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1. Introduction: understanding risk in a complex world 

 

In a world of choices, risk is an inevitable and unavoidable aspect of everyday life. Yet 

while we as individuals may experience the outcomes of risk, the manner in which risks 

arise, and the practices and procedures through which risk is comprehended and 

understood, display a distinctly socialized character.  Sociologists have for some time 

emphasized the instrumental organizing role risk plays in modern societies. The work of 

Beck (1992) has proved particularly influential in demonstrating how awareness of the 

increasingly hazardous, but also unpredictable, nature of technological advancement is 

serving to define the social condition, at least in the Western World. Beck’s conception of 

the ‘Risk Society’ has since been joined by numerous other sociological analyses which 

have explored the way risk is addressed in various settings.   



 

 
 

 

   

The relationship between risk and organizations has been found to be significantly 

complex. Risk may not be ‘clearly identifiable and manageable, but emerges and is 

constructed from complex but fractured processes of organizational attention involving 

information systems, incentive structures and narratives of explanation which are the 

source of further uncertainties’ (Scheytt et al 2006, pp.1333). Related studies have 

described how ‘risks’ are rendered as ‘decidable’ by societies (ibid); ‘how one views risk 

determines how one assesses it’ (Corvellec 2010, p.145, emphasis added).   

 

Hutter and Power (2005) argue that risk is an inherently organized phenomeon. 

Organizations themselves may become ‘producers and managers of risk’ (Hutter and 

Power 2005), and a significant canon of literature now exists which demonstrates how risk 

events are themselves the product of distinctly organizational shortcomings. For example, 

Vaughn (1996), in a landmark study of the 1986 Space Shuttle disaster, describes how 

political pressures, coupled with deficiencies in communication structures, served to 

construct epistemic barriers which led to failures to address fatal flaws in the design of 

Oring seals in the booster rockets of the Shuttle. In a notable theoretical intervention, 

Perrow (1999) has put forward the ‘normal accident’ theory, which posits that catastrophic 

failures are inevitable in complex, tightly coupled systems, albeit with consequences that 

are impossible to predict. On the other hand, a number of theorists have drawn attention to 

so-called ‘High Reliability Organizations’ (HROs), which successfully operate in 

situations where risk, and the potential impact of that risk, is extremely high. HROs 

consciously identify certain events that must simply never happen. Organizational 

theorists have argued that prevention does not occur through technological interventions 



 

 
 

 

alone, but through ‘organizational strategy and management’ (Boin and Shulman 2008, 

p.1051). Studies of HROs have sought to understand how they are able to avoid the kinds 

of disastrous consequences anticipated by normal accident theory.         

 

Commentators on risk have also studied the evolution of statutory procedures for the 

management of such risks. Studies of ‘regulatory regimes’ (Hood 2001) have 

demonstrated the increasingly complex relationship between risk and regulation. For 

example, Rothstein et al (2006) argue that in attempting to address societal risks, 

regulators themselves inevitably risk losing their authority through being pressured toward 

greater coherence, transparency and accountability. In confronting societal risks, 

regulators face ‘institutional risks’; attempts to manage the latter impact upon the way in 

which the former are constructed and perceived. Hence consideration of regulatory 

strategy exposes a second order dilemma, namely how the practice risk management itself 

presents considerable risks. 

 

The significant recent growth in risk scholarship raises questions over whether modern 

societies are inherently more risky, or whether risk has merely provided new way of 

perceiving, and framing the world around us (Hutter 2010, p.5). While this philosophically 

complex question deserves more concerted scrutiny, it is certainly the case that 

technologically advancing, interconnected societies place ever higher demands on 

resources and power. It is recognized that these societies require a complex array of 

critical infrastructures (CIs) to continue to function.  Broadly speaking, CIs as a category 

encompass inter alia energy utility networks, telecommunications systems, finance flows 

and transport links (Hutter 2010, p.8).  It has also been recognized however that CIs 



 

 
 

 

exhibit a particularly vulnerable character, and that any breakdown may incur extremely 

high social and financial costs (Perrow 2007).  A growing amount of risk literature has 

sought to assess these kinds of threats (Boin and McConnell 2007).  

