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Introduction 
 The Floods Directive (2007/60/EC) puts risk communication at the centre of a common European 

“framework for the assessment and management of flood risks” (article 1). At its most basic risk 

communication can be defined as “the flow of information and risk evaluations back and forth 

between academic experts, regulatory practitioners, interest groups, and the general public” (Leiss 

1996: 86), and it is an increasingly prominent feature of regulation and of corporate governance 

strategies across a wide range of domains (Gouldson et al. 2007; Renn 2006; UK Cabinet Office 

2002). Both in theory, however, and in actual practice there is considerable controversy about what 

does—and should-- get transmitted, why, how, and to whom. In order to understand the potential 

role for risk communication in achieving the wider aims of the KULTURisk project, it is important to 

recognize that the very idea and purposes of risk communication are contested and thus that what 

counts as ‘good’ risk communication depends very much on the standpoint from which it is judged. 

Unless these different models of ‘good’ risk communication are acknowledged and understood, 

efforts to identify best practice are likely to “draw from a wide body of techniques without 

necessarily being aware that the techniques they adopt bear the imprints of broader scientific, 

political, economic, or social theory *and that+... they are permeated by power/knowledge relations” 

(Richardson 1996: 289, quoted in Wardman 2008: 1621)  

 The field of risk communication first rose to prominence in the 1980s--Leiss (1996) dates the first 

usage of the term ‘risk communication’ to 1984-- but arguably its roots can be traced back much 

farther to the seminal work of geographer Gilbert White (1945) on behavioural responses to 

flooding. Struck by the apparent paradox of rising flood losses despite increasing expenditure on 

flood defences, White found that the construction of levees lulled residents into a false sense of 

security, encouraged more intensive and less resilient uses of vulnerable flood plains, and led, 

ultimately, to much higher losses when defences were overtopped and flooding occurred. White and 

his students in the ‘Chicago School’ of hazards research inaugurated a programme of geographical 

research into human adjustments to hazards and the potential for communication, and other policy 

interventions, to encourage more sustainable responses to them (Burton et al. 1978). While 

geographers would later criticize the Chicago school for ignoring the socio-economic and other 

structural constraints on adaptation (Hewitt 1983; Blaikie et al. 1994), other disciplines developed 

parallel lines of research emphasizing processes of individual cognition in risk perception and 

communication.  In the 1970s and 1980s, psychologists began using experimental methods to 

explore how individual decision-making under uncertainty is shaped by various cognitive biases and 

heuristics (e.g. Tversky and Kahneman 1974), while a survey-based psychometric paradigm charted 

public perceptions of nuclear power and other technological hazards and the influence upon them of 

contextual factors such as familiarity with and dread about the hazard in question, the voluntariness 

of exposure, the reversibility of harms, and the identity and proximity (in space, time or both) of 

potential beneficiaries and victims (e.g. Fischhoff et al 1978; Slovic  1987).  

 Much of the early research on risk perception was based on a tacit assumption of epistemic 

privilege in which various psychological factors were invoked to explain why public perceptions of 

risk so often departed from the ‘actual’ risk as understood by experts. In this context, risk 

communication was often promoted as a tool for fixing the apparent deficit in public understanding 

(Wynne 1995; Jasanoff 1998), or for achieving other ends, like encouraging behaviour change (Thaler 
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and Sunstein 2008; Jones et al. 2011), deflecting blame (Rothstein et al 2007), assuaging public 

outrage (Hood et al. 2001), or securing trust (Lofstedt 2005). But this approach to risk 

communication proved controversial, not simply because of its often naked instrumentalism, which 

critics pilloried as little more than PR in support of powerful vested interests (e.g. Krimsky 2007), but 

also because of its assumptions, at once epistemic and political, that risk communication is simply a 

one-way process simply of transmitting factual, scientific knowledge to the ignorant. This deficit 

model of public understanding of science and risk has been subject to widespread criticism (Sturgis 

and Allum 2004), with many critics insisting that risk communication needs to involve more than just 

a one-way transfer of technical information, which “is unlikely to address public and stakeholder 

concerns or resolve any underlying societal issues’’ (Pidgeon et al. 2005: 467). 

 In response other approaches emphasized the way in which risks are socially constructed and 

contested (Beck 1992; Wynne 199), and this, in turn, contributed to an increasing emphasis on the 

importance of dialogue and participation. These more interactive, two-way approaches to risk 

communication have been variously promoted as fulfilling a fundamental democratic imperative, as 

improving the substantive quality of risk assessment and management by supplying missing 

knowledge and putting assumptions to the test, and as an instrument for building trust in or co-

opting political opposition to risk management decisions (Stirling 2005). Still others have theorized 

risk perception and communication as essentially performative and defining in/out group 

membership (Adams 1995; Douglas and Wildavsky 1992), or as tactic of disciplinary power serving to 

reshape individual and institutional identities, responsibilities, and conduct (Rose 1999; Bickerstaff 

et al. 2008). 

 This proliferation of competing approaches to the study and practice of risk communication has 

been accompanied by an explosion in the volume of peer reviewed research. A search (20.06.2011) 

for ‘risk communication’ in the ISI Web of science yielded 79,483 entries, a one hundred fold 

increase from that found by Gurbardhi et al (2004) in their bibliometric analysis of the development 

of the field in the period 1988-2000. A more restricted search for ‘risk communication’ and ‘water’ 

yielded 3406 entries, while one for  ‘risk communication’ and ‘flood*’ yielded 329 entries. The 

literature is large and expanding at an almost geometric pace. Just in the realm of flood risk 

management, the CRUISE database of European flood risk research lists 31 recent projects and 5 

programmes tagged with ‘communication’ as a keyword, and even casual familiarity with the field 

makes it possible to identify additional European research projects involving  work packages focused 

on risk communication in some way, including FloodWise; Safecoast; CapHazNet; Floodsite, 

RiskMap, Micore, CORFU, and FREEMAN, which are not so tagged. 

 A number of recent reviews have attempted to survey the rapidly growing field of risk 

communication. In addition to synoptic reviews of risk communication in general (ie NRC 1989; 

Klinke and Renn 2002; Lofstedt 2003; Horlick-Jones 2008; Lundgren and McMakin 2009; Bouder 

2009), there have also been more focused reviews concentrating on risk communication in the 

specific context of flooding and other water related hazards (e.g. Faulkner et al. 2007, 2011; 

Hoppner et al. 2010; US EPA 2004; Martini and de Roo 2007; Martini and Loat 2007). Rather than 

replicate that work, the aim of this report is clarify the various underlying theoretical models on 

which assessments of ‘good’ practice in risk communication are based.  To that end, we begin by 

describing a number of different approaches to making sense of the field before introducing the 

four-fold classification scheme we use to structure our review of recent research on risk 

http://www.crue-eranet.net/cruise.asp
http://floodwise.betawerk.eu/elgg/
http://www.safecoast.org/index.php
http://caphaz-net.org/
http://www.floodsite.net/
http://www.risk-map.org/
https://www.micore.eu/index.php
http://www.corfu7.eu/
http://www.cmcc.it/freeman/
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communication for flooding and other water related hazards. Then in the  sections that follow we 

consider each model in turn, using them as prisms for casting new light on what is known about how 

risk communication features in the domains of flood warning, risk mapping, and structural defence, 

which are focus for  KULTURisk WPs 2-4.  

 

Modelling Risk Communication 
 Risk communication is a comparatively new and multidisciplinary field of research, and there are 

a variety of ways to make sense of the various paradigms and theoretical approaches it involves.  

One approach is historical. Thus Leiss (1996) and Krimsky (2007) have both described three 

(somewhat different) phases of risk communication research involving successively greater 

engagement and dialogue, while Fischhoff (1995) provocatively narrated seven developmental 

phases from the initial idea that ‘all we have to do is get the numbers right’ to the idea that ‘all we 

have to do is make them partners’. But whether it is three phases or seven, such historical narratives 

tend to imply the successive displacement of one approach by another rather than the steady 

accretion of competing voices to the growing cacophony of risk communication research.  

 In place of chronology, other typologies parse the literature in terms of the underlying rationales 

for engaging in risk communication (e.g. Fiorino 1989, 1990). Normative rationales see 

communication as simply the ‘right’ thing to do, though the reasons why it is seen as right are 

contested, and this has important implications for what ‘good’ risk communication is said to involve. 

Some normative rationales invoke the fundamental democratic right for citizens to be informed (e.g. 

NRC 1989), but risk communication is also central to various other institutional imperatives in a 

democratic society. For example, the ‘honest broker’ role of science advisors in policy making 

depends on risk communication to distinguish the science of risk assessment from the politics of risk 

management (Pielke 2008), while the impartiality and fairness of risk regulation are enhanced by 

transparency and effective communication about the basis on which decisions are made (Porter 

1995). These normative rationales imply that risk communication is a one-way process of 

transmitting information about risk from experts to lay publics. By contrast other normative 

rationales for risk communication look to deliberative ideals about citizen participation. Such 

deliberative ideals imply both that risk communication should be a two-way dialogue and that what 

is being communicated are values as much as scientific facts (Chilvers 2009; Fischer  2000). 

Instrumental rationales, by contrast, see risk communication as a way of changing minds or 

otherwise influencing behaviour (usually, but not always, understood as individual behaviour), while 

substantive rationales for risk communication emphasize its potential to improve the quality of risk 

assessment, the processes of risk management decisions, and/or the outcomes that result.  

