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ABSTRACT 

Opposition to wind farm development is currently being characterised as “socially unacceptable” by 

prominent politicians and environmentalists. Former Deputy Prime Minister, John Prescott has recently1 

referred to opposition coming from “the squires and the gentry” - explicitly introducing the polarising 

aspect of social class into an already charged debate about the adverse social and environmental impacts 

of large scale renewable energy projects. 

But what do we really know about these protests? Are they just the unconnected campaigns of NIMBY’s 

whose back yards need, as Prescott suggests, to be reclaimed? Is opposition to wind farm development 

just a localised phenomenon or is there a degree of connectedness, a sense of solidarity and a unity of 

purpose - and if so, how can we establish that this is the case? 

This paper uses Hyperlink Network Analysis (HNA) to explore the online network of organisations 

opposing wind farm development across the world. It maps the online linkages between 635 anti-wind 

farm groups in the Europe, North America, the UK and other countries that are encouraging this form of 

renewable energy. After describing the HNA method, the network of hyperlinks between anti-wind farm 

group websites is analysed using the conventional statistical techniques of Social Network Analysis and 

the results are described.  
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1 The Independent 20th October 2009 citing a Radio 4 broadcast  
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1 Introduction 

In “Social Networks and Extraparliamentary Politics”, Nick Crossley posits that 

“If  movements are defined as networks of groups then we must find evidence of links between groups 

if we are to speak legitimately of a movement, and we can judge groups in or out of a movement on the 

basis of their connection (or not) to its network” (2007, 226)  

Relatively recently, Hyperlink Network Analysis (HNA) has emerged as new method through which 

network links can possibly be evidenced and it is now an established technique in several different 

disciplines (Thelwall (2004))  

This paper reviews the basis of HNA, considers the issue of whether hyperlink networks can proxy 

underlying social networks and outlines some of the technical issues involved in using the technique. 

Finally the technique is applied to the study of the international anti-wind farm “movement” and the 

results of this analysis are discussed as a starting point for further research. 

2 Hyperlinks  

Hyperlinks are small pieces of Hypertext Mark-up Language (HTML) code embedded within websites 

that function to enable website users to jump from one part of a website to another (internal links) or from 

one website to another (external links). Hyperlinks are created purposively and are non random. Jackson 

(1997) writes: 

“Links are not generated automatically in web architecture. There are no automatic links between 

information (even search engines use algorithms which must be designed and programmed). Instead, 

every link is planned and, most often, specifically created by the web designer.” 

Websites and hyperlinks exist within the Internet information and communication network and they serve 

a variety of purposes. If the Internet is functioning as a communication network, Jackson suggests that 

hyperlinks operate as a means of directing or structuring the communication patterns of users and are the 

basic structural element of Web Based Communication (WBC). 

In this context, hyperlinks reflect the communicative choices made by website designers. They point users 

to other websites and documents because the designer believes that the target site or document is worthy 



  3

of being visited / read. However, while some degree of rationality can be ascribed to the creation of 

hyperlinks, the purpose of these links is not always clear cut, nor has it been fully theorised. (Thelwall 

2004)  

3 Hyperlinks, Communication Networks and Social Networks 

Garton, et al,, (1997) and Wellman (2001) argue that when a computer network connects people or 

organisations it is a social network. Wellman (2001, 2031) refers to computer networks being “inherently 

social networks” and to computers as “social beings”. From this perspective hyperlinks directly create a 

social network out of websites hosted by web servers and connected via the Internet.  

An alternative perspective is that there are different network types, which have some distinct 

characteristics, but are potentially related to one another. Park (2003) provides a useful comparison 

between various network types and differentiates between a social, communications, computer mediated, 

internet and hyperlink network. Park positions a network facilitated by hyperlinks as an extension of the 

traditional communication network. Following this approach, which differentiates between network types, 

the key question for this research is whether the network created by hyperlinks approximates to the 

communicative structure, preferences or make-up of an underlying social network at a particular point in 

time. 

Adamic & Adar (2001) argue that for the most part, hyperlinks convey a social connection between 

individuals based on a study of home page networks of students at Stanford and MIT Universities in the 

USA.  They suggest that: 

“… personal homepages provide a glimpse into the social structure of university communities. Not 

only do they reveal to us who knows whom, but they also give us a context ...” (2001, section 4) 

Thelwall (2004) also explores the question of why links exist or are created, drawing from citation 

analysis. In a study of hyperlinks on UK university home pages, four link types are identified (general 

navigational; ownership; social and gratuitous). Of these, the social link type is particularly interesting as 

it suggests that link creators use hyperlinks to display or reinforce social ties.  
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Park (2003) reports that some authors describe websites as actors within a network and this suggests that 

hyperlinks have the effect of influencing internet user perception of other websites or actors. This is 

particularly relevant in respect of prestige which can be associated with the number of and quality of 

hyperlinks associated with a given site. (Terveen & Hill 1998; Park, et al., 2001). Park (2003:53) suggests 

that  

“Hyperlinks as connections represent networks among people, organisations or nation-states. Thus we 

can interpret the social or communication structure among those social actors based on the hyperlink 

structure”  

Park & Thelwall (2003, 5) in their review of Hyperlink Analysis suggest that 

“... we can potentially discern fingerprints of social relations through the analysis of configurations of 

hyperlink connections among websites ...” 

Garrido & Halavais (2003) in a study of support for the Zapatista movement make an even stronger case 

for there being an approximation between a hyperlink network and a social network. Their analysis 

proceeds from the assertion that computer networks are inherently social networks and the assumption 

that 

“a map of the communication network is roughly isomorphic to the structure of the relationship 

between the users” (Garrido & Halavais 2003,172). 

Although Park does not refer to Actor Network Theory (see for example Law 1992) in his work, the 

aforementioned description of websites and hyperlinks could imply a degree of agency in that once 

created they are free to influence other actors without ongoing direction by web authors or hyperlink 

creators. It would also be possible to consider a degree of network co-creation with the social and 

technical networks combining and extending as actors interact.  

Thelwall (2004, 2) however specifically differentiates the use of the term ‘actor’ within HNA as applied 

to social networks and refers to hyperlinks being used to find out the structure of networks of human 

actors.  
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Websites, through their hyperlinks seem therefore to provide glimpses into or fingerprint-like traces of 

connections with offline social networks and are therefore an appropriate starting point for network 

analysis. 