 

It has been shown how risks to CI may display a distinctly transboundary character, which 

national regimes of risk regulation struggle to cope with (Boin 2010).  The disruptions 

caused during the April 2010 volcanic ash crisis represented a clear example of this 

dimension of infrastructural vulnerability. As well as starkly exposing the shortcomings of 

existing regulatory frameworks, this crisis revealed the complex set of interdependencies 

which revolve around the necessity to maintain fully functioning air transport, and the 

consequent high levels of systemic risk.  More significantly still, it exposed the epistemic 

deficiencies across all parts of the aviation sector with regard to volcanic ash. Over the 

course of just a few days however, the risk of volcanic ash became quickly redefined. 

While the solution to the crisis may perhaps not have reflected the conventional norms of 

scientific propriety, it encapsulated some of the aspects which have led sociologists of 

science to distinguish regulatory science as a problematic site where politics and science 

meet. They have shown how it is considerably removed from the image of science as a 

universalizing, politically disinterested mode of inquiry. In what follows I introduce some 

of the key works which have explored the complex character of this form of technical 

decision-making.      

 

2. Regulatory science – a mutual problem for science and society 

 



 

 
 

 

The relationship between risk regulation and science constituted the focus of a landmark 

paper by Weinberg (1985).  Influenced by the then-nascent Sociology of Scientific 

Knowledge (SSK) programme, Weinberg argued for the need to define ‘regulatory 

science’ as possessing ‘less demanding’ norms than ‘ordinary science’ (Weinberg 1985, 

p.68). This was in response to what he saw as the intractable demands placed on scientific 

inquiry from policymakers to ensure certainty: 

 

‘Regulators, instead of asking science for answers to unanswerable questions, ought to be content with less 

far-reaching answers; where uncertainty bands can be established, they should regulate on the basis of that 

uncertainty; where uncertainty bands are so wide as to be meaningless, they need to recast questions so that 

regulation does not depend on answers to the unanswerable.’ (Weinberg 1985).   

 

The problem of regulatory science has subsequently gained attention from numerous 

commentators drawn from the fields of law, politics, and sociology. The work of Jasanoff 

(1987, 1990, 1993) has been particularly influential. Jasanoff has illuminated the contested 

nature of scientific knowledge used in the context of regulatory decision-making (Jasanoff 

1987). She demonstrates the decidedly contingent nature of such knowledge, showing how 

complications arise when regulatory controversies extend beyond scientific technicalities 

to encroach on political issues. In these cases the boundary dividing scientific and policy 

concerns can be highly ambiguous and fluid. Here, terms such as ‘science policy’, ‘risk 

assessment’, ‘risk management’, ‘peer review’ etc can be used as rhetorical devices in the 

course of shaping particular views about the role of science in policymaking:  

 

‘The fluidity of these concepts arises from fundamental social disagreements about the extent to which 

science and scientists should control decision-making at the frontiers of knowledge. Since these boundary-



 

 
 

 

defining terms affect the allocation of power, their meaning cannot be established independently of the 

political process.’ (Jasanoff 1987, p.226, emphasis added). 

 

Many studies have supported the view of the problematic character of regulatory science, 

aligning with Weinberg and Jasanoff in pointing to the presence of intractable ontological 

barriers which preclude absolute scientific understanding of a specific risk, even though 

decision-makers may demand absolute knowledge. In their study, Irwin et al (1997) 

highlight a number of aspects of the ‘heterogeneous and hybrid’ character of regulatory 

science. Firstly, they show how the practice of regulatory science is located across a 

variety of institutional location, which may include academic, industrial and government 

sites. Second, it involves a wide range of activities, reflecting a complex mix of ‘speciality 

and disciplinary orientations’ (Irwin et al 1997, p.22), and which reflects varying levels of 

scientific uncertainty, ‘from complex and innovative work on mechanisms through to 

routine testing’ (ibid). It encompasses a heterogeneous combination of ‘intellectual and 

practical activities’ which ‘span the technical and the bureaucratic’ (ibid), and which 

represents the nexus of scientific, political and economic factors.  Finally, it is both 

regulatory and innovative in character. Although this kind of scientific activity may seek 

to understand an existing risk, it may itself create altogether new ways of perceiving the 

world through forging new coherence amongst previously fractured ontologies.  