 Though clear in the abstract, these rationales for risk communication often bleed into each other 

in actual practice (Stirling 2005). Moreover, the goals of risk communication do not necessarily 

dictate the means or provide much guidance about how best to achieve them. Take nitrate pollution 

of water courses, for example. The management of this risk often involves targeted programmes of 

substantive engagement and two-way risk dialogue with farmers whose land use practices are a 

major nonpoint pollution source. Such targeted engagement has been promoted simply as a 

fundamental of democratic principle (Fischer 2000), because farmers, as  ‘uncertified specialists’ 

(Collins and Evans 2007), can contribute relevant ‘experiential knowledge’ to improve policy design 

(Hammer et al. 2011), or instrumentally because dialogue with them is an instrument for securing 
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better compliance through social learning (Toderi et al. 2007) or by pre-empting opposition from an 

powerful interest group (Prager and Nagel 2008).  For other risks, however, broadcast forms of 

communication aimed at the general public may be preferred. An example of this might be food 

labels containing detailed information about recommended daily allowances and the ecological 

and/or ethical footprint of a product, which have variously been promoted as a ethical duty of 

manufacturers (Goodman 2004), as a means to improve the substantive quality of consumer 

decision-making about healthy eating (DoH 2004), and as an instrument of liberal paternalism for 

inducing behaviour change (Jones et al. 2011) and normalizing sustainability considerations among 

both consumers and manufacturers alike (Demeritt 2011).  

 Wardman (2008) has tried to provide greater conceptual clarity by mapping risk communication 

along two orthogonal dimensions (FIGURE 1). His vertical axis distinguishes risk communication by its 

underlying rationale, whereas his horizontal axis distinguishes between engaged and interactive, 

often two-way forms of communication at one extreme and less engaged, one-way styles at the 

other.   

 

Figure 1. Four conceptual models of risk communication. After Wardman (2008) 

The result is four ideal-typical models of risk communication, which, as Wardman (2008) notes, are 

grounded in different theoretical traditions that suggest different ways of evaluating ‘good’ risk 

communication.  

 In the discussion that follows, we use Wardman’s four ideal-types to organize our critical review 

of risk communication for flooding and other water-related hazards. While these four models may 

be mutually exclusive, it is important to recognize that risk communication practices  are not. In any 

given case, such as the examples above of dialogue with farmers or product labelling, the same risk 

communication practice may be recommended for quite different reasons according to different 

models.  As Horlick-Jones (2008: 170) notes the “devil is truly in the detail”, and the appropriateness 
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of one-way as against two-way communication, the content of risk messages, and target audiences 

for them are likely vary greatly with the nature of the risk issue at hand as well as the aims intended 

by communicating about it. This complexity greatly makes it difficult to generalize about best 

practice in the abstract. 

 

The Risk Message Model 
Technical risk assessments are worthless if they do not reach the decision-makers they are meant to 

inform. The risk message (RM) model proceeds from the belief that ‘good’ risk communication is 

about faithfully transmitting risk information without distortion, bias or misunderstanding, and it is 

the dominant approach to risk communication. Behind this deceptively simple understanding of risk 

communication as information transfer lie a number of contentious normative, epistemic, and 

political assumptions. Normatively there is a broadly liberal understanding of the democratic 

imperative for citizens to be informed and governments to be transparent about risk and its 

management. Epistemologically this approach to risk communication is often associated with a 

deficit model of public (mis)understanding in which experts are assumed to possess superior 

scientific knowledge of risk and to rely on risk communication to disseminate it to the ignorant. As 

this implies, the risk message model is also predicated on a series of political distinctions between 

the science of risk assessment and the politics of risk management, between experts and lay publics, 

and between policy makers and the citizens on whose behalf they are acting, which are connected 

by largely one-way flows of risk information. Risk communication is thus understood as a kind of 

‘bridging’ exercise in which information flows from senders to receivers and closes the distance 

between them. Typically distance here is understand in terms of absolute time and space, though 

recent geographical work has also tried to theorize various other dimensions of ‘distance’ that risk 

communication might cross, including cognitive, institutional, and network (e.g. Créton-Cazavane 

2010; November 2008; November et al. 2010).    

  The intellectual roots of the RM model lie in information theory and the encoder-decoder model 

of signal transmission. As first articulated by Shannon and Weaver (1948), communication involves 

three steps: 

1. a sender encoding a risk message;  

2.  transmission of that signal over a channel to a receiver; 

3. the receiver successfully decoding  the risk message from back ground noise. 

In their original formulation meaning is understood to be a self-contained property of the message 

itself, rather than as something that is actively generated in and through the practices of producing, 

transmitting, and interpreting the message, as more recent work in cultural and media studies has 

tended to emphasize (e.g. Hall 1997).  

 Accordingly research subscribing to the RM model of risk communication has focused on the 

design features most conducive to effective encoding, transmission, and decoding. In the field of 

health risk communication, for example , Lipkus (2007) and Kurz-Milcke et al. (2008) have assessed 

the effectiveness of visual and graphical displays in communicating relative as against absolute risk 

reductions from drug therapies, while Giegerenzer (2002) has shown that medical professionals and 

lay publics alike understand risk better when it is communicated in terms of natural frequencies 
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rather than probabilities, though Joslyn and Nichols (2009) found the opposite to be true in the case 

of weather forecasts. Similar questions arise around how best to communicate the concept of flood 

return periods (Bell and Tobin 2007). The RM model presumes that “public ignorance and 

incompetence with probabilities is the key problem in environmental and technological risk 

communication” (Lofstedt and Perri 6, 2008:145). 

 One response that has developed to helping to correct such distortions in the interpretation of 

risk messages is the mental models approach of Morgan et al. (2001). Drawing on ideas in social 

psychology, it proceeds from the assumption that non-experts have an “ ‘intuitive understanding’ of 

risks and that they can be helped to a better appreciation and consequently be placed in a position 

to make more informed decisions if they are given new information in a format that is consistent 

with their initial belief system” (Breakwell 2001: 342). By studying those belief systems and the 

heuristics used by people to decode risk messages, mental models research promises to inform the 

design and delivery of risk messages less liable to distortion in transmission or misinterpretation 

upon reception and decoding.  While the mental models approach has been criticized for failing to 

challenge the distinction between expert and lay understandings of risk and hence for assuming that 

risk communication is simply about information transmission rather than about relations of power 

or the performance of identity (e.g. Grabill and Simmons 1998), it has, nevertheless, been the 

catalyst for much research aimed at developing more effective ways of communicating risks to non-

expert audiences (e.g. Atman et al. 1994: Sterman 2008; Galada et al. 2009). 

  Another important concern for the RM model of risk communication is the way in which 

messages may be selectively amplified or dampened in the course of their transmission. The social 

amplification of risk framework (SARF) has focused particular attention on the role of media 

coverage in heightening individual and societal concerns about some hazards, like BSE, GM foods, or 

vaccination, while dampening concern about other risks, such as indoor radon or automobile 

accidents, which experts regard as more dangerous than the general public at large (Kasperson et al. 

1988). Compared to technological hazards, there has been much less SARF work on natural and 

environmental ones. Research on climate change coverage has shown how journalistic norms of 

‘balance’ tend to amplify doubts about the anthropogenic causes of climate change and scale of the 

risks it may pose (e.g. Boykoff and Boykoff 2004; Antilla 2005). Without such a conflict frame to 

make it newsworthy, reporting on water related hazards tends to focus on discrete disaster events, 

such as floods and droughts. In that context Wilkins (2000) and Rashid (2010) noted a tendency for 

national news outlets in the US and Canada to focus on the event itself and to ignore the 

development or restoration of natural flood plains and the performance of flood defences, which 

influence the vulnerability to those hazards. Such processes of exposure and adaptation were more 

likely to be covered, if they were covered at all, by the local press. It would thus be interesting to 

assess whether this same dynamic applies to media coverage of flooding and vulnerability in Europe. 

In the UK, Gavin et al. (2011) found that media coverage of flooding events tended to assimilate 

them to a wider debate about whether or not extreme weather events are proof of anthropogenic 

climate change.  This framing of flooding tends reinforce the sense that even if floods are no longer 

understood as ‘acts of God’, they are, essentially, uncontrollable hazards rather than processes that 

might be managed through careful adaptation. Given the frequency of flood disasters in other 

European member states, it would be worth exploring whether and how media coverage and the 

amplification of risk messages about flood risk vulnerability might vary among them.  
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 Since the RM model presumes that meaning is a fixed property of the message itself, rather than 

contextual factors around its production, dissemination, or interpretation, it makes sense to 

consider in turn, how risk communication in the KULTURisk domains of short-term forecasting and 

longer term hazard mapping is understood from this perspective. 

  

Short-term warnings and forecasts 

A number of recent studies have examined the visualization, transmission, and reception of  

information from hydro-meteorological forecasts.  With the advent of ensemble and other 

probabilistic forecasting technologies, one important challenge is how best way to encode the 

resulting quantitative probability forecasts in clear visualizations so as to most effectively convey 

both risk and forecast uncertainty. The US National Hurricane Center has been using ‘cone of 

probability’ visualizations to depict the uncertainty about forecasted storm tracks (Broad et al. 

