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In this paper, we examine the concept of embodied uncertainty by exploring
multiple dimensions of uncertainty in the context of risks associated with
extreme natural hazards. We highlight a need for greater recognition, particularly
by disaster management and response agencies, of uncertainty as a subjective
experience for those living at risk. Embodied uncertainty is distinguished from
objective uncertainty by the nature of its internalisation at the individual level,
where it is subjective, felt and directly experienced. This approach provides a
conceptual pathway that sharpens knowledge of the processes that shape how
individuals and communities interpret and contextualise risk. The ways in which
individual characteristics, social identities and lived experiences shape interpreta-
tions of risk are explored by considering embodied uncertainty in four contexts:
social identities and trauma, the co-production of knowledge, institutional struc-
tures and policy and long-term lived experiences. We conclude by outlining the
opportunities that this approach presents, and provide recommendations for
further research on how the concept of embodied uncertainty can aid decision-
making and the management of risks in the context of extreme natural hazards.

Keywords: disaster; embodied uncertainty; emergency management; knowledge
co-production; risk interpretation

1. Introduction

To examine the concept of embodied uncertainty, this paper explores multiple
dimensions of uncertainty in the context of living with extreme natural hazards.
These dimensions are overlapping and may co-exist in any particular context, given
that uncertainty and risk are prevailing conditions of everyday life. In this paper, risk
is defined as ‘a function of the characteristics and frequency of hazards experienced
in a specified location, the nature of the elements at risk, and their inherent degree
of vulnerability or resilience’ (Benson et al. 2007, 16). Individuals, organisations,
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institutions and societies constantly deal with and embody risk, for example, in the
form of the multiple layers of uncertainty associated with the threat of natural haz-
ards, such as wildfire and flooding. The exact time, location, intensity and frequency
of potential wildfire or flooding are constant unknowns, which make estimations of
likelihood, vulnerability, severity, resource needs and the adequacy of disaster relief
packages uncertain (Morrice 2012; Eriksen 2014; Simon 2014). Furthermore, such
uncertainty is not universally observed, known and measured, but is subjectively
interpreted by those who live at-risk, and those who attempt to manage it. Such indi-
vidual and collective interpretations of risks lead to decisions about why and how
we live in landscapes of uncertainty (Thompson and Warburton 1985; Macnaghten
2003; Robbins and Moore 2013).

Uncertainty tends to be categorised as epistemic – derived from incomplete
knowledge, or aleatory – a product of intrinsic natural variability (sometimes called
‘natural stochastic uncertainty’, or ‘variability uncertainty’) (Walker et al. 2003; Patt
and Dessai 2005; van Asselt and Vos 2006). In the climate change literature, aleatory
uncertainty is part of a category of ‘unknowable knowledge’, which includes the
‘human reflexive uncertainty’ in response to climatic change and the uncertain out-
comes of such actions. This category of uncertainty is considered to be irreducible for
predictive purposes (Dessai and Hulme 2004), due to the fact that humans are part of
the problem, system and potential solutions (Patt and Dessai 2005).

The uncertainty discourse in risk studies focuses mostly on scientific uncertainty
as it relates to absent and/or conflicting knowledge, and how that uncertainty con-
tributes to difficulties in assessing probabilities and consequences (Renn, Klinke,
and van Asselt 2011). Scientific enquiry is considered to be a pathway to reducing
epistemic uncertainty over time (Taddei 2012). However, uncertainty is not simply
an absence of knowledge. Indeed, it may prevail where substantial information is
available, particularly when new knowledge reveals new uncertainties, information
is interpreted in very different ways, and/or there are diverse understandings of how
best to characterise the uncertainty (van Asselt and Rotmans 2002; Walker et al.
2003; Dessai and Hulme 2004; Adler and Hirsch Hadorn 2014). Thus, risk can arise
from both certainty and uncertainty, while uncertainty propagates through assess-
ments of risk (Jones 2000).

Uncertainty often exists around both the likelihood of an event and the value of
its consequences (Eiser et al. 2012). The value of an event may involve an objective
calculation of the monetary costs, or a subjective interpretation of the (un)desired
outcomes. Different actors perceive values differently: one actor’s loss may be
another’s gain, and the consequences are typically distributed unevenly across time
and space. Eiser et al. (2012), therefore, call for further research to understand how
past experiences, feelings, values, beliefs, social norms and characteristics may
shape risk interpretation and decision-making under uncertain conditions. In this
paper, we build on this call by examining how uncertainty in the context of extreme
natural hazards lies not only in cause and effect, but also within processes. We
demonstrate how uncertainty is experienced, internalised and becomes embedded
within decision-making and social norms over time. These processes are often non-
linear, indeterminate and complex.

To enhance understanding among the disaster management and risk reduction
communities of uncertainty as multifaceted and prevailing in different forms, and at
different levels and time scales, we explore how uncertainty is framed and commu-
nicated, decisions made, and risks embodied. Uncertainty may involve objective
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entities, or subjective realities; it may be widely observed, sensed and collectively
shared, or completely internal to the individual. Influences on uncertainty may also
be reducible or irreducible, and known or unknown. We draw from many disciplines
and fields of research (including geography, disaster studies, sociology, psychology,
earth sciences, public policy and political science) to provide a broad review of how
uncertainty is treated in a range of literatures. We argue that there is a need for
greater recognition, particularly by disaster management and response agencies, of
uncertainty as a subjective experience for those living in areas exposed to natural
hazards. The concept of embodied uncertainty provides a conceptual pathway to ini-
tiate discourse around experiential and lived uncertainty. We discuss this concept in
the context of disasters and risk, particularly extreme natural hazards, and present
questions, challenges and opportunities for moving forward in uncertainty thinking.

2. Problematising uncertainty

2.1. Scientific framing of uncertainty

Early definitions of uncertainty differentiate between two types of uncertainty: mea-
surable uncertainty (defined as ‘risk’ proper) and immeasurable uncertainty (Knight
1921). Scientific framings view scientific knowledge (often technological) as the
key to measuring and reducing uncertainty (Wynne 1992). The conventional
approach to managing uncertainty has been to reduce unknowns to measurable ‘risk’
(Stirling 2008, 2010). However, reducing uncertainty may lead to ignorance, as
possibilities are necessarily removed from consideration in order to proceed with
structured investigation (Wynne 1992). For example, a study of NASA’s decision-
making prior to the Columbia space shuttle disaster in 2003 found that, leading up
to the disaster, there was overconfidence in quantitative data and marginalisation of
non-quantifiable information, which created insensitivity to the uncertainty involved
and loss of institutional memory (Feldman 2004).

Uncertainty is a wide-ranging concept and a spectrum of typologies exists. For
example, in the model-based decision support literature, three dimensions of uncer-
tainty are defined: location (where uncertainty manifests), level (amount of knowl-
edge) and nature (epistemic or aleatory). Within these dimensions, the level of
uncertainty has been described on a five-level spectrum from ‘determinism’ (com-
plete knowledge) to ‘total ignorance’ (Walker et al. 2003). Bammer, Smithson, and
The Goolabri Group (2008) employ a ‘taxonomy of unknowns’, which starts with
ignorance as an overarching term that branches into two fundamental types: error
(incomplete knowledge) and irrelevance (deliberately ignored). The former leads to
a state of incompleteness, and then to uncertainty as the taxonomy narrows. In this
taxonomy, uncertainty itself is then comprised of vagueness, probability and
ambiguity. Yet another typology defines quadrants of uncertainty – risk, ambiguity,
uncertainty and ignorance – based on axes that chart the level of knowledge of
probabilities and the level of knowledge of possibilities (Stirling 2010).

