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ABSTRACT 

The risk of a large- scale oil spill remains significant as international maritime 
operations continue to grow globally. Oil spill risks can be considered as complex 
socio-ecological risks characterized by high levels of uncertainty and ambiguity, 
i.e. different understandings and perceptions of risks, and societal values. As a 
result, assessing and managing oil spill risks is challenging. 

 
 As with other socio-ecological risks, science and scientific knowledge plays an 
invaluable role in the governance of oil spill risks. However, the role of natural 
sciences and technical expertise in risk governance is increasingly scrutinized; 
quantitative risk models and assessments alone are no longer seen as sufficient in 
addressing the highly value-laden nature of risks. Rather, the emphasis has shifted 
towards collaborative and participatory approaches that are considered to better 
account for the complex nature of many of the socio-ecological risks associated 
with global environmental change. 

 
By focusing on oil spill risks, this dissertation contributes to existing social-
scientific research on marine risk governance and explores how to govern complex 
and contested socio-ecological risks. The main aim of this thesis is to explore how 
oil spill risks are rendered “manageable” by reducing the complexity associated 
with the risks, i.e. how risk governance is performed through governmentalities. 
By governmentalities, I refer to the ways risks are framed and constructed through 
the three inter-related processes of problematizations (the framing of risks), 
rationalities (discourses that support the adopted frame), and technologies (e.g. 
models that help to operationalize the adopted frame). The thesis also analyzes 
how the current governance approach could be improved by supporting new ways 
of producing knowledge to inform transformations in policy and practice. 
Therefore, the three sub-questions of the dissertation investigate 1) the 
problematizations and rationalities that determine and shape oil spill risk 
governance processes, 2) how scientific knowledge, more precisely, risk models, 
are used to assess and manage risks, and 3) the potential of Bayesian network (BN) 
models to act as boundary objects, i.e. objects that support collaborative 
knowledge production and turn knowledge into action. 

 
The study examines these issues with the help of a literature review on Bayesian 
network (BN) models for oil spill risk assessment (Article I) as well as two case 
studies (Articles II and III). In Article II, I used influence diagrams based on 
Bayesian graphical (causal) logic to explore how different stakeholders frame oil 
spill risks associated with offshore oil exploration and exploitation in the 
Norwegian Barents Sea. Article III analyzes the potential of risk models to act as 
boundary objects in governing oil spill risks from shipping in the Gulf of Finland 
(GoF), the Baltic Sea.  
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The thesis provides insight into how oil spill risks are framed in a very constricted 
manner by the responsible authorities and institutions and alternative framings of 
risks are not explored or considered valid. Further, the governance processes are 
still largely based on techno-scientific knowledge where new knowledge from 
different scientific disciplines and from outside academia is not integrated into 
decision-making processes. The study suggests that the reliance on technical 
knowledge has led to pre-determined solutions where the root causes of risks, such 
as the expansion of industrial activities in highly ecologically and/or culturally 
sensitive areas, are not considered as problematic. Rather, risks are merely seen 
as results of, for example, poor management, lack of appropriate technology, and/ 
or insufficient scientific knowledge. Finally, the dissertation indicates the need for 
new, flexible marine risk governance approaches and tools that encourage 
deliberation and dialogue around competing goals, facilitate collaboration and co-
production of knowledge, as well as promote social learning in innovative ways. 

 
Keywords: marine risk governance, oil spill risks, governmentalities, science-
policy interface, Bayesian networks (BNs), boundary objects 
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1 INTRODUCTION 

1.1 CONTEXT OF THE STUDY 

 

Contemporary societies face a number of socio-ecological challenges associated 

with global environmental change, including, for example, loss of biodiversity, 

climate change, global pandemics, and food insecurity. The changes in marine 

and coastal environments have increasingly gained attention in recent years and, 

for example, the United Nations Sustainable Development Goals (SDGs) 

highlights the importance of conserving and sustaining the oceans, seas and 

marine resources (United Nations 2020). The marine environment is menaced by 

a plethora of problems, such as eutrophication, ocean acidification, the abundance 

of microplastics, chemical pollution, overfishing, and invasive alien species (Arbo 

et al. 2018; Gilek et al. 2016). The risk of a large- scale oil spill remains significant 

due to industrial activities such as maritime transport and offshore drilling.  While 

oil spills pose a regional and/or local threat rather than a global one, the 

environmental, socio-cultural, and economic impacts of a large-scale oil spill from 

maritime transport and offshore oil drilling could be substantial as evidenced by 

historical cases. 

 

The Deepwater Horizon disaster in the Gulf of Mexico (GoM) is considered as 

the worst environmental disaster in the U.S history. In 2010, approximately 4.9 

million gallons of oil were released into northern GoM over an 87-day period as 

the deepwater offshore drilling rig exploded. Ten years on, and the extend of the 

exposure and the impacts are only now becoming more discernible. Recent 

research shows, for example, that a far larger area of GoM was exposed to oil than 

what was previously thought (Berenshtein et al. 2020); that the species richness in 

reef fish communities in the northern GoM declined by more than a third due to 

the direct and indirect impacts of the spill (Lewis et al. 2020); and that all fish 

species in the area are still today exposed to oil (University of South Florida 2020). 

The socio-economic impacts of the oil spill were catastrophic as, e.g. the fishing 
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industry, a major source of local economy and livelihood, suffered enormous 

losses with severe social consequences.  

 

The Deepwater Horizon is the largest accidental spill in the history caused by 

offshore drilling. Oil spills from shipping include, e.g. the Torrey Canon oil spill 

near the Scilly Isles, UK (1967), the grounding of the tanker Amoco Cadiz off the 

Coast of Brittany, France (1978), Prestige oil spill off the coast of Galicia, Spain 

(2002), and the Exxon Valdez oil spill in Alaska (1989). More recent examples 

include the East China Sea accident (2018) and the grounding of a Japanese vessel 

off the pristine coast of Madagascar (2020). Further, operational oil spills and 

smaller oil spills from both shipping and offshore exploration form a significant 

source of oil leaked into the environment. The number of oil spills has significantly 

declined since the 1970’s (ITOPF, 2020), but the risk of a large-scale oil spill due 

to marine transport and offshore oil drilling still remains substantial globally. 

 

This thesis examines the governance of oil spill risks in two regions: the Gulf of 

Finland, Baltic Sea and the Norwegian Barents Sea. Socio-ecological challenges, 

such as oil spills, are increasingly understood as complex phenomena associated 

with high scientific uncertainty, sociopolitical controversy, and ambiguity, i.e. the 

differing, often conflicting, understanding and perceptions of the problem.  

 

The governance of complex risks is often challenging. Scientific knowledge 

provided by experts has gained an indisputable role in the governance of socio-

ecological risks; environmental problems as well as the solutions are, in general, 

conceptualized, i.e. discovered and mediated through science (Lidskog et al. 

2011). However, the adopted governance mechanisms and scientific methods 

used to assess and evaluate the risks rarely reflect this complexity. Indeed, 

contemporary societies have adopted intricate scientific approaches to govern and 

cope with contested risks and to “transform incalculable uncertainty into 

manageable risk” (Lockie et al. 2013) where risk management and risk assessment 

predominantly relies on knowledge provided by natural sciences and technical 

studies, and has remained as a distinct domain of experts, such as scientists and 

the responsible authorities.  
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It is now increasingly understood that technical risk assessments are not enough 

when addressing complex risks that are highly value-laden. Instead, it is vital to 

understand how human values are involved in the process of identifying, framing, 

and prioritizing solutions of environmental problems (Lockie 2013). For example, 

even when a majority of stakeholders would agree on the existence of a risk and 

the need for regulation, the different actors may have conflicting views over the 

nature of the problem, the nature of  the regulation, as well as who are seen as 

legitimate actors to regulate the issue (Lidskog et al. 2011). As summarized by 

Gilek et al. (2011): 

 

“It is clear that societies’ responses to various threats to the environment and to 

human health are not only based on tangible data on probabilities and level of 

harm, but also on how the risks are framed and communicated, how they relate 

to social and cultural norms and how the risks and effects are distributed among 

different groups of people”. 

 

In response, different scientific schools of thought, including Science and 

Technology Studies (STS) (Jasanoff 2004), Mode 2 science (Gibbons et al. 1994; 

Nowotny et al. 2001), and post-normal science (Funtowicz and Ravetz 1993) 

scrutinize the ability of science alone to cope with contested and value-laden risks. 

Under these approaches, the focus of knowledge production has shifted from how 

to measure risks to the process of knowledge production, and more specifically, 

how to integrate different forms of knowledge and values into decision-making. 

As a result, the importance of collaborative forms of knowledge production is now 

recognized (Chateauraynaud 2009; de Marchi 2015; Failing et al. 2007; Gregory 

et al. 2006; Jasanoff 2003; Klinke and Renn 2012; Petts 2008; Renn et al. 2011; 

Sluijs et al. 2005). 

 

The importance of social scientific research on the governance of marine and 

coastal environments is gradually gaining ground (Arbo et al. 2018; Gilek et al. 

2011; Gilek et al. 2016; McKinley et al. 2020). Marine social scientists have 

especially contributed to research on fisheries and fisheries policy and governance 

(Arbo et al. 2018; Chuenpagdee and Song 2012; Jentoft 1989; Jentoft and 
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Chuenpagdee 2009; Song et al. 2013). In the context of the Baltic Sea, previous 

research on the governance of fisheries (e.g. Haapasaari et al. 2019; Ignatius and 

Haapasaari 2018; LaMere et al. 2020) have highlighted the importance of 

exploring the socio-cultural values associated with fisheries (Ignatius and 

Haapasaari 2018), and the need for inter-and transdisciplinary research 

(Haapasaari et al. 2012a; LaMere et al. 2020). Marine governance studies in the 

Baltic Sea  have also focused on the governance of other complex and uncertain 

risks, such as eutrophication (Karlsson et al. 2016) and hazardous chemicals 

(Karlsson et al. 2011) as well as on ways to improve the science-policy interface 

(Linke et al. 2014; Pihlajamäki and Tynkkynen 2011; Saunders et al. 2017; 

Tynkkynen 2015). 

 

In Norway, previous research on the management of risks of offshore drilling in 

the Lofoten area emphasize that due to the contested nature of risks, it is 

important to look at the process of how scientific knowledge is constructed and 

translated to policy context (Knol 2010a; 2010b), and that there is a need for 

participatory dialogue, involving all relevant knowledge and value systems, in 

order to elicit the uncertainties associated with routine petroleum operations 

(Blanchard et al. 2014). Aven and Renn (2010; 2012) apply a risk governance 

framework (the International Risk Governance Council risk governance 

framework) to study risk management and governance of petroleum operations in 

the Barents Sea and discuss how the risk governance could be improved. Further, 

Dale (2016) uses the concept of “governmentality” (Foucault 1982; see definition 

below) to demonstrate how the governing of petroleum resources in the 

Norwegian Arctic  can be viewed as the creation of  ‘technologies of security’ with 

the support of techno-scientific knowledge. 

 

Whereas some studies exist on the governance of oil spills from shipping in the 

Baltic Sea (Hassler 2016; Hassler 2011; Lidskog et al. 2011; Gritsenko 2015), most 

of the studies on oil spill risks are of technical nature. For example, Bayesian 

networks (BNs, Pearl 1988) have been increasingly applied to study oil spill risks 

(Goerlandt and Montewka 2015; Helle et al. 2015; Lehikoinen et al. 2013) and 
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the ecological impacts of oil spills (Helle et al. 2011; Rahikainen et al. 2014) 

(Article I). 

 

Finally, despite the growing role of social sciences in marine studies, the inclusion 

of marine social science into research and policy remains challenging (McKinley 

et al. 2020). Further, Arbo et al. (2018) point that much of the existing social 

scientific research is reduced to, e.g. developing social indicators and social impact 

analysis. Facing the contemporary challenges of the marine environment, 

however, requires critical social science that engages with sustainability and 

transformation research, aids exploring governance alternatives, and supports 

socially just processes and outcomes (Arbo et al. 2018; Bennett et al. 2017).  

 

In this thesis, I study how oil spill risk governance is performed focusing on two 

case studies: the Gulf of Finland, Baltic Sea and the Norwegian Barents Sea. I 

apply the concept of “governmentality” (Foucault 1982) to demonstrate how 

governance can be understood as a highly political process where the risks and 

appropriate solutions are socially constructed and rendered governable by 

reducing the complexity and uncertainty related to oil spill risks. I explore how 

the governmentalities shaping oil spill risk governance are constructed through 

three interrelated processes: problematizations (creating mentalities depicted as 

“official truths”), rationalities (discourses that support the officially adopted 

frames), and technologies (e.g. risk models that help to create and sustain the 

problematizations and rationalities). Finally, I will probe how BN models could 

act as boundary objects that better integrate different types of knowledge and 

values into decision-making processes as well as turn the knowledge to action. 

1.2 THE FOCUS AND AIMS OF THE STUDY 

By focusing on oil spill risks, this dissertation contributes to existing social-

scientific research on marine risk governance and explores how to govern complex 

and contested socio-ecological risk and how to support knowledge co-production 

processes. The main aim of this thesis is to explore how risk governance is 
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performed, i.e. how oil spill risk governmentalities are created. The thesis also 

investigates new ways of producing knowledge to better integrate different types 

and sources of knowledge into risk governance processes. 

 

Therefore, the sub-questions of the dissertation investigate:   

 

SQ1) What are the problematizations and rationalities that 

determine and shape oil spill risk governance processes? 

 

SQ2) What is the role of science in oil spill risk governance? How 

scientific knowledge, more precisely, models, are used to assess and 

manage risks? 

 

SQ3) How could BNs act as boundary objects in the science-policy 

interface? 

 

The three sub-questions (SQs) of the thesis are addressed through the three 

research papers (Articles I-III) as well as the thesis summary (see Table 1 for 

details on the papers).  

 

Article I analyses how Bayesian networks (BNs) can be utilized for oil spill risk 

assessment and risk management to treat uncertainty in an explicit manner. The 

paper provides a review of the existing oil spill risk assessment BNs models 

(OSRA-BNs), and explores how OSRA-BNs can be aligned with the ISO 

31000:2018 framework and oil spill risk assessment in general. The paper helps to 

understand what type of models are generally used for risk assessments and 

discusses the benefits and challenges of the probabilistic approach of risk 

assessment. 

 

Article II focuses on a case study on oil spill risks in the Norwegian Barents Sea 

and explores how oil spill risks related to offshore oil drilling are framed by 

different societal actors. With the use of influence diagrams based mental 

modelling tools, we examined: 1) how risks are understood and defined, and 2) 
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how ambiguity and different ways of knowing can be coped with in risk 

governance. Article II provides insight into how risk management relies on 

governance mechanisms, such as ecosystem based management plans and 

industry standards, and demonstrates that such processes have not successfully 

integrated different types of knowledge and values in decision-making processes. 

The article provides insight into how the use of influence diagrams based on the 

Bayesian logic can enhance social learning and knowledge co-production and 

thereby support participatory and more legitimate policy approaches. 

 

Article III explores the diverse science-policy notions and interactions in the 

context of oil spill risk governance in the GoF, Baltic Sea. The paper analyses how 

oil spill risk models can act as boundary objects to bridge the gap between different 

domains (such as science and policy) and to integrate multiple types of knowledge 

systems and values in risk governance. We conducted semi-structured interviews 

in order to explore 1) the potential of different oil spill models to act as boundary 

objects in the science-policy interface, 2) how different science-policy contexts 

affect the affordances, i.e. the possibilities for action, of the models, and 3) how 

the science-policy interface could be improved. The paper illustrates how the 

transformative potential of scientific models, especially BNs, can be recaptured. 

 

Table 1 The research papers included in the thesis. 

Articles Research Questions  Sub-
questions 

I: Parviainen et al. 2021. 
Implementing Bayesian 
Networks for ISO 31000:2018-
based Maritime Oil Spill Risk 
Management: State-of-art, 
Implementation Benefits and 
Challenges, and Future 
Research Directions. Journal of 
Environmental Management, 
Volume 278, Part 1, 111520. 

What type of oil spill risk 
models are there and how they 
support risk assessment and 
management? How is 
uncertainty accounted for in oil 
spill risk models? How can 
Bayesian networks support the 
implementation of the IS0 
31000: 2018 risk management 
framework? 

 

1,2 
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II: Parviainen et al. 2019. 
Risk frames and multiple ways 
of knowing: how to cope with 
ambiguity in oil spill risk 
governance in the Norwegian 
Barents Sea? Environmental 
Science and policy, 98: 95-111. 

How are oil spill risks related 
to offshore oil production 
framed? How are ambiguity and 
different ways of knowing coped 
with in risk governance? How 
can collaborative risk framing 
and social learning enhance risk 
governance? 

1,2,3 

III: Parviainen et al. 2022. 
Enhancing science-policy 
interface in marine 
environmental governance: Oil 
Spill Response Models as 
Boundary Objects in the Gulf of 
Finland, Baltic Sea. Marine 
Policy, 135: 104863. 