4 Hyperlink Network Analysis 

4.1 Method 

Analysis of a hyperlink network begins with the task of gathering data. Park (2003) identifies two 

methods for this: observation and computer assisted collection. Both effectively create snowball samples 

of websites from hyperlinks on an initial target site or sites. 

Direct observation involves the researcher selecting a website to begin the analysis from, manually 

recording each hyperlink on the target site, using a particular hyperlink to connect to another site and then 

systematically recording the hyperlinks on the next site. The results of the exercise is then recorded (into a 

spreadsheet or directly into an appropriate software package such as UCINET 6)  

A second approach involves the selection of a suitable software tool which trawls the Internet from a 

selected starting point and automatically creates a record of websites with connections to or from the 

initial target site. Software such as IssueCrawler2 can both record the results of web “crawls” and display 

the results diagrammatically. The resultant network data can be imported into software such as UCINET 

and then analysed in terms of specific properties such as “density”. A typical output file from 

IssueCrawler is shown in Figure 1 below: 

 

 

 

 

 

                                                            
2 www.issuecrawler.net  

http://www.issuecrawler.net/


Figure 1: IssueCrawler Network Map  - Anti-Wind Farm Groups  

 

Whichever approach is taken, the result effectively builds a matrix of connections or ‘ties’ between 

websites, each site becoming a ‘node’ in the network. This matrix can be displayed diagrammatically and 

the resultant network can be analysed in terms of specific properties such as ‘size’, “density”, “centrality” 

etc. Some of these terms are explained below: 

  6
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Network size is the simple measure of the number of nodes within a given network. The greater the 

number of nodes the bigger the network. 

Network density is the measure which describes the extent to which all of the possible ties between 

nodes are present within the network as a whole. In a m x m matrix there will be a maximum of m x (m -

1) possible unique ties between nodes. Density is the ratio between the number of actual ties to the 

number of possible ties and is expressed as a number between 0 and 1. A value of 0.6 therefore suggests 

that 60% of all possible ties are present in the network and the higher the number the greater the density. 

Centrality is a measure of the number of connections that a given node has.  

Thelwall (2004) highlights the existence of multiple research traditions which seek to understand the 

quantitative results from this point. These include highly mathematical analyses such as those seen in 

computer science and statistical physics and more interpretive based analyses such as those seen in 

Information and Social Science (Thelwall 2004, 3). 

In terms of this research, we are proceeding on the basis that the outputs from a link analysis exercise can 

shed light on the existence and nature of an underlying social network. Thus we will be seeking to 

interpret link counts in the context of relationships between human actors within organisations and to 

examine properties such as power and influence.  

4.2 Data Collection 

As Park notes (2003, 57) there are limitations to direct observation, not least the time consuming nature of 

a task which can involve mapping several hundred nodes. The use of human coders also allows error to 

enter the analytical process in that some hyperlinks may be omitted due to being overlooked or 

deliberately ignored. Notwithstanding this, direct observation does have advantages in that selection of 

hyperlinks can be beneficial rather than problematic, provided that the basis of selection or omission is 

made clear. 

Direct observation also has the benefit of providing the researcher with more information on selected 

nodes during the initial trawl as the content of individual websites must be reviewed before hyperlink data 

can be added to the matrix. This provides an opportunity to develop a “feel” for the field of research. 
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Computer assisted data collection also has a number of drawbacks – the principal one being its lack of 

selectivity. The process of crawling hyperlinks, when performed on an automated basis, has the potential 

to identify spurious connections. For example, if the crawl identifies a website with a hyperlink to a 

newspaper or television station, the network that is subsequently created will contain hyperlinks, not only 

from network members (organisations that form part of the network being studied) but from the websites 

that record their activities in the media. This is nonetheless an interesting dimension as the 

communication channels of network members are revealed through such hyperlink crawls. A second issue 

arising from the snowball crawl technique when used in computer assisted data collection is that when 

websites of web communities (www.Informe.com ; www.worldpress.com etc) are included, the snowball 

sample can grow exponentially.3   

Importantly, the data collection process has a temporal aspect. Data are collected at a point in time, yet 

data are constantly changing. This is particularly true of website content and for hyperlinks as a 

consequence. Thelwall (2004, 7) refers to this as the problem of “web dynamics”. Content and websites 

are continually being updated and links can “die” or be seen as “dead” during the data collection process. 

It is therefore necessary to be clear what time period the data have been collected within and also to 

recognise that the accuracy of the data is a function of their age. 

4.3 Methodological Issues 

Progressing from the position that a hyperlink network can throw light on a social network, the key 

methodological issue that arises is “how do we interpret the results?”. Hyperlink Network Analysis does 

pose several methodological challenges. 

4.3.1 Hyperlink Counts 

The statistical analysis of the hyperlink matrix generated from the data collection phase of research 

includes an assessment of the number of hyperlinks. These links can be from websites, to websites, 

between particular websites and between particular groups of websites (or domains. such as .com / .net / 

.co.uk / .org). 
                                                            
3  This actually occurred during the research and IssueCrawler started to generate a network of 4.5 billion 
entries. IssueCrawler stalled at this point and discussions with Richard Rogers led to the abandonment of 
computer assisted crawling for this network. 

http://www.informe.com/
http://www.worldpress.com/
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In small scale networks, the number of links between “nodes” can be counted manually and the 

reciprocity of these can be easily seen (i.e. links that are reciprocated between websites). It may also be 

possible to fully analyse and then describe the significance of single links in small scale networks. 

However for larger networks, the analysis is necessarily constrained and there is a tendency to simplify 

the explanations associated with multiple links by grouping or classifying these as Thelwall (2003) does. 

Hyperlink counts and link categorisations therefore need to be treated cautiously as interpretation, 

particularly of larger samples can lead to simplifying explanations which lack rigour. Interpreting the 

significance of hyperlink counts is not straightforward. 

4.3.2    The Strength of Hyperlink Ties 

Granovetter (1973) defines the strength of interpersonal ties amongst network members in terms of the 

combination of the amount of time, the emotional intensity, the intimacy and the reciprocal services 

associated with a tie. “Strong” ties are those in which time and effort have been invested. “Weak” ties 

exist when there is a degree of association which is more than “a nodding relationship between people 

living on the same street” but which cannot be considered to be strong. Weak ties exist between 

acquaintances; strong ties exist between friends. 