The non-linear and dynamic nature of many complex social and environmental
systems leaves uncertainty irreducible in many cases. There is a growing acceptance
– particularly among those from science and technology studies – that further
knowledge will not necessarily provide solutions. Instead, learning to manage igno-
rance is necessary (Dovers and Handmer 1992; Stirling 2010; Adler and Hirsch
Hadorn 2014). For example, in the context of a changing environment, acceptance
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of irreducible or ‘deep uncertainties’ (Haasnoot et al. 2013) may offer planners a
pathway for adapting solutions over time to address changing circumstances. Such
approaches accept uncertainty and account for it by committing to short-term actions
(e.g. mitigation), and establishing a framework of adaptive pathways for future
actions that incorporate experiences and learning over time (Haasnoot et al. 2013;
Walker, Haasnoot, and Kwakkel 2013). Rather than trying to reduce uncertainty and
risk by oversimplifying a situation (wilful ignorance), we argue that accepting uncer-
tainty as complex and non-linear promotes innovative ways of thinking, and opens
up new approaches for addressing uncertain situations.

This is not without its challenges, particularly as the inherent complexity in
addressing these uncertain situations demands approaches and structures that facili-
tate and accommodate this complexity. Characterising this complexity entails three
distinct types of information: (1) fundamental understandings of components and
dynamics within and between systems (systems knowledge); (2) knowledge that
helps clarify and prioritise the desired and valued outcomes by society when dealing
with impacts and drivers of disasters (target knowledge); and (3) knowledge on how
to transform the system by, for example, enacting policies that address and mitigate
the effects and impacts of disasters in society (transformation knowledge). Reconcil-
ing systems, target and transformation knowledge calls for transdisciplinary
approaches that are sensitive to the specific socio-economic context where disasters
manifest (Hirsch Hadorn et al. 2008).

Transdisciplinary approaches are characterised by their problem-oriented focus
and, increasingly, the co-production of transformation knowledge (i.e. knowledge
for problem solving) that effectively bridges the gap between the problematic status
quo and the desired goal (Hirsch Hadorn et al. 2008). These approaches account for
complexity by incorporating both the everyday world and theoretical constructions
of problems, and thus have been adopted by many communities of practice, includ-
ing: future studies (Tapio and Hietanen 2002), sustainability science (Cash et al.
2003), systemic learning (Blackmore et al. 2011), action research (Greenwood and
Levin 1998), transition management (Loorbach, Frantzeskaki, and Thissen 2011),
participatory research (Bidwell 2009; Kasemir et al. 2003), policy sciences (Ascher
2007) and post-normal science (Funtowicz and Ravetz 1993). Under conditions of
high risk and high uncertainty, Funtowicz and Ravetz (1993, 753) recommend scien-
tific research should consider ‘extended facts’, which include community values,
history, personal experiences and other ‘non-traditional’ science information. Stirling
(2010) recommends that where knowledge of probabilities and possibilities become
less well known (outside the ‘risk’ space), the realms of ambiguity, uncertainty and
ignorance require participatory deliberation, scenario methods and adaptive and resi-
lient approaches to inform decision-making. Such approaches embrace multiple
interpretations and options, which inform policy-makers about the alternatives, and
thereby make decision-making more democratically accountable (Stirling 2010).
This acceptance of uncertainty may lead to a better understanding of how uncer-
tainty is embodied within co-produced knowledge and within institutional settings,
structures and policy.

2.2. Uncertainty and decision-making

In the disaster risk reduction community, much research on uncertainty has focused
on either decision-making under uncertainty or the communication of uncertainty
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(Cutter et al. 2015). In the decision-making literature many studies focus on rational
choice models (Becker 1978; Tversky and Kahneman 1986), which consider deci-
sion-making to be a series of analytical stages: identify the problem, generate and
evaluate a set of options, implement the preferred option (Flin 1996; Saaty 2008).
However, many decisions are made based on intuition, in a faster, almost automatic
way often termed naturalistic decision-making (Lipshitz et al. 2001). Naturalistic set-
tings are characterised by ill-structured problems, uncertain environments, shifting
ill-defined goals, action/feedback loops, time–stress, high stakes and multiple players
(Zsambok and Klein 2014). Decision-making processes under these naturalistic con-
ditions can be defined as the way people use their experience to make decisions in
real-world settings (Crego and Spinks 1997; Pascual and Henderson 1997; Crichton
and Flin 2002; Klein 2008).

Much discussion has centred on the case for two ‘modes’ of thinking that drive
information processing and decision-making. These have been termed the analytical
and affective processing systems, or ‘type 2’ and ‘type 1’ decision-making (Epstein
1994; Sloman 1996; Chaiken and Trope 1999; Slovic et al. 2004). The analytic (type
2) approach involves slower computational cognitive processes, and is a learnt pro-
cess that consciously and deliberately applies rules and procedures (e.g. formal
logic, utility maximisation) to the analysis of data to find the optimal solution or out-
come. The analytic system uses algorithms, normative rules and logic, and does not
operate automatically. It is also oriented towards delayed action, and decisions made
often require ‘justification via logic and evidence’ (Epstein 1994). The affective
(type 1) approach is often termed the experiential system, and involves rapid, uncon-
scious affective processes oriented towards immediate action. It is a holistic
approach that reconciles behaviour with past experience (Epstein 1994), and is an
evolutionary adaptation that automatically converts uncertain and adverse aspects of
experience into affective responses (e.g. fear, dread, anxiety). It thus results in peo-
ple interpreting risk as an affective or emotional state or feeling (Loewenstein et al.
2001; Slovic et al. 2004). Even if individuals adopt an analytical process for their
decision, if the outputs from the two processing systems disagree, the affective
system usually prevails (Loewenstein et al. 2001).

Recent debate has questioned if these dual-processing systems are actually
distinct, and whether a unified theoretical approach is more appropriate to explain
both intuitive and deliberative judgements, and the spectrum between them (Evans
and Stanovich 2013a, 2013b; Keren 2013; Osman 2013; Thompson 2013). Either
way, most of the models of decision-making assume a ‘rational’ model of managing
uncertainty, and do not account for the more affective ways of thinking based on
emotions and experience (Slovic et al. 2004). The current dominant approach to
‘managing’ uncertainty thus underrepresents, and thereby downplays, the role of
emotions and experience. However, by adopting an alternative approach that
acknowledges the embodiment of uncertainty, the affective mode can be better
represented in models of decision-making under uncertainty.

2.3. Communication of uncertainty

Research into the communication of uncertainty in various fields associated with
natural hazards, and environmental risks more broadly, typically focuses on the com-
munication of uncertain scientific advice (Löfstedt and Perri 6 2008; Spiegelhalter,
Pearson, and Short 2011). The advice communicated may be subject to many levels
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of uncertainty, including epistemic and aleatory uncertainty (van Asselt 2000; Patt
and Dessai 2005). Much of the research focuses on the most effective methods for
science communications, examining questions like: whether revealing the uncer-
tainty associated with a risk assessment will strengthen or decrease trust and credi-
bility (Johnson and Slovic 1995; Smithson 1999; Miles and Frewer 2003;
Wiedemann, Börner, and Schütz 2008); whether the inclusion of uncertainty will
result in misuse of the information, and a consequent attenuation or amplification of
a risk to meet pre-existing attitudes, beliefs and to justify a political agenda (Kuhn
2000); and how the format of probabilities (which encompass the uncertainty) influ-
ence decision-making behaviour and interact with existing beliefs related to career,
knowledge, experience and values (Doyle, McClure, Johnston, et al. 2014; Doyle,
McClure, Paton, et al. 2014).