2007), while a variety of numerical, qualitative, and hybrid-graphic formats are used to convey 

information about the probability of precipitation. These efforts to communicate the uncertainty of 

meteorological forecasts have recently been reviewed by the National Research Council (NRC 2006) 

and by Lumbroso and von Christierson (2009). Several recent papers have also surveyed the various 

visualization methods being developed across Europe to communicate probabilistic flood forecasts 

(e.g Bruen et al. 2010; Zappa et al. 2010; Orr and Twigger-Ross 2009). However, there has not, as 

yet, been much rigorous evaluation of them. Thus the work being done as part of KULTURisk WP2 to 

compare the clarity and effectiveness of different visualization methods is of great value 

(Pappenberger et al. 2011), particularly as Demeritt et al (2010) have documented a wide range of 

opinion among operational forecasters across Europe about what is the most important information 

to extract and transmit from a probabilistic flood forecast. It may be that different audiences will 

require different visualizations suited to their particular needs or levels of expertise.  

 Other research has examined the transmission of flood warnings. In England and Wales, 

persistent difficulties disseminating official flood warnings prompted a programme of research on 

how to improve dissemination of flood warnings to the public (Penning-Roswell et al.  2000; Fielding 

et al. 2007; Tapsell et al. 2004; Parker et al. 2007a, 2007b), key findings from which are summarized 

by Parker et al. (2009) as part of a systematic review conducted for the FLOODsite project. Despite 

the hopes invested in new technologies, like automated SMS text messaging, to disseminate 

warnings to mobile or otherwise hard to reach groups, traditional means of communication, like a 

knock on the door from the emergency services, often still prove more effective for reaching 

vulnerable populations (Tapsell et al. 2004), partly because of issues of access, but also because of 

trust and the tendency to pay more attention to trusted but unofficial sources of information from 

friends and families (Parker and Handmer 1998). Drivers of motor vehicles are one particularly 

important—and difficult to reach—target for flood warnings (Drobot et al. 2007). Nearly half of all 

flooding fatalities in the US are motor vehicle related, with rates in Europe not too far behind 

(Jonkman and Kelman 2005), because drivers fail to understand the dangers posed by driving 

through fast moving flood waters (Ruin et al. 2007; Ruin 2010). The need for public information 

campaigns to raise public awareness of hydrometeorological risks and how best to respond to them 

is also a  common conclusion of RM research on tornados, hurricanes and other severe weather (ie 

Schultz et al. 2010). 
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 Most of the research on forecast dissemination has focused on the general public at large, and 

lessons emerging from it are summarized by Sorenson (2000: 122): 

 Officials are often slow in reaching a decision; slow decisions often prevent a timely 

warning to the public at risk.  

 Most populations at risk can be notified in about 3 hours or less without specialized 

warning systems. 

 Warnings are more slowly disseminated at night than in evening or daytime hours. 

 New warning technologies (such as telephone ring down systems) can achieve very rapid 

warning. 

  Informal notification plays an important role in the warning dissemination in most 

emergencies.  

 The time people spend responding to a warning corresponds to an S-shaped (logistic) 

curve. 

 The time people spend in responding to a warning depends on the perceived urgency of 

the threat. 

 The time required to evacuate a population is unrelated to the size of the population 

Increasingly, however, communication among professional groups is now also being recognized as 

an important concern (Dedieu 2009; Pitt 2008; Morss et al. 2005 Faulkner et al. 2007, 2011; Kollen et 

al. 2010), in light of investigations into the 1997 Red River floods in the United States (Morss 2010; 

Pielke 1999; Todhunter 2011) and the 2007 floods in England (Pitt 2008), which highlighted 

breakdowns in the communication of forecast uncertainties to emergency service organizations.  

 But even if forecast uncertainty is properly encoded and effectively disseminated, it must still be 

correctly decoded for communication to be complete in the RM model, and research in other 

domains suggests the influence of message formats on the interpretation of uncertainty information 

(ie Visschers et al. 2009). In England and Wales, the Environment Agency abandoned its traffic light 

system of flood warnings after it was found that ““Colour coded warnings appear to be 

misunderstood by nearly all who receive them. This is because the colours are spontaneously linked 

with the escalating probability of flooding actually occurring, and not with the extent definitions to 

which the colours relate. The interests of the public are not well served by warnings given on the 

colour coded basis” (Bye and Horner, 1998: 57).  

 While the effects of various cognitive biases, such as the tendencies for later judgments to be 

anchored around initially available information and for information that reinforces those prejudices 

to be differentially sought out and credited over other information that contradicts them (Tversky 

and Kahneman 1974), are well recognized in the forecasting community (ie Nichols 1999; Doswell 

2004; NRC 2006), there has been relatively little empirical research to assess their specific 

implications for the interpretation of hydrometeorological forecasts or for the oft-repeated 

assertion that the provision of probabilistic forecasts will improve the quality of weather-dependent 

decision making (ie Palmer 2002; Krzysztofowicz 2001). Several experimental studies with students 

have found that providing probabilistic information improves decision making (Josylyn et al. 2007; 

Roulston and Kaplan 2009), though there is also evidence about the importance of message framing 

and formatting to how forecast uncertainty is interpreted (Joslyn et al. 2009). By contrast survey 

http://www.sciencedirect.com/science/article/pii/S1464286701000109#bib4
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research has found widespread public misunderstanding of the meaning of probability of 

precipitation (PoP) forecasts (Murphy 1980), which are the most commonly provided probabilistic 

forecast product. Giegerenzer et al. (2005) found that these forecasts were interpreted in a variety 

of often incorrect ways across Europe, though understanding was better in the US where PoP 

forecasts have been common for more than 20 years. They recommended that forecasters take 

greater care to specify the reference class to which the probabilistic forecast refers, a 

recommendation echoed by Handmer and Proudly (2007) based on their findings from a survey in 

Australia. By contrast Morss et al. (2008), while documenting a similar failure of survey respondents 

in the US to grasp the precise technical meaning of PoP forecasts, argue that public understandings 

of PoP are in fact sufficiently good to meet their needs.  

 Similar concerns arise about the decoding abilities of emergency services and other more expert 

recipients of probabilistic flood forecasts. In a simulation exercise in the Thames Estuary in England, 

McCarthy et al. (2007) found that flood managers often struggled to understand probabilistic flood 

forecasts correctly without support from forecast providers. While Demeritt et al. (2010) 

documented widespread skepticism among operational flood forecasters about the ability of 

emergency services personnel to understand probabilistic forecasts, Nobert et al. (2010) drew on 

comparative case study research to argue that the understanding and use of probabilistic flood 

forecast products could be improved through training and collaboration between forecast providers 

and users in their design and dissemination. Those conclusions are partly borne out by Frick and 

Hegg’s (2011) study of the effectiveness of D-PHASE uncertainty visualizations in communicating 

forecast uncertainty to civil protection officials in Switzerland. In before/after self-assessment 

questionnaires, D-PHASE users reported feeling more confident in their understanding of forecast 

uncertainty and their decisions.  

 

Hazard mapping and residual risk communication  

While hazard mapping is widely promoted as a tool for communicating exposure to long-term 

spatially distributed risks like flooding (ie Dransch et al. 2010), there is relatively little empirical 

evidence about the actual effectiveness of such cartographic  methods for delivering risk messages.  

One exception is Haynes et al. (2007) who conducted a small qualitative study with 32 residents on 

Montserrat to gauge the effectiveness of conventional plan view maps as against 3D ones and 

perspective photographs in communicating volcanic risk on the island. Their research subjects had 

difficulties interpreting their environment as a mapped representation and performed much better 

at orientating their location relative to the volcanic hazards being depicted with aerial and in 

particular with perspective photographs than with traditional plan view contour or 3D maps. 

Photography may be particularly well suited to communicating the risk of lahars and other volcanic 

hazards, which are topographically controlled. There is much less evidence to support the 

widespread assumption of RM model inspired work on flood risk mapping that this is an effective a 

means of communicating risk messages. In a small experimental study, Bass and Blanchard (2011) 

found that Flash-animated maps of cumulative daily precipitation from historic flood events in a 

flood-prone area of Texas were successfully interpreted by participants and that skill did not vary 

much with either professional or personal experience of hydrometeorological hazards. Collins (1998) 

also found that an animated 3d visualization of storm surge risk was more effective than 

informational brochures in raising awareness of storm surge hazard as measured by before/after 
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surveys among barrier island residents along the South Carolina coast, while Fuchs et al (2009) used 

the method of eye tracking to assess the effectiveness of different map symbolizations at 

communicating flood risk.  

 Despite the paucity of empirical research into communicative effectiveness of different 

cartographic visualizations, there is no shortage of best practice guidance in hazard map design (ie 

van Alphen et al. 2009). Based on a systematic review of the literature on hazard mapping, Bostrom 

et al (2008) highlight a number of evaluation criteria, including accuracy and congruence (does the 

recipient perceive the message as it was intended by the sender?), accessibility (does the 

visualization make the information easier to retrieve and explore?), and retention (does the 

visualization make the information more memorable?).   

 One important design challenge is how best to communicate uncertainty cartographically. 

Traditionally maps did not incorporate representations of uncertainty, and some, like Beard and 

Mackaness (1993), have cautioned about the dangers of confusing the primary risk message if 

additional uncertainty information is provided as well. However, the desirability of visualizing the 

uncertainty associated with cartographic representations of risk is now increasingly acknowledged, 

though there is also some debate about what uncertainty means in a cartographic and geospatial 

data context (Pang et al. 1997). MacEachren et al. (2005), for instance, argued that the concept of 

uncertainty should be expanded beyond the traditional sense of data quality and error to encompass 

a broader set of qualities that need to be visualized as part of any evaluation of geospatial data. They 

list: 

1. Accuracy/error: difference between observation and reality, usually estimated based on 
knowledge of the measurement/estimation device and of phenomena in the work. 

