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Scepticism and uncertainty about climate change: dimensions, determinants and change over time
Abstract

While scientific consensus and political and media messages appear to be increasingly certain, public attitudes and action towards the issue do not appear to be following suit. Popular and academic debate often assumes this is due to ignorance or misunderstanding on the part of the public, but some studies have suggested political beliefs and values may play a more important role in determining belief versus scepticism about climate change. The current research used two representative postal surveys of the UK public to: measure scepticism and uncertainty about climate change; determine how scepticism varies according to individual characteristics, knowledge and values; and examine how scepticism has changed over time. Findings show denial of climate change is less common than the perception that the issue has been exaggerated. Scepticism was found to be strongly determined by individuals’ environmental and political values (and indirectly by age, gender, location and lifestyle) rather than by education or knowledge. Between 2003 and 2008, public uncertainty about climate change has remained remarkably constant, although belief that claims about the issue are exaggerated has doubled over that period. These results are interpreted with reference to psychological concepts of motivated reasoning, confirmation bias and ‘finite pool of worry’. Implications for communication and policy are discussed.
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1
Introduction

1.1
Discourses of certainty and uncertainty about climate change

The last few years have seen a growing scientific consensus about human influence on climate and the significant risks posed by climate change for humans and non-human life (IPCC, 2007). Indeed, there is a striking degree of scientific agreement in this respect, particularly amongst scientists directly researching the issue: Doran and Zimmerman’s (2009) survey found that 97% of climate scientists agreed that human activity is contributing to climate change. Policy-makers have responded by implementing policies to curb greenhouse gas emissions, most notably in the UK where the Climate Change Act enshrines in law the need for 80% cuts in emissions by 2050 (HM Government, 2008). In order to justify this political action and establish societal support to meet these targets, policy actors tend to downplay or ignore scientific uncertainty about climate change and reject alternative societal perspectives on the issue. For example, in 2006 then environment minister David Miliband stated: ‘Climate change is here, in our country; […] those who deny it are the flat-earthers of the 21st century’ (BBC, 2006). Climate change information campaigns by governments and environmental campaign groups similarly use the language of certainty
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Yet, this discourse of consensus and alarmism contrasts with the cacophony of opinions expressed by others within society. Analysis of mass media and internet communication of climate change highlights various competing discourses about the existence and causes of climate change and how to tackle it, including denial, doubt and apathy (Ereaut and Segnit, 2006, O'Neill and Boykoff, 2010, Segnit and Ereaut, 2007)
. One particularly high-profile example of the ‘sceptical’ or contrarian discourse was the television documentary The Great Global Warming Swindle aired in the UK in 2007, which argued that anthropogenic climate change is ‘a scam’ fabricated by anti-industrial environmentalists, along with complicit scientists, journalists and politicians, and supported by unreliable scientific evidence. More recently, there has been extensive media coverage of the leaked emails from the University of East Anglia (dubbed ‘Climategate’) which climate sceptics claimed to be evidence of scientific dishonesty about the existence of climate change. Journalistic norms for balance and dramatisation can further serve to portray climate change as controversial and uncertain (Boykoff and Boykoff, 2004, Hargreaves et al., 2003, Zehr, 2000). 
Given these widely communicated challenges to mainstream scientific and policy views on climate change, many political, non-governmental and scientific voices have raised concerns about the impact of sceptic and contrarian messages on public belief in climate change and support for action to tackle it (e.g., Gray, 2009). In response, several guides for communicating climate change more effectively and ‘tackling sceptics’ arguments’ have been produced (e.g., Royal Society, 2007). Implicit within such concerns, is an assumption that public opinion about climate change is primarily determined by the content and format of information provided. However, the assumption that public opinion responds in a deterministic or uniform manner to information ignores evidence of the constructive nature of learning and individual variation in information processing and impact, which result in attitudinal (and behavioural) heterogeneity amongst the public (e.g., Irwin and Wynne, 1996). Several studies suggest risk perceptions are determined more by ideological variation than by expertise (e.g., Sjöberg, 2003, Slovic, and Peters, 1998). Similarly, in relation to climate change, Hulme (2009) points out that many disagreements about the issue reflect fundamental ideological differences in worldview, and as such go far beyond simply questioning the scientific certainty or evidence.  
This paper seeks to question the assumption that public belief in (versus scepticism about) climate change is principally determined by knowledge (or lack of it) about the issue. Using survey research, I aim to examine the nature and extent of public scepticism and uncertainty about climate change, and to identify the roles of socio-demographic and lifestyle factors, knowledge, and values in determining scepticism.
1.2
Public scepticism and uncertainty about climate change
Research on public attitudes to climate change suggests that while awareness about the issue is now very high, climate change continues to be a low priority issue for most people (for a review see Upham et al., 2009)., Only a minority, however, outright reject the reality and risks associated with climate change. Surveys indicate around one in ten within the UK definitely reject the notion of anthropogenic climate change (Upham et al., 2009, COI, 2008). For example, in 2001, a government survey (DEFRA, 2002) found 13% agreed that ‘climate change is purely a natural phenomenon’; while in both 2002 and 2006, polling agency MORI (Downing and Ballantyne, 2007) found 9% held this view. One BBC World Service (2007) survey indicated the proportion of ‘sceptics’ (i.e., those rejecting any human cause for climate change) could be as high as 17%. 
While a minority in the UK is certain that climate change is not anthropogenic, far more express some level of doubt about the reality or severity of the issue. For example, in 2006 40% agreed that ‘climate change is too complex and uncertain for scientists to make useful forecasts’; and 56% agreed that ‘many leading experts still question if human activity is contributing to climate change’ (Downing and Ballantyne, 2007). Many are also ambivalent about climate change risk, the largest proportion rating it as ‘neither acceptable nor unacceptable’ (Poortinga and Pidgeon, 2003). Qualitative research highlights that uncertainty about climate change may stem from a number of sources including perceived conflicting, unreliable or partial scientific evidence, and untrustworthy or misleading sources of information (e.g., media, own memory, politicians, campaign groups; Whitmarsh, 2005). In comparison to most other countries, the UK seems to be particularly doubtful about the issue (Eurobarometer, 2009, HSBC, 2007); although in the US, doubt about the reality and severity of climate change is higher than in Europe (Lorenzoni and Pidgeon, 2006) and may be rising (Pew Research Center, 2009). To date, however, measures of public scepticism and uncertainty tend to be limited to a single survey item (e.g., about perceived causes, or scientific consensus) rather than employing more robust, multi-item measures or scales.