How do science and policy 
interact in oil spill risk 
governance? How can risk 
models act as boundary objects? 
How can the transformative 
potential of scientific models be 
recaptured? 

1, 2, 3 

 
 

1.3 APPROACH OF THE STUDY 

 
“Mountains, according to the angle of view, the season, the time of day, the 
beholder's frame of mind, or any one thing, can effectively change their 
appearance. Thus, it is essential to recognize that we can never know more than 
one side, one small aspect of a mountain.”  

(Murakami 2002) 
 

“The nature of scientific thinking is critical, rebellious and dissatisfied with a 
priori conceptions, with reverence and sacred or untouchable truth. The search 
for knowledge is not nourished by certainty: it is nourished by a radical distrust 
in certainty.”    

 (Rovelli 2017) 
 
 

There are a number of different philosophical schools of thought that have 

influenced how we define and understand science and research: the positions 

range from classical traditions of positivism and realism, to German 

phenomenology, American pragmatism, and the French structuralism and post-

structuralism (Brinkmann 2017). More recently, feminist, indigenous and new 

materialist or the so-called post qualitative research traditions have gained 

ground: these approaches criticize the dominance of the Western scientific 
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paradigm that for long has subdued other forms and ways of knowledge 

production. Finally, critical realism provides an approach for combining the 

realist and the constructivist approach by acknowledging that while “truth” exists 

independently of us, it can never fully be explored or described. 

 

First, realism and related theories (positivism, rationalism, naturalism, critical 

realism) regard reality as independent of the observer and emphasize the 

objectivity of science (Delanty 2002).  Rene Descartes (1596- 1650), a French 

philosopher and scientist, was among the most notable realists and he has been 

regarded as one of the founders of modern philosophy.  Descartes regarded 

mathematics, science, and technology as providers of objective facts and certainty 

about the world surrounding us. The Cartesian dream, where the deployment of 

science and technology can provide us with “the ultimate truth” and control of 

Nature, has largely dominated the modern times. The scientific technocratic 

worldview and dream of control and certainty is still strongly alive, where science-

based innovation and technology are thought as tools for securing economic 

growth, create jobs and solve global problems such as poverty or climate change 

(Pereira and Funtowicz 2015). For example, quantitative risk analysis methods 

are widely employed as primary tools for decision-making concerning, e.g. the 

implementation of new technologies, as they are trusted to be able to predict and 

control consequences even when risks are complex and full of uncertainties. 

Similarly, sustainability has been turned into a question of, e.g.  “ecosystem 

services and function” to be measured and managed predominantly in 

quantitative terms (Pereira and Funtowicz 2015) and to be solved with the use of 

market-based instruments only (Lockie et al. 2013). As Pereira and Funtowicz put 

it: “(w)hy engage in messy political processes if technology resolves the problem 

cleanly and with pinpoint accuracy?” (2015).  

 
However, the birth of modernity also gave rise to the split between the objective 

and subjective and the question of “(a)re things (or at least aspects of the world) 

as they are because human beings apprehend them in this way, or is there a 

definite shape and form to reality that humans may discover?” (Brinkmann 2017). 

The question expands further over the dualisms of mind and body, individual and 
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society, and theory and practice: these questions remain continuously discussed 

by scientists (Brinkmann 2017). 

 

Objectivism and the Cartesian dream have been especially criticized by 

constructivism and a range of related approaches (relativism, phenomenology, 

post-structuralism, and hermeneutics). These philosophical perspectives depict 

that no objective knowledge exists, but that knowledge is relational, i.e. meaning 

depends on both the subject and the object. To my mind, one of the most beautiful 

accounts of the relational nature of science is written by Carlo Rovelli, an Italian 

theoretical physicist, in his book “Reality is not what it seems” (2017). Rovelli 

explains how reality is made of a “network of relation” (2017) and that discrete 

objects with fixed borders do not exist:  “(w)e slice up the reality surrounding us 

into objects. But reality is not made up of discrete objects. It is a variable flux” 

(2017). Thereby, such objects can be seen to depend on us to exist. Attempts to 

slice up reality can be seen as ways to cope with and manage the complexity 

around us. Rovelli also argues that the role of science is not to provide us with 

certainty but with reliability:  

 

“Science is not reliable because it provides certainty. It is reliable because it 

provides us with the best answers we have at present…The answers given by 

science, then, are not reliable because they are definitive. They are reliable 

because they are not definitive. They are reliable because they are the best 

available today. And they are the best we have because we don’t consider them 

to be definitive, but see them as open to improvement. It’s the awareness of our 

ignorance that gives science its reliability” (2017). 

 

In sum, staying humble about the power of science, i.e. staying aware of the limits 

of our knowledge, is considered of the foremost importance by the supporters of 

relational science. 

 

Finally, the feminist, indigenous and new materialist approaches are diverse and 

pluralistic internally, but they all criticize the dominating Western philosophical 

positions. Whereas the feminist approach challenges the dominance of male-
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centered research and knowledge production, the indigenous philosophy brings 

forward indigenous ontologies that have for long been subdued in the Western 

paradigm. Both the feminist and indigenous approaches maintain that knowledge 

production should be local and context specific and that knowledge and research 

is always about power relations, i.e. knowledge cannot be taken for granted. 

Rather, it is always “knowledge for someone – that is, it works to further certain 

perspectives and ignores others. No knowledge is therefore innocent.” 

(Brinkmann 2017). 

 

 Similarly to indigenous cosmologies, the new materialist approach refuses to 

accept the nature/culture and matter/meaning divides. As argued by Bruno 

Latour in his classic work “We have never been modern” (1993), the separation 

between human and nature was, in fact, never possible. Rather than aiming to 

discover the ultimate truth and who we really are, we should refuse who we are 

and suggest alternative forms of existence (Foucault 1988). The nature/culture 

divide is increasingly criticized in sustainability studies as well, where a deeper 

focus on the human and nature interactions are called for in order to find 

alternative, sustainable, ways of living and existing. 

 

While such diverse philosophical positions exist, how can a researcher then 

choose between the approaches presented above? And is it even a matter of choice 

or something implicit?  Brinkmann (2017) argues that making such a choice within 

a research context is complex as all the approaches build on each other and 

critically reflect each other. Further, all these positions should be included in 

philosophical discussions and none should be ignored due to, e.g. different 

prejudices (Brinkmann 2017). For example, positivist ideas are easily dismissed 

by constructivists, who are generally more familiar with qualitative rather than 

quantitative methods and vice versa. However, this may not provide us with a 

fruitful discussion about scientific knowledge or the use of science to study, e.g. 

environmental risks. 

 

Critical realism (Bhaskar 1989; Collier 1994) provides a useful synthesis between 

the dichotomy of the purely positivist/ realist and the constructivist / relational 
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interpretations of the world and knowledge. In critical realism, concrete reality is 

considered to exist independently from individual thinking or human 

consciousness. However, reality is not only material, but also ideas are seen to 

truly exist, i.e. also socially constructed ideas form a part of reality. The aim of 

critical realism is to provide a full explanation or complete overview of the world 

surrounding us and to gain objective truth, but at the same time, it acknowledges 

that such truth is ultimately unreachable since knowledge is socially conditioned, 

subject to interpretations, and always changing. In critical realism, strict evidence, 

such as concrete observations, are necessary, but also the “unmeasurable”, such 

as discourses and ideas, are seen as important evidence as they are part of reality 

in the same ways as material entities. Importantly, the immaterial entities are also 

capable of altering and modifying the material ones (Bhaskar 1989; Raatikainen 

2004). Finally, since no fixed truth exists, but it is ever evolving, critical realism 

views also research as an open-ended and iterative process of discovery and 

improving the available theories and theoretical frameworks. By shedding light on 

both the material and the immaterial, the approach allows for making the obvious 

obvious, but also making the hidden obvious. In this thesis, I adhere to critical 

realism in order to explore the official regulations and documents as well as the 

empirical material, but also the less explicit and sometimes alternative viewpoints 

that may have transformative potential. 

 

While choosing one approach and sticking to it throughout the process of research 

might be challenging and may not even be possible, it is important to maintain 

reflexivity about one’s own research (see Section 4.4). Critical realism also 

requires explicit reflexivity of the researcher’s position. In other words, it is vital 

to recognize the limits and biases of scientific knowledge production and identify 

some of the biases and their potential impacts on the interpretation of the results. 

Biases can result from personal, social, political, or cultural experiences.  

 

Here, I will try to identify some of the main biases that may have affected my 

research. My background is interdisciplinary: I have completed a BSc degree in 

humanities (University of Turku, Finland) and in environmental sciences 

(University of Plymouth, U.K), and a Master’s degree in social sciences 
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(Université Grenoble Alpes, France). During my PhD, I have been part of an 

interdisciplinary research group that focuses on fisheries and environmental 

management (Fisheries and Environment Management Research Group) as well 

as a strongly social sciences orientated research group (Marine Risk Governance 

Research Group). As I would consider myself as a social scientist, I would say I 

easily ascribe myself to the relativist approach of knowledge: this clearly 

influences my interpretation of the world and of what is science. However, as I 

also have background in environmental sciences and many of my colleagues are 

natural scientists, I can appreciate and understand the world of natural sciences. 

As part of some of the projects I have worked on during my PhD (see Section 

3.3.1), I have also collaborated with engineers which has helped me to broaden 

my perspectives and learn more about risk modelling and the technical aspects 

related to, e.g. safety in shipping. However, I have no technical or practical 

background myself and had (and still have) limited knowledge on shipping or 

offshore oil industry before my doctoral studies. The individual papers and the 

summary may, therefore, include some misunderstanding and show lack of detail 

concerning the technical aspects, such as details related to safety in shipping, 

technicalities of offshore drilling operations, the parameters of models and how 

exactly they were quantified, etc.  However, it must be noted that such aspects are 

not the primary focus of the study. Further, a part of the research was carried out 

in Norway: as a Helsinki-based Finnish researcher, with very limited skills in 

Norwegian, I was unable to carry out the interviews in Norwegian and instead the 

interviews were in English. This can have resulted in some misunderstandings as 

well as created some bias, e.g. in the choice of experts, even though all of the 

interviewees who were asked for the study spoke excellent English.  I was also 

able to access news sources, websites, and many of the official documents only in 

English. When this was not possible, I have used Google translator for some of 

the translations.  

 

As in academia in general, funding still largely defines what is “worth” of 

researching.  As I have worked under different projects during my PhD, the choice 

of the topic of the individual studies has not always been my own, whereas the 

scope, research methods and analysis processes have been chosen together with 
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me and my supervisors. Similarly, the choice of the PhD topic has largely been 

defined by funding: as I initially didn’t acquire funding for my original research 

plans, I opted for another, practical and thematically relevant topic on oil spill 

risks and shipping. Through the years and the different research projects, the final 

topic and research questions (and the included papers) have then developed: first 

from corporate social responsibility and stakeholder theory (Parviainen et al. 

2018) to small port sustainability and then to the question of governance of oil 

spill risks.  The topic choice has, therefore, been tied to funding in some sense, 

even though I have been relatively free to explore the chosen topics. 

 

Finally, I strongly believe that interdisciplinary as well as transdisciplinary 

approaches are needed in sustainability research. However, the role of social 

sciences has for long been limited in comparison to natural and technical sciences 

and funding of social sciences in tackling, e.g. climate change (Overland and 

Sovacool 2020) or challenges facing marine and coastal environments (McKinley 

et al. 2020). Therefore, it would be more important than ever to frame 

environmental problems as also social and political challenges rather than 

focusing predominantly on natural sciences and technological fixes. My thesis 

provides a social scientific account of how oil spill risks are governed and how to 

move towards a more sustainable approach, and hopes to contribute new insight 

into the otherwise very technical and natural- and engineering sciences orientated 

field of study. 

 

All in all, as a white, female student trained under the ideas of Western ideas of 

scientificity carrying research in the 21st century on oil spill risks in marine 

environment, I strongly believe it is necessary to try to understand the 

philosophical approaches that shape the way we carry out research in so many 

ways and to stay reflexive and open for discussion now and in the future. After 

all, we can only ever see “one small aspect of a mountain” (Murakami, 2002). 
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2 BACKGROUND 

In order to gain a deeper understanding of how oil spill risk governance is 

performed, this thesis draws from two different case studies (Articles II and III) 

and a literature review (Article I). The case study of the Norwegian Barents Sea 

(Article II) was chosen as it provides insight into the highly polemic issue, i.e. the 

opening of new areas for offshore oil production in the Barents Sea. Article III 

focuses on the Gulf of Finland and examines the strengths and limitations of 

current oil spill response models for assessing, managing, and governing highly 

uncertain risks. We used mental models (based on Bayesian logic) (Article II) and 

semi-structured interviews (Article II and III) to explore the two cases (see Section 

4). 

The topics and case study contexts were also chosen due to a more practical reason 

since my research was carried out as part of two different projects. The work 

related to Article II was part of CEARCTIC (The Joint Research Centre of 

Excellence for Arctic Shipping and Operations, 2013-2018) project funded by 

Lloyd’s Register Foundation. CEARCTIC was co-ordinated by Aalto University 

and the project partners included the University of Helsinki, Hamburg University 

of Technology, the Norwegian University of Science and Technology and 

Memorial University of Newfoundland (St. John's, Canada). While the primary 

focus of CEARCTIC was on research related to ship design for safe Arctic 

operations and transport, the project also included studies on the environmental 

impacts of oil spills in Arctic waters, and for my part, a more social sciences 

orientated work on risk perceptions (Article II).  

Articles I and III were financed by BONUS BALTIMARI (Review, Evaluation 

and Future of Baltic Maritime Risk Management, 2018-2020) project. The project 

was headed by Aalto University and the other partners included the World 

Maritime University (Sweden), Hochschule Wismar (Germany), University of 

Helsinki, Gdynia Maritime University (Poland), and University of Tartu 

(Estonia). The aim of the project was to review the current state of art in risk 

analysis and decision support for maritime transportation systems focusing on the 
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Baltic Sea. Similarly to CEARTIC, the focus was on engineering related research, 

but the project also aimed to provide best practices for policymakers and analyze 

how to improve the successful uptake of research results. Article I provided a 

review of risk analysis for oil spill response at a global level, and Article III 

provided further understanding of how risk models are used in decision-making 

context in the Gulf of Finland, Baltic Sea. 

The two cases share some similarities as well as differences as described in this 

section (See also Table 2 for a summary). A general overview of the two cases is 

also presented in further detail in Articles II and III. Both shipping in Finland and 

the offshore oil industry in Norway represent economically important activities in 

their respective countries. Finland is highly dependent on efficient shipping. The 

transport volumes of oil in the Gulf of Finland (Gof) have increased rapidly in a 

short period of time; the increase has been mainly due to the construction and 

development of Russian ports, such as Primorsk and Ust-Luga, both constructed 

in the 2000s. The increase in the transport of oil has recently halted, but other 

types of shipping, namely maritime cargo and passenger traffic, are growing and 

the risk of an oil spill remains high.  Oil and gas production is the most important 

economic activity in Norway; Norway is the world’s eighth largest exporter for 

crude oil and crude oil is one of the most important commodities for the 

Norwegian economy (NPD and NMPE 2018). The Barents Sea is estimated to 

hold a half of all of the undiscovered resources on the Norwegian Continental 

Shelf (NPD 2017). 

Table 2  Summary of the main characteristics of the two case studies. UNCLOS = the 
United Nations Convention on the Law of the Sea, MARPOL= the International Convention for 
the Prevention of Pollution from Ships. 

 The Norwegian Barents 
Sea (Article II) 

Gulf of Finland, Baltic 
Sea (Article III) 

Source of oil spill risks / 
activity 

Risks from offshore oil 
industry as new areas are 
opened for the industry in 
the North and Northeast 
of the Norwegian Barents 
Sea. 

Increasing maritime 
transport in the Gulf of 
Finland. 
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Environmental features High latitude Arctic shelf 
sea 

 

One of the most 
productive seas in the 
world: especially the 
frontal zones and the 
marginal ice zone (MIZ) 
are highly productive. 

 

 

Semi-enclosed inland sea 

 

Sensitive to oil spill risks 
due to its unique 
ecosystem with globally 
exceptional features, e.g. 
low salinity, shallow 
waters, regular ice cover 
and poor water exchange. 