2. Precision: exactness of measurement/estimate, derived from parameters of the 
measurement, estimation device, and/or procedure.  

3. Completeness: extent to which information is comprehensive. 
4. Consistency: extent to which information components agree. This is a more general 

definition than that found in formal standards for spatial data. 
5. Lineage: conduit through which information has passed. This is a complex category that has 

at least the following subcomponents: number of individuals, organizations, processes 
through which information moves; specification of which individuals, organizations, or 
processes. 

6. Currency: time span from occurrence through information collection/processing to use. The 
certainty that information is “current” will be a function of both time span and context, e.g., 
year-old data about vehicles parked in a factory loading bay is less certain to be current than 
year-old data about location of the factory. 

7. Credibility: combination of factors such as reliability of information source. Certainty may be 
based on past experience, e.g., the analyst is correct 85 percent of the time, or on 
categorization of the source, e.g., U.S. analyst versus a non-U.S. informant; motivation, 
experience, or other factors. 

8. Subjectivity: the extent to which human interpretation or judgment is involved in 
information construction. This component of uncertainty is, of course, difficult to assess—
and that assessment will have some level of subjectivity. 

9. Interrelatedness: source independence from other information. This is a common standard 
used in the news media to assess certainty that a story is authentic (MacEachren et al., 2005: 
146) 
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MacEachren et al. (2005) describe ways in which those dimensions of uncertainty might be 

visualized in their review the state-of-the-art in uncertainty visualization methods. Pang (2008) also 

reviews methods for visualizating uncertainty and assesses the appropriateness of different 

visualization strategies to scalar, vector, and multivariate geospatial data.  

 But in the absence of research on their communicative effectiveness, there is limited evidence on 

which to base the preference for one uncertainty visualization scheme over another. Hagemeier-

Klose, M. and Wagner (2009) held a workshop with experts as well as drawing on results of an online 

survey to inform their best practice guidance for flood risk mapping design. Kunz et al (2011) 

conducted an online survey of natural hazards experts in Switzerland in inform the design of a 

system for visualizing uncertainty in avalanche hazard maps. They found a clear preference for 

qualitative/textual presentations of uncertainty, which 78% of respondents liked, over numerical 

tables and graphs, which were recommended by only 32% and 38% of respondents respectively. 

They also found strong support for the presentation of risk information in an interactive digital 

system, which was welcomed by 62% of respondents as against 24% preferring static maps and 9% 

paper ones, as well as a general reluctance to communicate map uncertainties to the general public 

on the grounds that it would undermine public confidence and behavioural responses. Roth (2009) 

found similar ambivalence in focus groups conducted with flood plain managers in the US. While 

they appreciated and wanted access to more information about the uncertainty of the official flood 

plain maps produced by the Federal Emergency Management Agency, and thus would seem to 

welcome efforts by Smemoe et al (2007) to develop new ways of visualizing the uncertainty of flood 

outline maps, they were reluctant to have those uncertainties communicated publicly, out of 

concern both that they would be misunderstood and that those misunderstandings, in turn, would 

undermine public confidence in the maps and the decisions based on them. 

 There is some evidence to support those concerns about the inability of lay publics to accurately 

decode information about uncertainty. Patt and Schrag (2003) emphasize the importance of using 

consistent language to describe probability ranges. While the IPCC, for instance, has tried to 

standardize the meaning of such qualitative descriptions, Patt and Schrag (2003) claim there is some 

dissonance between IPCC definitions and vernacular ones, which may lead readers to under-

estimate the probability of high-magnitude possible outcomes. This concern was borne out in an 

experimental study by Budescu and Han-Hui (2009) in which subjects were asked to assign numerical 

probability values to sentences read out from the 2007 IPCC report. Their judgments deviated 

significantly from the IPCC guidelines, even when they had access to those guidelines.  

 Flood return periods provide one widely used measure to communicate the threat level posed by 

low probability-high consequence flood events for which people have no direct experience in the 

course of their everyday lives.  Its apparent simplicity has made the 100 year flood an important 

regulatory standard across the US and Europe, but its meaning has proven difficult for lay publics to 

grasp, and there are concerns that it fails convey the uncertainty of flood estimations and can lead 

to a false dichotomization between safe and unsafe zones, particularly when translated into hazard 

maps which don’t adequately reflect the fact that over a third of flood disaster assistance provided 

through the US National Flood Insurance Program, for example, is given to people living outside of 

the  statutorily mandated HQ 100 zone (NFIP 2011). Accordingly a report from the US National 

Academy of Sciences (NRC 2000) recommended supplementing the 100 year flood concept with 

other statistically equivalent measures of risk, such as the 1% chance flood or a flood with a 26% 
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chance of occurring during a 30 year mortgage. Bell and Tobin (2007) assessed the effectiveness of 

these measures at communicating uncertainty and motivating concern by surveying a random 

sample of 45 residents in a flood prone part of Texas. They found that the idea of a 1% chance of a 

flood was more effective at conveying uncertainty than a map of the HQ100 zone, which was 

understood as more certain, while the statistically equivalent idea of a flood with a 26% chance of 

occurring in 30 years was dismissed by members of the public as over-precise, scientific hubris. 

Broadly similar conclusions were reached by Richardson et al. (2003) in a study involving a postal 

survey (n=~200) and an undisclosed number of focus groups at 12 flood prone case study sites 

across England. They argue that flood return periods are liable to misinterpretation by members of 

the public and even some officials, particularly when they are deployed in technical formats, like 

HQ100, without any contextualizing explanation about the reference class of flood events to which 

this measure refers or the consequences in terms of water levels and resulting damages that might 

ensue. 

 

Figure 2. Environment Agency flood map 

Notwithstanding these difficulties in decoding the precise meaning of the 100 year flood, the EU 

Floods Directive has cemented its position as the default standard for flood zone mapping across 

Europe.  In one of the few studies to date of the communicative effectiveness of flood hazard maps, 

Priest et al. (2008) conducted a large scale internet survey (n=1395) of users of the Environment 

Agency’s online flood map supplemented by follow-up interviews with users.  Most survey 

respondents reported engaging relatively fleetingly with the map—68% spent 10 minutes or less on 

the website—which puts a premium on good design and clear presentation. Over half of all 

respondents (52.2%) reported that their understanding of flood risk had increased after accessing 

the map, while only 5.7% reported being more confused as a result, though follow-up interviews 

suggest that in fact the depiction of areas at risk of flooding but benefitting from flood defences 

“engendered significant confusion”(Priest et al. 2008: 9). Just over a third of users accessed the 
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supplemental web page explaining the map and answering FAQs, which cross-tabulation of survey 

responses suggests is associated with higher levels of reported understanding. Despite these 

difficulties, an overwhelming majority of survey respondents (87%) would recommend that people 

living in flood risk areas should consult the Flood Map, though there are questions about the 

representativeness of the survey respondents, since other studies have consistently documented 

low levels of awareness of Agency flood maps, even among residents of areas subject to flooding 

(Burningham et al. 2008; Harvatt et al. 2011). 

The Risk Instrument Model 
Whereas the RM model  measures success simply in terms of information transfer, often on the 

implicit assumption that overcoming information deficits will, by itself, be sufficient to achieve other 

ends, the Risk Instrument (RI) model is more explicit in seeing risk communication as an instrument 

for changing the attitudes and behaviour of message recipients. Understood as “any purposeful 

exchange of information about risks between interested parties” (Lang et al. 2001: 317, italics 

added), ‘good’ risk communication in the RI tradition thus depends on those interests and their 

purposes. For example one of the reasons to issue severe weather warnings is to protect public 

safety, and so from a RI perspective the success of a storm warning depends on it leading to an 

appropriately precautionary response. Of course defining ‘appropriate’ here is a matter of 

perspective—and power—and the RI model is not shy about making such value-laden and politically 

charged judgments, unlike the RM model whose liberal ethic of informing without distortion 

provides no way to distinguish between hurricane warnings that prompt beach front residents to 

schedule storm parties to watch the high seas roll in and those that lead residents to evacuate. 

Holding a party to celebrate a hurricane may seem perverse, but from a RM perspective it is 

evidence that the message about an impending storm has been successfully communicated. 

However if the aim of sending that warning was the instrumental one of motivating recipients to 

evacuate, then risk communication must be judged a failure in this case because the evacuation did 

not occur. In the RI model, risk communication is recognized as a strategic exercise of power 

designed to further the interests of some groups by influencing conduct and disposition of others in 

a competitive field of social activity. Wardman (2008) draws on the work of sociologist Pierre 

Bourdieu (1977), but that is by no means the only approach within what we are terming the RI 

tradition for understanding the uneven relations of power involved in risk communication and 

response. 

 In addition to this difference in its normative orientation, the RI Model also pays much closer 

attention to the interactions between information, attitudes, and behaviour than the RM model. 

With its focus on the encoding and transmission of risk messages and on cognitive biases in their 

interpretation, the RM model tended either to ignore behaviour altogether, on the principle that 

good risk communication should inform, not influence, the decisions made by autonomous 

consumers and policy makers, or to theorize behavioural responses in terms of a simplistic rational 

actor paradigm of calculation and utility maximization based on idealized cost-loss functions (e.g. 