Recent research has also explored the political uses of uncertainty, as it relates
to, for example, climate change in Brazil, and found that uncertainty is socially and
politically distributed in specific ways (Taddei 2012). Further studies are required to
understand how uncertainty is dealt with in different social and cultural contexts,
and the ways in which uncertain information and outcomes are both distributed
across society and politically manipulated. This would move towards a better under-
standing of how uncertainty may be managed, filtered and contextualised – i.e.
embodied within each unique context.

2.4. Embodied risk

‘Embodied risk’ has been explored in the public health literature in order to better
understand how individuals make sense of health risks (Kavanagh and Broom 1998;
Mol and Law 2004). Risks may be differentiated as environmental, lifestyle or cor-
poreal (embodied). Environmental risk is delineated as what happens, lifestyle risk
as what we do and embodied risk as an indication of who we are (Kavanagh and
Broom 1998). Embodied risk relates to the ways in which people interpret and make
personal meaning out of diagnoses that place them ‘at risk’. One study explores
experiences of hypoglycaemia from the perspectives of nurse and patient, drawing
on the dualistic nature of the body as an object and as a subject (Mol and Law
2004). The study finds that the body enacts hypoglycaemia, and argues that medical
treatment should therefore account for interventions into lived bodies and into peo-
ple’s lives. Such studies distinguish the concept of embodied risk from objective
risk, and explore the importance and role of this enactment in shaping the individual
responses and integration of the threat into people’s daily lives.

Under conditions of infrequent and unpredictable hazard events there is a large
amount of uncertainty and ambiguity in deciding whether and how to respond to
risk (Solberg, Rossetto, and Joffe 2010). Social identities contribute to how we see
ourselves and derive group membership. The categorisation of self and of others into
common social identities is a strategy for enhancing cohesion with a given commu-
nity (Fiske 2004; Joffe and Staerkle 2007). Social identities include social norms,
which are rules for behaviour that are constructed within a group or culture, as peo-
ple endorse or passively impose normative behaviours on their members (Solberg,
Rossetto, and Joffe 2010). Social norms influence attitudes and behaviour (Terry,
Hogg, and White 1999; White et al. 2009). Attributions of responsibility (who is
responsible), and trust are also important mediators that underpin whether actions
are taken to adjust to an identified risk (Terry, Hogg, and White 1999; Paton 2008).
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Modelling with substantive data has been used to illustrate how social cohesion
affects the decision to prepare for wildfire by facilitating the transfer of information
that can influence the social construction of issues or problems (Eriksen and Prior
2011; Prior and Eriksen 2013). This raises the salience of risk issues relative to other
everyday considerations among community members. It highlights how responses to
risk derive from a suite of personal and interpersonal characteristics and relation-
ships that affect how we individually and collectively embody uncertainty.

3. The concept of embodied uncertainty

The concept of embodied uncertainty incorporates both the conscious and subcon-
scious lack of certainty. It is common to all, from individuals to societies (Figure 1).
Embodied uncertainty is differentially internalised, depending on past experiences,
social identities, beliefs, values, institutional structures, resources available and
social norms. In a situation of high uncertainty, internalised characteristics influence
how the multiple dimensions are individually or collectively experienced, interpreted
and acted upon (Figure 2).

This broadened concept of uncertainty promotes a shift in thinking towards
accepting (rather than reducing) uncertainty. By focusing on the lived experience
within uncertain contexts, it accepts uncertainty as a persistent condition of daily life
in many forms, scales and levels of conscious and unconscious decision-making. It
lies on a continuum from (often decontextualised) epistemic knowledge to everyday
practice guided by instinct. Embodied uncertainty is thus distinguished from objec-
tive (disembodied) uncertainty by being both consciously and subconsciously inter-
nalised and subjectively interpreted by individuals. This influences the ways in
which personal meaning emerges from uncertainty related to risk (Kavanagh and
Broom 1998; Mol and Law 2004). The embodiment of uncertainty gives tangible or
visible form to the feeling of a lack of certainty.

Figure 1. The progressive broadening of the scientific concept of uncertainty.
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We frame the concept of embodied uncertainty as a verb not a noun because it is
constantly contextualised and enacted. It is the lived experience of both known and
unknown uncertainty. This uncertainty can exist at the level of the individual, fam-
ily, community, organisation and/or institution in different cultural contexts. It may
be positive or negative, providing opportunities to catalyse change or presenting
challenges to overcome. By accepting the complexity of uncertainty, and the multi-
ple ways in which it is understood, internalised and enacted, we move towards
exploring the pluralistic nature of the concept and what this means for everyday life.
The following four contextualised examples explore the concept of embodied uncer-
tainty and exemplify different dimensions of uncertainty. Each of these requires fur-
ther study, and we present them here to promote dialogue on the complex and
heterogeneous nature of uncertainty itself, and to highlight the opportunities that lie
within alternative discourses of uncertainty in the context of extreme natural
hazards.

3.1. Embodied uncertainty, social identities and trauma

As individuals and as a people, whether community or nation state, we have embod-
ied characteristics that we carry with us in daily life. No matter the situation, risky
or not, our actions are born out of our social identities, our socially constructed and
lived experiences of the world, and how social characteristics intersect in everyday
life, such as education, class, age, gender, sexuality, ethnicity and (dis)abilities
(Krüger et al. 2015). These characteristics influence how we process potential risk,
providing us the ability to assess it in situ. Together, these parts create an embodied
uncertainty about the world in general, and risk in particular.

Figure 2. The concept of embodied uncertainty.
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Moving beyond visible or tangible social inequalities that impact both environ-
mental and social vulnerabilities and capacities, embodied uncertainty attempts to
‘make visible’ the subliminal differences that underpin people’s decision-making,
ability and willingness to reduce risk. The stratification of societies has created both
privilege and oppression based on identities such as race, class, gender, sexuality,
religion, language and citizenship (Pease 2010). These identities, and social expecta-
tions associated with each identity, impact each individual’s sense of self-efficacy
(Merton 1948). Differential social identities then shape the decision-making process,
not only through the rational choice model, but also through the subconscious
identities we embody.

There are many different ways of responding to uncertainty: to some people
uncertainty generates anxiety, to others it is enabling and empowering (Lindell and
Perry 2000). Both of these responses may affect decision-making and life chances.
As some social identities are fluid, so are the embodied uncertainty that may be ben-
eficial or detrimental in different contexts. A businesswoman in the United States of
America and a Quechua woman in Peru may have particular uncertainties in their
respective locations. Have them switch places, and new sets of uncertainties are
born. Further, experiences of trauma and secondary trauma may contextualise how
individuals interpret and act towards risk (Erikson 1976; Gill 2007). For example, in
San Salvador in 2009, tropical storm Ida devastated much of the peri-urban areas.
As a consequence, small rainfall events that followed this disaster invoked wide-
spread fear among residents that a landslide would destroy their communities
(Tellman 2011).