Key international and 
regional regulations 
related to oil spills 

UNCLOS MARPOL 
(Annex VI ) 

 

Agreement on 
Cooperation on Marine 
Oil Pollution 
Preparedness and 
Response in the Arctic 
(MOSPA) 

 

Convention for the 
Protection of the Marine 
Environment of the 
North-East Atlantic (the 
OSPAR convention), 
Annex III 

UNCLOS MARPOL 
(Annex I) 

 

Oil Pollution 
Preparedness Response 
and Cooperation (OPRC 
Convention) 

 

Erika packages (EU) 

 

The Copenhagen 
Agreement 

 

The Espoo Convention 

 

HELCOM Convention 

Key national regulations 
and measures related to 
oil spills  

The Pollution Control Act 

 

The Petroleum Act  

 

Ecosystem based 
management plans for the 
Barents Sea 

 

The Finnish Rescue Act  
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Industry risk assessments 
under the Petroleum Act, 
e.g. BaSEC risk 
assessments 

 
 
The increased maritime traffic in the Baltic Sea and the petroleum activities in the 

Barents Sea, however, pose a major threat to the sensitive marine and coastal 

ecosystems. The impacts of a potential oil spill could be fatal to many of the Baltic 

Sea species and habitats, and especially so for the endangered species (Ihaksi et 

al. 2011; Juntunen et al. 2005; Lecklin et al. 2011). The Baltic Sea is a unique 

ecosystem that is extremely sensitive to oil spill due to its globally exceptional 

features such as, low salinity, shallow waters (average depth is approximately 57 

meters), the vast archipelago, and poor water exchange. In winter, the ice cover 

presents a challenge for shipping and for response. The Barents Sea is a high 

latitude Arctic shelf sea (AMAP 2017) bordered by the northern Norwegian and 

Russian coasts and the Novaya Zemlya Islands. It is one of the most productive 

oceans in the world. The marginal ice zone, i.e. the ice edge (the transitional zone 

between ice-covered sea and the open sea), and the polar front (the boundary front 

between Arctic water and the Atlantic water) are both rich in biodiversity and 

especially vulnerable to oil spills (AMAP 2017; Eriksen et al. 2017; NMCE 2014). 

One of the main differences is that while shipping activities in Finland are 

governed by international / regional regulations, the oil industry in Norway is 

primarily regulated at the national level. The United Nations Convention on the 

Law of the Sea (UNCLOS 1982) and the International Convention for the 

Prevention of Marine Pollution from Ships (MARPOL 1973/1978) provide the 

cornerstones of international marine governance (including both shipping and 

drilling activities).  In terms of shipping, EU legislations have also improved the 

safety of shipping; Followed by the Erika incident in 1999, the EU introduced the 

so-called Erika packages that covered new measures regarding port state control, 

classification societies, monitoring, shipowner insurance etc. The packages 

resulted e.g. in the phase out of single hull tankers.  Further, the Baltic Sea 

Helsinki Convention 1992 governed by the Helsinki Commission (HELCOM) 

plays an important role in advancing the safety of shipping in the Baltic Sea. In 
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addition, Nordic cooperation is based on the Agreement concerning Cooperation 

in Taking Measures against Pollution of the Sea by Oil or other Harmful 

Substances (Copenhagen Agreement). Regional, preventive, measures in the GoF 

include, e.g.  Vessel Traffic Services (VTS) and the Gulf of Finland Reporting 

(GOFREP) mandatory ship reporting system. Finland, Estonia and Russia 

maintain VTS along their respective coastlines in the GoF, as well as GOFREP 

that covers the international waters. 

Overall, the regulatory framework adopted to improve maritime safety has 

resulted in successfully reducing the number of spills (Hassler 2010; HELCOM 

2018; Ringbom 2018). However, in case of an oil spill incident, the response 

effectiveness remains low and uncertain. In accordance with the Finnish law for 

rescue operations (Rescue Act 2011/379), which sets the legal framework for oil 

spill response, the Finnish Border Guard, under the Ministry of the Interior, is 

responsible for responding to oil spill accidents at open sea as well as for the 

coordination of the overall development of the oil response. The municipalities 

(in general, the rescue departments), on the other hand, are responsible for 

response on shore and in the archipelago. The response capacity for GoF is 

defined as being able to recover 30 000 tons in the open sea within 3-10 days 

(Hietala and Lampela 2007). The focus of response operations is on open sea and 

mechanical recovery with oil combatting vessels. Finland has 19 oil-combatting 

boats, operated by the Border Guard, the Finnish Navy, as well as Arctia (a 

limited company owned by the Finnish state). The rescue departments also have 

smaller boats for onshore response. (Article III) 

Under the UNCLOS 1982, Norway has exploitation rights over natural resources 

within their extended economic zones (EEZs), but also the duty to protect the 

marine environment and ensuring sound management in their waters. In Norway, 

the Petroleum Act (Act 29 November 1996 No. 72 relating to petroleum 

operations) provides the general basis for the management of the industry, 

including the licensing system that grants companies the right for petroleum 

operations. Overall, the national framework for risk management include 

statutory requirements, the ecosystem based management plan for the Barents 

Sea, strict industry standards (e.g. ISO, CEN and NORSOK standards), industry 
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risk assessments (as required by the Petroleum Act), comprehensive and co-

ordinate response and preparedness system as well as sanction measures. 

Regulating the petroleum industry in Norway is performance-based rather than 

prescriptive i.e. regulations describe performance goals that must be fulfilled by 

the companies. Compliance and the responsibility for operating in a safe manner, 

therefore, rests within the industry itself. The different ministries are responsible 

for the oversight of the main management measures, including the Barents Sea 

ecosystem-based management plan (Ministry of Climate and Environment), the 

Petroleum Act and the licensing rounds (Ministry of Petroleum and Energy), oil 

spill response and preparedness (Ministry of Transport and Communication), and 

the petroleum taxation policy (Ministry of Finance). Finally, the Pollution 

Control Act (Act of 13 March 1981 No. 6 Concerning Protection Against 

Pollution and Concerning Waste) provides the legal basis that sets the 

preconditions for oil spill emergency preparedness in Norway, and it describes the 

demands and obligations of the different parties. In accordance with the Pollution 

Control Act, the response system works at three levels, including the state, the 

operators and the coastal municipalities (Knol and Arbo 2014; Sydnes and Sydnes 

2011). 

Finally, whereas in Finland there are few conflicts between the shipping industry 

and other stakeholders, in Norway, there has been significant resistance against 

the petroleum industry since the 1970’s and the gradual opening of the Barents 

Sea for petroleum production. Initially, the petroleum industry was mainly 

opposed by the fishing industry, but the decision to open new blocks closer to the 

ice edge has resulted in severe criticism due to, e.g. the impacts of a potential oil 

spill on the marine ecosystems as well as the ineffectiveness of prevention and 

response technologies in iced-conditions. The operational risks in ice-cover sea 

areas is exacerbated due e.g. the harsh weather conditions, long distances, the lack 

of necessary infrastructure, and ineffectiveness of response equipment. While ice 

might not pose problems to petroleum industry operations, the possible presence 

of ice and the icing of equipment (due to e.g. polar lows) makes it considerably 

more difficult to deal effectively with acute pollution (Wilkinson et al. 2017). 

Further, considering the contribution of offshore oil operations to climate change, 
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the rationale for new drilling operations has been questioned both by national and 

international bodies. In 2016, The Norwegian environmental organization 

“Nature and Youth” together with Norwegian Greenpeace filed a court case 

against the government’s decision claiming that it contradicts the Paris climate 

agreement of which Norway is a signatory country (Greenpeace Norway 2018; 

Milne 2017; Holter 2017). After losing at two lower courts, Greenpeace and 

Nature and Youth took the battle to the Norwegian Supreme Court, where the 

court again judged in favor of the Norwegian state supporting Arctic drilling. 
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3 THEORETICAL FRAMEWORK 

3.1 ENVIRONMENTAL RISK GOVERNANCE 

 
Socio-ecological challenges ranging from global, systemic issues, such as, climate 

change, biodiversity loss, nanotechnology, food security, and pandemics to 

localized issues, such as, oil spills, can be understood and defined as complex 

risks.  Complex risks are characterized by high scientific uncertainty, 

sociopolitical controversy, and ambiguity, i.e. the differing, often conflicting, 

understandings and perceptions of the problem as well as the appropriate solution 

(Aven and Renn 2010; Renn et al. 2011; Klinke and Renn 2012). Complexity 

refers to the nonlinear relationships between the causal links and the specific 

adverse consequences (Klinke and Renn 2012). Scientific uncertainty includes 

both epistemic (caused by limited knowledge or lack of knowledge) and 

ontological (the inherent variability of socio-ecological systems) uncertainty 

(Walker et al. 2003). Finally, ambiguity refers to different risk interpretations and 

perceptions. Klinke and Renn (2012) distinguish between interpretative and 

normative ambiguity. Interpretative ambiguity refers to the variability of 

legitimate risk understandings and perspectives shaped by values and variations 

in interests. Normative ambiguity, on the other hand, refers to what is regarded 

as acceptable or tolerable, for example, in terms of the distribution of risks and 

benefits (Klinke and Renn 2012). 

The governance of complex socio-ecological challenges is by no means 

straightforward. The term governance remains vague and subject to debate, but it 

generally refers to the regulatory framework, collective processes, institutions, and 

relationships needed to define societal goals (Kooiman and Bavinck 2013). 

Kooiman introduced an interactive governance theory, where governing 

processes are defined as: “the totality of interactions, in which public as well as 

private actors participate, aimed at solving societal problems or creating societal 

opportunities” (2003). The definition emphasizes collective action and 

interactions between the different governing actors including, e.g. individuals, 
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associations, firms, governmental bodies and international agencies. The 

institutions and the interactions involved may, therefore, be formal or informal, 

and occur at multiple levels (international, national, regional and local levels) 

(Kooiman and Bavinck 2013). Therefore, governance includes both top-down 

governance instruments as well as horizontal modes of governance (Kooiman 

2003; Wurzel et al. 2013). Finally, the governance goals, values, and principles 

are not fixed, but dynamic, and shaped by the actors throughout the governing 

process (Kooiman and Bavinck 2013).  

Central to the analysis of governability is that the governing system must match 

the entity that it governs; the complexity (e.g. in terms of challenges, boundaries, 

and scale) of environmental challenges must be reflected in the adopted 

governance processes (Kooiman et al. 2008). Put plainly, complex problems are 

unlikely to have simple solutions (Pielke 2007; Stirling 2010). However, the 

complex nature of the major issues of our time is rarely reflected in the applied 

governance mechanisms and the scientific tools, such as models and risk 

assessments. First, while there are many ways to define a risk (e.g. Aven 2012), 

risks have conventionally been considered largely in technical terms and defined 

quantitatively as the combinations of the probability of an event and the potential 

adverse consequences (Assmuth et al. 2010; Burgman 2005; Spaulding 2017). 

Second, the governance of complex risks tends to rely on traditional risk 

definitions, top down regulations, and centralized and sectoral institutional 

authority that do not match the often very context-specific problems or 

implications of risks. Indeed, the management and governance of risks is not only 

a technical matter as risks also have social dimensions shaped by, for example, 

individual and societal values, belief systems, and cultural systems (Jasanoff 2004; 

Gilek et al. 2011). In sum, assessing risks is “necessarily a social and political 

exercise” (Jasanoff 2003). Therefore, recognizing the value-laden nature of risks 

is an essential part of risk assessment, management, and governance (Slovic 2001). 

The need for new types of reflexive, integrated, adaptive, and more transparent 

approaches to governing risks is increasingly emphasized (Aven and Renn 2010; 

Assmuth et al. 2010; Assmuth and Hilden 2008; Klinke and Renn 2012). Due to 

the contested nature of risks, it is now also widely recognized that the participation 
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of different societal stakeholders is an essential part of risk governance processes 

(Chateauraynaud 2009; de Marchi 2015; Failing et al. 2007; Gregory et al. 2006; 

Jasanoff 2003; Klinke and Renn 2012; Petts 2008; Renn et al. 2011; Sluijs et al. 

2005).  

Recent examples include, for example, the International Risk Governance 

Council’s (IRGC; 2019) Risk Governance Framework that sets generic guidance 

for adopting an inclusive approach for risk governance and combining scientific 

risk assessments with normative judgements and values from the civil society 

(Aven and Renn 2010; Aven and Renn 2012; Renn et al. 2011). The risk 

governance framework consists of four phases, including the pre-assessment, 

appraisal, characterization and evaluation of risks, and risk management (Aven 

and Renn 2010). The importance of risk communication and stakeholder 

participation is highlighted throughout the different phases. Adding to the original 

work, Klinke and Renn (2012) suggests a modified framework that better suits 

integrated and adaptive risk governance. The new framework includes the 

following steps: 1) pre-estimation (addressing the emerging risks and framing of 

risks and solutions), 2) interdisciplinary risk estimation (the scientific process of 

assessing risks including both natural/technical sciences and social sciences), 3) 

risk evaluation (evaluating the societal acceptability or tolerability of risks), and 

4) risk management (identifying and assessing risk management options and 

implementing of the measures). They (ibid.) suggest that a management approach 

depends on the type of risks. For example, linear risks may be addressed by linear 

risk management, whereas risks with high ambiguity require discourse-based 

management, where all the major stakeholders and the affected public are to be 

included and the main goal is to generate a collective understanding of the nature 

of the risk as well as the appropriate solutions (Klinke and Renn 2012).  

Similar, comprehensive risk governance approaches include the guidelines 

provided by the Society for Risk Analysis (SRA; 2018) (based on the work by 

scientific organizations) and the ISO 31000:2018 International Standard on Risk 

Management (ISO 2018) (industry orientated; Article I). Both the SRA guidelines 

and the ISO 31000:2018 standard provide a largely similar description of the 

important risks analysis steps as the IRGC framework. The two also focus on 
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uncertainty in risk assessment and management, and stress the importance of 

stakeholder participation and risk communication. 

Table 3 Key concepts used in the study 
 
Concept Definition and references 

Complex risks Complex risks are characterized by 
high scientific uncertainty, sociopolitical 
controversy, and ambiguity, i.e. the 
differing, often conflicting, 
understandings and perceptions of the 
problem as well as the appropriate 
solution (Aven and Renn 2010; Renn et al. 
2011; Klinke and Renn 2012).  

 
Governance The totality of interactions, in which 

public as well as private actors participate, 
aimed at solving societal problems or 
creating societal opportunities (Kooiman 
2003).  

 
Governmentalities 
  
 

The process through which actors seek 
to shape the actions, values or norms of 
free individuals to achieve desired ends 
(Foucault 1982).   

 
Governmentalities are established 

through three interrelated governance 
processes: problematizations (official 
“truths” or mentalities), rationalities 
(dominant discourses, e.g. green/ blue 
growth discourses), and technologies 
(such as programs, calculations, 
techniques, models, documents, 
procedures) that operationalize the 
rationalities (Flannery and McAteer 
2020).  

 
Co-production of knowledge The collaborative process of bringing a 

plurality of knowledge sources and types 
together to address a defined problem and 
build an integrated or systems-oriented 
understanding of that problem (Armitage 
et al. 2011). 
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Boundary objects Boundary objects are generally 
described as objects/things/concepts that 
can help to share knowledge between 
different actors and across different 
boundaries (e.g. the domains of science 
and policy) and transform knowledge to 
action (Carlile 2002, 2004; Franco 2013; 
White et al. 2010).  

 
The objects are characterized by 

interpretive flexibility, i.e. the objects have 
no fixed meaning, but they are “plastic 
enough to adapt the local needs and the 
constraints of the several parties 
employing them, yet robust enough to 
maintain a common identity across sites” 
(Star and Griesemer, 1989).  

 
 

3.2 KNOWLEDGE PRODUCTION FOR RISK 
GOVERNANCE 

 
Science is increasingly called upon to provide information in the area of 

environmental decision-making including environmental risk analysis (e.g. 

UNDP 2001). While scientific knowledge is necessary for effective risk 

governance, the ability of science alone to cope with contested risks is increasingly 

scrutinized by different fields of study, including work within environmental risk 

analysis (Chateauraynaud 2009; Failing et al. 2007; Gregory et al. 2006), the 

public understanding of science (Rowe and Frewer 2005; Petts 2008; Wynne 

2011; Yearley 2000), “mode 2” science (Gibbons et al. 1994; Nowotny et al. 

2001), post-normal science (Funtowicz and Ravetz 1993), and Science and 

Technology Studies (STS) (Jasanoff 2004). 

These approaches criticize the use of conventional risk assessment tools and 

approaches for addressing complex socio-ecological risks for a number of reasons.  

Firstly, the practices are mainly developed and implemented by experts and rely 

on knowledge provided by natural sciences and technical studies. This, however, 



 

27 
 

often results in ignoring other forms of knowledge as well as the value-laden, 

relational, side of knowledge. Relational knowledge refers to, e.g. who is being 

included or excluded from the problem understanding (Bouwen 2001). In other 

words, although conventional risk assessment tools may provide us with vital 

technical information about the nature of risks, they offer us limited knowledge 

about the ambiguity related to the risks. In sum, the tools have failed to recognize 

the human values and aspirations that are deeply implicated in the definition and 

prioritization of environmental problems (Lockie et al. 2013). 

