects which were researched to 

develop the proposed policy model and the network analysis method with reference to how 

these relate to Scotland and concludes with an introduction to network analysis. An explanation 

of the method of policy network analysis developed is contained in chapter 4. The RPNA results 

for the low carbon economy, zero waste and marine renewable energy policy areas and the 

combined proxy for Scottish sustainability can be found in chapters 5 to 8.  

In order to competently answer the 10 core questions and test the hypothesis described above 

all policy document and actor networks were analysed to establish an overview of policy 

relationships and complexity and this provided direction on detailed areas requiring further 

investigation. In several cases the method could have been applied in fundamentally different 

ways and these are also compared and reported to support recommendations for the most 

effective and efficient use of the RPNA approach in the future. The results include comparison 

between the policy themes, investigation into the nested components embedded within them, 

analysis of the differences and commonality between actors or documents and detailed data on 

actor and document populations. As such, chapters 5 and 6 respectively report the results of the 

analysis of document and actor networks for the sustainability policy theme. Chapter 5 

compares document networks containing all types of policy documents with those which are 

populated only by legislation in order to explore what differences exist between the overall 

policy process and the embedded legal component. Chapter 6 compares two approaches to 

analysing actor networks resulting in a strong recommendation for future use of the method. In 

chapter 7 the results of analysing document networks containing all types of policy documents 
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with those which are legislation-only are reported for all four policy themes along with a 

comparison of the effects of network size on results. Chapter 8 reports results of the comparative 

analysis of the actor networks for all four policy themes based on the recommended approach 

established in chapter 6.  

Chapter 9 concludes this thesis with a brief overview of the strengths and weaknesses of the 

RPNA method followed by a discussion based on the original literature review, the results of 

the network analysis and an appraisal of recent literature to answer the 10 questions and to 

respond to the proposed hypothesis described above.  
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Chapter 2 –The marine and coastal estate and the low carbon economy, 

marine renewable and zero waste initiatives 

This chapter reviews the value of the marine and coastal estate, marine and coastal policy and 

planning and Scottish coastal communities followed by an exploration of key policies, 

principles and concepts important to the low carbon economy, marine renewable energy and 

zero waste initiatives, particularly in Scotland. It introduces key actors involved in marine and 

coastal policy creation and implementation. The purpose of exploring these topics was to 

develop a contextual understanding of the social, political, environmental and economic issues 

which may influence the three policy sub-themes and sustainability at the marine and coastal 

scale.  

2.1 The marine and coastal estate 

The European Union estimated in 2008 that its maritime economy supported 5 million jobs and 

between 3 and 5% of Europe's Gross Domestic Product (GDP) (European Commission, 2008A) 

and in 2007 that the European merchant fleet constituted 40% of the global total and that 90% 

of the EU's exports were transported by sea (European Commission, 2007B). According to the 

Crown Estate, for the year 2005-6, direct marine related activities (in or on the sea) in UK 

waters delivered a minimum of £46 billion, or 4.2% of the UK GDP and employed 2.9% of the 

working population (890,000 individuals) making the total for direct and indirect contributions 

of all marine activities to the UK economy between 6% and 6.8% (Pugh, 2008). Two years later 

in 2008, oil and gas was calculated as contributing £37 billion3, maritime transport and defence 

£7.14 billion and recreational use was valued at £2.16 billion (The Crown Estate, 2010A) 

contributing 2.4%, 0.4% and 0.14% to UK GDP respectively. In the UK, the coastal zone 

contains approximately 40% of manufacturing industries, it hosts around 30 million people 

living in coastal urban areas and 75% of UK trade is imported and exported via ports which, as 

a sector, contribute approximately £7.7 billion to UK GDP (0.5%) (Department for Business 

Innovation & Skills, 2013) down from £8.1 billion in 2005 (Pugh, 2008) (0.55% of UK GDP), 

reflecting the impact of the economic recession on the sector.  

Scotland’s marine environment includes 11,800 km of coastline (Scottish Natural Heritage, 

2009) with a sea area in excess of 420,000km2 (Natural Scotland, 2011A). The Scottish marine 

                                                 
3 In 2011 Scottish waters delivered 52.4% of UK gas volume and 96% of UK oil volume (Oil 

& Gas UK, 2013). 
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environment is extremely bio-diverse with over 40,000 species (Scottish Government, 2008A). 

Key marine and coastal commercial activities include fisheries, aquaculture, oil & gas 

renewable energy, tourism & recreation, marine transport, aggregates and ports amongst others 

(Scottish Government, 2011A). The Scottish Government estimated immediately prior to 2009 

that its marine environment generated around £20 billion per annum, of which more than £2.2 

billion benefited Scotland directly with oil and gas production tax revenues going to the UK 

Government4 (Scottish Government, 2009A). In the 2013 Scottish National Marine Plan 

Consultation (Marine Scotland, 2013A) this estimate was revised (albeit for 2009) where core 

marine activities contributed £4.2 billion of GVA with oil and gas responsible for £11.9 billion 

based on the Scottish Annual Business Survey 2011 (Scottish Government, 2011B). According 

to the Scottish Government (2010A), 91% of the UK’s North Sea oil and gas revenue came 

from "Scottish waters" during 2008/09 and between 1980/81 and 2009/10, £242 billion of tax 

revenue could be attributed to the "Scottish Fields". In 2009 Scottish aquaculture had a turnover 

of £429 million, of which farmed salmon represented £295 million (Marine Scotland, 2012A) 

with the Scottish Government declaring support for the farmed finfish industry’s proposal for 

50% growth by 2020 based on 2009 production (Scottish Government, 2012A). The recent 

growth of the Scottish farmed salmon industry has resulted in direct benefits to coastal 

communities with over 500 hundred jobs created and £205 million of investment in farms and 

processing made over the three years up to 2012  (Scottish Salmon Producers' Organisation Ltd, 

2012). This highlights the economic importance of the Scottish marine and coastal estate. 

2.2 Relevant marine policy overview 

Many international agreements have been developed in response to threats to the marine 

environment from climate change, pollution, over-fishing and the rapid growth in coastal 

populations and can be traced back to the United Nations Convention on the Law of the Seas 

(UNCLOS) (United Nations, 1982) which has been significant in consolidating the dimensions 

of international maritime law (Joyner, 2000). It determines the responsibility and jurisdiction 

of ‘Coastal States’ and provides guidance on rights of navigation, exclusive economic 

exploitation, (including fisheries) as well as a duty to protect the marine environment (Maes, 

2008). Agreements made at the Rio Earth Summit, including Article 21 (1992) and the 

Convention on Biological Diversity Treaty (CBD) (United Nations, 1992) gave additional 

                                                 
4 The current ‘marginal tax rate’ is between 62% and 81% of profits and revenues (Scottish 

Government: Fiscal Commission Working Group, 2013A). 
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direction to marine policy with principles which have had far reaching consequences on the 

development of environmental policy (Clevaland, Kubiszewski, Miller, Nations, & Saundry, 

2007) These principles include the ‘precautionary approach’ and ‘polluter pays’ which are 

significant in policy development of marine spatial planning (MSP) and in directing inter-State 

relationships particularly where joint initiatives are necessary (Maes, 2008). The precautionary 

approach is defined in Principle 15 made at the Earth Summit in Rio as: ‘…where there are 

threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a 

reason for postponing cost-effective measures to prevent environmental degradation’ (UN 

Department of Economic and Social Affairs. Division of Sustainable Development, 1992) and 

the polluter pays principle states that: ‘...the polluter should bear the cost of measures to reduce 

pollution according to the extent of either the damage done to society or the exceeding of an 

acceptable level (standard) of pollution.’ (United Nations, 1997). Environmental issues are 

often linked to economic interests and this has resulted in increased suspicion and resistance by 

developing nations (Johnston & VanderZwaag, 2000). Environmental law is typically cross-

functional, requiring involvement with organisations from different sectors, countries and 

policy areas to work together, and difficulties in gaining unilateral ratification and agreement 

on compliance costs often occur despite attempts at a ‘common but differentiated’ approach to 

nation state engagement, where the contribution of a country to the investment and cost of 

environmental protection is  based on their capacity for responsibility (Johnston & 

VanderZwaag, 2000).  

The European Marine Strategy (EMS) is a key component of a range of maritime policies 

which together are expected to deliver "a dynamic maritime economy in harmony with the 

marine environment” (European Commission, 2006). In 2007, the Commission to the European 

Parliament released its vision for the future management of EU waters in a ‘Blue Book’  

(European Commission, 2007C) and this was followed by an ‘Integrated Maritime Policy’ 

(IMP) progress report (European Commission, 2010) which established six future strategic 

policies. The first of these policies calls for the ‘integration of maritime governance’ (EU 

Commission to the Council, 2009) and the EU Marine Strategy Framework Directive (MSFD) 

(European Parliament and Council, 2008) was published to provide a legislative framework for 

an ‘ecosystem based approach’ to manage the marine environment. The MSFD covers an area 

from the baseline of territorial waters to the limit of a Member States jurisdiction under 

UNCLOS (European Parliament and Council, 2008). Its key aims are to deliver: a current state 

assessment; a defined monitoring programme; a programme of measures by 2016; and ‘Good 
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Environmental Status’ by 2020 (Scottish Government, 2010B) as shown in the timeline in 

figure 1.  

 

Figure 1: A simplified timeline for the implementation of Good Environmental Status 

(GEnS).  

(Courtesy Dr T O’Higgins, Knowseas Project) 

The MSFD also seeks to establish common practices for: methodologies for socio-economic 

analysis; key priority areas for inter-State coordination and to ensure ‘best’ science is available 

for environmental assessment (Defra Marine Environment Review Group, 2009). It also 

includes a responsibility to protect ‘...aspects of the environmental status of the marine 

environment... not already addressed through Directive 2000/60/EC’ (Water Framework 

Directive (WFD)) (European Parliament and Council, 2000). As such the WFD is a relevant 

component of marine spatial planning particularly at the coastal scale. The MSFD has initiated 

a European debate for a secondary layer of marine strategy, with the development of co-

ordinated sub-regional marine strategies for the Celtic Sea, the Greater North Sea and the North 

East Atlantic (Scottish Government, 2010B)  (Highland Council, 2010) (figure 2).  
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Figure 2: The regional sea boundaries as which relate to the MSFD  

 Map courtesy of Defra (2010A) 

The Marine (Scotland) Act 2010 (Scottish Government, 2010C) exists in part to deliver critical 

components of the MSFD and tasks Scottish Ministers with responsibility for marine planning 

from ‘Mean High Water Springs to 12 nm’ (Scottish Government, 2013A) which overlaps with 

terrestrial planning which extends to ‘Mean Low Water Springs’. This means that there must 

be formal consultation at a local level with future ‘Marine Planning Partnerships’ on planning 

decisions which raises the responsibility of local authorities in integrated coastal management 

programmes (Scottish Government, 2013A). The delivery of the MSFD in Scotland will be 

supported by the proposed National Marine Plan (see 2.3 Marine spatial planning) as directed 

by the Marine (Scotland) Act 2010 and the Marine and Coastal Access Act 2009 (Marine 

Scotland, 2013B). 
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In 2002 the UK Government and devolved administrations5 collectively published the 

‘Safeguarding Our Seas: A Strategy for the Conservation and Sustainable Development 

of our Marine Environment’ report and established the goal to deliver “clean, healthy, safe, 

productive and biologically diverse oceans and seas” by adopting an ecosystem-based 

management approach (Defra, 2002). An ecosystem based assessment followed in 2005 with 

‘State of Our Seas – Charting Progress’ and ‘Charting Progress 2’ was developed in 2010 

(Defra, 2010A). The development of a ‘Marine Policy Statement’ (MPS) by the four 

administrations resulted in their jointly publishing ‘Our seas - a shared resource: High Level 

Marine Objectives’ in April of 2009, following public consultation (Defra, 2009A). Five ‘High 

Level Marine Objectives’ are at the core of the MPS, as follows: achieving a sustainable marine 

economy; ensuring a strong, healthy and just society; living within environmental limits; using 

sound science responsibly; and promoting good governance with a strong socio-economic bias. 

In producing the MPS, an Appraisal of Sustainability (AoS) was conducted which reviewed 

social and economic issues in addition to the requirements laid down by the Strategic 

Environmental Assessment Directive (European Parliament and Council, 2001) (UK 

Government, 2010A). An Impact Assessment assessed cost and benefit impacts on industry, 

voluntary organisations and the public sector and concluded that the cost of bringing together 

policies was nominal and that the MPS would not negatively impact stakeholders (Defra, 

2010B).  

2.3 Marine spatial planning 

Marine spatial planning is in itself the source of high levels of policy complexity. A significant 

challenge for MSP is to resolve the incompatibility and competition between marine users as 

well as their cumulative impact on the environment (Douvere & Ehler, 2009). This will require 

robust protocols and processes which are adaptive and can rationalise marine usage in the 

context of environmental, social and economic needs with realistic regulation and management 

(Maes, 2008). Human activities within the ecosystem require management (Rice, 2008) through 

the agreement of forward looking objectives which protect the natural environment (Jay, 2010). 

The inland limit of the coastal zone is defined by Defra as: ‘the extent of direct maritime 

influences and coast-related activities’ (Defra, 2004) (Defra, 2008). A move to spatial 

management (versus a sectoral approach) could have the benefit of improving mechanisms for 

                                                 
5 These are the Scottish Parliament, the National Assembly for Wales and the Northern Ireland 

Assembly. Devolution also granted statutory powers to their respective executive bodies i.e. 

Scottish Government, Welsh Government and Northern Ireland Executive. 
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analysis, adaptation and conflict resolution on a systems basis (spatial allocation) (Douvere & 

Ehler, 2009). There is also the potential for inflexibility created by so-called "fixed" activities 

where for example marine wind arrays will lock-in (spatial) use for up to 50 years and interfere 

with the historical dominance of ‘mobile’ marine activities like fishing and shipping which 

could lead to an increase in conflict and place limitations on future adaptive management 

(Maes, 2008). The aim of adaptive management is to create responsiveness over time to 

uncertainty, thus increasing the resilience of the system being managed (Marine Scotland, 

2010A) (McCook, et al., 2010) and the adoption of a ‘constituency’ arrangement is seen as a 

means to achieve consensus decisions, and as a platform to catalyse and support spatial policy 

development (Wescott, 2000). The rapid development of marine and coastal industries 

including offshore oil, with the need for industrial scale facilities on land in the form of docks, 

oil terminals etc., has forced attempts to meld the more established mechanisms for terrestrial 

planning with the nascent discipline of marine planning highlighting ‘significant factors which 

must be considered in the integration of marine and terrestrial planning…’ (Smith, Maes, 

Stojanovic, & Ballinger, 2010). The UK government has historically adopted a regulatory and 

licensing approach to human use of the marine environment and the need for sustainable 

management of marine ecosystems has raised questions around property rights, damage to 

property (including the seabed and biota) and the right to continue traditional use, all of which 

will affect future marine spatial planning (Appleby, 2007). Defra has been developing marine 

planning tools and methodologies, building on the experiences of terrestrial planning with a 

proposed new structure for its research activities and research commissioning (Defra Marine 

Environment Review Group, 2009). Key differences between marine and land planning raise 

significant challenges in transposing terrestrial planning approaches to the marine environment 

and these include the three-dimensional nature of the sea; issues of ownership; usage rights; 

multiple-use; and the scale of the marine environment (Gilliland & Laffoley, 2008). Land 

planning benefits from private land tenure rights and decisions made by local planning 

authorities which typically consider all social, economic and environmental aspects of any 

proposal, including community opinion (Directorate-General for Maritime Affairs and 

Fisheries, 2009). In the UK under common land law all attached plant life is encompassed and 

protected and if it were extended to the seabed it would mean that not only the seabed but the 

attached biota could be subject to similar protection and public rights (Appleby, 2007). 

In 2008 the European Union developed a "Roadmap for Maritime Spatial Planning” based on 

a definition of marine spatial planning as "a process for public authorities of analysing and 
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allocating the spatial and temporal distribution of human activities in marine areas to achieve 

ecological, economic and social objectives" (European Commission, 2008A). The European 

Union has driven for a common approach to MSP as a mechanism for the reduction of 

administrative and regulatory procedures through a simplified permit process. In 2010 an 

important additional principle was added to the EU MSP framework stating that the ecosystem 

should form the basis of and be integrated with the delivery of the Marine Strategy Framework 

Directive (European Commission, 2010). Environmental Impact Assessment (EIA) and 

Strategic Environmental Assessment (SEA) are key components of marine planning, 

particularly in the development of the marine renewable energy industry. SEA is an 

environmental impact assessment tool which is applied at policy, plan and programme level 

and seeks to inform decisions in an iterative process which proactively assists strategy. Whilst 

EIA is not a planning tool it is applied at a project level and involves a finite process of analysis 

and reporting which is detailed and reactive (UK Government: Office of the Deputy Prime 

Minister, 2005). SEA and EIA are both expected to improve environmental sustainability and 

to: ‘...more than compensate for the direct or indirect loss or degradation of the environment.’ 

(World Bank, 2010). The European Community Directive 85/337 (European Council, 1985) 

focuses on the need to identify, describe and assess the direct and indirect effects of any major 

project on a range of factors (UK Government, 2000) namely: ‘human beings, fauna and flora, 

soil, water, air, climate and the landscape, the interaction between these factors as well as 

material assets and the cultural heritage’6. 

The recommendation by the European Parliament and Council (2002) that Coastal Zone 

Management (CZM)/ Integrated Coastal Zone Management (ICZM) be embraced by Member 

States was catalysed by responsibility to agreements like Agenda 21 (1992) and a growing 

recognition for the need to: " implement an environmentally sustainable, economically 

equitable, socially responsible, and culturally sensitive management of coastal zones, which 

maintains the integrity of this important resource while considering local traditional activities 

and customs that do not present a threat to sensitive natural areas and to the maintenance 

status of the wild species of the coastal fauna and flora". CZM is seen by some authorities as a 

precursor and component of MSP and provides a useful platform for future planning (European 

Commission, 2008A).  

                                                 
6 Article 3 
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The UK-wide Marine Policy Statement (MPS) (UK and Devolved Governments, 2011) 

provides the context for a series of geographically based marine plans alongside new marine 

licensing regimes (Defra, 2010C). The UK high-level MPS seeks to facilitate better integration 

and management of the marine and coastal environment by engaging ‘Coastal Zone Managers’ 

and marine planners with River Basin Plans, Shoreline and Estuary Management Plans and 

Coastal Town Planning in marine spatial planning (UK Government, 2010A). The MPS and 

draft National Marine Plan for Scotland confirm that public authorities, as members of the 

(Regional) Marine Planning Partnerships have an obligation to take decisions in the context of 

the MPS and the evolving National Marine Plan and to provide regional and local guidance in 

a consistent way (Marine Scotland, 2013B). Scottish Marine Regions were consulted on in 2012 

and need to be forward looking (20-25 years) according to Defra (Defra Marine Environment 

Review Group, 2009) (Scottish Government, 2012B).  

The Scottish Government’s sectoral marine planning approach in the proposed Scottish Marine 

Plan (Marine Scotland, 2013C) is based within a legislative framework described by the Marine 

(Scotland) Act (2010C) and the Marine and Coastal Access Act (2009A). The Marine and 

Coastal Access Act 2009 combines legislation for the majority of marine activities and the 

protection of the marine environment in a single framework (Parliamentary Office of Science 

and Technology, 2008). In the Act, authority has been given to the recently formed Marine 

Management Organisation (MMO) to achieve synergy between terrestrial and marine planning 

and it has elevated Marine Planning Statements to an equitable level of review by Parliament 

as given to UK National Policy Statements (Defra, 2009B) whilst also addressing historical 

concerns as regards the constituency of UK maritime management. At the same time the Act 

introduced Scottish Ministers as a policy authority and formalised their independent capacity 

to implement ‘Marine Conservation Areas’ beyond the 12nm limit. The devolved 

administrations have authority over their inshore waters except that Welsh Ministers and the 

Northern Ireland Department of the Environment must agree any marine plans with the UK 

Government prior to implementation (Highland Council, 2010) (Defra, 2009B).  

2.4 Marine management 

The UK Marine Management Organisation (MMO) is responsible for English and Welsh waters 

with broad authority as a regulator, partner and adviser to Inshore Fisheries and Conservation 

Authorities, the Environment Agency, Natural England, Fisheries & Aquaculture Science and 
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local authorities (Defra, 2009B) (Defra, 2009C). The Crown Estate7 reports directly to the UK 

Parliament and currently has no legal responsibility to report on its activities to the Scottish 

Government (Scottish Government, 2010A). It manages and benefits from economic activities 

with control over 55% of the U.K.'s foreshore8, tidal river beds and estuaries and nearly the 

entire seabed to the 12 nautical mile limit (Pugh, 2008). It holds the rights to the exploration 

and exploitation of natural resources, not including oil, coal and gas, to the limit of the U.K.'s 

continental shelf and as such has a high influence on the achievement of environmental, social 

and environmental objectives. The legislative and policy instruments established to manage the 

Crown Estate have not been updated to take account of recent devolution and the Scottish 

Government sees its authority undermined by this state of affairs (Scottish Government, 

2010A).  

The Scottish Government, through the Scottish Marine Act 2010 (Scottish Government, 

2010C), has certain responsibilities for the off-shore zone, including marine planning and 

marine conservation; however its executive powers do not include control over oil, gas and 

shipping (Defra, 2009D). The Act announced the creation of a ‘Marine Strategy Forum’, to 

include key delivery partners and stakeholders, to assist in developing policy and activity 

priorities at a strategic level and a future ‘Science Advisory Board’ was also announced 

(Scottish Government, 2009A). Marine Scotland (MS) was formed from the integration of the 

existing Fisheries Research Services (FRS) and the Scottish Fisheries Protection Agency 

(SFPA) in February 2009, as a ‘delivery Directorate within Scottish Government.’ with revised 

priorities including: marine planning, improved measures for conservation, and streamlined 

licensing & consenting (Scottish Government, 2009A). Marine Scotland released its 

consultation document "Scottish Marine Regions: defining their boundaries - a consultation" 

in November of 2010 (Marine Scotland, 2010B) which was a key component in developing a 

National Marine Plan (NMP), building upon the Marine (Scotland) Act 2010 with 

local/regional marine planning delegated by central government as announced in a "Statement 

of Public Participation" (Marine Scotland, 2011A). The NMP in Scotland will be supported by 

National Marine Objectives (NMO) (Marine Scotland, 2010A) which will include Scottish 

Marine Ecosystem Objectives (Saunders & Scott, 2010). The current administration of the 

                                                 
7 The Crown Estate operates under the Crown Estate Act 1961 (TCE Seabed Lease) 
8 Ownership of the remaining 45% of the foreshore is shared between: ‘…the Crown and the 

Duchies of Lancaster and Cornwall, port authorities, local authorities, the National Trust and 

private individuals.’ (Duchy of Cornwall, 2009)  
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Scottish coast is influenced by the ‘Area and Advisory Groups’ for the WFD, local authorities 

(who are mostly concerned with land planning), the Inshore Fisheries Groups and port and 

harbour authorities. Harbour and port authorities, which are subject to both terrestrial and 

marine planning, will be gifted increased autonomy under the National Renewables 

Infrastructure Plan (Scottish Enterprise & Highlands and Islands Enterprise, 2011).  

2. 5 Scottish coastal communities 

In Scotland, 89% of land is rural (including coastal), inhabited by 29% of the population. It is 

estimated that in 2009 the marine sector in Scotland employed 43,900 people (Scottish 

Government, 2011B) and that the majority of the population live within 10 km of the sea. 

Scottish coastal communities are defined as those which are within 5km of the coast and 68%, 

14% and 18% are described as being ‘developed, undeveloped or isolated’ respectively (Marine 

Scotland, 2013K). The UK forum focussing on regeneration in the coastal zone is the Coastal 

Communities Alliance (CCA) which in 2010 extended its remit to include Scotland, Wales and 

Ireland (CCA, 2011) however it is legally incumbent upon the Scottish Government to create a 

marine planning process which promotes activities and marine and coastal development which 

contribute towards sustainable growth as defined in the marine Acts and reiterated in the 

proposed National Marine Plan (Marine Scotland, 2013B).  

Scottish coastal communities host concentrations of commercial activities including fishing, 

tourism and offshore energy which are nested within a social and economic landscape which is 

dominated by low and/or seasonal incomes, high levels of immigration by an ageing/retired 

population, the out-migration of the young, a high percentage of commuters in the working 

population and a preponderance of poor quality housing and stretched services (Zsamboky, 

Fernandez-Bilbao, Smith, Knight, & Allan, 2011) (Bergmann, Colombo, & Hanley, 2007). The 

ageing population in Scottish coastal regions places considerable strain on local authority 

resources and spending priorities (Atterton, 2006). This coastal concentration of population puts 

constraints on the placement of marine renewable energy arrays based on environmental, 

economic and social needs where for example loss of visual amenity could impact tourism, 

particularly ‘…areas in and adjacent to National Scenic Areas, where some importance of 

landscape considerations may be anticipated…’ (Marine Scotland, 2012B). In the draft Third 

National Planning Framework (NPF3) the Scottish Government set the objective to ‘…focus 

on how Scotland’s environment should function as an ecosystem that delivers multiple benefits 

for people in the future.’ (Scottish Government, 2013B). Whilst the NPF3 reflects a step change 
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in approach to the value placed on ecosystems the bias is towards cost benefit and cost 

effectiveness in the context of distributed equity, and regional economic constraints. Many 

coastal locations and coastal communities are subject to a legacy of activities which continue 

to impact their proximal marine environment, including the build-up of pollution for which the 

costs of mitigation are disproportionate to the community's current economic capacity (Turner, 

Hadley, Luisetti, lam, & Cheung, 2010). 

The Scottish Government views’ rural Scotland as critical to sustainable economic growth and 

the consultation "Our Rural Future" defines key priorities and supports the move to local 

decision-making (Scottish Government, 2011C). These priorities include: an increase in 

community control of assets/resources alongside the promotion of ‘Development Trusts’ and 

social enterprises with support of local procurement by the Public Sector and local businesses. 

It proposed that these priorities should be supported by investment in skills training; increased 

engagement between communities and Community Planning Partnerships/local authorities 

(linked to agreement on land-use); an increase in affordable housing and an improved rural 

healthcare service. It points to an increase in the local ownership of renewable energy 

developments with "shared benefits for communities, commercial developers and land 

managers".  

The level of empowerment local authorities might expect to wield was reflected in the UK 

Governments’ proposed Localism Bill (House of Commons Library, 2010), which stated that: 

"…the general power of competence for local authorities is a new power to give such 

authorities the ability to act in the best interests of their communities, even if specific legislation 

does not give those authorities the power to take the actions they intend.". The Scottish 

Government is increasingly delegating responsibility for a variety of issues, including the 

facilitation of community ownership and renewable energy to local authorities (Scottish 

Government, 2009B) (Scottish Government, 2010A). The stakeholders referenced in many of 

these recent programmes reflect an increasingly diverse range of governmental, private and 

non-governmental actors engaging in the policy process (Peterson, 2003) and hierarchical 

government approaches to environmental, social and economic policy are struggling to be 

responsive and effective (Besussi, 2006). The Scottish Governments’ ‘Scottish Community 

Empowerment Action Plan’ (SCEAP) (Scottish Government, 2009B) involves a partnership 

with the Convention of Scottish Local Authorities (COSLA) and is seen as a cornerstone of 

tackling social problems focussing on issues of health, early years and poverty. SCEAP is also 
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linked to the ‘Scotland Performs’ framework (Scottish Government, 2011D) through objectives 

which are cascaded down to a local level and interpreted in Single Outcome Agreements by 

local authorities/Community Planning Partnerships. The Single Outcome Agreements are 

designed to cultivate sustained ‘economic’ recovery (Scottish Government, 2011M) and were 

established out of a 2007 Concordant between the Scottish Government and COSLA (Scottish 

Government, 2007A).  

Cities now contain more than 50% of the global population and are responsible for 75% of both 

energy use and population based carbon emissions (UNEP, 2011). Increasing global 

populations and migration to cities means there is a risk that the highest influence on 

environmental decisions will be made in the context of city life (Johnson, 2001). In Scotland 

71% of the population live in urban areas making them a significant group in influencing 

policymakers on social, environmental and economic issues including the renewable energy 

industry (Bergmann, Colombo, & Hanley, 2007). A comparison of the motivations and drivers 

in metropolitan, urban and rural areas show significant differences in each population’s attitude 

to social, economic and community issues when considering a move to a green economy 

(Martinez-Fernandez & Potts, 2008). In a study by Bergmann, Colombo and Hanley (2007) 

rural populations in Scotland were more likely to support environmentally positive projects, 

even if they had a negative visual impact for example, whilst urban populations reported a 

willingness to only pay for offshore wind projects the rural population stated ‘…a much higher 

willingness to pay for all the renewable project alternatives’. 

2.6 Low carbon economy 

The Scottish Government believe that the global economic downturn has increased the need for 

the creation of a sustainable low carbon economy which optimises resources and waste and 

which is fuelled by renewable energy (Scottish Government, 2013C) (Scottish Government, 

2013D) (Scottish Government, 2013E). In 2007, the Scottish Government published a central 

policy statement:  "Scotland Performs" with strategic objectives (Scottish Government, 2007B)  

(Scottish Government, 2011D)  linked to their wish to empower local communities to be 

stakeholders in "low carbon energy opportunities" supporting infrastructure development in 

peripheral communities (Scottish Government, 2010A). In the Scottish Government’s 2009 

‘Scotland’s Climate Change Delivery Plan’ (Scottish Government, 2009C) four 

“transformational outcomes” were established to act as guidance and drivers for a rich portfolio 

of future policies and programmes based on the decarbonisation of: electricity generation; the 
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heat sector; road transport and the inclusion of ‘carbon costs’ in decisions about rural land use. 

In 2011, the Scottish Government published ‘The Low carbon Scotland: Meeting the Emissions 

Reduction Targets 2010-2022 The Report on Proposals and Policies’ which describes 

Scotland’s position and ambitions for its low carbon economy programme (LCS) as one of six 

national strategic priorities9 for the period 2010 to 2022 (Scottish Government, 2011E) 

(Scottish Government, 2011F). The evolving LCS programme establishes key delivery areas 

for achieving a low carbon economy which were: energy supply; rural land use; homes and 

communities; transport; the business sector; waste (and resource efficiency); and the public 

sector (Scottish Government, 2011D) (Scottish Government, 2011F).  

The Scottish Government believe that the value of the ‘low carbon market’ will be worth £12 

billion in 2015-16 representing an increase of more than 40% on the value calculated for the 

period 2007-08 (Scottish Government, 2011E) (Scottish Government, 2010D). It has promoted 

the opportunities for prosperity through the development of a low carbon ‘market’ with ‘low 

carbon investment’ to create employment opportunities stating that moving to a low carbon 

economy could support 130,000 jobs by 2020 (Scottish Government, 2011E). 

The LCS programme is a response to climate change and closely linked to the Climate Change 

(Scotland) Act of 2009 (Scottish Government, 2009D). This has led to the Scottish Government 

setting ambitious statutory targets to reduce emissions to 80% of existing levels by 2050 with 

an interim goal of 42% by 2020 (Scottish Government, 2011D), whilst estimating that current 

policies will deliver a 38% reduction by 2020. In 2013, the ‘Low Carbon Economy: Draft 

Second Report on Proposals and Policies’ and the subsequent ‘Final Report’ were published 

with revised emissions targets for the period 2013 to 2027 in an assertive response to over-

perform on the recommendations made by the Committee on Climate Change in 2011 (Scottish 

Government, 2013F) (Scottish Government, 2013G). The programme is also considered to be 

an economic catalyst to drive innovation, new technologies, new investment and sustainability 

and is a cornerstone of the Scottish Governments Economic Strategy (Scottish Government, 

2011E). The Scottish Governments Economic Strategy(s) and their National Planning 

Framework publications are pivotal in setting the direction for Scotland’s sustainability actions 

and goals and are linked to the Second National Planning Framework (NPF2) (Scottish 

                                                 
9 The five other strategic priorities are: 1. To create a supportive business environment; 2. To 

improve learning, skills and well-being; 3: To focus on infrastructure development and place; 

4: Equity and 5: Effective Government. (Scottish Government, 2011E) 
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Government, 2009E) which was published in 2009 and the draft for the Third National 

Planning Framework (NPF3) published in 2013 (Scottish Government, 2013D). The focus of 

NPF3 has evolved to support sustainable economic growth linked to a low carbon economy 

where previously the dominant component was the mitigation of climate change. The quest for 

a low carbon economic future in Scotland is complicated and there are a significant number of 

inter-related and dependent elements according to the Scottish Government which are 

summarised in figure 3. 

 

Figure 3  The Scottish Governments representation of the key sub-sectors which when 

combined informs its overall low carbon economic strategy. 

Courtesy Scottish Government (2013B)  

The cost of implementing all proposed LCE policies and programmes are estimated at £1.6 

billion per annum with a cost benefit of £1.2 billion based on 2011 prices and on the economic 

opportunity from renewable energy revenues, a carbon capture and storage market and 

increased forestry and carbon trading amongst others (Scottish Government, 2013F). Of these, 

carbon capture is the least proven both technically and practically and the revenue estimates are 

largely based on assumptions for the conversion of thermal energy installations (Scottish 

Government, 2013H) and the expansion of woodland and the conservation of peat-lands 

(Scottish Government, 2013F).  
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The Scottish Governments drive to decarbonise its energy industry by investing in both marine 

and terrestrial renewable installations has seen early success with 36.1% of overall electricity 

demand coming from renewable sources (Scottish Government, 2013G). Renewable energy, of 

which marine (wave, tidal stream and offshore wind) is a significant component, is seen by the 

Scottish Government as a major contributor to its Low Carbon Economic Strategy (Scottish 

Government, 2011H). The low carbon energy component of the programme is based on 

developing policies to ‘…maximise the contribution…’ of: renewable electricity generation, 

energy demand reduction, thermal balancing of electricity supply where carbon capture and 

storage is implemented, renewable and waste heat, new technologies and a capable grid 

(Scottish Government, 2012C).  

Of the many areas which relate to the low carbon economy programme zero waste and marine 

renewables programmes are the focus of this study. As part of its vision for a low carbon 

economy, the Scottish Government has established a target to recycle more than 70% of all 

waste by 2025 and effectively eliminate ‘waste’ by 2050 (Scottish Government, 2013G). 

Renewable energy, of which marine (wave, tidal stream and offshore wind) is a significant 

component, is seen by the Scottish Government as a major future contributor to its Low Carbon 

Economic Strategy (Scottish Government, 2011H) in which the low carbon energy component 

is based on developing policies to ‘…maximise the contribution…’ of: renewable electricity 

generation, energy demand reduction, thermal balancing of electricity supply where carbon 

capture and storage is implemented, renewable and waste heat, new technologies and a capable 

grid (Scottish Government, 2012C). 

2.7 Marine renewable energy 

The European Renewables Directive (2009/28/EC) promotes the use of energy from renewable 

sources in compliance with international agreements (European Parliament and Council, 2009). 

The UK Government established a goal to generate more than 15% of energy from renewable 

sources by 2020 and in 2010 offshore renewable energy licences issued by the Crown Estate 

were estimated to be capable of delivering 48% of the U.K.'s current energy needs (equivalent 

to 30% of predicted demand in 2050) (The Offshore Valuation Group, 2010). The U.K.'s total 

offshore electricity generation potential has been estimated to be six times the current UK 

demand at 2131 TWh however the vast majority would depend on "floating wind" technology 

which is unproven on a large scale. Current developments are limited to sites with a maximum 

depth of 80 metres with ‘Areas of water of 120 – 300m depth are unlikely to be considered as 
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priority development opportunities’. (Marine Scotland, 2011C). Other constraints may be posed 

by commercial activities including fisheries, oil & gas extraction and aquaculture as well as 

environmental and ‘heritage interests’ e.g. Natura sites, recreational use. Electricity produced 

by wind globally is currently doubling every three years and represents 2% of worldwide 

demand where marine installations represent 10% of new installations in the EU (Mann & 

Teilmann, 2013). The installed capacity of marine renewable energy arrays reached 4 GW by 

the end of 2012 (Offshore Wind Industry Group, 2013). 

Key drivers for the UK and Scottish Governments’ focus on marine renewable energy are that 

it is a large domestic resource which could provide energy security, carbon ‘savings’, and a 

domestic and exportable economic benefit (Energy and Climate Change Committee: House of 

Commons, 2012). The Scottish Government expect marine renewable energy to be the major 

contributor to Scotland’s renewable energy output by 2030 (Marine Scotland, 2013B) with a 

goal of delivering 100% of Scotland’s electricity demand10 and 11% of its heat demand from 

renewable sources by 2020 which includes reduction targets for energy consumption and a 

revised target of 500 MW contribution from community renewable installations (Scottish 

Government, 2011H) (Scottish Government, 2012D). By 2012 39% of Scotland’s electricity 

needs were already generated from renewable installations (Scottish Government, 2013F)  and 

the 2012 and 2013 Electricity Generation Policy Statements restated Scotland’s renewable 

electricity goals to deliver a secure electricity supply which is affordable to consumers and is 

‘largely’ decarbonised with benefits nationally and at a community level (through ownership)  

(Scottish Government, 2013H). 

Scottish waters could provide a platform to deliver 40% of the U.K.'s offshore wind resource, 

over a third of its tidal resource and more than 75% of its wave resource which represents 10% 

of Europe's wave resource and 25% of its tidal and offshore wind potential (Scottish 

Government, 2010A). In 2008 the Scottish Government established the ‘Saltire Challenge’ with 

a prize of £10 million to ‘…reward wave and tidal energy breakthroughs…’ (Scottish 

Government, 2008B). The north and west Scottish waters are considered to have the potential 

to deliver the highest yield from wind arrays however proposed sites have limitations due to 

problems relating to installation and maintenance which are amplified by environmental factors 

                                                 
10 The Scottish Government is considering a target wherein 100% of Scotland’s electricity 

demand will come from renewable sources by 2020 with a total capacity twice that of demand 

(in Scotland) (Sinclair Knight Merz, 2011) 
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(Marine Scotland, 2013K). In 2013 Marine Scotland stated that it ‘…believes that Scotland can 

lead the world in the development and deployment of offshore renewable energy technologies.’ 

whilst recognising the substantial competition from other countries (Marine Scotland, 2013C). 

The Scottish Government states that learning from the experience of the offshore oil and gas 

industries is important to the strategic and operational development of the renewable energy 

industry and is proposing to create a "Future Generations Fund” which would provide loans 

for investment in community renewable projects, encourage innovation in new offshore energy 

technologies, provide investment in skills for the renewables sector and build national supply 

chain expertise (Scottish Government, 2010A). The proposed fund has become a key element 

of the Scottish Government’s independence manifesto however it is not clear if it will be created 

if Scotland remains part of the UK after September 2014 (Scottish Government, 2013J). The 

need for an improved infrastructure for marine renewable installations, alongside the oil and 

gas industries and for improvements in the national grid is recognised as a key priority in the 

draft Third national Planning Framework (Scottish Government, 2013D).  

The UK currently has the majority of wave and tidal energy full scale prototypes installed 

globally and considers itself as the global leader (Energy and Climate Change Committee: 

House of Commons, 2012). The five main technologies to be utilised for the generation of 

‘offshore’ renewable energy are fixed wind farms, floating wind farms, tidal stream generators, 

wave energy converters and tidal range converters and there are “hard” and “soft” constraints 

on the deployment of all five technologies. Hard constraints include existing activities which 

exclude the deployment of renewable energy installations e.g. existence of mines or cables, 

whereas soft constraints include existing activities, like fishing and shipping (The Offshore 

Valuation Group, 2010) (Marine Scotland, 2011C). Depth and economic viability are key 

factors in determining the spatial placement of marine renewable energy installations as well 

as constraints in tidal stream energy which has resulted in a focus on the near-coastal zone 

(Marine Scotland, 2012C). Marine Scotland (2012C) suggest that there are likely many 

opportunities for small scale, local wave arrays to be installed throughout Scottish waters which 

will become evident as regional plans are developed. 

The current mechanism for distributing electricity in the UK is under review and Scotland is 

also engaged in a strategic review of its grid infrastructure in parallel with the development of 

Scotland’s Third National Planning Framework (NPF3) but only once the Planning Scotland’s 

Seas: The relationship between the statutory land use planning system and marine planning 
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and licensing (Draft) has been accepted (Scottish Government, 2013A). For the main part the 

UK grid has limited connection to international energy systems and is a legacy structure from 

the 1950’s and 1960’s requiring replacement in the next 10 years. This has contributed to the 

proposal for a ‘smart grid’ servicing Europe which ‘understands’ the type and quantity of 

electricity it carries (European Commission, 2007A). Marine renewable energy generation 

creates variable output depending on natural conditions which will need to be balanced with 

fixed-output generators in the national network and the multitude of micro-suppliers so that 

supply equals demand. The grid in the north of Scotland does not have the capacity to support 

the high levels of energy generated by the proposed renewable energy platforms and in south 

Scotland there are potential bottlenecks for the transfer of energy to the rest of the UK (Marine 

Scotland, 2013K) (Scottish Government, 2013H). If the proposed new smart grid system is 

implemented and the 500 MW targets for local renewable energy generation are achieved (with 

excess electricity sold for the benefit of the community) then grid inefficiencies will be 

marginally less relevant (Rhodes A. , 2010).  

The Scottish Renewables Report (2010) highlighted the need for significant investment in 

developing port facilities with deep seawater access, sufficient grid capacity, logistics 

competence, turbine and cable manufacture capability, sufficient large vessels, construction and 

installation and assembly capability and service providers for maintenance and inspection 

(Scottish Renewables, 2010). In 2010 the Scottish First Minister announced a £70 million 

‘National Renewables Infrastructure Fund’ which will contribute towards the construction of 

offshore wind turbines by strengthening port, manufacturing and supply chain provisions 

(Scottish Government, 2011E) however there remain resource gaps which include Scotland’s 

lack of a wind turbine manufacturer or indeed any critical mass of large engineering or 

manufacturing groups (Scottish Renewables, 2010). In 2012 the Offshore Wind Industry Group 

stated that there was a significant stumbling block in rapid development of the marine 

renewable sector requiring the need for legislative and political certainty to attract rapid private 

investment in all relevant areas, particularly given the commercial uncertainty surrounding the 

consenting process (Offshore Wind Industry Group, 2013). 

Currently The Crown Estate Commissioners grant leases in ‘rounds’ to energy infrastructure 

developers for the use of the seabed whilst the Scottish Government is responsible for issuing 

development licenses (The Crown Estate, 2010B) (Scottish Government, 2010A) (Marine 

Scotland, 2013B). The ‘consents’ required when licencing marine renewable installations in 
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Scotland are included in the Coast Protection Act 1949 (Section 34), the Electricity Act 1989 

(Section 36), the Food and Environment Protection Act 1985 (Section 5), Conservation 

(Natural Habitats, &c.) Regulations 1994 (Section 44 European Protected Species), the Town 

and Country Planning (Scotland) Act 1997 and the Energy Act 2004 (Marine Scotland, 2010C). 

Regulators demand detailed planning documentation which includes a thorough consideration 

of potential impacts and mitigation (Scottish Government, 2010E) and extensive details about 

location, schedules, moorings, navigation, materials, antifouling, technical systems, land-based 

infrastructure, potential pollution risks and environmental monitoring. The constraints on 

potential wind arrays requiring a mean significant wave height of less than 3 metres and 

installed within a viable depth range (up to 80 metres) has resulted in a recommendation by 

Marine Scotland to focus on 15 ‘option areas’ (Marine Scotland, 2011C). The decision by the 

Scottish Government to adopt a sectoral approach to marine planning for the development of 

the marine renewable energy industry, supported by Regional Locational Guidance (RLG) 

(Scottish Government, 2013L), has led to the proposal for the establishment of six ‘Scottish 

Offshore Renewable Energy Regions’ (SORERs) as defined in the draft plans. The sectoral 

SORER plans will be a nested component of the proposed National Marine Plan for Scotland, 

currently in draft, (Scottish Government, 2013A) along with the proposed Scottish Marine 

Regions (Scottish Government, 2012B) (figure 4 and 5).  
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Figure 4: The Scottish Governments proposed Scottish Offshore 

Renewable Energy Regions (Courtesy Marine Scotland (Marine 

Scotland, 2013C) 
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Figure 5: Scotland’s proposed offshore Regions based on the Scottish 

Marine (management) Regions Order 2013. (Courtesy Scottish 

Government (2012E) 

A report by the Offshore Valuation Group (2010) predicted that by harnessing only 29% of the 

U.K.'s offshore renewable energy resource by 2050 up to 145,000 new jobs could be created 

with electricity generating an equivalent of 1 billion barrels of oil and that if an installed 

capacity of 406 GW was achieved (including tidal, wave and wind technologies) this would 

make the UK a net energy producer. The claim of significant increases in employment (Scottish 

Renewables, 2010) has been strongly disputed by the Verso Economics Consultancy who 

estimate that “… for every job created in the UK in renewable energy, 3.7 jobs are lost” and 
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that there will be no net employment benefit in Scotland (Marsh & Miers, 2011). The Scottish 

renewable energy industry has been heavily supported with grants and subsidies estimated at 

around £22m in 2009/10 plus a £25m exemption from the Climate Charge Levy (Marsh & 

Miers, 2011). The 2013 Marine Scotland, Planning Scotland’s Seas report concluded that 

shipping, followed by commercial fisheries will be the most affected by marine renewable 

energy installations with revenue losses in the range £4.87m to £129.59m11 (mainly increased 

fuel costs) although it calculated that for fisheries ‘…impacts to annual GVA as a result of 

potential reductions in landings is estimated to be less than 1% of total annual GVA from the 

commercial fisheries sector and thus insignificant in a national context.’ (Marine Scotland, 

2013D). The UK marine renewables programme is based on building remote mega-installations 

with the need for specialist imported skills and materials whereas supporters of sustainable 

communities believe that local scale energy generation and utilities would better service rural 

communities and stimulate skills, employment and investment (Womack & Jones, 1996) 

(Braungart & McDonough, 2002) (Hawken, Lovins, & Lovins, 2010). DECC calculated that 

the cost of renewables on the average UK household bill would be approximately £280 a year 

by 2020 which has been contested by the Scottish Government who state that this will be 

compensated by an estimated reduction in average energy bills of £373 per year due to the 

Green Deal, Smart Meters etc., (Scottish Government, 2012K). Marine Scotland (2013D) 

believe that the loss of social capital, which is considered to affect health and wellbeing12 

(Ormston & Reid, 2012), as a result of projected marine renewable energy industry growth will 

be most impactful at a local scale in Scotland but relatively insignificant at a national level.  