3.2. Embodied uncertainty and the co-production of knowledge

Uncertainty is embodied in the production of knowledge, as we give preference
(consciously or subconsciously) to certain types of information. Scientific and tech-
nical information can play an important role, but no system of knowledge and deci-
sion-making is completely objective, as psychological, contextual and institutional
factors provide important variables (Bea et al. 2009). Decision-makers assess and
make choices in response to risks using both objective criteria that have external
validity and scientific legitimacy, as well as criteria that emerge within unique social
contexts (Fearnley 2013). The, often tacit, knowledge that groups and individuals
use to frame dimensions of uncertainty are fluid products of ongoing decision-
making, shared experiences and assumptions and broader mental models. Commu-
nity-based disaster risk management and other participatory approaches provide
mechanisms by which to incorporate this plurality of perspectives into the
co-production of knowledge (Williams and Dunn 2003; Cronin et al. 2004; Gaillard
2006; Cadag and Gaillard 2014). Similarly, joint fact-finding techniques can be
employed to help groups work through science-intensive policy and planning
disputes to create a shared vision and inform collective decision-making, even in
situations with high degrees of uncertainty (Karl, Susskind, and Wallace 2007;
Schenk 2016). In uncertain situations, robust environmental knowledge can be
created in continual dialogue with societies exposed to natural hazards through both
fact finding and meaning-making (Jasanoff 2010).

Shared mental models of a situation or perceived risk can be improved through
training, effective team-based simulations, as well as shared scenario-based planning
(Cannon-Bowers and Bell 1997; Crego and Spinks 1997; Paton, Smith, and Violanti
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2000; Pliske, McCloskey, and Klein 2001; Borodzicz and van Haperen 2002;
Keough and Shanahan 2008; Moats, Chermack, and Dooley 2008). By building a
shared mental model of the situation and issue, a more mutual understanding of the
role of uncertainty can be established, as well as shared recognition of the different
ways this uncertainty can be mitigated, managed or embraced. This knowledge
cannot be codified and transferred easily, as it accumulates organically among stake-
holders with shared histories. That is, it does not exist independently from the actors
that use it, but as an embodied interpretation of the world and how it is shaped. The
meaning and value of situational knowledge does not come from standardisation
and universal acceptance, but from the potency such models have on the ways
in which stakeholders evaluate situations and make decisions in practice. Such
co-produced knowledge is often contested, as stakeholders vie for influence over the
shaping of the knowledge that is used to interpret risks and make decisions (Adler
and Hirsch Hadorn 2014). Decision-making is also set within the social and political
context of the situation. Power dynamics that were previously maintained may or
may not be challenged, leading to altered outcomes and associated consequences.
The fluidity of power to influence others in disaster situations therefore necessitates
further investigation.

3.3. Embodied uncertainty, social and institutional structures and policy

The embodiment of uncertainty is also tied to broader social issues. Through the
socialisation process, embedded social norms become embodied subconsciously by
individuals over time. As individuals internalise these norms, they also reproduce
them through their behaviours. Embodied uncertainty, through this reproduction pro-
cess, becomes embedded into broader social processes (Berger 1991; Alaniz 2015).
The same process occurs for institutions, organisations and communities. The way
that an institution, organisation or community embodies uncertainty can become
embedded within its policies and practices. This influences the ways in which its
members think and act, although they may not be aware of this priming. Instead,
certain framings of risk are implicitly embodied into their everyday activities
through the repetition of certain practices, favouring of particular approaches and
deference to certain narratives. Some individuals or institutions may be more or less
risk adverse, resulting in many different attitudes and responses. Choices are further-
more unevenly distributed across society, and may be constrained when an organisa-
tion chooses to operate in high-risk locations, which affects the ability of staff to
reduce their individual risk.

The ways that barrier island communities along the east coast of the United States
of America assess the risks posed by climate change and evaluate potential responses
provides an example of how uncertainty is embodied within institutions, and subse-
quently reflected in their policies (Kettle et al. 2014). Confronted with significant
threats, yet determined to maintain their properties and way of life, communities –
both formal municipal organisations, and residents and others stakeholders – are
looking for ways to adapt in situ. Confronted with scientific evidence that the risks
are getting worse under climate change and the suggestion that retreat may be
necessary (Gutierrez, Williams, and Thieler 2009), uncertainty is used as a way to
downplay and to challenge the extent and nature of the threats (Zucchino 2012).
Even if residents ultimately accept the risks, they feel able and willing to manage
them via their status quo approaches, including evacuating in advance of storms,
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beach nourishment to maintain shorelines and protect infrastructure and elevating
homes on stilts. The federal and state governments further mitigate the risks by subsi-
dising insurance and providing post-disaster aid to enable re-building. The perception
that extreme weather events can be prepared for and the effects mitigated lends a
sense of security to barrier island residents. Strong interests (financial, cultural and
otherwise), community characteristics, past experiences and the ability to evacuate
when necessary, have resulted in low perceptions of risk and a resistance to change
(Peach 2014). Residents downplay the risks to avoid stricter regulations and strongly
resist the notion of retreating or restricting rebuilding. Conscious of the risk, lifestyle
is prioritised and residents choose to remain ‘at risk’ while seeking support to miti-
gate those risks. Their embodied uncertainty may encompass climate and weather
risks, but it also reflects concerns over property rights and how the state may
respond.

3.4. Embodied uncertainty as long-term lived experiences

Uncertainty is lived and experienced, and may be influenced by both known and
unknown factors, past experiences and future possibilities. There may also be time-
scales of consciousness, where it is possible to move between conscious and sub-
conscious awareness of uncertainty, depending on a variety of influencing factors,
such as decision demands and priorities, attention to other contesting issues, social
contexts and influences, time and level of exposure. Uncertainty manifests over long
time periods, where past experiences may create a sense of uncertainty about the
future, particularly in locations that are considered to be ‘at risk’. This becomes
embodied into thought and action. This embodiment may be at both individual and
institutional levels, affecting behaviour and decisions that are short-term in response
to specific hazards, and long-term choices about investment for the future. Such
manifestations of lived uncertainty may influence patterns of vulnerability and
development over time.

This is observed in the island of Montserrat, West Indies, where the eruption of
the Soufrière Hills Volcano has been ongoing since 1995 (Sword-Daniels et al.
2014). The volcanic eruption prompted a large-scale relocation further from the vol-
cano in 1996, and the enforcement of an exclusion zone, although its geographic
coverage shifted throughout 1996–1997 (Aspinall et al. 2002). The small village of
Salem and its surrounds were placed within the exclusion zone in September 1997.
The hazard map was later re-drawn in 1998, allowing the re-occupation of Salem
from October 1998 onwards (Kokelaar 2002). This village is one of the closest to
the exclusion zone, and has higher risk than other occupied areas further from the
volcano. The sense of impermanence resulting from the one-time evacuation lingers
still, and this embodied uncertainty surrounding the location of Salem has created
reluctance among individuals and infrastructure providers to invest in the area. This
has shaped the development of Salem such that people with lower socio-economic
status, and immigrants from the wider Caribbean region, have higher representation
in this ‘less desirable’ location, where rents are cheaper. Overall, this embodied
uncertainty surrounding the location of Salem has altered vulnerability characteris-
tics, creating a community of renters (rather than property owners), a greater propor-
tion of immigrants with less experience with volcanic hazards and language issues
in risk communication and stalled development with degrading infrastructure over
time because of a lack of investment (Sword-Daniels et al. 2014). Embodied
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uncertainty is exemplified as a long-term process in Montserrat where uncertainty
that is embodied becomes embedded in community demographics and structures.