On the basis of a difference in the strength of ties, Granovetter argues that some ties are less effective in 

the dissemination of information or in the exercise of influence than others. This assertion is based on the 

proposition that as people interact they form psychological ties and relationships which inhibit 

independence. The more interaction the stronger the psychological tie and consequently, greater 

dependence is created between members of the network. In such circumstances, some members within 

the network effectively block communication flows whereas, conversely, where weak ties are present, 

information in particular is able to flow more freely through “bridges” – network members that are 

unrestricted by friendship / psychological relationships. Granovetter (1973, 1366) explains this idea using 

the example of a rumour being spread amongst friends. Where strong ties exist, the recipients will hear 

the rumour several times as the friendship group is tightly knit. Scott (2000, 35) refers to such 

information in a close network as “stale” to make the point. As a consequence, the rumour is not 

propagated as effectively compared with a group where members are less closely linked and each new 

communication touches a new recipient.  
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The hyperlink network associated with anti-wind farm groups is not an interpersonal network and thus 

some of Granovetters’ analysis has to be reinterpreted. In so doing, it is possible to suggest that the anti-

wind farm hyperlink network can, almost by definition be considered to consist of weak ties. Hyperlinks 

are not interpersonal links and exist without “emotional intensity”. Furthermore, given their visibility on 

the Internet, hyperlinks and the network that they create can hardly be considered as “intimate”. Despite 

this, as groups connect in cyberspace there appears to be more than a “nodding relationship” between 

their localised campaigns. The Internet connects groups and individuals even if they are located on 

different continents, such groups appearing to effectively share information, publicise their successes 

(and failures) and gather support using the net. 

The concepts of tie strength and network density are also linked by Granovetter who suggested that 

“one’s strong ties form a dense network, one’s weak ties a less dense one” (1973, 1370). This 

terminology is perhaps unfortunate as tie strength is a property of individual links, whereas density is a 

property of the network as a whole. A less dense network could properly be described as a “sparsely 

linked” network but this is not the same as saying that ties are weak.  

In the anti-wind farm hyperlink network, however there is the possibility that weak hyperlink ties exist 

within a less dense network. This is examined empirically in section 5.3, 

4.3.3 Hyperlink Creation 

A further methodological issue arises when drawing inferences from hyperlink creation. As noted earlier, 

the purpose of a hyperlink is not always clear. Other than asserting that it is the intention of the web 

designer to facilitate easy access to another site or document, it is not directly possible to expose the 

underlying reason behind the creation of the link. As Adamic & Adar (2003) put it 

“While link structure provides an interesting view of the social network in homepage communities, it 

does not necessarily provide us with an understanding of why these links exist” 

For hyperlink networks involving organisations, the position is potentially even more complex. Gonzalez-

Bailon (2009) drawing on the work of Social Movement Theorists such as Mario Diani (Diani 2003; 

Baldassarri & Diani 2007) suggests that hyperlink creators can have motivations based around Identity 

and Instrumentality.  Identity based motives are seen in clustering of like minded groups while 
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instrumental motives are seen in the decisions of organisations to link to influential organisations and 

thereby “project a more recognisable image” (Gonzalez-Bailon 2009; 279). 

Gonzalez-Bailon applies statistical modelling to draw conclusions regarding link creation and does not 

undertake qualitative follow up of quantitative data. However some researchers have followed up initial 

quantitative analysis with interviews of website authors and designers to establish underlying motives for 

hyperlink creation (Kim 2000). This approach is not without its own difficulties - as Thelwall (2004) 

observes. Follow up interviews or questionnaires are also problematic in that hyperlink creation may not 

be memorable, specific hyperlink creators may be difficult to trace and the results could contain bias if 

some authors refuse to participate or cannot be contacted.  

Arising from the above, there is a need to exercise some methodological caution and ideally triangulate 

methods rather than relying on hyperlink network analysis alone to completely answer research questions.  
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5 Hyperlink Network Analysis of the Anti-Wind Farm Movement 

5.1 Background 

The growth of large scale renewable energy projects in the UK and elsewhere has been accompanied by 

an increase in community level objection to the local impacts associated with new developments. These 

objections are particularly visible when large scale onshore wind farms are proposed. Objector groups use 

a variety of means to articulate their concerns prior to, during and after the planning stage of 

developments, and commonly websites are created as a means of mounting and publicising campaigns. 

These websites provide a readily accessible source of information on the arguments used by anti-wind 

farm campaigners and the hyperlink structures of these sites have the potential to throw light on the 

underlying social networks of campaign groups. 

5.2 Method 

5.2.1     Data Collection Starting Point 

Although it would have been possible to begin to source hyperlink data from a single known objector 

group website in the UK, opposition to wind farms has an international dimension, in that there are 

federations of anti-wind farm groups or national co-ordinating bodies in the UK, France, Germany, The 

Netherlands, Europe and North America. These co-ordinating bodies have websites which identify 

affiliates, members and campaigns within and outside their own geographical boundaries. 

To locate a particular campaign or group within a network which has such an international dimension, it 

is necessary to consider the possibility that links exist with groups outside the specific locality which is 

being studied. Put simply, we may find that a Welsh or UK anti-wind farm group is part of a much bigger 

network. 

In view of this, the approach taken to the process of collecting data has been to begin tangentially rather 

than directly. A snowball sampling technique was used starting with an adjacent network covering North 

American anti-wind farm groups. Many of these are listed in the website of the North American 

Coordinating body, National Wind Watch (www.wind-watch.org) as affiliates or allies (http://www.wind-

watch.org/affiliates.php).  

http://www.wind-watch.org/
http://www.wind-watch.org/affiliates.php
http://www.wind-watch.org/affiliates.php
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At the time of harvesting hyperlinks for the analysis, National Wind Watch had the largest known number 

of affiliated organisations and their website was updated regularly.4 This list of affiliates / allies included 

objector groups in the UK and Canada, so it offered the possibility of providing a global context for the 

UK anti-wind farm group network as it was this network that was initially going to be the object of study.  