2.8 Zero waste 

The demand to reduce, reuse and recycle is a regular message delivered by governments, 

authorities and companies alike, however recycling typically results in down-cycling because 

contaminants significantly diminish the integrity of the material and its capacity to be re-used 

(Braungart & McDonough, 2002). Large specialised manufacturing solutions attract high levels 

of redundancy (Hargroves & Smith, 2005). Removing waste from anthropogenic processes was 

developed into a manufacturing philosophy by Taiichi Ohno who defined waste as "... any 

                                                 
11 The total maximum cost of £129.59m to international shipping equates to an annualised 

additional cost for the sector of ~£13m (Marine Scotland, 2013D). Scotland specific costs to 

shipping were not calculated. 
12 ‘Wellbeing’ is defined by Defra as including health, education, political freedom, social 

connectivity and engagement, good environment and living standards, personal choice 

combined with a sense of freedom and security (Defra, 2011A). 
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human activity which absorbs resources and creates no value" (Ohno, 1988). Ohno included 

waiting, excessive transport, excessive inventories, defects in processing, and over-production 

from the manufacturing process and unemployment is also described as a critical form of social 

and economic waste (Womack & Jones, 1996). In a world of global manufacturing the 

competition between worker populations has the effect of holding down salary costs and 

creating worker redundancy at all scales (Engels, 1993). A significant proportion (up to 95%) 

of consumer products is thrown away as packaging throughout the supply chain and products 

contain unwanted additives known as “products plus” (Braungart & McDonough, 2002) or are 

delivered in diluted form with a high level of redundancy in provisioning (Hawken, Lovins, & 

Lovins, 2010). There has been a noticeable development in policy to eliminate the ‘products 

plus’ component of products including the proposed plastic bag tax and the creation of 

initiatives like the ‘deposit payable’ on re-useable containers (Braungart & McDonough, 2002) 

(Zero Waste Scotland, 2012A). 

There are potential savings of resources and energy to be made if original process design adopts 

a “whole of system approach” because designing each stage of a process in isolation can lead 

to products and services being "pessimised" (Lovins, 2005). In whole-of-system design, which 

embraces a ‘lean thinking’ approach to processes, then an optimised process is constructed to 

maximise all resource benefits in a stepwise way with a minimum of waste (Womack & Jones, 

1996) (Hawken, Lovins, & Lovins, 2010).  The “cradle to cradle” concept  states that "waste 

equals food" in the context of biological or technical "metabolisms” and proposes that if 

products are designed as biological and technical nutrients then sustainability might be achieved 

(Braungart & McDonough, 2002).  

In 2008 Scotland produced nearly 20 million tonnes of waste, of which 2.9 million tonnes was 

from households, 8.6 million tonnes from construction and 7.9 million tonnes came from the 

commercial and industrial sectors (Scottish Government, 2010J). In Scotland household food 

waste is estimated to be 20% of all food purchased and equivalent to 1.7 million tonnes of 

carbon dioxide annually based on 2010 data (4.4 million tonnes for the UK) (WRAP, 2011) 

(Scottish Government, 2013M). Municipal waste in Scotland is on the decline with a 2011 

reduction of 11% recorded compared to the peak of 2006/7 and whereas in 1999 10.9 million 

tonnes of waste was dumped in landfill, with only 5% recycled, by 2011 the rate had increased 

to over 40% recycled with a landfill tonnage reduced to 6.3 million (Scottish Government, 

2013G). The Zero Waste Scotland (ZWS) programme draws on Scotland's Zero Waste Plan 
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(ZWP) (Scottish Government, 2010F) and seeks to increase sustainability in Scotland by 

focussing on use of resources and waste management (Zero Waste Scotland, 2011A). The 

Scottish Government calculated that the net gain from the ZWP combined with the Waste 

(Scotland) Regulations 2012 will be approximately £17 million per annum (2013) increasing 

to £21 million by 2025 based on the difference between managing waste reuse and traditional 

methods of dealing with waste (Scottish Government, 2013F).  

Zero Waste Scotland (the organisation) is effectively an extension of the UK Waste and 

Resources Action Programme (WRAP) and depends upon it for a significant proportion of 

resources. The Scottish Government allocated only £25 million to the ZWS project for year 

2011/12 which has raised concerns that without financial support, research and long-term 

market guarantees then businesses, local authorities and the Third Sector will not invest in new 

facilities and technologies (Zero Waste Scotland, 2011A). The engagement of the Third Sector 

is seen as increasingly critical in reducing product and energy waste, not least because they are 

often the closest interface with much of the public. In Scotland there is an increase in Third 

Sector volunteering as socio-economic ‘rurality’13 increases, most often in a response to a lack 

of formal service infrastructure (‘substitutional’)14, however there is evidence of an increase in 

Third Sector organisations being created to specifically engage with new projects including 

community energy, land purchase and facility provision which are ‘additive’ (Woolvin, 2012). 

The adoption of the ‘Scottish Compact’ in 1998 positioned the Third Sector in the mainstream 

of policy creation and delivery (Scottish Government, 2009F). Examples like the Community 

Recycling Network for Scotland (CRNS) is supported by ZWS, the Scottish Government and 

Natural Scotland, and acts as a knowledge and expertise hub to over 140 recycling and re-use 

organisations with a clear remit to increase community sustainability (Community Recycling 

Network for Scotland, 2010). There is an opportunity for Third Sector organisations to 

‘commercialise’ waste and resource management, but only if the mechanisms for waste 

avoidance are in place alongside long term government support to reduce the risks associated 

with high capital investment particularly given the decline in investment in the Third Sector as 

public sector budgets are diminished (Woolvin, 2012). 

                                                 
13 ‘Rurality’ – the increasingly rural nature of communities as they become distanced from 

urban populations (Woolvin, 2012) 
14 ‘Substitutional’ is defined by Woolvin (2012) as a ‘…bridging gaps between service 

provision and service need..’ specifically by formal volunteering in rural areas. 
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The Scottish zero waste programme is driven by the European Waste Framework Directive 

(European Parliament and Council, 2006). Article 4 describes a “waste hierarchy” management 

protocol as follows: “The (following) waste hierarchy shall apply as a priority order in waste 

prevention and management legislation and policy: (a) prevention; (b) preparing for re-use; 

(c) recycling; (d) other recovery, e.g. energy recovery; and (e) disposal.” which has been 

embraced by the Scottish Government (Scottish Parliament SPICe, 2012) (Scottish 

Government, 2012F). This has led to a two-pronged approach in Scotland which addresses 

recycling and ‘waste crime’ through the Waste (Scotland) Regulations 201215 (Natural 

Scotland, 2012A). In line with the adoption of the ‘waste hierarchy’ Zero Waste Scotland have 

produced a ‘Kerbside Good Practice Guide’ for local authorities to manage waste streams and 

to ‘ensure that materials are made available for ‘high quality recycling’…’ (Zero Waste 

Scotland, 2012B) however if the public send materials to landfill the model is immediately 

flawed. The ZWS programme has evolved iteratively from original concepts of ‘command and 

control’ to embrace lean thinking and cradle to cradle ideologies encompassing a broader range 

of waste management streams and consequently more diverse targets (Scottish Government, 

2013P). The 2012 Safeguarding Scotland’s Resources:  A Programme for the Efficient Use of 

Our Materials developed the original ‘cost saving’ approach of the Zero Waste Plan towards 

resource management based on an economic orientation (Scottish Government, 2012G) which 

was consolidated in the 2013 ‘Resource Efficient Scotland’ programme (Scottish Government, 

2013P). The Resource Efficient Scotland programme addresses the optimisation of raw 

materials, energy and water by public and private organisations and describes the aspiration for 

Scotland to become a ‘circular economy’ in which ‘£2.9bn’ can be removed from the country’s 

resource costs, based on the belief that ‘Zero waste is about reinventing waste as a financial 

asset to our economy…’.  It develops the ‘cradle to cradle’ approach for Scotland whereas the 

ZWP sought to link resource streams to waste management in ill-defined "closed loop 

applications" based on a target model to reduce the ‘amount of raw materials used per unit of 

GDP or GVA’. It also builds on the Zero Waste Plan by seeking to formalise existing voluntary 

agreement approaches with a portfolio of ‘carrot and stick’ initiatives including ‘Resource 

Efficiency Pledges’ and ‘Recycle and Reward’ pilot schemes like the Scottish Plastics Loan 

                                                 
15 The Waste (Scotland) Regulations 2012 amends the Environmental Protection Act 1990 (UK 

Government, 1990), the Waste Management Licensing Regulations 1994 (UK Government, 

1994), the Pollution Prevention and Control (Scotland) Regulations 2000 (Scottish 

Government, 2000) and the Landfill (Scotland) Regulations 2003 (Scottish Government, 2003).  
 



35 

 

Fund (Zero Waste Scotland, 2012A). Zero Waste Scotland, SEPA and the Scottish Enterprise 

Agencies are defined as the key deliverers of Resource Efficient Scotland (Scottish 

Government, 2013P) where SEPA have a critical role to work with planning authorities on 

development projects (Scottish Government, 2013I). The Resource Efficient Scotland 

programme establishes waste reduction targets, using a 2011 baseline, which include a 7% 

decrease by 2017 and a 15% decrease by 2025 (Scottish Government, 2013P). What is missing 

from the recent policy literature is a blueprint for creating this Resource Efficient Scotland 

which truly links the cradle to cradle ideal in a pragmatic way based on clusters of innovative 

partnerships between Public, Private and Third Sectors in a value stream. For example, the 

proposed Landfill Tax Bill will only focus on continuing to minimise resource/waste disposal 

without a strategy for the critical design, recovery and re-use processes within a resource-

recovery lifecycle (Scottish Government, 2013Q). 

Managing landfill targets is seen as critical to decreasing greenhouse gas (GHG) emissions and 

achieving a zero waste Scotland and the proposed Landfill Tax Bill will replace the existing UK 

landfill tax system with a Scottish landfill tax system (Scottish Government, 2013Q). The 

Scottish landfill tax will focus on incentivising long term processes and infrastructures to 

improve resource recovery and minimise the inherent waste and secondary effects associated 

with landfill sites. In order to enforce good practice across Scottish waste producers16, waste 

collectors, waste carriers and landfill operators there is a Duty of Care Code of Practice made 

under Section 34(7) of the 1990 Environmental Protection Act (UK Government, 1990) statute. 

Section 34 of the Act was amended by the Waste (Scotland) Regulations 2012 to realign the 

Duty of Care with the Zero Waste Plan (Natural Scotland, 2012A).The revised Duty of Care 

addresses the requirement that for effective recycling then waste needs to avoid contamination, 

particularly by mixing, and calls for a ‘Recyclate Quality Action Plan’ which addresses the need 

for improved collection, sorting/grading and transportation mechanisms (Natural Scotland, 

2012B). The differences between the service provision needed for Scotland’s urban and rural 

communities is recognised by the need to define a multi-tier policy framework based on the 

‘…technical, economic and environmental challenges that these different areas of Scotland 

present.’ (Scottish Government, 2012H). 

Zero Waste Scotland estimate that 15,000 tonnes of litter is collected across Scotland annually 

in addition to 26,000 tonnes of waste which is fly-tipped (a total of 41,000 tonnes) resulting in 

                                                 
16 Excluding households 
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approximately £53 million of annual direct-cost for local authorities and an estimated indirect 

cost of £35 million if marine litter is included (Zero Waste Scotland, 2013).  Marine litter is on 

the increase and is a growing issue for coastal authorities, particularly discarded plastic, and 

with a large proportion of litter on beaches discarded by the general public17 there is a 

significant challenge in changing behaviour (Marine Scotland, 2011D) (Scottish Government, 

2013Y). The prevention and mitigation of marine litter is important to Marine Scotland’s 

capacity to satisfy the objectives of good environmental status as described in the MSFD, 

specifically descriptor 10 which states that ‘…properties and quantities of marine litter do not 

cause harm to the coastal and marine environment’ (UK Government, 2012A) (Scottish 

Government, 2013X) . Marine litter impacts the marine environment at many scales including 

entanglement and ingestion leading to wildlife mortality, micro-plastics and chemicals entering 

the food web and sewage related debris and contamination in the water column (Marine 

Scotland, 2011D).  The Marine Scotland Marine Litter Strategy is linked to the Scottish 

Governments’ terrestrial ‘National Litter Strategy’ (Scottish Government, 2013R) and they are 

considered as inter-dependent components of achieving the Zero Waste Plan (Marine Scotland, 

2013E). The ZWS initiative includes a program for education and awareness, specifically to 

change attitudes and behaviours for waste prevention, litter and fly tipping (Scottish 

Government, 2010F). The success of schemes which delegate responsibility to the local 

authority level will be subject to a ‘Street Level Bureaucrat’ effect as pressure on budgetary 

and resource re-establishes policy priorities (Lipsky, 1980 & 2010). Zero Waste Scotland point 

to a lack of understanding of a causal relationships between consumer recycling, sustainability 

and/or climate change, and the lack of infrastructure to "behave sustainably" (Zero Waste 

Scotland, 2011A). How the high level policy objectives discussed above are translated into 

sustainable behaviour involves a complex cocktail of drivers which are explored in the 

following chapter. 

This chapter provides insight into aspects of the geographical, social and economic scale of the 

marine and coastal estate and explores the range of policies which are pertinent to the transition 

of Scotland to a low carbon economy, supported by marine renewable energy and zero waste 

programmes. It confirms that the low carbon economy programme is the link between marine 

renewables and zero waste and that issues including national energy and resource security are 

gaining importance in the policy debate. The importance of coastal communities to Scotland’s 

                                                 
17 Nearly 80% of marine litter is thought to originate from terrestrial sources (Marine Scotland, 

2013E) 
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social and economic goals is confirmed and the following chapter looks in more detail at issues 

which relate to achieving ‘sustainability’, complexity and network analysis.     
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Chapter 3 – Sustainable policy, economics, behaviours and communities 

and the influence of complexity 

Chapter 3 begins with an overview of sustainability and then reviews those aspects of 

‘sustainability’ as they relate to economics, behaviour and communities. The chapter continues 

with an overview of various theories and concepts which address complexity and policy and 

concludes with an introduction to network analysis.  

3.1 Overview 

The Brundtland Report of 1987 described sustainability as a function of environmental, social 

and economic needs (United Nations, 1987) and in 2000, the UN Millennium Goals were agreed 

and included Goal 7A (WCED, 1987) establishing the need to: ‘Integrate the principles of 

sustainable development into country policies and programmes and reverse loss of 

environmental resources.’ whilst: "... meet (ing) the needs of the present without compromising 

the ability of future generations to meet their own needs". The European Union revised their 

Sustainable Development Strategy in 2006 promoting ‘sustainability’ into mainstream policy 

with objectives being integrated into a broad range of policies (European Commission, 2009). 

In 2005, five principles for sustainable development were agreed by the UK and devolved 

governments to achieve a sustainable economy; use sound science responsibly; promote good 

governance; live within environmental limits; ensure a strong and healthy and just society 

(Marine Scotland, 2010A). Sustainability, defined as the "capacity to endure" is entering 

common parlance (SustainAbility, 2010) (University Of Cambridge, 2012). 

A significant component of the UK and Scottish Governments’ policies to achieve 

sustainability is based on the need to contain and reduce carbon and greenhouse gas (GHG) 

emissions. The UK Government has committed to reduce GHG emissions below base year 

levels (1990) by 34% by 2020  and Scotland’s GHG emission reduction targets are 42% by 

2020 and 80% by 2050 (Scottish Government, 2009D) (Scottish Government, 2013G). By 2010 

Scotland had achieved a 24.3%18 reduction, the fastest reduction of the core 15 EU Member 

States19 (Scottish Government, 2013G). Globally, the economic impact of climate change is 

estimated at 5 to 20% of global GDP with millions of people in constant threat of fresh water 

                                                 
18 Note that this figure is adjusted for carbon trading and the physical reduction is 22.8%. Overall 

the UK achieved a 20.9% reduction. 
19 The average reduction for the EU 27 member States was 14.3% by 2010 (Scottish 

Government, 2013G) 
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shortages, loss of livelihood, droughts, floods, food shortages and loss of habitat with sea levels 

rising at a rate of >3 mm per year (Eliasch, 2008) (IPCC: Working Group I, 2013). Climate 

change is affecting the environmental conditions in the ocean, with sea surface temperature 

changes already causing concern about the impact on species and ecosystems as temperature 

envelopes shift, particularly where high levels of endemism exist (Hobday, Okey, Poloczanska, 

Kunz, & Richardson, 2006). Changes in the range and distribution of commercial marine 

species will result in significant socio-economic changes in global marine fisheries and their 

dependent human communities (Cheung, Close, Lam, Watson, & Pauly, 2008). Worldwide, the 

insurance industry has faced crisis, due to the increase in natural catastrophes and damage 

resulting from the changing climate and has applied pressure to businesses and governments to 

review processes and policies in line with climate change mitigation (Hargroves & Smith, 

2005). International criticism of sustainability initiatives has included disappointment at the 

anthropocentric approach embraced by politicians, along with accusations that it is an attempt 

by the developed nations of the northern hemisphere to impose constraints on the nations of the 

south through ambiguous interpretation (Meadowcroft, 2000). 

The challenging targets established by the UK and Scottish Governments to reduce carbon 

emissions have required a major re-think of social components like the increased electrification 

of heating and transport within the population according to Rhodes (2010). As liquid fuels 

become less affordable, the impact on transportation costs could result in economic 

relocalisation (Heinberg, 2009). In the marine and coastal context there are specific challenges 

to developing sustainability policy which include the range and variability of temporal and 

spatial scales; the need to balance complex environmental, social and economic risks; 

uncertainty; limited research and data; confused ownership in a complex multi-actor context20; 

and a lack of value associated with non-traded assets, e.g., ecosystem services (Johnston & 

VanderZwaag, 2000) (Dovers, 2005)  (Runhaar, Dieperink, & Driessen, 2005). This places 

increased demands on policy makers as the health of the world’s marine environment is 

increasingly recognised as critical to supporting economic and ecosystem goods and services 

and has elevated conservation as a key issue in policy making and planning (Haines-Young & 

Potschin, 2007). The need for an ecosystem approach to the management of the marine and 

                                                 
20 Ownership of sustainability in the marine environment may be shared by individuals and 

organisations tasked different objectives which overlap e.g. policy, science, environmental 

protection, commercial exploitation etc. Impacts of terrestrial behaviour can undermine the 

efforts of marine managers through actions which they do not control or influence e.g. sewage 

disposal.   
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coastal environment has become a cornerstone of recent policy and planning including guidance 

provided by Natural Scotland on adopting an ecosystem based approach to planning as a 

mechanism to manage natural assets to prevent emergencies including coastal flooding (Natural 

Scotland, 2011B).  

3.2 Sustainable economics  

The United Nations Environment Programme (UNEP) (2011) has estimated that the annual cost 

of ‘greening’ the global economy would cost less than 10% of current annual global investment 

and around 2% of annual global Gross Domestic Product (GDP). The lack of value attributed 

to public goods erodes attempts to create meaningful “Green” accounting practice e.g. little 

value is placed on the availability of discounted drinking water in many developed countries. 

A significant component affecting GDP is consumer spending and most governments fuel this 

growth by controlling public spending, tax changes and interest rates which is linked to the 

global drive by manufacturers, combined with the pull from consumers, for cheaper, better 

products which forces a process of ‘creative destruction’21 (Jackson, 2009). Ryan (2005) 

observes that the growth in world consumption is an increasing threat to sustainable 

development despite any gains made in production, and Trainer (2009) expresses the view that 

renewable energy will allow the continuance of a consumer society addicted to GDP growth. 

An economy based on GDP, where negative impacts and externalities22 are included in 

calculations, undermines the incentivising and educating of consumers to migrate to sustainable 

behaviour (Braungart & McDonough, 2002). The real cost of goods and services are often 

concealed by the non-transparent provision of subsidies and grants by governments (Hawken, 

Lovins, & Lovins, 2010). The lack of opportunity-cost allocated to naturally sourced raw 

materials and ecosystem services creates consumerism that is heavily discounted e.g. the cost 

of ecosystem services is not accounted for, without an economic mechanism to protect the 

environment (Constanza, et al., 1997). A percentage of the decline in ecosystem resilience is 

attributed to a "... failure due to externalities and the challenges of managing public goods" 

(Hargroves & Smith, 2005).  

                                                 
21 ‘Creative destruction’ is a reference used in economics to describe the constant forcing of 

industry to re-invent and destroy itself in this case driven by consumer demand which leads to 

global migration of manufacturing.  
22 Externalities are extra costs or benefits that are not included in the market pricing of goods 

and services and may include negative effects such as pollution and positive effects like 

education. 
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If no value is placed on a common pool resource (CPR) then no capital value can be allocated 

and the resource is perceived as freely exploitable because the usual mechanisms of capital 

ownership (DeSoto, 2000) and protection are lacking as per Hardin’s ‘Tragedy of the Commons’ 

(1968). There are however occurrences of well managed ‘commons’ in which local 

communities have for centuries self-organised and devised long-term sustainable solutions to 

manage common resources (Ostrom, Burger, Field, Norgaard, & Policansky, 1999). De Soto, 

in his exploration of the availability of capital in developing countries to fuel growth, explored 

the lack of recognition of the capital value of CPR and he argued that without judiciary 

recognition of property ownership then individuals and organisations are unable to generate 

capital to support growth (DeSoto, 2000). There is currently no commonly applied international 

measure or calculation that combines the cost of natural and social capital with traditional 

economic accounting (Hawken, Lovins, & Lovins, 2010). 

Biodiversity is seen as a key component of Scotland’s economic sustainability which is 

dependent on tourism and quality food export, in addition to its responsibilities to 

environmental and ecosystem protection at a biological level (Scottish Government, 2013S). In 

2009, The Economics of Ecosystems and Biodiversity (TEEB) valuation framework produced 

an analysis of strategy and policy alternatives linked to an appraisal of the costs of conservation 

of biodiversity and the identification of risks and uncertainties (European Commission, 2008B). 

It published advice to policy makers reinforcing that Natural Capital23  (e.g. peat-lands 

providing ecosystem services) “…underpins economies, societies and individual well-being” 

along with a call to action, urging them to make more visible the economic benefits of 

ecosystem services and biodiversity (TEEB, 2009). A ‘Total Economic Value’ (TEV) 

framework model was adapted by the Crown Estate in 2010 to value the marine estate and 

explore how and why value might be attributed to ecosystem goods and services and impacts 

on "human well-being"24 resulting from policy change or action (Saunders, Tinch, & Hull, 

2010) (The Crown Estate, 2010A). Defra has developed a ‘Capitals Approach’ to the valuation 

of sustainability based on future predicted values for wealth creation and well-being as a 

                                                 
23 The OECD define natural capital as ‘… generally considered to comprise three principal 

categories: natural resource stocks, land and ecosystems. All are considered essential to the 

long-term sustainability of development for their provision of “functions” to the economy, as 

well as to mankind outside the economy and other living beings.’ (OECD, 2005) 
24 Where impacts can be allocated a market value the HM Treasury ‘Green Book’ (HM 

Treasury, 2003) is often used to interpret social and sustainable ‘value’ by Government, usually 

in calculations of Social Cost Benefit Analysis (SCBA) (Defra, 2010D). 
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mechanism to analyse policy which affects human, social, natural and manufactured capital 

(Defra, 2011A). The UN Statistical Division is developing a ‘System of Environmental 

Accounting’, whilst other international groups are working on projects like ‘Inclusive Wealth 

Accounting’ and ‘Green Accounting’ (UNEP, 2011).  

The Scottish Government has started to embrace natural capitalism (Hawken, Lovins, & 

Lovins, 2010) in designing policies that protect the environment as a ‘profitable’ mechanism to 

Scottish sustainability (Scottish Government, 2013S). In 2012 they introduced the Scottish 

Natural Capital Index which responds to the TEEB report and which is administered by Scottish 

Natural Heritage with the purpose to ‘…influence decision-making and market-based 

approaches, so that the wider monetary and non-monetary values for ecosystem services are 

recognised and accounted for.’ (Scottish Government, 2013S). The Index analyses the changes 

and condition of 7 habitat types25 based on their contribution to provisioning, regulating, 

maintenance and cultural services (Scottish Natural Heritage, 2012A). For those services which 

can be monetised the estimated value to Scotland annually is between £21.5 and £23 billion 

(Scottish Government, 2013S). Norway’s approach to sustainability policy priorities has also 

influenced the Scottish Government in formulating a short-term stabilisation fund and a long-

term savings fund as a precursor to potential independence (Scottish Government: Fiscal 

Commission Working Group, 2013A). This ‘Sovereign Wealth Fund’ would be structured to 

capitalise on potential oil and gas revenues to deal with fluctuations in commodity prices and 

to future-proof depletion of natural resources. 

The views of Jackson (2009), reinforce the conclusions of the independent Eliasch review 

(2008) and state that a longer term approach to economic stability by governments should 

include: a move to energy independence and a lower dependence on imports; a reduction of 

household energy costs; employment creation in environmentally robust industries; and the 

protection of ecological assets for the long-term, as well as optimisation of local supply and 

demand chains. These objectives have been conceptually embraced by the Scottish Government 

in the drive towards sustainability with the recent acceptance that there is a need to shift its 

approach from a focus on limiting loss of resource, typically into landfill, to a model which 

embraces the  ‘lean thinking’, ‘cradle to cradle’ and ‘whole-of-system’ concepts in its ‘circular 

                                                 
25 The 7 habitat types used in the SNH Natural Capital Index  are: Coast, Freshwater, Cropland, 

Woodland, Green-space, Grassland and Moorland (Scottish Natural Heritage, 2012A)  
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economy’ model (Scottish Government, 2013P) however this will require an original and 

innovative approach to developing new policies and legislation. 

3.3 Sustainable behaviour 

The significant challenge faced by authorities and stakeholders in motivating the population 

towards sustainable behaviour is succinctly summarised by Jackson (2005) who proposed that: 

“A concerted strategy is needed to make it easy to behave more sustainably: ensuring that 

incentive structures and institutional rules favour sustainable behaviour, enabling access to 

pro-environmental choice, engaging people in initiatives to help themselves, and exemplifying 

the desired changes within Government’s own policies and practices” (bold text in original). 

The need to understand and develop sustainable behaviours is catalysing the engagement of 

new fields of study including; complex systems theory, adaptive management and the 

recognition to manage for resilience in environmental, social and economic systems (Weaver, 

2005). It is thought that ‘contagion phenomenon’, where the ‘good’ behaviour of individuals in 

a group becomes ‘contagious’ and is adopted by other individuals, has an important role to play 

in social processes (Miller & Page, 2007) and that imitation, particularly within networks can 

drive a plethora of nonlinear, bottom-up behaviours (Epstein, 2006). Financial incentives for 

behaviour tend to be short lived and subject to a ‘rebound’ effect whereby climate 

change/environmental credits are spent elsewhere and so there is little, if any, net gain (Scottish 

Government, 2013T). Influencing a change in public behaviour to mitigate climate change is 

difficult and in a consumer based society there is more likely to be a response to rises in fuel 

costs than direct action to mitigate climate change (Hopkins, 2009). In Scotland the two most 

significant barriers, cited by the general public, to change to more environmentally friendly 

behaviour are cost and effort (Scottish Government, 2008C). Only through more 

comprehensive and engaging promotion and education will the ‘emotional capital’ (Thomson, 

1998) of the population be guided to migrate to sustainable behaviour. Lifting the key barriers 

of cost and effort to positive environmental behaviour must be a focus of policy if the necessary 

change in community attitudes and actions is to be achieved in time for effective mitigation 

(Scottish Government, 2008C). 

In 2010, the Scottish Government originated a ‘Climate Change Behaviours Research 

programme’ consisting of 18 projects including research projects, conferences and seminars 

(Scottish Government, 2010G). Early findings produced three recommendations including the 

need for targeting multiple contexts, moments of lifestyle transition and institutional and/or 
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infrastructural pressure points; developing frameworks for coordinated initiatives across 

systems; and utilising ‘less visible’ mechanisms without excessive ‘pro-environmental’ 

messages (Scottish Government, 2011F). Assessment of the research programme findings for 

the period 2010 to 2012 concluded that an integrated approach to public behaviour is required 

which melds all aspects of the material, social and individual aspects of good environmental 

behaviour to create ‘… new and lasting social norms…’ (Scottish Government, 2013T) These 

‘norms’ would need to be supported by strategies involving price, regulation, enabling 

measures and public benefits. The level of recycling by households is also linked to the 

provision of recycling services provided by local authorities (Scottish Government, 2013M). 

The output of an expert conference, “What works in behaviour change?” hosted by the Scottish 

Government in 2010 concluded with ten key messages (Scottish Government, 2010H) ranging 

from an expectation that the Government and Public Sector should lead by example and that 

policy-making needs to do more to embrace the complexity of what drives action and inaction.  

The 2010, ‘Low Carbon Scotland: Public Engagement Strategy’ (Scottish Government, 2010I) 

was the precursor to the Scottish Governments 2013 ‘Low Carbon Scotland: A Behaviours 

Framework’ (Natural Scotland, 2013) which aims to guide policy makers and stakeholders in 

the objectives described in the (2013G) draft ‘Low carbon Scotland: Meeting our Emissions 

Reduction Targets 2013-2027’. It was published with the objective of outlining the desired 

behaviours, evidence base, actions and progress reporting to drive a low carbon Scotland.  The 

Behaviours Framework addresses ten key behaviour areas contained within the four themes of 

consumption, food, transport and domestic energy and adds little to existing initiatives which 

are based on efficient heating, travel, food and waste management. It does however begin to 

formalise the need for action at individual, social and infrastructure levels based on creating a 

new social norm of behaviour. The framework is optimistic and contains a plethora of new 

projects like the ‘Greener Together Campaign’, an ‘ISM Tool’ (Individual, Social & Material) 

and ‘Low Carbon Networks’ to achieve behaviour change however this is against the backdrop 

of initiatives like the domestic Renewable Heat Incentive which had still not been applied 18 

months after the initial deadline promised to householders who installed low carbon domestic 

heating solutions (Guardian, 2012) (Business Green, 2013). 

Ultimately it is the domestic and commercial consumer population and the construction 

industry that will make the most difference in reducing and re-using resource and any tardiness 

in providing an infrastructure in which good sustainable behaviour can exist will result in 

missed targets for resource and energy waste and for carbon/GHG emissions (Scottish 
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Government, 2011F) (Scottish Government, 2013T). In June 2014, Ian Marchant as chair of 

Scotland’s 2020 Climate Group stated ‘Scotland’s 2020 Climate Group calls on all sectors of 

Scottish society to reinvigorate efforts to meet the targets. The Group is founded in business, 

and by working together to deliver a low carbon future for Scotland through smarter 

collaborations and better conversations, everyone can benefit.’ (Scotland's 2020 Climate 

Group, 2014). Whilst the UK and Scottish Governments have achieved interim targets of carbon 

and GHG emissions reduction there was a sense from reviewing the literature that the 

tremendous task to hit 2020 targets will require a complete change in the way Scotland does 

business.  

3.4 Sustainable communities: resilience, innovation, regeneration and governance  

3.4.1 Resilience 

Community resilience, defined as: “the ability of a system, from individual people to whole 

economies, to hold together and maintain their ability to function in the face of change and 

shocks from the outside” (Hopkins, 2009) has been adapted by the Scottish Government with 

the addition of the statement that resilience planning ‘…complements the work of the emergency 

responders.’ (Safer Scotland, 2013). A programme to build community resilience in Scotland 

is in progress with the formation of three ‘Regional Resilience Partnerships’ to plan and prepare 

responses to emergency situations through innovative approaches to planning crisis 

management involving the public, private and voluntary sectors (Safer Scotland, 2013). 

Scotland’s Climate Change Adaptation Framework (Scottish Government, 2009G) is supported 

by a Strategic Environmental Assessment Post Adoption Statement (Scottish Government, 

2012I) (Scottish Government, 2013U) and defines 130 potential impacts including those from 

severe weather, sea level changes and increased demand on public services. It establishes the 

need to create resilience in economic and natural systems and in communities based on threats 

including increases in sea level, precipitation, storms, temperature, invasive species and 

extreme events which threaten natural assets, the built environment, services, health, agro-

production etc. (Scottish Government, 2009G) (Scottish Government, 2013U). Legislative 

support is oriented to a ‘resilience based response’ and not by dedicated ‘prevention’ legislation 

through changes in infrastructure etc. with legal responsibility for mitigation diluted across a 

range of instruments (Safer Scotland, 2012). Policy development needs to recognise that social 

capital, innovation and communication need to be nurtured and focus on the key levers in 

resilient systems where there is typically a dynamic equilibrium of interconnected and diverse 
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systems subject to the slow evolution of variables (Walker & Salt, 2006). Social capital is higher 

in Scottish rural areas compared to urban environments as measured by the strength of social 

networks, support, trust, reciprocity, civil and social participation and local ‘pride’ despite the 

effects of deprivation, education and age (Ormston & Reid, 2012). These higher levels of social 

capital inherently create greater resilience, better health and improved wellbeing which provide 

a robust platform for rural development. 

3.4.2 Innovation 

Innovation is a driver of job creation, business growth and the financial well-being of 

communities (Martinez-Fernandez & Potts, 2008). Innovation in human history has often 

involved recombination of existing technology or behaviour but when an original innovation 

occurs this can catalyse a wholesale change in society, for example the transistor (Holland, 

1995). Innovation is viewed by the European Commission as one of the main drivers of 

Europe’s international competitiveness26 and it has strongly promoted the development of 

national "cluster policies" which are seen as ‘a vital element of building strong innovation 

systems". Cluster organisations include universities, enterprise, research centres and regional 

authorities (European Commission, 2008C). Innovation is closely aligned to cluster 

development as described by Solvell, Lindqvist and Ketels (2003) and in Engels observations 

of Manchester, England (1993) which recognised that business and particularly manufacturing, 

had a centralising effect on society, not only on the businesses themselves but also on the human 

population, particularly in urban areas and cities (Johnson, 2001). Clusters are described by the 

European Commission as being: “…defined by relationships, not memberships and their spatial 

boundaries are variable and not necessarily corresponding with political borders…”. 

(European Commission, 2008C). The European Commission’s (2009) innovation trend 

analysis report  highlights weaknesses in the UK’s capacity to innovate, including: insufficient 

conversion of knowledge into intellectual capital and "new to market Products" ; gaps in basic 

and intermediate skills;  fewer graduates attracted to science, engineering, technology and 

mathematic based disciplines; a (relatively) weak intensity of innovation activity in businesses; 

and declining investment in research and development (Cunningham & Karakasidou, 2009) 

(European Commission: Erawatch, 2011). 

                                                 
26 In 2008 the European Commission reported 2000 significant regional clusters representing 

38% of the European workforce, including industries like automotive manufacture and financial 

services in areas like Stuttgart and London respectively (European Commission, 2008D). 



47 

 

Government has an opportunity to provide the physical, communication, resource optimisation 

and social infrastructure for innovation to thrive however existing institutional arrangements 

need to evolve and adapt rapidly (Weaver, 2005) (European Commission, 2008C). 

Governments have facilitated the formation of innovative business clusters, as evidenced by the 

tendency for certain areas to become recognised for different types of technical innovation e.g. 

Stuttgart for cars (Mclean & Pillia, 2005). There is support for maritime policy to facilitate 

maritime clusters in the EU (European Commission, 2007B) and there are five key "maritime 

cluster" initiatives in the UK27 however there is limited engagement with local and regional 

communities with a sectoral approach being adopted instead (Policy Research Corporation, 

2008). Innovation at a regional or local scale is dependent upon communication, knowledge 

exchange and a willingness to explore the development of products and services in synergy 

with social structure (Potts, 2007). 

Natural Capitalism views the economy as inclusive of natural and human capital as well as 

based on physical (manufactured) and financial capital (Hawken, Lovins, & Lovins, 2010). 

Hargrove and Smith (2005) describe a model of ‘Natural Advantage’ in which the merger of 

sustainable development and competitiveness is possible if businesses recognise and capitalise 

on the available social capital, natural capital, natural resource potential and new technologies. 

Potts (2007) proposes that Natural Advantage should be used as "...a policy objective for 

sustainable regional development", whereby the integration of "... innovation, sustainability, 

environmental technology and partnerships (would) create a holistic and progressive strategy 

for regional development". Whilst knowledge-based and environmentally driven businesses are 

often the vanguard of the development of Natural Advantage clusters and economies there are 

significant opportunities for traditional industry, utilities and for civil society to form part of 

sustainable economies (Hawken, Lovins, & Lovins, 2010), (Womack & Jones, 1996). 

Braungart and McDonough (2002) argue that human systems and industries will only be fit for 

purpose when: “We connect them to local material and energy flows, and to local customers, 

needs, and tastes". Womack and Jones (1996) in describing their ‘Lean Thinking’ approach 

state that "... in almost every case, locating smaller and less automated production systems 

within the market of sale will yield lower total costs… and higher customer satisfaction."  They 

                                                 
27 The 5 maritime cluster initiatives are: 1. ‘Sea Vision’ (all sectors); 2. ‘Maritime UK’ (Trade 

associations); 3. ‘One Voice’ (only service companies); 4. ‘Marine Industries Leadership 

Council’ (marine equipment and shipbuilding); 5. ‘Maritime Skills Alliance’ (all sectors).  



48 

 

continue by describing a culture embracing the common purpose of the organisation (or 

community) with behaviours aligned to organisational values to provide financial and 

environmental benefits to businesses appropriate at a community level within a green economy 

(Womack & Jones, 1996). There is an opportunity to adopt a whole system approach to the 

functioning of a community, from self-sufficient energy generation (Scottish Government, 

2011H) to waste water treatment systems (Living Technologies, 2004) and the sharing of 

communal resources. If communities are ‘complex adaptive systems’ (Epstein, 2006) then 

sustainable communities may be formed through the local application of simple bottom-up 

‘rules’. This bottom-up approach has resulted in the creation of green clusters (Potts, 2010) and 

communities evolving to sustainable practice with limited support or intervention from 

government agencies (Brangwyn & Hopkins, 2008). In the UK, the "Transition Movement" 

initiative, which originated in response to "peak oil" and climate change, has developed into the 

Transition Network which exists to help communities adopt an integrated and inclusive 

approach to mitigate and build resilience against these two pressures (Brangwyn & Hopkins, 

2008). The Transition Network works to re-localise efforts and build a green economy from the 

bottom-up by creating a community life which is more equitable, fulfilling and socially 

connected. This approach resonates strongly with the recently published objectives of the 

Scottish Government (Scottish Government, 2011E) in the Scottish National Planning 

Framework 3 (NPF3) which established their recognition of the need to develop sustainable 

communities in the long term. It also recognised the need to engage planning (Scottish 

Government, 2013I) with the needs for reduced resource consumption and carbon-transport 

impact with increased renewable energy and heat solutions within a sustainable service oriented 

environment (Scottish Government, 2013B) .  

3.4.3: Regeneration 

In 2011 the Scottish Government initiated a debate with its ‘Building a Sustainable Future: 

Regeneration Discussion Paper’ which focussed on economic regeneration (Scottish 

Government, 2011J) and in the same year the ‘Achieving a Sustainable Future: Regeneration 

Strategy’ asserted their belief that sustainability will be dependent upon the capacity to 

‘regenerate’ disadvantaged communities (Scottish Government, 2011K). The regeneration 

strategy focusses on the key drivers, funding and change programmes in the Scottish 

Governments Economic Strategy and the need to establish the Community Empowerment and 

Renewal Bill. It also describes the need to facilitate the creation of resilient and economically, 

physically and socially sustainable communities through initiatives including community 
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renewable projects, community ownership funding etc. The Scotland Rural Development 

Programme (SRDP) 2007-2013 (Scottish Government, 2011C) is a consequence of the 

European Rural Development Regulation (European Council, 2005) and seeks to create 

sustainable regions by providing direction for the delivery of biodiversity, viability in rural 

communities and businesses and for improving rural competitiveness. It displays an informed 

understanding of sustainability and seeks to ‘Optimise the provision of “public goods‟, by 

delivering enhancements to biodiversity28, public access and landscape, improvements in water 

quality, improvements in animal health and welfare and measures to tackle climate change’ 

whilst supporting one-off investments in rural businesses and building business capacity in rural 

communities by investing in infrastructure and human capital based on natural assets. As part 

of this process the Scottish Government (2013D) have established a goal to have 500MW 

delivered by community owned renewable energy installations by 2020 from a base of 3400 

sites and 147 MW in 2012 and has proposed a payment of £5000/year per MW of installed 

capacity as a community benefit payment to incentivise this growth (Scottish Government, 

2013I).  

3.4.4: Governance 

The environmental policy arena tends to be regulatory in nature and whilst governance seeks 

to be inclusive, the role of government is still seen as dominating  (Wesselink, Paavola, Fritsch, 

& Renn, 2011). In formulating policy to address future sustainability, governments tend to 

respond to negative externalities, like pollution, through policies and legislation which control 

"end of pipe" effects (Braungart & McDonough, 2002) and establish legislation to punish 

malpractice. A society which is consistently punitive provides an incentive for individuals and 

organisations to be deceptive, potentially creating a positive feedback effect if this in turn leads 

to an escalation in prohibition-based policy instruments. The evolution of market-based 

instruments which include eco-taxes, environmentally positive subsidies and tradable permits 

can go some way to incentivise industry (Jordan, Wurzel, & Zito, 2005), rather than taxation 

and charges, to create a viable economic incentive for sustainable practice (Hawken, Lovins, & 

Lovins, 2010). Similarly the continual increase of energy prices due to renewable ‘taxes’ 

                                                 
28 Specifically: ‘Forest-environment payments should be introduced for voluntary commitments 

to enhance biodiversity, preserve high-value forest ecosystems and reinforce the protective 

value of forests with respect to soil erosion, maintenance of water resources and water quality 

and to natural hazards.’ (European Council, 2005) 
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typically penalises sectors of society less able to affect real change in their energy usage (Sutton, 

2005).  

Policy makers are dependent on public opinion within political cycles for their tenure in office 

which can lead to a focus on short-term problems which undermines attempts to respond to 

environmental and social issues which require the long-term investment of resources or inter-

generational effort (Hawken, 2007). Planners are constantly seeking to influence policy makers 

with evidence-based arguments, with indifferent success (Campbell, 2002) and scientists are 

prone to believe that public policy is scientifically rational (Doering, 1994) which is not always 

the case (Geyer & Rihani, 2010). This traditional, rigid hierarchical approach to influence 

government environmental, social and economic policy is struggling to be responsive and 

effective (Besussi, 2006) and has resulted in an increasingly diverse range of governmental, 

private and non-governmental actors engaged in the policy process (Peterson, 2003) (Haward 

& Vince, 2006). The rise of Non-Government Organisation’s (NGO’s) and ‘Civil Society’ 

actors (McArthur, 2008) in policy design and implementation parallels a trend towards 

governance with governmental agencies integrated into stakeholder based arrangements of 

decision making and delivery (Swyngedouw, 2006). The increased capacity to globally 

distribute problem-solving experience, tools and knowledge (Hawken, 2007) has coincided 

with increasing challenges on the ‘primacy of professional judgement based on technical, 

sectorised knowledge’ (Johnston & VanderZwaag, 2000) leading to increasing demand that 

governments engage with NGOs and the business community (Hargroves & Smith, 2005).  

Jordan at al. (2005) suggest that in Europe, regulation was the prevalent approach to 

environmental issues during the 1970s and there has since been a tendency towards "new" 

environmental policy instruments including voluntary agreements, co-regulation, market-based 

instruments, benchmarking, eco-labels, negotiated agreements and environmental management 

systems. The use of voluntary environmental agreements by private and public organisations 

seeking to "improve corporate environmental performance beyond legal requirements" can 

often be an effective mechanism to control trans-boundary activities (Paton, 2005). Whilst self-

regulation may stop short of protecting over-exploitation of goods and services available from 

"commons" (Hardin, 1968) independent certification schemes, like the Marine Stewardship 

Council (Deere, 1999) and the rise of eco-labels, are influencing consumer decisions on the 

basis of environmentally sound practice (Jordan, Wurzel, & Zito, 2005).  
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3.5 Complexity, adaptive systems, common pool resources and network analysis 

3.5.1 Complexity, adaptive systems and common pool resources 

Communities and policy networks are complex systems. Complex systems can display partial 

order in an apparent chaos of both predictability and uncertainty e.g. ecosystems (Mitchell, 

2009). Changes made to the system may produce unpredictable phenomena even when the 

system is contained within boundaries (Geyer & Rihani, 2010). Complexity science seeks to 

understand the non-linear nature of changes in complex systems (Gleick, 1998). Collective 

patterns may sometimes be predicted in complex systems based on the interaction and 

adaptation of individuals to each other and include: adaptability, self-organisation, emergence 

of behaviour/structure, phase transitions, power laws, and responsiveness to ‘attractors’, which 

can establish dynamic equilibrium on a system (Organisation for Economic Cooperation and 

Development, 2009).  