  

Regulatory science therefore possesses a markedly different epistemic character than the 

kind of endeavours of discovery traditionally associated with ‘pure’ scientific research, as 

practiced within the disciplinary confines of academic departments. Either by accident or 

design, regulatory science forces down these disciplinary barriers. Hence risk regulation 

possesses an inherently multivalent character. The products of such regulatory practices 



 

 
 

 

hold consequences for how ‘scientific’ activity is understood, and how policymaking 

proceeds in a particular problem areas.    

 

While risk regulation poses significant challenges at national level, hazards which 

transcend sovereign boundaries present further complications. Different nations have been 

shown to possess significantly varying cultures of scientifically informed regulation. 

Another landmark study by Jasanoff (1993) found that UK regulators were more likely to 

favour a decision-making style based on empirical observations, in contrast to their US 

counterparts, who preferred greater use of theoretical models. Such observations have 

become increasingly relevant as scholars have begun to turn ever greater attention to 

transboundary risks (see for example Linnerooth-Bayer et al 2001). It is only more 

recently that attention has been focused on regulatory responses to hitherto unforeseen 

events. Incidents such as the recent global financial crisis have transcended pre-existing 

academic understandings, as much as they have impacted upon practitioners and civil 

society. Studies have, inter alia, emphasized the wider cultural contexts which surround 

decisionmaking under uncertainty, and which influence orientations to both the ‘known’ 

and the ‘unknown’ (Wynne and Dressel 2001). 

 

Social studies of scientific knowledge production have therefore played a significant role 

in highlighting the manner in which scientific controversies are resolved. Many of these 

kinds of commentaries focus on the highly emergent nature of knowledge production, 

pointing to the distinctly social practices required to ensure the closure of technical 

disputes. The need to manage uncertainty constitutes a key theme in a number of these 

studies. Often, this uncertainty is the inevitable side-effect of a lack of ontologically 



 

 
 

 

reconcilable solutions. As this section has demonstrated, political imperatives may place 

demands which scientific practice struggles to meet. A brief focus on some of the 

scientific issues in relation to volcanic ash is sufficient to indicate how the construction of 

regulatory expertise presents clear difficulties.    

 

 

3. The volcanic ash risk: incidents and uncertainties 

 

Scientific understanding of the effects of ash is greatly complicated by numerous sources 

of uncertainty. Firstly, the composition of volcanic ash varies significantly. Not only is 

there considerable geographic variance across volcanic sites, but the precise composition 

of ash clouds may also vary between individual eruptions occurring from the same 

volcano.  Second, measuring concentrations of ash in the atmosphere presents 

considerable challenges. The density of ash may vary enormously within a plume, 

meaning that sample measurements may fail to capture the variance in distribution.  Local 

pockets of high ash concentrations may fail to be detected. The potential adverse effects 

on jet engines also presents obvious problems in trying to provide samples via airbourne 

methods.   

 

Third, controversy exists within the relevant scientific communities over the reliability of 

theoretical models used to estimate ash cloud parameters. It has been claimed that these 

are not sufficiently well-developed, and that they fail to accurately capture real-time ash 

behaviour (Webley and Mastin 2009). Although the UK Met Office claims its own models 

are relatively reliable, other national weather agencies, who use the same model, interpret 



 

 
 

 

the data in markedly different ways, adding further uncertainty (Flight International 2010). 

Fourth, relatively little is known about the precise effects of ash on jet engines, in terms of 

the concentrations in which engines can safely operate. Manufacturers have historically 

been reluctant to disseminate the results of related experiments for fear of litigation. As 

Downer (2007) has previously pointed out in his study of engine testing, there are 

intractable difficulties in attempting to guarantee that experimental conditions match 

actual flight conditions. Inevitably, manufacturers are highly wary of making decisive 

claims about test data for fear of legal reprisals in the event of an accident. 