Secondly, the conventional risk assessment approach often adheres to the linear 

model of science, where science is considered as a provider of objective knowledge 

for end users (e.g. policymakers) in order to solve problems and make rational 

decisions. Such a linear model of science-policy relationships is, however, 

increasingly viewed as an inadequate description of science-policy processes 

especially by the notions of Mode II knowledge (Gibbons et al. 1994; Nowotny et 

al. 2001) and post-normal science (Funtowicz and Ravetz 1993).  The view that 

there is a ‘fully objective, independent and impartial domain of technoscience that 

experts can tap into’ (Wynne et al. 2007) is considered simple as research is not 

neutral and knowledge can be considered as socially constructed (Pielke 2007; 

Stirling 2010; Young et al. 2014). Further, unlike assumed by the linear approach, 

new knowledge does not automatically translate into action as the science-policy 

processes are complex, unpredictable, and include uncertainty and diversity of 

values (Pielke 2007; Stirling 2010; Young et al. 2014; Weichselgartner and 

Kasperson 2010). Indeed, despite the increased emphasis on scientific knowledge 

in the area of environmental decision-making, the integration of new knowledge 

into decision-making processes remains challenging due to diverse reasons (Cash 

et al. 2003; Article III).  

Further, environmental issues are often depicted as problems of ‘not knowing 

enough’ where more knowledge is considered essential in reducing uncertainties 

(the knowledge gap filling model) (Tabara 2013), but it is now increasingly 

recognized that more (scientific) knowledge does not directly result in effective 

governance or better control of risks. As noted by Latour, uncertainty can never 

be fully reduced as there is “no final state demanding no further effort” (1993), 
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where decisions regarding risks can be made with absolute certainty and with 

perfect knowledge about the system. Also, as noted above, the choices over, e.g. 

deciding whether to allow offshore oil production in certain areas, can be 

considered as value questions rather than scientific ones. Therefore, accumulating 

more scientific knowledge does not directly solve complex problems. Instead, 

what is needed is recognizing the limitations of our knowledge, as well as: 

“learning about what we don’t know, about how we can collectively generate 

different types of knowledge, and about implementing multiple learning processes 

able to harness the unexpected and unwanted effects that may arise from our 

partial and inadequate knowledge and views” (Tabara 2013). In other words, 

while science can help us understand complex phenomena, it provides us with 

limited knowledge on normative questions, such as which policy option to choose 

and implement (Gregory et al. 2006). This is especially true in terms of complex 

issues where there is no clear solution, where uncertainties related to knowledge 

are high, and when decisions are subject to multiple, often conflicting, values 

(Parkhurst 2017; Pielke 2007). In brief, in addition to new knowledge, we need to 

develop and support new processes and methods to elicit what the public wants 

(Jasanoff 2003). 

When seeking solutions to complex, interdependent, socio-environmental 

problems, the focus has recently started to shift from the research and use of research 

results to a new paradigm where the interactive and iterative process of knowledge 

production is highlighted (e.g. Funtowicz and Ravetz 1993; Gibbons et al. 1994; 

Pielke 2007). Similarly, the importance of participatory and integrated knowledge 

production processes as part of risk governance is increasingly emphasized. For 

example, interdisciplinary research, including both natural and social sciences, is 

considered to provide a more comprehensive understanding of risks than single 

discipline studies (Lemos and Morehouse 2005; Gilek et al. 2011). Further, 

transdisciplinary approaches, where a wide range of stakeholders, not only the 

scientists themselves, are included throughout the knowledge production process 

(from problem identification and formulation, selecting methods, and conducting 

research, to developing and testing solutions) may support the integration of 

relevant scientific and lay-man knowledge and improve the saliency, credibility 
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and legitimacy of science (Cash et al. 2003). Transdisciplinary research, i.e. 

research that draws on multiple disciplines and involves also non-academic 

participants in generating knowledge, has also been appraised for its potential 

capability to address life-world problems; provide context-specific, robust, 

knowledge; promoting trust between stakeholders; enhancing mutual learning 

between stakeholders; and promoting the effective implementation of policies 

(Davies et al. 2015; Enengel et al. 2012; Henriksen et al. 2007; Smith et al. 2018; 

Carmona et al. 2013; Johnson et al. 2012). 

As put forward by Jasanoff, the issue “is no longer whether the public should have 

a say in technical decisions, but how to promote more meaningful interaction among 

policy-makers, scientific experts, corporate producers, and the public (2003; 

highlight inserted). This thesis aims to tackle the very question of how. In this 

thesis, I examine oil spill risk governance as the creation of “governmentalities” 

(Foucault 1982).  I explore how oil spill risks are transformed from “incalculable 

uncertainties to manageable risks” (Lockie et al. 2013) by the means of framing 

environmental risks in a constricted way, constructing risk narratives, and 

employing various technologies, such as risk assessments and models, to 

operationalize the adopted risk frames and narratives. I argue that in order to 

develop collaborative governance process, we need to understand how 

“governmentalities” are created, i.e. we need to deconstruct the governance of 

risks. Finally, I probe how BNs may act as boundary objects and support 

knowledge co-production and social learning and, thereby, promote more 

meaningful interaction in risk governance processes. 

3.3 GOVERNANCE AS GOVERNMENTALITIES 

In this thesis, I define governance as a deeply political process; governance is not 

a neutral and unbiased process as regulating does not take place in a vacuum. 

Environmental issues do not exist as regulatory objects “ready to be governed” 

(Lidskog et al. 2011), rather, the actors involved in governance processes construct 

environmental problems as “governable” and “ungovernable” entities (Lidskog et 

al. 2011). Therefore, governance can be understood as an inherently power laden 

arena, where multiple actors frame their understanding of the problem through 
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discursive practices, and thereby attempt to legitimize their understanding of the 

problem and rationalize solutions in their own favor (Flannery and McAteer 

2020). From this perspective, politics can be “understood as a struggle for 

discursive hegemony in which actors attempt to promote their definitions of 

reality” (Lidskog et al. 2011).  

The concept of governmentality was first introduced by Michel Foucault, a 

French philosopher and social theorist, who defined it as a process through which 

actors seek to shape the actions, values or norms of free individuals to achieve 

desired ends (Foucault 1982).  As explained by Flannery and McAteer (2020): 

“Governing, in this Foucauldian sense, is understood as the creation of truths 

that define problems, desired ends, and the procedures that will be implemented 

to achieve them. These truths become embedded in dominant regimes of 

practices so that the “chosen” option appears to be the rational choice. The 

production and implementation of these truths are the fundamental mechanisms 

through which governmentalities become established”. 

Governmentalities are not created with the use of coercive power or the use of 

laws and regulations, rather, they are more implicit and rely on tactics. As such, 

governmentalities often go unnoticed and are taken for granted. Nevertheless, 

they strongly shape how actors think and act and what is seen as relevant 

knowledge (Foucault 1991). 

Flannery and McAteer (2020) argue that governmentalities are established 

through three interrelated governance processes: problematizations, rationalities, 

and technologies. More precisely, governmentalities are portrayed as the official 

“truths” or mentalities (problematizations) constructed through 1) rationalities 

(e.g. green/ blue growth discourses) that determine governance processes, and 2) 

governing technologies (such as programs, calculations, techniques, models, 

documents, procedures) that operationalize the rationalities (Flannery and 

McAteer 2020). Governmentalities, therefore, do not only refer to the process of 

framing (problematization), but also to the underlying rationalities and the 

technologies that are used to operationalize the rationalities. It must be noted that 

the construction of governmentalities is not a direct process from 
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problematizations to action, instead, as depicted by Flannery and McAteer (2020), 

governmentalities are born out of dynamic processes that change over time and 

spatial scales. 

The first part of the process, problematization, refers to the process of risk framing. 

The way environmental problems and their solutions are understood and defined 

by the different actors, can be referred to as “frames”: the framing defines the issue 

at stake as well as “who and what should be governed and how and by whom it 

should be done” (Flannery and McAteer 2020). In cases of high uncertainty and 

ambiguity, conflicting frames are often unavoidable (Jasanoff 2003). Extensive 

literature exists on the importance of framing in natural resource management 

(Bouwen and Taillieu 2004; Dewulf and Bouwen 2012; Pahl-Wostl et al. 2007). 

The processes of framing largely defines the outcome and the direction of 

management processes as the formulation of a problem in a different way elicits 

distinct preferences, different kinds of knowledge, and points towards different 

solutions (Pahl-Wostl et al., 2007; Brugnach and Ingram, 2012).  

Lidskog (2014) argues that the question of framing is important since the 

regulation of environmental problems is closely connected to domestic, as well as 

international, politics. The environmental problems are never just environmental, 

but: “there are numerous interests beyond the explicitly environmental evoked by 

these policy domains and a variety of views as to whether certain environmental 

issues ought to be handled as matters of international priority or as the sole 

responsibility of domestic politics” (Lidskog 2014). Lidskog et al. (2011) describe 

framing as the construction of regulatory objects: 

“(I)n the regulatory process, diverse issues are constructed as regulatory objects 

by means of complexity reduction and uncertainty management. Actors can 

ascribe an issue certain characteristics, such as being of local or global concern, 

calculable or indeterminate, curable or incurable, robust or vulnerable. They also 

make assumptions about appropriate remedies, relevant knowledge, and how to 

distribute responsibilities”. 

Complexity reduction by means of framing, therefore, is essential in the turning 

of environmental issues into regulatory objects. 
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One example of the narrow framing is the discourse on Blue Growth adopted, e.g. 

by many of the EU policies. Flannery and McAteer (2020) argue that the Blue 

Growth agenda seeks to frame the conflicts arising from the expanding maritime 

industries as results of poor management, such as lack of coordination, whereas 

the impact of industrial expansion itself is disregarded. As a result, the conflicts 

are framed in a way that 1) does not problematize the industrial expansion, and/or 

2) do not empower actors, such as marginalized groups to resist it (Barbesgaard 

2018; Cohen et al. 2019). Finally, the problem is expected to be resolved by, e.g. 

introducing more integrated forms of management where the need for other, 

alternative, solutions such as the need for de-growth thinking in marine 

governance is ignored (Hadjimichael 2018).  

Another example is the use of market-based environmental policy instruments. 

For example, Lockie et al. (2013) criticize market-based solutions for their narrow 

focus on only natural resources or “natures” that can easily be commoditized: 

“(I)t is not just any environment, any nature or any natural resource that is 

incorporated within neoliberal regimes of governance. It is natures that can be 

defined through clearly delineated property rights. Natures that can be reduced 

to simple and transferable common values. Natures that comply with the 

requirement of markets for well understood and calculable risks. Natures that 

are not, therefore, characterized by excessive uncertainty, complexity, or the 

possibility of discontinuity and threshold effects”. 

In other words, Lockie et al. (2013) argue that market-based solutions are often 

limited in their capacity to address complex environmental issues, e.g. climate 

change. Similarly, some criticize that the valuation of ecosystem services, i.e. 

valuing the services in monetary terms, has resulted in the commodification of 

natural resources based on market logic, which can be seen as a rather dubious 

conservation strategy (Arbo et al. 2018). 

Finally, framing “who” should be involved in the process of defining the problem 

as well as the solutions is also a question of power relations. The drawing of 

boundaries, e.g. the spatial identity of an issue (at what level issue should be 

addresses) and how responsibility is allocated between different actors results in 
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power differences where some actors are seen as relevant and others as irrelevant 

(Lidskog et al. 2011). The relevancy (who is included and how specific capabilities 

are ascribed to the involved actors) is not only determined by, e.g. the expertise/ 

the lack of expertise, but also by more subtle influences, such as, historical and 

cultural processes as well as the existing power relations, which are often taken 

for granted (Lidskog et al. 2011). 

Rationalities, on the other hand, are the discourses that provide the justifications 

(moral, ethical, or scientific, etc.) for the specific problematizations. The 

discourses aim to both legitimise the problematizations and to render “reality” 

governable in a precise way (Lemke 2002). Rationalities refer to the “truths” that 

make the problems/issues knowable and rationalize the governance of the issue 

in particular way (Flannery et al. 2019).  As argued by Flannery et al. (2019) 

rationalities and power are intertwined as rationality is inherently tied to some 

form of power: “rationality is socially constructed within particular contexts 

which reflect prevailing power relations”.  For example, Flannery et al. (2019) 

argues that Maritime Spatial Planning (MSP) based on participatory planning is 

widely rationalized as a tool for democratising marine governance, but that, in 

reality, has only resulted in an illusion of inclusion. The broad-scale participatory 

processes within the MSP process, where stakeholders have little influence and 

where participation is implemented in a top-down manner has only served in 

securing and legitimizing the agendas of the dominant actors (Flannery et al. 

2019). Similarly, Flannery and McAteer (2020) show how MSP was adopted by 

the U.K government and rationalized as a process being based on the use of best 

available science and through which knowledge gaps can be addressed. However, 

while rationality of “best available science” was emphasized in the initial planning 

phase, it never realized, but was replaced by economic, neoliberal, rationalities in 

the operational phase. 

To be effective, governmentalities must employ technical means to operationalize 

the problematizations and rationalities. Governmentalities are operationalized/ 

materialized and deployed with the use of technologies (Lemke 2019). 

Governmentality technologies comprise, e.g. programmes, calculations, 

techniques, apparatuses, documents and procedures (Flannery and McAteer 
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2020). Scientific methods not only “measure” the issues, but also help to shape 

the conceptualization of environmental problems with the use of technologies, 

such as, measurement instruments, monitoring stations, experiments, data 

collection, mapping and modelling (Asdal 2008; Latour 1987). In other words, 

scientific tools are often employed to turn an issue into a political problem as well 

as to find solutions to environmental problems (Lidskog 2014). This can be done 

explicitly and/or implicitly: explicit ways include policy advise and 

recommendations, and implicit ways refer to how science is used to frame and 

measure nature with implication on what solutions to take (Lidskog 2014). 

Lidskog (2014) describes how in the case of transboundary air pollution, the 

production of standards (e.g. critical levels or critical loads) based on scientific 

knowledge, monitoring activities, mapping exercises, and scenario analysis, have 

been applied to turn the environmental issue into “an object of calculation” and 

“governable entity in need of regulation”.  

In doing so, scientific methods simplify complex socio-ecological challenges and 

make them more “certain” (Boucquey et al. 2016; Lidskog 2014). For example, 

Boucqeuy et al. (2016), discuss how social and political complexity is not 

presented in data portals used for marine spatial planning. Instead, there is a 

“missing layer” of human community information about ocean use (St. Martin 

and Hall-Arber 2008). As a result, ocean use is represented only in terms of 

specific activities: 

“Though data on broad ‘areas of use’ for commercial fishers, recreational 

fishers, aquaculturists, shippers and others is being collected, discussions or 

depictions of the internal and interrelated complexities of human activities is 

lacking...the socio-natural relationships—the lived experiences—that embody 

such spaces are not captured in the current MSP assemblage” (Boucquey et al. 

2016). 

Similarly, Smith and Brennan (2012) discuss the use of maps as powerful 

governance tools for MSP in Scotland. The activity of mapping both represent and 

produce reality (Smith and Brennan 2012). Producing maps requires vast amount 

of data. Smith and Brennan (2012) argue that the process of collecting, analyzing, 

and categorizing data results in “simplification and best-fit practices, as the full 
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spectrum of an area’s characteristics cannot be represented on a map” (2012). By 

necessity, therefore, maps provide only snapshots, i.e. simplified, often static, 

versions of reality that do not “always accurately represent changeable marine 

environments and situations” (Smith and Brennan 2012). As maps are important 

tools for management, the danger is that the reliance on maps excludes those 

factors that were not mapped or those that cannot be mapped. Again, science does 

not only provide knowledge “but also helps to build its governance instruments 

through the construction of critical limits and measuring devices that become the 

foundation for restrictive regulations” (Knol 2011). The technical choices 

adopted, e.g. how fishing effort is denoted, have practical consequences and can 

result in how marine space is used and, finally, in changes in marine conditions.  

Finally, technologies have a double-sided nature as they both operationalize and 

stabilize rationalities as well as act as tools for redefining and reimaging policy 

interpretations; governance subjects “may repurpose technologies as they pass 

through time/space” (Flannery and McAteer 2020). Technologies can, therefore, 

be also be understood as transformative tools, i.e. tools that address and challenge 

the governing norms and principles (including power structures) and provide 

mechanisms for broader societal changes. 

3.4 TOWARDS TRANSFORMATIVE KNOWLEDGE 
PRODUCTION 

 
The process of integrating different types and sources of knowledge, i.e. 

knowledge co-production, is an important part of managing complex socio-

ecological risks (Armitage et al. 2011; Brugnach and Ingram 2012; Brugnach 

2017; Raymond et al. 2010). More specifically, knowledge co-production can be 

defined as a “collaborative process of bringing a plurality of knowledge sources 

and types together to address a defined problem and build an integrated or 

systems-oriented understanding of that problem” (Armitage et al. 2011). 