Social systems have added complexity due to the presence of "interpretation" by individuals’ 

seeking to manipulate outcomes and this tends to create a more disordered and less predictable 

‘conscious complexity’ compared to biological and physical complex systems (Geyer & Rihani, 

2010). Social systems tend to have the following features: a capacity to evolve; incapacity to 

go back in time; an ability to adapt; be subject to frozen accidents e.g. mutation, punctuated 

equilibrium (step changes) and gateway events e.g. the internet; diversity within a boundary; 

evolving order in the population framework; and emergent behaviour (Geyer & Rihani, 2010). 

Attempts to understand complex social systems has led to the development of (computer) 

modelling of complex adaptive systems (CAS) by creating networks of ‘agents’ with multiple 

interconnections, which are capable of learning, changing behaviour, and/or changing 

relationships over time. CAS modelling has uncovered that systems can exist in multiple stable 

states of dynamic stability and move between them depending on changes in agent behaviour 

and external forcing. Changes may be sudden, resulting in a critical transition of the system 

across ‘thresholds’ (tipping points) sometimes as the result of only minor perturbations in the 

same way that apparently robust ecosystems may collapse e.g. due to cumulative stress29 (Faber 

                                                 
29 Gunderson and Holling (2002) suggest that changes within a CAS follow an adaptive cycle, 

described by their Panarchy framework, and propose an elegant model which may sequentially 

pass through four distinct phases when the system is forced and subsequently crosses 

thresholds. 
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& Alkemade, 2011). Conversely system stability may remain despite strong changes in the 

system environment and resilience is seen as critical to dynamic stability in a CAS. This 

resilience is observed to be stronger when there is diversity between agents, capacity for 

innovation, absence of centralised decision-making and the system is organised e.g. 

hierarchically (Kauffman, At home in the Universe: The search for the laws of Self-organisation 

and Complexity. , 1995). 

Equilibrium in social complex systems has been extensively investigated by Ostrom and others 

in research to better understand how common pool resources (CPR) are managed (Ostrom, 

1990), (Ostrom, 2005), (Ostrom, Burger, Field, Norgaard, & Policansky, 1999), (Ostrom, 

Gardner, & Walker, 1994). CPR’s are defined by Ostrom (1990) as "a natural or man-made 

resource system that is sufficiently large as to making it costly (but not impossible) to exclude 

potential beneficiaries obtaining benefits from its use". Within a CPR, "appropriators" are 

individuals or organisations which can remove resource units e.g. fish, at a renewable or non-

renewable rate, and "providers" are individuals or organisations who make the CPR available. 

The Tragedy of the Commons (Hardin, 1968) has had a significant influence on policy-making 

for CPR’s with many governments taking a position that a directive approach is needed with 

disastrous results following erosion of dynamic equilibriums established over centuries by 

community appropriators (Ostrom, 1990) (DeSoto, 2000) (Rihani, 2002). Stable CPR’s, often 

supporting large populations, typically display smaller organisational components of the 

collective in a nested structure which has usually evolved over time, although the presence of 

non-rational behaviour e.g. greed, can lead to destruction of the equilibrium. (Ostrom, 1990) 

(Poundstone, 1993) (Ostrom, Gardner, & Walker, 1994) (Ostrom, 2005). Ostrom (1990) 

proposed a model for sustainable CPR management which assumes that there are three 

functional tiers in the organisation which are linked to policy making and enforcement (Paavola, 

2007) namely: the operational level; the collective choice level; and the constitutional level. 

Within successful CPR’s the common elements are: the resource being managed is complex 

and uncertain; appropriators display long-term stability: reputation within the community is 

cherished: and the appropriators expect future generations to continue to access the resource 

(Ostrom, 1990). In addition: boundaries are clearly defined; there is synergy between 

appropriation provision: collective choice rules operate; monitoring and graduated sanctions 

are applied; there is a forum for conflict resolution: and perhaps most importantly in the context 

of governance, external authority has little or no role to play in designing the rights of 

appropriators (Ostrom, Gardner, & Walker, 1994).  



53 

 

Complex policy systems share characteristics with social complex systems and Faber and 

Alkemade (2011) recommend the use of complexity science to manage policy systems based 

on the view that: "complexity implies that (transition) policy balances intentionality and 

uncertainty, not as an exogenous force that works on the system, but as an inherent force that 

is part of the complex adaptive system" and that "the policy target changes as the system itself 

changes its configuration". The view that complex social policy systems display CAS 

characteristics is developed by Medd (2001) who proposes that: relatively simple policies 

interact producing effects across the policy system including indirect and direct feedback loops 

and that policy systems are "open systems" which interact with their "environment" where 

policy interactions can develop emergent properties which are not determined by definitions 

within the component policies. He also suggests that policy systems may be adaptive and 

capable of self-organisation if policy-making and implementation includes a diversity of 

stakeholders, a willingness to try new ideas, a governance approach, equitable access to 

knowledge and resources and working feedback mechanisms supported by transparent 

processes. If policy implementation is subject to discretionary decision making at a grass roots 

level (Lipsky, 1980 & 2010), it is conceivable that, with or without policies in place, actions at 

‘street level’ can produce unexpected outcomes e.g. Transition Towns and communities 

evolving to sustainable practice with limited support or intervention from government agencies 

(Brangwyn & Hopkins, 2008). 

3.5.2 Network analysis 

As described in the introduction to the thesis, a number of different methods were explored to 

investigate the sustainability policy landscape in Scotland in this study, including Grounded 

Theory (Glaser, 1978) (Corbin & Strauss, 2008) and the Delphi method (Linstone & Turoff, 

1976) (Jones, 2002). As a consequence a new method of policy network analysis was developed 

which would provide the opportunity to explore the nested components in a complex policy 

environment and to isolate the most important policy documents and actors in order to provide 

insight into the feasibility of the proposed policy model. This decision was influenced by the 

research into common pool resources, complexity and adaptive systems. The connections 

between policy documents, individuals, organisations, locations and concepts result in networks 

of relationships which can be recorded and analysed to provide insight into the relative 

importance, influence and power of each, using a variety of algorithms (Hansen, Schneiderman, 

& Smith, 2011). Network analysis can investigate the number and strength of relationships to 
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recognise potential resource flows and uncover formal and informal groups embedded in a 

complex network (Borgatti , Everett , & Johnson, 2013).  

In network analysis the relationships between ‘nodes or vertices’ (individuals, organisations, 

documents etc.) are called ‘ties or edges’  (Hansen, Schneiderman, & Smith, 2011). The results 

of network analysis can be represented in graphical or tabular form and algorithms are applied 

to the relationships to generate graph metrics which provide insight into importance, centrality, 

dependency, resource flows, relational densities etc. within a network (Fowler, Dawes, & 

Christakis, 2009) (Wasserman & Faust, 1994) (Monge & Contractor, 2003). Larger networks 

tend to be more complex and as network size increases then the number of potential 

relationships also increases so that it becomes harder for nodes to build and maintain a critical 

mass of relationships, to access resources and information or to influence the network.  

An example of a simple network is shown in figure 6 which was created by providing an initial 

node (‘Seed Ego’) with 11 unique ties (relationships) to 11 additional nodes (‘Seed-Alter 

Ego’s’) and then adding unique ties to 11 additional nodes (‘Alter-Alter Ego’s’) to each of the 

Seed-Alter Ego nodes to create a total of 121 unique ties in the network. 
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Figure 6: Simplified representation of a network where each node has 11 unique 

relationships.  

Top: The originating seed ego node has 11 unique relationships to individual seed-alter ego 

nodes which are at 1 degree of separation in the network.  

Bottom: Each seed-alter ego node has relationships to 11 unique alter-alter ego nodes which 

are at 2 degrees of separation in the network. 

The example networks created using this method are ‘egocentric’ based on ‘…relations 

emanating from a focal individual’ (Barnett, 2011) (whereas socio-centric network analysis is 
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used to study defined groups e.g. a corporations, classes etc. (Chung, Hossain, & Davis, 2005)). 

Nodes are described here and in the method developed (chapter 4) as ‘ego’s’ to reflect that they 

are individuals in an egocentric network. The naming protocol of ‘seed’ and ‘alter’ (Social 

Media Research Foundation, 2013) is applied to the egos’ to differentiate nodes at various 

degrees of separation (figure 7) and to recognise whether nodes were analysed for the 

relationships cited within them (i.e. seed and seed-alter documents). Applying this protocol to 

figure 6, then the Seed ego is at 0 degrees of separation within the network (red in figure 6) 

seed-alter egos are at 1 degree of separation (blue in figure 6) and alter-alter egos at 2 degrees 

(green in figure 6). Two degrees of separation is considered sufficient to understand complexity 

within larger networks (Hansen, Schneiderman, & Smith, 2011) and this was adopted to  

provide an accessible ‘working knowledge’ of the context and implications of policy following 

testing with one and three degree networks. 

 

Figure 7: Relationship between the degrees of separation in the network and the type of ego  

The network shown in figure 8 is based on the network in figure 6 with the addition of randomly 

generated relationships to create a total of 421 ties. This creates a shift from a simple 

hierarchical structure to a more complex network in which the number of relationships between 

each node varies. In the more complex network in figure 8 certain nodes may have the capacity 

to receive or transmit resource and knowledge more effectively than others which may in turn 

affect their influence and importance depending on the strength and direction of those 

relationships. The capacity to calculate the relative power, importance and influence for each 

node using algorithms, based on their centrality and relationships in the network, is the method 

of network analysis applied here. 

Seed Ego 
Document & Actor

• 0 Degrees of Separation

• The originating Seed Ego policy document and/or actor

Seed-Alter 
Documents & 

Actors

• 1 Degree of Separation

• Documents and actors referenced in the Seed Ego document  

Alter- Alter 
Documents & 

Actors

• 2 Degrees of Separation

• Documents and actors referenced in the Seed-Alter documents
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Figure 8: Example of a ‘complex’ network to 2 degrees of separation.  

Relationships in a network can be either ‘directed’ (asymmetric) or ‘undirected’ (symmetric). 

In a directed network it is assumed that the relationship expressed by a node ‘A’ to a node ‘B’ 

does not guarantee a relationship from node B to A as concerns the flow of information and 

resources. In an undirected network only one node needs to express a relationship for it to be 

assumed that resource and knowledge flow is bi-directional. There is almost twice the number 

of potential relationships in a directed network30 and a node seeking to both disseminate and 

receive resources and information must effectively establish relationships as a ‘source’ and a 

‘sink’ with another node to have a bi-directional exchange (Hansen, Schneiderman, & Smith, 

2011).  

This chapter introduced programmes and initiatives which seek to describe, measure or deliver 

sustainability at scales ranging from the international to the community level. It was evident 

that the achievement of ‘sustainability’ will demand policy engagement with a vast range of 

subjects, from ecosystem protection to consumer behaviour, and that the policy to support 

change is already complex. The threats and opportunities to develop community sustainability 

were explored, resulting in the conclusion that both bottom-up and top-down programmes were 

                                                 
30 In a directed network of ‘N’ nodes there are N x (N-1) possible unique ordered pairs 

(relationships). In an undirected network there are (N x (N-1))/2 potential unique ordered pair 

relationships. 
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in progress but that the two approaches were seldom linked (pre-2011). The investigation of 

complexity theories and models and into common pool resources provided insight into a range 

of approaches that could be taken to study complex systems. It was clear that there was the need 

to understand the complexity of the policy landscape defined for this study and then apply a 

method to understand the constituent parts and the relationship between these components and 

the documents and actors engaged in policy programmes. The chapter concludes with an 

overview of network analysis as a precursor to chapter 4 which describes the method which 

was developed.  
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Chapter 4 –The Rapid Policy Network Analysis method 

This chapter describes a method which was developed to analyse the documents, legislation 

and actors in the low carbon economy, marine renewable energy, zero waste and sustainability 

policy programmes reviewed in previous chapters with a focus on Scotland. The method 

generates networks of relationships which are analysed for the influence, importance and power 

of policy documents and actors using standard network analysis algorithms. 

4.1 Introduction 

The objective in developing the method described below was to create a simple, pragmatic, 

replicable and modular approach to network analysis and isolate the key actors and documents 

in Scotland’s low carbon economy, marine renewable energy and zero waste programmes, and 

in a synthesised sustainability policy network created by aggregating the networks of these three 

policy (sub-) themes. It was a requirement that the method be able to uncover and investigate 

nested and interconnected policy sub-systems and clusters in the seemingly chaotic networks 

of policy documents and actors. It was necessary to establish and deconstruct the complexity 

of the policy networks whilst providing mechanisms to present the resulting data in a relevant 

and accessible format for the non-policy specialist without loss of data integrity.  

The method of policy network analysis developed and described in this research, Rapid Policy 

Network Analysis represents a significant evolution of an approach to policy network mapping 

called Rapid Policy Network Mapping (RPNM) previously developed by Bainbridge, Potts and 

O’Higgins (2011). The following definition of a policy network was adopted in both methods: 

“A policy network may be defined as the congregation of interdependent governmental and 

non-governmental actors who share interests in public policy development and are 

‘institutionally either formally or informally linked’ (Rhodes, 2007)”. 

4.2 Method  

4.2.1 Overview 

The Rapid Policy Network Analysis (RPNA) method was developed to have a step-wise 

approach to collecting and recording data for policy documents and actors and the relationships 

between them and to generate networks which were then analysed using existing network 

analysis algorithms (appendix 1.1) and basic spread sheet functions. The collection of the data 

applied a ‘snowball sampling’ approach, which is typically used to sample large populations 
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where actors are known to each other (Atkinson & Flint, 2001) (Farquharson, 2005) (Bryman, 

2008). Data and relationships were recorded in Microsoft Excel and specific information on 

each policy actor and document was noted and coded to provide a richer data resource for 

analysis.  The Excel pivot-table function and NodeXL network analysis software (Social Media 

Research Foundation, 2013) were used to calculate the number of document and actor types, to 

generate network metrics and to facilitate cluster analysis of the policy themes. NodeXL is a 

social network analysis software tool developed by the Social Media Research Foundation and 

is a freely available Template Add-in for MS Excel. The use of NodeXL satisfied the criteria 

to develop a method which is accessible to non-policy specialists and is available without cost. 

A data warehouse of policy documents and actors was created and populated with information 

on relationships for all the documents analysed. Sub-sets of data, e.g. only legislation 

documents, were isolated to create a variety of (nested) subject specific networks in addition to 

the overall policy theme networks. NodeXL was used to calculate network metrics and for 

cluster analysis and results were compared to pivot table count function results where possible. 

There are three steps in applying the method (figure 9). A glossary of terms is included at the 

end of this document. 

 

Figure 9 : Summary of the 3 steps used in the Rapid Policy Network Analysis model 

4.2.2 Step 1: Data collection, coding and cleaning and recording of relationships 

A literature review was conducted to isolate seed ego policy documents for each policy theme 

which described the most relevant and significant issues and opinions, and which contained 

references to the core policy documents and actors. The choice of an appropriate seed document 

to generate the policy networks is a critical step influencing the entire RPNA process and 

involves a degree of subjectivity. The need to review the literature to make this choice cannot 

be understated. Networks for three distinct policy themes (described as sub-themes) were 

Step 1: 

Data collection, coding 
and cleaning of individual 

policy actor and 
document information 
and the recording of all 
relationships between 

nodes to two degrees of 
separation.

Step 2: 

Creation of subsets of 
individual node and 

relationship data based on 
the nested components in 
the policy networks e.g. 

the type of document, the 
policy domain etc.

Step 3: 

Transfer of all 
relationship and node 
data into the NodeXL 

application. Generation of 
networks and graph 

metrics using NodeXL 
software. Use of Excel 
pivot table function to 

create a baseline of count 
data.
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generated and analysed based on five seed documents (table 1) and combined to form a proxy 

network for Scottish sustainability. The sub-themes were of sufficient complexity to generate 

stand-alone networks which provided the basis for comparison of policy issues and the effects 

of network size and policy maturity on data quality.  

Table 1: The 5 seed ego documents used to originate the 3 policy sub-theme networks 

Policy Theme Terrestrial 

/Marine  

 

Seed ego documents 

Low carbon 

economy 

Scotland 

Terrestrial & 

marine 

- ‘Low carbon Scotland: Meeting the Emissions Reduction 

Targets 2010-2022. The Report on Proposals and 

Policies’ (Scottish Government, 2011F) 

-  

Marine 

renewable 

energy Scotland 

Marine ‘Scotland's Offshore Wind Route Map: Developing 

Scotland's Offshore Wind Industry to 2020’ (Offshore 

Wind Industry Group, 2010) 

 

‘Marine Energy Road Map (Wave and Tidal Stream 

Technologies)’ (Forum for Renewable Development in 

Scotland, 2009) 

 

Zero waste 

Scotland 

Terrestrial ‘Policy Statement: Zero Waste Regulations’ (Scottish 

Government, 2011L) 

‘Scotland’s Zero Waste Plan’ (Scottish Government, 

2010F) 

 

All policy documents and actors cited within each seed ego document were recorded as having 

a ‘relationship’ to that seed document and all policy actors referenced in the seed ego documents 

were recorded as having a relationship with the policy actor responsible for publishing the seed 

ego document. The seed-alter documents were then analysed in the same way for all references 

to documents and actors thus establishing document and actor networks of relationships to 2 

degrees of separation. Whereas seed and seed-alter actors were responsible for publishing 

documents this was not the case for alter-alter actors. In this method the network of relationships 

between actors is generated solely by references to them in the network documents. Whilst this 

means that these actors are referenced in the context of network documents and therefore to the 

policy programme it also means that their inclusion is dependent upon them being referenced 

in documents. As such the method does not necessarily capture all actors which an actor might 

have relationships with in the context of a policy programme. This is a weakness in adopting a 

sampling technique which depends solely on information reported in documents. Alternatively, 

or in addition, by using the snowball method, a network could be generated by systematically 
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interviewing key individuals in key organisations and recording all relationships they have with 

other actors for that policy programme and then iteratively interviewing those referenced by 

others. Ideally, if time and resources were available, then the results of both approaches could 

be combined where the document oriented approach compensated for human error in listing 

relationships and the interview approach compensated for the relationships which, whilst 

relevant to the policy process, are not necessarily reported in policy documents.      

Relationships were recorded as being ‘directed’ i.e. from seed to seed-alter to alter-alter ego. 

This use of the snowball sampling approach (Bryman, 2008) (Atkinson & Flint, 2001) 

uncovered a sample-population of the policy landscape which was assumed to be representative 

of the total population of policy documents and actors31. As the method uses a sampling 

approach then the results and conclusions described in subsequent chapters were assumed to be 

relational and reflective of the policy landscape rather than a census of all policies. Only one 

instance of each relationship cited in each document was recorded. In adopting this approach 

then the low carbon economy policy sub-theme was generated using a single seed ego document 

which referenced 178 unique seed-alter documents which in turn referenced 1693 alter-alter 

documents all of which were collectively linked via 3548 relationships. 

Certain types of policy documents were not analysed as seed-alter documents because they 

were outside of the boundaries defined for the study i.e. their influence was outside the UK 

policy domain or because they were not relevant i.e. duplicated documents, press releases, 

public notices, data-only and methods of analysis (see table in appendix 1.2 for examples). 

When seed-ego documents or sub-theme networks were aggregated into larger networks then 

duplicated seed-alter documents were removed e.g. the Environmental Protection Act 1990 is 

a seed-alter document in both the Zero Waste Plan and the Zero Waste Regulations but only 

one instance was reported in the zero waste policy sub-theme (and therefore only one set of 

relationships to alter-alter documents and actors). This protocol was applied to emulate the 

creation of networks as if generated from a single seed document to allow a direct comparison 

between the networks where for example the low carbon economy policy network was 

originated using a single seed document (table 1). It was also applied to remove unnecessary 

bias e.g. the two seed documents used to originate the marine renewables network are closely 

related (wind & wave + tidal energy) with a core of seed-alter policy documents describing the 

                                                 
31 Many seed-alter documents were duplicated when the networks were combined suggesting 

an acceptable level of saturation in the sampling had been achieved (chapter 6). 
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same basic policy principles as a context for the policy area and which were common to both. 

Duplicated references to the same document at 2 degrees of separation were not deleted as the 

relationship between seed-alter and alter-alter egos are unique.  

Information was collected for all policy documents and actors across a range of criteria to add 

breadth and depth to the analysis including the geography over which actors have authority, 

responsibility or jurisdiction and the geo-political region to which a document is applied, 

described here as their ‘Policy Domain’. The ‘Status’ of actors was reported as the highest or 

most common level of authority, accountability and responsibility they exercised as a decision-

maker, influencer, influencer-deliverers or deliverer in the policy process (Bainbridge, Potts, & 

O'Higgins, 2011) (appendix 1.3 contains a summary of definitions). Actors were allocated a 

Sector code e.g. Scottish Central Government, Public Sector etc. where Third and Private Sector 

organisations based outside of the UK were grouped with International or European actor codes 

in line with the UK and Scottish focus of the study and to avoid an over-abundance of codes 

(appendix 1.4 contains a summary of definitions). Direct comparison between policy actors and 

documents was achieved using ‘umbrella’ codes aggregating the code for the originating policy 

actor, by sector, and the type of document as a ‘Document Group’ code e.g. ‘SGP’ is the code 

for a policy publication generated by the Scottish Government or one of its departments (see 

appendix 1.5 for all codes and definitions). Documents were coded by ‘Document Type’ which 

combined the name of the organisation, entity or individual responsible for its publication and 

the type of document e.g. Rail Safety and Standards Board publication, allowing analysis by 

individual or groups of organisations. The ‘Document Type’ and ‘Document Group’ codes also 

allowed comparison of the policy domain in which a document was generated and where it was 

applied e.g. where UK Government legislation affects Scotland specifically. Table 2 describes 

the information captured for each policy actor referenced in the policy documents. 
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Table 2: The data collected and the coding protocols applied to all policy actors 

Criteria Description 

 

Seed instrument 

unique 

reference 

All policy documents were allocated a unique reference number with the 

prefix ‘I’. The ‘Seed Instrument’ is the policy document used to establish 

references to subsequent policy documents and policy actors and may be 

a seed ego or seed-alter ego document.  

 

Seed instrument 

unique actor 

reference 

All policy actors were allocated a unique reference number with the prefix 

‘A’. The seed instrument actor was responsible for originating the policy 

document being analysed. 

 

Referred actor 

unique 

reference 

All policy actors referenced in a policy document were allocated a unique 

number prefixed with ‘A’. 

 

 

Actor name Actor name 

 

Actor sector See appendix 1.4. 

 

Actor status See appendix 1.3. 

 

Policy domain The geo-political boundary within which the policy actor has 

responsibility or jurisdiction or the geography in which the majority of 

their activities take place. Non-Scottish (UK) Local Government 

authorities are categorised under relevant devolved governments or the 

UK Government code. 

 

Link Where appropriate the link to the organisation website was recorded 

 

Notes Notes 

 

Table 3 summarises the data recorded for policy documents. 
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Table 3: The data collected and the coding protocols applied to all policy documents 

Criteria 

 

Description 

Seed instrument 

unique reference 

All policy documents were allocated a unique reference number with 

the prefix ‘I’. The ‘Seed Instrument’ is the policy document used to 

establish references to subsequent policy documents and policy actors 

and may be a seed ego or seed-alter ego document.  

 

Referred 

instrument unique 

reference 

All policy documents were allocated a unique reference number with 

the prefix ‘I’. Referred documents are all those policy documents cited 

in the document under scrutiny. 

 

Policy domain The geo-political boundary which the policy document affects. 

 

Document short 

title 

Typically the commonly used title of the policy document. In the case 

of UK and Scottish legislation it is the exact title of Acts, Regulations 

and Orders. 

 

Document long 

title/ notes 

The full title of policy document and/or notes. 

 

 

Document type Describes the originating policy actor and the type of policy document 

based on the policy jurisdiction or geography affected. 

 

Document group See Appendix 1.5. 

 

Document date/ 

last update 

The date when the policy document was published, came in to force, 

was last updated (websites) or when a programme opened/closed. 

 

Year The year the policy document was originated 

 

Link Link to original policy document 

 

Date Accessed The date the policy document was accessed/analysed by the researcher 

 

A screen shot of a sample of the document data captured in Microsoft Excel for Scotland’s low 

carbon economy sub-theme with the criteria recorded is shown in figure 10. 
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Figure 10: Screen shot of the Excel spread sheet which captures the Document to Document relationships in the low carbon Scotland policy 

area. 
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4.2.3 Step 2: Creation of subsets of individual node and relationship data based on the 

nested components  

Sub-sets of data were selected to create networks of actors and documents based on nested 

components within the overall networks e.g. policy theme, network type and policy domain. 

Sub-sets were also created to allow analysis of documents by type e.g. legislation, publication 

etc., and by year of publication. Actor sub-sets were created based on their sector. Legislation 

documents and the actors associated with them were a focus of the study to ascertain whether 

knowledge of legislation alone would provide sufficient awareness of the policy issues and 

drivers. Networks containing the legislation referenced in all seed and seed-alter documents 

were created for all policy themes (All Legislation) as were networks containing only the 

legislation referenced by seed-alter documents which were themselves legislation (Legislation-

to-Legislation) as described in table 4. The detailed results of the Legislation-to-Legislation 

network analysis are not reported here, however the comparison with the All Legislation 

networks confirmed that the approach did not generate sufficient data to allow meaningful 

analysis or understanding of the policy landscape at two degrees of separation.  

Table 4: Summary of the elements contained in the overall and the nested legislation only 

networks. 

Network Descriptor Description 

 

All Document All relationships referenced by all: legislation, publications, 

consultations and policy action seed and seed-alter documents are 

included in the creation of the networks.  

 

All Legislation Only legislation documents and relationships between them are 

included to create a network. These legislation documents were 

referenced by all types of seed and seed-alter documents, i.e. all 

the legislation in the All Document network. 

 

Legislation-to-

Legislation 

Only legislation documents and relationships between them are 

included to create a network. These legislation documents were 

referenced only by seed and seed-alter documents which were 

legislation.  

 

Examples of the nested components accessible in the networks which were analysed are shown 

in figure 11.  
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Figure 11 : Examples of the nested networks which can be isolated and interrogated within 

the sustainability All Document network 

4.2.4 Step 3: Generation of networks and graph metrics 

All data in Excel was analysed using the pivot table count function to create a baseline of the 

relative numbers of actors, documents and relationships based on the various criteria recorded 

e.g. deliverers, Scottish Acts etc. The relationship data for actors and documents was loaded 

into the NodeXL application which was used to generate network graphs and metrics using the 

algorithm functions in the software. This process is automated within NodeXL however it is 

necessary to transfer all information on each document and actor from the Excel spread sheets 

manually. NodeXL uses standard network analysis algorithms and is capable of generating 

tabular and graphical data formats and analysing networks for the sub-set components of cluster 

data which can be analysed separately and graph metrics generated (Hanneman & Riddle, 

2005) (Social Media Research Foundation, 2013) (Wasserman & Faust, 1994). Figure 12 

provides a screen shot of the data and the graph metrics generated in NodeXL for the documents 

in the All Document network for the low carbon economy policy theme. 

Policy sub-themes

• Low Carbon Economy 
Scotland

• Marine Renewables 
Scotland

• Zero Waste Scotland

Network Type

• All Documents

• All legislation

• Legislation to 
Legislation

Policy Domains

• International

• European

• UK

• Devolved UK 
Government

• Regional/Local

Actor Status

• Decision Maker

• Influencer

• Deliverer

• Influencer-Deliverer
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Figure 12: Screen shot of the document-to-document relationship data and graph metrics for the low carbon economy Scotland policy area. 
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Clusters are described as ‘groups’ in NodeXL and are areas of the network where nodes are 

more densely connected to each other than to other nodes due to the dynamics of the 

relationships between them. Clusters may indicate concentrations or opportunities of power and 

influence and the existence of ‘bridges’ i.e. nodes and/or groups of nodes which link different 

areas of the network. Cluster analysis can provide an insight into informal groups within a 

network which can be compared with institutional or obligated groups e.g. a government and 

its departments. The clusters in each policy theme were created in networks which were 

‘undirected’ as recommended by Hansen, Schneiderman and Smith (2011) and then analysed. 

NodeXL has a choice of algorithms to generate clusters and the Wakita and Tsurumi algorithm 

(appendix 1.1) was used in this study as it is capable of dealing with larger networks and 

nominates nodes to only one cluster (Wakita & Tsurumi, 2007).  

The centrality and cluster algorithms in NodeXL adopt fundamentally different approaches to 

interrogating the network. Betweenness, Eigenvector and PageRank centrality algorithms 

(appendix 1.1) calculate rankings by comparing the directed relationships between all nodes in 

the network. Betweenness Centrality ranking is calculated by establishing the number of times 

a node acts as a bridge between two other nodes in a network (iteratively comparing all nodes) 

and compares the probability and the occurrence of this happening (Freeman, Borgatti, & 

White, 1991). Eigenvector Centrality creates rankings for nodes by applying a score to all nodes 

based on the directed relationships they receive and adjusts each nodes ranking based on the 

scores of the nodes it is referenced by until all nodes are ranked (Bonacich, 1972). PageRank 

Centrality is a variant of Eigenvector Centrality which generates rankings for nodes based on 

comparison of the random likelihood of them being referenced with the observed referencing 

(Brin & Page, 1998). The cluster algorithms, in this case the Wakita and Tsurumi algorithm, 

establish clusters of associated nodes using a bottom up approach driven by modularity in an 

undirected network. It is based on Clauset, Newman and Moore’s algorithm (Clauset, Newman, 

& Moore, 2004) and applies ‘greedy optimisation of modularity’  where ‘modularity’ is a 

network property which recognises groups in a network based on high numbers of ties between 

nodes compared to the numbers of ties to other parts of the network. The algorithm aggregates 

small groups to create clusters based on their combined modularity and which are distinct from 

other clusters in the network (Wakita & Tsurumi, 2007). 
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The overall networks graph metrics were calculated using networks created in the ‘directed’ 

mode to reflect the referral asymmetry which is inherent in the snowball sampling approach32 

and the behaviour and actions in an egocentric network. Table 5 summarises the data and graph 

metrics which were used in the study. 

Table 5: The network graph metrics generated by NodeXL and reported in this study 

Metric Description 

 

Total nodes The total number of unique nodes (documents and/or actors) in the 

network 

 

Total ties The total number of ties (relationships) in the network 

 

Maximum 

geodesic distance 

Whilst there may be several ‘paths’ for information or resources to pass 

between nodes the shortest path across the whole of the network is the 

maximum geodesic distance. This may represent the most efficient route 

for resource and information transfer. Nodes which are directly linked 

have a geodesic distance of 1 

 

Average geodesic 

distance 

This is the mean of the distance between all connected nodes in the 

network. A higher value reflects a dispersed network with fewer closely 

linked nodes 

 

Graph density The ratio of how many of the potential ties in the network is being 

realised. This may indicate how quickly information and influence can 

be transferred or applied across the network 

 

Modularity This provides an indication of the likelihood of a network to contain 

groups and clusters. It recognises groups in a network based on high 

numbers of ties between nodes compared to the numbers of ties to other 

parts of the network. The modularity function is limited in recognising 

small clusters. 

  

Degree metrics The potential degree of any node is N-1 where ‘N’ is the total number of 

nodes in the network. Minimum, maximum, average and median In-

Degree and Out-Degree values are reported for the overall network and 

for specific nodes. A high degree value may reflect more influence and 

power and greater options to access, broker or disseminate resources. 

 

In-Degree The total of directed references to a node which may be a ‘sink’ for 

information or resources. High In-Degree values may reflect the power 

or prestige of a node. 

 

                                                 
32 It is noted that using snowball sampling in network analysis is subject to a bias effect 

depending on the percentage size of the sample with less bias in larger samples (Bryman, 2008) 
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Out-Degree The total of directed references made by the node which may be a 

‘source’ for information or resources. High Out-Degree may reflect more 

influence.33 

 

Betweenness 

Centrality 

 

The more (short) linking paths a node has to other nodes within the 

network then the higher its Betweenness Centrality. This potential to act 

as an important bridge for information or resource transfer may lead to 

more power and influence if it adopts a brokerage role. (Freeman, 

Borgatti, & White, 1991) 

 

Eigenvector 

Centrality 

A high value may reflect the power and influence of a node as a function 

of being central within the network. It combines the relationship between 

the degree of a node and the number of subsequent connections by 

connected nodes. (Bonacich, 1972) 

 

PageRank 

Centrality 

The algorithm uses probability distribution to compare the likelihood of 

each node being selected randomly compared to the observed 

‘recommendations’ by other nodes and may reflect popularity and 

prestige. (Brin & Page, 1998) 

 

The networks which include only documents or only actors are described as ‘one-mode’ 

networks. Networks which analyse the relationships between both documents and actors are 

‘two-mode’ networks and consider relationships between fundamentally different types of 

nodes (Hansen, Schneiderman, & Smith, 2011).  

All results were summarised in four data books34 which contain the following: 

Data Book 1: Pivot table analysis results for all policy networks and themes. 

Data Book 2: NodeXL graph metrics and cluster analysis results for all policy networks and 

themes. 

Data Book 3: Pivot table and graph metric results for the nested legislation policy networks. 

Data Book 4: Comparison of data and results between the All Document and nested legislation 

networks. 

 

                                                 
33 Caution is required in assessing ‘degree results as typically only ties at one path length 

distance are considered and how far their power or influence extends into the network is not 

measured hence the use of centrality algorithms. 
34 The data books are not included in this document and are available on electronic media. 
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4.3 Summary 

In order to develop the method it was necessary to fix the data in time. Because the seed 

documents are dated 2009 to 2011, and very few references are forward looking (typically only 

to proposals for new legislation), the study audits the policy landscape prior to seed document 

publication. The method will however allow real-time and dynamic analysis of policy.   

The Rapid Policy Network Analysis method provided the opportunity to investigate four policy 

networks for the clusters, synergies, influence, power, prestige and importance in their 

document and actor populations. The results were compared to the findings of the literature 

review, particularly for the UK and Scotland. The practical aspects and effects of aggregating 

similar but unique policy networks were also investigated as well as assessing the influence of 

network size on the data and analysis. The network analysis results provided evidence to assist 

in answering the 10 key questions described at the beginning of this thesis and to challenge a 

number of key UK and Scottish policy objectives for all policy areas as described by the 

literature. 

As described above, a number of other methods were reviewed to explore and unravel the policy 

complexity experienced in the literature review which included Grounded Theory and the 

Delphi method, however network analysis appeared most appropriate and provided an 

opportunity to evolve previous work (Bainbridge, Potts, & O'Higgins, 2011). The decision to 

use NodeXL was based on its ease of use, the analysis output it could deliver, the credibility of 

being developed at Microsoft and that it was free. It was also selected because no knowledge 

of programming was required e.g. Graph-Tool (Graph-Tool, 2014), it was not limited to 

producing graph based outputs e.g. Graphviz (GraphViz, 2014) and there was no need to sub-

contract the work necessary to generate, analyse and report network metrics or graphs. The 

experience of using the method raised questions as to whether a socio-centric approach could 

have been used i.e. where the network boundaries are established by selecting a group of 

specific populations e.g. Marine Scotland + SEPA + local authorities etc. The number of 

organisations it would have been necessary analyse would have been prohibitive given the 

breadth of sustainability policy in Scotland however this could be a future approach where the 

reach and productivity of an organisation in the policy arena requires assessment. 

There are limitations to the method not least the dependence on selecting the most relevant seed 

documents for each policy programme based on a comprehensive literature review. Also, 
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because the ‘snowball’ approach is a sampling technique (Atkinson & Flint, 2001) all results 

are relational ratios of a sub-population which can only approximate to the values present in the 

total population of policy documents and actors. Another key limitation is the retrospective 

nature of the data, meaning that shifts in the focus of policy will only be observed if, and when, 

the networks are updated using new and relevant seed documents. Keeping an ego-centric 

network up to date would be susceptible to the use of inappropriate new seed documents 

particularly if new literature reviews were not conducted for each round of network generation. 

This suggests that the method should be evolved to embrace a more socio-centric approach i.e. 

where the total population is analysed, either by selecting specific policy populations or by 

adding to the current data until saturation is achieved. Whilst the demands of establishing and 

analysing the total policy population in Scotland might be too large a project there may be 

opportunities to analyse key organisations e.g. Scottish Government, Marine Scotland etc. 

Whether an ego- or socio-centric approach is adopted, the capacity to pragmatically analyse 

policy evolution can only really be applied if the networks are kept up to date and date based 

sampling of the most important and influential documents and actors is compared, for example 

by conducting an annual census using the method.  
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Chapter 5 – Results of network analysis of the sustainability policy 

document network 

The sustainability policy networks were created by combining the low carbon economy, marine 

renewables and zero waste policy networks where duplicated seed-alter documents were 

removed. The results for the All Document and All Legislation networks are reported here, with 

chapter 5 focussing on the document networks and chapter 6 on the actor networks. 

5.1 Introduction 

The legal framework described in the All Legislation network analysis established the 

obligations and expected results of policy whilst the complex cocktail of documents in the All 

Document network provided insight into the overall policy process from origination, through 

transposition to delivery. Analysis of the two network types not only allowed comparison of 

the role of legislation in the overall policy process but provided insight into the actors 

established as legally responsible compared to those engaged with all aspects of policy (chapter 

6).  

5.2 Results 

5.2.1 Overview 

The sustainability All Document network included 260 seed and seed-alter documents of which 

139 (53%) were analysed and contained 2457 individual documents linked through 5220 

relationships’, which was equivalent to an average of 2.1 relationships per document. The focus 

of the study on the national and sub-national levels was reflected by 43% and 40% of documents 

affecting the UK and Scottish policy domains respectively35. The nested All Legislation 

network included 54 legislation seed and seed-alter documents of which 35 were analysed 

(~25% of all analysed documents) and was constituted by 41% of the total document population 

(1013) with 48% of the document relationships and an average of 2.5 relationships between 

legislation documents. All the documents in the sustainability network were linked to different 

parts of the policy process however legislation was the majority document type despite the 

small percentage of legislation seed and seed-alter documents36 which suggested a trend by All 

Document types to reference legislation as critical to the policy theme. The Scottish 

                                                 
35 A significant number of the documents described as affecting the UK also affect Scotland as 

part of the Union e.g. the Energy Act 2004   
36 21% of all seed and seed-alter documents (18% of documents analysed) in the sustainability 

network are legislation 
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Government was responsible for generating 24 of the 35 legislation seed and seed-alter 

documents analysed reflecting the ‘Scottish’ orientation of the study. 

The All Document network had a maximum geodesic distance of 6 and an average geodesic 

distance of 3.6, suggesting that the network was not based on a small core of closely related 

documents but contains a portfolio of policy areas which are linked but may not be inter-

dependent37. Maximum geodesic distance was higher in the All Legislation network with 8 

‘steps’ required to traverse the network by the shortest pathway of relationships. Figure 13 

shows the complexity of the All Document network in graph form where documents belonging 

to common clusters are colour coded. This may be compared to the smaller All Legislation 

network in figure 14 which has been manipulated to highlight the distinct clusters contained 

within it. 

                                                 
37 The existence of outlier documents may also affect maximum geodesic distance. 
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Figure 13: The All Document sustainability document network graph based on only one instance of each document and each relationship between 

documents. Each numbered node is a unique document and these are colour coded to reflect the clusters they are associated with.  

Colours are automatically generated by NodeXL for each graph. In all cases there is no transfer of document or actor data or unique identifier 

between network graphs presented in this thesis. 
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Figure 14: The All Legislation document network graph for the sustainability policy theme displaying the 19 clusters. Only one instance of each 

document and each relationship between documents is reported. Each numbered node is a unique document and these are colour coded to reflect the 

clusters they are associated with.  
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Of the 2457 unique documents in the All Document network 1059 (43%) affected the UK policy 

domain (including devolved authorities); 982 (40%) affected Scotland specifically; and 211 

(9%) affected Europe. The number of documents affecting each policy domain are summarised 

in table 6. 

Table 6: The distribution of  documents affecting policy domains in the sustainability All 

Document network 

International EU UK Scotland NI Wales Scotland Local 

Government 

Total 

80 211 1059 982 74 48 3 2457 

When combined, Scotland’s central government and government departments were responsible 

for 498, or 20%, of all publications however 467 (19%) UK Acts dominated the network with 

UK central government and government department publications totalling 314 (13%). There 

were 211 EU documents of which 152 were legislation in the network representing 6% of the 

overall total. UK Government Acts, Regulations and Orders formed the majority of documents 

in the network with a total of 678 (28%) followed by 385 Scottish Government publications, 

EU legislation (152) and Scottish Government legislation (148). The rate at which documents 

have been generated annually reported in the sustainability network is shown in figure 15 where 

the number of documents published each year showed a steady increase since 1997-8 and where 

the back-casting nature of the analysis based on the publication date of seed documents is 

reflected in the decline in documents reported after 2009. 

 

Figure 15 : The number of policy documents generated annually since 1962 in support of 

the Sustainability policy theme. 

Documents affecting Scotland represented the majority of documents generated annually from 

2006 and almost equalled UK activity from 1998 to 2005. Overall, the Scottish Government 

took the lead role in driving policy in Scotland with more than 10 times the level of activity 

than the next actor including the UK Government as defined by document output. The majority 

were Scottish Central Government publications which represented 39% (385) and when 
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Scottish Government Department publications are included this rose to 51% (498). Scottish 

Agencies generated 40 publications and the Private and Public Sectors published 14 and 3 

respectively. Policy actions and programmes in Scotland were also dominated by Scottish 

Government initiatives totalling 109 compared to 9 for Scottish Agencies, 7 for Scottish Local 

Government, 7 for the Scottish Third Sector, 2 for the UK Government and 1 for the Public 

Sector. Legislation which specifically targets Scotland included 84 generated by the UK 

Government and 147 by the Scottish Government (by 2011). A substantial number (2322), or 

48%, of the 5220 document relationships in the All Document network affected the Scottish 

policy domain with an average of 2.4 relationships per document. The average number of 

relationships per document indicates the importance of document types as perceived by All 

Documents in the network and equates to average In-Degree. The UK policy domain is affected 

by 2055 relationships (39%) with an average of 1.9 relationships per document. The EU was 

the 3rd most represented policy domain with 211 unique documents referenced in 529 

relationships of which 446 relationships were to EU legislation deriving an average of 2.9 

references per document. The 951 relationships to Scottish Government publications averaged 

2.5 references each (rising to 1132 relationships and 22% of all relationships if Scottish 

Government Departments are added). There were 75 relationships referenced to Scottish 

Agency publications. The limited references to policy actions/programmes may reflect that 

policy delivery was still at a relatively early stage in the policy sub-themes of marine renewable 

energy and zero waste. 

In the All Legislation nested component of the sustainability network the Scottish Government 

was responsible for generating 64% (147) of All Legislation specifically affecting Scotland with 

the remaining 84 (36%) generated by the UK Government (51 UK Acts, 16 UK Regulations 

and 17 UK Orders). The legislation affecting Scotland generated by the UK Government 

appeared to be synergistic with Scottish Government legislation and avoids duplication with a 

minimum of overlap. UK legislation affecting the whole of the UK dominated the sustainability 

policy theme with 543 legislative documents (54%) wherein UK Acts form the majority with 

398 (73%). The 152 EU legislation documents in the network represented 15% of the total 

legislation and had one of the highest average references per document by other documents38 

(2.9 per EU legislation). International legislation represented only 3% (35) of documents. The 

number of legislative documents showed a steady increase year on year since 1961 with peaks 

                                                 
38 Scottish legislation is the most referenced document type with an average of 3.3 relationships 

per legislation. 
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in 1992, 2003, 2006 and 2009 and an overall increased rate of generation from 1995 (figure 16) 

which was underpinned by a rising trend in European legislation from 1998.  

 

Figure 16: Graph showing the total annual legislation generated by all policy domains 

between 1962 and 2011 

Scottish Government legislation was the most frequently referenced with 147 unique 

documents being cited 678 times, equivalent to 3.3 times per document. The 231 legislative 

documents specifically affecting the Scottish policy domain (UK and Scottish combined) had 

an average of 2.8 relationships each based on 655 relationships of which 485 referenced 

Scottish Government legislation relationships (74%) which is not surprising given the bias 

created by the large number of seed-alter documents which were Scottish legislation. The 

majority of these relationships were to Scottish Government Acts (257) followed by Scottish 

Government Regulations and Orders with 84 and 44 respectively. The UK legislation 

specifically affecting Scotland represented less than 12% of the total UK Legislation in the 

sustainability policy theme which contained 467 UK Acts referenced in 1061 relationships 

compared to 143 UK Regulations and 68 UK Orders with 269 and 162 relationship respectively. 

The majority of UK legislation oriented to sustainability was therefore targeted at addressing 

the UK as a whole. European Legislation was highly referenced with 152 unique documents 

referenced in 445 Relationships i.e. an average of 2.9 relationships per document which 

represented 18% of All Legislation relationships suggesting a high influence by the EU. 