Previous surveys also highlight heterogeneity in public attitudes to climate change (Upham et al., 2009). In general, older people (over 65s) and men appear to be amongst the most sceptical 
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(Futerra, 2005, DEFRA, 2002, DEFRA, 2007, Schubert and Soane, 2008)
, as do those with right-of-centre political views (Dunlap and McCright, 2008, Eurobarometer, 2009), lower environmental values (Corbett and Durfee, 2004) and individualistic cultural worldviews (Kahan et al., 2010). However, the relative importance of these various individual characteristics in predicting climate scepticism has not yet been explored. 
Part of the observed heterogeneity in public attitudes to climate change appears to relate to the diversity of media and interpersonal sources (Whitmarsh, 2009b). Yet, social psychological studies of persuasion and learning, and the risk literature, highlight that the same information may be processed differently according to cognitive abilities, prior knowledge, values and worldviews, and broader social and institutional factors (e.g., Petty and Cacioppo, 1986, Poortinga and Pidgeon, 2005). In the context of climate change, then, public scepticism and uncertainty may be influenced by expert disagreement, model-based uncertainty and probabilities (Patt, 2007). However, it is also likely to be determined by individual differences in beliefs, values and abilities. For example, Kahan and colleagues (2010) found that cultural worldviews (which include communitarian-individualistic and hierarchical-egalitarian value dimensions) determined individuals’ assessment of the trustworthiness and credibility of climate change experts. Furthermore, those with strong pro-environmental values tend not to be swayed by information that presents climate change as controversial (Corbett and Durfee, 2004). 
Psychological research has established that such assimilation bias is common; that is, people routinely seek out and accept evidence that supports their existing views, while ignoring or discounting disconfirming evidence (e.g., Lord et al., 1979). Similar motivated reasoning can also bias information recall and self-characterisation, such that individuals tend to develop attitudes that justify their behaviour and protect their identity (Kunda, 1990, Kahan et al., 2007). This evidence for idiosyncratic construction of understanding and attitudes and biased cognitive processing undermines assumptions that information deficit should be the reason for lay-expert divergence in perceptions of scientific and risk issues (Irwin and Wynne, 1996, Whitmarsh, 2009b). Where public beliefs, including levels of scepticism and uncertainty, about climate change differ from those of scientists and policy-makers, this is likely to be at least as much a function of divergent values as of differing cognitive abilities and knowledge. 
The specific aims of the current research are three-fold: (a) to measure scepticism and uncertainty about climate change amongst the UK public using a robust multi-dimensional measure (building on earlier work; Whitmarsh, 2005, 2008); (b) to determine how uncertainty varies amongst the public and relates to individual and social differences (demographics, lifestyle, knowledge and values); and (c) to examine how uncertainty has changed over time, specifically between 2003 and 2008. In respect of the first aim, it is hypothesised, based on previous survey research, that denial of the reality of anthropogenic climate change will be less prevalent than other dimensions of uncertainty (e.g., perceived expert disagreement; H1). In respect of the second, demographic and ideological characteristics (including age, gender, political views and environmental values) are hypothesised to be better predictors of scepticism than lack of knowledge (H2). Finally, it is hypothesised that public attitudes will have changed relatively little over the five-year period, due to assimilation bias and motivated reasoning which tend to confirm existing views (H3).
2
Methods
2.1
Design and participants
Earlier qualitative work exposed several dimensions of uncertainty and scepticism (Whitmarsh, 2005), which were used to develop an initial measure of scepticism (Whitmarsh, 2008). The current research includes the initial measure (used for survey 1) and develops a refined measure (for survey 2). Together, the two representative surveys enable an examination of how widespread  scepticism is amongst the UK public, whether and why some individuals are more uncertain and sceptical than others (in particular, whether this is due to knowledge deficit or divergent values), and whether scepticism has changed over time.