Co-production can be understood as a political practice where  science, nature, 

and society order are highly interlinked, i.e. the way in which scientific practices 

“both embeds and is embedded in social practices, identities, norms, conventions, 
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discourses, instruments and institutions” (Jasanoff 2004). This is seen as a 

descriptive view of co-production (Lemos et al. 2018). A normative view, 

however, refers to the deliberate choice to co-produce knowledge (Lemos et al 

2018). Under the normative view, co-production of knowledge with societal actors 

is promoted as a method of producing “socially robust” knowledge (Gibbons et 

al., 1994; Nowotny et al., 2001), i.e. socially accepted knowledge that is relevant 

in the specific context it is produced and applied in.  Thereby, useful and usable 

knowledge needs to be 1) co-produced, i.e. variety of societal actors as well as 

divergent forms of knowledge (e.g. scientific knowledge, traditional knowledge, 

and multiple disciplines) are included,  and  2) context-specific, i.e. it builds upon 

knowledge of local conditions and decision-making processes (Fazey et al. 2014; 

Ford et al. 2013; Weichselgartner and Kasperson 2010). 

Knowledge co-production and collaborative risk framing are considered essential 

in coping with ambiguity, i.e. in integrating social values, risk perceptions and 

interpretations into technical decisions (Brugnach 2017; Brugnach et al. 2011; 

Lejano and Ingram 2009; Renn et al. 2011). For example, Brugnach and Ingram 

(2012) highlight the need to shift from contemporary knowledge production to 

dynamic knowledge integration processes that aim towards developing shared 

understanding of problem situation and solutions and where multiple frames and 

multiple ways of knowing (ways of framing risk) are considered as valid and 

relevant (Table 4). Under the co-production process, ambiguity and uncertainty 

can be seen as sources of innovation and transformation (Dewulf and Bouwen 

2012) rather than as nuisances to be avoided. 

Table 4 Moving towards collaborative knowledge production processes. (Source: Brugnach and 

Ingram 2012). 

Contemporary knowledge production 
processes 

Collaborative knowledge production 
processes 

Knowledge as an abstract body of 
statements 

Knowledge constructed though relational 
practices 

Problem solved by processing information Knowledge actively co-produced to solve 
joint defined problem 

Problem and solution independent Solution situational, derived from shared 
problem definition 

Solution imposed Solution developed collectively 
Only one valid frame accepted Multiple frames accepted as valid 
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Ambiguity resolved by imposing the valid 
frame 

Ambiguity resolved by creating a 
connected frame that represents a shared 
view on the problem 

 

Processes of learning and reflection support knowledge integration processes and 

co-management arrangements and vice versa (Berkes 2009; Brugnach 2017). 

Social learning is considered essential in dealing with  uncertainty and change: 

like knowledge co-production, social learning is an important of dimension of 

adaptive capacity and adapting to change (Armitage et al. 2011; Berkes and 

Armitage 2010; Folke et al. 2005). Studies on social learning range from 

individual learning (e.g. Bandura 1977) to organizational learning  (Argyris and 

Schön 1978). Whereas individual learning refers to a change in one’s 

understanding and perception of e.g. an environmental system, organisational 

learning is a collective, social, process (Fazey et al. 2005).  Reed et al. (2010) define 

social learning as a change beyond individual level that occurs through social 

interactions:  

“To be considered social learning, a process must: (1) demonstrate that a change 

in understanding has taken place in the individuals involved; (2) demonstrate 

that this change goes beyond the individual and becomes situated within wider 

social units or communities of practice; and (3) occur through social interactions 

and processes between actors within a social network”. 

Learning is, therefore, by definition, a product of interactive and integrative 

processes. Participatory dialogue and recognizing multiple knowledge systems as 

valid are considered as key features of learning processes (Armitage et al. 2007). 

Collaboration of stakeholders at different scales and in flexible networks is 

essential in building trust, which allows for developing new solutions and 

instruments, including e.g. informal or formal measures, to environmental 

problems (Pahl-Wostl et al. 2007).  

Here, I adopt the definition of social learning as a dynamic, multiple-loop process, 

where problems and solutions are being defined and re-defined along the 

knowledge production processes. Social learning can occur at multiple levels 

(Argyris and Schön 1978; Diduck 2010). Whereas single-loop learning includes 
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e.g. modifying management measures to solve a given problem, double-loop  

learning includes the re-framing of the original issue at hand; the reflection on the 

appropriateness and usefulness of the different measures to improve the issue; and 

the re-thinking of management goals (Armitage et al. 2011; Urbano 2015). 

Double-loop learning is learning about the process itself  (Kooiman and Stein 

2009). Finally, triple-loop learning is learning at deeper level and refers to 

transformative learning:  here, questions such as “are we dealing with the right 

problem” forces us to reflect on governance norms and principles, i.e. on our 

underlying assumptions, beliefs and values. Triple-loop learning requires 

integrating different perspectives, approaches and knowledge systems in learning 

processes (Urbano 2015).  

Research on social learning regards power as both enabling as well as hindering 

factor in learning processes (Brugnach 2017; Collien 2018). Social learning 

provides space for change and deliberation on rules, norms and power relations 

(Rist et al. 2007). Multiple-loop learning focuses on power relations by 

deconstructing and challenging 1) the dominant discourses, narratives and 

worldviews, 2) the interactions and networks between people, and 3) existing 

institutional, legal and political frameworks that support the dominant discourses 

and narratives in the first place (Temper et al. 2018). However, Collien (2018) 

argues that learning processes themselves reproduce dominance structures and 

suggests that being critical (questioning normalised social identities), reflexive 

(critical self-reflection of the position of the researcher) and political (ensuring the 

transparency of knowledge production and making ethically informed judgements 

about the nature of learning) are necessary elements of all learning processes that 

seek to counter existing injustices and power relations. 

Boundary objects may support collaborative knowledge production and turning 

knowledge into action. The theoretical concept of boundary object was first 

introduced by Star and Griesemer (1989). Boundary objects are generally 

described as objects/things/concepts that can help to share knowledge between 

different actors and across different boundaries (e.g. the domains of science and 

policy) and transform knowledge to action (Carlile 2002, 2004; Franco 2013; 

White et al. 2010). The objects are characterized by interpretive flexibility, i.e. the 
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objects have no fixed meaning, but they are “plastic enough to adapt the local 

needs and the constraints of the several parties employing them, yet robust enough 

to maintain a common identity across sites” (Star and Griesemer, 1989). As such, 

they provide space for negotiation and knowledge exchange without the need for 

consensus (Baggio et al. 2015; Egmond and Zeiss 2010).  

Boundary objects may be abstract or concrete. Star and Griesemer (1989) 

introduce four types of boundary objects: 1) repositories (indexed collection of 

objects, e.g. databases), 2) ideal type (vague and malleable objects, e.g. diagrams), 

3) coincident boundaries (objects mapping out boundaries between different 

systems, e.g. map of regional boundaries), or 4) standardized systems (objects that 

represent information in a standardized form, e.g. an application form or a Gantt 

chart).  Star and Griesemer (1989) exemplify how a map of California worked as 

a boundary object in the process to establish the Berkeley Museum of Vertebrate 

Zoology in 1907 – the map helped to build collaboration between professional 

biologists and amateur conservationists. While the two groups interpreted the 

map differently, i.e. from their own perspectives, it enabled the integration of 

different types of knowledge in order to provide a more complete and common 

understanding of the topic. 

Typical boundary objects in environmental governance include scenarios, 

indicators (ecological indicators), and tools based on GIS (geographic information 

systems).  Scientific models, such as participatory models, are also common types 

of boundary objects. However, not all models can be considered as boundary 

objects; for models to be effective, they must have the capacity to facilitate 

interaction and collaboration (Bechky 2003; Carlile 2004) and turn knowledge to 

action (Egmond and Zeiss 2010; Franco 2013; Tsoukas 2009; White et al. 2010). 

Their capacity to do so, depend on the affordances (Gibson 1979). i.e. the 

possibilities for action associated with the object (Carlile 2002; Carlile 2004; 

Franco 2013; Hawkins et al. 2016). The affordances are shaped by the social and 

policy contexts through which they are produced (Hawkins et al. 2016; Article 

III). For example, different science-policy contexts may enable or constrain the 

capacity of models to act as effective boundary objects (Article III). 
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In sum, boundary objects, such as participatory models, help to communicate, 

translate, and transform knowledge into action (Cash et al. 2003; Guston 1999; 

Johnson et al. 2012; Zellner 2008); as well as enhance the credibility, saliency, and 

legitimacy of information (White et al. 2010).  Further, boundary objects may also 

enhance and support conflict resolutions (d’Aquino et al. 2002) and empower 

participants in problem solving (Voinov et al. 2018). 

In this thesis, I suggest that conceptualizing BN models as “boundary objects” 

may help in 1) supporting the integration of different types of knowledge and 

values into decision-making processes and 2) transforming knowledge into action. 

In sum, models as boundary objects do not merely provide calculative, 

instrumental, tools for governing risks, but may support moving towards 

sustainability transformations. 
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4 MATERIAL AND METHODS 

4.1 ENVIRONMENTAL SOCIAL SCIENCES 

My thesis can be understood as a study in environmental social sciences and the 

research methods applied have been mainly qualitative. Environmental social 

sciences have their roots in several research traditions and disciplines ranging from 

anthropology, history, economics to political studies and sociology. While the 

need to address also the social aspects of environmental problems has been 

recognized already before, the breakthrough in environmental social sciences took 

place in the 1980’s and 1990’s as it became widely understood that 1) the 

environment is largely shaped by human activities and that environments should, 

therefore, be understood as “socionatural systems” (Balée 2006), and 2) for 

understanding and studying human societies, it is vital to analyze also the 

interactions between humans and the environments that support human societies 

(Massa 2014; Vaccaro, Smith, and Shankar 2010). One of the first books in the 

field of environmental social sciences research and methodology is the relatively 

recent “Environmental Social Sciences: Methods and Research Design” edited by 

Vaccaro et al. (2010). While the book mostly focuses on anthropological research, 

it provides a good overview of the diverse interdisciplinary and social sciences 

methods to study socioenvironmental issues. Another important book on 

environmental social sciences is “Researching  sustainability: A guide to social 

sciences methods, practice, and engagement” edited by Franklin and Blyton 

(2011). 

Qualitative research has an essential role in analyzing complex socio-

environmental phenomena as it provides an approach for exploring and 

understanding phenomena and processes with the use of open-ended research 

questions and data collection techniques (Creswell et al. 2007; Forman et al. 

2008). Qualitative research is considered as an iterative process of discovery as 

described by Forman et al.: “(w)hen we begin, we do not know what we will find 

out, and we use what we discover in the data that we collect to shape our inquiry” 

(2008). In brief, qualitative studies can, e.g. reveal processes that often stay 
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uncovered by quantitative methods, help to question underlying assumptions, 

help to explore different perspectives and multiple realities, and fostering new 

hypotheses and research questions (Forman et al. 2008). 

Literature on environmental social sciences emphasizes that while single 

discipline studies can provide in-depth understanding of particular social, 

environmental, or economic issues, addressing and studying complex 

phenomena, e.g. sustainability, requires interdisciplinary sciences (Franklin and 

Blyton 2011; Massa 2004, Vaccaro et al. 2010). Vaccaro et al. (2010) note that 

environmental social sciences research is often characterized by a divide between 

the scientific or positivist approach and the critical and subjectivist schools that 

apply different epistemological and methodological research tools. However, a 

plural approach that emphasizes the integration of different academic disciplines 

and that combines both qualitative research and quantitative tools is necessary 

(Franklin and Blyton 2011; Vaccaro et al. 2010). Qualitative and quantitative 

research can complement each other in a variety of ways. Quantitative studies aim 

to measure and determine relationships between variables and can provide 

breadth, qualitative studies seek to understand contexts and processes rather than 

measure phenomena and provide depth (Flyvbjerg 2016). While qualitative 

findings cannot be generalized through statistical inferences, the findings can be 

generalized from one context to other, similar contexts, thereby enabling a deeper 

understanding of the phenomena under study also at a broader level (Flyvberg 

2016). Vaccaro et al. (2010) suggests that environmental social scientists need to 

become increasingly fluent in several methodological approaches and implement 

such tools by themselves or in collaboration with other researchers. In sum, the 

need for diversifying research methods as well as fostering fruitful dialogue 

between scientists from different research fields is regarded as essential in 

sustainability research (Vaccaro et al. 2010). 

 

In the thesis, I apply qualitative techniques such as interviews and influence 

diagram based mental models, as well as a literature review to analyze oil spill 

risk governance, and more specifically, 1) how probabilistic risk models can 

contribute to risk management, 2) how different stakeholders perceive and 
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understand risks differently, and 3) how BN models as boundary objects can 

support transformative change. The following sections provide a general 

description of the study methods and materials (see Table 5 for a summary of the 

study methods and materials used in Articles I-III). Article I provides a literature 

review of the existing oil spill risk models focusing on probabilistic Bayesian 

network models and how the models can support oil spill risk assessment and 

management. In Article II, we applied a case study method to explore ambiguity 

related to the oil spill risks from offshore oil industry operations in the Norwegian 

Barents Sea. We combined interviews with influence diagram based mental 

models to explore how risks are framed by different stakeholders. Article III 

focused on a case study on oil spill risk models in the GoF; we interviewed risk 

modellers, response practitioners, and policymakers in order to analyze how 

scientific models are produced and used in oil spill risk governance and how the 

models could be improved to support knowledge co-production.  

Table 5 Summary of the materials and methods used in Article I-III.*the informal 
interviews were not recorded or transcribed.   

 Material  Case study area; 
stakeholders 
interviewed 

Methods 

Article I 

 

Journal articles; 
conference papers  

Database: Web of 
Science Core 
Collections 
(WoSCC)  

Total amount: 39 

Time: June 2019 

Language: English 

 

Global Literature review 
(Wee and Banister 
2016) 

Article II Stakeholder 
interviews and 
shorter interviews 

 

Barents Sea 
(Norway); industry 
association, 
research centers, 
municipal 

Influence diagrams 
(Haapasaari et al. 
2012b; Jones et al. 
2011), content 
analysis: 
deductively 
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Total amount: 7 (+ 
4 informal 
interviews)* 

Time: Winter 2017, 
Spring 2018 

Duration: 2-3 hours 

Language: English 

Recording: Audio-
recorded with a 
computer 

Transcription: 
Simple convention 

Coding: N’Vivo 

authority, Sami 
organization  

identifying the 
analytical themes 
(Berg and Lune 
2012; Hirsjärvi and 
Hurme 2015) 

Article III 

 

Stakeholder 
interviews 

Total amount: 16 

Time: 2019-2020 

Duration: 1- 2 hours 

Language: Finnish 

Recording: Audio-
recorded with a 
computer 

Transcription: 
Simple convention 

Coding: Atlas 

Gulf of Finland 
(Finland); 
researchers, 
practitioners, and 
policymakers  

Content analysis: 
deductively 
identifying the 
analytical themes 
(Berg and Lune 
2012; Hirsjärvi and 
Hurme 2015) 

 

4.2 LITERATURE REVIEW 

Literature reviews primarily aim to provide a novel and rigorous synthesis of a 

particular topic (Haddaway and Macura 2018; Wee and Banister 2016). 

Haddaway and Macura (2018) define literature reviews as “textual summary of a 

topic designed to bring together individual concepts, theories or studies in a 

digestible overview while generating something new”. In other words, reviews 

synthesize a body of evidence by first compiling evidence, and then combining the 

findings of individual studies to produce or test a new hypothesis, theory or a 
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conceptual model (Haddaway and Macura 2018).  In Article I, we conducted a 

literature review with the aim of gaining insight into the use of OSRA-BNS for 

pollution preparedness and response (PPR) globally and to analyze how OSRA-

BNs can contribute to ISO 31000:2018 based risk management. The focus of the 

review was on BN models that analyzed the occurrence of oil spills, the 

effectiveness of offshore and onshore oil spill response, and the impacts 

(ecological, economic, socio-cultural) of oil spills. We also included articles that 

did not provide a model, but presented a new conceptual approach or discussed 

the use of BNs in the context of oil spills. 

We applied a simple, but rigorous method to identify the relevant literature, based 

on recommendations by Van Wee and Banister (2016). In order to identify the 

relevant literature, we searched the Web of Science Core Collections (WoSCC) 

abstract database. We used the combinations of the following three sets of 

keywords: {“marine” OR “maritime” OR “shipping”} AND {“model” OR 

“approach”} AND {“oil”} AND {“Bayesian”}. The search was conducted in 

June 2019 and the included articles dated between 2005- 2019. After the search, 

we screened for relevant articles based on the title and the abstract of the results 

in order to make sure that only articles focusing on maritime transport oil spill 

risks and oil spill risk response were included. Finally, we used snowballing to 

identify further articles; we inspected the reference lists in the articles in the dataset 

and used the Web of Science to search articles citing these articles. The review 

resulted in a final dataset of 39 articles. A comprehensive list of the papers can be 

found in the Table 2 in Article I. 