Legislation originated by the Scottish Government peaked in 2000, 2003 and 2009 with 

noticeable dips in 2001 and 2007-8 whereas UK legislation showed a significant peak in 1992 

followed by a relatively flat trajectory. Legislation affecting Scotland appeared to be 

disconnected to trends in the generation of UK legislation as shown in figure 17. 
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Figure 17 : Graph showing the annual legislation generated between 1962 and 2011 by 

respective policy domains 

The increase in the annual generation of legislation may be influenced by at least two factors: 

Authors of recent documents might not include references to older documents because they 

are perceived as insufficiently relevant, redundant in a current context, or their existence is 

assumed. 

The study is focussed on Scottish sustainability and the process drives an inward-looking 

discovery of Scottish documents which may be subject to high levels of self-referencing. 

5.2.2 Document graph metrics 

In the All Document network only 3 of the top 10 ranked Out-Degree documents (references 

made by them to other documents) were legislation. These 10 documents referenced 1461 

(28%) of the 5220 document relationships in the network. Legislation documents tended to 

have a high In-Degree ranking (references made to them by other documents) suggesting that 

they are seen as important to the policy theme by the overall document population. Table 7 

provides a summary of the highest ranking documents for degree and centrality in the 

sustainability All Document network. See table 5 chapter 4 for definitions of the degree and 

centrality metrics. 
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Table 7: The highest ranking documents for degree and centrality values in the All-Document 
sustainability network (in descending rank order) 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Climate Change 

(Scotland) Act 

2009 (56) 

Climate 

Change. The 

UK Programme 

2006 (236) 

 

LCE: Report on 

Proposals and 

Policies 

LCE: Report on 

Proposals and 

Policies 

Climate 

Change. The 

UK Programme 

2006 

Second National 

Planning 

Framework 

(NPF2)(34) 

LCE: Report on 

Proposals and 

Policies (177) 

Climate 

Change, The 

UK Programme 

2006 

Low Carbon 

Scotland: The 

Draft Report on 

Proposals and 

Policies: 

Strategic 

Environmental 

Assessment: 

Environmental 

Report 

 

Electricity Act 

1989 

Electricity Act 

1989 (33) 

Environmental 

Protection Act 

1990 (166) 

Electricity Act 

1989 

Climate Change 

(Scotland) Act 

2009 

 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 (27) 

Electricity Act 

1989 (166) 

Environmental 

Protection Act 

1990 

Second National 

Planning 

Framework 

(NPF2) 

 

Scotland Rural 

Development 

Programme 

Town and 

Country 

Planning 

(Scotland) Act 

1997(25) 

Scotland Rural 

Development 

Programme 

(130) 

Scotland Rural 

Development 

Programme 

Low Carbon 

Economic 

Strategy for 

Scotland: 

Scotland - A 

Low Carbon 

Society 

 

LCE Report on 

Proposals and 

Policies 

   Scottish 

Planning Policy 

 

 

*Numbers in brackets are total documents referring this document. **Numbers in brackets 

are total documents referenced by this document. 

There was a tendency for documents with high Out-Degree to dominate other centrality 

rankings although high In-Degree does appear to have an influence on Eigenvector centrality 

rankings (central importance). As in the All Document network (table 7), in the All Legislation 
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network there was a high tendency for the same documents to dominate degree and centrality 

metrics, particularly those with a high Out-Degree as shown in table 8.  

Table 8: The highest ranking legislation for degree and centrality metrics in the sustainability 

policy theme (in descending order). 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Climate Change 

(Scotland) Act 

2009 (56) 

 

Electricity Act 

1989 (166) 

Electricity Act 

1989 

Environmental 

Protection Act 

1990 

Electricity Act 

1989 

Electricity Act 

1989 (33) 

Environmental 

Protection Act 

1990 (160) 

 

Environmental 

Protection Act 

1990 

Electricity Act 

1989 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 (27) 

Marine and 

Coastal Access 

Act 2009 (121) 

 

Marine and 

Coastal Access 

Act 2009 

Marine and 

Coastal Access 

Act 2009 

Marine and 

Coastal Access 

Act 2009 

Town and 

Country 

Planning 

(Scotland) Act 

1997 (25) 

 

Energy Act 2004 

(86) 

Climate Change 

(Scotland) Act 

2009 

Energy Act 2004 Energy Act 2004 

Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 (23) 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 

(82)Regulations 

2011 

 

Energy Act 2004 Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 

Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 

*Numbers in brackets are total documents referring this document. **Numbers in brackets are 

total documents referenced by this document. 

The 5 highest ranked legislation documents for degree and centrality in the All Legislation 

network referenced 615 (61%) of the legislation documents in the network (1013). The impact 

of the Electricity Act 1989, Environmental Protection Act 1990 and the Marine and Coastal 

Access Act 2009 citing 166, 160 and 121 other legislative documents respectively i.e. 44% of 

all other legislation, cannot be under-estimated in creating a bias in the results. The UK 

legislation component of the nested All Legislation network was larger than both the marine 

renewable energy and zero waste All Document networks where the total heterogeneous 

documents in these policy sub-themes was 675 and 713 documents respectively.  
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In the All Document sustainability network and the nested legislation component the most 

important and influential documents focussed on climate change and a low carbon Scotland and 

include the Electricity Act 1989 and the Environmental Protection Act 1990. In the All 

Document network the drive for a low carbon economy in Scotland registered as a central and 

important issue as evidenced by the highest ranking Eigenvector centrality documents and this 

was influenced by the size of the low carbon economy policy sub-theme. The absence of 

legislation specifically addressing the low carbon economy policy area (as opposed to 

documents addressing heat, energy, transport etc.) was most likely due to the retrospective 

nature of the analysis as there has been progress in developing dedicated legislation in recent 

years (see chapter 2).  

The policy networks contained aggregations of related documents in clusters and the size of 

these reflected the complexity and/or importance of component policy areas. This was 

influenced by the period over which publications, legislation and actions were generated e.g. 

policy addressing climate change has been developed over a significantly longer period than 

marine renewable energy. In both the All Document and All Legislation sustainability networks 

there were 19 clusters and the documents ranking highest for centrality metrics in the top 3 

clusters were the highest ranked documents in each of the 3 policy sub-theme networks.  

Based on In-Degree rankings alone, in the All Document network the most important documents 

which should deliver a competent knowledge of the key drivers of sustainability affecting the 

Scottish coastal zone were: Climate Change (Scotland) Act 2009; Second National Planning 

Framework (NPF2); Electricity Act 1989; Environmental Protection Act 1990 and the Town 

and Country Planning (Scotland) Act 1997. The policy orientation of each of the clusters in the 

sustainability All Document network, with the percentage of the documents they group together, 

is summarised in figure 18. 
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Figure 18: The percentage of documents in each of the sustainability All Document network clusters and the policy orientation of each. 

14%

13%

12%

11%11%

8%

7%

7%

5%

3%

2%
2%

2%
1%

1%

1%

0%

0%
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Scotland's objectives and delivery of a low carbon economy in the context of

climate change

Scotland' waste and pollution legislation and management

UK legal and prescriptive energy strategy documents (plus the Marine

(Scotland) Act 2010)

UK climate change mitigation in the context of commitments to reduce carbon

and gas emissions

UK and Scotland conservation and biodiversity protection

UK Management and control of energy and energy-efficiency

Scotland's planning in the context of conservation and environmental protection

control and management

UK and Scotland's heat efficiency and  renewable programmes linked to

Scottish marine renewable goals

Scotlands conservation, biodiversity and environmental protection in the context

of marine planning for renewables

UK objectives for a low carbon economy and industry linked to energy, fuel and

marine renewables

UK low carbon transport linked to Scotland's aspirations for suatainable

responsibility with independence

Scotland oriented built environment and development

Scotland's needs and objectives for (sustainable) housing

Scotland's requirement for environmental protection in the built environment

Scotland rural issues - various and unrelated

Scotland's sustainable transport (rail)

Scotland's carbon capture 'opportunity' - trivial

Scotland's Zero Waste Operating Plan 2010/11 - limiting household and

construction waste - trivial

Scotland's Environmental Protection Agency authority relevant to waste - trivial
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In the top 3 clusters of the All Document sustainability network the highest ranked documents 

were common to all centrality metrics. In cluster 1 the highest ranked documents focussed on 

Scotland’s low carbon economy and on climate change (Appendix 2.1). In cluster 2 (the second 

largest in the network) the highest ranking documents focussed on zero waste policy in Scotland 

(appendix 2.2) and in cluster 3 (the third largest in the network) the focus was on marine energy 

(appendix 2.3) with the Electricity Act 1989 dominating other documents. Cluster 4 (4th largest) 

was focussed on climate change in the UK and Scotland with a bias towards the commitments 

to reduce carbon and greenhouse gas emissions including EU and International documents39 

(appendix 2.4). Cluster 5 aggregated the most important documents focussing on environmental 

planning embracing rural development, forestry and soil management (appendix 2.5). Cluster 

6 focussed on energy management and efficiency, renewable energy and commitments levied 

on energy companies, with cluster 7 oriented to planning for the protection of the natural 

environment and cluster 8 grouping documents around renewable actions, obligations and 

strategies, particularly in Scotland. The sustainability proxy network was implicitly subject to 

the influence of the networks used to create it and this was evident in the policy focus of the 

three largest sustainability clusters mirroring the policy sub-themes. However, there were 

important differences between these sustainability clusters when compared to the policy sub-

theme networks themselves due to the new relationships formed when networks were 

aggregated. See chapter 7 for analysis of this effect and a comprehensive comparison between 

the 4 networks.   

In the All Legislation network there was an increase in the focus of legislation oriented towards 

marine renewable energy in Scotland in the largest clusters. The largest clusters reflected a 

focus in cluster 1 towards pollution and waste management (appendix 2.6), in cluster 2 towards 

marine and coastal management and marine energy (appendix 2.7) and in cluster 3 towards 

coastal management influenced by the  Electricity Act 1989 (appendix 2.8). In the two largest 

clusters the rank order of the top 5 documents is the same for Betweenness, Eigenvector and 

PageRank centrality. Cluster 1 was dominated by the Environmental Protection Act 1990, 

cluster 2 by the Marine and Coastal Access Act 2009 and cluster 3 by the Electricity Act 1989. 

                                                 
39 These include the United Nations Framework Convention on Climate Change, the Kyoto 

Protocol and EU Directive 2008/1/EC concerning integrated pollution prevention and control 

(Codified version) 
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The exclusion of non-legislation documents created a completely different focus for the nested 

component in the sustainability All Legislation network40 as compared in table 9. 

Table 9: Comparison of the focus of the sustainability policy theme All Document and All 

Legislation networks and their largest clusters. 

Key words are colour coded to provide a visual aid to common elements across networks and 

clusters. 

 All Documents All Legislation 

 

Network  UK climate change, Scottish low 

carbon economy and (rural) planning  

 

UK and Scotland marine renewable 

energy and environmental protection. 

Cluster 1 Scottish establishment and delivery of 

a low carbon economy based on 

climate change 

 

Scotland pollution and waste 

management 

Cluster 2 Scottish waste and pollution 

legislation and management 

 

Scotland marine and coastal 

management and marine energy 

Cluster 3 Top level legal and prescriptive 

aspects of the UK energy strategy 

plus the Marine (Scotland) Act 2010 

 

UK marine and coastal management 

5.3 Summary 

5.3.1 Lessons learned 

The approach in developing the method was to code and capture as much information as 

possible on each document and actor and to analyse all graph metrics that NodeXL was capable 

of generating, however the degree and centrality metrics reported here were found to be the 

most relevant. It is recommended that the amount of coding and data collection is reduced in 

future studies. The impact of documents with high Out-Degree on other graph metric rankings 

undermined the capacity to use the results without further interpretation and as such 

stakeholders using the method must have a basic understanding of the policy programmes. The 

high levels of legislation in the network (41%), and the critical importance of legislation in all 

aspects of the policy process suggests that a preparedness to study and understand legislation is 

a pre-requisite of effective stakeholder engagement. The capacity of the method to isolate key 

legislation like the Electricity Act 1989, Environmental Protection Act 1990, Town and Country 

Planning (Scotland) Act 1997 and the Marine and Coastal Access Act 2009 is a benefit to assist 

                                                 
40 Based on the ranking of documents for degree and centrality metrics for the All Document 

and All Legislation networks overall and their largest clusters. 
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policy actors. The five Scottish seed documents generated networks in which 40% of policy 

documents were specific to the Scottish policy domain suggesting a high level of focus and 

productivity by Scottish actors. The benefit of conducting cluster analysis was evident early in 

the development of the method as a mechanism to understand the different components which 

combine to support the policy programmes and was critical to answering the 10 questions 

originally posed (see chapter 9). Whilst analysis of the overall networks provided information 

on a range of subjects, as an overview, including the rate of policy publication and the most 

important documents, it did not, in isolation, provide the detail required and both levels of 

analysis are required. 

5.3.2 Conclusions 

Depending on the requirements of the stakeholder, conducting analysis of All Document types 

should be conducted as a minimum however analysis of the nested legislation network is 

recommended for stakeholders wishing to influence future legislation as it provides clarity on 

the current legal framework. There was a difference in the perspective provided by analysing 

All Documents in the network and the nested legislation component. It might be expected that 

the time delay inherent in creating legislation would result in it trailing significantly behind 

relevant publications and consultations, which are typically at the vanguard of the policy debate. 

The dominance of legislation oriented to establish marine renewable energy, waste-

management, marine and coastal management and environmental protection programmes 

suggest that the delay between the conception of policy and the passing into law of legislation 

is not as prolonged as might be expected given the many stages in the policy process e.g. drafts, 

consultations etc. This view must be tempered with the observation that the more recent policy 

themes of marine renewable energy and zero waste draw upon a legacy of legislation which are 

relevant to the policy themes e.g. the Electricity Act 1989. The relatively large number of 

documents addressing the marine and coastal environment is surprising given the retrospective 

nature of the study and the timing of the creation of Marine Scotland. The All Document 

network is heavily influenced by the legacy of documents and legislation addressing climate 

change. 

When the overall network degree and centrality results and the highest ranking cluster 

document populations were considered then the range of the most important documents 

increased and included core legislation combined with key summary and strategy publications 

as summarised in table 10. 
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Table 10: The most important and influential documents in the All Document sustainability 
policy network, based on degree and centrality rankings, for the overall network and the 

largest document clusters in approximate descending rank order 

 

LCE: Report on Proposals and Policies (Cluster 1)41;  

Environmental Protection Act 1990 (Cluster 2);  

Electricity Act 1989 (Cluster 3); 

Climate Change The UK Programme 2006 (Cluster 4).  

Climate Change (Scotland) Act 2009 (Cluster 1); 

Second National Planning Framework (NPF2) (Cluster 1); 

Town and Country Planning (Scotland) Act 1997 (Cluster 2); 

Scotland Rural Development Programme; 

Low Carbon Scotland: The Draft Report on Proposals and Policies: Strategic Environmental 

Assessment: Environmental Report; 

Low Carbon Economic Strategy for Scotland: Scotland - A Low Carbon Society; 

Scottish Planning Policy (Cluster 5) 

These results are based on sampling a sub-set of sustainability policy and provide an indication 

of the enormous complexity of the overall sustainability policy landscape in the UK and 

Scotland. Even though this study only focussed on the low carbon economy, marine renewable 

energy and zero waste programmes it is apparent from the cluster analysis summarised in figure 

18 that sustainability in Scotland is dependent on a broad range of nested policy areas some of 

which appear relatively obscure when compared to the mainstream focus of the policy area 

being examined e.g. housing in Scotland. Legislation was seen as extremely important to the 

policy process as evidenced by the high levels of referencing made by All Document types, 

albeit that legislation rarely references non-legislative documents. The higher average numbers 

of relationships between legislation reflected the high inter-dependence and cross-referencing 

which is prevalent in the UK and Scotland and which adds to the difficulty in understanding 

legislation. EU legislation was relatively highly referenced in the All Document and All 

Legislation networks reflecting its importance and influence on UK and Scottish law-making. 

 

                                                 
41 It is noted that more recent documents, like the LCE Report on Proposals and Policies, will 

not report high In-Degree values which may affect Eigenvector Centrality results due to the 

date of publication. 
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5.3.3 Next steps 

The network analysis reports on the policy landscape pre 2010-11 and there is an opportunity 

to update them, subject to a literature review, as policy has evolved in the intervening three 

years. Documents including the second report on low carbon policies and proposals (Scottish 

Government, 2013F) and Marine Scotland’s recent portfolio of marine planning documents 

(Marine Scotland, 2013B) (Marine Scotland, 2013C)  are strong candidates. The data already 

contained in this first study would mean that the time necessary to conduct an up to date analysis 

would be greatly reduced. In concert with updating the study there is also the opportunity to 

expand the scope of ‘sustainability’ by creating and merging networks based on related policy 

areas e.g. marine protected areas, terrestrial renewable energy.   
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Chapter 6: Results of network analysis of the actors in the sustainability 

policy theme 

This chapter reports results following analysis of the actor networks for the sustainability policy 

theme in the heterogeneous All Document network. The chapter begins with an overview of the 

actor population and then compares the results of network analysis when one- and two-mode 

networks are created. The two-mode network analysis requires analysis of graph metric results 

where both documents and actors act as nodes. In the two-mode network the importance, 

influence and power of documents and actors is considered in the context of a bound 

relationship between the different types of node.  

6.1 Overview 

In the sustainability All Document network 20 seed actors (of which 9 are Scottish: table 11) 

were responsible for generating all the seed and seed-alter documents and collectively 

referenced 928 other actors. They represented 2.1% of the total actor population and on average 

each referenced 123 unique documents and 47 unique actors. 

Table 11: The seed and seed-alter actors in the sustainability policy theme 

 

Scottish Government Scottish Environmental Protection Agency 

UK Government Forestry Commission 

Department of Energy and Climate Change 

(DECC) 

Natural Scotland 

Marine Energy Group MEG Offshore Valuation Group 

Marine Scotland Zero Waste Scotland 

Committee on Climate Change Transport Scotland 

Offshore Wind Industry Group (OWIG) British Wind Energy Association BWEA 

Short-Life Working Group (Climate Change) Renewable Fuels Agency 

Forestry Commission Scotland Scottish Building Standards Agency SBSA 

Enterprise Bodies / Agencies Electricity Networks Strategy Group (ENSG) 

The 948 unique actors in the network had an average of 1.6 unique relationships with other 

actors based on a total of 1483 unique relationships (figure 19). There were 2714 actor 

relationships referenced in the analysed documents, equivalent to an average of 2.9 references 

to each actor per document and 1.8 references to each unique relationship. The Climate Change, 

The UK Programme 2006 referenced the most actors, with 108, representing 4% of all 
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relationships referenced in the policy theme. The top 5 referring documents, none of which 

were legislation, referenced 432 actor relationships (16% of the total). 
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Figure 19: The All Document sustainability actor network graph with only one example of each actor and relationship represented (one-mode). 

Actor nodes (numbered) are colour coded and grouped into the 12 distinctive clusters nested in the network. 
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The largest single group of actors in the network was 222 UK Agencies, equivalent to 23% of 

the actor population followed by: 218 Scottish Agencies (~23%); 153 Private Sector 

organisations (16%); 78 International organisations (8%), 72 Third Sector organisations (8%), 

73 UK Government organisations (8%) and 42 Scottish Government organisations (4%). 

European, Public Sector and Scottish Local Government actors were least represented with 25, 

32 and 33 respectively (~3%). Table 12 provides a summary of the total actors by sector and 

the policy domains which they affected. 

Table 12: The distribution of actors by sector and the respective policy domains they affect 

Sector EU International Ireland NI Scotland UK Wales Total 

 

EU 

 

25             25 

International 

 

  78           78 

Private Sector 

 

  10     63 80   153 

Public Sector 

 

      1 17 13 1 32 

Scottish 

Agency 

 

      1 205 12   218 

Scottish 

Government 

 

        42     42 

Scottish Local 

Gov’t 

 

        31 2   33 

Third Sector 

 

  1     43 27 1 72 

UK Agency 

 

      15 17 184 6 222 

UK 

Government 

 

    1 13   55 4 73 

Total 25 89 1 30 418 373 12 948 

Only 74% of International and 72% of European actors were deliverers or influencer-deliverers 

compared to 88% of the total actor population. The majority of the 45 decision-makers in the 

network were represented by 18 UK actors (40%) and 11 International actors (24%). Influencers 

represented 7% of the overall population and 8% of the Scottish actor population. Deliverers 

dominated the population, both overall (75%), and in Scotland (76%) with Scottish deliverers 

representing 34% of all actors in the network. Table 13 summarises the numbers of actors by 

status reported in each of the policy domains. 
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Table 13: Summary of the number of decision-makers, deliverers, deliverer-influencers and 
influencers in each of the policy domains 

Status EU International Ireland NI Scotland UK Wales Total 

 

Deliverers 

 

11 49 1 24 319 302 8 714 

Decision 

Makers 

 

4 11   3 7 18 2 45 

Influencers 

 

3 12     35 18 1 69 

Influencer-

Deliverers 

 

7 17   3 57 35 1 120 

Total 25 89 1 30 418 373 12 948 

Actors affecting Scotland were dominated by Scottish Agencies with 205 out of a total of 418 

(49%) followed by the Private Sector with 63 (15%), the Third Sector with 43 (10%), Scottish 

Government related organisations with 42 (10%) and Scottish Local Government with 31. The 

combined deliverer and influencer-deliverer population represented 90% of Scottish actors. 

6.2 One and two-mode actor networks in the sustainability policy theme overview 

6.2.1 Overview 

The one-mode analysis applied to actor and document networks in this study records a 

relationship between two unique actors or two unique documents only once and is described in 

this study as a ‘Relationship network’. One-mode analysis may limit the potential to examine 

the importance of non-seed/seed-alter actors. Seed and seed-alter actors, as originators of seed 

documents are, by definition, included in all relationships and as such the sampling approach 

in a one-mode context allows a bias against non-seed/seed-alter actors by not acknowledging 

the number of total relationships they command in a network. In the two-mode analysis, 

relationships between referenced actors are recorded for each unique combination of a 

seed/seed-alter document and the associated seed/seed-alter actor. Because the combination of 

seed/seed-alter document plus actor creates a unique node combination then multiple instances 

of actor-to-actor relationships can be captured based on the number of seed/seed-alter 

documents in which the relationship appears. For example, with no regard for the seed/seed-

alter document component (i.e. one-mode), the referencing of Marine Scotland by the Scottish 

Government is recognised only once however the same relationship is referenced in 5 different 

seed/seed-alter documents so that the number of instances of the relationship is 5 in a two-mode 
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network. The two-mode networks are described here as ‘Reference networks’. Two-mode 

analysis also provides the opportunity to link actors to documents. 

6.2.2 Summary of the sustainability actor one-mode relationship network 

In the one-mode relationship network the referencing actors (Out-Degree) were limited to 

seed/seed-alter actors and the Scottish Government commanded the majority of the 1483 

relationships, referencing 579 other actors, equivalent to 39% of the total, followed by the UK 

Government with 263 references (18%) and the Department of Energy and Climate Change 

with 116 (8%). These three actors were respectively at the centre of the 3 largest clusters in the 

one-mode network. There were 12 clusters in the network based around seed or seed-alter actors 

and for each of the clusters the results for Betweenness and Eigenvector and PageRank 

centrality were trivial for other actors.  

UK and Scottish Government Agencies were referenced in 42% of actor relationships (22% 

and 20% respectively) and the UK Private Sector had 209 relationships (14%) ahead of the UK 

Government with 180 (12%), International Actors with 114 (8%) and the Scottish Government 

with 110 (7%). Least represented were the EU and Public Sector with 50 and 43 references 

respectively (3%). Of the 1483 Actor relationships, 642 were to Scottish actors (43%) of which, 

Scottish Agencies were cited in 44% of Scottish actor relationships whilst Scottish Local 

Government represented 10% of Scottish actor relationships. 44% of all Private Sector 

relationships in the network were focussed on Scotland.  

In the one-mode sustainability network deliverers were cited in 972 of the 1483 relationships 

(66%) and influencer-deliverers 277 times (19%). 92% of Private Sector, 90% of Scottish 

Agencies and 93% of UK Agencies were responsible for delivering policy. Most references to 

influencers were to Scottish Agencies whereas the UK Government dominated decision-maker 

relationships with 77 out of 143 relationships cited (54%) which reflects the high levels of UK 

legislation in the network and the legacy of publications addressing the policy themes. Scotland 

was dominated by influencer-deliverer and deliverer relationships with 571 of 642 referenced 

which was a trend also reflected in the UK policy domain. The total number of relationships by 

actor status and sector is shown in appendix 3 which also includes graph metric summary tables 

(appendices 3.2 & 3.3) and which confirms that in the one-mode network analysis the results 

are polarised by seed/seed-alter actors for importance, influence and centrality ranking. Whilst 

the UK and Scottish Governments dominated the degree and centrality metrics with DECC 

consistently 3rd, if seed/seed-alter actors are ‘ignored’ then the most important, influential and 
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prominent actors were: Scottish Local Government; SEPA; Scottish Natural Heritage; and the 

Crown Estate. EU Member States ranked highly for Betweenness and PageRank centrality 

whilst Defra ranked highly for Betweenness centrality. 

6.3 Comparison of one- and two-mode actor network analysis results 

The complexity of accounting for both actors and documents is evident visually, as shown in 

figure 20 where cluster graphs are compared. 
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One-mode document Relationship network 

 
One-mode actor Relationship network 

 
Two-mode document and actor Reference network 

Figure 20: Comparison between the All Document sustainability network graphs modified to show clusters compartmentalised for the one mode 

document and actor networks (top) and the two-mode document-to-actor network (bottom). Each numbered node is unique and these are colour 

coded to reflect the clusters they are associated with. 
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The most referenced (In-Degree) actors in the two-mode Reference network, when seed/seed-

alter actors were included, were Scotland Local Government and SEPA compared to the 

Scottish and UK Government dominance in the one-mode relationship network. The dominance 

of the Scottish Government in the relationship network was the result of its high Out-Degree 

which was almost twice as high as the next ranking actor (UK Government) and was primarily 

due to its role as seed/seed-alter actor. When the bias of dominant seed/seed-alter actors was 

removed in the Reference network the importance of Scotland Local Government in the 

sustainability policy theme was evident as it was the highest ranking actor for all degree and 

centrality metrics42. The highest actor In-Degree rankings, which reflect importance, based on 

prominence and prestige, were compared for the relationship and reference networks and are 

summarised in table 14. 

Table 14: Comparison of the highest ranked In-Degree actors, when Seed Actors are 

included, for the Relationship and Reference networks in the sustainability policy theme. 

The numbers in brackets are the total references to each actor.  

Rank Actor-to-Actor Relationship network Document-to-Actor Reference 

network 

 

1 Scottish Government (18) 

 

Scotland Local Government (69) 

2 Scotland Local Government (14) 

 

SEPA (67) 

3 UK Government (13) 

 

UK Government (51) 

4 

 

SEPA , Crown Estate, Scottish Natural 

Heritage and the Welsh Assembly (10) 

 

Scottish Natural Heritage (40) 

5  NI Executive (37) 

 

6  Scottish Government , Welsh Assembly 

(36) 

 

Scottish Natural Heritage was highly ranked in both one-mode and two-mode networks 

reflecting its importance as advisor to the Scottish Government as specified in the Natural 

Heritage (Scotland) Act 1991 (UK Government, 1991). 

In the Reference network only seed/seed-alter documents recorded Out-Degree (as opposed to 

seed/seed-alter actors in the Relationship network). The documents referencing the highest 

                                                 
42 Scotland Local Government is described as having the ‘…lead statutory role…’ in the 

Scottish Governments Sustainable Regeneration Strategy (Scottish Government, 2011K) 
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number of actors are shown in table 15 and compared to the highest Out-Degree actors and 

documents in the relationship networks. 

Table 15: Comparison of the highest ranked Out-Degree actors and documents in descending 

rank order in the one-mode actor and document networks and in the two-mode reference 

network. Numbers in brackets are the total references to either other actors or documents by 

each in the All Document sustainability networks. 

One-mode document 

Relationship network: 

Documents’ Out-Degree to 

documents 

One-mode actor 

Relationship network: 

Actors’ Out-Degree to 

actors 

Two-mode document and 

actor Reference network: 

Documents’ Out-Degree to 

actors 

 

Climate Change. The UK 

Programme 2006 (236) 

 

Scottish Government (579) Climate Change. The UK 

Programme 2006 (108) 

LCE: Report on Proposals 

and Policies (177) 

 

UK Government (263) Low Carbon Transition Plan 

(90) 

Environmental Protection 

Act 1990 (166) 

Department of Energy and 

Climate Change (DECC) 

(116) 

 

Renewables Action Plan 

(83) 

Electricity Act 1989 (166) Marine Scotland (57) A Low Carbon Economic 

Strategy for Scotland: 

Scotland - A Low Carbon 

Society (80) 

 

Scotland Rural Development 

Programme (130) 

Offshore Wind Industry 

Group (OWIG), Marine 

Energy Group (MEG) (56) 

 

LCE: Report on Proposals 

and Policies (71) 

When reporting centrality values, the Reference network was populated with a combination of 

documents and actors. The highest ranked actors for Betweenness centrality i.e. those which 

act as a bridge for information and resource in the network for the one-mode actor Relationship 

network (with and without seed/seed-alter actors) and the two-mode Reference network are 

compared in table 16 in descending rank order. 
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Table 16: Comparison of the top ranked actors in the one-mode actor Relationship network 
(with and without seed/seed-alter actors)  and the two-mode document and actor Reference 

network for Betweenness centrality in the All Document sustainability networks 

One-mode actor 

Relationship network: 

Betweenness centrality, 

with seed/seed-alter actors 

One-mode actor 

Relationship network: 

Betweenness Centrality, no 

seed/seed-alter actors 

Two-mode document and 

actor Reference network: 

Betweenness Centrality, 

with seed/seed-alter actors 

 

Scottish Government Scotland Local Government Scotland Local Government 

UK Government EU Member States SEPA 

Department of Energy and 

Climate Change (DECC) 

Defra UK Government 

Marine Energy Group MEG Scottish Natural Heritage Scottish Government 

Marine Scotland Scottish Public Sector NI Executive 

The top ranked actors for Eigenvector centrality (appendix 3.4), which describes importance as 

a function of being central within the network, were approximately the same as for Betweenness 

centrality (table 16) except when seed/seed-alter actors were excluded in the Relationship 

network and the results for other actors were trivial. For PageRank centrality (appendix 3.5), 

which describes relative importance in the network, most of the actor rankings were again the 

same as described in the Betweenness centrality table above except in the one-mode 

Relationship network when seed/seed-alter actors were not included where Defra and the 

Scottish Public Sector were replaced by the Welsh Assembly43 and the Crown Estate.   

For the highest ranking documents for Betweenness, Eigenvector and PageRank centrality in 

the two-mode Reference network the following were common to the top rankings in all cases: 

Climate Change. The UK Programme 2006, Low Carbon Transition Plan, Renewables Action 

Plan, A Low Carbon Economic Strategy for Scotland: Scotland - A Low Carbon Society and 

the LCE: Report on Proposals and Policies. See appendices 3.6, 3.7 and 3.8 for exact rankings 

compared to the document rankings in the one-mode Relationship network. The Climate 

Change: The UK Programme 2006 and the LCE: Report on Proposals and Policies were 

common to the highest ranked documents referring both actors and documents.   

                                                 
43 It is noted that the Welsh Assembly, the Northern Ireland Executive and the Scottish 

Government are often synonymous under the umbrella of being described as ‘Devolved 

Authorities’ in many of the documents analysed, particularly legislation. 
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There were 22 clusters in the two-mode Reference network compared to 19 clusters in the 

document, and 12 in the actor, one-mode relationship networks. The clusters in the Reference 

network provided significantly more context to the analysis because of the link between 

documents and actors which is not possible in the one-mode network or cluster analysis. The 

actor data from the cluster analysis of the Relationship networks provided limited information 

on the importance, influence and power of actors due to the domination by seed/seed-alter 

actors. 

In cluster 1 of the two-mode Reference network the Crown Estate and Highlands and Islands 

Enterprise were common to all centrality top vertices with the National Grid and the European 

Marine Energy Centre (EMEC) common to the highest ranked Betweenness and Eigenvector 

centrality actors whereas in the Relationship network only the Scottish Government was 

reported for all centrality metrics (appendix 3.9). Collectively these actors were focussed on the 

influence and delivery of marine renewable energy and the documents in cluster 1 of the 

Reference network were oriented towards terrestrial and marine renewable energy.  

The Scottish Government, the Welsh Assembly, the UK Secretary of State and the Environment 

Agency were common to the highest ranked actors for centrality in cluster 2 of the Reference 

network representing a focus on decision-making in the UK and devolved countries whereas 

only the UK Government was reported in cluster 2 of the Relationship network (appendix 3.10). 

The Environmental Protection Act 1990 dominated cluster 2 in both the relationship and 

reference networks however the majority of two-mode network documents are oriented towards 

marine renewable energy.  

In cluster 3 of the Reference network Scotland Local Government, COSLA and the NHS 

Scotland were common to all high ranking centrality metrics and the Scottish Public Sector was 

common to Eigenvector and PageRank centrality presenting an orientation towards delivery 

and influence of Scottish waste policy (appendix 3.11). The highest ranked documents based 

on centrality metrics in the Reference network were also focussed on zero waste policy in 

Scotland.  

6.4 Summary 

6.4.1 Lessons learned 

As was the case in developing the method to analyse the document networks it was also 

necessary to explore all graph metric results generated using NodeXL. The most relevant degree 
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and centrality metrics for the actor network analysis were found to be the same as for the 

document networks e.g. Betweenness and Eigenvector Centrality. It was soon realised that a 

one-mode network was unable to provide sufficient information to contribute to testing the 

proposed policy model or responding to the 10 questions, a weakness highlighted by the limited 

data from cluster analysis in contrast to the analysis of the document networks. The one-mode 

actor network analysis did not deliver useful results obtained from the pivot table analysis albeit 

that it confirmed their accuracy. The capacity to link actors to documents in clusters and the 

ability to consider multiple references to specific actor-to-actor relationships provided greater 

insight into the policy actor network by removing the dominant influence of seed actors found 

in the one-mode analysis. As before, coding was extremely time consuming and it is 

recommended that links to organisation web sites and ‘notes’ are not included in future studies.      

6.4.2 Conclusions 

A relatively small pool of actors was involved in many areas of the policy lifecycle across a 

variety of policy areas and cluster analysis confirmed that many actors were ‘dedicated’ to key 

policy actors in the networks e.g. the UK and Scottish Governments. This confirms that core 

policy processes were consistently under the control of a dedicated few actors; an observation 

supported by the relatively few actors who were decision-makers compared to those involved 

in delivering policy programmes44. The high percentage of actors involved in delivery and the 

high percentage of legislation in the network suggests that most actors responsible for delivery 

would need to have a reasonable awareness of legislation and the method provides a mechanism 

for the most important legislation to be prioritised. In the one-mode Relationship network it 

was apparent that centrality metrics were highly influenced by actors with high Out-Degree 

which is an effect which is tempered in the two-mode Reference networks.  

Scotland Local Government was consistently the most important actor when the dominant 

effect of seed and seed-alter actors was removed. They represent only 7% of the Scottish actor 

population and was referenced in only 10% of actor relationships however based on centrality 

metrics, when seed/seed-alter actors are ignored they were considered one of the most important 

actors suggesting an onus on the responsibility to deliver policy objectives at the local scale. It 

is interesting to note that in the two-mode network Scotland Local Government were ranked 

                                                 
44 It is noted that the actor network reports formal relationships cited in the documents  analysed, 

however cluster analysis provides an opportunity to recognise informal relationships between 

actors outside of the referencing in the seed/seed-alter documents  
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highest for In-Degree i.e. they were referenced more than other actors reflecting their perceived 

importance, and also for Betweenness Centrality. This latter suggests they are also critical to 

the flow of information and resource in the network and that there is a high expectation placed 

on them in the delivery of the policy programmes. 

6.4.3 Next Steps 

The high ranking of Scotland Local Government strongly recommends further research into the 

policy network which specifically pertains to these actors (and also to document networks). 

This could be achieved by establishing either geographic or organisation boundaries for a 

second round of policy analysis. Both would be difficult in terms of isolating the documents 

which were specific to local government and to a defined policy area as a starting point to 

generate the network. It is conceivable that the seed documents would be those published by 

them over a defined period or could be isolated through interviews with key personnel however 

a pilot study is recommended to test feasibility. An actor network created from these documents 

could be compared to an actor network generated by adopting a field based snowball approach, 

starting with referrals to other actors by key local government staff.  SEPA also has high 

rankings for both In-Degree and Betweenness Centrality and generating a policy network using 

All Documents published in a defined period might prove easier. Given the broad ranging 

responsibilities of both Local Government and SEPA the policy area to research would need to 

be established in advance.    
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Chapter 7 Comparison of the document networks of the four policy themes 

This chapter compares the document networks generated for the 3 policy sub-themes of low 

carbon economy, marine renewable energy and zero waste at a policy and a network structure 

level with the All Document and All Legislation sustainability networks described in chapter 5. 

At a policy level the three policy sub-themes share the goal to create a more sustainable 

Scotland by addressing three different physical areas of change which are combined in the 

sustainability policy theme allowing commonalities and differences to be explored. Structural 

differences and similarities are compared between the four networks based on the variations in 

size and scale which provided insight into the use of the method to allow analysis at various 

levels, from overview to detail, for different aspects of the policy process.         

7.1 All Document networks analysis results comparison 

The size of the networks which were generated was a function of the number of seed and seed-

alter documents analysed and the level of referencing to other documents within them 

(summarised in appendix 4.1). The low carbon economy (LCE) policy theme was created from 

the analysis of 97 documents, marine renewables (MRS) from 26 and zero waste (ZWS) from 

30 resulting in a total of 139 documents analysed for the sustainability (SUS) network when 

duplicate seed-alter documents were removed. The level of complexity in each of the policy 

networks can be seen in the All Document network graphs in figure 21 which are presented in 

a format which compartmentalises the clusters. All Graph Densities were extremely low (less 

than 1% of possible relationships are realised) reflecting the relatively low number of average 

relationships per document compared to the total number of possible relationships. The marine 

renewables policy theme had the highest tendency to form clusters of all 4 networks based on 

modularity results. Table 17 provides a summary of the total numbers of documents, actors, 

relationships and references to relationships in each of the policy networks. 
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Low Carbon Economy 

 
Marine Renewables Scotland 

 
Zero Waste Scotland 

 
Sustainability Scotland 

Figure 21 : Document relationships in the All Document networks showing the composite clusters for the four policy themes. Each numbered node 

is unique and these are colour coded to reflect the clusters they are associated with 
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Table 17: Summary of the totals for unique, relationships and references for documents and 
actors in each of the policy networks 

Criteria Policy Network 

LCE MRS ZWS SUS 

Total Seed + Seed-Alter documents 

 

178* 52 50* 260* 

Total legislation Seed + Seed-Alter documents 

 

23 10 20 54 

Total Seed + Seed-Alter documents analysed 

 

97 26 30 139 

Total Seed + Seed-Alter documents not analysed 

 

81 26 20 121 

Total unique documents  

 

1872 675 713 2457 

Total document relationships  

 

3548 1018 1226 5220 

Total unique legislation documents 

 

702 298 410 1013 

Total legislative document relationships 

 

1491 490 750 2510 

Total actors responsible for Seed + Seed-Alter documents 

analysed 

 

13 9 3 20 

Total unique actors 

 

743 335 287 948 

Total actor relationships 

 

1044 514 329 1483 

Total references to actor relationships by documents 

 

1857 694 554 2714 

* Note: The Seed Document Regulations to Deliver Zero Waste: A Consultation on the 

proposed Zero Waste (Scotland) Regulations 2011 also includes a ‘Duty of Care – ‘A Code of 

Practice’, ‘Zero Waste Plan – Implementation Guidance’ and ‘Zero Waste Plan – 

Implementation Guidance Landfill Bans’ which was reported as a single document. This 

document was present in all networks MRS. 

As the number of unique documents increased with network size there was a greater than pro-

rata propensity by documents to form relationships and to reference actors suggesting that 

network complexity increased as more opportunities for relationships were presented (figure 

22). This effect also applied to the nested legislation component in all policy themes i.e. the All 

Legislation networks. 
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Figure 22 : Graphs comparing unique, relationship and references to actor relationship totals 

for documents (left) and actors (right).  

The average number of relationships between documents in the MRS, ZWS, LCE and SUS All 

Document network populations was 1.5, 1.7, 2.0 and 2.1 although Scottish documents had 

slightly higher averages (1.6, 1.8, 2.1 and 2.4) which were higher than references to UK 

documents (1.5, 1.5, 1.7 and 1.9). These were lower than average relationship between 

legislation documents with 1.6, 1.8, 2.1 and 2.5 in the All Legislation networks for the MRS, 

ZWS, LCE and SUS policy themes respectively. This suggests that legislation, which has a 

more finite document population, is more closely inter-related and inter-dependent than 

heterogeneous document type networks. The heterogeneous document population contained 

references to obscure documents which presented as outliers in the network graphs and these 

reduced the average number of relationships per document. 

The LCE policy sub-theme All Document population strongly influenced the SUS network 

results due to the high percentage of shared seed-alter documents with 97 (70%), of the 139 

analysed for the SUS policy network common to the LCE policy theme. This influence was 

compounded by the number of common unique documents (76%) and document relationships 

(68%) carried from the LCE to the SUS network. 14 of the seed-alter documents which were 

analysed and 6 which were not analysed, were common to the 3 policy sub-themes and were 
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removed as duplicates to create the aggregated SUS network. As a result, 803 unique documents 

and 482 heterogeneous document relationships were removed45. 

In all 4 policy themes at least 83% of the policy documents affected the UK and Scottish policy 

domains with 7-11% affecting Europe. The 111 EU documents which are legislation in the LCE 

policy theme (71%) were transferred to, and influenced, the SUS policy theme. All policy 

themes showed a rising trend in the number of documents published annually starting in 1996 

for LCE, between 2003-05 for MRS and in the period 1998-99 for ZWS and there was a 

significant decrease in documents generated in Scotland in 2007-8 due to the embargo on new 

policy during elections in all policy themes. The UK General elections, which were held in 

2005 and 2010, did not cause a noticeable dip in the number of documents affecting the UK 

policy domain. In the LCE, MRS and SUS networks the total documents affecting Scotland 

dominated the networks analysed from 2007 and in ZWS from 1999. EU document publication 

activity peaked in 2006 and 2009. The number of unique documents published on an annual 

basis for the 4 policy themes are shown in the figure 23. 

Low Carbon Economy Scotland 

 

Marine Renewables Scotland 

 
Zero Waste Scotland 

 

Sustainability Scotland 

 
Figure 23 : Graphs showing the numbers of unique heterogeneous policy documents 

generated annually since 1962 for the 4 policy themes 

The generation of Scottish Government legislation showed an increasing trend with dips in 

2007-08 and peaks in 2000, 2003 and 2009 for all policy themes. European legislation showed 

a rising, albeit inconsistent, trend from 1998 with the generation of EU Directives peaking in 

                                                 
45 Which included 397 unique legislation documents and 221 Legislation-to-Legislation 

relationships 
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2001, 2004 and 2009. The publication date of seed/seed-alter documents continued to be 

relevant when assessing the number of documents generated annually because each network is 

backward looking in time46. The rate of annual growth in the numbers of legislation generated 

suggested that all policy themes are subject to an increasing focus and importance by both UK 

and Scottish Governments. 

Of the documents affecting Scotland then Scottish Government publications formed the 

majority in all policy networks. The Scottish government generated almost twice as many 

legislation documents, which specifically affected Scotland, as the UK Government. Similarly, 

the majority of policy actions/programmes in Scotland were consistently driven by the Scottish 

Government followed by Scottish Agencies, Scottish Local Government and the Scottish Third 

Sector and then the UK Government, Scottish Public Sector and the Private Sector. Large 

numbers of unique documents were legislation in all 4 networks ranging from ZWS with 58% 

to LCE with 38%.  

The majority of relationships in the networks were to documents affecting Scotland followed 

by the UK and EU policy domains except in the MRS policy sub-theme where documents 

affecting the UK were cited ahead of documents affecting Scotland. This may suggest a delay 

in transposition by the Scottish Government compared to the other policy themes, however the 

network results may be influenced by the two seed documents for MRS which were published 

in 2009 and 2010 compared to the seed documents for LCE published in 2011 and for ZWS in 

2010 and 2011. The most prominent documents in LCE (In-Degree) suggested a focus on UK 

& Scotland climate change issues linked to the Scottish low carbon economy strategy & 

planning. In MRS the orientation was towards marine planning and environmental management 

in the context of energy generation and in ZWS the focus was on the planning and 

environmental management of waste to prevent pollution. In SUS key documents addressed 

climate change, environmental protection, planning and energy. It was necessary to assess 

document rankings for all degree and centrality metrics to establish the overall importance of 

documents. A degree of interpretation was required due to the impact of nodes with high Out 

Degree (influence) on other metrics47. Maximum Betweenness and PageRank centrality values 

                                                 
46 Note: The seed document for LCE was created in 2011, for MRS they are dated mid-2009 

and for ZWS 2010 and 2011. 
47 The effect of nodes with high Out-Degree on other graph metric rankings was analysed to 

understand the difference between true influence in a network and the apparent influence 
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increased with network size suggesting that specific documents benefitted as more documents 

are linked (average relationships per document increase with network size) in their potential to 

influence the transfer of information and/or resources and relative importance (popularity). The 

opposite was true for Eigenvector centrality which suggests that there is a decline in the capacity 

to be ‘centrally important’ as the networks become larger.  