3.5. Discussion: bringing the themes together

The four contextualised examples discussed above highlight both the relevance and
potential contributions the concept of embodied uncertainty can provide. They also
promote exploration of methodologies and frameworks to develop the idea further.
Together they characterise four different yet intricately related aspects of embodied
uncertainty in the context of extreme natural hazards.

First, social identities and lived trauma are powerful determinants that underpin
people’s patterns of decision-making, ability and willingness to reduce risk. They
constitute key factors for accommodating and coping with uncertainty, rather than
seeking to reduce it. Second, given how uncertainty is also embodied in the pro-
cess of knowledge production, transdisciplinary approaches to the co-production of
knowledge enable a more cognisant and transparent means of dealing with the
inherent epistemic power dynamics that accompany many approaches to risk reduc-
tion. Third, the embodiment of uncertainty is tied to broader social issues, which
can present challenges regarding how to methodologically structure and account
for this broader context. Finally, uncertainty is lived and experienced, and may be
influenced by both known and unknown factors, past experiences and future possi-
bilities. This, in turn, may influence patterns of vulnerability and development over
time.

These elements of identity, knowledge (co)production, context and experience,
offer innovative, sensitive and practical insights into the complex ways uncertainty
becomes embodied, as people negotiate uncertainties associated with extreme natural
hazards in the context of everyday life.

4. Conclusion

To examine the concept of embodied uncertainty, we have in this paper explored
multiple dimensions of uncertainty and risk in the context of extreme natural haz-
ards. These dimensions are overlapping and may co-exist in any particular context.
In so doing, we hope to promote further dialogue on the complex and heterogeneous
nature of uncertainty itself. Our premise lies on the acceptance (rather than the dog-
matic reduction) of uncertainty. Embracing complexity, as well as the pluralism of
subjective and inter-subjective uncertainty, is central to this concept. Understanding
the embodiment of uncertainty at the individual, collective, organisational and insti-
tutional levels, at multiple scales and through processes over time, allows a pathway
for multiple meanings to be understood, and new understandings to be constructed.
This opens-up ways of thinking, and approaches for addressing, uncertain situations.
These approaches promote the co-production of knowledge, and embrace multiple
interpretations and solutions. Further, embodied uncertainty shapes interpretation
and action in the context of risk, and can become embedded with time, thus further
shaping decision-making and action. Improved understanding of uncertainty as a
lived experience, rather than solely as an objective entity, establishes a fruitful field
of study that has the potential to increase our understanding of the behaviours and
decisions of actors in uncertain and dynamic situations.

Journal of Risk Research 301



We raise a number of questions through our analysis, which could be taken
forward by researchers and disaster management and response personnel to further
develop the concept of embodied uncertainty. These include:

• How does embodied uncertainty affect agency, ways of life and decision-
making processes?

• How does embodied uncertainty manifest through time?
• How do social identities affect the embodiment of uncertainty?
• How does the spectrum of embodied uncertainty that exists within and
between different groups manifest in decision-making?

• How can stakeholders collaboratively explore and account for embodied uncer-
tainty to improve decision-making and effectively manage risks?

Further studies (conceptual and empirical) are required in order to fully explore
the tools and approaches needed for the practical application of, or reconciliation
with, the concept. There is much work to be done to advance our understanding of
how risks can be effectively managed, given the embodied nature of uncertainty.
Case studies that explore how uncertainty is embodied before, during, and after dis-
aster events would be instructive in further exploring this concept. The concept of
embodied uncertainty has potential for far wider applicability than the extreme natu-
ral hazards context that grounds our research. Embodied uncertainty is prevalent in
multiple everyday aspects of life that could be meaningfully explored through many
different epistemological research perspectives.

Acknowledgements
As World Social Science fellows, we thank the International Social Science Council (ISSC);
the Integrated Research on Disaster Risk (IRDR) programme; the IRDR International Center
of Excellence, Taipei; the International START Secretariat; and the Royal Society of New
Zealand for organising the ‘Risk Interpretation and Action: decision-making under conditions
of uncertainty’ seminar. Thanks to Massey University, the University of Canterbury and Te
Rūnanga o Ngāi Tahu for hosting our visits in Wellington and Christchurch, New Zealand in
December 2013. We thank the anonymous reviewers for constructive feedback.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding
This work was supported by the International Social Science Council (ISSC); Victoria
Sword-Daniels is jointly funded by the Economic and Social Research Council (ESRC) and
the Natural Environment Research Council (NERC) in the UK under the Increasing Resili-
ence to Natural Hazards programme. Christine Eriksen is funded by the Australian Research
Council [FL0992397], [DE150100242]. Emma E. Hudson-Doyle was supported by a Foun-
dation for Research Science & Technology NZ S&T Postdoctoral Fellowship MAUX0910
(2010–2014) and is currently supported by NZ’s Earthquake Commission (EQC), GNS
Science and Massey University (2014–2016). Todd Schenk was previously funded through
the Dutch Knowledge for Climate programme.

302 V. Sword-Daniels et al.



ORCID
Christine Eriksen http://orcid.org/0000-0002-2906-9680

References
Adler, C., and G. Hirsch Hadorn. 2014. “The IPCC and Treatment of Uncertainties: Topics

and Sources of Dissensus.” Wiley Interdisciplinary Reviews: Climate Change 5 (5):
663–676.

Alaniz, R. 2015. “Creating Community after Disaster: Norm Formation in Post-Hurricane
Mitch Resettlements.” In Disasters’ Impact on Livelihood and Cultural Survival: Losses,
Opportunities, and Mitigation, edited by M. Companion, 75–88. Boca Raton, FL: CRC
Press.

Ascher, W. 2007. “Policy Sciences Contributions to Analysis to Promote Sustainability.” Sus-
tainability Science 2: 141–149.

Aspinall, W. P., S. C. Loughlin, F. V. Michael, A. D. Miller, G. E. Norton, K. C. Rowley,
R. S. J. Sparks, and S. R. Young. 2002. “The Montserrat Volcano Observatory: Its Evolu-
tion, Organisation, Role and Activities.” In The Eruption of Soufirere Hills Volcano,
Montserrat from 1995 to 1999, edited by T. H. Druitt and B. P. Kokelaar, 21st ed.,
71–91. London: Geological Society, Memoirs.

van Asselt, M. B. A. 2000. Perspectives on Uncertainty and Risk. Dordrecht: Kluwer
Academic.

van Asselt, M. B. A., and J. Rotmans. 2002. “Uncertainty in Integrated Assessment Modelling.”
Climatic Change 54 (1/2): 75–105.

van Asselt, M., and E. Vos. 2006. “The Precautionary Principle and the Uncertainty
Paradox.” Journal of Risk Research 9 (4): 313–336.

Bammer, G., M. Smithson, and The Goolabri Group. 2008. “The Nature of Uncertainty.” In
Uncertainty and Risk; Multidisciplinary Perspectives, 289–303. London-Stirling, WA:
Earthscan.

Bea, R., I. Mitroff, D. Farber, H. Foster, and K. H. Roberts. 2009. “A New Approach to
Risk: The Implications of E3.” Risk Management 11 (1): 30–43.