4.2.1 WHAT ARE BAYESIAN BELIEF NETWORKS? 

The Bayesian approach differs from the commonly applied statistical approach, 

the frequentist approach, in that it is expresses a personalist view of probability 

(Aven and Reniers 2013; Gelman et al. 2013). Bayesian networks (BNs, also 

referred to as Belief Networks or Bayesian belief networks) (Pearl 1988; Jensen 

1996) provide a graphical representation of the probabilistic dependence and 

independence relations between set of variables in a system.  BNs typically consist 
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of a qualitative and quantitative part. The qualitative part is often expressed as an 

acyclic directed graph (DAG) that represents the conditional dependence and 

independence of probability distribution (as a set of arrows) between variables 

(often expressed as nodes). Acyclic means that the flow of information is 

unidirectional, in other words, there can be no dynamic feedback loops.  

 

The corresponding quantitative part expresses the beliefs regarding the states of 

the nodes and the strength of dependence between the variables (or nodes) using 

probability theory, where uncertainty is expressed as conditional probability. 

Constructing BNs generally takes place in two parts, where the qualitative 

component determines the structure of the quantitative part. First, the variables as 

well as the relationships between the variables need to be identified and selected. 

Second, the model is quantified with the use of conditional probability tables 

(CPTs) that depict the strength of dependence between the system variables: CPTs 

express information of the probabilities of the state of a child node given the state 

of its parent nodes (see Figure 1 for a simple illustration of a BN). 

 

Figure 1 A simplified example of a directed acyclic graph in the context of an oil 
spill. The nodes represent variables and the arrows linking the variables indicate that the 
state of the receiving ‘child’ node (acute impact on Baltic herring) is conditionally 
dependent on the state of the originating ‘parent’ node (oil concentration in water). The 
graph is quantified with the use of conditional probability tables (Source: Parviainen et 
al. 2021 (Article I)). 
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Bayesian Networks are increasingly applied in risk assessment contexts (see, e.g. 

Kaikkonen et al. 2020). Key textbooks on BNs for risk assessment have been 

provided, e.g. by Fenton and Neil (2012), Nielsen and Jensen (2009), and 

Kjaerulff and Madsen (2008). BNs have multiple benefits in terms of risk 

assessment and management / decision-making  processes and are well suited to 

handling problems with high levels of uncertainty and complexity (e.g. Aguilera 

et al. 2011; Castelletti and Soncini-Sessa 2007; Henriksen et al. 2012; Kaikkonen 

et al. 2020; Landuyt et al. 2013; Article I).  

First, BNs are useful, visual, tools for representing and communicating  system 

uncertainties. Second, BNs allow for quantifying the uncertain dependencies 

between the system variables even when data is scarce or lacking since various 

sources of knowledge can be utilized, e.g. results from simulation modeling, data 

analysis, or expert judgment. Further, BNs can support decision-making as it 

allows for comparing different management options: BNs can be extended into 

influence diagrams (also referred to as Bayesian decision networks (BDNs)) by 

adding decision analytical nodes, i.e. decision nodes (management options) and 

utility nodes (e.g. costs and benefits of actions and outcomes) (Kjærulff and 

Madsen 2008). The integration of decision and/or utility nodes enables risk 

evaluation, i.e. comparing and prioritizing risk reduction alternatives. In sum, 

influence diagrams are especially useful for decision-making as they link 

management measures to the system through complex causal chains and therefore 

provide a concise and easily understandable manner to describe a decision process 

as well as the related uncertainties in one framework (Phan et al. 2016). 

While BNs are often embraced for the above mentioned reasons, most of the 

existing work focuses on natural sciences to assess, e.g. ecological risks (e.g. 

Kaikkonen et al. 2020; Article I), and their use in interdisciplinary or social 

sciences has so far remained limited (Levontin et al. 2011). Recent examples of 

more social scientific work, however, can be found in research on water resources 

management (Castelletti and Soncini-Sessa 2007; Henriksen et al. 2012; Zorrilla 

et al. 2010) as well as from fisheries assessment and management (Haapasaari et 

al. 2007; Haapasaari and Karjalainen 2010; Pihlajamäki et al. 2020). 
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BNs are increasingly promoted as valuable methods for participatory modelling 

(Voinov et al. 2018) that may help to explore risk frames and analyze ambiguity 

(e.g. through the use of scenarios) in complex socio-ecological systems 

(Pihlajamäki et al. 2020; Salliou et al. 2017; Article II), integrate social values into 

decision-making processes (Davies et al. 2015), and support social learning 

(Henriksen et al. 2012). While BNs typically consist of both the qualitative and 

quantitative parts, BNs based influence diagrams that only include qualitative 

information can be useful for examining the interactions between the key 

components in complex policy issues, clarifying important policy interventions, 

and promoting transparency in decision making processes(Carriger et al. 2018; 

LaMere et al. 2020; Article I). 

In terms of oil spill risks, BNs have been applied mainly to explore the 

effectiveness of different response methods or the environmental impacts of oil 

spills (Article I), but work on social scientific orientated BNs, e.g. on how risks 

are framed or on the cultural, economic, or social impacts remain limited. While 

we applied influence diagrams based on Bayesian logic to explore risk frames in 

the context of the Norwegian Barents Sea (Article II), the only other example is 

the work of Afenyo et al. (2019), where the authors investigated the biophysical 

and socio-economic impacts of oil spill risks in the Arctic with the use of Bayesian 

networks and developed a probabilistic Socio-Economic Impact Model for the 

Arctic (SEMA).  

4.3 CASE STUDY METHODS 

Case studies can provide in-depth understanding and generate new knowledge on 

complex, context-depended phenomena (Huutoniemi 2014). Case studies 

investigate a bounded system (a case) or multiple cases over time (Creswell et al. 

2007). Unlike, e.g. narrative research where the focus is on the individual and 

their stories, case studies can focus on the individual, multiple individuals, 

programs, or activities, and build in-depth understanding and detailed description 

of the case and the contextual setting of the case (Yin 2009a). In sum, a case study 

can be seen as: “an empirical inquiry that investigates a contemporary 

phenomenon in depth and within its real-life context, especially when the 
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boundaries between phenomenon and context are not clearly evident” (Yin 

2009a). Case studies collect data from multiple sources of information, e.g. 

documents and reports, interviews, direct observations, participant observations, 

and physical artifacts (Evans 2011). Since case studies rely on multiple sources of 

evidence and methods (qualitative, quantitative and mixed methods), case studies 

are considered especially suitable for research of complex socioenvironmental 

issues that have both physical and social aspects (Evans 2011).  

4.3.1 MENTAL MAPPING WITH THE USE OF 
INFLUENCE DIAGRAMS 

In Article II, we developed visual, influence diagram based mental models to 

explore how the different stakeholders understood and identified risks related to 

offshore oil drilling in the Norwegian Barents Sea. Mental models are often 

depicted as cognitive structures held by individuals which are shaped by their 

experiences, perceptions, and understanding of the world (Jones et al. 2011). 

Mental models provide mechanisms through which individuals filter and store 

information as well as interact with the surrounding world (Jones et al. 2011). 

Mental models aid to recognize and deal with plurality of perceptions, values and 

goals of individuals. As such, mental models help to understand complex 

socioenvironmental phenomena by exploring how different stakeholders 

understand the issue and by visualizing the potentially competing goals as well as 

alternative management options (Haapasaari et al. 2012b; Jones et al. 2011; 

Voinov and Bousquet 2010; Article II). In brief, mental models may help to 

integrate different perspectives to gain an overall understanding of the 

phenomena, create collective representation of the issue to improve decision-

making processes, support social learning, identify and overcome knowledge 

limitations and biases, and to develop more socially robust knowledge of complex 

issues (Jones et al. 2011; Voinov and Bousquet 2010). 

However, it must be noted that mental models are not complete or accurate 

representations of reality due to cognitive limitations, e.g. since people’s ability to 

represent the world accurately is always limited. The cognitive models of 

individuals are always filtered to some extend as the information included in the 
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models are influenced by the goals and motives of the individual as well as their 

background. Mental models are also context-dependent, i.e. they can change over 

time and according to the situation (Jones et al. 2011). The dynamic nature of the 

models needs to be reflected also in the methods used to elicit models: the 

elicitation methods need to by dynamic to adapt to the changing situations (ibid.).  

Mental models are generally elicited with the use of, e.g. fuzzy cognitive mapping 

(Jones et al. 2011; Özesmi and Özesmi 2004; van Vliet et al. 2010); agent-based 

modelling (Janssen and Ostrom 2006); or the use of Bayesian networks (BNs) 

(Aalders 2008; Castelletti and Soncini-Sessa 2007; Carriger et al. 2018; 

Haapasaari et al. 2012b; Neil et al. 2000; Stewart et al. 2014). The models can be 

constructed via direct elicitation (Jones et al. 2011): direct elicitation refers to the 

participants creating the models by themselves (typically assisted by a facilitator), 

whereas in the indirect elicitation, the analyst determines the model structure 

based on interviews or other textual information. Combining the two approaches 

is also possible; LaMere et al. (2020) suggest a new methodology, the Rich 

Elicitation Approach (REA) that helps to document the stakeholders’ mental 

models in detail and preserves the integrity of stakeholders’ beliefs.  

In Article II, we applied influence diagram based mental models that followed the 

Bayesian logic, i.e. only acyclic connections between the variables were allowed. 

BNs can be constructed as decision support models by adding decision and utility 

nodes in the probabilistic network (Articles I, II, III). While BNs based influence 

diagrams include both qualitative and quantitative data, in our study, we only 

applied qualitative data and the strength of the dependencies between the 

variables were depicted in arrows of different strength. Such qualitative influence 

diagrams are helpful in, e.g. clarifying policy outcomes and enhancing model 

transparency (Carriger et al. 2018). The models could, however, be quantified for 

future use utilizing, e.g. raw data, simulations, or expert judgement (Article I).   

In Article II, we carried out seven semi-structured interviews (each between 2-3 

h) and developed influence diagram based mental models together with the 

respondents through the interviews (direct elicitation approach). Before 

constructing the models, the interviewees were given an introduction on the study 

aims as well as on the logic of mental modelling. They were then asked to describe 
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how they perceive the key threats of oil spills in the newly opened areas. The 

mental models were then developed by asking the respondents what they 

conceived to be 1) the principle objectives of risk governance, 2) the main 

management/ governance measures needed to reach those objectives, and 3) the 

uncertain variables, and relationships between the variables, that affected 

achieving the identified objectives.  In the end, the interviewees were also asked 

to identify key knowledge needs in terms of oil spill risk governance, to describe 

what type of knowledge as well as knowledge producers they considered relevant, 

and how knowledge sharing and communication could be improved 

In the mental models, objectives were defined as diamonds, the decision variables 

as triangles, and the uncertain variables as ovals. The assumed probabilistic 

strength between the variables was not quantified, however, we used different 

strength arrows (thin, medium, and thick) to illustrate the strength of 

dependencies (weak, moderate, strong) (Article II). 

Afterwards, the interviews were transcribed and the models were finalized.  The 

author made some minor additions to the models based on the interview 

transcriptions (e.g. in the strength of arrows or reformulating the written text) and 

the participants were given a chance to review the finalized versions. Out of the 

seven participants, six checked and reviewed the final version. 

4.3.2 SEMI-STRUCTURED INTERVIEWS 

Semi-structured interviews with open-ended questions were carried out both in 

Article II and III. As noted above, in order to construct the mental models in 

Article II, we carried out seven interviews: the interviewees included an industry 

representative, a local municipality authority, a representative of Sámi 

organization, and four researchers (from the fields of fisheries science, social 

sciences, maritime law, and maritime safety and engineering). In Article III, the 

analysis draws on sixteen semi-structured interviews (each between 50 to 120 

minutes) to study how scientific models are applied in the GoF for oil spill risk 

governance. We interviewed three different stakeholder “sets”. The first set 

included Bayesian modellers (from Helsinki and Aalto Universities or previous 



 

52 
 

university employees). The second set comprised practitioners/ administrators 

(including the Finnish Border Guard, SYKE (Finnish Environment Institute), the 

Finnish Navy, the Helsinki Rescue Department, WWF Finland, and the Finnish 

Transport and Communications Agency (TRAFICOM)). Finally, the third set 

included the relevant policy-makers (Finnish Ministry of Environment and 

Finnish Ministry of Interior). The interview questions related to the construction 

and use of models, the uncertainties related to the models, and the use of models 

(including the benefits and challenges) in decision-making context. The 

participants were also asked to identify current knowledge gaps (Article III). 

In both cases, the data sampling was purposeful and the interviewees were 

selected as they were considered as the best available and information-rich. The 

participants were contacted directly by e-mail based on information obtained from 

public sources (internet). When first contacting the interviewees, they were given 

information on the nature of the study and the research aims, affiliations, funding, 

and the voluntary nature of the study. We also applied a snowballing method, 

where the key informants were asked to identify other potential interviewees. The 

interviews were carried out at suitable locations (in Norway and in Finland) and 

time for the interviewees. The anonymity of the interviewees was guaranteed by 

means of a coding system in both of the papers. 

All interviews were recorded and transcribed for qualitative analysis using NVivo 

program (Article II) and Atlas.ti (Article III).  Simple convention of transcription 

was applied, i.e. only talk was transcribed, omitting other information such as 

speed production characteristics (emphasis, rising intonation, etc.), vocal sounds 

(um, er, mm, etc), and other noices such as laughter or coughs. In terms of the 

coding and analysis of the interview material, we used qualitative content 

analysis, where analytical themes were both deductively and inductively identified 

(Berg and Lune 2012; Hirsjärvi and Hurme 2015). The analysis proceeded in an 

iterative manner from examining the collected data to coding, analysis of themes, 

and identifying the connections between the themes. First, the coding was based 

on the interview themes (categorized by predetermined codes based on the 

interview structure) and then according to themes that arised from the interviews 
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(based on the frequently occurring themes and words as well as contradictions in 

the material). 

4.4 SHORTCOMINGS AND LIMITATIONS 

This thesis draws mostly on qualitative studies and empirical material, but 

ensuring the credibility of qualitative research and the knowledge generated can 

be challenging. First, the richness of evidence (provided e.g. by case studies using 

both qualitative and quantitative methods and integrating interview data with 

documentary evidence, direct observation etc.) can result in credible and 

trustworthy research (Yin 2009b).  Indeed, one way of assessing and assuring the 

validity of research is through triangulation, which refers to the combination of 

several research methods and sources of information to study the same issue. 

Triangulation can include data triangulation (triangulation of data sources), 

investigator triangulation (using different data analysts), theory triangulation 

(triangulation of perspectives on the same data), and methodological triangulation 

(use of different research methods) (Patton 1987; 2002). 

 

While the individual papers have been written together with scientists from 

different disciplines (namely social scientists, fisheries scientists, and engineers), 

we did not apply mixed methods to study the topics (methodological 

triangulation). Evidently, combining the qualitative methods with quantitative 

approaches could have improved the credibility of my research. The qualitative 

mental models developed in Article II, could, however, be quantified for future 

purposes by quantifying the dependencies between the variables as well as the 

probability distribution tables with data from literature, experts, or simulations 

(Article I) and, thereby, supporting robust and interdisciplinary research (as noted 

in Section 3.1). 

 

In addition, the sample size (the number of interviews) was relatively small. While 

the number of interviews allowed for an in-depth analysis in Articles II and III, a 

larger database could have ensured a wider representation of the stakeholders. For 

example, we interviewed only one “representative” of the Sami organization and 
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evidently, the interview represented only one person’s point of view. Including 

several representatives of the different stakeholder groups (e.g. Sami organization, 

industry, local communities) through, e.g. workshops, could have resulted in a 

more comprehensive dataset and thorough analysis. However, in Articles II and 

III, we used multiple sources of evidence, including policy document analysis, 

newspaper articles, and scientific research papers to support the interview data 

(data triangulation). In the case of Article II, we also corroborated interview 

accounts with on-site observations (for example, I was present at the court case 

Greenpeace vs. Norway in Oslo in the Fall 2017) and four additional, short, 

interviews. 

 

Further, the findings and analysis are largely based on the interpretations of the 

first author in Articles II and III; the first author carried out the interviews, the 

transcription, coding, and analysis in the two papers. Involving the other authors 

in the coding and analysis part of the paper could have improved the credibility 

and validity of the research findings (investigator triangulation). Ideally, the 

research process would have been more interactive starting from defining the 

study aim and the methods, to carrying out the research and analyzing the results. 

Such a process could have led to a better understanding of the different disciplines, 

fostered strong relationships and trust between the researchers, as well as in the 

questioning of the study assumptions.  Such efforts would have required time, 

energy, and commitment from all the researches involved, and, most importantly, 

institutional and financial support. 