7.2 Cluster Analysis and comparison with the policy sub-themes 

In the All Document networks, LCE had 25 clusters, MRS had 15, ZWS had 14 and SUS had 

19. The largest clusters in SUS reflected versions of policy focus of the three policy sub-themes. 

The 5 documents dominating SUS cluster 1 were distributed across the highest ranking 

documents in the LCE network for all degree and centrality metrics albeit diluted by other key 

documents reflecting the influence of all three sub-themes (appendix 4.2). The LCE: Report on 

Proposals and Policies dominated all graph metrics in cluster 1 of SUS however it was central 

to the 7th largest cluster in the LCE policy network suggesting that whilst it cites large numbers 

of documents (high Out Degree) its real importance to the policy process is less critical, acting 

as it does as a summary document48.  

The top ranking documents in the LCE theme suggested a focus on UK and Scottish climate 

change, planning and energy programmes however documents with high Out-Degree 

dominated the Betweenness and PageRank centrality results. Cluster analysis of the LCE policy 

theme provided greater detail of the dominant components of the overall LCE network where 

cluster 1 was UK oriented to a low carbon economy based on climate change issues; cluster 2 

documents focussed on Scottish planning of climate change and cluster 3 on Scottish land use 

and financial controls albeit with the Electricity Act 1989 dominating the cluster. All 3 largest 

clusters were dominated by a single document for degree and centrality metric rankings, these 

being Climate Change, The UK Programme 2006, the Second National Planning Framework 

(NPF2) and the Electricity Act 1989 respectively.  

The low carbon economy orientation described in cluster 1 of the sustainability network had 

top ranked documents which focussed on the establishment and delivery of the economy of low 

                                                 

generated by nodes which reference large numbers of other nodes e.g. summary policy 

publications. See appendix 4.5 and 4.6. 
48 It is noted that as a more recent document the opportunity for it to be referenced by other 

documents is reduced which will influence In-Degree and centrality metrics. See 7.5.1 for 

further discussion. 
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carbon in Scotland along with the Climate Change (Scotland) Act 2009 and Second National 

Planning Framework (NPF2).  The low carbon economy policy sub-theme network presents a 

more diverse mix of documents covering climate change, planning and energy and the LCE: 

Report on Proposals and Policies does not dominate all metrics. The relationship between the 

focus of the overall LCE network and its 3 largest clusters and of cluster 1 in the SUS policy 

theme revealed that clusters 1 in both LCE and SUS are closely related (figure 24). 
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Figure 24: Top: Diagram of the policy focus of SUS cluster 1 in relation to the overall LCE 

network and the largest LCE clusters. Bottom: Infogram showing the same relationship by 

the relative size of the clusters and the LCE network. Where ‘n’ is the number of unique 

documents in each (Courtesy Dr T O’Higgins).  

The highest ranking documents for cluster 2 of SUS were focussed on Scottish waste and 

pollution management whereas for the ZWS policy network they were biased towards planning 

for zero waste, pollution and the low carbon economy in Scotland (appendix 4.3). In the ZWS 

policy sub-theme the top ranked degree and centrality documents in cluster 1 were oriented 

towards UK environmental protection in the context of pollution, in cluster 2 towards Scottish 

delivery of a low carbon economy based on climate change issues and in cluster 3 on Scottish 

planning. In cluster 1, all top ranking documents for centrality metrics were legislation whereas 

in cluster 2 none of the top documents were legislation. The relationship between the overall 

ZWS network and largest clusters are compared to cluster 2 in SUS in figure 25 where again 

the closest link between the SUS cluster was with the largest ZWS cluster. 
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Figure 25 : Top: Diagram of the policy focus of SUS cluster 2 in relation to the overall ZWS 

network and the largest ZWS clusters. Bottom: Infogram showing the same relationship by 

the relative size of the clusters and the ZWS network overall. Where ‘n’ is the number of 

unique documents in each (Courtesy Dr T O’Higgins). 

Cluster 3 of the SUS policy theme was focussed on the top level legal and prescriptive aspects 

of the UK energy strategy and loosely compared to the overall MRS network which focussed 

on the more practical aspects of the Scottish implementation and delivery of a marine renewable 

infrastructure (appendix 4.4). The respective MRS clusters’ degree and centrality metric 

rankings contained the same portfolio of documents, with cluster 1 dominated by the Marine 

and Coastal Access Act 2009, cluster 2 by the Strategic Environmental Assessment (SEA) of 

Draft Plan for Offshore Wind Energy in Scottish Territorial Waters: Volume 1: Environmental 

Report. The focus of MRS cluster 1 was towards UK and Scotland legislation for coastal and 

marine management with cluster 2 towards UK and Scotland environmental protection of the 

marine environment and cluster 3 towards Scotland’s renewable energy delivery strategy and 
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plans. The relationship between cluster 3 in SUS and the overall MRS theme and largest MRS 

clusters indicated limited common policy documents (figure 26). The sustainability cluster 

contained an aggregation of top-level UK documents focussed on energy strategy which 

support the marine renewable energy programme whereas the marine renewable energy 

network and its largest clusters were more oriented to describing those policy documents which 

are important to the practical implementation of marine renewable energy programmes. 

 

 

 

Figure 26: Top: Diagram of the policy focus of SUS cluster 3 in relation to the overall MRS 

network and the largest MRS clusters. Bottom: Infogram showing the same relationship by 

the relative size of the clusters and the ZWS network overall. Where ‘n’ is the number of 

unique documents in each (Courtesy Dr T O’Higgins). 

 

The seed/seed-alter documents focussed on Scottish policy and this created document networks 

which were strongly weighted towards the UK and Scottish policy domains, and particularly to 

Scotland in the ZWS theme. Influence from the EU was apparent with 7% to 11% of unique 

policy documents reported across the sub-themes, of which the majority was legislation 

published by the EU Commission, Parliament etc. In the LCE policy theme there were 23 
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legislation seed/seed-alter documents, and of these, 10 were Scotland-specific to climate change 

issues based around renewables or environmental protection from waste. Only the Electricity 

Act 1989 predates 2001 and the other 12 UK legislation seed/seed-alter documents were 

oriented towards climate change based on renewables. In the MRS policy theme there were 6 

legislation seed/seed-alter documents, of which 3 were Scottish (focussed on climate change 

based on marine renewables) and 3 were UK legislation (oriented towards energy in the marine 

context). The ZWS policy theme contained 11 legislation seed/seed-alter documents of which 

8 were Scottish and all were focussed on environmental protection in the context of waste 

management and planning. In the SUS policy theme the 35 legislation seed/seed-alter 

documents were dominated by 24 Scottish legislation documents. The importance of legislation 

was also strongly influenced by the dominance of UK legislation in all policy themes. The low 

percentage of policy action/programme documents in all themes was counter-intuitive to the 

dominance of actors involved in policy delivery (chapter 8).  

The high ratio of UK Central Government to Government Departments generating policy 

publications reflected the established infrastructure of the UK Government in delegating 

responsibility to its Departments. Scotland has a significantly smaller infrastructure and so 

Central Government generated the majority of policy documents. Legislation affecting Scotland 

was subject to a relatively large proportion of Acts originated in Westminster for all policy 

themes. The Scottish Government’s more limited resources are also reflected in the decline in 

the generation of policy documents during the 2007-08 election period due to the official halt 

placed on policy development between parliaments. Whilst Scottish Government legislation 

was specifically targeted at Scotland it is also affected by pan-UK legislation e.g. the Energy 

Act 2004.  

UK legislation dominated the number of unique documents however the majority of 

relationships reported in the analysis were to documents affecting the Scottish policy domain, 

except in MRS, which may reflect the relative immaturity of the policy area. In all policy themes 

Scottish documents are referenced in greater ratios than UK documents with European 

legislation more heavily referenced than other European publications.  

The highest ranked documents in each cluster shared a focus around a policy component of the 

overall policy theme as summarised in table 18 for the policy networks and the 3 largest clusters 

based on the degree and centrality metric rankings (See also figure 18 in chapter 5). 
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Table 18: Summary of the focus of the highest ranking documents in the policy networks and 
their 3 largest clusters based on the degree and centrality metric rankings. Colour coding of 

key words is used to assist the visual comparison between policy themes. 

 LCE MRS ZWS SUS 

Overall 

Network 

UK & Scotland 

Climate Change 
and Scottish Low 

Carbon  

Economy 
Strategy & 

Planning 

Scottish 

implementation 

and delivery of a 

Marine 

Renewable 
infrastructure 

Planning for Zero 

Waste , Pollution 

and Low Carbon 

in Scotland  

UK & Scotland 

Climate Change 
and Scottish Low 

Carbon  

Economy, 

Environmental 
Protection, 

Planning and 

Energy 

 

Cluster 1 Low Carbon 

Economy based 

on Climate 

Change 

UK and Scotland 

Legislation for 

Coastal and 

Marine 
Management 

Environmental 
Protection in the 

context of 

Pollution - 

Legislation 

Scottish 
establishment and 

delivery of a Low 

Carbon 

Economy based 

on Climate 

Change 

 

Cluster 2 Scottish 
Planning driven 

by Climate 

Change 

UK and Scotland 

Environmental 
Protection of the 

Marine 
Environment 

 

Scottish delivery 

of a Low Carbon 

Economy   

Scottish Waste 
and Pollution 

Legislation and 

Management 

Cluster 3 Scottish Land 

Use and Financial 

controls (Energy) 

Scotland 

Renewable 
Energy delivery 

strategy and plans 

Scotland 

Planning 

Top level legal 

and prescriptive 

aspects of the UK 

Energy strategy 

plus the Marine 

(Scotland) Act 

2010 

It was possible to interrogate the data with specific questions using the pivot table and NodeXL 

functionality, for example the question, ‘In the marine renewable energy Scotland policy theme 

which policy documents are most influential and important?’ can be answered in the context of 

the overall network and the nested policy components. In this case, the three largest clusters 

directly reflected the interests of three specific working groups within Marine Scotland 

(Personal communication with Dr Ian M Davies, Marine Renewable Energy Programme 

Manager, Marine Scotland Science) where cluster 1 summarised the consents required in 

Scotland for offshore renewable energy developments (Marine Scotland, 2012D). Cluster 2 

contained the most important documents addressing the environmental issues applying to wave 
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and tidal power whilst the 3rd largest cluster congregated policy focussing on the practical 

application of renewable energy in Scotland. 

7.3 The influence of Out-Degree on graph metrics 

The impact of documents with high Out-Degree, particularly on Betweenness and PageRank 

centrality and the less profound relationship between In-Degree and Eigenvector centrality was 

evident in all 4 networks. Network and cluster analysis of the 4 policy themes provided 

sufficient results to investigate the potential bias of high ranking In- and Out-Degree 

documents. High ranking In-Degree and Out-Degree documents were compared to 

Betweenness, Eigenvector and PageRank centrality results to assess their levels of influence. 

Documents with an In-Degree of 25 or more (appendix 4.5) and those with an Out-Degree of 

100 or more (appendix 4.6) were compared across the range of centrality metrics and policy 

themes. Only the Electricity Act 1989 and Environmental Protection Act 1990 were in both the 

top In-Degree and Out-Degree documents. Only the highest scoring Out-Degree documents 

appeared in high ranking Eigenvector centrality results. 

Care and common sense in balancing out the influence of documents with high Out-Degree can 

be rewarded with priority lists of the most important and influential across a range of criteria 

e.g. legislative, by policy theme, by policy domain focus etc.  

Adjusting for this effect the combined degree and centrality rankings established the most 

influential (Out-Degree and Eigenvector centrality), central (Eigenvector centrality), relatively 

important (PageRank centrality) and prominent/prestigious (In Degree) documents and the 

documents which wielded ‘power’ as gateways or bridges for resource (Betweenness centrality) 

and these are summarised in table 19. These represent the key documents in all four policy 

themes. 
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Table 19: The key documents based on degree and centrality rankings for each of the policy 
themes in the All Document networks. In approximate rank order after adjustment for bias 

due to high Out-Degree rankings. 

LCE MRS ZWS SUS 

 

LCE: Report on 

Proposals and 

Policies 

Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for 

Offshore Wind 

Energy in Scottish 

Territorial Waters: 

Volume 1: 

Environmental 

Report 

 

Environmental 

Protection Act 1990 

LCE: Report on 

Proposals and 

Policies 

Climate Change 

(Scotland) Act 2009 

Marine and Coastal 

Access Act 2009 

Scotland's Zero 

Waste Plan: 

Consultation 

 

Climate Change. The 

UK Programme 

2006 

Climate Change. The 

UK Programme 

2006 

Second National 

Planning 

Framework (NPF2) 

Second National 

Planning 

Framework (NPF2) 

 

Electricity Act 1989 

Electricity Act 1989 Marine (Scotland) 

Act 2010 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

 

Environmental 

Protection Act 1990 

Second National 

Planning 

Framework (NPF2) 

Energy Act 2004 Waste Management 

Licensing (Scotland) 

Regulations 2011 

 

Scotland Rural 

Development 

Programme 

Scotland Rural 

Development 

Programme 

National Marine 

Plan for Scotland 

Draft consultation 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

 

Climate Change 

(Scotland) Act 2009 

Low Carbon 

Transition Plan 

Electricity Act 1989 Scottish Planning 

Policy 

Second National 

Planning 

Framework (NPF2) 

 

Low Carbon 

Scotland: The Draft 

Report on Proposals 

and Policies: 

Strategic 

Environmental 

Assessment: 

Climate Change 

(Scotland) Act 2009 

Scotland's Zero 

Waste Plan 

Low Carbon 

Scotland: The Draft 

Report on Proposals 

and Policies: 

Strategic 

Environmental 

Assessment: 
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Environmental 

Report 

Environmental 

Report 

 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

2020 Routemap for 

Renewable Energy 

in Scotland 

Town and Country 

Planning (Scotland) 

Act 1997 

Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

 

Conserve and Save: 

Energy Efficiency 

Action Plan 

Council Directive 

92/43/EEC of 21 

May 1992 on the 

conservation of 

natural habitats and 

of wild fauna and 

flora (7) 

 

Waste (Scotland) 

Regulations 2011 

Scottish Planning 

Policy 

EU Emissions 

Trading System 

Directive 

2009/147/EC of the 

European 

parliament and of 

the Council of 30 

November 2009 on 

the conservation of 

wild birds (7) 

 

Planning etc. 

(Scotland) Act 2006 

Town and Country 

Planning (Scotland) 

Act 1997 

    Revised Waste 

Framework 

Directive 

(2008/98/EC) 

 

  

7.4 Results for the nested legislation networks 

The All Legislation network was nested in the All Document network and provided the 

opportunity to explore in more detail the legal framework underpinning the heterogeneous 

documents and policy priorities reported in 7.1 and 7.2 above. Maximum geodesic distances 

were higher in all policy themes compared to the All Document networks except in ZWS 

suggesting that the inclusion of non-legislation documents can create more cohesive networks 

acting as a ‘policy glue’. For all policy themes, between 43% and 57% of legislation 

relationships focussed on the UK policy domain. The number of relationships referenced to EU 

Legislation was lowest in the MRS policy theme with 11%. In LCE, ZWS and SUS they 

represented 20%, 19% and 18% of total relationships reported reflecting the influence of the 

European Union on issues like climate change, environmental protection and waste pollution 

whereas marine renewable energy appeared to be driven by national objectives and a more 
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recent policy focus. The majority of the relationships referenced by seed and seed-alter 

documents affecting Scotland were to legislation generated by the Scottish Government (21-

35%). Figure 27 allows comparison between the legislation generated annually between 1997 

and 2011 in all 4 policy themes (note that the decline after 2010 is due to the retrospective 

nature of referencing in the seed documents). 

Low Carbon Economy 

 

Marine Renewables Scotland 

 
Zero Waste Scotland 

 

Sustainability Scotland 

 
Figure 27: Graphs showing the number of legislation documents generated annually, in all 

4 policy themes within the nested All Legislation networks. 

The highest ranking In-Degree legislation is shown in table 20 presenting legislation which is 

accorded prestige and/or prominence in the network because they are referenced so frequently 

by other documents. 
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Table 20: The highest ranked In-Degree legislation in descending rank order with the number 

of references made to each by other legislation in brackets.  

LCE MRS ZWS SUS 

 

Climate Change 

(Scotland) Act 2009 

(44) 

 

 

Climate Change 

(Scotland) Act 2009 

(12) 

 

Environmental 

Protection Act 1990 

(15) 

 

Climate Change 

(Scotland) Act 2009 

(56) 

Electricity Act 1989 

(24) 

Electricity Act 1989 

(10) 

Town and Country 

Planning (Scotland) 

Act 1997 (15) 

 

Electricity Act 1989 

(33) 

UK Climate Change 

Act 2008 (18) 

Marine (Scotland) 

Act 2010 (7) 

Planning etc. 

(Scotland) Act 2006 

(12) 

 

Environmental 

Protection Act 1990 

(27) 

Landfill (Scotland) 

Regulations 2003 

(16) 

Council Directive 

92/43/EEC of 21 May 

1992 on the 

conservation of 

natural habitats and 

of wild fauna and 

flora (7) 

 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

(11) 

Town and Country 

Planning (Scotland) 

Act 1997 (25) 

Environmental 

Protection Act 1990 

(16) 

Directive 

2009/147/EC of the 

European Parliament 

and of the Council of 

30 November 2009 on 

the conservation of 

wild birds(7) 

 

Revised Waste 

Framework Directive 

(2008/98/EC) (11) 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

(23) 

The highest ranked Out-Degree legislation (influence) are summarised in table 21.  
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Table 21: The highest ranked Out-Degree legislation in the 4 policy themes in descending rank 

order with the number of references to other legislation they make made in brackets. 

LCE MRS ZWS SUS 

 

Electricity Act 1989 

(166) 

Marine and Coastal 

Access Act 2009 

(121) 

 

Environmental 

Protection Act 1990 

(160) 

Electricity Act 1989 

(166) 

The Water 

Environment 

(Controlled 

Activities) (Scotland) 

Regulations 2005 

(59) 

 

Energy Act 2004 (86) Waste Management 

Licensing (Scotland) 

Regulations 2011 

(82) 

Environmental 

Protection Act 1990 

(160) 

Energy Bill/Act 2011 

(41) 

Marine (Scotland) 

Act 2010 (42) 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

(67) 

 

Marine and Coastal 

Access Act 2009 

(121) 

UK Climate Change 

Act 2008 (40) 

Renewables 

Obligation (Scotland) 

Order 2009(27) 

Environmental 

Impact Assessment 

(Scotland) 

Regulations 1999 

(42) 

 

Energy Act 2004 (86) 

Electricity and Gas 

(Carbon Emissions 

Reduction) Order 

2008 (28) 

Climate Change 

(Scotland) Act 2009 

(25) 

Waste (Scotland) 

Regulations 2011 

(37) 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

(82) 

The highest ranked legislation in the four policy themes for Betweenness, Eigenvector and 

PageRank centrality are reported in appendices 4.8, 4.9 and 4.10 respectively. As for the All 

Document networks it was possible to establish the major legislative focus of the policy themes 

by assessing the degree and centrality metric rankings (see appendices 4.11 to 4.13) whilst 

adjusting for the high influence of high Out-Degree on centrality rankings. Unlike the All 

Document networks where certain documents with high Out-Degree added little to the policy 

process e.g. summary publications, in the case of legislation they tended to be important 

documents which were also more complex (appendix 4.14). Establishing a summary list of 

legislation (table 22) which is significant to the policy process based on degree and centrality 

results must accommodate for this difference in network types. 
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Table 22: Summary of the most important legislation for each of the themes in approximate 
rank order adjusted for high Out-Degree ranking bias. 

LCE  MRS  ZWS  SUS  

Climate Change 

(Scotland) Act 2009 

 

Marine and Coastal 

Access Act 2009 

Environmental 

Protection Act 1990 

Electricity Act 1989 

Electricity Act 1989 Energy Act 2004 Waste Management 

Licensing (Scotland) 

Regulations 2011 

 

Environmental 

Protection Act 1990 

UK Climate Change 

Act 2008 

Climate Change 

(Scotland) Act 2009 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

 

Marine and Coastal 

Access Act 2009 

Landfill (Scotland) 

Regulations 2003 

Marine (Scotland) 

Act 2010 

Waste (Scotland) 

Regulations 2011 

 

Climate Change 

(Scotland) Act 2009 

The Water 

Environment 

(Controlled 

Activities) (Scotland) 

Regulations 2005 

 

Electricity Act 1989 Climate Change 

(Scotland) Act 2009 

Energy Act 2004 

The CRC Energy 

Efficiency Scheme 

Order 2010 

Renewables 

Obligation 

(Scotland) Order 

2009 

 

Town and Country 

Planning (Scotland) 

Act 1997 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

Energy Bill/Act 2011 Council Directive 

92/43/EEC of 21 

May 1992 on the 

conservation of 

natural habitats and 

of wild fauna and 

flora 

 

Planning etc. 

(Scotland) Act 2006 

Town and Country 

Planning (Scotland) 

Act 1997 

Electricity and Gas 

(Carbon Emissions 

Reduction) Order 

2008 

Directive 

2009/147/EC of the 

European 

Parliament and of 

the Council of 30 

November 2009 on 

the conservation of 

wild birds 

 

Revised Waste 

Framework 

Directive 

(2008/98/EC) 

 

  Environmental 

Impact Assessment 

(Scotland) 

Regulations 1999 
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The highest ranking legislation established the following orientations for the policy theme 

networks: LCE: UK and Scotland climate change and (renewable) energy; MRS: UK and 

Scotland marine renewable framework based on climate change; ZWS: Scotland’s 

environmental protection and management of pollution and waste; and SUS: UK and Scotland 

environmental protection and marine renewables. The prevalence of UK and Scottish Acts 

affecting Scotland might suggest that all policy themes are still at relatively early stages in the 

legislative lifecycle if it is assumed Acts establish a requisite legal framework and that 

Regulations and Orders are applied to fine-tune policy compliance and delivery. The large 

numbers of UK Acts in the networks in all policy themes suggested that whilst Scotland has 

devolved authority this does not yet translate into a significant level of legal autonomy. 

Scotland’s legislative infrastructure is necessarily dependent on a legacy of UK-wide legislation 

and should Scotland become completely independent of Westminster then the task of 

transposing this pan-UK legislation into a Scotland-specific context would be substantial. For 

example the complexity and reach of legislation like the Electricity Act 1989, Environmental 

Protection Act 1990 and the Marine and Coastal Access Act 2009 are significant. 

As the networks became larger then key documents reported higher Betweenness centrality 

values, suggesting that as the total number of legislation increases then the gateway/bridging 

importance of certain documents was amplified. In contrast the larger the networks then the 

lower the influence of key documents as a function of being central as shown by lower 

Eigenvector Centrality values. The absence of the Climate Change (Scotland) Act 2009 from 

the SUS top ranking legislation was an example of this shift as it was high ranking in both LCE 

and ZWS policy theme networks. Cluster analysis provided insight into the nested components 

within the networks. In the All Legislation nested networks LCE had 19 clusters, MRS had 9, 

ZWS had 12 and SUS had 20 compared to the All Documents networks with 25, 15, 14 and 19 

respectively. The results and policy focus for the highest ranked legislation in the networks and 

top three All Legislation clusters for the policy themes are summarised below (table 23) with 

the supporting tables in appendices 4.14-17. 
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Table 23: Summary of the focus of each of the All Legislation networks and their top three 
clusters for the four policy themes where key words are colour coded to assist in visual 

recognition of common elements 

 LCE MRS ZWS SUS 

 

Network UK and Scotland 

Climate Change 
and Energy 

UK and Scotland 

Marine 

Renewables 

based on Climate 

Change 

Scotland 

Environmental 
Protection and 

Management of 

Pollution and 

Waste 

 

UK and Scotland 

Marine 

Renewable 

Energy and 

Environmental 

Protection. 

Cluster 1 UK and Scotland 

Local 

Government 

Planning and the 

Electricity Act 

1989 

 

UK Energy and 

Shipping 
UK 

Environmental 
Protection of 

Water Resources 

Scotland 
Pollution and 

Waste 
Management 

Cluster 2 UK and Scotland 

Management of 

Public Works as 

concerns the 

Environment 

UK Marine and 

Coastal Planning 

UK and Scotland 

Environmental 

Protection in the 

context of 

Pollution and 

Waste 
management 

 

Scotland Marine 
and Coastal 

Management and 

Marine Energy 

Cluster 3 Scotland Land 

based Pollution 

Management 

UK Marine and 

Coastal 

Environmental 
Management 

Scotland 

Environmental 
Protection in the 

context of the 

built 

environment 

UK Marine and 

Coastal 

Management 

The analysis of the three largest clusters for each of the policy themes served to establish the 

significant importance of the Electricity Act 1989, the Energy Act 2004, the Environmental 

Protection Act 1990, the Marine and Coastal Access Act 2009 and the Pollution Prevention 

and Control (Scotland) Regulations 2000 across all policy themes. 

Comparing the focus of the networks and clusters in the All Legislation networks (table 23) to 

the All Document networks and clusters (table 18) provides the opportunity to review 

differences in the results generated by the two network types (table 24).   
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Table 24: Gap analysis between All Document and All Legislation networks for each of the 
policy themes in terms of changing focus 

LCE MRS ZWS SUS 

 

Documents which 

specifically address 

the low carbon 

economy are absent 

from the legislation 

network. Planning is 

a core focus in both 

types of network 

 

The legislation 

network is less 

oriented towards 

Scotland 

 

The legislation 

network is oriented 

towards 

environmental 

protection 

The legislation 

network is oriented 

towards marine 

renewables and the 

management of the 

marine and coastal 

area 

The All Document 

network places more 

importance on 

climate change 

Both networks focus 

broadly on the same 

issues albeit in a 

different priority 

order 

The All Document 

network is more 

inclusive of the 

broader issue of the 

low carbon economy 

 

The All Document 

network is 

compartmentalised 

into the sub-themes  

 

7.5 Summary 

7.5.1 Lessons learned 

As described in chapter 5 the importance of legislation in the policy networks was consistently 

high across all policy themes suggesting that stakeholders who wish to engage effectively in 

the policy process must be prepared to develop a competence in interpreting and understanding 

key legislative documents. Whilst ‘verbose’ documents, with high Out-Degree scores, were 

useful in providing information they were not necessarily critical to the policy process unless 

they were legislation documents. Documents with a high In-Degree ranking tended to be 

important to the policy process and their importance as being central to the policy programme 

was supported by high Eigenvector centrality rankings in many cases. The requirement for 

interpretation of results for the impact of high Out-Degree rankings erodes the opportunity for 

a mechanistic presentation of results. Recent documents have less opportunity to be referenced 

in the network (In-Degree) however the centrality algorithms calculate rankings which 

compensate for this by recognising the relative importance of connected documents such that 

rankings are raised by association e.g. the LCE: Report on Proposals and Policies. Comparison 

of the four networks showed that as more documents joined the policy network then a greater 

than pro-rata increase in relationships occurred suggesting that complexity increases as a 

function of a growing document population. This trend was also thought to be a reflection of 

the synergy between the policy sub theme networks where documents were common to all 

programmes.  
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Cluster analysis of the sustainability network created document populations similarly focussed 

to the policy sub-themes but which were altered due to the inclusion of relationships from the 

two other policy programmes. These sustainability network clusters provided more of an 

overview orientation of the policy sub-themes compared to the focussed nature of the individual 

policy sub-theme networks which highlights the need to maintain an awareness of broader 

issues and other policy programmes. The merging of the networks had the effect of raising the 

importance of legislation in the sustainability policy area (SUS clusters 1 and 3 particularly). It 

was evident that cluster analysis is a key approach to analysing the networks individually and 

when combined. The MRS and ZWS policy networks were created from two sub-networks 

generated using the seed documents described in table 1. There were sufficient relationships to 

generate useful graph metrics with only 424 relationships i.e. using the ‘Policy Statement: Zero 

Waste Regulations’ (Scottish Government, 2011L) suggesting the method is applicable to 

analyse less developed policy programmes.  

7.5.2 Conclusions 

The achievement of sustainability is complicated by the changing priorities of policy 

programmes and the effect that they have on each other. Whilst the larger low carbon economy 

network was seen to have a high influence on the sustainability network in terms of its 

contribution in terms of numbers of documents and document relationships this did not subsume 

the importance of documents and relationships from the marine renewable energy and zero 

waste policy themes as evidenced by their influence on the largest sustainability clusters.  

Based on the rankings for the All Document networks for each policy programme there was a 

portfolio of key documents which were important to the policy sub-themes and collectively in 

the sustainability network. The most important documents were: LCE: Report on Proposals 

and Policies, Environmental Protection Act 1990, Electricity Act 1989, Climate Change 

(Scotland) Act 2009, Marine and Coastal Access Act 2009, Scotland's Zero Waste Plan, Second 

National Planning Framework (NPF2), Climate Change. The UK Programme 2006, Marine 

(Scotland) Act 2010, Strategic Environmental Assessment (SEA) of Draft Plan for Offshore 

Wind, Pollution Prevention and Control (Scotland) Regulations 2000, Energy Act 2004, Waste 

Management Licensing (Scotland) Regulations 2011 and the Scotland Rural Development 

Programme. The importance of legislation is clear and based on analysis of the All Legislation 

networks then a comprehensive list for interested stakeholders would include those listed in the 

All Document rankings (above) with the addition of the following: UK Climate Change Act 
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2008, Town and Country Planning (Scotland) Act 1997, Renewables Obligation (Scotland) 

Order 2009, Landfill (Scotland) Regulations 2003, Waste (Scotland) Regulations 2011, The 

Water Environment (Controlled Activities) (Scotland) Regulations 2005 and the CRC Energy 

Efficiency Scheme Order 2010. There appears to be a ‘need to know’ approach in the All 

Legislation networks compared to the ‘want to tell’ bias in the All Document setting. The 

importance of planning (LCE), environmental protection (ZWS), marine renewables (SUS) and 

marine and coastal management (SUS) is brought to the fore in the All Legislation networks. 

Of note is that the LCE All Document network strongly supported climate change issues. 

In all policy networks there was evidence of consistently high influence from the European 

Union except for marine renewable energy which appeared to be driven by overall UK 

objectives and was the policy area least developed by the Scottish Government, although the 

finding is subject to the publication dates of the MRS seed documents. 

7.5.3 Next Steps 

The All Document and All Legislation networks provide a solid foundation to extend the policy 

analysis in a number of directions. Because the references in each document are fixed they 

provide a ready-made resource to assist in bringing network analysis of sustainability based on 

the three sub-themes up to date and whilst the need for a literature review cannot be understated 

there are a number of strong candidates for seed documents. These include the Low Carbon 

Scotland: Meeting the Emissions Reduction Targets 2013-2027: The Second Report on 

Proposals and Policies (Final) (Scottish Government, 2013F), the recent Marine Scotland 

marine planning documents (Marine Scotland, 2013B) (Marine Scotland, 2013D) (Marine 

Scotland, 2013K) the Safeguarding Scotland’s Resources:  A Programme for the Efficient Use 

of Our Materials (Scottish Government, 2012G) and the Waste (Scotland) Regulations 2012 

(Scottish Government, 2012J). There is also the opportunity to extend the breadth of policy 

programmes merged into the sustainability proxy network based on the results described above. 

Based on the SUS cluster orientation then policy sub-themes might include a focus on marine 

and terrestrial environmental planning, conservation and energy efficiency.  
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Chapter 8: Results and comparison of the actor networks of the four policy 

themes 

Chapter 8 presents and compares the results of the actor network analysis for the four policy 

themes. Reference is made to the results from the one-mode analysis when presenting unique 

actor data and in assessing the interactions and unique relationships between actors. The results 

of a two-mode analysis are also reported as this approach delivers a more comprehensive insight 

into the actor relationships and provides the opportunity to link the focus of actors and 

documents in the policy landscape particularly with cluster analysis. Sections 8.1, 8.2 and 8.3 

describe the actor populations in the All Document networks and section 8.4 summarises the 

results for the actors in the All Legislation networks. 

8.1 Overview 

In the one-mode analysis seed actors were the UK and Scottish Governments, their 

Departments, Agencies or designated Committees, with the single exception of the British Wind 

Energy Association. The actor population was dominated by UK agencies in the LCE and SUS 

themes (25% and 23%) marginally ahead of Scottish Agencies which formed the majority of 

actors in the MRS and ZWS themes (26% and 24%). The Private Sector was well represented 

in all themes with 15%, 19%, 10% and 16% of all actors in the LCE, MRS, ZWS and SUS 

themes respectively. European actors were poorly represented throughout and particularly in 

the SUS theme (3% of the total) where there were more International actors (8%). Scottish 

Agencies were the majority of actors affecting Scotland (43-53%) within all policy themes and 

the Private Sector was the second most prominent group except in MRS where it was 3rd, behind 

the Scottish Government49. Scottish Local Government was represented in all themes as a 

relatively minor group of individual actors (see appendix 5.1 for a full summary).  

In all policy theme networks the actors involved in the delivery of policy formed the majority 

(between 69% and 75%) as shown in table 25 and this trend was repeated for the actor 

population focussed on Scotland with 70-76% of actors delivering policy, representing between 

33% and 39% of all actors in the networks. 

                                                 
49 This is in the context that the ‘Scottish Government’ contains a relatively small number of 

stand-alone organisational entities, particularly when compared to the UK Government and its 

departments. 
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Table 25: Summary of the number of decision-makers, deliverers, deliverer-influencers and 
influencers in each of the policy themes 

Status LCE MRS ZWS SUS 

 

Deliverers 

 

548 237 198 714 

Decision Makers 

 

37 22 20 45 

Influencers 

 

60 15 18 69 

Influencer-Deliverers 98 61 51 120 

 

Total 743 335 287 948 

When deliverers were combined with influencers-deliverers then the total number of actors 

‘delivering’ policy programmes in Scotland rose to between 87% and 90% of the total actor 

population. The majority of decision-makers were typically UK actors in all networks.  

8.2 Actor one-mode actor relationship networks 

In the one-mode actor relationship networks only one example of each relationship between 

actors was recorded and maximum geodesic distances described closer networks in ZWS (3) 

and MRS (4) suggesting that actors could more easily transfer resources and information than 

in the larger LCE and SUS networks50. All networks reported low graph densities suggesting 

that only a small number of potential relationships were realised however the smaller ZWS and 

MRS networks were more than twice as ‘dense’ as the larger networks. Table 26 summarises 

metrics for the 4 policy themes which describes significantly fewer actor relationships in ZWS, 

the smallest network, than in the second smallest, MRS. 

Table 26: Summary of the overall actor network graph metrics for the 4 policy themes 

Metric LCE MRS ZWS SUS 

 

Total actors 

 

743 335 287 948 

Total relationships 

 

1044 514 329 1483 

Maximum geodesic distance  

 

5 4 3 5 

Average geodesic distance 

 

2.55836 2.45405 2.21236 2.56290 

Graph Density 0.00189 0.00458 0.00400 0.00165 

                                                 
50 It is noted that geodesic distance results in the two-mode reference networks provide little 

insight due to the complication of relationships reported between documents and actors.  
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The Scottish Government originated the majority of relationships (39-75%) and UK and 

Scottish Agencies were most referenced representing between 39% and 45% of all 

relationships, followed by the Private Sector just ahead of the UK Government in all policy 

themes. Scottish Local Government was one of the most referenced actors’ in the LCE, ZWS 

and SUS policy themes but not in MRS suggesting that the responsibility for policy delivery at 

the coastal scale was less formalised in the marine renewable energy area. It may also reflect 

the less established nature of the policy theme and that Marine Scotland and the Crown Estate 

control much of the policy activity e.g. consents. The majority of relationships were to 

deliverers and influencer-deliverers across all actor sectors (e.g. 72% in the sustainability policy 

theme) and the most references to influencers were to Scottish and UK Agencies (e.g. 34% in 

the sustainability policy theme). The UK Government dominated decision-maker relationships. 

Between 43% and 53% of the relationships were to Scottish actors and between 37% (MRS) 

and 68% (ZWS) of Private Sector relationships were focussed on the Scottish policy domain. 

This trend is most likely a function of policy maturity with much of the MRS legislation and 

policy statements emanating from UK actors at the time of sampling i.e. pre 2011 (as discussed 

in chapter 7). The percentage of private organisations involved in waste management was also 

a factor which probably reflects the higher levels of sub-contracting compared to the marine 

renewable energy sector at the time.  

In-Degree rankings, when seed/seed-alter actors are included, reflected the importance of the 

Scottish Government and Scotland Local Government in all policy themes (appendix 5.2). Out-

Degree rankings were dominated by the Scottish and UK Governments and only in MRS does 

the UK Government not rank 2nd or score highly51 (appendix 5.3). The top ranking actors for 

Betweenness (appendix 5.4), Eigenvector (appendix 5.5) and PageRank (appendix 5.6) 

centrality were seed/seed-alter actors. Eigenvector centrality results provided meaningful 

scores for Scotland Local Government in more than one of the sub-themes (LCE and ZWS) 

which pointed to a high level of centralised influence in the policy process. The effect of actors 

with high In- and Out-Degree values on Betweenness, Eigenvector and PageRank Centrality 

was also conducted. The presence of SEPA in the SUS highest ranked actors appeared to be 

strongly influenced by its presence in ZWS as a seed-alter actor with a high Out-Degree. The 

high In-Degree for the Crown Estate and Scottish Natural Heritage in SUS was not reflected 

in other centrality metrics. As concerns In-Degree, Scotland Local Government was the most 

                                                 
51 Note that only seed actors can register Out-Degree activity. 
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consistently important actor across all themes and graph metrics. The Crown Estate, Ofgem, 

National Grid and Scottish Natural Heritage appeared to have relevance in SUS based on their 

presence as top ranking actors in MRS. EU Member States appeared to have relevance in SUS 

due to high importance in LCE. The apparent high influence of MRS actors on the SUS results 

is surprising given the size of the MRS network. Most of these are also key actors in the other 

policy areas, for example in LCE Ofgem is ranked 7th and in ZWS SEPA is the highest ranked 

actor. In merging the policy networks there are more opportunities for relationships which are 

realised at a greater than pro-rata rate compared to the increase in the unique actor population 

(figure 22, chapter 7) and this can improve actor ranking, particularly for those with a broad 

area of responsibility.  

In the one-mode relationship networks LCE had 10 clusters, MRS had 7, ZWS had 7 and SUS 

had 12 which were all centred on seed/seed-alter actors except in ZWS which only had 3 

seed/seed-alter actors and yet there were 7 distinct clusters in the policy theme. Whilst the 

number of clusters in each network appeared to be linked to network size it is pertinent that 

SUS had 24% fewer clusters than LCE which suggests that aggregating the policy themes 

created more links between apparently disparate actors. The dominant actor in cluster 1 for all 

policy themes was the Scottish Government and in cluster 2 it was the UK Government except 

in MRS where the Marine Energy Group ranked higher. For cluster 3 the dominant actor in 

LCE was the Department of Energy and Climate Change, for MRS it was the UK Government, 

for ZWS it was SEPA and in SUS it was the Department of Energy and Climate Change 

(DECC). The results for Betweenness, Eigenvector and PageRank centrality were trivial for 

non-seed actors in each cluster. 

The large percentage of legislation and publications in the policy themes which were generated 

by UK and Scottish Central Governments and their Departments was not reflected in the actor 

population where the majority of actors were UK and Scottish Agencies. This suggests that 

whilst Government dominates policy creation, the onus on delivery is seen to rest, for the 

majority, with the agencies they support. In the MRS and ZWS policy networks most of these 

were Scottish Agencies and for LCE and SUS it was UK agencies. This trend to reference 

deliverers continues with a respectable percentage of Private Sector actors referenced in the 

networks (10% - 16%). The relatively high numbers of EU documents in all policy themes was 

not reflected in higher numbers of European actors but given the dominance of EU legislation 

this is not surprising. The importance of Scottish Local Government in the networks was 



135 

 

highlighted by its high In-Degree despite being poorly represented in the overall actor 

population i.e. a small number of Scottish Local Government actors were referenced by a 

relatively large number of other actors. In MRS the large number of relationships with the 

Crown Estate, DECC, Ofgem and the National Grid reflected the marine renewable policy 

theme and the more specific nature of the seed/seed-alter documents. Private Sector 

organisations displayed strong involvement in Scotland particularly in the ZWS and MRS 

themes and this was likely linked to the dominance of deliverers in their populations. The legacy 

of decision making and the continuing control of the UK Government were confirmed by the 

references to decision-makers in all networks. The bias of the study to investigate the Scottish 

policy environment was reflected in the high numbers of actor relationships focussed on 

Scotland.  

8.3 Actor two-mode actor relationship reference networks 

The differences in the number of actor relationships referenced in the one and two-mode 

networks is summarised in table 27 for each policy theme. In the smaller of the two-mode 

reference networks a large percentage of the relationships reported originated from a small 

number of documents, which may lead to a bias, as follows: In the ZWS policy theme the top 

5 documents citing actors referenced 294 relationships (53%), in MRS they referenced 303 

(44%). In the LCE policy theme the top 5 documents referenced 436 actor relationships (24%) 

and in SUS 432 (16%). The larger networks were less influenced by a core of documents and 

bias was reduced. In SUS none of the top 5 documents referring actors were legislation which 

typically referenced fewer actors than other document types. 

Table 27: The number of actor relationships referenced in the relationship (one-mode) and 

reference (two-mode) networks for all policy themes. 

 LCE MRS ZWS SUS 

 

Relationship network 

(One-mode) 

 

1044 514 329 1483 

Reference network (Two-

mode) 

 

1857 694 554 2714 

Percentage increase in the 

number of relationships in 

the Reference network 

 

78 35 68 83 
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The two-mode reference networks reported significantly more relationships and the result was 

to amplify the importance of relevant actors. In the MRS policy theme the increase was only 

35% suggesting a link to policy maturity i.e. the actor population for the marine renewables 

policy process has not yet been fully established and fewer relationships exist. 

In the two-mode networks the average and maximum In-Degree values increased with network 

size and Scotland Local Government, SEPA and the UK Government were strongly represented 

in all three policy sub-themes (table 28). The Scottish Government was ranked at position 6 in 

the SUS network and was not strongly represented in the sub-themes52 however as the publisher 

of a significant number of seed and seed-alter documents and without the inclusion of any self-

referencing its importance was most likely understated. Scottish Natural Heritage was at 

position 4 in SUS and in the MRS and ZWS top 5 ranked actors.  

Table 28: Comparison of the highest ranking actors for In-Degree (ID) in descending rank order 

for all policy themes 

LCE MRS ZWS SUS 

Actor ID Actor ID Actor ID Actor ID 

 

Scotland Local 

Government 

 

53 Crown Estate 16 SEPA 24 Scotland Local 

Government 

69 

SEPA 41 UK 

Government 

 

14 Scotland Local 

Government 

17 SEPA 67 

UK 

Government 

 

36 SEPA 13 Scottish Water 12 UK Government 51 

NI Executive 28 Scottish 

Government 

 

12 EU Member 

States 

11 Scottish Natural 

Heritage 

40 

Welsh 

Assembly 

25 Highlands and 

Islands 

Enterprise 

 

11 UK 

Government 

10 NI Executive 37 

Defra  24 Ofgem 11 COSLA 10 Scottish 

Government 

 

36 

Ofgem 22 Scottish 

Natural 

Heritage 

11 Scottish 

Natural 

Heritage 

 

10 Welsh Assembly 36 

                                                 
52 The NI Executive and the Welsh Assembly and Scottish Government may be equivalent due 

to collective citations as ‘Devolved Authorities’ particularly in legislation. 
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UK Secretary 

of State 

22 European 

Union 

Commission 

Parliament 

 

11   European Union 

Commission 

Parliament 

32 

The Crown Estate was the highest ranked actor for In-Degree in MRS but did not rank highly 

in SUS whereas Scottish Natural Heritage did not dominate any policy sub-theme and yet was 

the 4th highest ranked in SUS. The Scottish Natural Heritage SUS ranking was the result of 

cumulative references in many of the seed/seed-alter documents in all policy themes showing 

the value of aggregating policy networks to understand the most important and influential actors 

in more holistic policy areas i.e. sustainability. Based on all degree and centrality rankings for 

all policy themes the following actors were identified as most critical to Scottish policy as 

concerns the areas covered in this study: Scotland Local Government, SEPA, UK Government, 

Scottish Government, Scottish Natural Heritage, the European Commission/Parliament and 

Scottish Enterprise Agencies with Defra, Ofgem, the Crown Estate, COSLA and Scottish Water 

also being important to specific policy themes.  

Only documents had Out-Degree values in the two-mode networks and the top 5 ranked Out-

Degree documents in LCE and SUS were in the same rank order (table 29) because no 

documents in MRS or ZWS referenced more documents than the highest ranking in LCE. For 

example the Renewables Action Plan is ranked 3rd in the LCE network, but 1st in MRS and A 

Low Carbon Economic Strategy for Scotland: Scotland - A Low Carbon Society was ranked 4th 

in LCE but 1st in ZWS.  
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Table 29: Comparison of the highest ranking documents for (actor) Out-Degree in the policy 
networks, in descending rank order 

LCE MRS ZWS SUS 

 

Climate Change. The 

UK Programme 2006 

Renewables Action 

Plan 

A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

 

Climate Change. The 

UK Programme 

2006 

Low Carbon 

Transition Plan 

2020 Routemap for 

Renewable Energy 

in Scotland 

 

Environmental 

Protection Act 1990 

Low Carbon 

Transition Plan 

Renewables Action 

Plan 

Offshore Wind Route 

Map 

National Waste Plan 

2003 

 

Renewables Action 

Plan 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

National Marine 

Plan for Scotland 

Draft consultation 

Scotland's Zero Waste 

Plan: Consultation 

 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

 

LCE: Report on 

Proposals and 

Policies 

Towards a Low 

Carbon Economy for 

Scotland: Discussion 

Paper 

 

Second National 

Planning Framework 

(NPF2) 

LCE: Report on 

Proposals and 

Policies 

The top 5 ranking actors for Betweenness centrality, including seed/seed-alter actors, in the 

reference networks closely mirrored the order for high ranking In-Degree actors (appendix 5.7) 

which was a trend not found in the one-mode relationship networks which tended to be overly 

influenced by high ranking Out-Degree actors. The top ranking actors in the SUS theme were 

the most referenced actors in the sub-themes. The top 5 ranking documents for Betweenness 

centrality in the two-mode network are the same for the LCE and SUS policy themes and unlike 

the actors, they are the same as the high ranking Out-Degree documents described in chapter 5 

(and appendix 5.8).  