Becker, G. S. 1978. The Economic Approach to Human Behavior. Chicago, IL: University of
Chicago Press.

Benson, C., J. Twigg, and T. Rossetto. 2007. Tools for Mainstreaming Disaster Risk Reduc-
tion: Guidance Notes for Development Organisations. Geneva: International Federation
of Red Cross and Red Crescent Societies/the ProVention Consortium.

Berger, P. L., and T. Luckmann. 1991. The Social Construction of Reality: A Treatise in the
Sociology of Knowledge. London: Penguin.

Bidwell, D. 2009. “Is Community-based Participatory Research Postnormal Science?”
Science, Technology & Human Values 34 (6): 741–761.

Blackmore, C., I. Chabay, K. Collins, H. Gutscher, H. Lotz-Sisitka, H. McCauley, D. Niles,
et al. 2011. Knowledge, Learning, and Societal Change: Finding Paths to a Sustainable
Future, 123. Science Plan for a Cross-cutting Core Project of the International Human
Dimensions Programme on Global Environmental Change (IHDP).

Borodzicz, E., and K. van Haperen. 2002. “Individual and Group Learning in Crisis Simula-
tions.” Journal of Contingencies and Crisis Management 10: 139–147.

Cadag, J. R., and J. C. Gaillard. 2014. “Integrating People’s Capacities in Disaster Risk
Reduction through Participatory Mapping.” In Disaster Management: International Les-
sons in Risk Reduction, Response and Recovery, edited by A. Lopez-Carresi, M. Fordham,
B. Wisner, I. Kelman, and J. C. Gaillard, 269–286. New York: Routledge.

Cannon-Bowers, J. A., and H. E. Bell. 1997. “Training Decision Makers for Complex Environ-
ments: Implications of the Naturalistic Decision Making Perspective.” In Naturalistic Deci-
sion Making, edited by C. E. Zsambok and G. Klein, 99–110. Mahwah, NJ: Lawrence
Erlbaum.

Cash, D. W., W. C. Clark, F. Alcock, N. M. Dickson, N. Eckley, D. H. Guston, J. Jager, and
R. B. Mitchell. 2003. “Knowledge Systems for Sustainable Development.” Proceedings
of the National Academy of Sciences 8086–8091.

Journal of Risk Research 303

http://orcid.org
http://orcid.org
http://orcid.org
http://orcid.org/0000-0002-2906-9680


Chaiken, S., and Y. Trope. 1999. Dual-process Theories in Social Psychology. New York:
Guilford Press.

Crego, J., and T. Spinks. 1997. “Critical Incident Management Simulation.” In Decision
Making under Stress: Emerging Themes and Applications, edited by R. Flin, E. Salas,
M. Strub, and L. Martin, 85–94. Aldershot: Appl. Ashgate.

Crichton, M., and R. Flin. 2002. “Command Decision Making.” In Incident Command: Tales
from the Hot Seat, edited by R. Flin and K. Arbuthnot, 201–238.

Cronin, S. J., D. R. Gaylord, D. Charley, B. V. Alloway, S. Wallez, and J. W. Esau. 2004.
“Participatory Methods of Incorporating Scientific with Traditional Knowledge for Vol-
canic Hazard Management on Ambae Island, Vanuatu.” Bulletin of Volcanology 66 (7):
652–668.

Cutter, S. L., A. Ismail-Zadeh, I. Alcántara-Ayala, O. Altan, D. N. Baker, S. Briceño,
H. Gupta, et al. 2015. “Global Risks: Pool Knowledge to Stem Losses from Disasters.”
Nature News 522 (7556): 277–279.

Dessai, S., and M. Hulme. 2004. “Does Climate Adaptation Policy Need Probabilities?”
Climate Policy 4 (2): 107–128.

Dovers, S. R., and J. W. Handmer. 1992. “Uncertainty, Sustainability and Change.” Global
Environmental Change 2 (4): 262–276.

Doyle, E. E. H., J. McClure, D. M. Johnston, and D. Paton. 2014. “Communicating Likeli-
hoods and Probabilities in Forecasts of Volcanic Eruptions.” Journal of Volcanology and
Geothermal Research 272: 1–15.

Doyle, E. E. H., J. McClure, D. Paton, and D. M. Johnston. 2014. “Uncertainty and Decision
Making: Volcanic Crisis Scenarios.” International Journal of Disaster Risk Reduction 10:
75–101.

Eiser, R. J., A. Bostrom, I. Burton, D. M. Johnston, J. McClure, D. Paton, J. van der Pligt, and
M. P. White. 2012. “Risk Interpretation and Action: A Conceptual Framework for
Responses to Natural Hazards.” International Journal of Disaster Risk Reduction 1: 5–16.

Epstein, S. 1994. “Integration of the Cognitive and the Psychodynamic Unconscious.” American
Psychologist 49 (8): 709–724.

Eriksen, C. 2014. Gender and Wildfire: Landscapes of Uncertainty. New York: Routledge.
Eriksen, C., and T. Prior. 2011. “The Art of Learning: Wildfire, Amenity Migration and Local

Environmental Knowledge.” International Journal of Wildland Fire 20: 612–624.
Erikson, K. T. 1976. Everything in Its Path: Destruction of Community in the Buffalo Creek

Flood. New York: Simon and Schuster.
Evans, J. St. B. T., and K. E. Stanovich. 2013a. “Dual-process Theories of Higher Cognition:

Advancing the Debate.” Perspectives on Psychological Science 8: 223–241.
Evans, J. St. B. T., and K. E. Stanovich. 2013b. “Theory and Metatheory in the Study of

Dual Processing: Reply to Comments.” Perspectives on Psychological Science 8:
263–271.

Fearnley, C. J. 2013. “Assigning a Volcano Alert Level: Negotiating Uncertainty, Risk, and
Complexity in Decision-making Processes.” Environment and Planning a 45 (8): 1891–
1911.

Feldman, S. P. 2004. “The Culture of Objectivity: Quantification, Uncertainty, and the Evalu-
ation of Risk at NASA.” Human Relations 57 (6): 691–718.

Fiske, S. T. 2004. Social Beings: A Core Motives Approach to Social Psychology. New York:
Wiley.

Flin, R. H. 1996. Sitting in the Hot Seat: Leaders and Teams for Critical Incident Manage-
ment. Chichester: Wiley.

Funtowicz, S. O., and J. R. Ravetz. 1993. “Science for the Post-normal Age.” Futures 25:
739–755.

Gaillard, J. C. 2006. “Traditional Societies in the Face of Natural Hazards: The 1991
Mt.Pinatubo Eruption and the Aetas of the Philippines.” International Journal of Mass
Emergencies and Disasters 24 (1): 5–43.

Gill, D. 2007. “Secondary Trauma or Secondary Disaster? Insights from Hurricane Katrina.”
Sociological Spectrum 27: 613–632.

Greenwood, D. J., and M. Levin. 1998. Introduction to Action Research – Social Research
for Social Change. Thousand Oaks, CA: Sage.

304 V. Sword-Daniels et al.



Gutierrez, B. T., S. J. Williams, and E. R. Thieler. 2009. “Ocean Coasts.” In Coastal Sensitiv-
ity to Sea-level Rise: A Focus on the Mid-Atlantic Region, edited by J. G. Titus, K. E.
Anderson, D. R. Cahoon, D. B. Gesch, S. K. Gill, B. T. Gutierrez, E. R. Thieler, and S.
J. Williams, 43–56. Washington, DC: U.S. Environmental Protection Agency.