Buizza 2008). By contrast the RI model taps into both a social psychological literature on the action-

value gap and the relationship of social attitudes to (in)action (e.g. Blake 1999; Poortinga et al. 2004) 

and to currents in neo-institutionalist sociology and political science on how individual and 

organizational behaviour is shaped by its wider institutional context and environment (e.g. Hood et 
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al. 2001). Thus the RI model recognizes that responses to risk are reflexive and involve aesthetic and 

emotional concerns as much as cognitive-rational calculation (Lash 1994). It draws on a variety of 

survey and qualitative methods, such as ex post case studies, ethnographic participant observation, 

and interviews methods, to tease out the socially situated processes by which risk information is 

received, reflected upon, and responded to.  By contrast RI work on health risk communication has 

often been sceptical of qualitative research and even survey work and instead relied much more on 

experimental and randomized control type designs to assess responses to risk communication, 

because this kind of quantitative design has greater prestige in the health sciences (Lofstedt and 

Perri 6, 2008: 147-48). 

 The RI tradition has highlighted a number of contextual variables shaping behavioural responses. 

First, it is clear that the background and capacities of message recipients have an important 

influence on their responsiveness to risk communication, with better educated and wealthier groups 

tending to be both more aware of environmental and health risks and better able to take 

precautionary steps in response to them (Blaikie et al. 1994; Höppner et al. 2010; Parker et al. 2009). 

Second, responses to risk communication are also shaped by the attitudes and values of their 

recipients. Scholars drawing on cultural theory understand risk to be expressive of deep cultural 

norms and identities and those dispositions to influence  what and whom is believed (Douglas and 

Wildavsky 1982), with scientific information congenial to cultural dispositions accepted and acted 

upon and information challenging them ignored or dismissed as biased and wrong (Kahan 2010; 

Kahan et al. 2011). More generally, a large body of research has highlighted the importance of trust, 

not just in risk information itself but also in the institutions responsible for communicating about 

and managing risk (Loftstedt, 2005; Slovic 1993, Cvetkovich, and Lofstedt 1999, Cvetkovich et al. 

2002). The issue of trust is closely related to a final factor that influences behavioural responses to 

risk communication:  competing conceptions of agency and institutional responsibility for risk 

(Bickerstaff and Walker 2002; Irwin & Wynne 1996; Petts 2005). Critical scholars of science and 

technology insist the conflicts over technical risk often reflect underlying disputes over development 

trajectories and the distribution of costs and benefits from them. The promise of the RI approach is 

that if those factors can be properly understood, it should be possible to design alternative risk 

communication strategies (or other measures) to induce the desired behaviour change. 

 Even as it goes beyond the RM model in highlighting social dynamics of risk response, the RI 

model still understands the process as essentially one-way and linear. Whereas Mileti and Sorensen 

(1990) describe a six step process by which risk warnings persuade their recipients to act, Meyer et 

al. (2010) re-cast the warning-response problem in terms of five discrete steps where a message 

may fail to persuade its recipient to respond as the sender intended:  

1. Reception: information may not reach its intended recipient (ie reliance on on-line flood 
maps when ?% of the population does not have access to a computer [Priest et al. 2008]) or 
otherwise get screened out by operational processing routines before reaching a decision 
maker authorized to act on it; 

2. Attention: an early warning may fail to be noticed as such by its intended recipient because 
of insufficient administrative capacity, agenda overload because of other pressing issues, or 
the insufficient intelligibility of the warning message itself; 

3. Acceptance: a recipient may reject the issue framing of a warning or dismiss its specific 
predictions about the probability or consequences of an event as insufficiently credible; 
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4. Prioritisation: though received and believed, risk information may not prompt action if 
recipients are not convinced that the risk is more pressing than other demands on resources,  
or that the benefits of action will outweigh the costs; 

5. Mobilization: resource constraints or other exogenous factors, such as political opposition, 
may prevent decision-makers mobilising action in response to warnings they find credible 
and pressing 

 The RI model of the behavioural response process and the contextual factors shaping its various 

stages provides another framework for understanding the effectiveness of risk communication in the 

KULTURisk domains of short-term forecasting and longer term risk mapping. 

 

Responses to warnings and forecasts 

 Much of the research on public responses has focused on compliance with evacuations orders, 

especially for hurricanes (e.g. Baker 1991; Whitehead et al. 2000; Dash and Gladwin 2007; cf.  

Dombrowski et al. 2006 for evacuation compliance in other contexts), and comparatively little 

research has been done on whether and how warnings might prompt other precautionary responses 

short of evacuation (Sorenson 2000). In the 2002 floods in Germany, Thieken et al (2007) found that 

upwards of 50% survey respondents affected by flooding were able to take some immediate 

emergency action to reduce damages, such as securing valuables or disconnecting gas and utilities. 

Werrity et al. (2007: ii) found similar adaptive responses in Scotland, and Carsell et al (2004) outline 

a conceptual model for quantifying the economic value, in terms of damages avoided, of such short 

term responses to flood warnings, though Kreibich et al. (2005) argue that in Germany they were not 

as effective as more expensive retrofitting of the built environment, such as installing flood valves or 

gates to prevent water ingress and relocating appliances to make them more resilient when flooding 

does occur.  

  In the US, as in other countries (Armas and Avram 2009; Parker et al. 2007; Werrity et al. 2007), 

emergency preparedness and responsiveness to severe weather warnings are “strongly related to 

income, home ownership, race, age, and type of housing” (Baker 2011), with wealthier, white, 

working age people both more able to bear the costs of evacuating and better prepared to look after 

themselves in the immediate aftermath of a storm without food, power or potable water. Baker’s 

(2011) findings about the demographic factors shaping preparedness are broadly similar to those 

found by Tierney, Lindell, and Perry (2001). Summarizing this sort of work, Sorenson (2000: 123) has 

identified the following contextual factors that co-vary with responsiveness to warnings: 

 

Factor  Influence on responsiveness Level of empirical support 

Physical cues Increases High 

Social cues Increases High 

Perceived risk Increases Moderate 

Knowledge of hazard Increases High 

Experience with hazard Mixed High 

Education Increases High 

Fatalistic beliefs Decreases Low 

Resource levels Increases Moderate 

Family size Increases Moderate 

Kin relations (number) Increases High 

Community involvement Increases High 

http://www.sciencedirect.com/science/article/pii/S0143622810000548#bib8
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Ethnic minority group member Decreases High 

Age Mixed High 

Socioeconomic status Increases High 

Being female vs. Male Increases Moderate 

Having children Increases Moderate 

Personal warning v. Impersonal Increases High 

Message specificity Increases High 

Number of channels sent out on Increases Low 

Frequency of transmission Increases High 

Message consistency Increases High 

Message certainty Increases High 

Source credibility Decreases High 

Fear of looting Decreases Moderate 

Time to impact Decreases Moderate 

Source familiarity Increases High 

Table 1. Major factors influencing responsiveness to warnings. After Sorensen (2000: 123) 

Whereas local television was the most widely consulted and highly trusted medium for information 

about severe weather in the US (Dow and Cutter 1998, 2000; Hayden et al. 2007), in Germany 

(Martens et al. 2009) and Slovenia (Brilly and Polic 2005) radio was the preferred source of 

information about flood risk. In the specific case of flooding, prior personal experience of being 

flooded is often said to increase the perceived salience of and responses to risk communication 

messages (e.g.Brilly and Polic 2005; Kreibich et al. 2011; Zaleskiewicz et al. 2002; Kellens et al 2011), 

though Soane et al. (2010) dispute the evidence for improved preparedness in the wake of such 

‘focusing’ events. 

 More qualitative research on public responses to severe weather warnings highlights the 

complexity of decision making processes in which official forecast information is just one of many 

inputs, alongside unofficial advice from friends and neighbours (Parker and Handmer 1998), past 

experience (Dow and Cutter 2000), direct observation of conditions (Parker et al. 2009), and the 

media (Hayden et al. 2007). For instance, Morss and Hayden (2010) interviewed survivors of 

Hurricane Ike in Galveston, Texas, who reported a number of reasons for choosing to stay on in their 

homes despite official warnings of ‘near certain death’ from unusually high storm surges, including 

doubts about whether the predicted storm surge would affect them since it was only a category 2 

storm with low-ish winds (acceptance in the warning-response model of Meyer et al. 2010), 

concerns about defending their property or being unable to take their pets with them to shelters 

(prioritization), and fears their cars would break down, as they had done previously during Hurricane 

Rita evacuations in 2005 (mobilisation). Dash and Morrow (2000) also found that concerns about 

being allowed to return to an evacuation zone influenced those choosing not to evacuate, while 

African-Americans staying on in New Orleans during Hurricane Katrina did so both because they did 

not accept the severity of the warning, given past experience and inconsistency in evacuation 

messages, and because of prioritization and mobilization concerns about the risks to property from 

looters, the costs of evacuating, and racist stigma (Elder et al. 2007).  

 One longstanding concern for forecasters is the effects of false alarms on public responsiveness 

to warnings. Demeritt et al. (2007) argued that unlike weather forecasting, the epistemic culture of 

flood forecasting is averse to Type 1 (false alarm) errors. They used an experimental design to show 
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how decisions to issue, or withdraw, a flood warning or watch are made with at least one eye on 

how forecasters imagine the public might respond to them. Despite those concerns, the empirical 

evidence for the effects of false alarm on public responsiveness to severe weather warnings is 

mixed. There is little evidence of a false alarm effect in responses to hurricane warnings (Dow and 

Cutter 1998), and survey respondents in the US report a preference for receiving severe weather 

warnings, against higher thresholds of uncertainty, and deny that their responses would be 

attenuated by any ‘little boy who cried wolf’ effect  (Schultz 2010). However, Simmons and Sutter 

(2009) exploited the difference in tornado false alarm rates across different US National Weather 

Service regions and found strong and statistically significant correlation between false alarm rates 

and fatalities, which implies that higher false alarms do lead to attenuated responses.   