Two postal surveys were conducted, the first in Autumn 2003 (initial results from which are presented in Whitmarsh, 2008) and the second in Autumn 2008. Questionnaires were sent to a random sample of residents from diverse wards (identified using census and electoral data) within Hampshire (2003; N=589; response rate=33%) and Hampshire and Norfolk (2008; N=551; response rate=18%). Demographic characteristics of the samples are shown in Table 1. Participants were broadly demographically representative of the population sampled, although somewhat more educated: 15% (2003) and 20% (2008) of the samples have no formal qualifications compared to 24% of the total population, according to 2001 census data. 
2.2
Measures

The eight-page questionnaire comprised both open and closed questions eliciting knowledge and attitudes in relation to climate change, environmental values, behaviours, and demographic characteristics. The regression analysis discussed below focuses on three sets of predictor variables (demographic and lifestyle measures; education and knowledge; and values and political orientation) and the dependent variable (scepticism).
2.2.1
Demographic and lifestyle measures

Both surveys included standard demographic measures, as shown in Table 1. In addition, the 2008 survey included an indicative ‘lifestyle’ measure, which assessed a range of pro-environmental behaviours (PEB). The PEB measure comprised a battery of 24 items encompassing both low and high environmental impact actions, as well as one-off and regular decisions, relating to four behavioural domains: domestic energy/water use, waste behaviour, transport, and shopping. When scaled, these 24 items formed a reliable measure of pro-environmental behaviour ((=0.92). The measure is detailed in Whitmarsh and O’Neill (2010). Since behaviours such as these arise from diverse social, cultural, psychological, economic and spatial drivers (e.g., Stern, 2000), the PEB measure is included to provide additional background information about individual and social differences along with more conventional demographic measures.
2.2.2
Education and knowledge
Both surveys included measures of general education: ‘Do you have any of the following qualifications?’ (response options shown in Table 1). The 2008 also included a measure of science education: ‘Do you have any of the following qualifications in a science-related subject?’. 
Self-assessed knowledge about climate change was measured with the item: ‘How much, if anything, would you say you know about climate change’ (5-point scale from ‘a lot’ to ‘nothing, have never heard of it’).
2.2.3
Environmental values and political orientation 
Both surveys measured environmental values using the New Environmental Paradigm (NEP) scale; Dunlap et al., 2000). The NEP scale is widely used in survey research, including in studies of perceptions of climate change (e.g., Poortinga and Pidgeon, 2003), as a measure of environmental worldview or values. Previous research (Whitmarsh, 2008) indicated that a number of people had difficulty interpreting nine of the fifteen NEP items, so these items were excluded from the final questionnaire. The shortened version included the statements: ‘Humans have the right to modify the natural environment to suit their needs’; ‘Humans are severely abusing the planet’; ‘Plants and animals have the same rights as humans to exist’; ‘Nature is strong enough to cope with the impact of modern industrial nations’; ‘Humans were meant to rule over the rest of nature’; ‘The balance of nature is very delicate and easily upset’. This shortened scale was found to be reliable ((=0.72).
Political orientation was measured with the question ‘Which political party are you most likely to support?’ and response options showing the main UK political parties (Labour, Conservative, Liberal Democrat, and Green), along with ‘other’, ‘prefer not to say’ (combined for the analysis) and ‘would not vote’.

2.2.4
Scepticism
In order to develop a reliable measure of scepticism, responses to a battery of attitude statements (derived from interview-based research; Whitmarsh, 2005) were analysed using Principal Components Analysis (PCA) and reliability analysis. The results from the 2008 PCA are shown in Table 2. Four components emerged from the analysis, of which the first includes items corresponding to scepticism and uncertainty and thus forms the basis of the Scepticism Scale
. It is noteworthy that items relating to ignorance or lack of knowledge about climate change loaded on a different component (component 4: labelled Need for Information). Component 2 represents Emotional and Moral dimensions of climate change risk perception; while component 3 reflects Disinterest In climate change. The items loading on the scale differed slightly across the two time points, as shown in Table 3. Since the reliability of the 2008 scale was higher [(=.92, compared to .66 in 2003] inferential statistics discussed below focus more on the 2008 Scale and dataset.