 

In terms of the review paper (Article I), the review methods could have been more 

transparent and systematic. Reviews come in diverse shapes and forms 

(Haddaway and Macura 2018; Wee and Banister 2016), where the differences are 

generally due to the specific aims of the researcher, the intended users, the level 

of rigour and comprehensiveness needed, as well as the resources available 

(Haddaway and Macura 2018). Importantly, increasing attention has been paid 

on the review methods in order to improve review precision, reduce bias, increase 

comprehensiveness, as well as support transparency and accountability of the 

review findings. Indeed, reviews often suffer from a number of biases such as 
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selection bias (i.e. cherry picking, where studies are selected based on the 

awareness/familiarity of the reviewer), database bias (omitting certain bodies of 

evidence), language bias (searching and including evidence only in English 

language), funding bias (vested interest of funders in research affecting research 

outcome) etc (ibid.). In response, rigorously following a systematic review 

method, such as the ROSES (RepOrting standards for Systematic Evidence 

Syntheses, ROSES 2020) reporting guidelines, could have improved the reliability 

of the review paper (Article I). 

 

Finally, it is important to point out that the criteria used to assess different types 

of research is subject to debate. Qualitative research methods, such as combining 

empirical material with content analysis, can be viewed as interpretative research, 

where the presence of the researcher is difficult to remove, i.e. the interpretations 

of the researcher always play some role in the research outcomes (Schwartz-Shea 

and Yanow 2011). Research, however, is often assessed by commonly accepted 

positivist criteria such as validity (whether the indicators used measure what they 

are supposed to measure), reliability (same measurement procedure carried out by 

other researchers can produce same results), replicability (whether the same 

research process would result in same results) (Schwartz-Shea and Yanow 2011). 

Whereas such criteria are appropriate for some types of research, such as 

quantitative studies carried out in laboratory environments, they can be reckoned 

as limited in their applicability for assessing interpretative research. Instead, 

reflexive practices and transparency provide more suitable ways for assessing the 

credibility and quality of interpretative research. (Schwartz-Shea and Yanow 

2011). Such practices allow for studying research meaning making, where the 

researcher is considered as “the primary instrument of accessing and making sense 

of…individual and community meaning-making processes” (ibid.). In other 

words, instead of trying to reduce or minimize the role of the researcher on 

knowledge making, the researcher should apply “checks” on their sense-making 

such as showing reflexivity throughout the research process (from design, to data 

collection and interacting with the study participants, to interpreting the results) 

(ibid.) The practice of reflexivity can make the research process more transparent 

and can result in more open and rigorous sustainability research (Forman et al. 
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2008; Schwartz-Shea and Yanow 2011). I have tried to identify some of the biases 

in the introduction of this thesis (Section 1.3). 
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5 RESULTS 

5.1 ECONOMIC AND TECHNOCRATIC 
RATIONALITIES DOMINATE 

The goal of the first subquestion was to explore how oil spill risks are 

problematized or framed through rationalities (discourses), i.e. how the issue at 

stake is defined, who is included and how, and what are conceived as appropriate 

solutions. In both Finland and Norway, the risks are framed in a very constricted 

manner by the central authorities (based on techno-scientific knowledge) as issues 

of, e.g. safety and economic security (Article II and III). In both cases, the 

assessment, management and governance of risks stays in the domain of experts, 

such as government bodies and scientists. The framing influences how the 

solutions are prioritized and proposed (see also 6.1). In general, both countries 

have high reliance and trust in experts and state authorities (Aven and Renn 2012) 

as well as strong belief in technology and science, e.g. the capability of technical 

knowledge to provide solutions and minimize risk. The solutions are often 

market-based, for example, in Norway, where the industry standards have a key 

role in risk management. (Article II and III)  

The official state discourse is largely dominated by economic and technocratic 

rationalities; shipping in the GoF and, and even more so, oil drilling operations 

in the Norwegian High North are of high economic importance and the focus of 

risk management stays on improving operational safety by means of technical 

measures and fixes. Finland can be described as an island and as such is also 

highly dependent on shipping and transport of goods. The Finnish expertise and 

know-how in shipping, especially in winter conditions and in terms of ice-

breakers, is often highlighted in the official discourses: this emphasis of the 

Finnish technical expertise is also apparent in oil spill response. In terms of oil 

spill risks, in addition to preventive measures, Finland focuses on mechanical 

recovery in the open sea and has invested heavily in response vessels (Article III). 

Decision-making concerning oil spill response concentrates on determining “the 

right” level of response capacity (Article III). As a result, risks are framed as 
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calculable and controllable, but where uncertainties, e.g. related to response 

effectiveness or the impacts of a large-scale oil spill, are sidelined. Further, 

discussions on how different stakeholders other than scientists, response operators 

or policy-makers identify and prioritize risks and the relevant solutions remain 

inexistent (Article III). 

In Norway, oil industry is the backbone of the Norwegian economy and as 

supported by previous literature (Dale 2016; Dale and Kristoffersen 2018), it is 

evident that the economic interests as well as the need for securing the economic 

welfare of the population (Dale 2016) largely override any other priorities 

identified by different stakeholders. The emphasis on economy is also highlighted, 

for example, by the states’ continuous emphasis on oil production as a means for 

securing the economic growth and well-being of the population for the decades to 

come (MPE 2011; Dale 2016; Dale and Kristoffersen 2018).   

In reality, however, the actual economic benefits from offshore drilling in the 

newly opened areas are  subject to debate due to, e.g. fluctuations in oil prices and 

the high costs of operating in the Arctic (Dale and Kristoffersen 2018). As Equinor 

(former Statoil) is state-controlled and the Norwegian state covers a large portion 

of the investment costs, the Norwegian population also ultimately carry the 

economic risks (Dale and Kristoffersen 2018). Further, in the court case of People 

vs. Oil, Greenpeace showed that the industry calculations on the profitability of 

operating in the Arctic have been the subject to major errors (Greenpeace and 

Natur og Ungdom 2017). In 2020, Greenpeace also showed that the Norwegian 

Ministry of Petroleum and Energy have deliberately withhold information on oil 

production in the newly opened areas and how it could lead to a several billion 

NOK net economic loss for Norway (Greenpeace 2020). 

As in Finland, the trust in technological measures and market-based policy 

instruments remain high. The Norwegian petroleum industry also portrays itself 

as a forerunner in health, safety and environment work (Norwegian Petroleum 

2018) and paints a rosy picture of how the Norwegian expertise can overcome the 

challenges related to safely operating in the Arctic waters. Such challenges 

include, e.g. the long distances, harsh weather conditions, ice cover, lack of 

appropriate infrastructure, as well as the lack of effective response measures 
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(Article II). Further, in Norway, the strict industry standards and requirements 

(albeit performance-based rather than prescriptive, i.e. regulations describe 

performance goals that must be fulfilled by the companies) are seen as the most 

important ways to ensure safe operations (Article II). 

5.2 SCIENTIFIC MODELS AND RISK ASSESSMENTS AS 
STATIC VERSIONS OF COMPLEX REALITIES 

The second subquestion examined the role of scientific knowledge, or models, as 

tools to operationalize the dominant problematizations and rationalities in 

practice. Scientific models are by nature simplified versions of reality (e.g. 

Boucquey et al. 2016), and the results of Article I, II and III provide insight into 

how scientific methods reduce uncertainty and provide static versions of complex 

realities. For example, in the GoF, operators apply the SeaTrackWeb model for 

oil spill response and training (Article III). The model provides information about 

oil spill trajectories as well as the ecological impacts of an oil spill, but not on the 

uncertainties related to the two. In reality, the model may end up being “ignored” 

by the practitioners due to the uncertainties (Article III). This is especially true 

near the shoreline, where the uncertainties are even higher than in the open sea 

and predicting the movement of oil and the impacts is particularly challenging. 

Further, the existing models only focus on a limited scope of uncertainties, 

whereas the ambiguity related to the oil spill risks remains unexplored.  

In the Norwegian contexts, science-based risk assessments play an important role 

in how risks are governed. The risk assessments for petroleum operations in 

Norway’s waters have initially been developed by the petroleum industry 

themselves (Hauge et al. 2014) and the relevance of the assessments has been 

criticized by a number of studies (Article II; Hauge et al. 2014; Knol 2010a; 2010b; 

Blanchard et al. 2014). Criticism include, for example, the heavy focus on worst-

case scenarios (vs. risks from routine operations) (Hauge et al. 2014; Blanchard et 

al. 2014), criteria for defining the worst-case scenario (Hauge et al. 2014), and the 

choice over which ecosystem impacts are studied (Hauge et al. 2014). Hauge et 

al. (2014) note that the particular framing of risks, e.g. focus on worst-case 
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scenarios only, determines which uncertainties are seen as relevant and which are 

not.  

Our study (Article II) shows that in the newly opened areas in the Norwegian 

Barents Sea (such as the Barents Sea Exploration Collaboration; BASEC), 

industry risk assessments emphasize worst-case scenarios, e.g. top-side and subsea 

blowout scenarios, and highlight the low probability of such worst-case scenarios 

as well as the history of only few large-scale oil spills in the Norwegian waters 

(Article II). The industry risk assessments largely focus on the immediate effects 

of an oil spill on key species (such as bird populations) in areas defined as 

particularly vulnerable and valuable, e.g. the marginal ice zone (MIZ; the 

boundary area where Arctic sea ice meets the open sea)  population (BASEC 

2015). However, alternative risk framings remain out of the scope of the current 

assessments, including risks related to  routine operation (e.g. impacts of drilling 

muds, seismic surveys, and the impacts of produced water on the marine 

environment), the wider environmental impacts (complex ecosystem and species-

specific impacts, long-term environmental impacts, the contribution of offshore 

oil drilling on ocean acidification and climate change etc.), the economic risks 

(impacts to fishing industry and tourism, financial risks of the operations to the 

Norwegian taxpayers, etc.), and socio-cultural impacts (risks to traditional 

livelihoods and culture) (Article II, Blanchard et al. 2014; Hauge et al. 2014). 

5.3 THE POTENTIAL OF BNS TO ACT AS BOUNDARY 
OBJECTS 

So far, the thesis has demonstrated how technologies, such as scientific models, 

are largely employed to support the dominant risk problematizations and 

narratives, i.e. their role has remained instrumental and calculative. The third 

subquestion of the thesis explores how BNs could support knowledge co-

production and social learning in risk governance processes. 

In Article I, we provided a global overview of probabilistic Bayesian network (BN) 

models for oil spill risk assessment. Existing oil spill risk models are to a large 

extend deterministic models, i.e. they provide point estimates, not probability 
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estimates, and rarely express or evaluate the uncertainties (epistemic or 

ontological) related to oil spill risks. BNs, however, provide a useful approach for 

studying complex risks as they express uncertainty in terms of probability 

distributions. In Article III, we illustrate how BNs are well suited to modelling 

complex oil spill risks as they 1) explicitly account for high levels of uncertainty 

and complexity, 2) provide useful, visual, tools for problem framing and risk 

communication, 3) are able to utilize various sources of knowledge (both 

qualitative and quantitative information).  

While Bayesian networks are embraced due to their capacity to deal with 

uncertainty in an explicit manner (Article I and III), they can be considered as 

insufficient in dealing with “unquantifiable uncertainties” (van der Sluijs et al. 

2005), i.e. uncertainties related to the societal context such as problem framings, 

model assumptions, system boundaries, and value ladenness. In other words, 

quantitative models (even probabilistic) are not enough to deal with complex 

environmental problems as they often address the technical dimension of 

uncertainties only (van der Sluijs et al. 2005). Rather, aims to quantify risks (both 

deterministic and probalistic models) can be understood as the continued pursuit 

of the Cartesian dream and products of “trans-science”, i.e. of science studying 

questions that cannot be answered by science alone (Sarewitz 2015). For example, 

it can be argued that the step-by-step correction of statistical improvement through 

Bayesian inference will not necessarily lead to more accurate uncertainty 

estimates but “simply to different ones” (Sarewitz 2015). That is not to say that 

quantitative models are not useful, but that they make claims about the reality that 

might be unjustified (claims of truth rather than acknowledging the limitations) 

and are given more legitimacy, influence and power than other methods (Sarewitz 

2015). Qualitative methods are, therefore, needed to complement the existing 

models to address risks in a deliberative and reflexive way (van der Sluijs et al. 

2005). 

We suggest that qualitative influence diagrams based on Bayesian logic can 

complement the quantitative models by supporting knowledge co-production and 

social learning (Article I and III). While the existing probabilistic models have 

remained technical focusing on issues such as response effectiveness or ecological 
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impacts, Article I suggests that BNs also have potential to support adaptive and 

participatory governance through collaborative risk framing and by exploring 

potentially conflicting views in a visual and systematic manner. However, their 

use for assessing oil spill risks is still at an early stage. 

Article II provides an example of exploring conflicting views with the use of 

influence diagrams based on Bayesian logic. Article II demonstrates how such 

qualitative BNs can help to explore not only uncertainty, but also ambiguity, i.e. 

the differing risk perceptions, values, and framings of individuals. The influence 

diagrams reveal the complex nature of risks by demonstrating considerable 

differences in the interests of the different societal stakeholders, i.e. differing 

values and ways of knowing. For example, even though the management plans 

and industry risk assessments for the Barents Sea both focus on worst-case 

scenarios (blow-out scenarios) and the immediate effects of an oil spill on key 

species, in Article II, we used influence diagrams to demonstrate how the 

participants in our study emphasized a wide range of environmental, economic, 

and socio-cultural risks. 

Finally, Article III applied the concept of boundary object to study if and how 

modelling tools (BNs and deterministic models) can help to connect science and 

policymaking when addressing oil spill risks. We analyzed the model affordances, 

i.e. possibilities for action (Section 3.4), and how the affordances may enable and 

support effective knowledge exchange and turn knowledge into action. The results 

illustrate that only deterministic models (e.g. SeaTrackWeb) are employed for 

operational and planning purposes in the GoF. The BN models, on the other 

hand, provide important information on uncertainties related to oil spill risks, but 

their use outside of academia has remained limited. Further, interdisciplinary 

(involving researchers also from the fields of social sciences, law, economics, etc.) 

and extra-scientific (stakeholders other than scientists) knowledge are not 

included in the modelling process. The study suggests that the existing BNs lack 

several of the important model affordances and thus their current capacity to 

support co-production of knowledge and social learning is limited.  
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Article III, however, suggests that BNs have a high potential for acting as 

boundary objects due to affordances such as their ability to explore uncertainties 

in a visual manner as well as the high mutability (i.e. the ability to modify the 

content of the model as new knowledge becomes available). Finally, we argue that 

participatory modelling, where stakeholders are involved in some of the modelling 

phases or throughout the modelling process (Bots and Van Daalen 2008; Hare 

2011),  is necessary for integrating different knowledge systems, risk perceptions, 

and societal values (see 6.2).  
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6 DISCUSSION 

The main research question of this thesis set to find out how risk governance is 

performed, i.e. how oil spill risk governmentalities are created through the 

interrelated processes of problematizations, rationalities, and technologies. In 

general, it appears that oil spill risks are predominantly governed by the coupling 

of economic rationality and (objectifiable) science. In other words, the current 

management approach can be considered as techno-managerial, where oil spill 

risks are rendered governable with the use of technologies, such as scientific 

models. Further, I have explored the potential of BNs to act as boundary objects 

that support the integration of different types of knowledge and values into 

decision-making processes and turn knowledge into action. 

6.1 TRANSFORMING INCALCULABLE UNCERTAINTY 
INTO MANAGEABLE RISK 

This thesis has demonstrated how expert/ scientific knowledge and scientific 

tools, such as models, play a dominant role in turning oil spill risks into regulatory 

objects by providing static, simplified, versions of complex realities. In line with 

previous studies (Boucqeuy et al. 2016; Smith and Brennan 2012; St Martin and 

Hall-Arber 2008), we suggest that the simplified versions provide operators and 

decision-makers with tools for implementing pre-determined rationalities instead 

of widening the knowledge- base and providing space for discussions and debate 

on the governance aims and objectives, appropriate solutions, as well as on 

uncertainties and ambiguity (Article III).  

For example, while the integrated ecosystem based management plans for the 

Norwegian Barents Sea are based on scientific knowledge and provide means to 

protect the highly vulnerable and valuable areas in the area, it has simultaneously 

utilized scientific knowledge to support the exploration and exploitation of 

hydrocarbons. Dale (2016) notes that out of the approximately NOK 500 million 

disbursed for the management plan, around NOK 400 million were used on 

gathering seismic data for discovering hydrocarbons. The example demonstrates 
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that the narrative of science-based knowledge production, where science has a role 

of providing objective knowledge, has been dominant in the process of preparing 

the management plans. However, in reality, the use of science has not necessarily 

led to greater conservation efforts, but served the pre-determined, economic, 

rationality. 

Similarly, Article III suggests that new information on the high uncertainties 

related to the effectiveness of different response measures has not translated to 

changes in practices in the GoF. Instead, the current methods have become in a 

way “locked” and the response policies remain predetermined. In other words, 

the focus under the Border Guard has stayed on mechanical recovery onshore as 

well as on maintaining a strong response vessel fleet. While the Border Guard 

largely relies on deterministic models and conventional risk assessments as well 

as investments in expensive response vessels, we highlighted that the approach 

might be insufficient 1) when uncertainties related to oil spill risks are taken into 

consideration, and 2) in the face of surprises/ unexpected events (Article III). 