Hyperlink data from the National Wind Watch website was initially downloaded during February 2009 

into an MS Excel spreadsheet. This initial dataset contained details of 264 affiliates with live hyperlinks 

to websites. The data were then cross tabulated to create an adjacency matrix, where column and row 

headings replicated one another (see Table 1) 

Table 1: Website Adjacency Matrix 

Website  A B C D 
A         
B         
C         
D         

5.2.2 Data Gathering Method 

As outlined previously, the process of crawling hyperlinks was then undertaken and the results mapped 

into the matrix. A manual, direct observation approach was taken to generate the initial dataset and in 

parallel, a computer assisted crawl was also undertaken. The direct observation approach involved 

physically navigating to the website in the first matrix row and identifying the links to other sites (usually 

but not always on a “Links” page). Where hyperlinks were found to any of the initial 264 websites in the 

initial dataset, a “1” was placed in the relevant matrix column (Table 2). 

 

                                                            
4 During the research the European Platform Against Wind farms (www.epaw.org ) acquired more signatory 
members than National Wind Watch and the French anti wind farm federation www.ventdubocage.net was also 
mapped. Both sites had more hyperlinks than National Wind Watch but this was only identified during the data 
collection phase.  

http://www.epaw.org/
http://www.ventdubocage.net/
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Table 2: Adjacency Matrix with data 

Website A B C D
A       1 
B         
C   1     
D 1        

 

The above indicates that website “A” has a link within its architecture to website “D” and also website 

“C” has a link to website “B”. Within the language of HNA, the hyperlinks from websites in the rows are 

known as “out-links” and those in the columns are known as “in-links”. In the example above, website 

“A” has an out-link to website “D” and website “D” has an in-link from website “A”. The significance of 

in-links is described by Park (2003, 55) where it is asserted that the number of in-links is an indicator of 

a website’s credibility. 

In addition to unidirectional links, hyper linking can be done on a reciprocal basis – i.e. two websites can 

both link to each other. In the example above website “A” has an out-link to website “D” and website 

“D” has a reciprocal out-link to website “A”. 

Other than the time consuming nature of the task, two further issues arise in the data collection exercise. 

Firstly, when there is an out-link from one of the websites to another site which was not one of the initial 

sample, it was necessary to add the hyperlink to the sample. This was done by adding a further column 

and row to the matrix (Table 3).  

Table 3: Growth of Adjacency Matrix  

Website A B C D New link 
A       1   
B           
C   1       
D           
New link           

Secondly, within the initial dataset and in subsequent additions to the dataset, some references to 

affiliates / allies / groups do not have hyperlinks or these are broken. There are several reasons why this 

problem occurs including web author miscoding, migration of websites to other domains, changes in web 

addresses not being picked up by web-authors, domain name temporary lapses etc. To resolve this 
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problem, and where a hyperlink was present in the dataset, the in-link was initially mapped into the 

matrix but the link was highlighted in red to indicate that it was “dead”. (See D above). Queries were 

then made using Google to establish whether the hyperlink had been correctly specified or whether a site 

had migrated to another domain (.net for example) etc. Where a site had so changed but the objector 

group was obviously the same, the new address was inserted into the matrix. This was time consuming 

but a distinct advantage of the direct observation method. Where no hyperlink was present or where the 

link was not capable of being repaired (as above) then the non existent or dead out-link was removed 

from the matrix (Table 4). 

Table 4: Removal of Dead Links from Adjacency Matrix  

Website A B C New link 
A         
B         
C   1     
New link         

5.2.3 Growth in Network Size 

During the data collection phase, the network sample increased to contain over 734 possible hyperlinks – 

almost three times the size of the initial sample as a direct consequence of the snowball sampling 

approach. This considerably extended this phase of the project; however it has generated additional 

research observations including: 

• Confirmation that groups were routinely using websites or blog sites in their campaigns 

• An indication (based on the online network structure), that not all anti-wind farm groups are 

affiliated to national coordinating bodies 

• Identification of anti-wind farm groups (AWFG’s) in 26 countries5 outside the UK and USA  

• Identification of national coordinating bodies in Germany, France, the UK, the USA, and the 

Netherlands as well as a Europe wide coordinating body.  

• Identification of links with a significant number of other organisations6 and specific individual 

actors within the movement 7  

                                                            
5  Including Ireland, the Czech Republic, Poland, Hungary, Romania, Bulgaria, Slovenia, Greece, Belgium, 
Luxembourg, Sweden, Switzerland, Germany, France, Denmark, the Netherlands, Italy, Austria, Spain, Norway, 
Canada, New Zealand, Australia, Mexico, Japan and Puerto Rico. 



  16

5.3    Results 

5.3.1  “Tidying Up” the Network  

As outlined at 5.2.2 above, dead and duplicate links were removed from the initial sample of 734 sites, 

leaving 635 live sites with active hyperlinks. This represented 86.5% of the initial sample. One of the 

most common reasons why links were inactive was that the hosting domain had ceased to be available 

(e.g. AOL Hometown and Beeb.Net) 

5.3.2  Analysis of the Network  

Analysis of the resultant data was performed using UCINET for Windows. During the data collection 

phase network diagrams were plotted at various stages to map the evolution of the network sample. An 

eigenvector analysis was also performed periodically to assess the most significant nodes within the 

network and the emerging network was also mapped using IssueCrawler – software that performs 

automated crawls on the web after being fed a “seed set” of hyperlinks. 

IssueCrawler was used to generate periodic views of the network – however these produced results with 

the limitations outlined at section 4.2. The network of 321 nodes illustrated in Figure 2 below, for 

example contained three sites – www.telegraph.co.uk , www.guardian.co.uk  and www.spiegel.com  

which while highlighting the press coverage given to campaigns, would possibly not cast light on the 

nature of the underlying social network. Similarly, the British Wind Energy Association website 

www.BWEA.com appears in the IssueCrawler generated network but would not be considered to be part 

of the anti-wind farm network as it is the main wind energy industry site in the UK.  

                                                                                                                                                                                         
6  Including REVOLT, Highlands Before Pylons, Cairngorms Against Pylons, The Ramblers Association, 
Ecologists for Nuclear Energy, Powys Bridleways, CPRE / CPRW, Landskapsskydd (Swedish Landscape 
Protection Association), Kirklees Conservatives, the Wilderness Foundation, The Mendip Society, the Acoustic 
Ecology Institute and the Mountaineering Council of Scotland. 