As concerns Eigenvector and PageRank centrality the most centrally influential actors also 

approximated to the rankings for In-Degree actors (appendix 5.9 and 5.11 respectively). In 

comparison only for the SUS policy theme did the Eigenvector and PageRank centrality ranking 

order of documents alter significantly compared to the document Out-Degree results (appendix 

5.10 and 5.12 respectively). High In-Degree rankings for actors effectively guaranteed high 

centrality rankings unlike documents where a high Out-Degree had the highest influence on 
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document centrality rankings. The high ranking documents in the two-mode networks were 

confirmed as having high importance from the results of the document one-mode analysis 

although they were typically less highly ranked than the verbose summary documents. 

The trend for Betweenness centrality values to increase with network size in the two-mode 

networks infers that key documents become more significant in their capacity to act as bridges 

as the document and actor population increases. In the reference networks Eigenvector 

centrality was more closely linked to In-Degree values compared to relationship networks and 

probably provides greater accuracy in establishing which actors are most influential in the 

policy process. 

The number of clusters in the two-mode reference network is compared to both the actor and 

document relationship networks for all policy themes in table 30 where the effect of combining 

documents and actors is seen to increase the number of clusters in the network except in the 

LCE policy theme. Whilst this suggests less cohesive networks the benefit is that the focus of 

both the documents and actors in each of the clusters is synergistic in the two-mode networks 

providing a better understanding of each clusters policy focus. 

Table 30: The number of clusters by network type and policy theme 

Network Type LCE MRS ZWS SUS 

 

Reference (two-mode): Document-

to-actor 

 

25 25 13 22 

Relationship (one-mode): 

Document-to-document 

 

25 15 14 19 

Relationship (one-mode): Actor-to-

actor 

 

10 7 7 12 

As previously stated, a benefit of the two-mode network analysis was to provide a more holistic 

understanding of the bias of the actor policy networks and clusters and the focus of the 

documents in these clusters is more precisely articulated by integrating the status, sector and 

type of actor which they are associated with e.g. delivery of policy. When the largest clusters 

were analysed then the importance, influence and power of a second tier of key actors becomes 

visible which reflected the phases in the policy lifecycle. In the case of establishing policy 

through legislation then actors including the UK Secretary of State, HM Treasury and the 

Environment Agency rose to dominance and where a cluster was oriented to policy delivery 
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then organisations like the Scottish Development International, European Marine Energy 

Centre, Local Planning Authorities and Third and Private Sector organisations came to the fore. 

The interpretation of the bias and focus of the combined documents and actors in each of the 

policy theme networks and their largest clusters is summarised in table 31 where key words are 

colour coded to assist in visual recognition of common elements.  

Table 31: Colour coded comparison of the focus of the two-mode reference networks and 

largest clusters for each of the policy themes where the dynamic between policy actors and 

documents is also acknowledged in the interpretation. 

 LCE MRS ZWS SUS 

 

Network Scottish 
Establishment 

and Delivery of a 

Low Carbon 

Economy 
recognising 

Climate Change 
and Renewables  

UK and Scotland 

delivery of a 

Renewable 

Energy 
infrastructure 

Scottish delivery 

of a Zero Waste 

Programme 

recognising Low 

Carbon 

Economy and 

Environmental 

Protection 

 

Scottish 
Establishment and 

Delivery of a Low 

Carbon 

Economy 
recognising 

Climate Change 
and Renewables 

Cluster 1 UK and Scotland 

Legislation based 

on Energy, 

Renewables and 

Climate Change 

 

Insufficient data53 Insufficient data Scottish Influence 

and Delivery of 

Marine 

Renewable 

Energy 

Cluster 2 UK Climate 

Change, although 

limited data. 

Scottish Delivery 

of Renewable 

Energy 

Scottish delivery 

of Waste 

Management 

UK and Devolved 

Authority 
Decision Making 

for Marine 

Renewable 
Energy with the 

Environmental 

Protection Act 

1990 

 

Cluster 3 Scottish Delivery 

of Zero Waste 

UK and Scotland 

Decision Making 

and Strategy for 

Renewable 

Energy 

 

Scottish 
(Coastal) 

Planning 

Scottish Delivery 

and Influence of 

Waste 

Management 

                                                 
53 The cluster was dominated by high document rankings and actor rankings were trivial in 

comparison 



141 

 

In the two-mode networks, actors were linked to the type and focus of the dominant documents 

in the same cluster. In the one-mode networks there was no synergy between the largest actor 

and document clusters which are not related by policy but are ranked by size only. The 

limitations in the one-mode network analysis due to the eclipsing effect of seed/seed-alter actors 

in providing meaningful degree and centrality data for other actors appeared to be moderated 

in the two-mode networks. 

8.4 All Legislation actor networks 

Analysis of only those actors referenced within the All Legislation networks was conducted to 

establish any differences between those actors responsible for the legal aspects of policy and 

those engaged across the total policy process. The dominant actor sector in All Document 

networks was Scottish Agencies, which were typically involved in policy delivery, whereas 

only a small percentage were cited in the All Legislation networks which instead reported 

decision-makers and ‘senior’ deliverers in the highest graph metric rankings reflecting the law-

making nature of these documents. Of the actors in All Document networks focussed on the 

Scottish policy domain, between 44% and 55% were Scottish Government, Scottish Agencies 

and Scottish Local Government whereas in All Legislation only 17% to 24% were Scottish 

actors due to the high levels of non-Scottish legislation. The number of Scottish decision-

makers was limited, and influencers and influencer-deliverers constituted the highest 

population of Scottish actors in All Legislation networks. Both the actors and documents in the 

legislation networks appeared to trend towards a relatively finite population with smaller 

differences in the total number of actors and documents as a function of network size. 

Table 32 provides a summary and comparison of actor status in the All Document and All 

Legislation networks for all four policy themes and their largest clusters using the two-mode 

analysis. Decision makers are typically present in the overall network results and the largest 

cluster for all policy themes suggesting that these contain the documents and actors involved in 

law-making and defining policy direction.  
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Table 32: The status of the highest ranked actors in the All Document and All Legislation two-

mode networks 

  All Documents All Legislation 

 

LCE Network UK & Scotland decision-

makers, deliverers and 

influencers 

UK & Scotland decision-makers, 

deliverers and influencers 

 

Cluster 1 UK & Scottish decision-makers 

and influencers 

Trivial actor results, Electricity Act 

1989  
 

Cluster 2 UK and Devolved deliverers 

across a spectrum of disciplines 

UK decision-makers and 

influencers 

 

Cluster 3 Scotland deliverers and 

influencers 

UK decision-makers and 

influencers 

 

MRS Network UK & Scottish decision-makers, 

deliverers and influencers 

UK & Devolved decision-makers 

and I influencers 

 

Cluster 1 No Actors, Renewables Action 

Plan Only 

 

Devolved Authority (NI) 

Cluster 2 Scotland deliverers 

 

UK I influencers and deliverers  

Cluster 3 UK & Scotland decision-makers 

and deliverers 

 

Scotland deliverers 

ZWS Network UK & Scotland decision-

makers, deliverers and 

influencers 

 

UK & Scotland decision-makers 

and influencers 

Cluster 1 Scottish Government No non-trivial actor results,  

Environmental Protection Act 

1990 only 
 

Cluster 2 Scotland deliverers 

 

Devolved influencers 

Cluster 3 Devolved decision-makers, 

influencers and deliverers 

 

Scotland deliverers  

SUS Network UK & Scotland decision-makers 

and influencers 

 

UK & Devolved decision-makers 

and influencers 

Cluster 1 UK & Scotland influencers and 

deliverers 

No non-trivial actors results, 

Environmental Protection Act 

1990 only 

 

Cluster 2 UK and Devolved Authority 

decision-makers  

Trivial actors results, Electricity 

Act 1989 Only 
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Cluster 3 Scotland deliverers UK & Scotland influencers and 

deliverers 

As clusters become smaller the focus is on delivery of the policy which is influenced by decision 

makers like the Scottish and UK governments dominating the larger clusters because they 

command the largest numbers of relationships and have high importance and influence within 

the networks. As the size of clusters diminishes there is also a tendency for actors to be oriented 

to the management of policy programmes as shown by the portfolio of documents they also 

contain. Table 33 summarises the policy focus of documents in the two-mode analysis to 

provide context for table 32. Whilst combining these two tables provides a link between the 

policy orientation of actors and documents in the network and clusters it is noted that the 

document population in a two-mode analysis is not a comprehensive representation of 

documents as alter-alter documents are not included. The purpose of the documents in the two-

mode actor networks is to provide context for the actor clusters rather than to create two parallel 

networks within a combined document and actor population. Limiting the documents by not 

including alter-alter documents dampens the opportunity for a separate document network to 

be formed and forces the document relationships to actors rather than to other documents. As 

such there is a strong recommendation to conduct a one-mode document based policy network 

analysis as reported in chapters 5 and 7. 

Table 33: The focus of documents in the All Document and All Legislation two-mode networks 

  All Documents All Legislation 

 

LCE Network UK & Scotland Climate 

Change, Low Carbon Economy 

and Energy 

 

UK & Scotland Energy, Climate 

Change and Environment 

Cluster 1 UK & Scotland Renewable 

Energy and Climate Change 

(Legislation) 

 

Electricity Act 1989 Only 

Cluster 2 UK Climate Change 

Programme Only 

 

UK & Scotland Energy Reduction 

Management /Climate Change 

Cluster 3 Scotland Waste Management 

 

 

UK Renewable Transport Fuel 

MRS Network Scotland Marine Renewables UK and Scotland Marine 

Renewables based on Climate 

Change 
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Cluster 1 Renewables Action Plan Only Marine and Coastal Access Act 

2009 

 

Cluster 2 Scottish Delivery of Renewable 

Energy 

 

UK & Scotland Carbon 

Management and Renewables 

Cluster 3 UK & Scotland Marine 

Renewable Energy 

 

Climate Change (Scotland) Act 

2009 only 

ZWS Network Scotland Waste, Planning and 

the Environment 

 

Scotland Waste, Pollution and 

Environment 

Cluster 1 Scotland Low Carbon and 

Waste Strategy 

 

Environmental Protection Act 

1990 Only 

Cluster 2 UK Waste Management and 

Planning 

 

Scotland Environmental 
Pollution and Waste Management 

Cluster 3 Scottish Planning Climate Change (Scotland) Act 

2009 only 

 

SUS Network UK & Scotland Climate 

Change, Low Carbon Economy 

and Energy  

 

UK & Scotland Marine & Coastal 

Energy, Environment and Waste 

Cluster 1 Scotland Marine Renewable 

Energy 

 

Environmental Protection Act 

1990 Only 

Cluster 2 UK Environmental Energy 
Management 

 

Electricity Act 1989 Only 

Cluster 3 Scottish Waste Management Scotland Pollution and Waste 

Management 

8.5 Summary 

8.5.1 Lessons learned 

In the All Legislation actor network the percentage of Scottish actors was markedly less than in 

the All Document networks. This finding is in the context of the extensive legacy of pan-UK 

legislation and the limited number of Scottish actors e.g. Scottish Government, Court of 

Sessions, SEPA etc. empowered to be involved in creating legislation. In all cases actor 

populations were dominated by organisations whose major focus was delivery with relatively 

few decision-making actors. The high percentage of legislation documents and delivery 

oriented actors strongly points to the requirement for stakeholders to understand and engage 
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with the legal aspects of policy albeit that their core focus may be the delivery of policy 

objectives. 

The previously observed potential for bias on centrality rankings by actors with high Out-degree 

(particularly seed and seed-alter actors) in one-mode networks was not the case in two-mode 

analysis This eclipsing effect was significantly moderated and the context and focus of all 

important and influential actors in the network could be assessed based on the inter-dependent 

relationship with documents at a network and cluster level. The capacity to assess the policy 

orientation of actors based on their relationship to documents in two-mode analysis provides a 

tool for stakeholders to concentrate efforts on those groups of actors which are pertinent to their 

needs e.g. by using tables 18, 23 and 31 as indicators and then further analysing the relevant 

clusters. 

In two-mode networks high In-degree was a strong indicator of centrality rankings i.e. a high 

number of references (‘votes’) by other actors raised the importance and influence of specific 

actors and this was closely linked to higher rankings for all centrality metrics e.g. Scottish Local 

Government. This allows a more objective and direct interpretation of the results without the 

need to significantly appraise the impact of ‘verbose’ actors and documents. It is however 

important to maintain a perspective which includes both highly active seed actors and those 

provided high importance by two-mode analysis. 

8.5.2 Conclusions 

The analysis highlighted the high expectation placed on Scottish Local Government to have the 

competence and resources to deliver many components of the policy programmes whereas the 

analysis of the document networks suggested that the process of empowering them with the 

necessary authority was still at the early stages of delegation from central government. Overall, 

Scottish Local Government was ranked as most critical to the delivery of sustainability however 

the importance of organisations including SEPA, the UK Government, the Scottish Government, 

Scottish Natural Heritage, the European Commission/Parliament, Scottish Enterprise 

Agencies, Defra, Ofgem, the Crown Estate, COSLA and Scottish Water was also evident across 

the policy themes.  

Not surprisingly the UK and Scottish Governments were the dominant decision makers across 

all policy themes and along with a small number of EU institutions set the agenda for policy 

which guides and determines the actions of the majority of actors who in turn were responsible 
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for policy delivery. It was not evident from the analysis whether the importance of the Private 

Sector, particularly for marine renewable energy and zero waste programmes reflected a greater 

engagement in policy or simply that these two policy areas have significant commercial 

components. Despite the immaturity of the marine renewable energy policy programme the 

actors reported high importance and influence in the sustainability policy theme suggesting that 

commercial and policy objectives are closely linked. 

8.5.3 Next steps      

There is an opportunity to use the data reported here as a platform to grow the portfolio of 

policy programmes merged into the sustainability proxy and to bring the study up to date by 

analysing more recent seed documents. If the total policy actor population focussed on 

sustainability in Scotland is assumed to be relatively stable, in terms of size and constituents, 

then if more policy sub-themes were merged the network would approximate closely to the total 

actor population. This state would be recognisable as graph densities would cease to be diluted 

with the addition of each policy sub-theme. The data could be used in other projects including 

more effective communication of policy consultations or surveys. RPNA can provide this 

facility for projects which need a database of the most important and influential policy actors. 
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Chapter 9: Synthesis, conclusions and discussion 

9.1 The Rapid Policy Network Analysis method 

A key objective in developing the network analysis method was to investigate the policy 

networks for the synergies, trends, commonalities, influence and importance of policy 

documents and actors and compare the results with the relevant policy literature, particularly 

the summary documents generated by the UK and Scottish Governments. The desk based 

research uncovered a diverse landscape of issues and policies addressing sustainability in the 

Scottish coastal area. Many of the documents included extensive references to other documents 

and to policy actors engaged in the drive to transition the UK and Scotland to a more sustainable 

economic, social and environmental future. These references between documents and actors 

provided the resource to generate policy networks and analyse the dynamic relationships 

between them in graphical and tabular formats to assess the importance, influence, prestige and 

power inherent in a policy environment at various stages in the policy lifecycle. The relative 

strength of these attributes were reported by the ranking of documents and actors for In- and 

Out-Degree and for Betweenness, Eigenvector and PageRank centrality in the context of 

brokerage, network centrality and popularity respectively as defined in table 5, chapter 4. Data 

manipulation allowed the nested and layered components in complex policy networks to be 

investigated and reported in an accessible format. Compared to the Rapid Policy Network 

Mapping approach (Bainbridge, Potts, & O'Higgins, 2011), the Rapid Policy Network Analysis 

(RPNA) method significantly extends the capacity of the researcher or stakeholder to better 

understand the policy lifecycle, to isolate the key drivers and levers at critical stages of the 

transition from policy creation to delivery based on the Degree, Eigenvector and Betweenness 

Centrality rankings of both documents and actors and to establish an opinion on who and what 

policy components could be influenced to achieve their objectives based on actor rankings and 

of documents like consultations and draft legislation. The caveat is that for this to be effective 

in a current or forward looking way then the network analysis would need to be regularly 

updated using recently published seed documents. The RPNA approach provides access to a 

time-based view of policy evolution using pivot-table functionality which allows the documents 

to be reviewed by year of publication. Trends in the number of policy theme documents 

published over time is reported in figures 15, 16, 17 and 23.  

There are limitations to the method not least that the ‘snowball’ approach is a sampling 

technique (Atkinson & Flint, 2001) and as such all results are relational ratios of a sub-
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population which can only approximate to the values present in the total population of policy 

documents and actors. The relatively high numbers of duplicated seed-alter documents which 

arose when networks were combined suggested that analysing to two-degrees of separation 

resulted was sufficient. Interpretation of the results must recognise the context of the resources 

used, for example the sustainability network results were influenced by the constituent policy 

sub-themes and the key documents and actors in each. There were only 20 actors responsible 

for generating the 139 seed documents analysed, which in turn referenced 2457 unique 

documents and 948 individual actors. Of the 139 seed documents, 83 were created by Scottish 

Central Government and 24 by the UK Central Government and as such there is a potential for 

bias, particularly if the seed/seed-alter actors have a tendency to reference themselves, their 

partners and/or documents they have created. Care is required in interpreting the pivot table and 

graph metric results due to the high influence of documents and actors which have a significant 

Out-Degree. Documents with high Out-Degree scores also tend to dominate Betweenness and 

PageRank centrality and so there is a capacity for ‘verbose’ documents to artificially raise their 

‘importance’ within a policy network. The increased breadth and depth of data on actors in the 

two-mode reference networks recommends the use of two-mode analysis and limiting one-

mode analysis to provide information on the unique actor population only.  

In developing this method it was necessary to create policy networks that were static in time 

and additional seed documents (post 2009-11) were not added as the real policy landscape 

evolved. The systematic approach developed does however provide the opportunity for ‘real-

time’ policy network analysis by adding the relationship data from new documents, although 

caution is required to avoid bias in the absence of subsequent literature reviews e.g. by only 

accreting documents which are of particular interest to the investigator. The data created by this 

study is a resource which can be readily applied to the analysis of other policy areas54 because 

the references to documents and actors in any document are fixed upon publication. Subsequent 

research projects would build the library of document and actor relationships which would 

increase the efficiency of future research by reducing the number of documents that required 

                                                 

54 The method was successfully applied to assessing ‘Stakeholder and Policy Mapping in the 

Celtic Seas’ where policy networks were created for the UK, Ireland and France using the 

respective country’s key policy documents in the transposition of the Marine Strategy 

Framework Directive as seed documents (Potts, Alexander, Bainbridge, & Brennan, 2013). 
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analysis i.e. a policy theme for which a new seed document is used may contain seed-alter 

documents already analysed obviating the need to repeat the analysis (figure 28).  

 
Figure 28 :  By maintaining a data library of the relationships between documents and/or 

actors, and because the relationships reported in any document are fixed on publication, then 

the data can be recycled in a ‘plug-and-play’ way for future projects. 

The data collected therefore provides a robust starting point for other studies into the 

importance, influence and power in policy networks. The application of the method is not 

limited to analysing the policy themes reported here and it has already been used to compare 

the approach of different countries in transposing specific policies like the Marine Strategy 

Framework Directive (Potts, Alexander, Bainbridge, & Brennan, 2013). It could be applied to 

an organisation like Marine Scotland to recommend operational and institutional synergies and 

economies of scale if All Documents published since its creation were used to generate a 

network of policy activity which could then be compared to the formal organisation structure. 
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9.2 Discussion of results 

The literature review preceding the development of the RPNA method led to the generation of 

a hypothetical model for a future policy framework to support sustainable development in the 

Scottish coastal region which was:  

Does the current policy framework support:…a nested hierarchy of policy instruments 

and actors in a policy framework which is responsive and adaptive to changing social, 

economic and environmental requirements and delegates authority and control at the 

appropriate scale to expedite the dynamic and evolutionary creation and delivery of 

policy which is fit for purpose and place …  

The RPNA uncovered the nested hierarchy of documents and actors in the policy landscape and 

provided insight into those documents and actors which were most important to the policy 

programmes at a particular point in time. Only through comparison of results of the policy 

analysis and a final literature review was it possible to assess whether there were changes in the 

focus of policy to be ‘responsive and adaptive’. Whilst the key documents in the RPNA tended 

to be pragmatic in nature e.g. the zero waste plan, the importance placed on energy 

infrastructure, marine consents and a focus on emissions targets, recent documents display an 

approach which reflects a more adaptive and responsive approach to social, economic and 

environmental requirements. These include: Low Carbon Scotland: A Behaviours Framework 

(Natural Scotland, 2013), Safeguarding Scotland’s Resources:  A Programme for the Efficient 

Use of Our Materials (Scottish Government, 2012G), the draft for the Third National Planning 

Framework (NPF3) (Scottish Government, 2013D), Building Community Resilience: Scottish 

Guidance on Community Resilience (Safer Scotland, 2013) and Resource Efficient Scotland 

(Scottish Government, 2013P) amongst others. There was strong evidence of delegation of 

responsibility to Scotland Local Government in the RPNA and this has continued with policy 

being developed like the Localism Act 2011 (House of Commons Library, 2010) (UK 

Government, 2011A) and the Consultation on the Community Empowerment (Scotland) Bill 

(Scottish Government, 2013V). What was not evident was delegation of authority to Scotland 

Local Government to empower policy change in response to local needs with the exception of 

investment in community based property acquisition and investment in small scale renewable 

energy projects. Policy decisions appeared to be made, for the majority, by central government 

and there was no evidence of forum of local government authorities with the power to make 

policy for the coastal region for example. Consultation is an obvious mechanism to achieve 
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consensus however the final decision is made by central government and parliament.  

Conducting a RPNA of the same policy programmes based on recent publications would allow 

a more robust comparison than a literature review. As discussed above (section 6.4.3) 

conducting a RPNA based on a Scottish local authority boundary would provide an excellent 

insight into the current levels of authority and responsibility at the regional scale which could 

be compared with the current overall policy landscape by repeating the study reported here. The 

final literature review isolated initiatives pursuing a desire to create policy which is fit for 

purpose including Low Carbon Scotland: A Behaviours Framework (Scottish Government, 

2013M) Resource Efficient Scotland (Scottish Government, 2013P) and the NPF3 Draft 

(Scottish Government, 2013E). So in conclusion, some progress is being made towards the 

proposed model, but it does not describe the current policy framework for sustainability in 

coastal Scotland. 

The original literature review seeded a number of more specific questions to investigate the 

status of the hypothetical model in Scotland and, where evidence was found, the responses are 

discussed here.  

Question 1: How complex are the policy themes and is it possible for non-policy specialists and 

generalists to achieve an overview and working knowledge of the most important, relevant and 

influential components without loss of sense and context of the whole policy landscape?  

It is difficult for non-policy specialists and generalists to achieve an overview and working 

knowledge of the most important, relevant and influential components within the policy themes 

investigated here. In the UK and Scotland, the drive towards a sustainable low carbon economy 

assisted by marine renewable energy and zero waste initiatives has already generated a 

significant plethora of policy legislation, publications, consultations and actions. Whilst the 

literature review provided a sense of the variety and extent of the policy actors and documents 

in the policy areas the network analysis established the scale, diversity and complexity inherent 

in the policy process. In the four policy theme networks analysed there is significant complexity 

in terms of the total numbers of documents and actors and the relationships between them 

regardless of network size (Chapter 7: figure 21 & table 17). If the current increasing rate at 

which policy documents are generated continues then this will lead to more complexity. 

Whether a policy programme reaches a plateau of complexity as it reaches maturity and fewer 

actors and documents are added was not tested in this study. It is possible to do this with RPNA 

by analysing a mature policy programme and creating sub-sets of data based on documents 
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published up to a given year and generating networks for each period for comparison. The rate 

of increase also suggests that, despite the extensive legislation, publications, consultations and 

actions already in place, all four policy themes are in a relatively early stage of policy 

development and delivery relative to the expectations articulated in policy publications like 

Scottish Government’s first and second Low Carbon Economy: Report on policies and 

proposals (2011F) (2013F). If the annual trends were to continue then more than 50 legislative 

documents would be added to the sustainability policy theme each year with the Scottish 

Government contributing at an increasing rate. 

Graph metric rankings provide a prioritised list of documents and actors which are most 

important and influential (section 7.3, table 19 and section 8.3, table 28) however the results 

must be interpreted for context and sense if time and effort is not to be wasted. A large 

proportion of documents with high Out-Degree, Betweenness and PageRank centrality were 

important for their capacity to inform and educate stakeholders and provide a priority 

‘knowledge base’ (section 5.2.1, table 9). Whilst these overview publications act as repositories 

of information they are not necessarily important or influential to the policy process except to 

summarise and to anchor other documents and actors in the debate. Whether they provide the 

context and sense of the policy area they represent is subject to variation, although for the 

majority they present sufficient breadth and depth to achieve this without undue bias and as 

such can assist stakeholders in their understanding of a policy area e.g. Climate Change. The 

UK Programme 2006 (UK Government, 2006). High In-Degree and Eigenvector centrality 

(central influence) rankings reflected documents and actors engaged in all aspects of the policy 

process and provided a useful overview of the policy area to non-policy specialists.   

The Rapid Policy Network Analysis approach provides the opportunity to establish the 

important documents and actors in a publication by creating a network and applying graph 

metric analysis which uses references in other documents to provide objectivity. The approach 

also allows the researcher to access groups of associated documents or actors for a particular 

component of policy using cluster analysis and appraising the graph metric rankings of 

documents and actors to establish the most important and influential. For example cluster 

analysis extracted the consents required by developers of marine renewable energy arrays 

embedded in the marine renewables policy theme network and highlighted the importance of 

policy actors including National Grid, Ofgem and the Crown Estate in both the marine 

renewable and sustainability networks as important bridges or chokes in resource flow 
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(Betweenness Centrality) (appendix 5.4). The database created for each network can easily be 

interrogated using both pivot table and NodeXL tools if the researcher requires detail on specific 

aspects of policy generation, decision-making, delivery etc. The message delivered to policy 

observers and stakeholders is subject to the desired, or unconscious, influence of the originating 

individual or organisation and this must also be considered when assessing many policy 

documents.  

Question 2: Are there synergies and commonalities between the policy themes analysed and 

would they suggest a joined-up, holistic approach to sustainability between different policy 

objectives, initiatives and programmes? And 

Question 3: Is climate change still the dominant driver of a low carbon Scotland and what other 

programmes and policies are emerging? 

Both questions are answered together as follows: The three policy sub-themes were selected 

for reasons including a common underlying objective to create a sustainable Scotland and they 

exist as stand-alone policy networks which are specific to their respective objectives. They 

contain many common documents and actors which become more prominent when combined 

to create the sustainability network. Across all policy themes the Climate Change (Scotland) 

Act 2009, the Electricity Act 1989, the Environmental Protection Act 1990, the Second National 

Planning Framework (NPF2), the UK and Scottish Governments and Scottish local authorities 

were amongst the most important and influential. Comparison of the policy focus in the policy 

sub-theme networks and their largest clusters (section 7.1, figures 24 to 26) to the network and 

clusters in the sustainability policy theme describe a modification of their primary policy focus. 

This is due to the additional relationships changing the graph metric rankings of the documents 

and actors. For example, the zero waste network is closely aligned to cluster 2 of the 

sustainability network however the former includes a combination of documents which focus 

on ‘planning for zero waste, pollution management and a low carbon economy in Scotland’ 

and the latter is oriented towards the ‘legislation and management of pollution and waste in 

Scotland’. Whereas the individual sub-theme networks tend to be limited to subject specific 

documents and actors the sustainability theme, and its clusters, provide greater breadth and 

depth as they draw on a richer resource of individual documents and actors and the relationships 

between them.    
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Because the RPNA method was developed using policy data which was based on the period 

prior to 2009-11 the policy debate and priorities at that time can be compared with recent 

literature. This shows that the Scottish Government increasingly views the three policy themes 

as related and inter-dependent particularly in recent publications like ‘Ambition, Opportunity, 

Place: Scotland’s Third National Planning Framework Main Issues Report and Draft 

Framework’ (2013B) and their Economic Strategy (2011E). The Scottish coastal zone is critical 

to Scotland’s economic, social and environmental resilience and future sustainability. The 

political desire to achieve a sustainable low carbon economy has historically focussed on 

climate change and reducing ‘greenhouse’ gas emissions, particularly carbon. Renewable 

energy and zero waste programmes are increasingly seen as crucial to achieving a sustainable 

future. Mitigation and responses to climate change, and to a lesser extent carbon (and GHG 

emission) management, are at the heart of the three policy sub-themes based on the legacy 

policy debate surrounding these issues. Whilst they are dominant in the low carbon economy 

policy sub-theme the more nascent zero waste and marine renewable policy sub-themes appear 

less oriented to the climate and carbon policy legacy. Policy supporting the practical growth of 

the renewable energy sector in Scotland is evolving to cover issues including national energy 

security and coastal community resilience (Energy and Climate Change Committee: House of 

Commons, 2012) (Scottish Government, 2013F) for which a portfolio of legislation still needs 

to be developed as evidenced by the lack of relevant documents in the policy networks analysed 

(Section 7.4, table 22). Similarly the network analysis describes a zero waste programme in 

Scotland which is dependent on a legacy of legislation and publications oriented to legal 

restraints applied to the management of pollution, the environment and waste (Section 7.3 table 

19). The recent literature describes an evolution of the zero waste policy debate and aspirations 

towards a Resource Efficient Scotland (Scottish Government, 2013P) where waste is more 

clearly defined as a potential resource and Scotland becomes more resource independent. 

Whilst recent Scottish Government literature describes an evolved view that the three policy 

sub-themes are synergistic and increasingly inter-dependent there is as yet a lack of legislation 

which binds them together in an holistic programme of sustainability.  

The absence of Marine Scotland as a dominant force in the results of the analysis reflect the 

seed document publication dates which, being of a back-casting nature, cannot capture the 

significant activity of Marine Scotland in the policy arena since its creation in 2010 which is 

reflected in recent policy literature. It is interesting that mention of the Fisheries Research 
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Services and Scottish Fisheries Protection Agency is low given that both organisations were 

merged to form Marine Scotland perhaps reflecting increased political responsibility since its 

formation. 

Question 4: What level of importance does environmental and biological policy have within the 

policy themes and are ecosystem sustainability and biodiversity in the marine environment 

supported within the policy themes analysed? 

Policy documents addressing environmental protection, conservation and biodiversity are 

consistently important and influential in all networks and within the largest clusters. Cluster 

analysis resulted in grouping policy documents as nested components of the sustainability 

policy theme, such that biodiversity is linked to forestry, woodland and soil55; conservation to 

critical policies surrounding planning and environmental impact assessment56; and conservation 

and environmental protection to marine planning for renewables57. The most important 

documents addressing pollution are predominantly legislation linked to the most influential zero 

waste documents58. Documents addressing carbon capture and storage are limited in number 

and importance and these few are found in cluster 17 which is a reflection of the aspirational 

and untested nature of the sector.  

The high levels of prominence and prestige afforded EU legislation reflect its influence on 

guiding UK and Scottish policy. Directive 2008/1/EC addressing integrated pollution 

prevention and control is central to climate change and gas emissions policy documents, 

Directive 2009/147/EC supporting the conservation of wild birds is prominent within 

biodiversity policy documents and the Habitats Directive 92/43/EEC has high influence within 

planning policy. The Revised Waste Framework Directive 2008/98/EC and the Landfill 

Directive 1999/31/EC have a high central influence on the Scotland zero waste programme. 

The EU Directives are closely linked to UK and Scottish legislation, strategies and programmes 

as shown by their high rankings in the relevant clusters.  

The highest ranking documents in the marine renewables programme were linked to 

infrastructure and planning which probably reflects that this is a new industry. Ecosystem 

                                                 
55 All Documents sustainability network: Cluster 5 
56 All Documents sustainability network: Cluster 7 
57 All Documents sustainability network: Cluster 9 
58 All Documents sustainability network: Cluster 3 
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protection and biodiversity were dominant in the second largest ‘marine renewables’ cluster59 

in the sustainability policy theme with strong ranking for SEA and EIA documents. This finding 

may reflect the timing of the data analysed which assays the early policy debate surrounding 

marine renewable energy development in Scotland. Since that time Marine Scotland has been 

active in developing a portfolio of publications addressing the marine renewable sector (Marine 

Scotland, 2013C) including socio-economic implications (Marine Scotland, 2013D) but also 

addressing issues like marine litter (Marine Scotland, 2013E), marine planning (Marine 

Scotland, 2013B) and marine protected areas (Marine Scotland, 2013A). Network analysis of 

the appropriate marine renewable documents and legislation published in the last two years 

would provide an insight into the importance and influence afforded environmental, 

biodiversity and conservation issues in the renewables sector as it has been forced to rapidly 

mature. The analysis suggests that the focus of key documents up until 2009-10 was on ‘what 

could be done’ as opposed to the practical implications and limitations of implementation in 

the context of the environmental policy landscape. Analysis of the current policy network would 

provide insight into the extent this has been implemented between 2011 and 2014 particularly 

as programmes like the MSFD and the Scottish national marine plans are in progress.   

Question 5: How important is planning policy, both marine and terrestrial, in the policy 

networks and is there evidence of synergy between them at the coastal interface? 

Documents addressing planning are present to varying degrees in all of the nested component 

policy areas in both the All Documents and All Legislation networks and appear to link many 

aspects of policy focus. The National Planning Framework (NPF2) (Scottish Government, 

2009E) is the most influential and is the third highest ranking document for all centrality metrics 

in sustainability’s cluster 1. The majority of documents which underpin nested marine 

renewable energy60 are the range of (UK) National Policy Statements covering energy, power 

generation, infrastructure etc. (appendix 2.5). Whilst planning documents have varying degrees 

of influence on all aspects of sustainability policy there is a polarised aggregation which 

supports environmental protection and conservation as highlighted previously61. This grouping 

is of interest because it contains documents which address the whole policy process rather than 

specific aspects of the policy sub-themes analysed (appendix 6.1). The over-riding majority of 

                                                 
59 All Documents sustainability network: Cluster 9 
60 All Documents sustainability network: Cluster 3 
61 All Documents sustainability network: Cluster 7 
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planning documentation is terrestrial with limited marine specific strategies, programmes or 

legislation and there is no strong evidence of terrestrial and marine policy combining at the 

coastal interface. This agrees with the findings of the literature review with the UK and Scotland 

still evolving the supporting legislation and programmes from a baseline established by 

legislation including the Marine Strategy Framework Directive (2008) the Marine and Coastal 

Access Act (2009A) and the Marine Scotland Act (2010C). The Planning Scotland’s Seas: Draft 

Planning Circular (Scottish Government, 2013A) responds to the overlap between marine and 

terrestrial planning. It sets out proposed guidelines for mutual agreement between marine and 

terrestrial planning authorities and states that ‘…It is likely that local authorities will have a key 

role in the great majority of marine and terrestrial plans…’ and goes on to state ‘…Terrestrial 

plans should be prepared with due account taken of their impact on the marine environment 

and its users, and on marine policy objectives. Marine plans should be prepared with due 

account taken of their impact on the terrestrial environment and on terrestrial policy 

objectives.’ Once accepted these proposals will go a long way to bridge the gap and will 

delegate responsibility and authority to the Regional Marine Planning Partnerships responsible 

for the new Scottish Marine Regions defined in the Marine (Scotland) Act (2010C).The marine 

environment is currently managed through a patchwork of legacy legislation and policies many 

of which are sectoral in nature and very specific for example the White Herring Fisheries Act 

1771 which is referenced in the marine renewables policy sub-theme.  

The recent proposals by Marine Scotland for marine regions and marine planning are at the 

vanguard of the process to homogenise the management of the marine and coastal policy 

landscape. The need for these plans to balance sectoral interests e.g. fisheries and renewable 

energy (Marine Scotland, 2013D) (Marine Scotland, 2013F) (Marine Scotland, 2013K)  could 

undermine the opportunity for an adaptive management approach to the marine environment as 

a common pool resource system and the role of the Regional Marine Planning Partnerships as 

outlined in the draft planning circular will be important to their success (Scottish Government, 

2013A). A key aim of adaptive management is to increase system resilience by adopting an 

approach which is responsive over time (McCook, et al., 2010) and this will require flexibility 

and agreement between users (Wescott, 2000). Sectoral objectives are often conflicting, for 

example between fisheries and marine renewable energy developers and with ‘fixed’ activities 

locking-in use then flexibility and responsiveness will be significantly reduced (Maes, 2008). 

Synergy between appropriators who are committed to long-term stability and future use of the 

resource is common to many successfully managed and sustainable CPR’s, especially where 
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they interact as a nested organisational hierarchy (Ostrom, 1990) (Ostrom, Gardner, & Walker, 

1994)62 and achieving this in Scottish waters represents a significant challenge. The method 

uncovered 335 stakeholders engaged with the many sectors of the marine environment in the 

marine renewables policy sub-theme. This study only investigated renewable energy policy in 

the marine environment however other policy programmes supporting marine sustainability are 

numerous and varied addressing marine protected areas, fisheries etc. If all sustainability 

oriented marine policy were aggregated the resultant network would contain an extremely large 

and complex congregation of diverse and sometimes conflicting stakeholders thus increasing 

the difficulty in managing and negotiating agreement on the range of policy issues. Sectoral 

agendas, excessive appropriation and indifferent attitudes to the longer term dynamics of the 

system and other users could be a formula for the degradation of the marine environment as a 

complex commons (Mackleworth, Holcer, & Fortuna, 2008). However, as described above, in 

response to question four, there is strong evidence that in UK and Scottish waters environmental 

protection, conservation and biodiversity are at the top of the agenda in the development of both 

marine and terrestrial policy.  

The influence on the marine environment from terrestrial inputs is understood and the Water 

Framework Directive and Marine Strategy Framework Directive are (partly) designed to be 

synergistic in protecting Scotland’s coast and regional seas. Any future organisation held 

responsible for achieving coastal and marine sustainability cannot manage what it does not 

control;  cannot control what it cannot measure and cannot measure what it cannot define. If a 

single entity were provided with full responsibility, authority and accountability to deliver an 

optimum social, economic and environmental equilibrium for Scotland’s marine and coastal 

environment then it is possible to conceive that an adaptive approach might be developed. 

Conditions do not exist for this to happen. Potential candidates like Marine Scotland, whilst 

having the overview, have neither the manpower nor resources to operate at all scales. The 

proposal that Scotland’s marine environment be managed at a regional and local scale (Marine 

Scotland, 2013B) is flawed by a lack of appropriate authority at all levels of policy decision-

making and delivery. For example, if you do not decide fisheries quotas and/or do not control 

                                                 
62 As discussed in chapter 3 other common components of successfully managed CPR’s 

include: the resource is typically complex and uncertain; reputation within the community is 

cherished; boundaries are clearly defined; collective choice rules operate; monitoring and 

graduated sanctions are applied; there is a forum for conflict resolution: and external authority 

has little or no role to play in designing the rights of appropriators (Ostrom, 1990) (Ostrom, 

Gardner, & Walker, 1994). 
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pollutants entering rivers then you cannot manage conditions to improve coastal and marine 

ecosystem resilience. This suggests that success will be dependent upon achieving excellent 

working relationship between the organisations which control these policy components e.g. 

Marine Scotland and SEPA and the future regional and local marine and coastal management 

organisations where responsibility, accountability and authority are clearly defined and 

supported.  

Question 6: What is the context for the legislative component of the policy landscape and does 

legislation alone provide stakeholders with the tools necessary to engage in the policy debate?  

And 

Question 7: Is there burdensome duplication inherent in the policy landscape for Scotland? 

Both questions are answered here as follows: Policy publications often articulate future desired 

states, for example the Low Carbon Economy: Report on Proposals and Policies, whereas the 

legislation to achieve these goals typically lags behind. This is understandable given the 

requirements on the process of introducing legislation which includes the need for consultation, 

impact assessments etc. prior to submission to parliament and coming in to force. The 

importance of legislation in the policy process is consistently confirmed by the graph metrics 

results and legislation exists as a nested network of documents which are more closely inter-

related and inter-dependent than the homogenous documents which form the greater policy 

landscape. Legislation combines to represent the largest number of documents by type and is 

the most referenced. A complete understanding of the sustainability area explored here would 

itself require (in theory) knowledge of over 800 UK and Scottish legislative instruments plus 

152 EU legislation documents. The UK and Scotland are strongly influenced by European 

legislation which has an inherent complexity of cross-referencing and dependency. For those 

actors seeking to understand only the Scottish legislation component the task is still demanding 

with 231 legislation documents to review however Scottish legislation in isolation does not 

provide the necessary understanding of the legal framework as Scotland is dependent on a 

legacy of UK legislation. Notable documents to review include the Electricity Act 1989, Energy 

Act 2004, Environmental Protection Act 1990 and the Marine and Coastal Access Act 2009.  

The Scottish Government sees its current legislative control over energy, agriculture and 

fisheries as insufficient to achieve national goals without independence and states that post-

independence ‘…all current laws, whether in currently devolved or reserved areas, will 
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continue in force after independence day until they are specifically changed by the independent 

Scottish Parliament’ (Scottish Government, 2013G). The ‘Scotland’s Future’ manifesto for an 

independent Scotland also makes many references to new legislation which will be required 

post-independence covering every aspect of law from national security, taxation, equal rights, 

healthcare to local authorities. The sustainability network analysis uncovered 678 UK 

Government Acts, Regulations and Orders which were deemed important to the policy 

programmes analysed. This gives an indication of the challenge if all UK legislation required 

conversion to Scottish law particularly with current Scottish legislation also referencing UK 

legislation.  

Knowledge of the legislative landscape, and any future transposition, is hindered by the 

extensive inter-dependence found in UK and Scottish legislation which have high levels of 

‘amendments’, duplications etc. Legal responsibility is articulated by a complex network of 

documents within which the objectives and legal obligations in any single document are 

typically dependent on sections found in other legislative documents. Very few, if any, of the 

UK and Scottish Acts, Regulations and Orders describe a comprehensive ‘stand-alone’ context 

and authority and the reader is obliged to pursue a paper-trail investigation to achieve a 

comprehensive understanding. The UK Government have recognised the duplication and 

obsolescence in the legacy of policies across the many areas of government and that for policies 

to work then they need to be more efficient. The Cabinet Office are leading a campaign to 

simplify existing legislation through their ‘Red Tape Challenge’ (RTC) (Defra, 2013A). By 

way of example, Defra are assessing marine and water regulations63 and have concluded that 

of 196 policy instruments, 63 should be ‘scrapped’, 62 improved and that only 71 are relevant 

in their current form. 

Within the sustainability All Document policy network the most prominent and prestigious (In-

Degree) legislation are the Climate Change (Scotland) Act 2009, the Electricity Act 1989, the 

Environmental Protection Act 1990 and to a lesser extent the Town and Country Planning 

(Scotland) Act 1997. When Betweenness, Eigenvector and PageRank centrality are also 

considered then the Pollution Prevention and Control (Scotland) Regulations 2000, the Marine 

and Coastal Access Act 2009 and the Energy Act 2004 can be added to establish the 7 most 

                                                 
63 The marine and water regulations under scrutiny by Defra encompass ‘…drinking water 

quality, flood management, inland waterways, marine conservation and fisheries.’ (Defra, 

2013A) 
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influential and important legislative documents pertinent to the sustainability policy area 

described within the boundaries of this research. Most legislation is typically relatively 

conservative in the number of documents they cite compared to many government publications, 

and the observation that 5 Acts reference 61% of All Legislation in the sustainability policy 

theme points to their complexity and their significance and influence (section 5.2.2, table 8). 

The legislation networks contain established relationships between a population of policy actors 

who are typically decision-makers or influencers and deliverers with the highest levels of 

authority in the policy process e.g. central government and government departments. 

Question 8: Does robust policy and legislation exist to support community resilience, 

innovation clusters, sustainable economics and sustainable behaviour?  

A sustainable Scotland will require the management of resilience in coastal regions and a policy 

framework which respects that social, physical, economic and environmental systems are 

interconnected. The displacement of populations to large urban areas has led to less human 

resource available for businesses in rural areas and the Scottish Government has responded 

within its independence manifesto by establishing the need to ‘reindustrialise Scotland’s 

economy’ based on ‘promoting innovation’ and the view that ‘Increasing manufacturing 

activity in a local area will help develop clusters of economic activity and support local supply 

chains’ (Scottish Government, 2013J). This supports the aspirations for communities as stated 

in policies like the Scottish National Planning Framework (NPF2 and NPF3) which build on 

the Scottish Governments’ ‘importance of place’ philosophy  by creating incentives for 

employers (Scottish Government, 2008D) however the current approach voiced by the Scottish 

Government  is limited to building community resilience based on organising response to 

disasters. There was no evidence of an existing foundation of policy to support sustainable 

community economics based on high ranking documents in the sustainability policy network. 