 Public response to false alarms is not the only feedback that influences the operation of warning-

response systems.  O'Connor et al (2005) and Rayner et al (2005) found that water managers were 

reluctant to make use of new seasonal forecasting information, not because they didn't understand 

them or accept their skill, but because they judged it safer, in the event some forecasting mistakes 

were to be made, to have made them using tried and true methods, rather than be exposed to the 

risk of additional opprobrium for having departed from convention with some new experimental 

approach. Similarly Dedieu (2009) and Kolen et al. (2010) showed how the impact of severe winter 

storms in France was exacerbated by a variety of institutional pathologies that reduced 

preparedness and hamstrung the emergency response. Demeritt et al. (2010) found that that the 

uptake of new probabilistic flood forecasting technologies was also influenced by considerations of 

blame and professional responsibility. The shift from deterministic to probabilistic forecasting also 

shifts responsibility for dealing with uncertainty onto forecast recipients, and that change was not 

universally welcomed. Particularly in countries with strongly legalistic traditions of expert 

management, there were concerns about the erosion of professional responsibility to provide the 

‘right’ answer, while in others (notably the UK), QPFs were seen as a way to protect institutional 

reputations against inaccurate forecasts (Demeritt and Nobert 2011). 

Responses to hazard mapping and residual risk communication  

 From a RI perspective hazard mapping must be judged in terms of its success at changing the 

attitudes and behaviour of those receiving the maps. Typically the intended target for such 

behaviour change is assumed to be those immediately at risk of flooding and other hydro-

meteorological hazards. However, flood risk mapping is also an important input for the spatial 

planning and insurance sectors, and there is a growing body of work exploring the influence of 

hazard mapping at changing policy in those domains (Porter 2010; Tunstall et al. 2009; Richards et al. 

2008; Porter and Demeritt 2011).  

 Recent shifts away from engineering-based flood defences towards more holistic,risk-based 

approaches, relying on spatial planning, insurance, and other measures to discourage development 

and increase resiliency (Johnson and Priest 2008; Scrase and Sheate 2005; Wiering and Arts 2006) 

have increased the significance of risk communication for efforts to encourage actions that reduce 

exposure and increase resiliency and so overcome the false sense of security felt by those protected 

by flood defences, which Gilbert White (1945) famously dubbed the levee effect . Thus in England, as 

in the Netherlands (www.crisis.nl), it is recognized that for government strategies based on making 

space for water (England) or ‘room for the river’ (the Netherlands) “to work effectively, the public 

www.crisis.nl
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needs to understand and act on the advice and information given” (Defra, 2004: para 13.1). 

However, as Terpstra (2011) notes, few international studies have addressed how best to stimulate 

flood preparedness among a general public that, across Europe, tends to underestimate the risk of 

flooding and to take little individual or household level action to prepare for flooding or reduce 

potential losses from it (e.g. Krasovskaia et al. 2001; 2007;Grothmann and Reusswig 2006; Soane et 

al. 2011). As these findings imply, there is an important research challenge to be addressed by 

KULTURisk WPs 3-5. 

  To that end, research in the RI tradition has sought to identify the factors that might explain why 

people living in flood prone areas often downplay the risk and fail to respond to information about it 

that could reduce their risk of death, injury or property damage (Burningham et al. 2008; Botzen et 

al. 2009; Kellens et al. 2011; Harvatt et al. 2011). As with responses to short-term warnings, social 

class and education are strongly associated with awareness of flood risk and knowledge of how best 

to respond to it both in Europe (Priest et al. 2005; Walker and Burningham 2011) and in the 

developing world (Sultana 2009). 

 Another important motivational factor in increasing the perception of flood risk and response to 

information about it seems to be first-hand experience of having been flooded (Grothmann and 

Reusswig 2006; Coulston and Deeny 2010; Kellens et al. 2011; Zaalberg et al. 2009).  In interviews 

and focus groups with at risk populations in England, both Fielding et al. (2007) and Harvatt et al 

(2011) found a clear difference both in awareness and expressed willingness to take precautionary 

action between those who had been flooded and those who had not, though Whitmarsh (2008) 

found little difference in the attitudes to climate change between flood victims and other survey 

respondents in southern England, while Dillon et al. (2011)  found that those who had ‘near-miss’ 

experiences of hurricanes were more likely to downplay their vulnerability going forward than those 

with no such experience. 

 It is not fully clear, however, why such experience is so important. While Wagner (2007) 

attributed the higher levels of preparedness to flash floods as against landslides to their greater 

frequency and consequently to better developed mental models of their causes among residents of 

the Bavarian Alps, Siegrist and Gutscher (2008) found that it was better awareness of the potential 

consequences of flooding that explained the greater responsiveness to flood risk among those with 

first hand experience of being flooded as against those living in flood-prone areas but without 

personal experience of being flooded. Accordingly they recommend that risk communication must 

not focus solely on technical aspects, but “must also help people to envisage the negative emotional 

consequences of natural disasters”. Drawing on this affect heuristic (Slovic et al. 2007), several 

scholars have argued that the negative emotions associated with being flooded are likely to increase  

both the perception of risk and thus also the likelihood of adaptive behaviour in response to flood 

risk communication (Keller et al. 2006). Based on a survey of 157 flood-prone homes in Cologne, 

Germany, Grothmann and Reusswig (2006), argue that in order to motivate residents in flood-prone 

areas to take their share in damage prevention, it is essential to communicate not only the risk of 

flooding and its potential consequences, but also the possibility, effectiveness and cost of private 

precautionary measures. That recommendation is endorsed by Theiken et al (2007) who also argued 

that flood risk communication should include information about potential protective measures that 

households might take to reduce probability and consequences of flooding (cf. Soane et al. 2011). 

http://www.springerlink.com/content/?Author=Torsten+Grothmann
http://www.springerlink.com/content/?Author=Fritz+Reusswig
http://www.springerlink.com/content/?Author=Torsten+Grothmann
http://www.springerlink.com/content/?Author=Fritz+Reusswig
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 However, Harries (2008) recommends caution about flood risk communication strategies 

designed to increase fear in hopes thereby of motivating a precautionary response. Noting that 

people prefer to think of their homes as places that are innately safe, Harries (2008) suggests that 

risk messages that threaten the ontological security associated with the home may prompt 

responses of denial. He argues that one reason for the low take-up of apparently ‘rational’ 

household resiliency measures, like flood gates, is that they cause anxiety and that rather than 

managing the first order risk of flooding, people instead tend to manage their anxieties about it 

through denial. Similarly, Terpstra et al (2009) highlight the potential for flood risk communication to 

lead to attitude polarization and to prompt people to confirm, rather than question, their preexisting 

values and beliefs both about flood risk and the responsibility for managing it. Kahan et al. (2011) 

have highlighted a similar process in the case of climate change, whereby information congenial to 

prior beliefs about its (un)reality is differentially sought and credited. 

 In this way social psychological research on the role of emotion in processing and responding to 

flood risk information intersects with sociological work highlighting the importance of trust as a 

factor in responses to flood risk communication. Survey research in the Netherlands (Terpstra 2011) 

and Germany (Grothmann and Reusswig 2006) has found higher levels of trust in government are 

associated with lower levels of preparedness and perceived risk from flood defence failures. 

Likewise de Marchi et al (2007) found a steady erosion of the traditional culture of self-protection 

among residents of Alpine Italy who look to state-funded engineering solutions to protect them from 

flash floods and landslides. While this implies that the negative affect from flooding might be 

associated with greater levels of risk perception and thus preparedness, some UK research suggests 

that distrust in the agencies responsible for flood risk management tends, instead, to be associated 

with feelings of powerlessness and fatalism (Burningham et al. 2007; Harvatt et 2011).  

 The issue of trust is closely wrapped up with constructions of responsibility and agency in flood 

risk management. In a large UK survey, Soane et al. (2011) found that while belief in self-efficacy was 

positively correlated with willingness to invest in household flood protection, there was also a 

tendency to attribute responsibility for flood protection onto public authorities, which tended to 

reduce expressed willingness to undertake private protection measures. Kievik and Gutteling (2011) 

used an experimental approach to test how varying levels of flood risk and efficacy beliefs influence 

two different self-protective behaviors, namely information seeking and the intention to engage in 

risk mitigating or preventive behaviours and found a positive relationship between both variables 

and self-protective behaviour. In the Netherlands, government plans to create ‘calamity polders’ 

which would be intentionally flooded in the event of catastrophic flooding to relieve pressure from 

other areas were skuppered by local opposition, which was motivated both by distrust of the top-

down, technocratic process by which the proposals were formulated and by opposition to its 

framing of the issue in terms of risk rather than of the state’s fundamental obligation to provide 

security. In the face growing distrust of flood policy, one lesson is being drawn from the experience 

is about the importance of engaging in dialogue with those directly affected by flood policies (Roth & 

Warner 2007).  

The Risk Dialogue Model 
Whereas the RI model is agnostic about the modes and channels for risk communication, so long as 

it achieves the aims of the sender, the Risk Dialogue (RD) model, as its name implies, is based upon 
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two-way exchanges that blur the sharp distinction between senders and recipients implied by the 

RM and RI models. In the influential formulation of Funtowicz and Ravetz (1992:744), dialogue 

should be the preferred approach for ‘post normal’ problems “where facts are uncertain, values in 

dispute, stakes high and decisions urgent”. As they explain  in these cases “Public agreement and 

participation, deriving essentially from value commitments, will be decisive for the assessment of 

risks and the setting of policy” (p 752). Klinke and Renn (2002) offer a more involved typology for 

when dialogue and engagement should be preferred over more technocratic and top-down 

approaches to risk. 