 

In the absence of ontological certainty, the way in which scientific knowledge is 

represented plays an important role. In many cases, these studies have demonstrated how 

projections of authority and credibility rely strongly on the practices involved in 

portraying knowledge. One especially prominent perspective, Actor-Network Theory 

(ANT), emphasizes the way in which representative practices actively construct linkages 

between actors and artefacts. The resulting ‘actor-networks’ exist as complexes through 

which information flows.  The success of actor-networks in projecting credibility is 

regarded as a function of their ability to ‘recruit’ elements. Writers such as Bruno Latour, 

Michel Callon and John Law have built upon the original tenets of ANT to develop a 

series of concepts which seek to account how actor-networks gain power (Callon 1986, 

Latour 1987, 1999, Law 1991). For example, actors seeking to create networks need to 

position themselves as ‘obligatory passage points’ in order to control the way in which 

information is shaped and transferred. Differing interests also need to be reconciled, which 

may also influence the way in which networks are shaped.  

 



 

 
 

 

One of the key aspects of ANT is the way in which it is able to account for how scientific 

and social orderings emerge simultaneously. It represents one notable way in which 

researchers have sought to understand how actors dynamically make sense of highly fluid 

situations of high epistemological and ontological flux. The notion of the simultaneous 

‘co-production’ of scientific knowledge and organizational arrangements has been 

developed through these kinds of studies.  In what remains I adopt a similar perspective to 

illuminate aspects of the volcanic ash crisis.     

 

4. A unified sky? 

 

Sociologists and anthropologists have utilized the term ‘liminal space’ (Derksen 2000; 

Turner 1976) to describe certain transitional phases, where the values and norms 

associated with one set of social arrangements are being left behind, but where a 

competing set of values and norms have yet to be fully established. Liminal spaces may be 

sites of considerable uncertainty and flux, which represent thresholds between historical 

attitudes.        

 

European airspace appears to be entering a similar state of transition. The longstanding 

norm of sovereign control of airspace, codified by the 1944 Chicago Convention, is being 

challenged by a new paradigm of airspace management. The ‘Single European Sky’ (SES) 

initiative seeks to replace state-by-state control of national airspace with ‘a single 

operating airspace where common procedures for design, planning and management 

ensure the efficient and safe performance of air traffic management’ (European 

Commission 2001). Central to the SES concept is the re-design of European airspace to 



 

 
 

 

reflect air traffic flows instead of national borders (Alemanno 2010, p.104). SES seeks to 

transcend national boundaries, replacing state-by-state airspace oversight with a route-by-

route strategy, intended to better reflect ‘operational and technical realities’ (Schubert 

2003, p.33).      

 

Although SES was approved in principle in 2004, the response by European nations to the 

2010 Eyjafjallajokull eruption exposed an enduring degree of fragmentation of airspace 

control, and re-ignited the debate over the future of the European sky. The experience of 

the ash crisis has therefore drawn greater attention to the liminal status of the latter. Yet it 

is not only airspace which is being reconstructed, as the uncertain status of European sky 

creates a space in which the nature of risk itself is able to be contingently redefined. In 

what follows I describe how the UK CAA’s response to the ash cloud, and the subsequent 

response of European authorities, not only parallels the contingent aspects of regulatory 

science, but also shows how perceptions of risk (particular in terms of its geographical 

dimensions), are mutually shaped. 

 

5. Constructing emergency regulatory science 

 

In the absence of the ability to gain universal information about volcanic ash, but 

nonetheless experiencing pressure from airline executives and politicians, the UK’s 

regulator, the Civil Aviation Authority (CAA), came up with a solution which represented 

a shift from the so-called ‘zero tolerance’ policy. At the peak of the crisis, between 15-19 

April, it convened a round of emergency teleconferences, consisting, inter alia, of 

members of the UK Met Office, aircraft and engine manufacturers, airline operators, and 



 

 
 

 

scientific agencies engaged in research on the behaviour of volcanic ash (CAA 2010a). 