7  Including Mark Duchamp, John Droz, Elizabeth Mann, John Sweet, Nigel Barnes, Darryl Mueller, Nina 
Pierpont, Lisa Linowes, Wilfried Heck and J.A. Halkema. 
 

http://www.telegraph.co.uk/
http://www.guardian.co.uk/
http://www.spiegel.com/
http://www.bwea.com/


Figure 2  IssueCrawler generated Hyperlink Network - 321 nodes 

 

5.3.3     Direct Observation Generated Hyperlink Network 

In view of the results of periodic visualisation and analysis of the emerging AWFG network using 

IssueCrawler, it was decided that the visualisation and analysis of the manually created network would be 

undertaken in preference to the IssueCrawler generated network. The following section of the paper sets 

out the results of this exercise. 
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Network Size 

Figure 3 shows a representation of the world anti-wind farm network based on mapping 635 nodes in 

UCINET and presenting the results using the Spring Embedding graph layout. Reciprocal ties between 

nodes are shown in red and single ties are shown in black.  

Although “there is no single "right way" to represent network data with graphs” (Hanneman & Riddle 

(2005,31) , rather than presenting the network using a random layout, the force directed Spring 

Embedding algorithm was chosen as a means of illustrating the network relationships on the basis of 

similarities between nodes.  

The algorithm locates nodes in the graph based on their connectedness to one another and can illustrate 

clusters or communities within the overall network. The Spring Embedding algorithm assumes that each 

node has a small positive or negative force attached to it and that hyperlinks operate like mechanical 

springs pulling nodes close to one another. The algorithm iteratively adjusts the network until the forces 

between nodes are equalised. Similarities are defined in terms of geodesic distance (i.e. the smallest 

number of paths necessary to connect each node to all other nodes) 

 

 

 

 

 

 

 

 

 

 



 

Figure 3 – Hyperlink Network – Websites of Anti-Wind Farm groups (worldwide) 

Figure 3 reveals a pattern to the network which we can compare with a random network of the same size 

and density (see below, Figure 4).  
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Figure 4  - Random Network (N = 635) D = 0.0112)  

The pattern within the AWFG network at Figure 3 could be interpreted as indicating that AWFG 

websites fall into three main categories – those that are largely unconnected (high geodesic distance - 

shown on the periphery of the diagram); those that have a more significant degree of connectivity (shown 

between the periphery and the core) and those that are heavily connected (low geodesic distance - shown 

in the dense black area of the diagram).  
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This is illustrated below at Figure 5. The website www.wind-watch.org is located in the Core of the 

network, www.epaw.net is located between the densest area and the network periphery in the Outer Core 

and www.dangerwind.org is located in the network Periphery. 

Figure 5 – Location of specific anti-wind farm groups within overall network 

 

This interpretation is largely intuitive and it is possible to consider the properties of the network more 

formally using a number of statistical measures. These are set out below: 

Overall Network Density 

The above network has a maximum of 402,590 possible ties between nodes and an actual number of 4493 

ties. This equates to a network density of 0.0112 (SD 0.105). This means that the probability of a tie 

existing between any two network members chosen at random is a little over 1% The IssueCrawler 
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http://www.wind-watch.org/
http://www.epaw.net/
http://www.dangerwind.org/
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generated 321 node network illustrated at 5.3.2 had a density of 0.0171 – a result which supports the 

assertion that there are only limited ties between network members. 

Low Network Density has been observed in other hyperlink networks - Tateo (2005) for example 

observed a density of 0.037 (n = 77) when mapping the online network of extreme right wing groups in 

Italy and Reid & Chen (2007) observed a density of 0.08 (n = 44) in relation to the websites of US and 

Middle Eastern extremist groups. Baggio, et al., (2007) report densities of 0.0016 (n = 492) and 0.0023 (n 

= 468) in relation to tourism websites  while Ackland, et al., (2007) report densities of between 0.047 to 

0.073 for e-science and e-social science projects reported on the web between 2002-2007.  

Despite the existence of other studies which illustrate low network density for hyperlink networks, it is 

possible that the observed level of interconnectedness could have arisen by random chance. To test this 

we constructed a Null Hypothesis that density = 0 and tested this using the Student t-test. UCINET allows 

the user to test hypotheses like these and following the approach described in the online text by 

Hanneman & Riddle (2005, ch.18) a t–test statistic of 56 was obtained which was significant (p = 0.001). 

Following Snijders & Borgatti (1999) a further method for testing the same hypothesis (the Bootstrap 

method) was used and applying this test statistic generated was 5.89 which was also significant (p = 

0.001). 

Our conclusion therefore is that while network density is low, and ties between network members are 

limited, such ties are non-random.  

Overall Network Clustering Coefficient 

The network clustering coefficient measures the extent to which the network consists of groups of nodes. 

It is the average of the densities of these groups of nodes. The AWFG network the overall clustering 

coefficient is 0.392. The weighted clustering coefficient, which reflects the size of these groups, is 0.085. 

These results compare with a clustering coefficient for the Random Network of 0.010 suggesting that 

there is greater clustering within the AWFG network than would occur simply at random. 

If we compare the clustering coefficient to the overall network density, we can see that AWFG websites 

are embedded in relatively more dense local networks within an overall weakly tied network. This 

proposition is supported by the results of egonet cluster analysis as set out at 5.3.4.6. 



  23

In simple terms, and moving to real world rather than online networks, it appears that local AWFG 

networks may be stronger than the AWFG network as a whole. This reinforces the idea of a loosely 

connected “movement”. 

Overall Network Degree Centrality 

Freeman degree ‘point centrality’ identifies the extent to which nodes within a network possess relatively 

more advantaged or disadvantaged positions. Advantaged positions suggest greater influence or prestige. 

Out-links – hyperlinks from websites to other websites can indicate influence within a network, while in-

links or hyperlinks to websites can indicate prestige (Terveen & Hill 1998; Park, et al., 2001; Hanneman 

& Riddle 2005) 

Websites within the AWFG network had an average of 7.076 out-links and (as the data are directed) the 

same number of in-links. This is slightly higher than we would observe in the Random Network (Mean 

Out / In Degree = 6.937), however there was significant variation between websites in the AWFG 

network. The maximum number of out-links (278) was observed at www.ventdubocage.net  - the most 

prominent and influential site in the AWFG network (in comparison with a maximum of 15 out-links in 

the Random Network), while 138 websites (21.7%) had no ‘out-links’ at all.  