 This preference for dialogic interaction is partly driven by normative considerations about the 

right for citizens and other stakeholders to participate in risk-related debate and decision-making. 

For many academic theorists, public participation fulfils a fundamental democratic imperative (eg  

Dryzek, 2000; Fischer 2000).  As the Royal Commission on Environmental Pollution (RCEP 1998: 102) 

put it, “Those directly affected by an environmental matter should always have an accepted right to 

make their views known before a decision is taken.” Typically, such injunctions take the weak form 

of mere consultation with affected parties. Thus the EU floods and water framework directives both 

call for public participation, but do not set down any specific requirements for the form it should 

take or influence it should have. 

 In its strongest form, however, the RD model draws on ideals of deliberative democracy and 

Habermasean communicative rationality to make a series of quite stringent ethico-political demands 

on participants in risk debates (Dryzek, 2000). First, participants should be regarded as having equal 

standing. This equality has both a formal dimension, in that anyone can propose, criticize, or support 

measures put before the collective, and a substantive one in that in deliberations are not bound by 

pre-existing. distributions of power, resources, and authority. Second, no particular viewpoints or 

opinion can be excluded a priori. What the risks are, how they are to be known, and whether and 

why they are to be managed are matters that are decided through an ongoing and reflexive process 

of reasoned deliberation. Third, participants must recognize and respect each others’ deliberative 

capacities by offering reasoned and good faith rationales for their own views and being prepared to 

adjust them in light what they learn from others. It follows, therefore, that what participants are 

communicating through their participation in deliberative dialogues are their values and feelings as 

much as their necessarily situated and partial, in the double sense of Haraway (1991), knowledge of 

the facts at hand. This understanding of risk communication as an interactive process stands in stark 

contrast both to the RM model of one-off, one-way exchanges of typically factual information about 

risk and to the RI model in which the preferences of message senders are fixed and the aim is to 

change the attitudes and behaviour of message recipients. By contrast, in the RD model, participants 

are mutually responsive and the aim of the dialogue is to collaborate in the achievement of 

increased mutual understanding both of the risks at issue and of the views and needs of other 

stakeholders.  

 The normative rationales for the RD model are closely associated with more instrumental and 

substantive considerations.  For instance, in an experimental study concerning the management of 

nuclear risks, Arvai (2003) found that participants judged both the decision process and its outcomes 

to be more favourable if they were told that external stakeholders had been involved in the decision. 

Having offered the very strong, normative rationale for dialogue and two-way communication about 
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risk quoted above, the RCEP (1998: 102) goes on in the very next sentence to explain how it will also 

lead to substantive improvements in the quality of risk management:  

Giving them that opportunity [to participate in dialogue] is also likely to 
improve the quality of decisions; drawing on a wider pool of knowledge 
and understanding (lay as well as professional) can give warning of 
obstacles which, unless removed or avoided, would impede effective 
implementation of a particular decision. 

The RCEP is far from alone in eliding normative rationales for risk communication with instrumental 

and substantive ones about ‘better decisions’. In advocating deliberative and inclusive processes of 

technology assessment, Burgess and Chilvers (2006: 718) claim that they also promise “more robust 

decisions”, while Fischer (2000) has pointed to the substantive contributions of public participation 

in opening up the narrow technical rationality of expert issue framings to the wider “socio-cultural 

rationality” of the public. According to the UK government’s Council for Science and Technology (CST 

2005: para 11), public engagement offers “a more efficient means of developing broadly acceptable 

policies for issues where the problem of public consent is real, and which cannot readily be 

sidestepped by a quick fix or political sleight of hand”. It should be clear what a departure this marks 

from the closed and technocratic traditions of science-based policymaking in which public 

opposition was attributed to public ignorance and a deficit of scientific knowledge (Wynne 1995; 

Sturgis and Allum 2004). The CST (2005: para 6) now acknowledges that “public concerns can rarely 

be reduced simply to scientific issues”.  

 In this context, dialogue and public engagement are often imagined as ways of building trust in 

and consensus about risk and its management. As Alan Irwin (2006) has observed, there is an 

important tension within official talk about public engagement. The CST report (2005: para 7), for 

instance, now acknowledges the diversity of public concerns about risk and science, but insists that 

dialogue must “engage with people who have no strong pre-existing interest” rather than “special 

interest groups” with well developed and opposing views. There is little acknowledgement here 

either of how deeply entrenched views can be or how public dialogue might “create further grounds 

for criticism and concern” (Irwin 2006: 306) rather than political consensus. Instead, dialogue is 

naively conceived as a mechanism for “increasing … public acceptance of specific policy decisions” 

(CST 2005, para 15).  

 There is now a rapidly growing body of research offering technical evaluations of various 

dialogues about various technological risks (e.g. Rowe and Frewer 2004; Chilvers 2009), but the 

relatively little evidence about the effectiveness of different kinds of participatory dialogue in the 

specific context of flooding and other water-related hazards, unlike the other two models of ‘good’ 

risk communication considered thus far in this report.  In a case study from upland England, 

Posthumus et al. (2008) found that flood retention strategies were improved through engagement 

with farmers whose participation helped both to refine the policy to better meet their needs and to 

secure higher levels of compliance with its strictures than might otherwise have been the case, while 

in Scotland Howgate and Kenyon (2009) found that even a badly run consultation and 

communication programme with local residents succeeded in improving the level of support they 

expressed for controversial flood risk mitigation strategies. This finding about the potential for RD to 

improve local buy-in for flood risk policies is echoed by Buchecker et al (2010) whose post-project 

evaluation of a river restoration project in Switzerland found that incorporating dialogic forms of 
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consensus building resulted not simply in stronger support for the resulting restoration design but 

also for the idea of river restoration more generally. 

 Others have suggested that participation in the design of warning systems might improve their 

both their communicative effectiveness and public acceptance.  Nobert et al. (2010) drew on 

interviews and a case study to conclude that the understanding and use of innovative ensemble 

flood forecast products was improved where users were involve in the process of their design and 

specification. Similarly Parker et al. (2007) suggest, but without providing much evidence in support 

of the claim, that by working with local communities the Environment Agency could increase the 

regard in which it was held and thus the response to its warnings and other risk management 

measures. 

 Similar hopes have been invested in the benefits of RD for flood risk mapping. Tran et al. (2009) 

found that involving local residents in Vietnam in flood risk mapping improved both the quality and 

credibility of the resulting maps by incorporating the substantive local knowledge about vulnerability 

and the values exposed. Though this kind of participatory mapping is most common in developing 

country contexts, it also has potential in Europe, given the paucity of flood inundation extent data 

for model validation and the potential for local participation to generate more and better wrack 

mark data (Fewtrell et al. 2011). The TIMIS-Flood Project, led conjointly between Reinland-Pfalz and 

Luxembourg, is one of a number of ongoing European projects in which flood maps are being 

produced through partnerships with local authorities or residents in hopes of improving both their 

technical quality and their support and use by local populations in elaborating preventive measures 

(MIAT 2009).  

 While the RD model of public engagement is widely promoted, there is often less recognition of 

the cultural and institutional obstacles to realizing its high ideals. Reviewing work evaluating 

participatory GIS, White et al. (2010) highlight shortages of time, expertise and interest to 

meaningful participation by the public in participatory mapping exercises. Drawing on a large, 

representative survey of the public at large and in-depth interviews with officials involved in flood 

risk management in Hungary, Vari (2002) found that a vibrant local civil society had not filled the gap 

left by the post-communist retreat of the strong socialist state. Flood risk managers felt that there 

was not an active public for them to engage with, and the ingrained tendency to withhold technical 

information about defence standards and avoid providing early warnings for fear of losing public 

confidence was reinforced by a highly legalistic approach to flood defence in which authorities were 

required, by law, to follow set protocols and deliver legally mandated standards of protection.  By 

contrast, in England Speller and Twigger-Ross (2005) found staff in the Environment Agency much 

more accepting of the idea of public engagement. Without legal standards of flood protection to 

uphold, the Agency has enthusiastically, if strategically, embraced public engagement as a strategy 

for winning public trust and support for its policies. This instrumental vision of dialogue is expressed 

in the very title of the  ‘Building Trust with Communities (BTwC) toolkit’ it developed for staff to help 

them engage the public and swing public opinion in favour of certain pre-given policy proclivities, 

namely to “bring about this change in perception.” To that end,  “[c]ommunities need to be helped 

to accept a certain level of flood risk, to accept that they need to share some of the responsibility, 

and to accept that by designing spaces to flood safely ecological benefits will also be increased” 

(Speller and Twigger-Ross (2005: 4). 
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 Rather closer to the deliberative ideals of the RD model is an experimental research project 

involving social scientists, hydrologists and  local residents England (http://knowledge-

controversies.ouce.ox.ac.uk/). Drawing substantively upon ‘local’ lay expertise they devised new 

forms of participatory modelling to challenge conventional, off-shelf approaches and  redistribute 

the expertises involved (Whatmore 2009). This redistribution, in turn, made it possible for the group 

to reformulate the problem of flooding in the area and devise new solutions to the reframed 

problem (Lane et al. 2011). For Henwood et al. (2008), one of the chief attractions of RD is its 

potential to encourage greater reflexivity among researchers and to aid in reframing problem 

formulations. However, Johnson (2009), reflecting on two cases of public participation in modelling 

to inform watershed decisions in upstate New York, highlights the importance of communicating to 

participants the limitations of modelling, so as not to raise unrealistic expectations while Millington 

et al. (2011) caution modellers about the limits of public participation in terms of its substantive 

contributions to improving model specification and validation. 