Discussions sought to identify ways of restoring air flights. Efforts focused on attempting 

to determine ash concentrations under which aircraft could safely fly.  The Met Office’s 

own ash dispersal models indicated that there were two areas in the UK where ash 

concentrations were around 200micrograms per cubic metre, while the rest of the country 

was covered by concentrations of greater than 2000micrograms per cubic metre.  

Meanwhile, incident reports of past encounters with volcanic ash were consulted, which 

enabled rough estimates to be made about the predicted tolerance levels of jet engines.  

Following a series of test flights, and subsequent post-flight inspections, these various 

strands of data were drawn together to inform a new series of guidelines.  Areas where ash 

concentrations exceeded 2000micrograms per cubic metre were maintained as strict no-fly 

zones (CAA 2010a, p.2).   However, areas where ash concentrations were between 200-

2000micrograms per cubic metre became defined as ‘enhanced procedures’ zones.   

Aircraft were permitted to fly in these zones, ‘subject to additional inspections if evidence 

of ash contamination was found’ (CAA 2010a, p.2)   Any areas of airspace containing ash 

concentrations of less than 200micrograms per cubic metre was announced as safe to fly.
1
.  

 

These new guidelines did not come about as a result of a pan-European decision-making 

process. Instead, they were largely driven by the initiative of a national regulator, working 

together with a variety of experts and stakeholders. Nor did they come about through a 

systematic and gradual accumulation of scientific knowledge (Brannigan 2010). On the 

contrary, they were a result of an ad hoc process of consultation between experts, reliant 

                                                           
1
 Eurocontrol, the body responsible for overseeing airspace management of most of Europe, initially 

insisted on the creation of a 60 nautical mile buffer zone to allow for possible errors in ash drift 

calculations.  The buffer zone requirement was subsequently removed on 10 May 2010 (CAA 2010a, 

Learmount 2010). 



 

 
 

 

on a certain degree of ingenuity in terms of how they combined limited quantities of data. 

As Andrew Haines, Chief Executive of the CAA, put it, ‘we achieved what often takes 

years in 96 hours’ (The Guardian 2010).    

 

Further airspace closures occurred in the UK and Ireland on the 4th and 17
th

/18
th

 May. In 

response to ongoing disruptions, the CAA announced a revised series of guidelines which 

doubled the tolerable limit of ash concentration for aircraft, leading to a new maximum 

permitted flying concentration of 4000 micrograms per cubic metre (CAA 2010b).  A so-

called ‘time limited zone’ of between 2000-4000 micrograms per cubic metre was also 

introduced, which allowed aircraft to fly for a certain amount of time as agreed by airlines 

and engine manufacturers. What was significant about these later moves was that they 

came about unilaterally, largely as the result of impatience with the perceived sluggishness 

of the European Union (EU) to respond to a fast-moving situation.  The CAA claimed it 

‘could not wait’ for the EU to decide on whether to accept its actions (Learmount 2010, 

p.10). The CAA also criticized European counterparts for taking a passive and 

uncoordinated approach to the problem (ibid), but justified its unilateralism by arguing 

that as the UK and Ireland were closer to Eyjafjallajokull, and hence worse affected than 

the mainland, they were more ‘highly motivated to find solutions’(ibid).     

 

The UK and Ireland originally stood alone in seeking a solution in the form of a graded 

series of regulated flying zones. In using geographical location to justify such a decision, 

and ignoring wider concerns about Continental co-ordination, volcanic ash was portrayed 

as a localized risk.   

 



 

 
 

 

Since then however, there are signs that the European Commission is now endorsing the 

need to develop more precise regulatory guidelines concerning volcanic ash.  At a 

conference organized by the European Commission, which took place in Rejkjavik in 

September 2010, it was agreed to endorse a ‘no fly’ guideline of areas predicted to be in 

excess of 4000micrograms per cubic metre ash, or where the actual density exceeded 

2micrograms per cubic metre (Palsson 2010, pp.2-3).  The quoting of such figures 

represents a commitment to newly agreed ‘guiding principles’ (ibid) of regulatory science.  