Similarly the maximum number of ‘in links’ (201) was observed at www.wind-watch.org – the most 

prestigious site in the network (compared with a maximum of 16 in-links in the Random Network), 

however only 1 website - http://xray.rutgers.edu/~matilsky/windmills  had no in-links at all. This could 

suggest that anti-wind farm groups see websites as an important way of exerting influence within their 

own network.   

It is also possible to assess the extent to which the network is similar to a star network (the most 

centralised network form). The assessment of this property is referred to as Graph Centralisation. Overall 

the network has Outdegree Centralisation of 42.8% and Indegree Centralisation of 30.6%. This compares 

with 1.274% and 1.432% in the Random Network, suggesting that there is a significant amount of 

concentration / centralisation within the AWFG network and that influence and prestige are unequally 

distributed. This would be consistent with our intuitive reading of the visual representation at Figure 3 

http://www.ventdubocage.net/
http://www.wind-watch.org/
http://xray.rutgers.edu/%7Ematilsky/windmills


where a substantial proportion of websites are closely linked to other sites, but a significant proportion of 

sites are more isolated. 

Network Dispersion 

The degree of network dispersion is measured by the Coefficient of Variation (CV). This is given by 

dividing the standard deviation of the network density by its mean. In this instance, the coefficient of 

variation reflects the degree of variance in hyperlinking between websites within the network. The 

AWFG network has a CV of 9.37 which is very high. 

Geodesic Distance 

Geodesic distance is a measure of the shortest number of paths between nodes within a network. The 

average geodesic distance is the sum of the paths between pairs nodes divided by the number of paths. 

The AWFG hyperlink network has an Average Geodesic Distance of 2.955 compared with 3.545 in the 

Random Network. It is therefore easier for nodes to connect to one another within the AWFG network 

than would be the case if links were created randomly. 

The intuitive understanding of the network as outlined at section 5.3.3 which suggested that websites 

could be understood in terms of their position within the network (core, outer core or periphery) can be 

elaborated using geodesic distance. Within the network, the proportionate distribution of shortest paths 

between nodes is shown in Figure 6 below. 

Figure 6   Proportions of Shortest Paths 
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Some 77% of nodes within the network are connected by 3 or fewer paths (the core); 19.2% of nodes are 

connected through 4 paths (outer core) and 3.8% of the nodes are connected through 5 or more paths 

(periphery). 

Reciprocity 

Reciprocity within the AWFG network (20.88%) is significantly greater than that observed in the 

Random Network (0.59%), reflecting the degree of purposive co-linking within AWFG websites.  

Node Centrality  

The significance of individual nodes within the network can also be visually represented using node size 

(see Figure 7). This is based on the Eigenvector measure of node centrality as calculated in UCINET. 

The eigenvector approach is based on calculating the geodesic distance between nodes and then 

weighting those nodes with the smallest distance. In simple terms it measures the ability of a node to 

reach other nodes within the network. Nodes that are more central can reach a greater number of other 

nodes within the network with the same amount of effort and this is reflected in a higher eigenvalue (and 

consequently, in the graphical representation of the network, a larger node size),  

The most significant nodes within the network using this approach include www.ventdubocage.net, 

www.wind-watch.org, www.countryguardian.net, www.epaw.org, www.windaction.org, and 

www.cort.ca. 

The first is the website of the national coordinating body in France. Wind-Watch is the North American 

continent coordinating body, Country Guardian is the UK national coordinating body and EPAW is a 

European continent wide coordinating body. Windaction is a national objector group in the USA and 

Cort is a local objector group website in Canada. The position within the overall network of a small 

number of other anti-wind farm group websites is also shown in the figure above.  These include the 

websites of groups in the Czech Republic, Germany, Scotland and Wales. 

 

 

 

http://www.ventdubocage.net/
http://www.wind-watch.org/
http://www.countryguardian.net/
http://www.epaw.org/
http://www.windaction.org/
http://www.cort.ca/


Figure 7 – Node Centrality – Key Nodes  

 

Betweenness Centrality 

Specific AWFG websites within the hyperlink network can act as “bridges” or “brokers”, facilitating the 

transfer of information between other network members. This occurs when a website lies on a path 

between other websites within the network. In contrast with the idea of Degree Centrality, this property – 

”Betweenness” identifies the strategic position of particular network members (websites) relative to other 

members of the network. It is not necessary for a website which has high strategic importance (high 

betweenness) to be well connected with multiple hyperlinks, but rather the position of the site in the 

communication chain is of greater significance. The AWFG network has a number of strategically 

positioned websites and these have been highlighted below: 
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Within the network, the mean betweenness score is 945.376. There are 75 websites with a higher than 

average betweenness score and 200 websites with a zero score indicating their lack of power within the 

network. The top 10 bridge or broker sites are shown below and the top eight websites have been 

identified in Table 5 and their position within the network is shown in Figure 8 below. 

Table 5   Top 10 “Bridge” or “Broker” websites within the AWFG Network 

  Website       Betweenness Score 
 

www.wind-watch.org 123087.4 
http://www.epaw.org/ 76336.52 
http://ventdubocage.net 52647.93 
www.countryguardian.net 41052.92 
http://www.windaction.org 26320.19 
http://www.windkraftgegner.de 22260.56 
http://www.cort.ca/ 14772.94 
www.moorsydeactiongroup.org.uk 13206.43 
http://www.aweo.org/ 7632.648 
http://www.ventdecolere.org 7559.56 

Figure 8 – Betweenness Centrality – Key Nodes 
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5.3.2 Egonets – National Coordinating Bodies 

The properties of the egonets – (the links associated with a single node in the overall network) of four 

national / international anti-wind farm coordinating bodies www.ventdubocage.net, www.wind-

watch.org, www.countryguardian.net and www.epaw.org are shown below. These have been produced 

using NetDraw (the network visualisation tool accompanying UCINET) and include both ego and alters. 

 

Figure 9 – Ventdubocage Egonet  
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http://www.ventdubocage.net/
http://www.wind-watch.org/
http://www.wind-watch.org/
http://www.countryguardian.net/
http://www.epaw.org/


 

 

Figure 10 – National Wind Watch Egonet  
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Figure 11 – Country Guardian Egonet  
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Figure 12 - European Platform Against Wind farms Egonet 
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5.3.4 Comments 

5.3.4.1 Egonet Size 

The AWFG hyperlink network comprises 635 nodes. The national and international coordinating body 

egonets contain between 29.29% and 47.4% of the nodes in the overall network.  