Haasnoot, M., J. H. Kwakkel, W. E. Walker, and J. ter Maat. 2013. “Dynamic Adaptive
Policy Pathways: A Method for Crafting Robust Decisions for a Deeply Uncertain
World.” Global Environmental Change 23 (2): 485–498.

Hirsch Hadorn, G., H. Hoffmann-Riem, S. Biber-Klemm, W. Grossenbacher-Mansuy, D.
Joye, C. Pohl, U. Wiesmann, and E. Zemp, eds. 2008. Handbook of Transdisciplinary
Research. Zürich: Springer.

Jasanoff, S. 2010. “A New Climate for Society.” Theory, Culture and Society 27: 233–253.
Joffe, H., and C. Staerkle. 2007. “The Centrality of the Self-control Ethos in Western Asper-

sions regarding Outgroups: A Social Representational Approach to Stereotype Content.”
Culture & Psychology 13 (4): 395–418.

Johnson, B. B., and P. Slovic. 1995. “Presenting Uncertainty in Health Risk Assessment: Ini-
tial Studies of Its Effects on Risk Perception and Trust.” Risk Analysis 15 (4): 485–494.

Jones, R. N. 2000. “Managing Uncertainty in Climate Change Projections – Issues for Impact
Assessment.” Climatic Change 45 (3/4): 403–419.

Karl, H. A., L. E. Susskind, and K. H. Wallace. 2007. “A Dialogue, Not a Diatribe: Effective
Integration of Science and Policy through Joint Fact Finding.” Environment: Science and
Policy for Sustainable Development 49 (1): 20–34.

Kasemir, B., J. Jäger, C. C. Jaeger, and M. T. Gardner, eds. 2003. Public Participation in
Sustainability Science. Cambridge: Cambridge University Press.

Kavanagh, A. M., and D. H. Broom. 1998. “Embodied Risk: My Body, Myself?” Social
Science & Medicine (1982) 46 (3): 437–444.

Keough, S. M., and K. H. Shanahan. 2008. “Scenario Planning: Toward a More Complete
Model for Practice.” Advances in Developing Human Resources 10: 166–178.

Keren, G. 2013. “A Tale of Two Systems: A Scientific Advance or a Theoretical Stone Soup?
Commentary on Evans & Stanovich (2013).” Perspectives on Psychological Science 8:
257–262.

Kettle, N. P., K. Dow, S. Tuler, T. Webler, J. Whitehead, and K. M. Miller. 2014. “Integrating
Scientific and Local Knowledge to Inform Risk-based Management Approaches for
Climate Adaptation.” Climate Risk Management 4–5: 17–31.

Klein, G. 2008. “Naturalistic Decision Making.” Human Factors: The Journal of the Human
Factors and Ergonomics Society 50 (3): 456–460.

Knight, F. H. 1921. Risk, Uncertainty and Profit. New York: Hart, Schaffner and Marx.
Kokelaar, B. P. 2002. “Setting, Chronology and Consequences of the Eruption of Soufriere

Hills Volcano, Montserrat (1995–1999).” In The Eruption of Soufriere Hills Volcano,
Montserrat from 1995 to 1999, vol. 21, edited by T. H. Druitt and B. P. Kokelaar, 1–43.
London: Geological Society, Memoirs 2002.

Krüger, F., G. Bankoff, T. Cannon, B. Orlowski, and E. L. F. Schipper. 2015. Cultures and Disas-
ters: Understanding Cultural Framings in Disaster Risk Reduction. London: Routledge.

Kuhn, K. 2000. “Message Format and Audience Values: Interactive Effects of Uncertainty
Information and Environmental Attitudes on Perceived Risk.” Journal of Environmental
Psychology 20 (1): 41–51.

Lipshitz, R., G. Klein, J. Orasanu, and E. Salas. 2001. “Taking Stock of Naturalistic Decision
Making.” Journal of Behavioral Decision Making 14 (5): 331–352.

Lindell, M. K., and R. W. Perry. 2000. “Household Adjustment to Earthquake Hazard: A
Review of Research.” Environment and Behaviour 32 (4): 461–501.

Loewenstein, G. F., E. U. Weber, Christopher K. Hsee, and N. Welch. 2001. “Risk as Feel-
ings.” Psychological Bulletin 127 (2): 267–286.

Löfstedt, R. E., and Perri 6. 2008. “What Environmental and Technological Risk Communi-
cation Research and Health Risk Research Can Learn from Each Other.” Journal of Risk
Research 11 (1): 141–167.

Loorbach, D., N. Frantzeskaki, and W. Thissen. 2011. “A Transition Research Perspective on
Governance for Sustainability.” In European Research on Sustainable Development, Vol
1: Transformative Science Approaches for Sustainability, edited by Carlo Jaeger, J. David
Tàbara, Julia Jaeger, 73–90. Heidelberg: Springer.

Journal of Risk Research 305



Macnaghten, P. 2003. “Embodying the Environment in Everyday Life Practices.” The Socio-
logical Review 51 (1): 63–84.

Merton, R. K. 1948. “The Self-fulfilling Prophecy.” The Antioch Review 8 (2): 193–210.
Miles, S., and L. J. Frewer. 2003. “Public Perception of Scientific Uncertainty in Relation to

Food Hazards.” Journal of Risk Research 6 (3): 267–283.
Moats, J. B., T. J. Chermack, and L. M. Dooley. 2008. “Using Scenarios to Develop Crisis

Managers: Applications of Scenario Planning and Scenario-based Training.” Advances in
Developing Human Resources 10: 397–424.

Mol, A., and J. Law. 2004. “Embodied Action, Enacted Bodies: The Example of Hypogly-
caemia.” Body & Society 10 (2–3): 43–62.

Morrice, S. J. 2012. “Heartache and Hurricane Katrina: Recognising the Influence of Emotion
in Post-disaster Return Decisions.” Area 45 (1): 33–39.

Osman, M. 2013. “A Case Study: Dual-process Theories of Higher Cognition – Commentary
on Evans & Stanovich (2013).” Perspectives on Psychological Science 8: 248–252.

Pascual, R., and S. Henderson. 1997. “Evidence of Naturalistic Decision Making in Military
Command and Control.” In Naturalistic Decision Making, edited by C. E. Zsambok and
G. Klein, 217–226. Mahwah, NJ: Erlbaum.

Paton, D. 2008. “Risk Communication and Natural Hazard Mitigation: How Trust Influences
Its Effectiveness.” International Journal of Global Environmental Issues 8 (1/2): 2–16.

Paton, D., L. Smith, and J. Violanti. 2000. “Disaster Response: Risk, Vulnerability and
Resilience.” Disaster Prevention and Management 9 (3): 173–180.

Patt, A., and S. Dessai. 2005. “Communicating Uncertainty: Lessons Learned and Sugges-
tions for Climate Change Assessment.” Comptes Rendus Geoscience 337 (4): 425–441.

Peach, S. 2014. “Rising Seas: Will the Outer Banks Survive?” National Geographic, July.
http://news.nationalgeographic.com/news/special-features/2014/07/140725-outer-banks-
north-carolina-sea-level-rise-climate/.

Pease, B. 2010. Undoing Privilege: Unearned Advantage in a Divided World. London: Zed
Books.