The Risk Government Model 
 Like the RI model, the Risk Government (RG) model understands risk communication as a political 

enterprise shot through with relations of power. But whereas the RI model conceives of power as a 

thing to be held and wielded by one interest group in an effort to resist or impose its will over 

another, the RG model draws heavily on the seminal lectures of Michel Foucault (1991) on 

‘governmentality’. Accordingly it theorizes power as productive and operating diffusely to shape the 

field of politics itself through logics of individual choice and self-regulation whose operation, in turn, 

involves new technologies of calculation and normalization that inculcate new forms of reflexivity 

and prudential conduct by individuals and institutions alike (Dean 1999; Rose 1999; O’Malley 2004). 

From this RG perspective, the focus on participation promoted by the RD model might, instead, be 

understood as a way of constituting individuals as self-regulating “environmental subjects … for 

whom the environment constitutes a critical domain of thought and action” (Agrawal 2005: 17). This 

kind of Foucaultian subjectification operates not by constraining participants’ freedom of expression, 

but instead by positively inviting them to participate and so actively enrolling themselves in new 

ways of thinking, being, and behaving. In this guise, participation has sometimes been condemned as 

a new tyranny (Cooke and Kothari 2001).  Governmentality scholars have drawn attention to the 

productive effects of scientific and actuarial practices of risk assessment in making hazards, like 

flooding, predictable and therefore governable by opening up the potential for precautionary action 

in the present to mitigate the probability and/or consequences of future catastrophe (Demeritt 

2001; Ewald 1991; Collier 2008).   

 In the RG perspective, the concept of risk is understood as central to the rationality of late 

modern society. Beck (1992) also sees risk as a defining feature of an emergent ‘risk society’, but 

explains its increasing saliency as a rational response to the proliferation of new perils, like climate 

change and nuclear catastrophe. By contrast, for scholars working in the Foucaultian tradition, risk is 

not so much a thing in itself as a practical way of being-in-the-world, “involving calculations about 

probable futures in the present followed by interventions into the present in order to control that 

potential future” (Rose, 2001:7). Transformed into a calculable risk, the prospect of future flooding 

becomes manageable through an open horizon of conscious choices about various possible pre-

emptive actions. Others, drawing on a slightly different institutionalist perspective, see the concept 

http://knowledge-controversies.ouce.ox.ac.uk/
http://knowledge-controversies.ouce.ox.ac.uk/
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of risk as increasingly central to the organization of governance itself (Rothstein and Downer 2008; 

Power 2007). Rothstein et al. (2006: 93) argue that “constructing regulatory objects in terms of risk 

... provides a defensible procedural rationality for regulators to manage both their regulatory objects 

and their enhanced institutional threats”. 

 The RG model thus sees risk communication as integral to risk management. Indeed, particularly 

in the context of public health risks, communication often constitutes the primary strategy for risk 

management: providing individuals with information about the effects of smoking or diet on their 

individual life chances enables them to make more informed choices and to manage those risks 

themselves (Lofstedt and Perri 6, 2008). Provided with information with which to calculate risks and 

make autonomous choices between alternative possible futures, citizens are positioned: 

as active individuals seeking to enterprise themselves’, to maximise their quality of 
life through acts of rational choice, according to their life a meaning and value to the 
extent that it can be rationalised as the outcome of choices made or choices to be 
made (Rose 1996:57) 

 By mobilizing risk perceptions of individuals in this way, risk communication becomes a strategy for 

managing risk at a distance and for transferring responsibility for its management onto individuals.   

 There are important connections here to Thaler and Sunstein’s (2008) ‘libertarian paternalism’. It 

calls for governments to disavow ‘command-and-control type regulation and instead rely on 

information and incentives to ‘nudge’ individual behaviour in socially desirable ways whilst still 

respecting, indeed positively acting through, their individual autonomy and freedom of choice. From 

that perspective, the effectiveness of risk communication can be assessed in terms of its ability to 

induce the desired changes in behaviour. Thus, the chairman of the Environment Agency for England 

and Wales, John Harman launched the Agency’s new online flood map (Figure 2) by declaring: 

There are practical steps we all must take to reduce the impact of flooding – and that 
starts with being better informed and using that information. We want to provide as 
much information as possible as soon as it is available to help people understand if 
they are at risk and what to do to prepare for flooding. (EA, 2004, quoted in Porter 
2010: 206) 

Harman’s intention was clearly instrumental, and so might be interpreted in terms of the RI model, 

which also understands the function of risk communication to be behaviour change.  

 The difference between the RI and RG models is partly one of intellectual genealogy—the RI 

drawing from empirical social psychology and sociology, whereas the RG takes inspiration from 

Foucault’s social theory. But partly it is one of analytical purpose. The emphasis of research in the RI 

model is on the empirical measurement of the effects and effectiveness of risk communication in 

shifting attitudes and behaviour, often with the aim of providing advice or otherwise enhancing the 

achievement of particular ends. By contrast, work in the RG tradition has sought to develop an  

analytical vocabulary to describe the operation and effects of risk communication. Although 

normative assessments of the moral saliency of programmes of attitudes and behaviour change are 

sometimes implied by work in the RG tradition (Jones et al. 2011; Shove 2010), more typically, the 

aim is strictly academic explanation without any practical application. 

 Thus,  Butler and Pidgeon (2011), Krieger (2011) and Porter (2010) have both drawn explicitly on 

ideas of Foucaultian governmentality to offer a critical perspective on contemporary changes in 

flood risk management policy. They emphasize the way in which recent shifts away from state-

funded structural engineering and flood defence have embraced the idea of flooding as a risk that 
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must be lived with and managed. In so doing, they renounce the promise of absolute defence from 

flooding and stress instead the need to acknowledge flood risks more explicitly and embed that 

understanding into decision-making and practice across government, the private sector, and civil 

society. To that end, risk communication plays a central role in this new policy framework. Its 

success depends on raising awareness of flood risk and encouraging people to assume more 

responsibility for managing it themselves, rather than looking to the provident state for protection. 

Indeed, it is those perceptions and the associated forms of conduct they inform, rather than the 

floodwaters themselves, that the new flood policy takes as its central object. Such shifts might also 

be understood in terms of the broad, if rather amorphous, banner of neoliberalization (e.g. Heynen 

et al. 2007; Himley 2008), whose diagnostic features are helpfully diagnosed by Castree (2008) as 

including: deregulation, privatization, marketisation, and the use of market-like mechanisms in the 

public sector.  

 Private insurance plays a central role both in the RG model and in the flood risk management 

more generally (Priest et al. 2005). In not only underwrites individual protection against future 

perils, it also incentivizes action by those at risk to reduce the probability and consequences of their 

occurrence (Bennett 1999; Ericson and Doyle 2003).  

 Research has highlighted problems with of market failure in private flood insurance. Michel-

Kerjan and Kousky (2010: 394) found that in the US purchases of insurance tend to spike upwards 

after well publicized disasters, but then people let their policies lapse after several years, leading to 

increased pressure for “federal relief in the aftermath of a major flood.” Although investment in 

household resiliency measures would improve societal outcomes, Kreibech et al. (2011) suggest that 

one reason people do not is that it is not properly incentivized through insurance premium 

reductions.  Lamond et al. (2009) showed that people benefitting from flood insurance tended to be 

less responsive to flood warnings and to undertake fewer precautionary responses to them than 

uninsured groups, perhaps because differ if riverside or flood plain residents have their properties 

insured against flood or not. They noticed that those enjoying the protection of insurance may be 

more incline to avoid mitigation measures on the principles that they are more expensive than going 

for high insurance prime.  

 Research has also questioned the effectiveness of market signals at reflecting and communicating 

flood risk. In a detailed analysis of the property market in St. Louis County, Missouri, Kousky (2010) 

explored whether a severe flood causes homeowners to update their assessment of flood risk as 

seen in a change in the price of floodplain property. She found that property prices in municipalities 

located on the rivers fell postflood by 6% to 10%, but that changes were greater in lower risk areas. 

Flood events did not appear to influence prices within the 100 year flood zone, suggesting that 

discounts for flood risk were already built in to market prices. However, prices in 500-year 

floodplains declined by between 2% and 5%, which suggests that events are important in triggering 

reassessments of the risk of such low probability high consequence events.  

 

Conclusion 
This report has recent research on risk communication, focusing in particular on flooding and other 

water-related hazards. The field of risk communication has expanded rapidly and with it so too has 

the volume of research and best practice guidance about risk communication. While past research 



 

www.kulturisk.eu                     29 

 

D5.1 – Models of ‘good’ risk communication – v. 2:04.12.2011 

offers some important insights, for instance about the importance of message design to 

understanding and the roles of emotion and trust in responses to risk, this report has highlighted 

important debates about the very meaning and purpose of risk communication. In particular it has 

identified four broad models, or approaches, to risk communication. These models involve quite 

different normative beliefs and theoretical assumptions, which in turn provide quite different bases 

for assessing the character, quality, and purpose of risk communication. Those differences must be 

understood and appreciated in order to assess the potential roles risk communication might play in 

achieving the wider aims of KULTURisk.  
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