Egonet age was assessed based on the age of the selected Ego website. This was taken from Wayback 

Machine at www.archive.org for sites other than www.epaw.org, which is a relatively new site and is not 

recorded on the Wayback Machine database. An alternative method of assessing age was used for EPAW 

and the domain registration date taken from http://whois.net/whois/epaw.org was used instead.  

The intuitive expectation that website age and size of Egonet might be positively associated was not quite 

borne out by the data. There was a strong positive correlation8 between the number of nodes and website 

age for three of the egonets (Ventdubocage; Wind Watch and EPAW). However, the oldest website 

www.countryguardian.net was launched in January 2001 but the Egonet only comprises 193 nodes. When 

this Egonet was added back into the regression the positive correlation was significantly weakened (r2 = 

0.0002). This might suggest a differential approach to hyperlink creation amongst groups.  

Appendix 1 details the statistical properties of the ego nets compared with the overall network. Specific 

properties are discussed below:  

5.3.4.2 Egonet Densities 

As reported earlier, the overall AWFG network has a density of 0.0112 suggesting that just over 1% of 

potential links between nodes are present. Egonet densities appear somewhat higher however some 

caution should be taken when interpreting these results:  

Firstly, the possibility that egonet densities are as observed due to the effect of random chance was 

assessed using the Student t-test in line with the approach taken for the assessment of the overall network. 

In each instance, the Null Hypothesis of a randomly created value for network density was rejected. 

Following the approach proposed by Snijders & Borgatti (1999) the Bootstrap Densities and their 

                                                            
8 R2 = 0.9985 based on a regression of the three egonets using no of nodes and age of website in days performed 
in Excel. 

http://www.archive.org/
http://www.epaw.org/
http://whois.net/whois/epaw.org
http://www.countryguardian.net/
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6 below. 

Standard Errors were also calculated and the test was repeated. Again the results led to the rejection of 

the proposition that the values generated for network density could have been achieved by chance. 

Secondly, as reported by Scott (2000, 74) the results illustrate the inverse relationship between network 

density and network size (r2 = 0.7381). Network density tends to reduce as the size of the network 

increases (Friedkin 1981). This phenomenon has been explained by some authors as being due to the time 

cost of establishing and maintaining ties between network members. (Mayhew & Levinger (1976, 101) 

cited in Scott (2000, 74). Although there is clearly a difference between the time costs involved in 

establishing and maintaining interpersonal ties and the time costs associated with a hyperlink network 

(Crossley 2006, 23)9, the difficulty that the general relationship poses is that we do not know whether the 

differences in densities that are present arise purely because of network size or whether other factors 

influence this.10 To avoid this problem, Freeman Degree Centrality can be used to reveal non scale 

related network density as Average Degree is equivalent to Density multiplied by network size -1. The 

relative density of the egonets is revealed more fully by using average degree as a measure. Ranking the 

egonets by both density and absolute degree reveals an interesting result - The Country Guardian egonet 

has the highest density – irrespective of scale. The relationship between Density and Average Degree is 

shown in Table 

Table 6 Relationship between Average Degree and Density  

  AWFG VENT WW CG EPAW  
 Average Degree 7.076 8.601 8.512 9.75 5.887  
 No of Nodes 635 301 244 192 186  
 less 1 1 1 1 1  
 N-1 634 300 243 191 185  
        

 Density (AD/N-1) 0.0112 0.0287 0.0350 0.0510 0.0318  
        

 Rank - Density 5 4 2 1 3  
 Rank - Average Degree 4 2 3 1 5  
        

 

                                                            
9  Crossley argues that URL links are “cheap” as hyperlinks do not take long to set up or maintain.  

10 To address this weakness in “relative” density, the values for Absolute Density would ideally be calculated using 
the method set out by Scott (2000, 94-96), however as UCINET does not provide information on longest path 
length (which is a necessary component in Scott’s formula) it is not possible to calculate Absolute Density using the 
results of data analysis using this package.   
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If we compare Average Degree across the AWFG network and its principal egonets we see that in general 

the egonets have greater density, with the exception of EPAW. This however could be due to the 

relatively recent creation of EPAW and its associated internet presence as there is a strong positive 

relationship between Average Degree and Website age (r2 = 0.8056). Overall the results tend to support 

the proposition that was made earlier when reviewing the overall network clustering coefficient - that 

AWFG websites are embedded in relatively more dense local networks within an overall weakly tied 

network. 

5.3.4.3 Egonet Dispersion  

The Coefficient of Variation is high in the overall network and in egonets reflecting a high degree of 

variance in hyperlinking approaches between websites within the networks (Overall and egonets). This is 

not  a unique finding - Park & Jankowski (2008) for example analysed a hyperlink network of blog sites 

for South Korean politicians and found a hyperlink network density of 0.033 (SD 0.18). The coefficient 

of variation for this hyperlink network is 5.45 - similar to those of the egonets in the anti-wind farm 

movement network. 

Additional insights into the degree of dispersion within the network can be gained by looking at Network 

Compactness and Breadth. The overall AWFG network has a compactness measure of 0.282 within the 

range 0 -1 and a Breadth measure of 0.718 based on the same range. These results also suggest a highly 

dispersed network. 

5.3.4.4 Egonet Geodesic Distances 

In the AWFG hyperlink network and its egonets there is relatively little variation between average 

geodesic distances (they range from 2.103 to 2.955). This means that it is relatively easy for egonet 

members to connect with one another.  

5.3.4.5 Egonet Node Centrality 

The principal nodes within the four egonets based on eigenvector node centrality are illustrated in Figures 

9, 10, 11 and 12. 
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5.3.4.6 Egonet Clustering 

The Clustering Coefficients for each of the egonets are shown in Appendix 1. Each of the egonets 

reviewed has a clustering coefficient which is greater than that of the network as a whole. As outlined at 

5.3.3 results of egonet cluster analysis support the view that AWFG websites are embedded in relatively 

more dense local networks within an overall weakly tied network. 

5.3.4.7 Egonet Reciprocity 

There is significantly more reciprocity amongst egonet members compared with the network as a whole. 