Pliske, R. M., M. J. McCloskey, and G. Klein. 2001. “Decision Skills Training: Facilitating
Learning from Experience.” In Naturalistic Decision Making, edited by E. Salas and
G. Klein, 37–53. Mahwah, NJ: Lawrence Erlbaum.

Prior, T., and C. Eriksen. 2013. “Wildfire Preparedness, Community Cohesion and Social–
Ecological Systems.” Global Environmental Change 23: 1575–1586.

Renn, O., A. Klinke, and M. van Asselt. 2011. “Coping with Complexity, Uncertainty and
Ambiguity in Risk Governance: A Synthesis.” Ambio 40 (2): 231–246.

Robbins, P., and S. A. Moore. 2013. “Ecological Anxiety Disorder: Diagnosing the Politics
of the Anthropocene.” Cultural Geographies 20 (1): 3–19.

Saaty, Thomas L. 2008. “Decision Making with the Analytic Hierarchy Process.” Interna-
tional Journal of Services Sciences 1 (1): 83.

Schenk, T. 2016. “Facts for Now, Facts for Use.” In Joint Fact Finding in Urban Planning
and Environmental Disputes, edited by M. Matsurra and T. Schenk. London: Routledge.

Simon, G. 2014. “Vulnerability-in-production: A Spatial History of Nature, Affluence and
Fire in Oakland, California.” Annals of the Association of American Geographers 104
(6): 1199–1221.

Sloman, S. A. 1996. “The Empirical Case for Two Systems of Reasoning.” Psychological
Bulletin 119 (1): 3–22.

Slovic, P., M. L. Finucane, E. Peters, and D. G. MacGregor. 2004. “Risk as Analysis and
Risk as Feelings: Some Thoughts about Affect, Reason, Risk, and Rationality.” Risk
Analysis 24 (2): 311–322.

Smithson, M. 1999. “Conflict Aversion: Preference for Ambiguity vs Conflict in Sources and
Evidence.” Organizational Behavior and Human Decision Processes 79 (3): 179–198.

Solberg, C., T. Rossetto, and H. Joffe. 2010. “The Social Psychology of Seismic Hazard
Adjustment: Re-evaluating the International Literature.” Natural Hazards and Earth
System Science 10 (8): 1663–1677.

Spiegelhalter, D., M. Pearson, and I. Short. 2011. “Visualizing Uncertainty about the Future.”
Science 333 (6048): 1393–1400.

Stirling, A. 2008. “Science, Precaution, and the Politics of Technological Risk.” Annals of
the New York Academy of Sciences 1128 (1): 95–110.

306 V. Sword-Daniels et al.

http://news.nationalgeographic.com/news/special-features/2014/07/140725-outer-banks-north-carolina-sea-level-rise-climate/
http://news.nationalgeographic.com/news/special-features/2014/07/140725-outer-banks-north-carolina-sea-level-rise-climate/


Stirling, A. 2010. “Keep It Complex.” Nature 468: 1029–1031.
Sword-Daniels, V., T. M. Wilson, S. Sargeant, T. Rossetto, J. Twigg, D. M. Johnston, S. C.

Loughlin, and P. D. Cole. 2014. “Consequences of Long-term Volcanic Activity for
Essential Services in Montserrat: Challenges, Adaptations and Resilience.” In The Erup-
tion of Soufirere Hills Volcano, Montserrat from 2000 to 2010, vol. 39, edited by G.
Wadge, R. E. A. Robertson, and B. Voight, 471–488. London: Geological Society of
London Memoirs.

Taddei, R. 2012. “The Politics of Uncertainty and the Fate of Forecasters.” Ethics, Policy &
Environment 15 (2): 252–267.

Tapio, P., and O. Hietanen. 2002. “Epistemology and Public Policy: Using a New Typology
to Analyse the Paradigm Shift in Finnish Transport Futures Studies.” Futures 34 (7):
597–620.

Tellman, E. 2011. “Community Resilience and Hurricane Ida: How Marginalized Salvadorans
Lacking NGO and Governmental Support Cope with Climate Shock.” United Nations
University Environment and Human Security.

Terry, D. J., M. A. Hogg, and K. M. White. 1999. “The Theory of Planned Behaviour: Self-
identity, Social Identity and Group Norms.” British Journal of Social Psychology 38 (3):
225–244.

Thompson, V. A. 2013. “Why It Matters: The Implications of Autonomous Processes for
Dual-process Theories – Commentary on Evans & Stanovich (2013).” Perspectives on
Psychological Science 8: 253–256.

Thompson, M., and M. Warburton. 1985. “Decision-making under Contradictory Certain-
ties.” Journal of Applied Systems Analysis 12: 3–33.

Tversky, A., and D. Kahneman. 1986. “Rational Choice and the Framing of Decisions.” The
Journal of Business 59 (4): 8251–8278.

Walker, W. E., M. Haasnoot, and J. H. Kwakkel. 2013. “Adapt or Perish: A Review of Plan-
ning Approaches for Adaptation under Deep Uncertainty.” Sustainability 5: 955–979.

Walker, W. E., P. Harremoës, J. Rotmans, J. P. van der Sluijs, M. van Asselt, P. Janssen, and
M. P. Krayer von Krauss. 2003. “Defining Uncertainty: A Conceptual Basis for
Uncertainty Management in Model-based Decision Support.” Integrated Assessment 4
(1): 5–17.

White, K. M., J. R. Smith, D. J. Terry, J. H. Greenslade, and B. M. McKimmie. 2009.
“Social Influence in the Theory of Planned Behaviour: The Role of Descriptive, Injunc-
tive and In-group Norms.” British Journal of Social Psychology 48 (1): 138–158.

Wiedemann, P., F. Börner, and H. Schütz. 2008. “Lessons Learned: Recommendations for
Communicating Conflicting Evidence for Risk Characterization.” In The Role of Evidence
in Risk Characterization: Making Sense of Conflicting Data, edited by P. M. Widemann
and H. Schutz, 203–213. Weinheim: WILEY-VCH Verlag GmbH & KGaA.

Williams, C., and C. E. Dunn. 2003. “GIS in Participatory Research: Assessing the Impact of
Landmines on Communities in North-West Cambodia.” Transactions of Geographical
Information Systems 7: 393–410.

Wynne, B. 1992. “Uncertainty and Environmental Learning Reconceiving Science and Policy
in the Preventive Paradigm.” Global Environmental Change 2 (2): 111–127.

Zsambok, C., and G. Klein. 2014. Naturalistic Decision Making. New York: Psychology
Press.

Zucchino, D. 2012. “In North Carolina, a Fight over Sea Levels and Science.” Los Angeles
Times, June 24.

Journal of Risk Research 307


	1
	Abstract
	1. Introduction
	2. Problematising uncertainty
	2.1. Scientific framing of uncertainty
	2.2. Uncertainty and decision-making
	2.3. Communication of uncertainty
	2.4. Embodied risk

	3. The concept of embodied uncertainty
	3.1. Embodied uncertainty, social identities and trauma
	3.2. Embodied uncertainty and the co-production of knowledge
	3.3. Embodied uncertainty, social and institutional structures and policy
	3.4. Embodied uncertainty as long-term lived experiences
	3.5. Discussion: bringing the themes together

	4. Conclusion
	Acknowledgements
	 Disclosure statement
	 Funding
	ORCID
	References