The majority of economic oriented documents are targeted at a national level based on the low 

carbon economy programme. Similarly, any focus on sustainable behaviour and programmes 

to proactively drive towards future community resilience were not uncovered as important or 

influential documents in the analysis. Documents supporting rural areas were spread across the 

various clusters in the sustainability policy theme and eclipsed by national policy documents. 

For example the Scotland Rural Development Programme is embedded in a cluster of 

documents addressing Scotland’s forestry, woodland and soil protection strategies (cluster 5). 
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There is an aggregation of documents in cluster 1364 focussed on improving housing in Scotland 

through a gamut of policy action plans and agreements linked to the governments Strategic 

Development Plans which only focus on the city areas of Glasgow, Edinburgh, Dundee and 

Aberdeen (Scottish Government, 2009H). In two of the smallest clusters (15 and 16) there is a 

nominal recognition of the needs of rural transport, crofters and social benefits. The recent 

development of the National Marine Plan provides hope that community resilience is moving 

up the policy agenda with the inclusion of a programme to support social and economic 

objectives (Marine Scotland, 2013D). There is a focus on achieving Good Environmental Status 

and protecting ecosystem resilience which can only benefit the coastal zone (Marine Scotland, 

2013B)  

Question 9: Are there policies in place to provide local authorities, community organisations 

and the Third Sector with sufficient authority and control and the necessary resources to 

support local bottom-up initiatives beyond delegating policy delivery and actions to Scottish 

local authorities? 

And 

Question 10: Is there evidence of adaptive management and synergy between organisations, 

with policy structured to support the operational level; the collective choice level; and the 

constitutional level to manage the marine and coastal Common Pool Resources in a responsive 

policy process?   

Both questions are answered here as follows: Although the Scottish Government retains overall 

‘project management’ for developing legislation and activity towards sustainability the 

component policy sub-themes are, for the main part the responsibility of delegated 

organisations e.g. Marine Scotland and the marine renewable policy programme. Outside of 

central government there is no specific organisation with the authority to force synergy or 

pooling of resources and knowledge or for negotiating economies and efficiencies between the 

agencies, departments and organisations currently established as responsible. Instead, the 

analysis suggests that there is an expectation that by increasingly empowering local authorities 

that the necessary optimisation of the separate policy programmes will be achieved.  

                                                 
64 All Documents sustainability network: Cluster 14 groups documents regulating the built 

environment in Scotland 
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There is a resonance in what is needed to create a well-managed marine and coastal 

environment with Ostrom’s (1990) collective action model and with Gunderson’s description 

of the relationship between population, time and "rule sets" (policy instruments) (Gunderson & 

Holling, 2002) where policy and constitution arise from established behaviours over time. The 

collective action model describes organisations and policy in a structured hierarchy to support 

the ‘operational level’, in which appropriation, provision, monitoring and enforcement occur;  

the ‘collective choice level’ in which policy making, management and adjudication occur and 

the ‘constitutional level’ in which policy formulation, governance, adjudication and 

modification occur. This links to Gunderson’s hierarchy of ‘rule sets’ which describe the 

evolution of small group decisions to become policies and contracts and then law before 

evolving to constitutional and cultural rules as time and population increase. In this 

circumstance the challenge of government is to establish the necessary behaviours from the 

bottom up. At the collective choice level (Ostrom, 1990) then local authorities, the third sector 

and community organisations have the opportunity to engage with, and support, the needs of 

individuals, neighbourhoods and businesses at the operational level. However, optimism that 

that local authorities will achieve more sustainable communities comes with the caveat that 

problem-solving by the lowest common denominator within a nested complex system requires 

that sufficient authority and autonomy is delegated (subsidiarity) (Marshall, 2008). There is the 

potential for policy failure where there is the lack of a feedback mechanism between policy 

implementers and policymakers which can result in confusion and the non-achievement of the 

objectives (Pender, 2004).  

A recurrent theme in the literature reviews was the Scottish Governments’ wish to be 

independent of the political and economic control of the UK Government and to manage the 

‘…90% of Scotland’s revenues (which are) collected by Westminster…’ whilst ensuring that 

spending is in line with national, regional and local needs for both households and businesses 

(Scottish Government, 2011E). The Scottish Government displays a growing willingness and 

awareness of the need to devolve and delegate authority and responsibility for policy and 

planning to local authorities, for example with the Community Empowerment (Scotland) Bill 

which was in consultation in 2013 (Scottish Government, 2013V)  and the inclusion of the 500 

MW of community generated renewable energy in its targets (House of Commons Library, 

2010) (Scottish Government, 2013D). Organisations exist to assist the creation and 

development of community based sustainability focussed clusters e.g. the Transition Town 

initiatives, however many are originated by an individual "entrepreneur" and there is a need to 
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formalise support services, communication, cooperation and training between actors to create 

a competitive advantage for the cluster (European Commission, 2008C).  

Results of the network analysis report Scottish local authorities as one of the most important 

policy actors after Government in the achievement of coastal sustainability. This is also 

reflected in Scottish Government publications including the ‘Scottish Community 

Empowerment Action Plan’ (SCEAP) (Scottish Government, 2009B), the ‘Scotland Performs’ 

framework (Scottish Government, 2011D), the Single Outcome Agreements (Scottish 

Government, 2011M), "Our Rural Future" (Scottish Government, 2011C), the 2007 

Concordant (Scottish Government, 2007A). Future actions designed to devolve authority to a 

local scale include the Localism Act 2011 (House of Commons Library, 2010) (UK 

Government, 2011A). The recently published Consultation on the Community Empowerment 

(Scotland) Bill sets the scene for further delegation to Scottish Communities to purchase 

redundant public sector real-estate and heralds future legislation which ‘…is designed to 

strengthen and nurture community participation and encourage enterprising community 

development.’ (Scottish Government, 2013V). The European Charter of Local Self-

Government articulates provisions for financial, administrative and political independence for 

local authorities such that ‘The principle of local self-government shall be recognised in 

domestic legislation, and, where practicable, in the constitution’ (Council of Europe, 1988). 

The aspirations of national government to create a sustainable economy will most probably 

falter or be reinterpreted without dedicated local resource (Lipsky, 1980 & 2010) and the belief 

that rapid change can be achieved through a volunteer collective is naïve, particularly given 

declining investment in the Third Sector (Woolvin, 2012).  

Community scale approaches to services and goods including renewable energy, sewage, waste 

management, retail provision and supply chain could avoid the waste typically inherent in 

centralised solutions. Adopting a whole of system approach in which community actors share 

responsibility for the value streams to deliver community wealth, social well-being, 

environmental sustainability, health and education etc. will require appropriate long term 

legislative and financial frameworks. History does not favour Ostrom’s or Gunderson and 

Hollings’ models with power and authority wielded by Westminster and more recently the 

Scottish Government.  Historically decisions on common pool resources have been made 

centrally with a top-down, ‘one size fits all’ approach supported by a legacy of legislation which 

often appears insufficiently adaptive, flexible or responsive to rapidly progress to a viable 
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sustainable coastal Scotland. This problem has been recognised by UK and Scottish 

governments who have recently progressed policies to remedy this situation including the 

Localism Act (UK Government, 2011A), the Community Empowerment (Scotland) Bill 

(Scottish Government, 2013V) and the commitment to creating marine regions and 

empowering Regional Marine Management Partnerships (Marine Scotland, 2013B). Recent 

legislation like the Marine and Coastal Access Act 2009 and the Marine Scotland Act 2010 

send strong messages that delegation to the regional scale is in progress. Comparison between 

the network analysis (pre 2011) and the recent literature review provided hope that in the last 

two years the Scottish Government has embraced an enlightened appreciation of the need to 

build a policy framework to support bottom-up capability and authority to manage coastal 

sustainability at the regional scale. Given the pressing threats to the coast linked to climate 

change (Scottish Natural Heritage, 2012B), the loss of ecosystem services (Aspinall & Green, 

2011) and the depletion of natural resources (Scottish Government, 2013P) whether the 

response will be rapid enough is unknown.  

9.3 Summary of lessons learned, conclusions and next steps 

The following are selected highlights from the findings in each chapter. 

9.3.1 Lessons learned 

 Analysis of All Document types is necessary to understand the policy process from 

creation to delivery. 

 The level of coding and data collection in RPNA can be reduced 

 Cluster analysis is highly recommended 

 The most relevant metrics for both actor and document network analysis were the same 

e.g. Betweenness and Eigenvector Centrality.  

 Two-mode analysis is recommended for actor networks. 

 Networks with as few as 400 document relationships can be analysed using RPNA. 

 The results of any network analysis may be out-dated when a new relevant document is 

published. 

 Summary documents with high Out-Degree ranking, whilst useful in providing 

information, were not necessarily important to delivering policy. 

 Documents with a high In-Degree ranking tended to be important to the policy process 
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9.3.2 Conclusions 

 Sustainability policy in the UK and Scotland is complex. 

 Legislation is extremely important in the policy networks. 

 There is evidence of increasing policies to support the hypothetical model proposed. 

 EU legislation has high importance and influence on UK and Scottish law-making. 

 The sustainability network is influenced by the legacy of policy documents and 

legislation addressing climate change. 

 A relatively small pool of actors was involved in many areas of the policy lifecycle 

across a variety of policy areas 

 Scotland Local Government was consistently one of the most important actors.  

 The importance of SEPA, the UK Government, the Scottish Government, Scottish 

Natural Heritage, the European Commission/Parliament, Scottish Enterprise Agencies, 

Defra, Ofgem, the Crown Estate, COSLA and Scottish Water was evident across the 

policy themes.  

 The importance of Marine Scotland was evident in the final literature review due to its 

date of creation.  

 Across all policy themes the Climate Change (Scotland) Act 2009, the Electricity Act 

1989, the Environmental Protection Act 1990 and the Second National Planning 

Framework (NPF2) were the most important and influential documents (See tables 19 

and 22 for a summary based on rankings) 

 The most important legislation also included the Town and Country Planning (Scotland) 

Act 1997the Pollution Prevention and Control (Scotland) Regulations 2000, the Marine 

and Coastal Access Act 2009 and the Energy Act 2004. 

 There are high levels of inter-dependence and cross-referencing in legislation which 

adds to the difficulty in understanding legislation.  

 The high percentage of actors involved in delivery and the high percentage of legislation 

suggests that most actors would need to have a reasonable awareness of legislation. 

 Marine renewable energy appeared to be more driven by UK objectives than EU policy 

compared to the other policy programmes 

 The importance of planning (LCE), environmental protection (ZWS), marine 

renewables (SUS) and marine and coastal management (SUS) is highlighted in the All 

Legislation networks.  
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9.3.3 Next steps 

 Create up to date networks based on recent seed documents and conduct a gap analysis 

with the results reported here. 

 The high ranking of Scotland Local Government strongly recommends further research 

into the policy network which specifically pertains to these actor. 

 SEPA and Marine Scotland are also strong candidates to conduct a socio-centric 

network analysis study to better understand how these important actors can work 

together at the coastal interface. 

 Create networks for the MSFD and the WFD, merge them and compare the three 

networks. 

 Extend the policy programmes merged into the sustainability proxy network to include 

marine and terrestrial environmental planning, conservation and energy efficiency. 

 Create an online resource to allow access and contribution by others.  
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Glossary of Terms 

Community-based sustainability: A bottom-up approach to stimulating sustainable behaviour 

in communities e.g. Transition Towns 

Policy actor: ‘An individual, organisation or entity which acts as decision-maker, influencer, 

deliverer or influencer-deliverer in a policy process and which is institutionally formally or 

informally linked and considered to be able to affect policy creation, transposition and/or 

delivery’ (Bainbridge, Potts, & O'Higgins, 2011). 

Policy actor sector: Describes both the policy domain in which a policy actor has authority, 

responsibility or jurisdiction and the type of organisation, entity or individual.  

Policy actor status: The predominant level of authority, accountability and responsibility each 

policy actor has as an influencer, decision-maker, influencer-deliver or deliverer in the policy 

process. 

Policy document: ‘All documents which describe agreements, processes, actions, relevant 

programmes, outputs and legislation which are endorsed by the policy actors as being integral 

to the creation, transposition and/or delivery of the policy’ (Bainbridge, Potts, & O'Higgins, 

2011).  

Policy document group: Provide ‘umbrella’ codes by allocating policy documents into pre-

defined ‘groups’ aggregating the originating policy actors by domain and sector and the type of 

activity the document represents. They can be compared to the policy actor sectors. 

Policy document type: Combines the name of the originating individual, organisation or entity 

and the type of activity contained in the document e.g. legislation, publication, action or 

consultation. Policy legislation is specified as Act, Regulation, Order, Directive/ Agreement or 

Protocol/Agreement. 

Policy domain: ‘A geo-political region which either creates, transposes or delivers Policy. 

Policy Areas are defined where possible as International, EU, UK, UK Devolved Authority and 

local/sub-national regions’ (Bainbridge, Potts, & O'Higgins, 2011). These domains are 

typically hierarchical as concerns the policy lifecycle in the order described. 

Policy legislation: ‘Those policy documents which establish legally binding obligations. To 

include International Protocols and Agreements, European Directives, Agreements and 
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Protocols, UK (Westminster and Devolved) Acts, Regulations and Orders’ (Bainbridge, Potts, 

& O'Higgins, 2011)  

‘Relationship’: A relationship (Tie) between individual documents and/or actors 

‘Relationship network’: A network in which only one occurrence of each relationship between 

documents or between actors is acknowledged. 

‘Reference Network’: A network in which all occurrences of relationships between documents 

and actors is acknowledged where they are cited in separate seed/seed-alter documents but not 

within the same document. 

Social Capital: The benefits generated as a result of the cooperation between individuals in a 

group. 

Stakeholder: ‘Any individual, organisation or entity having an active interest in the policy 

process but which is not (necessarily) a decision-maker, influencer, deliverer or influencer-

deliverer e.g. general public, communities, commentators, observers’ (Bainbridge, Potts, & 

O'Higgins, 2011). 

‘Unique Instance’: A reference to an individual policy actor or policy document 
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Appendices 

Appendix 1: Chapter 4: Methods 

 

Appendix 1.1 

The centrality and cluster algorithms used by NodeXL and reported in the results of 

this study 

 

Betweenness Centrality 

(Freeman, Borgatti, & White, 

1991): iterative comparison of 

the number of shortest paths 

connecting two nodes divided 

by the total number of shortest 

paths. 

 

CB(v) =    ∑          δst (v)/δst  

             s≠v≠tεV  

 

 

Where CB – Betweenness Centrality; v – vertex under analysis; s & t – (each) pair of vertices 

in the network; ε – total number of edges/ties; V – total number of vertices/nodes; δst – total 

number of shortest paths between nodes s and t; δst (v) - number of shortest paths passing 

through v. For each vertex its Betweenness Centrality ranking is based on calculating the 

shortest paths between all vertices in the network. 

 

Eigenvector Centrality 

(Bonacich, 1972): ranking 

centrality scores for each node 

(v) are calculated based on the 

density of adjacent nodes and 

iteratively compared to scores 

for all other nodes to create 

rankings. 

 

 

xv   =  1/λ   ∑        xt   = 1/ λ   ∑     av,txt 

                      tεM(v)                  tεG  

 

Where xv – Eigenvector Centrality of vertex v; λ – constant; v and t are the vertices under 

comparison; ε - total number of edges/ties; V – total number of vertices/nodes; M(v) – is the 

set of neighbours adjacent to v. By assigning a relative score to each node and adjusting each 

score based on the scores of connected nodes generates rankings of centrality. 

 

PageRank Centrality:  
(Brin & Page, 1998) The 

PageRank of a node is 

dependent on PageRank values 

of associated nodes with a 

damping factor applied to the 

likelihood of all paths being 

realised in a directed network 

 

 

PR(u)  =    ∑      PR(v)/L(v) 

                vεBu 

 

Where PR(u) – PageRank Centrality of vertex u; PR(v) - PageRank Centrality of vertex u; 

L(v) is the number of outbound links from vertex v; Bu is the total set of vertices linked to 
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vertex u; ε – total number of edges/ties. The PageRank Centrality ranking of vertex u is a 

function of the PageRank scores for all vertices connected to it (v) but which have been 

adjusted for the total number of links from that vertex (v). 

 

 

Wakita Tsurumi algorithm: 

(Wakita & Tsurumi, 2007) 

based on the Clauset, Newman 

& Moore algorithm which and 

includes heuristics to ensure 

‘balanced growth of 

communities i.e. clusters 

 

ΔQC
ci,cj = Q(G,C – ci – cj + (ci Ṻ cj)) – Q(G,C) 

 

 

Where: G is an undirected network with V vertices and E edges; ci and cj are clusters 

(communities) in the network; C is a definition of modularity within the graph whereby there 

are dense intra community links and weak extra community links; when the algorithm can 

apply a maximum values of ΔQ to a community pair then it merges them. 

Appendix 1.2 

The types of policy documents which were not analysed for references to policy actors and 

documents either because they were outside of the boundaries defined for the research or 

because they were not relevant to the study. 

Document 

Type 

 

Reason Example 

Outside 

UK 

EU or International 

policy 

 

‘OECD, The Economics of Climate Change 

Mitigation: Policies and Options for Global Action 

Beyond 2013’ 

Duplicates Document which 

duplicates content 

analysed elsewhere 

e.g. draft 

 

‘Scottish Parliament, Transport, Infrastructure and 

Climate Change Committee Report on the Draft Report 

on Proposals and Policies (TIC/S3/10/R9)’ 

Statement Press release, 

notices etc. 

‘Wave and Tidal Energy Research, Development and 

Deployment Scheme (WATERS) funding schemes, 

innovation and research centres to drive the 

development and deployment of renewable generation’ 

 

Data only Documents 

containing data only. 

‘State of Scotland’s Soil Report’, Government Budget 

Spread sheets etc. 

 

Method Describes a process 

and not relevant to 

policy analysis 

‘Scottish Household Waste Analysis Methodology’ 
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Appendix 1.3 

Actor Status definitions (Adapted from (Bainbridge, Potts, & O'Higgins, 2011)) 

 

Actor Definition 

 

Influencer 

(I): 

An organisation, entity or individual which is legally, morally or practically 

required, invited or obliged (including by its Constitution e.g. Third Sector 

Organisations) to be involved in the official policy process. It is assumed that 

Influencers can affect the outcome of the policy process using legitimate means 

based on their opinions and views. 

 

Owner/ 

Decision-

Maker 

(DM): 

An organisation, entity or individual which has the authority to make a decision 

which can affect the policy creation, transposition and/or delivery as concerns 

intellectual or practical components or which owns all, or component parts, of 

the policy process within a specified boundary. Decisions may be made by 

Owner/Decision Maker’s following consultation and/or negotiation however it 

is assumed they have the ultimate authority to decide outcomes. 

 

Deliverer 

(D): 

An organisation, entity or individual which is legally, morally or practically 

required, invited or obliged to be involved (including by its Constitution e.g. 

Third Sector Organisations) in policy delivery. They can only affect the outcome 

of the policy process based on the delivery of actions, processes or reporting. 

They cannot, in principle, affect the creation or outcome of the policy process 

based solely on their opinions and views. 

 

Influencer- 

deliverer 

(ID): 

An organisation, entity or individual which is legally, morally or practically 

required, invited or obliged to be involved (including by its Constitution e.g. 

Third Sector Organisations) in the official policy process. They can affect the 

creation or outcome of the policy process using legitimate channels based on 

their opinions and views and are also engaged in delivering an action, process, 

or report which facilitates the creation, transposition interpretation, and/or 

implementation of the policy.  

Appendix 1.4 

Description and coding of policy actors by jurisdiction and sector 

Actor ‘Sector’ Description Code 

Scotland: Government Scottish Government, Parliament, Ministers, 

Departments and Direct Agencies 

 

SG 

Scotland: Agencies Actors created and/or funded by the Scottish 

Government, but which are not typically 

Government Departments 

 

SA 

UK: Government UK Government, Parliament, Ministers, 

Departments and Direct Agencies 

 

UK 

UK: Agencies Actors created and/or funded by the UK 

Government, but which are not typically 

Government Departments 

UA 
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European Union 

Commission, Parliament 

etc. 

European Union Parliament, Commission, 

Departments, Official Bodies, Committees etc. 

 

 

EU 

International Internationally active organisations, including 

Governments, Third Sector and Private Sector 

organisations 

 

IN 

Public Sector UK Public Sector organisations specifically 

cited as such 

 

PU 

Private Sector Private Sector organisations, UK based only 

 

PR 

Third Sector Third Sector organisations, UK based only 

 

TS 

Scotland Local 

Government 

Scotland Local Government SL 

Appendix 1.5 

Policy document group definitions and coding protocol 

Actor policy 

domain and status 

Actor Description Policy 

Document 

Group Type 

Policy 

Document 

Group Code 

 

Scotland: 

Government 

Scottish Government, 

Parliament, Ministers and 

Departments 

Act SGA 

Regulation SGR 

Order SGO 

Publication SGP 

Action SGN 

Consultation SGC 

 

Scotland: Agencies 

(non-

governmental), 

Advisory Groups 

etc. 

 

Actors created and/or funded by 

the Scottish Government but 

which are not typically 

Government Departments. 

Publication SAP 

Action SAA 

Consultation SAC 

UK: Government UK Government, Parliament, 

Ministers and Departments 

Act UKA 

Regulation UKR 

Order UKO 

Publication UKP 

Action UKN 

Consultation UKC 

 

UK: Agencies 

(non-

governmental), 

Actors created and/or funded by 

the UK Government but which 

are not typically Government 

Departments. 

Publication UAP 

Action UAA 

Consultation UAC 
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Advisory Groups 

etc. 

 

European Union 

Commission, 

Parliament etc. 

European Union Governmental 

Departments, bodies, 

Committees etc. 

Directive/ 

Agreement 

EUD 

Publication EUP 

Action EUA 

Consultation EUC 

 

International All internationally active 

organisations 

Protocol/ 

Agreement 

IPA 

Publication INP 

Action INA 

Consultation INC 

 

Public Sector UK Public Sector organisations 

specifically cited as such 

Publication PUP 

Action PUA 

Consultation PUC 

 

Private Sector Private Sector organisations, UK 

based only. 

Publication PRP 

Action PRA 

Consultation PRC 

 

Third Sector Third Sector organisations, UK 

based only. 

Publication TSP 

Action TSA 

Consultation TSC 

 

Scotland Local 

Government 

Scotland Local Government Publication SLP 

Action SLA 

Consultation SLC 
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Appendix 2: Chapter 5: Sustainability document network analysis results 

Appendix 2.1 

The highest ranked documents in the All Document sustainability policy theme for cluster 1 

in rank order for three centrality metrics.  

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

 

LCE: Report on Proposals 

and Policies 

LCE: Report on Proposals 

and Policies 

LCE: Report on Proposals 

and Policies 

 

Climate Change (Scotland) 

Act 2009 

Low Carbon Scotland: The 

Draft Report on Proposals 

and Policies: Strategic 

Environmental Assessment: 

Environmental Report 

Low Carbon Scotland: The 

Draft Report on Proposals 

and Policies: Strategic 

Environmental Assessment: 

Environmental Report 

 

Second National Planning 

Framework (NPF2) 

Climate Change (Scotland) 

Act 2009 

Second National Planning 

Framework (NPF2) 

 

Low Carbon Scotland: The 

Draft Report on Proposals 

and Policies: Strategic 

Environmental Assessment: 

Environmental Report 

 

Second National Planning 

Framework (NPF2) 

A Low Carbon Economic 

Strategy for Scotland: 

Scotland - A Low Carbon 

Society 

A Low Carbon Economic 

Strategy for Scotland: 

Scotland - A Low Carbon 

Society 

 

A Low Carbon Economic 

Strategy for Scotland: 

Scotland - A Low Carbon 

Society 

Climate Change (Scotland) 

Act 2009 

Appendix 2.2 

The highest ranked documents in the All Document sustainability policy theme for cluster 2 

in rank order based on centrality metrics. 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

 

Environmental Protection 

Act 1990 

Environmental Protection 

Act 1990 

Environmental Protection 

Act 1990 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

Scotland's Zero Waste Plan Scotland's Zero Waste Plan: 

Consultation 

Scotland's Zero Waste Plan: 

Consultation 

Scotland's Zero Waste Plan: 

Consultation 

Pollution Prevention and 

Control (Scotland) 
Regulations 2000 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

Scotland's Zero Waste Plan   
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Appendix 2.3 

The highest ranked documents in the All Document sustainability policy theme for cluster 3 

in rank order based on centrality metrics. 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

 

Electricity Act 1989 Electricity Act 1989 Electricity Act 1989 

 

Marine and Coastal Access 

Act 2009 

Marine (Scotland) Act 2010 Marine and Coastal Access 

Act 2009 

 

National Policy Statements 

for Energy: Overarching 

National Policy Statement 

for Energy (EN-1) 

Marine and Coastal Access 

Act 2009 

National Policy Statements 

for Energy: Overarching 

National Policy Statement 

for Energy (EN-1) 

 

Marine (Scotland) Act 2010 National Policy Statements 

for Energy: Overarching 

National Policy Statement 

for Energy (EN-1) 

 

Marine (Scotland) Act 2010 

 National Policy Statements 

for Energy: National Policy 

Statement for Renewable 

Energy Infrastructure (EN-

3) 

 

National Policy Statements 

for Energy: National Policy 

Statement for Renewable 

Energy Infrastructure (EN-

3) 

Appendix 2.4 

The highest ranked documents in the All Document sustainability policy theme for cluster 4 

based on degree and centrality metrics in descending rank order. 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

United Nations 
Framework 

Convention on 

Climate Change 

(15) 

 

Climate Change. 
The UK 

Programme 

2006 (236) 

Climate Change. 
The UK 

Programme 

2006 

Climate Change. 
The UK 

Programme 

2006 

Climate Change. 
The UK 

Programme 

2006 

Kyoto Protocol 

(11) 

Scotland's 

Climate Change 

programme 

(100) 

 

Scotland's 

Climate Change 

programme 

Scotland's 

Climate Change 

programme 

Scotland's 

Climate Change 

programme 

Scotland's 

Climate Change 

programme (9) 

Building a Low 

Carbon 

Economy, The 

UK's 

Building a Low 

Carbon 

Economy, The 

UK's 

Building a Low 

Carbon 

Economy, The 

UK's 

Building a Low 

Carbon 

Economy, The 

UK's 
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Contribution to 

tackling Climate 

Change (72) 

 

Contribution to 

tackling Climate 

Change 

Contribution to 

tackling Climate 

Change 

Contribution to 

tackling Climate 

Change 

Directive 

2008/1/EC of 

the European 

Parliament and 

of the Council of 

15 January 2008 

concerning 

integrated 

pollution 

prevention and 

control 

(Codified 

version) (8) 

 

Greenhouse Gas 

Emissions 

Inventory for 

England, 

Scotland, Wales 

and Northern 

Ireland: 1990-

2009 (11) 

United Nations 

Framework 

Convention on 

Climate Change 

United Nations 

Framework 

Convention on 

Climate Change 

Greenhouse Gas 

Emissions 

Inventory for 

England, 

Scotland, Wales 

and Northern 

Ireland: 1990-

2009 

Greenhouse Gas 

Emissions 

Inventory for 

England, 

Scotland, Wales 

and Northern 

Ireland: 1990-

2009 (7) 

 

Carbon 

Accounting 

Scheme 

(Scotland) 

Regulations 

2010 (8) 

Greenhouse Gas 

Emissions 

Inventory for 

England, 

Scotland, Wales 

and Northern 

Ireland: 1990-

2009 

Greenhouse Gas 

Emissions 

Inventory for 

England, 

Scotland, Wales 

and Northern 

Ireland: 1990-

2009 

United Nations 

Framework 

Convention on 

Climate Change 

The Gallagher 

Review of the 

Indirect Effects 

of Biofuels 

Production (7) 

 

    

*Numbers in brackets are total documents referring this document. **Numbers in brackets 

are total documents referenced by this document 

Appendix 2.5 

The highest ranked documents in the All Document sustainability policy theme for cluster 5 

based on degree and centrality metrics in descending rank order. 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Water 

Framework 

Directive 

2000/60/EC 

Water 

Framework 

Directive 

2000/60/EC 

 

Scotland Rural 

Development 

Programme 

Scotland Rural 

Development 

Programme 

Scotland Rural 

Development 

Programme 
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Scotland Rural 

Development 

Programme 

Scotland Rural 

Development 

Programme 

 

UK Forestry 

Standard 

Scottish Forestry 

Strategy 

UK Forestry 

Standard 

Directive 

2009/147/EC of 

the European 

Parliament and 

of the Council of 

30 November 

2009 on the 

conservation of 

wild birds 

 

Directive 

2009/147/EC of 

the European 

Parliament and 

of the Council of 

30 November 

2009 on the 

conservation of 

wild birds 

Scottish Forestry 

Strategy 

UK Forestry 

Standard 

Scottish Forestry 

Strategy 

Water 

Environment 

and Water 

Services 

(Scotland) Act 

2003 

 

Water 

Environment 

and Water 

Services 

(Scotland) Act 

2003 

The Right Tree 

in the Right 

Place 

The Right Tree 

in the Right 

Place 

The Right Tree 

in the Right 

Place 

Scottish 

Forestry 

Strategy 

Scottish 

Forestry 

Strategy 

Water 

Framework 

Directive 

2000/60/EC 

 

Management of 

Carbon-

Rich Soils 

Management of 

Carbon-

Rich Soils 

Appendix 2.6 

The highest ranked documents in the All Legislation sustainability policy network for cluster 

1 in rank order for three centrality metrics. 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

 

Environmental Protection 

Act 1990 

 

Environmental Protection Act 

1990 

Environmental Protection Act 

1990 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

Waste (Scotland) 

Regulations 2011 

 

Waste (Scotland) Regulations 

2011 

Waste (Scotland) Regulations 

2011 

Landfill (Scotland) 

Regulations 2003 

 

Landfill (Scotland) 

Regulations 2003 

Landfill (Scotland) 

Regulations 2003 

For Cluster 1 in SUS, the Environmental Protection Act 1990 dominates Betweenness, 

Eigenvector and PageRank Centrality by factors of x2.6, x1.9 and x2.4respectively compared 

to the next highest scoring document. 
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Appendix 2.7 

The highest ranked documents in the All Legislation sustainability policy network for cluster 

2 in rank order for three centrality metrics. 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

 

Marine and Coastal Access 

Act 2009 

Marine and Coastal Access 

Act 2009 

Marine and Coastal Access 

Act 2009 

 

Energy Act 2004 Energy Act 2004 Energy Act 2004 

 

Marine (Scotland) Act 2010 Marine (Scotland) Act 2010 Marine (Scotland) Act 2010 

 

Local Government 

(Scotland) Act 1973 

Local Government (Scotland) 

Act 1973 

Local Government (Scotland) 

Act 1973 

 

Food and Environment 

Protection Act 1985 

Food and Environment 

Protection Act 1985 

Food and Environment 

Protection Act 1985 

 

In cluster 2 of SUS, the Radioactive Substances Act 1993 is also common to Betweenness and 

Eigenvector Centrality top 10 ranked documents and the National Parks and Access to the 

Countryside Act 1949 and the Continental Shelf Act 1964 are common to Eigenvector and 

PageRank Centrality top 10 documents. 

Appendix 2.8 

The highest ranked documents in the All Legislation sustainability policy network for cluster 

3 in rank order for three centrality metrics. 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

 

Electricity Act 1989 Electricity Act 1989* Electricity Act 1989 

 

Water Act 1989  Water Act 1989 

 

New Roads and Street 

Works Act 1991 

 

 Harbours Act 1964 

Harbours Act 1964 

 

 Law of Property Act 1925 

Law of Property Act 1925 

 

 Water (Scotland) Act 1980 

* In Eigenvector Centrality only the Electricity Act 1989 is significant. In Cluster 3 the 

Electricity Act 1989 dominates Betweenness, Eigenvector and PageRank Centrality by the 

following factors: x40, x6 and x20 respectively. Note that all other documents have an EC of 

0.002 or less. 

 

 

  



205 

 

Appendix 3: Chapter 6: Sustainability actor network analysis results  

Appendix 3.1 

The number of relationships between actors as described by status and sector 

Sector Deliverers Decision 

Makers 

Influencers Influencer-

Deliverers 

 

Total 

EU 

 

15 22 5 8 50 

International 

 

50 14 13 37 114 

Private Sector 

 

156 2 15 36 209 

Public sector 

 

32 1 1 9 43 

Scottish Agencies 

 

242  29 29 300 

Scottish Government 

 

37 23  50 110 

Scottish Local 

Government 

 

35 3 1 26 65 

Third Sector 

 

60  5 19 84 

UK Agencies 

 

271 1 21 35 328 

UK Government 

 

74 77 1 28 180 

Total 972 143 91 277 1483 

Appendix 3.2 

Degree and centrality rankings for the top actors when seed/seed-alter actors are included in 

descending rank order. 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

***Scottish 

Government (18) 

Scottish 

Government 

(579) 

 

Scottish 

Government 

Scottish 

Government 

Scottish 

Government 

Scotland Local 

Government (14) 

UK Government 

(263) 

 

UK Government UK Government UK Government 

***UK 

Government (13) 

Department of 

Energy and 

Climate Change 

(DECC) (116) 

 

Department of 

Energy and 

Climate Change 

(DECC) 

Department of 

Energy and 

Climate Change 

(DECC) 

Department of 

Energy and 

Climate Change 

(DECC) 
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Welsh Assembly 

(10) 

Marine Scotland 

(57) 

Marine Energy 

Group MEG 

Offshore Wind 

Industry Group 

(OWIG) 

 

Marine Scotland 

SEPA (10) Offshore Wind 

Industry Group 

(OWIG) (56) 

 

Marine Scotland Marine Energy 

Group (MEG) 

Marine Energy 

Group (MEG) 

Crown Estate 

(10) 

Marine Energy 

Group (MEG) 

(56) 

 

 Marine Scotland  

Scottish Natural 

Heritage (10) 

 

  SEPA  

*Numbers in brackets are total documents referring this document. **Numbers in brackets are 

total documents referenced by this document.  *** Betweenness, Eigenvector and PageRank 

centrality values for the Scottish and UK Governments reflect their importance as Seed Actors. 

Appendix 3.3 

Degree and centrality rankings for the top actors when seed/seed-alter actors are not included 

in descending rank order. 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality*** 

PageRank 

Centrality 

 

Scotland Local 

Government 

(14) 

 

Not Applicable Scotland Local 

Government 

Results are 

trivial 

Scotland Local 

Government 

Crown Estate 

(10) 

 

Not Applicable EU Member 

States 

Results are 

trivial 

Welsh Assembly 

Scottish Natural 

Heritage (10) 

 

Not Applicable  Results are 

trivial 

 

Welsh Assembly 

(10) 

 

Not Applicable  Results are 

trivial 

 

 Not Applicable Defra Results are 

trivial 

 

Scottish Natural 

Heritage 

 Not Applicable Scottish Natural 

Heritage 

Results are 

trivial 

 

Crown Estate 

 Not Applicable Scottish Public 

Sector 

Results are 

trivial 

 

EU Member 

States 

*Numbers in brackets are total documents referring this document. **Numbers in brackets 

are total documents referenced by this document. *** When Seed Actors are removed 
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Eigenvector centrality values provide little differentiation between Actors suggesting that 
results may be trivial. 

Appendix 3.4 

Comparison of the highest ranked actors in the relationship network and the reference 

network for Eigenvector centrality in the sustainability policy theme in descending rank 

order. 

Actor-to-Actor 

Relationship network: 

Eigenvector Centrality, 

with Seed Actors 

 

Actor-to-Actor 

Relationship network: 

Eigenvector Centrality, no 

Seed Actors 

Document-to-Actor 

Reference network: 

Eigenvector Centrality 

Scottish Government 

 

Results are trivial Scotland Local Government 

UK Government 

 

Results are trivial SEPA 

Department of Energy and 

Climate Change (DECC) 

 

Results are trivial UK Government 

Marine Energy Group MEG 

 

Results are trivial Welsh Assembly 

Marine Energy Group 

(MEG) 

 

Results are trivial NI Executive 

  Scottish Enterprise 

 

  European Union 

Commission Parliament 

 

Appendix 3.5 

Comparison between the top ranked actors in the relationship network  and the reference 

network for PageRank centrality in the sustainability policy theme in descending rank order 

Actor-to-Actor 

Relationship network: 

PageRank Centrality, with 

Seed Actors 

Actor-to-Actor 

Relationship network: 

PageRank Centrality, no 

Seed Actors 

 

Document-to-Actor 

Reference network: 

PageRank Centrality 

Scottish Government Scotland Local Government 

 

Scotland Local Government 

UK Government Welsh Assembly 

 

SEPA 

Department of Energy and 

Climate Change (DECC) 

 

Scottish Natural Heritage UK Government 

Marine Scotland 

 

Crown Estate Scottish Natural Heritage 

Marine Energy Group 

(MEG) 

EU Member States Scottish Government 
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Appendix 3.6 

Comparison of the top ranked documents in the relationship network and the reference 

network for Betweenness Centrality in the sustainability policy theme in descending rank 

order. 

Document-to-Document Relationship 

network : Betweenness Centrality 

Document-to-Actor Reference network: 

Betweenness Centrality 

 

LCE: Report on Proposals and Policies Climate Change. The UK Programme 2006 

(108) 

 

Climate Change, The UK Programme 

2006 

 

Low Carbon Transition Plan (90) 

Electricity Act 1989 

 

Renewables Action Plan (83) 

Environmental Protection Act 1990 A Low Carbon Economic Strategy for Scotland: 

Scotland - A Low Carbon Society (80) 

 

Scotland Rural Development Programme LCE: Report on Proposals and Policies (71) 

 

Appendix 3.7 

Comparison between the top ranking documents in the relationship network and the reference 

network for Eigenvector centrality in the sustainability policy theme in descending rank order 

Document-to-Document Relationship 

network : Eigenvector Centrality 

Document-to-Actor Reference network: 

Eigenvector Centrality 

 

LCE: Report on Proposals and Policies LCE: Report on Proposals and Policies (71) 

 

Low Carbon Scotland: The Draft Report on 

Proposals and Policies: Strategic 

Environmental Assessment: Environmental 

Report 

 

A Low Carbon Economic Strategy for 

Scotland: Scotland - A Low Carbon Society 

(80) 

Climate Change (Scotland) Act 2009 Climate Change The UK Programme 2006 

(108) 

 

Second National Planning Framework 

(NPF2) 

 

Low Carbon Transition Plan (90) 

Low Carbon Economic Strategy for 

Scotland: Scotland - A Low Carbon Society 

and the Scottish Planning Policy 

 

Renewables Action Plan (83) 
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Appendix 3.8 

Comparison between the top ranked documents in the relationship network  and the reference 

network for PageRank centrality in the sustainability policy theme in descending rank order 

Document-to-Document Relationship 

network : PageRank Centrality 

Document-to-Actor Reference network: 

PageRank Centrality 

 

Climate Change. The UK Programme 2006 Climate Change, The UK Programme 2006 

(108) 

 

Electricity Act 1989 Low Carbon Transition Plan (90) 

 

Environmental Protection Act 1990 Renewables Action Plan (83) 

 

Scotland Rural Development Programme A Low Carbon Economic Strategy for 

Scotland: Scotland - A Low Carbon Society 

(80) 

 

LCE Report on Proposals and Policies LCE: Report on Proposals and Policies (71) 

Appendix 3.9 

Comparison of actors in cluster 1 of the sustainability policy theme for one- and two-mode 

analysis in descending rank order based on centrality results.  

Rank One- or 

Two-mode 

Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

1 Two Crown Estate Crown Estate Crown Estate 

 

2 Two Highlands and 

Islands Enterprise 

Highlands and 

Islands Enterprise 

Highlands and 

Islands Enterprise 

 

3 Two National Grid European Marine 

Energy Centre 

(EMEC) 

 

Result is trivial 

4 Two European Marine 

Energy Centre 

(EMEC) 

 

National Grid Result is trivial 

5 Two Result is trivial Forum for 

Renewable Energy 

Development in 

Scotland (FREDS) 

 

Result is trivial 

6 Two Result is trivial Scottish European 

Green Energy Centre 

(SEGEC) 

 

Result is trivial 

1 One Scottish Government Scottish Government Scottish Government 

All other results are trivial 
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Appendix 3.10 

Comparison of actors in cluster 2 of the sustainability policy theme for one- and two-mode 

analysis in descending rank order based on centrality results. 

Rank One- or 

Two-

mode 

 

Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

1 

 

Two Scottish Government Welsh Assembly Scottish Government 

2 

 

Two Welsh Assembly Scottish Government Welsh Assembly 

3 

 

Two UK Secretary of State Environment Agency UK Secretary of 

State 

4 

 

Two Environment Agency UK Secretary of State Environment Agency 

5 

 

Two Result is trivial Department of the 

Environment of NI 

Result is trivial 

6 

 

Two Result is trivial The Crown Result is trivial 

1 

 

One UK Government UK Government UK Government 

All other results are trivial 

Appendix 3.11 

Comparison of actors in cluster 3 of the sustainability policy theme for one- and two-mode 

analysis in descending rank order based on centrality results. 

Rank One- or 

Two-

mode 

 

Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank Centrality 

1 Two Scotland Local 

Government 

Scotland Local 

Government 

Scotland Local 

Government 

 

2 Two COSLA COSLA COSLA 

 

3 Two NHS Scotland Scottish Public Sector NHS Scotland 

 

4 Two Result is trivial NHS Scotland Scottish Public Sector 

 

5 Two Result is trivial Waste Resource 

Action Programme 

(WRAP) 

 

Result is trivial 

1 One Department of Energy 

and Climate Change 

(DECC) 

Department of Energy 

and Climate Change 

(DECC) 

Department of Energy 

and Climate Change 

(DECC) 

All other results are trivial 
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Appendix 4: Chapter 7: Comparison of all policy theme document networks 

Appendix 4.1 

Summary of the seed and seed-alter documents analysed to generate the four policy themes as 

a function of the policy domain which generated each. 

Policy 

Theme 

Seed 

Documents 

 

EU International Scotland Regional 

Scotland 

UK Total 

LCE Total  

 

13 2 117 1 45 178 

 Analysed 

 

0 0 67 0 30 97 

MRS Total  

 

5 0 31 0 16 52 

 Analysed 

 

0 0 20 0 6 26 

ZWS Total  

 

7 0 37 1 5 50 

 Analysed 

 

0 0 27 0 3 30 

SUS Total  

 

22 2 171 2 63 260 

 Analysed 

 

0 0 102 0 37 139 

Appendix 4.2 

The top ranked documents in the LCE network for degree and centrality metrics 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Climate Change 

(Scotland) Act 

2009 

Climate Change. 

The UK 

Programme 

2006 

LCE: Report on 

Proposals and 

Policies 

LCE: Report on 

Proposals and 

Policies 

Climate 

Change. The 

UK 

Programme 

2006 

 

Electricity Act 

1989 

LCE: Report on 

Proposals and 

Policies 

Climate Change. 

The UK 

Programme 

2006 

Low Carbon 

Scotland: The 

Draft Report on 

Proposals and 

Policies: 

Strategic 

Environmental 

Assessment: 

Environmental 

Report 

 

Electricity Act 

1989 
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UK Climate 

Change Act 2008 

Electricity Act 

1989 

Electricity Act 

1989 

Climate Change 

(Scotland) Act 

2009 

Scotland Rural 

Development 

Programme 

 

EU Emissions 

Trading System 

EU ETS 

Scotland Rural 

Development 

Programme 

Scotland Rural 

Development 

Programme 

A Low Carbon 

Economic 

Strategy for 

Scotland: 

Scotland - A 

Low Carbon 

Society 

 

LCE: Report 

on Proposals 

and Policies 

Second National 

Planning 

Framework 

(NPF2) 

Low Carbon 

Transition Plan 

Low Carbon 

Transition Plan 

Conserve and 

Save: Energy 

Efficiency 

Action Plan 

 

Low Carbon 

Transition 

Plan 

Appendix 4.3 

The top ranked documents in the ZWS network for degree and centrality metrics 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 

 

Town and 

Country Planning 

(Scotland) Act 

1997 

Scotland's Zero 

Waste Plan: 

Consultation 

Scotland's Zero 

Waste Plan: 

Consultation 

Scotland's Zero 

Waste Plan: 

Consultation 

A Low Carbon 

Economic 

Strategy for 

Scotland: 

Scotland - A 

Low Carbon 

Society 

 

Second National 

Planning 

Framework 

(NPF2) 

A Low Carbon 

Economic 

Strategy for 

Scotland: 

Scotland - A 

Low Carbon 

Society 

A Low Carbon 

Economic 

Strategy for 

Scotland: 

Scotland - A 

Low Carbon 

Society 

 

Scotland's Zero 

Waste Plan 

Scotland's 

Zero Waste 

Plan: 

Consultation 

Planning etc. 