Technologies, such as risk assessments are often framed as neutral and post-

political, i.e. beyond politics. However, the decisions over the scope of risk 

assessments, the methodological choices, and the way results are presented can be 

considered as highly value-laden choices and favor one solution/ political 

measures over another (Hauge et al. 2014).  Post-political practices refer to 

situations where debate is replaced with “consensus, agreement, accountancy 

metrics and technocratic environmental management” (Swyngedouw 2009). 

Therefore, rather than reflecting on or challenging the existing status quo, post-

political technologies, such as technocratic-managerial tools (maps, GIS, data 

portals) and tokenist participation, maintain existing power imbalances (Flannery 

et al. 2019). For example, Boucquey et al. (2016) note that in terms of data portal 

for ocean use, there is limited consideration of how power is created through 

choices made by practitioners in relation to data collection, inclusion or exclusion 

of data fields, categories and terms used to define human activities, and the way 

in which various interactions between those are displayed. In sum, while 

practitioners separate between politics and their sphere work, Boucquey et al. 

(2016) argue that they are “in fact performing politics of ontology on daily 
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basis…as (t)heir expert knowledge shapes myriad decisions about how living and 

nonliving oceanic actors are portrayed to be” . 

This is also exemplified in the Norwegian context where the limits of science 

become especially apparent in the discussions around how to define the marginal 

ice zone (Article II). The MIZ is determined in the Norwegian ecosystem based 

management plans as a particularly vulnerable and valuable area where drilling is 

forbidden. The management plan is considered science-based and presented as a 

neutral policy tool, but the decision over how the MIZ is defined is largely 

political; as the MIZ is highly dynamic (predicting the future ice cover is 

challenging), the area can be defined in multiple different ways (Article II). 

Against the advice of different scientific bodies, the MIZ was delimited and moved 

further to the North in the 2015 management plan (NMCE 2015) as to better 

represent the changes in ice conditions. By delimiting the area, new space was 

allowed for petroleum exploitation and exploration; in accordance with the new 

definition, oil and gas activities are now allowed South to the MIZ boundary 

where ice is found on average on 15 % of the days in April. The government was 

ordered to revisit the definition by the Norwegian Parliament (Stortinget, 2015), 

but in 2020, the Norwegian government approved the 2015 definition. Here, the 

uncertainty related to scientific evidence did not lead to e.g. adopting a 

precautionary principle and more stringent protection measures, but allowed for 

the politicized use of knowledge serving the dominant problematizations and 

narratives. 

6.2 TOWARDS TRANSFORMATIVE MODELS 

The thesis argues that BN models have potential to act as “boundary objects” and 

that co-production of knowledge, e.g. participatory modelling, best supports such 

action (Articles II and III). As supported by previous research (e.g. Nilsson et al. 

2019; Van der Sluijs et al. 2005; Voinov et al. 2018), the thesis argues that a wide 

range of stakeholders need to be included throughout the modelling process from 

defining the problem, selecting methods, conducting research, developing usable 

knowledge, to testing research results, monitoring, re-defining and re-visiting the 

problem. Further, the co-production process needs to be interdisciplinary where 
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researchers from different disciplines work together during the different steps of 

the modelling process (Lemos and Morehouse 2005).  

We also highlight that the co-production process must be iterative and support 

social learning, i.e. the interaction between the knowledge producers and users 

should lead to the re-shaping of the perceptions, behavior, and agendas of all the 

stakeholders involved (Lemos and Morehouse 2005). This includes repetitive 

cycles of discussions over the research questions and objectives, the methods used, 

and how to best integrate results and how to communicate the results. If 

successful, iterative knowledge production supports long-term, regular interaction 

between participants and creates relationships that shape how knowledge is 

produced and how the usefulness of knowledge is perceived, thereby improving 

decision making and improves policy implementation (Lemos and Morehouse 

2005). Iterativeness requires trust and mutual respect that can be born through 

significant commitments of time and effort. Further, personal and disciplinary 

flexibility, e.g. ability and willingness to engage as well as the support of 

institutional bodies, is necessary.  All in all, fostering iterative collaboration 

requires various strategies and methods that develop over time and experimenting 

(Lemos and Morehouse 2005) 

The co-production of knowledge would provide knowledge for direct decision 

support (e.g.  simulation models aimed at practitioners and managers), as well as 

help the public to assess and evaluate socio-ecological challenges and help citizens 

to overcome them (e.g. co-constructed “eye-opener” models that support social 

learning) (Hare 2011). Finally, Article III suggests that participatory problem 

framing and formulation of appropriate solutions may help to discover the root 

causes of complex socio-ecological challenges instead of focusing on 

technological fixes alone. This thesis argues that BN models can also act as 

transformative tools that address the root causes of oil spill risks and promote 

systemic changes needed to challenge the existing problematizations and 

narratives. In sum, involving extra-scientific stakeholders in the BN modelling 

process can provide a wider portfolio of options for coping with uncertainty and 

the divergent, often conflicting, values in risk governance. 
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This thesis also highlights the need for addressing issues of power and inequalities 

in participatory modelling and risk assessment processes. As noted by Flannery et 

al. (2019) boundary objects should not be understood in a neutral manner, but it 

must be recognized that “powerful actors can bend it to suit their needs. In other 

words, power relations are reflected in the dominant governmentalities (Section 

3.3), e.g. in the assumptions behind the quantitative oil spill risk models or 

assessments utilized. As such, risk models can be seen as powerful tools that enact 

and sustain power relations. By centering the focus of research on power and 

politics can help us to explore how governance processes and tools are framed in 

the favor of powerful actors (Flannery et al. 2019). 

Considerations over power remain limited in terms of oil spill risk models and 

assessments. While participatory approaches are increasingly highlighted, 

participation might merely refer to a random process of selecting participants that 

fails to pay attention to power relations and the underlying political and economic 

mechanisms that are ultimately behind many of the global environmental 

problems (Swyngedouw 2005). Such shortcomings become especially apparent 

when these types of participatory arrangements are applied under neo-liberal 

agenda where market forces set the rules (Swyngedouw 2005), but where the 

agenda remains largely ignored. The thesis demonstrates how this holds true also 

in oil spill risk governance, e.g. in terms of the Norwegian ecosystem based 

management plans (Article II). However, re-centering the questions of politics, 

power, and inequalities may not only help to improve the scientific integrity and 

legitimacy of risk models and assessments, but also to empower stakeholders to 

find new, more socially and environmentally just, pathways to sustainability. 

Further, while interactive and iterative models can be considered to have higher 

possibility for promoting social learning and action (Lemos and Morehouse 

2005), it must be noted that participatory models are not standalone products 

(Zellner 2008). A plurality of models (qualitative, quantitative, operational, 

participatory, deterministic, probabilistic, etc.) can contribute to a methods 

toolbox that enables the end users to choose an appropriate model for the purpose 

(and the nature of the issue) rather than mainly relying on available models that 

might not be fit for the purpose.  
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Finally, previous research shows that methods such as combining models with 

scenarios (Johnson et al. 2012; Pihlajamäki et al. 2020; Sarkki and Pihlajamäki 

2019) and/or the use of interactive modelling platforms (Chong 2018) may also 

support effective decision-making based on stakeholder participation and social 

learning. Other innovative examples include, e.g. living labs and urban transition 

labs (Kronsell and Mukhtar-Landgren 2018; von Wirth et al. 2019): role-playing 

games to investigate decision-making in weather-related hazards (Terti et al. 

2019): or serious games to support climate change communication (Asplund et al. 

2019) and adaption (Neset et al. 2020). While our focus was on influence 

diagrams, future studies applying new types of innovative methods could provide 

further understanding of the different risk framings. 

6.3 FUTURE STUDIES AND LIMITATIONS 

In this thesis, I have a provided a stronger theoretical understanding of the 

governance of oil spill risks by applying the concept of “governmentality”. 

Clearly, further studies are needed to better explore how to promote knowledge 

co-production and social learning in practice, e.g. what type of institutional 

changes are necessary (Articles II-III). In brief, it is also necessary to reflect how 

the suggestions provided by this thesis could actually be implemented: for 

example, at what level (international, regional, national, local) should these issues 

be addressed and who would be the responsible bodies.  

Governance of complex risks is often highly siloed and segmented, e.g. in Finland, 

the different administrative bodies are responsible for the various tasks related to 

oil spill prevention and response. However, it is important to point out that some 

examples of different types of collaborative work already exist. For example, in 

Finland, the co-operation between the central maritime actors (the Finnish Border 

Guard, Coast Guard, and the Finnpilot Pilotage Ltd) has been fostered through 

close administrative co-operation under the METO (maritime operators) co-

operation since 1994 (The Finnish Navy, 2020). The co-operation aims to bring 

together the different administrative bodies in order to improve maritime safety 

and monitoring. 
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The International Council for the Exploration of the Sea (ICES) Working Group 

on Shipping Impacts in the Marine Environment (WGSHIP), on the other hand, 

provides an example of an interdisciplinary platform that brings together scientists 

to address the risks from maritime activities and to provide scientific advice on 

how to improve risk governance (ICES 2020). WGSHIP builds on the work of the 

Working Group on Risks of Maritime Activities in the Baltic Sea (ICES 

WGMABS); the WGMABS highlighted the need for interdisciplinary oil spill 

related assessments, and further research on topics such as risk governance and 

communication as well as the ecological impacts of oil spills (ICES WGMABS 

2017). 

The inclusion of extra-scientific participants, however, is necessary; for example, 

Haapasaari et al. (2015) has previously argued for regionally effective proactive 

maritime safety governance based on wide-ranging stakeholder participation. An 

already existing example of such an approach is the Alaska Steering Committee 

(Haapasaari et al. 2015; Merrick et al.2000; Merrick et al.2002; Parviainen et al. 

2018). The stakeholder committee was formed after the 1989 Exxon Valdez 

incident in Prince William Sound, Alaska and includes a range of stakeholders 

such as the state government, shipping companies, the oil industry and other local 

industries, local citizens, environmental conservation groups, and the coast guard 

(Merrick et al.2000; Merrick et al.2002). The committee provides an example of 

collaborative risk management and the participatory approach has resulted, e.g. 

in significant investments to reduce and minimize risks of further oil spills 

(Merrick et al. 2000; 2002; Parviainen et al. 2018). 

Another pertinent example is the Arctic Waterways Safety Committee (AWSC) 

(Northern Bering Sea, Chukchi Sea, and Beaufort Sea) that was established in 

2014. The AWSC is self-governing and voluntary and includes the principle users 

of the waterways (subsistence hunters, municipal governments, oil and gas 

developers, vessel operators, the Alaska Marine Pilots) in a single forum with the 

aim to develop best practices for safe and efficient shipping operations. The forum 

aims at building a collective knowledge base on maritime activities and promotes 

open dialogue between the users of the waterways in order to promote safety, 
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minimize conflict, and protect the environment and livelihoods of the habitants 

in the region (AWSC 2020). 

Further studies are necessary to explore to what extend the above mentioned 

examples are, in fact, collaborative and have effectively contributed to 

environmentally and socially just outcomes. The examples, however, 

demonstrate that the need for such initiatives are being increasingly recognized 

and that there is a will to move towards such collaboration. 

Another potential way for integrating different stakeholders and knowledge 

sources in decision-making concerning oil spill risks is through planning 

regulations and processes. For example, in Finland, the Land Use and Building 

Act (131/1999) requires that different user groups are included in the zoning and 

planning of land use in order to ensure a good living environment for all. The land 

use plans are prepared together with the different stakeholder groups and the 

participants have a right to appeal against a decision to approve a land use plan.  

Similarly, in terms of the marine environment and, e.g. the planning of shipping 

routes, different users could be included already in the planning phase in order to 

identify, recognize, and prioritize areas of importance. Indeed, the first 

comprehensive maritime spatial plan proposal concerning the waters of Finland 

was put forward in 2020 – the plan identifies areas that could be suitable for 

specific uses, e.g. fisheries, aquaculture, tourism, and transport (FME 2020). The 

plan has been developed in collaboration with relevant stakeholders. While the 

plan is not legally binding, it provides a tool for regional land use planning and 

regional development. As illustrated by Flannery et al. (2019), addressing power 

relations and the participation of different user groups is vital throughout the 

maritime spatial planning process in order to ensure equitable results. The Finnish 

maritime spatial plan clearly outlines the concepts of Blue Growth and Good 

Environmental Status as the basis of its work. As underlined earlier (Section 3.3), 

the discourse on Blue Growth does not take into consideration the root causes of 

risks (does not problematize growth and expansion of industrial activities) and 

ignores alternative solutions. Again, in-depth studies on the actual stakeholder 

participation process and the outcomes of the work would provide a better picture 

of how well the plan has integrated different types of knowledge and values in the 
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decision-making and how such knowledge is actually recognized when decisions 

are implemented. 

In the Finnish context, the study suggests that the responsible body for oil spill 

response operations and planning in Finland, the Border Guard needs to move 

towards adaptive and robust decision-making by providing space for discussions 

between practitioners, scientist, and extra-scientific participants (Article III). 

Similarly, recognizing the validity and relevancy of different risk frames as part of 

process and design of, e.g. the Norwegian management plans for the Barents Sea, 

is vital (Article II). From a practical point of view, reducing complexity and 

choosing between relevant and non-relevant uncertainties is necessary and allows 

for societies to function on a day-to-day level. However, therein lies also the weak 

point of the narratives: by failing to address the high levels of uncertainty, the 

multiple viewpoints, as well as power relations created and transformed under 

these processes, such narratives are not sufficient to deal with complex risks in an 

adaptive and reflexive way. Thereby, they may obstruct social learning and 

remain obsolete, e.g. in the case of so-called black swans or unexpected surprises 

(Flannery and McAteer 2020; Chong et al. 2018). As hierarchical organizations 

may not be the best suited for managing complex risks, it remains to be seen how 

organizations such as the Border Guard is able to respond to new threats.  
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7 CONCLUSION 

This thesis demonstrates how oil spill risks are rendered governable by reducing 

the complexity and uncertainty related to the risks. I have applied the notion of 

governmentality to illustrate how oil spill risk governance is performed through 

the coupling of economic rationalities and technocratic measures. I argue that in 

order to support transformations towards more equitable futures, we need to think 

about new, collaborative, ways of producing knowledge and turning knowledge 

into action. This thesis argues that BN models have a high potential to acts as 

boundary objects that help to explore the root causes of oil spill risks and promote 

systemic changes needed to challenge the dominant problematizations and 

narratives.  

 

In doing so, it is imperative to re-think the role of science in governing complex 

socio-ecological risks. Rather than regarding science and scientific knowledge as 

providers of objective knowledge and technical solutions to many of the 

environmental challenges, it may be more fruitful to consider science as a tool for 

gaining better understanding  of the challenges and for empowering different 

stakeholders to take part in framing the risks as well as the appropriate solutions. 

Therefore, as noted by Winner (1986), the role of researchers should not merely 

be reduced to arguing, for example, about the safety of already existing technology 

or industrial practices (e.g. through cost-and benefit analyses or risk analysis). 

Rather, science can help to explore how societal practices and power relations 

shape the adoption and implementation of such practices, i.e. the root causes of 

the risks. 

 

Further, instead of attempts to reduce and quantify uncertainty, science can 

provide us with new knowledge related to the complexity as well as the 

uncertainties and alternative views and understanding of risks. This requires new 

types of measures to improve the credibility and transparency of models, i.e. 

organized forms of quality control (e.g. Saltelli and Funtowicz 2014). Further, the 

co-production of knowledge, for example through boundary objects such as BNs 
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as suggested in this thesis, allows for recognizing the importance and legitimacy 

of different types of knowledge (local, traditional, indigenous, etc.) and how it can 

be complementary to scientific knowledge. The thesis also indicates a clear need 

for social sciences in risk governance studies. While this study provides some 

crucial steps towards understanding how oil spill risks are governed, further social 

scientific studies related to risk governance can contribute to formulating 

governance alternatives, the mapping of desirable futures, as well as supporting 

environmentally and socially just processes and outcomes (Bennett 2017).  

Finally, further studies are especially vital to provide a better understanding of 

power within the governance processes.  

 

Finally, while the study has focused on oil spill risks, it can provide some 

important insight into the governance of other socio-ecological risks as well, 

including risks to the marine environment (such as transport of hazardous 

materials, invasive species from shipping, or the greenhouse gas emissions emitted 

by the shipping industry) or more global risks (for example, pandemics and the 

climate crisis). The predominant solutions to such challenges are often based on 

the Cartesian dream where we assume that we can predict how nature works and 

use technocratic tools to prevent and solve the crisis. However, this thesis aligns 

with calls for the democratization of scientific practices. Instead of accepting and 

trusting science as a faith, acknowledging the limits of science and our knowledge, 

remaining critical and not accepting a priori assumptions, as well as staying open 

to new knowledge may provide us with alternative ways to cope with the 

contested risks associated with global environmental change. 
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