In the AWFG network, reciprocal links were observed in 20.88% of ties however in the egonets, 

reciprocity ranged from 23.99% to 32.09% of ties. 

5.3.4.8 Egonet Graph Centralisation 

There is considerable variation on Out Degree Graph Centralisation across the egonets. Ventdubocage 

has an Out Degree Centralisation of just under 91% which is very high. While centralised networks may 

be easier to organise, their weakness is that the removal of the key node (www.ventdubocage.net ) can 

damage the network significantly. This is because high out degree nodes have the property of exchanging 

information with other network members relatively more easily. If such a node is removed, the remaining 

nodes within the network suffer a potential loss of information. Conversely, less centralised networks are 

more able to survive when key nodes are removed. The egonet for Country Guardian has a much lower 

level of centralisation at 54.8% - potentially making it more robust – but less effective at exchanging 

information with other network members. Both Ventdubocage and Country Guardian operate as national 

coordinating bodies, however their approaches appear to differ and this is something that will need to be 

explored in further research. 

http://www.ventdubocage.net/
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5.4 Discussion & Conclusion 

Opposition to wind farm development is currently being characterised as “socially unacceptable” by 

prominent politicians and environmentalists. Former Deputy Prime Minister, John Prescott has recently11 

referred to opposition coming from “the squires and the gentry” - explicitly introducing the polarising 

aspect of social class into an already charged debate about the adverse social and environmental impacts 

of large scale renewable energy projects. 

This paper has used Hyperlink Network Analysis (HNA) to explore the online network of organisations 

opposing wind farm development across the world. It has mapped the online linkages between 635 anti-

wind farm groups in the Europe, North America, the UK and other countries that are encouraging this 

form of renewable energy.  

Recalling Crossley’s assertion that “we must find evidence of links between groups if we are to speak 

legitimately of a movement”, the analysis has clearly identified, on a worldwide basis, that non random 

links do exist in the sizeable offline world of anti-wind farm groups and that these links have definite 

patterns. The HNA approach has also produced some specific results. 

Firstly, the analysis confirms that AWFG’s are routinely using websites or blog sites in their campaigns. 

Not all AWFG’s have websites or blogsites12 but a significant proportion do. 

Secondly, the HNA has identified an international online network of AWFG’s in 26 countries outside the 

UK and USA. 

Thirdly, within an overall weakly tied network and highly dispersed network there are more densely 

clustered national and local networks of AWFG groups and the densities of local / national networks 

differ quite significantly. 

                                                            
 

11 The Independent 20th October 2009 citing a Radio 4 broadcast  

12 For examples of AWFG’s that do not have websites see the affiliates page of www.wind-watch.org and the 
Country Guardian website www.countryguardian.net  

http://www.wind-watch.org/
http://www.countryguardian.net/
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Fourthly, the HNA has established that it is common for AWFG’s to reciprocally link with one another’s 

websites. Although there are sparse ties between members of the network, just over 20% of ties are 

reciprocated – reinforcing the suggestion that groups are aware of each other. 

Fifthly, it appears to be possible to classify individual AWFG’s according to their position within the 

network as a whole – i.e. located in the Core, Outer Core or Periphery. 

Sixthly, the national coordinating and international coordinating bodies act as bridges within the network 

passing information between network members. 

Lastly, from the hyperlink analysis, it has been possible to identify specific individual actors within the 

network. This information can be used to help structure further in depth study of real world networks. 

 

The results of the hyperlink analysis do appear to lend support to the proposition that anti-wind farm 

groups possess some of the characteristics that would enable us to describe the phenomenon as a 

“movement”.  There are online links between groups through the Internet and there appears to be a sense 

of solidarity – evidenced through the degree to which links are reciprocated, websites are clustered and 

through the position of national coordinating bodies within the overall network.  

Although it might seem obvious, we should also consider whether there is also a clear unity of purpose – 

advancing the local, national and international opposition to the development of large scale, 

predominantly onshore, industrial wind energy projects in small communities. The next phase of the 

research will explore this from a qualitative perspective through semi-structured interviews with 

members of AWFG’s and coordinating bodies in Wales and the UK with a view to understanding who 

the participants in AWFG’s really are, why they oppose wind farms and what causes them to participate 

in protest activity and what methods of protest have been adopted by the “movement”. 
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APPENDIX 1 

Comparison between Overall Network and Egonets 

Measure Overall Hyperl
Network 

Ventdubocage Egonet National Wind Wat
Egonet 

Country Guard
Egonet 

EPAW Egonet 

Network Size 635 nodes 301 nodes 244 nodes 192 nodes 186 nodes 
Egonet as % of overall Network 100% 47.40% 38.42% 30.24% 29.29% 
No of Observations 
(excl diagonal) 402,590 90,300 59,292 36,672 34,410 

Website Creation date - Oct 2004 Aug 2006 Dec 2001 Oct 2008 

Network Density 0.0112 
(SD 0.105) 

0.0287 
(SD 0.167) 

0.035 
(SD 0.184) 

0.051 
(SD 0.220 ) 

0.0318 
(SD 0.176) 

Network Density t- test 
 

t= 56 > 3.29 

Bootstrap Method 

t=5.89 > 3.29 

t= 47.83 > 3.29 

Bootstrap Method 

t=4.54 > 3.29 

t= 43.75 > 3.29 

Bootstrap Method 

t=3.98 > 3.29 

t= 26.09 > 3.29 

Bootstrap Method 

t=4.60 > 3.29 

t= 35.33 > 3.29 

Bootstrap Method 

t=3.73 > 3.29 

Coefficient of Variation 9.37 5.82 5.26 4.31 5.53 

Average Geodesic distance 2.955 2.473 2.103 2.252 2.402 

Network “Compactness” 0.282 0.393 0.459 0.449 0.346 

Network  “Breadth” 0.718 0.607 0.541 0.551 0.654 

Network Clustering Coefficient 0. 392 0.494 0.521 0.473 0.538 
Weighted Network Cluster
Coefficient 0.085 0.101 0.110 0.146 0.120 

Reciprocity 20.88% 23.99% 25.35% 24.22% 32.09% 
Freeman Degree Centrality 7.076 8.601 8.512 9.75 5.887 
Network OutDegree Centralisati 42.8% 90.099% 88.63% 54.867% 78.863% 
Network Indegree Centralisation 30.6% 47.624% 79.539% 75.393% 39.191% 
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