(Scotland) Act 

2006 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 

Scottish 

Planning Policy 

Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 
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Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 2000 

Scottish 

Planning Policy 

Second National 

Planning 

Framework 

(NPF2) 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 

 

Scottish 

Planning 

Policy 

Revised Waste 

Framework 

Directive 

(2008/98/EC) 

  Waste 

(Scotland) 

Regulations 

2011 

 

 

Appendix 4.4 

The top ranked documents in the MRS network for degree and centrality metrics 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Climate Change 

(Scotland) Act 

2009 

Marine and 

Coastal Access 

Act 2009 

Strategic 

Environmental 

Assessment 

(SEA) of Draft 

Plan for 

Offshore Wind 

Energy in 

Scottish 

Territorial 

Waters: Volume 

1: 

Environmental 

Report 

 

Strategic 

Environmental 

Assessment 

(SEA) of Draft 

Plan for 

Offshore Wind 

Energy in 

Scottish 

Territorial 

Waters: Volume 

1: 

Environmental 

Report 

Marine and 

Coastal Access 

Act 2009 

Electricity Act 

1989 

Strategic 

Environmental 

Assessment 

(SEA) of Draft 

Plan for 

Offshore Wind 

Energy in 

Scottish 

Territorial 

Waters: Volume 

1: 

Environmental 

Report 

 

Marine and 

Coastal Access 

Act 2009 

Marine and 

Coastal Access 

Act 2009 

Strategic 

Environmental 

Assessment 

(SEA) of Draft 

Plan for 

Offshore Wind 

Energy in 

Scottish 

Territorial 

Waters: Volume 

1: 

Environmental 

Report 

Second National 

Planning 

Energy Act 2004 National Marine 

Plan for 

National Marine 

Plan for 

Energy Act 2004 
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Framework 

(NPF2) 

 

Scotland Draft 

consultation 

Scotland Draft 

consultation 

Marine 

(Scotland) Act 

2010 

National Marine 

Plan for 

Scotland Draft 

consultation 

 

Energy Act 2004 Marine 

(Scotland) Act 

2010 

National Marine 

Plan for 

Scotland Draft 

consultation 

Council 

Directive 

92/43/EEC of 21 

May 1992 on the 

conservation of 

natural habitats 

and of wild 

fauna and flora 

 

2020 Routemap 

for Renewable 

Energy in 

Scotland 

Second National 

Planning 

Framework 

(NPF2) 

Second National 

Planning 

Framework 

(NPF2) 

2020 Routemap 

for Renewable 

Energy in 

Scotland 

   Energy Act 2004 

 

 

Appendix 4.5 

Table comparing the distribution of the highest ranked In-Degree documents across all policy 

themes and centrality metrics in the All Document networks. Numbers in brackets are the 

values for respective In- and Out-Degree where appropriate. Documents with an In-Degree of 

25 or more are colour coded to assist in understanding their distribution. 

LCE  MRS ZWS  SUS 

In-Degree 

 

Climate Change 

(Scotland) Act 

2009 (44) 

Climate Change 

(Scotland) Act 2009 

(12) 

Environmental 

Protection Act 1990 

(15) 

Climate Change 

(Scotland) Act 

2009 (56) 

Electricity Act 

1989 (24) 

Electricity Act 1989 

(10) 

Town and Country 

Planning (Scotland) 

Act 1997 (15) 

Second National 

Planning 

Framework 

(NPF2) (34) 

 

UK Climate 

Change Act 2008 

(18) 

Second National 

Planning Framework 

(NPF2) (9) 

Second National 

Planning Framework 

(NPF2) (13) 

 

Electricity Act 

1989 (33) 

EU Emissions 

Trading System  

(17) 

Marine (Scotland) Act 

2010 (7) 

Planning etc. 

(Scotland) Act 2006 

(12) 

 

Environmental 

Protection Act 

1990 (27) 

Second National 

Planning 

Framework 

(NPF2) (17) 

Council Directive 

92/43/EEC of 21 May 

1992 on the 

conservation of 

natural habitats and 

Pollution Prevention 

and Control (Scotland) 

Regulations 2000 (11) 

Town and Country 

Planning 

(Scotland) Act 

1997 (25) 
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of wild fauna and 

flora (7) 

 

 Directive 

2009/147/EC of the 

European parliament 

and of the Council of 

30 November 2009 on 

the conservation of 

wild birds(7) 

 

Revised Waste 

Framework Directive 

(2008/98/EC) (11) 

 

Out-Degree 

Climate Change. The 

UK Programme 

2006 (236) 

Marine and Coastal 

Access Act 2009 (126) 
Environmental 

Protection Act 1990 

(166) 

Climate 

Change. The UK 

Programme 

2006 (236) 

 

LCE: Report on 

Proposals and 

Policies (177) 

Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for Offshore 

Wind Energy in Scottish 

Territorial Waters: 

Volume 1: 

Environmental Report 

(119) 

 

Scotland's Zero Waste 

Plan: Consultation (92) 

LCE: Report on 

Proposals and 

Policies (177) 

Electricity Act 1989 

(166) 

Energy Act 2004 (87) A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

(85) 

 

Electricity Act 

1989 (166) 

Scotland Rural 

Development 

Programme (130) 

National Marine Plan 

for Scotland Draft 

consultation (82) 

 

Waste Management 

Licensing (Scotland) 

Regulations 2011 (83) 

Environmental 

Protection Act 

1990 (166) 

Low Carbon 

Transition Plan 

(121) 

2020 Routemap for 

Renewable Energy in 

Scotland (82) 

Scottish Planning 

Policy (74) 

Scotland Rural 

Development 

Programme 

(130) 

 

Betweenness Centrality 

LCE: Report on 

Proposals and 

Policies 

Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for Offshore 

Wind Energy in Scottish 

Territorial Waters: 

Environmental 

Protection Act 1990 

LCE: Report on 

Proposals and 

Policies 
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Volume 1: 
Environmental Report 

 

Climate Change. The 

UK Programme 

2006 

Marine and Coastal 

Access Act 2009 

Scotland's Zero Waste 

Plan: Consultation 

Climate 

Change. The UK 

Programme 

2006 

 

Electricity Act 1989 National Marine Plan 

for Scotland Draft 

consultation 

A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

 

Electricity Act 

1989 

Scotland Rural 

Development 

Programme 

 

Energy Act 2004 Scottish Planning 

Policy 
Environmental 

Protection Act 

1990 

Low Carbon 

Transition Plan 
Second National 

Planning Framework 

(NPF2) 

Second National 

Planning Framework 

(NPF2) 

Scotland Rural 

Development 

Programme 

 

Eigenvector Centrality 

LCE: Report on 

Proposals and 

Policies 

Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for Offshore 

Wind Energy in Scottish 

Territorial Waters: 

Volume 1: 

Environmental Report 

 

Environmental 

Protection Act 1990 

LCE: Report on 

Proposals and 

Policies 

Low Carbon 

Scotland: The Draft 

Report on Proposals 

and Policies: 

Strategic 

Environmental 

Assessment: 

Environmental 

Report 

Marine and Coastal 

Access Act 2009 

Scotland's Zero Waste 

Plan: Consultation 

Low Carbon 

Scotland: The 

Draft Report on 

Proposals and 

Policies: 

Strategic 

Environmental 

Assessment: 

Environmental 

Report 

 

Climate Change 

(Scotland) Act 2009 

National Marine Plan 

for Scotland Draft 

consultation 

Scotland's Zero Waste 

Plan 
Climate Change 

(Scotland) Act 

2009 

 

A Low Carbon 

Economic Strategy 

for Scotland: 

Marine (Scotland) Act 

2010 

Pollution Prevention 

and Control (Scotland) 

Regulations 2000 

Second 

National 

Planning 
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Scotland - A Low 

Carbon Society 

 

Framework 

(NPF2) 

Conserve and Save: 

Energy Efficiency 

Action Plan 

Second National 

Planning Framework 

(NPF2) 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

Low Carbon 

Economic 

Strategy for 

Scotland: 

Scotland - A 

Low Carbon 

Society 

 

 Energy Act 2004 Waste (Scotland) 

Regulations 2011 

Scottish 

Planning Policy 

 

PageRank Centrality 

Climate Change. The 

UK Programme 

2006 

Marine and Coastal 

Access Act 2009 
Environmental 

Protection Act 1990 

Climate 

Change. The UK 

Programme 

2006 

 

Electricity Act 1989 Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for Offshore 

Wind Energy in Scottish 

Territorial Waters: 

Volume 1:  

Environmental Report 

 

A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

Electricity Act 

1989 

Scotland Rural 

Development 

Programme 

 

Energy Act 2004 Scotland's Zero Waste 

Plan: Consultation 
Environmental 

Protection Act 

1990 

LCE: Report on 

Proposals and 

Policies 

 

National Marine Plan 

for Scotland Draft 

consultation 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

Scotland Rural 

Development 

Programme 

Low Carbon 

Transition Plan 

2020 Routemap for 

Renewable Energy in 

Scotland 

 

Scottish Planning 

Policy 

LCE: Report on 

Proposals and 

Policies 
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Appendix 4.6 

Table comparing the distribution of the highest ranked Out-Degree documents across all policy 

themes and centrality metrics in the All Document networks. Numbers in brackets are the 

values for respective In- and Out-Degree where appropriate. Documents with an Out-Degree 

of 100 or more are colour coded to assist in understanding their distribution. 

LCE  MRS ZWS  SUS 

In-Degree 

 

Climate Change 

(Scotland) Act 2009 

(44) 

Climate Change 

(Scotland) Act 2009 

(12) 

Environmental 

Protection Act 1990 

(15) 

Climate Change 

(Scotland) Act 

2009 (56) 

 

Electricity Act 1989 

(24) 

Electricity Act 1989 

(10) 

Town and Country 

Planning (Scotland) 

Act 1997 (15) 

Second National 

Planning 

Framework 

(NPF2) (34) 

 

UK Climate Change 

Act 2008 (18) 

Second National 

Planning Framework 

(NPF2) (9) 

Second National 

Planning Framework 

(NPF2) (13) 

 

Electricity Act 

1989 (33) 

EU Emissions 

Trading System (17) 

Marine (Scotland) Act 

2010 (7) 

Planning etc. 

(Scotland) Act 2006 

(12) 

Environmental 

Protection Act 

1990 (27) 

 

Second National 

Planning Framework 

(NPF2) (17) 

Council Directive 

92/43/EEC of 21 May 

1992 on the 

conservation of 

natural habitats and 

of wild fauna and 

flora (7) 

 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

(11) 

Town and Country 

Planning 

(Scotland) Act 

1997 (25) 

 Directive 

2009/147/EC of the 

European parliament 

and of the Council of 

30 November 2009 on 

the conservation of 

wild birds (7) 

 

Revised Waste 

Framework 

Directive 

(2008/98/EC) (11) 

 

Out-Degree 

Climate Change. The 

UK Programme 2006 

(236) 

Marine and Coastal 

Access Act 2009 (126) 

Environmental 

Protection Act 1990 

(166) 

Climate Change. 

The UK 

Programme 2006 

(236) 
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LCE: Report on 

Proposals and 

Policies(177) 

Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for 

Offshore Wind 

Energy in Scottish 

Territorial Waters: 

Volume 1: 

Environmental 

Report (119) 

 

Scotland's Zero 

Waste Plan: 

Consultation (92) 

LCE: Report on 

Proposals and 

Policies (177) 

Electricity Act 1989 

(166) 

Energy Act 2004 (87) A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society (85) 

 

Electricity Act 

1989 (166) 

Scotland Rural 

Development 

Programme (130) 

National Marine Plan 

for Scotland Draft 

consultation (82) 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

(83) 

 

Environmental 

Protection Act 

1990 (166) 

Low Carbon 

Transition Plan (121) 

2020 Routemap for 

Renewable Energy in 

Scotland (82) 

 

Scottish Planning 

Policy (74) 
Scotland Rural 

Development 

Programme (130) 

Betweenness Centrality 

LCE: Report on 

Proposals and 

Policies 

Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for 

Offshore Wind 

Energy in Scottish 

Territorial Waters: 

Volume 1: 

Environmental 

Report 

 

Environmental 

Protection Act 1990 

LCE: Report on 

Proposals and 

Policies 

 

 

Climate Change. The 

UK Programme 2006 

Marine and Coastal 

Access Act 2009 

Scotland's Zero 

Waste Plan: 

Consultation 

 

Climate Change. 

The UK 

Programme 2006 

Electricity Act 1989 National Marine Plan 

for Scotland Draft 

consultation 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

 

Electricity Act 

1989 
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Scotland Rural 

Development 

Programme 

Energy Act 2004 Scottish Planning 

Policy 
Environmental 

Protection Act 

1990 

 

Low Carbon 

Transition Plan 

Second National 

Planning Framework 

(NPF2) 

Second National 

Planning Framework 

(NPF2) 

 

Scotland Rural 

Development 

Programme 

Eigenvector Centrality 

LCE: Report on 

Proposals and 

Policies 

Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for 

Offshore Wind 

Energy in Scottish 

Territorial Waters: 

Volume 1: 

Environmental 

Report 

 

Environmental 

Protection Act 1990 

LCE: Report on 

Proposals and 

Policies 

Low Carbon 

Scotland: The Draft 

Report on Proposals 

and Policies: 

Strategic 

Environmental 

Assessment: 

Environmental Report 

Marine and Coastal 

Access Act 2009 

Scotland's Zero 

Waste Plan: 

Consultation 

Low Carbon 

Scotland: The 

Draft Report on 

Proposals and 

Policies: Strategic 

Environmental 

Assessment: 

Environmental 

Report 

 

Climate Change 

(Scotland) Act 2009 

National Marine Plan 

for Scotland Draft 

consultation 

Scotland's Zero 

Waste Plan 

Climate Change 

(Scotland) Act 

2009 

 

A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

Marine (Scotland) Act 

2010 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

Second National 

Planning 

Framework 

(NPF2) 

 

Conserve and Save: 

Energy Efficiency 

Action Plan 

Second National 

Planning Framework 

(NPF2) 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

 

 Energy Act 2004 Waste (Scotland) 

Regulations 2011 

Scottish Planning 

Policy 

 

PageRank Centrality 
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Climate Change. The 

UK Programme 2006 

Marine and Coastal 

Access Act 2009 

Environmental 

Protection Act 1990 

Climate Change. 

The UK 

Programme 2006 

 

Electricity Act 1989 Strategic 

Environmental 

Assessment (SEA) of 

Draft Plan for 

Offshore Wind 

Energy in Scottish 

Territorial Waters: 

Volume 1: 

Environmental 

Report 

 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

Electricity Act 

1989 

Scotland Rural 

Development 

Programme 

Energy Act 2004 Scotland's Zero 

Waste Plan: 

Consultation 

Environmental 

Protection Act 

1990 

 

LCE: Report on 

Proposals and 

Policies 

National Marine Plan 

for Scotland Draft 

consultation 

Waste Management 

Licensing (Scotland) 

Regulations 2011 

 

Scotland Rural 

Development 

Programme 

Low Carbon 

Transition Plan 

2020 Routemap for 

Renewable Energy in 

Scotland 

 

Scottish Planning 

Policy 

 

LCE: Report on 

Proposals and 

Policies 

Appendix 4.7 

Comparison between the average number of times a legislation document is referenced as it 

affects Scotland and the UK policy domains 

 LCE MRS ZWS SUS 

 

Scotland 

 

2.3 1.9 2.1 2.8 

UK Overall 

 

1.9 1.6 1.6 2.3 

 

 

 

 

 



222 

 

Appendix 4.8 

The highest ranked legislation in the policy themes for Betweenness centrality in descending 

rank order. 

LCE MRS ZWS SUS 

 

Electricity Act 1989 Marine and Coastal 

Access Act 2009 

Environmental 

Protection Act 1990 

 

Electricity Act 1989 

The Water 

Environment 

(Controlled 

Activities) 

(Scotland) 

Regulations 2005 

 

Energy Act 2004 Waste Management 

Licensing (Scotland) 

Regulations 2011 

Environmental 

Protection Act 1990 

Climate Change 

(Scotland) Act 2009 

Climate Change 

(Scotland) Act 2009 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

 

Marine and Coastal 

Access Act 2009 

UK Climate Change 

Act 2008 

Renewables 

Obligation 

(Scotland) Order 

2009 140 

 

Waste (Scotland) 

Regulations 2011 

Climate Change 

(Scotland) Act 2009 

The CRC Energy 

Efficiency Scheme 

Order 2010. 768 

 

Marine (Scotland) 

Act 2010 

Climate Change 

(Scotland) Act 2009 

Energy Act 2004 

Appendix 4.9 

The highest ranking legislation in the policy themes for Eigenvector centrality in descending 

rank order. 

LCE MRS ZWS SUS 

 

Electricity Act 1989 Marine and Coastal 

Access Act 2009 

Environmental 

Protection Act 1990 

Environmental 

Protection Act 1990 

 

UK Climate Change 

Act 2008 

Energy Act 2004 Waste Management 

Licensing (Scotland) 

Regulations 2011 

 

Electricity Act 1989 

Climate Change 

(Scotland) Act 2009 

Marine (Scotland) 

Act 2010 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

 

Marine and Coastal 

Access Act 2009 
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The CRC Energy 

Efficiency Scheme 

Order 2010. 768 

 

Electricity Act 1989 Waste (Scotland) 

Regulations 2011 

Energy Act 2004 

Energy Bill/Act 

2011 

Climate Change 

(Scotland) Act 2009 

Climate Change 

(Scotland) Act 2009 

Pollution Prevention 

and Control (Scotland) 

Regulations 2000 

 

Appendix 4.10 

The highest ranked legislation for PageRank centrality in descending rank order for all policy 

themes. 

LCE MRS ZWS SUS 

 

Electricity Act 1989 Marine and Coastal 

Access Act 2009 

Environmental 

Protection Act 1990 

 

Electricity Act 1989 

The Water 

Environment 

(Controlled 

Activities) 

(Scotland) 

Regulations 2005 

 

Energy Act 2004 Waste Management 

Licensing (Scotland) 

Regulations 2011 

Environmental 

Protection Act 1990 

Climate Change 

(Scotland) Act 2009 

Marine (Scotland) 

Act 2010 

Pollution Prevention 

and Control 

(Scotland) 

Regulations 2000 

 

Marine and Coastal 

Access Act 2009 

UK Climate Change 

Act 2008 

Climate Change 

(Scotland) Act 2009 

Environmental 

Impact Assessment 

(Scotland) 

Regulations 1999 

 

Energy Act 2004 

Energy Bill/Act 
2011 

Renewables 
Obligation 

(Scotland) Order 

2009 140 

Waste (Scotland) 
Regulations 2011 

Pollution Prevention 
and Control 

(Scotland) 

Regulations 2000 
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Appendix 4.11 

The highest ranked legislation for degree and centrality metrics for the low carbon economy 

policy theme. 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Climate Change 

(Scotland) Act 

2009 (44) 

 

Electricity Act 

1989 (166) 

Electricity Act 

1989 

Electricity Act 

1989 

Electricity Act 

1989 

Electricity Act 

1989 (24) 

The Water 

Environment 

(Controlled 

Activities) 

(Scotland) 

Regulations 

2005 (59) 

 

The Water 

Environment 

(Controlled 

Activities) 

(Scotland) 

Regulations 

2005 

UK Climate 

Change Act 

2008 

The Water 

Environment 

(Controlled 

Activities) 

(Scotland) 

Regulations 

2005 

UK Climate 

Change Act 

2008 (18) 

 

Energy Bill/Act 

2011 (41) 

Climate Change 

(Scotland) Act 

2009 

Climate Change 

(Scotland) Act 

2009 

Climate Change 

(Scotland) Act 

2009 

Landfill 

(Scotland) 

Regulations 

2003 (16) 

UK Climate 

Change Act 

2008 (40) 

UK Climate 

Change Act 

2008 

The CRC 

Energy 

Efficiency 

Scheme Order 

2010. 768 

 

UK Climate 

Change Act 

2008 

Environmental 

Protection Act 

1990 (16) 

Electricity and 

Gas (Carbon 

Emissions 

Reduction) 

Order 2008 (28) 

The CRC 

Energy 

Efficiency 

Scheme Order 

2010. 768 

Energy Bill/Act 

2011 

Energy Bill/Act 

2011 

Appendix 4.12 

The highest ranked legislation for degree and centrality metrics for the marine renewables 

policy theme 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

 

Climate Change 

(Scotland) Act 

2009 (12) 

Marine and 

Coastal Access 

Act 2009 (121) 

 

Marine and 

Coastal Access 

Act 2009 

Marine and 

Coastal Access 

Act 2009 

Marine and 

Coastal Access 

Act 2009 

Electricity Act 

1989 (10) 

Energy Act 

2004 (86) 

 

Energy Act 

2004 

Energy Act 2004 Energy Act 

2004 
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Marine 

(Scotland) Act 

2010 (7) 

Marine 

(Scotland) Act 

2010 (42) 

 

Climate Change 

(Scotland) Act 

2009 

Marine 

(Scotland) Act 

2010 

Marine 

(Scotland) Act 

2010 

Council 

Directive 

92/43/EEC of 21 

May 1992 on the 

conservation of 

natural habitats 

and of wild 

fauna and flora 

(7) 

 

Renewables 

Obligation 

(Scotland) 

Order 2009(27) 

Renewables 

Obligation 

(Scotland) 

Order 2009 140 

Electricity Act 

1989 

Climate Change 

(Scotland) Act 

2009 

Directive 

2009/147/EC of 

the European 

Parliament and 

of the Council of 

30 November 

2009 on the 

conservation of 

wild birds(7) 

Climate Change 

(Scotland) Act 

2009 (25) 

Marine 

(Scotland) Act 

2010 

Climate Change 

(Scotland) Act 

2009 

Renewables 

Obligation 

(Scotland) 

Order 2009 140 

Appendix 4.13 

The highest ranked legislation for degree and centrality metrics for the zero waste policy 

theme 

In Degree. * Out-Degree. ** Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Centrality 

Environmental 

Protection Act 

1990 (15) 

 

Environmental 

Protection Act 

1990 (160) 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 

Environmental 

Protection Act 

1990 

Town and 

Country 

Planning 

(Scotland) Act 

1997 (15) 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 (82) 

 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 

Waste 

Management 

Licensing 

(Scotland) 

Regulations 

2011 

Planning etc. 

(Scotland) Act 

2006 (12) 

Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 (67) 

 

Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 

Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 

Pollution 

Prevention and 

Control 

(Scotland) 

Regulations 

2000 

Pollution 

Prevention and 

Environmental 

Impact 

Waste 

(Scotland) 

Waste 

(Scotland) 

Environmental 

Impact 
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Control 

(Scotland) 

Regulations 

2000 (11) 

Assessment 

(Scotland) 

Regulations 

1999 (42) 

 

Regulations 

2011 

Regulations 

2011 

Assessment 

(Scotland) 

Regulations 

1999 

Revised Waste 

Framework 

Directive 

(2008/98/EC) 

(11) 

Waste 

(Scotland) 

Regulations 

2011 (37) 

Climate Change 

(Scotland) Act 

2009 

Climate Change 

(Scotland) Act 

2009 

Waste 

(Scotland) 

Regulations 

2011 

Appendix 4.14 

Summary of the influence of high ranking In and Out-degree legislation on centrality metric 

rankings in the All Legislation networks. 

In order to assess the influence of legislation with high Out-Degree on centrality metrics legislation 

with an In-Degree of 23 or more, and/or an Out-Degree of 80 or more were compared for their 

rankings across all centrality metrics in all 4 themes. As in All Documents, high In-Degree does not 

appear to be a guarantee that a document will be significant in other measures of importance and 

influence. The Climate Change (Scotland) Act 2009 which dominates In-Degree for 3 of the 4 themes 

(except ZWS) only appears in the high ranking Out-Degree documents for MRS. It is found in all 

themes for Betweenness centrality and in all themes except SUS for Eigenvector centrality but only 

in LCE and MRS for PageRank centrality. Similarly the Electricity Act 1989 does not appear in the 

ZWS top 5 ranked legislation for In-Degree nor in MRS and ZWS for Out-Degree but is ranked highly 

in LCE and SUS for Betweenness and PageRank centrality and in all policy themes except ZWS for 

Eigenvector centrality. The Environmental Protection Act 1990 is not in the MRS top 5 ranked 

documents for In-Degree and only scores in the top ranked documents for ZWS and SUS for Out-

Degree, Betweenness, Eigenvector and PageRank Centrality. The Pollution Prevention and Control 

(Scotland) Regulations 2000 only appears in the ZWS and SUS top 5 for In-Degree, Eigenvector and 

PageRank centrality and in ZWS for Out-Degree with no presence in the highest ranked Betweenness 

centrality documents for any of the themes. 

Appendix 4.15 

The highest ranked legislation for degree and centrality metrics for cluster 1 of the low carbon 

economy policy theme 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

 

Electricity Act 1989 

 

Electricity Act 1989 Electricity Act 1989 

Town and Country Planning 

Act 1990 

 

Town and Country Planning 

Act 1990 

Town and Country Planning 

Act 1990 
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Countryside and Rights of 

Way Act 2000 

 

House of Commons 

Disqualification Act 1975 

National Parks and Access 

to the Countryside Act 1949 

 Northern Ireland Assembly 

Disqualification Act 1975 

 

Local Government 

(Scotland) Act 1973 

 Local Government (Scotland) 

Act 1973 

Local Government 

(Miscellaneous Provisions) 

Act 1976 

 

 Local Government 

(Miscellaneous Provisions) 

Act 1976 

 

 

The highest ranked legislation for degree and centrality metrics for cluster 1 of the marine 

renewables policy theme.  

Betweenness Centrality 

 

Eigenvector Centrality PageRank Centrality 

Energy Act 2004 Energy Act 2004 

 

Energy Act 2004 

 Merchant Shipping Act 1995 Merchant Shipping Act 

1995 

The highest ranked legislation for degree and centrality metrics for cluster 1 of the zero waste 

policy theme 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

Environmental Protection Act 

1990 

Environmental Protection Act 

1990 

 

Environmental Protection 

Act 1990 

 Water Resources Act 1991 Water Resources Act 1991 

Appendix 4.16 

The highest ranked legislation for degree and centrality metrics for cluster 2 of the low carbon 

economy policy theme 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

Ancient Monuments and 

Archaeological Areas Act 

1979 

 

Ancient Monuments and 

Archaeological Areas Act 

1979 

Ancient Monuments and 

Archaeological Areas Act 

1979 

Health and Safety at Work 

etc. Act 1974 

Health and Safety at Work 

etc. Act 1974 

Council Directive 

85/337/EEC of 27 June 

1985 on the assessment of 

the effects of certain public 

and private projects on the 

environment 

 

Council Directive 

85/337/EEC of 27 June 1985 

on the assessment of the 

effects of certain public and 

 Health and Safety at Work 

etc. Act 1974 
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private projects on the 

environment 

 

Crofters (Scotland) Act 1993  UN Convention on 

Biological Diversity, 1992 

Council Directive 97/11/EC 

of 3 March 1997 amending 

Directive 85/337/EEC on the 

assessment of the effects of 

certain public and private 

projects on the environment 

 

 Council Directive 97/11/EC 

of 3 March 1997 amending 

Directive 85/337/EEC on 

the assessment of the effects 

of certain public and private 

projects on the environment 

The highest ranked legislation for degree and centrality metrics for cluster 2 of the marine 

renewables policy theme. 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

Marine and Coastal Access 

Act 2009 

 

Marine and Coastal Access 

Act 2009 

Marine and Coastal Access 

Act 2009 

Planning Act 2008 

 

 Planning Act 2008 

The highest ranked legislation for degree and centrality metrics for cluster 2 of the zero waste 

policy theme 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

The Landfill Tax Regulations 

1996 

 

The Landfill Tax Regulations 

1996 

The Landfill Tax 

Regulations 1996 

Environment Act 1995 Environmental Protection 

(Duty of Care) Regulations 

1991 

 

Environmental Protection 

(Duty of Care) Regulations 

1991 

Control of Pollution Act 1974 Environment Act 1995 Waste Management 

Licensing Regulations 1994 

 

 Control of Pollution Act 1974 Environment Act 1995 

Appendix 4.17 

The highest ranked legislation for degree and centrality metrics for cluster 3 of the low carbon 

economy policy theme 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

 

Landfill (Scotland) 

Regulations 2003 

Landfill (Scotland) 

Regulations 2003 

Water Framework Directive 

2000/60/EC 

Water Framework Directive 

2000/60/EC 

Water Framework Directive 

2000/60/EC 
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Common Agricultural Policy Common Agricultural Policy Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

 

Flood Prevention (Scotland) 

Act 1961 

Pollution Prevention and 

Control (Scotland) 

Regulations 2000 

 

Common Agricultural 

Policy 

Landfill (Scotland) 

Regulations 2003 

 

  

The highest ranked legislation for degree and centrality metrics for cluster 3 of the marine 

renewables policy theme. 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

Flood Risk Management 

(Scotland) Act 2009 

 

Coast Protection Act 1949 Coast Protection Act 1949 

 Food and Environment 

Protection Act 1985 

 

Food and Environment 

Protection Act 1985 

 United Nations Convention 

on the Law of the Sea 

 

United Nations Convention 

on the Law of the Sea 

 Crown Estate Act 1961 

 

Crown Estate Act 1961 

 Offshore Marine 

Conservation (Natural 

Habitats, &c.) Regulations 

2007 

 

Offshore Marine 

Conservation (Natural 

Habitats, &c.) Regulations 

2007 

 National Parks and Access to 

the Countryside Act 1949 

 

National Parks and Access 

to the Countryside Act 1949 

 Conservation of Seals Act 

1970 

 

Conservation of Seals Act 

1970 

The highest ranked legislation for degree and centrality metrics for cluster 2 of the zero waste 

policy theme 

Betweenness Centrality Eigenvector Centrality PageRank Centrality 

Environmental Impact 

Assessment (Scotland) 

Regulations 1999 

 

Environmental Impact 

Assessment (Scotland) 

Regulations 1999 

Environmental Impact 

Assessment (Scotland) 

Regulations 1999 

Roads (Scotland) Act 1984 

 

Roads (Scotland) Act 1984 Roads (Scotland) Act 1984 

Radioactive Substances Act 

1993 

Radioactive Substances Act 

1993 

Council Directive 

92/43/EEC of 21 May 1992 

on the conservation of 
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natural habitats and of wild 

fauna and flora 

 

Council Directive 92/43/EEC 

of 21 May 1992 on the 

conservation of natural 

habitats and of wild fauna 

and flora 

 

Town and Country Planning 

(Scotland) Act 1972 

(repealed 27.5.1997) 

Radioactive Substances Act 

1993 

New Roads and Street Works 

Act 1991 

 

  

Water Act 1989 

 

  

Town and Country Planning 

(Scotland) Act 1972 

(repealed 27.5.1997) 
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Appendix 5: Chapter 8: Comparison of all policy theme actor networks 

Appendix 5.1 

Summary of the number of actors, as a function of sector, focussed on the Scottish policy 

domain for each of the policy themes 

Sector LCE MRS ZWS SUS 

 

EU 

 

0 0 0 0 

International 

 

0 0 0 0 

Private Sector 

 

49 19 29 63 

Public Sector 

 

17 2 6 17 

Scottish 

Agencies 

 

167 85 69 205 

Scottish 

Government 

 

30 26 19 42 

Scottish Local 

Government 

 

23 17 18 31 

Third Sector 

 

28 6 16 43 

UK Agencies 

 

14 4 2 17 

UK 

Government 

 

0 0 0 0 

Total 328 159 159 418 

Appendix 5.2 

The highest ranking actors for In-Degree, in descending rank order, for each policy theme with 

respective In-Degree values in brackets in the one-mode relationship networks. 

LCE MRS ZWS SUS 

 

Scottish Government 

& Scotland Local 

Government (10) 

Scottish Government 

(9) 

Carbon Trust, 

Scotland Local 

Government, Welsh 

Assembly, European 

Union Commission 

Parliament, 

Environment Agency  

& European Union 

Commission 

Parliament (3) 

Scottish Government 

(18) 
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SEPA (7) Crown Estate (8)  Scotland Local 

Government (14) 

 

Defra, UK 

Government, Welsh 

Assembly, NI 

Executive, 

Department for 

Transport, EU 

Member States & 

United Nations 

Framework 

Convention on 

Climate Change 

UNFCCC (6) 

 

UK Government & 

DECC (7) 

 UK Government (13) 

 Ofgem & National 

Grid (6) 

 SEPA, Crown Estate, 

Scottish Natural 

Heritage & Welsh 

Assembly (10) 

 

   Ofgem, National 

Grid, NI Executive & 

EU Member States 

(9) 

 

Appendix 5.3 

The highest ranking actors for Out-Degree, in descending rank order, for each policy theme 

with respective Out-Degree values in brackets in the one-mode relationship networks. 

LCE MRS ZWS SUS 

 

Scottish Government 

(452) 

Scottish Government 

(229) 

Scottish Government 

(246) 

Scottish Government 

(579) 

 

UK Government 

(220) 

Marine Scotland (57) UK Government (56) UK Government 

(263) 

 

DECC (116) Offshore Wind 

Industry Group & 

Marine Energy 

Group (56) 

 

SEPA (27) DECC (116) 

Short-Life Working 

Group (Climate 

Change) (48) 

 

 None Marine Scotland (57) 
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Committee on 

Climate Change (45) 

UK Government (42) None Offshore Wind 

Industry Group & 

Marine Energy 

Group (56) 

 

Appendix 5.4 

The highest ranking actors for Betweenness centrality, in descending rank order, for the 4 

policy themes in the one-mode relationship networks. 

LCE MRS ZWS SUS 

 

Scottish Government Scottish Government Scottish Government Scottish Government 

 

UK Government Marine Scotland UK Government UK Government 

 

 DECC UK Government SEPA  DECC 

 

Committee on 

Climate Change 

Marine Energy 

Group MEG 

None Marine Energy 

Group 

 

Forestry Commission 

Scotland 

Offshore Wind 

Industry Group 

 

None Marine Scotland 

SEPA  Crown Estate None Scotland Local 

Government  

 

Scotland Local 

Government  

 

DECC None EU Member States 

EU Member States  Welsh Assembly  None Defra  

 

Defra Ofgem  & National 

Grid  

None Scottish Natural 

Heritage 

 

Sustainable 
Development 

Commission  

 

 None Scottish Public 
Sector 

Appendix 5.5 

The top highest ranking actors for Eigenvector centrality, in descending rank order, for the 4 

policy themes in the one-mode relationship networks 

LCE MRS ZWS SUS 

 

Scottish Government Scottish Government Scottish Government Scottish Government 

 

UK Government Offshore Wind 

Industry Group 

UK Government UK Government 
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DECC Marine Energy 

Group 

 

SEPA DECC 

Short-Life Working 

Group (Climate 

Change) & 

Committee on 

Climate Change 

Marine Scotland Carbon Trust, 

Scotland Local 

Government,  

Environment Agency, 

Carbon Trust, 

Scotland Local 

Government, Welsh 

Assembly & 

European Union 

Commission 

Parliament 

 

Offshore Wind 

Industry Group 

SEPA & Scotland 

Local Government 

UK Government  SEPA, Marine 

Scotland & Marine 

Energy Group 

 

There are 30 non-

Seed Ego Actors 

with an Eigenvector 

Centrality of 0.003 

Crown Estate  There are 17 Actors 

with an Eigenvector 

Centrality of 0.003 

of which 11 are Non-

Seed Ego Actors 

 

 DECC 

 

  

 There are 11 Non-

Seed Ego Actors with 

an Eigenvector 

Centrality of 0.006 

 

  

Appendix 5.6 

The highest ranking actors for PageRank centrality, in descending rank order, for the 4 policy 

themes in the one-mode relationship networks. 

LCE MRS ZWS SUS 

 

Scottish Government Scottish Government Scottish Government 

 

Scottish Government 

UK Government Marine Scotland UK Government 

 

UK Government 

DECC Marine Energy 

Group 

 

SEPA DECC 

Short-Life Working 

Group (Climate 

Change) 

Offshore Wind 

Industry Group  

Carbon Trust, 

Scotland Local 

Government, 

Marine Scotland 
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European Union 

Commission 

Parliament, 

Environment Agency, 

Carbon Trust, 

Scotland Local 

Government &Welsh 

Assembly 

 

Committee on 

Climate Change 

 

UK Government  Marine Energy 

Group 

SEPA Crown Estate  Scotland Local 

Government 

 

Scotland Local 

Government 

 

DECC  Welsh Assembly 

EU Member States Ofgem & National 

Grid 

 

 Scottish Natural 

Heritage 

Department for 

Transport 

 

Welsh Assembly  Crown Estate 

Welsh Assembly 

 

  EU Member States 

Appendix 5.7 

The highest ranked actors for Betweenness centrality in the policy themes for the two-mode 

networks in descending rank order 

LCE MRS ZWS SUS 

Scotland Local 

Government  

 

SEPA SEPA  Scotland Local 

Government 

SEPA UK Government  Scotland Local 

Government  

 

SEPA  

UK Government Crown Estate 

 

Scottish Water  UK Government  

NI Executive  Scottish Government  

 

COSLA  Scottish Government  

Scottish Government  European Union 

Commission 

Parliament  

European Union 

Commission 

Parliament  

NI Executive  
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Appendix 5.8 

Comparison of the highest ranking documents for Betweenness centrality in the two-mode 

policy networks in descending rank order. 

LCE MRS ZWS SUS 

 

Climate Change. The 

UK Programme 2006 

Renewables Action 

Plan  

A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

 

Climate Change. The 

UK Programme 

2006 

Renewables Action 

Plan 

2020 Routemap for 

Renewable Energy 

in Scotland  

 

Environmental 

Protection Act 1990 

Low Carbon 

Transition Plan 

Low Carbon 

Transition Plan 

National Marine 

Plan for Scotland 

Draft consultation 

 

National Waste Plan 

2003 

Renewables Action 

Plan 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

Offshore Wind Route 

Map 

Zero Waste (Scotland) 

Regulations Draft 

Business and 

Regulatory Impact 

Assessment 

 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

LCE: Report on 

Proposals and 

Policies 

Towards a Low 

Carbon Economy for 

Scotland: Discussion 

Paper 

Scotland's Zero Waste 

Plan: Consultation 

LCE: Report on 

Proposals and 

Policies 

Appendix 5.9 

Comparison of the highest ranked actors for Eigenvector centrality in the policy themes in the 

two-mode networks in descending rank order 

LCE MRS ZWS SUS 

 

Scotland Local 

Government  

 

Crown Estate  SEPA  Scotland Local 

Government  

SEPA UK Government Scotland Local 

Government  

 

SEPA  

UK Government  SEPA  Scottish Water  

 

UK Government  

 Highlands and 

Islands Enterprise 

  

COSLA  

NI Executive Scottish Enterprise 

 

UK Government  Welsh Assembly  

Welsh Assembly  Ofgem 

 

Scottish Enterprise  Scottish Enterprise 
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Defra European Union 

Commission 

Parliament  

 

 NI Executive  

   European Union 

Commission 

Parliament  

Appendix 5.10 

Comparison of the highest ranking documents for Eigenvector centrality in the policy themes 

in the two-mode networks in descending rank order. 

LCE MRS ZWS SUS 

 

LCE: Report on 

Proposals and 

Policies 

Renewables Action 

Plan 

A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

 

LCE: Report on 

Proposals and 

Policies 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

Offshore Wind Route 

Map 

Scotland's Zero Waste 

Plan: Consultation  

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

 

Low Carbon 

Transition Plan 

2020 Routemap for 

Renewable Energy in 

Scotland 

 

National Waste Plan 

2003  

Low Carbon 

Transition Plan 

Climate Change. The 

UK Programme 2006 

National Marine 

Plan for Scotland 

Draft consultation 

 

Second National 

Planning Framework 

(NPF2)  

Climate Change. The 

UK Programme 

2006 

Conserve and Save: 

Energy Efficiency 

Action Plan 

 

Marine Energy Road 

Map 

Environmental 

Protection Act 1990  

Renewables Action 

Plan 

   2020 Routemap for 

Renewable Energy 

in Scotland 

 

   Offshore Wind Route 

Map 

 

 

 



238 

 

Appendix 5.11 

Comparison of the highest ranked actors for PageRank centrality in the policy themes in the 

two-mode networks in descending ranks order. 

LCE MRS ZWS SUS 

 

Scotland Local 

Government  

 

Crown Estate  SEPA Scotland Local 

Government  

SEPA  UK Government Scotland Local 

Government  

 

SEPA 

UK Government SEPA  Scottish Water 

 

UK Government  

NI Executive Scottish Government  EU Member States Scottish Natural 

Heritage  

 

Scottish Government European Union 

Commission 

Parliament 

COSLA  Scottish Government  

Appendix 5.12 

Comparison of the highest ranking documents for PageRank centrality in the policy themes in 

the two-mode networks in descending rank order 

LCE MRS ZWS SUS 

 

Climate Change. The 

UK Programme 2006 

Renewables Action 

Plan 

A Low Carbon 

Economic Strategy for 

Scotland: Scotland - A 

Low Carbon Society 

 

Climate Change. The 

UK Programme 

2006 

Renewables Action 

Plan 

2020 Routemap for 

Renewable Energy 

in Scotland 

 

Environmental 

Protection Act 1990 

Low Carbon 

Transition Plan 

Low Carbon 

Transition Plan 

National Marine 

Plan for Scotland 

Draft consultation 

 

National Waste Plan 

2003 

Renewables Action 

Plan 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

 

Offshore Wind Route 

Map 

Scotland's Zero Waste 

Plan: Consultation 

A Low Carbon 

Economic Strategy 

for Scotland: 

Scotland - A Low 

Carbon Society 

LCE: Report on 

Proposals and 

Policies 

Towards a Low 

Carbon Economy for 

Scotland: Discussion 

Paper 

Zero Waste (Scotland) 

Regulations Draft 

Business and 

Regulatory Impact 

Assessment 

LCE: Report on 

Proposals and 

Policies 
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Appendix 6: Chapter 9: Synthesis, conclusions and discussion 

Appendix 6.1 

The highest ranking documents in cluster 7 of the sustainability All Document network 

In-Degree Out-Degree Betweenness 

Centrality 

Eigenvector 

Centrality 

PageRank 

Scottish 

Planning 

Policy 

Scottish Planning 

Policy 

Scottish 

Planning 

Policy 

Scottish 

Planning 

Policy 

Scottish Planning 

Policy 

 

Environmental 

Assessment 

(Scotland) Act 

2005 

Planning 

Circular 8 2007: 

EIA 

Planning 

Circular 8 

2007: EIA 

Environmental 

Assessment 

(Scotland) Act 

2005 

 

Planning 

Circular 8 2007: 

EIA 

Council 

Directive 

92/43/EEC of 

21 May 1992 

on the 

conservation of 

natural habitats 

and of wild 

fauna and flora 

Environmental 

Impact 

Assessment 

(Scotland) 

Regulations 1999 

Environmental 

Assessment 

(Scotland) Act 

2005 

Council 

Directive 

92/43/EEC of 

21 May 1992 

on the 

conservation of 

natural 

habitats and of 

wild fauna and 

flora 

 

Environmental 

Impact 

Assessment 

(Scotland) 

Regulations 1999 

Planning etc. 

(Scotland) Act 

2006 

Extending 

Permitted 

Development 

Rights for 

Domestic Micro 

Wind Turbines 

and Air Source 

Heat Pumps 

 

Environmental 

Impact 

Assessment 

(Scotland) 

Regulations 

1999 

Planning etc. 

(Scotland) Act 

2006 

Extending 

Permitted 

Development 

Rights for 

Domestic Micro 

Wind Turbines 

and Air Source 

Heat Pumps 

Conservation 

(Natural 

Habitats, &c.) 

Regulations 

1994 

Circular 4/2009: 

Development 

Management 

Procedures 

Extending 

Permitted 

Development 

Rights for 

Domestic 

Micro Wind 

Turbines and 

Air Source 

Heat Pumps 

 

Nature 

Conservation 

(Scotland) Act 

2004 

Planning etc. 

(Scotland) Act 

2006 

Nature 

Conservation 

(Scotland) Act 

2004 

Planning etc. 

(Scotland) Act 

2006 

Planning etc. 

(Scotland) Act 

2006 

Extending 

Permitted 

Development 

Rights for 

Environmental 

Assessment 

(Scotland) Act 

2005 
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Domestic 

Micro Wind 

Turbines and 

Air Source 

Heat Pumps 

 

Scotland Act 

1998 

Scottish Planning 

Series: Planning 

Circular 1 2009: 

Development 

Planning 

Council 

Directive 

92/43/EEC of 

21 May 1992 

on the 

conservation of 

natural 

habitats and of 

wild fauna and 

flora 

 

Planning 

Circular 8 

2007: EIA 

Circular 4/2009: 

Development 

Management 

Procedures 

Directive 

2001/42/EC of 

the European 

Parliament and 

of the Council 

of 27 June 2001 

on the 

assessment of 

the effects of 

certain plans 

and 

programmes 

on the 

environment 

 

Permitted 

Development 

Rights for 

Microgeneration 

Equipment on 

Non-Domestic 

Properties - 

Consultation 

Circular 

4/2009: 

Development 

Management 

Procedures 

Conservation 

(Natural 

Habitats, &c.) 

Regulations 

1994 

Council 

Directive 

92/43/EEC of 21 

May 1992 on the 

conservation of 

natural habitats 

and of wild fauna 

and flora 

Environmental 

Impact 

Assessment 

(Scotland) 

Regulations 

1999 

Planning Advice 

Note 1/2010 

Strategic 

Environmental 

Assessment of 

Development 

Plans 

 

Scottish 

Natural 

Heritage, 

Environmental 

Impact 

Assessment 

webpage 

Environmental 

Impact 

Assessment 

(Scotland) 

Regulations 

1999 

Scottish Planning 

Series: Planning 

Circular 1 2009: 

Development 

Planning 

Designing 

Places 

Scottish Planning 

Series Circular 5 

2009: Hierarchy 

of Developments 

Scottish 

Planning 

Series: 

Planning 

Circular 1 

2009: 

Development 

Planning 

Scotland Act 

1998 

Permitted 

Development 

Rights for 

Microgeneration 

Equipment on 

Non-Domestic 

Properties - 

Consultation 

 