Significantly however, the use of such methodology is being incorporated into a 

framework which marks an ‘evolution’ (ibid) from a state-to-state policy, to greater 

emphasis on route-by-route decision-making. It posits a shift from national authorities 

making decisions, to airlines themselves taking ‘more responsibility for such decision 

making based on an ‘approved risk management system’ (ibid).   

 

6. Conclusion 

 

In this chapter I have reviewed literature which has emerged from organizational studies 

of risk and regulation, as well other studies which have focused on the social shaping of 

science and technology. I have done so in order to indicate the possibilities available to 

those seeking an enhanced understanding of how the plurality of actors and interests, 

which are accommodated in aviation regulation, combined to shape a particular risk 

response. I have therefore drawn upon such literature in order to make the point that a 

holistic, integrated and sociologically oriented approach is needed to understand risk 

regulation, and to effectively supplement those interventions which take a consciously 

technical or economic approach.  



 

 
 

 

 

Previous sociological explorations of the relationship between risk and organizations have 

questioned the status of risk as a ‘culturally independent given’, (Hutter and Power 2005, 

p.8). Instead, studies of ‘organizational encounters with risk’ have demonstrated how such 

events are important re-defining moments for organizations themselves. Encounters which 

‘escape existing mechanisms of predictability’ (ibid p.18), may alter the way in which 

actors view the world. Building on such arguments, this chapter has sought to challenge 

the notion of a ‘simplistic duality of organization and environment’ (ibid). 

 

Responses to risk may involve social re-orderings through which shared perceptions of 

reality become re-configured. The 2010 volcanic ash crisis provides a useful case study in 

charting how localized risks become transformed into transboundary risks through 

organizational dynamics. The crisis exposed the hazards of a fragmented and 

uncoordinated nation-by-nation response, and has reinvigorated calls for greater 

unification of airspace, which might eventually lead to the kind of route-by-route approach 

promulgated by SES. Ironically however in this case, renewed attempts at developing 

common regulatory procedures have their roots in an initially localized risk response. The 

regulatory decisions of the CAA were an ad hoc response to the pressures of the crisis, and 

justified by local geography, yet they are now informing strategy at the pan-European 

level. It should also be noted however that the CAA was placed under considerable 

pressure from airlines (Interview, CAA representative 2010). An interest in delegating 

responsibility to a supranational body in the light of such pressures may also have helped 

to drive the delocalization of the volcanic ash problem. Hence whilst exercising 

sovereignty in regulatory decision-making on the one hand, incentives may still exist for 



 

 
 

 

national regulators to help re-construct a risk as a transboundary phenomenon, even if that 

endangers some eventual loss of sovereign control. Making sense of this tension remains 

an area for further inquiry. 

 

The response to the ash crisis nonetheless raises the question of whether a common 

European decision-making structure would possess the necessary organizational flexibility 

to allow for such improvisation in the light of unanticipated events. The system of 

functional airspace blocks proposed under the SES framework may potentially allow more 

flexibility for airspace management than the current statist system (Article 8, Regulation 

(EC) 549/2004, European Parliament 2004; Eurocontrol 2008). What remains to be seen 

however, is how such reforms may be linked to incentives for airlines. Incorporating 

effective risk regulation measures into a more integrated airspace will naturally require the 

full co-operation of airlines, many of whom were extremely vocal in their criticisms of 

official handling of the volcanic ash crisis (Alemanno 2010; Brannigan 2010). How the 

diverse and fractious airline market would cooperate with SES is an area which invites 

further investigation.       

 

This chapter has highlighted the intractable dimensions of uncertainty in scientifically 

evaluating, and therefore anticipating, the problem of volcanic ash. At the same time, 

European airspace currently occupies a contested liminal status whose future is uncertain. 

It is this liminality which plays an important role in mutually constructing understandings 

of the ash risk and of European airspace management. The future of European sky will 

progress in tandem with the further development of regulatory-scientific approaches to the 

hazard of volcanic ash. It should be borne in mind that this particular process of co-



 

 
 

 

production is likely to continue to be a space encompassing multiple dimensions of 

contestation. Understanding the strategies through which the key players attempt to 

control this process is a fruitful source of inquiry for social scientists interested in the 

relationship between science and politics. 
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