-  Tables 1 and 2 around here -

3
Results

3.1
Overall responses 

Table 3 shows the overall levels of agreement (as well as means and standard deviations) in 2003 and 2008 with the items comprising the final Scepticism Scale. Across both years, highest agreement (at around 50%) is with the statement about media alarmism; while the lowest (at around one in ten) is with the statement ‘I do not believe climate change is a real problem’. The average agreement across the whole 5-point scale (1 = ‘strongly disagree’, 5 = ‘strongly agree) is around the mid-point (2.72 in 2003 and 2.90 in 2008).
-  Table 3 around here -

3.2
Change in uncertainty over time

Across time, there is remarkably little change in agreement with the individual scepticism/uncertainty statements, with one main exception (see Table 3). The proportion agreeing that ‘claims that human activities are changing the climate are exaggerated’ has almost doubled over the five-year period, increasing from 15% to 29% (mean score rising from 2.5 to 2.8; t=2.85, df=226, p<.01). Only one other statement shows a modest but significant change (t=1.97, df=228, p<.05): while 15.9% in 2003 agreed that ‘Flooding is not increasing, there is just more reporting of it in the media these days’, this had risen to 19.3% by 2008 (using a modified wording: ‘floods and heatwaves’). It is noteworthy that both statements relate to the communication medium rather than evidence, a point I return to in the Discussion.
3.3
Differences in uncertainty by sub-group

Scepticism Scale scores in 2003 varied by demographic characteristics and values. Compared to the total sample (25.6%), the proportion with top quartile Scepticism Scale scores is significantly higher amongst men (35.3%, p<.001) and significantly lower amongst: those aged 16-34 (12.3%, p<.01) and respondents with top quartile pro-environmental value (NEP) scores (12.9%, p<.001). When all demographic and value measures were included in a regression analysis, environmental values were found to be the strongest determinant of certainty about climate change. Specifically, those with the highest quartile NEP scores were eight times more likely to have the lowest quartile Scepticism Scale scores (see Whitmarsh, 2008). 
Analysis of the 2008 dataset similarly shows significant bivariate variation in levels of scepticism/uncertainty according to both demographic factors and values (see Figures 1-9). As in 2003, men are more sceptical than women (Figure 1; F=5.7, p<.05); and older people are more sceptical than younger people (Figure 1; F=6.3, p<.001). Unlike in 2003, though, the 2008 data shows scepticism tends to decline with educational level (Figure 3; F=3.3, p<.01), and that there is a relationship (albeit not a linear one) with income: specifically, those with household incomes over £75,000 were far more likely to be sceptical than others (Figure 4; F=3.3, p<.001). Area density is significantly, but not linearly, related to scepticism; those living in urban areas are significantly less sceptical than those in towns or villages (Figure 5; F=9.8, p<.001). Number of children is a negative, but non-significant, predictor of scepticism (Figure 6; F=0.8, p=0.5). There is no significant relationship between scepticism and level of science education (Figure 3; F=1.9, p=0.5), or with self-reported knowledge about climate change (Figure 7; F=2.3, p<.06). Political affiliation is a strong determinant of scepticism, with Conservative voters amongst the most sceptical (Figure 8; F=14.3, p<.001). Figure 9 reveals that environmental values and behaviour were strong negative determinants of uncertainty, consistent with the 2003 findings (NEP: F=88.9, p<.001; PEB: F=12.3, p<.001). 

In order to determine the relative importance of these different variables in predicting scepticism, a linear regression analysis of scepticism score was conducted in which socio-demographic, lifestyle, education/knowledge, and value/ideology factors were entered separately. Model 1 included only socio-demographic factors, and accounted for 6% of variance; Model 2 included lifestyle factors (i.e., pro-environmental behaviour score) and accounted for 11%; Model 3, which added education and self-reported knowledge about climate change, accounted for 12% of variance; while Model 4, which added values (NEP) and political preferences (voting Conservative), accounted for a notable 27% of variance. As shown in Figure 10, the additions of lifestyle and value/political factors represent significant increases in the variance explained, while knowledge/education does not. Furthermore, the proportion of variance explained by the two ideological/value-based factors is over double that explained by the other variables.

Table 4 shows that, amongst socio-demographic variables, (older) age and rural location are direct predictors of scepticism. These continue to exert an effect when pro-environmental behaviour is added, which is itself a significant, negative predictor. The addition of education and self-reported knowledge do not significantly influence the model. However, with the exception of education, all demographic/lifestyle factors are rendered insignificant when political affiliation and environmental values are added. 

In order to test for mediation, the socio-demographic/lifestyle factors were regressed on to values/ideology (following the approach outlined in Poortinga, 2006; cf. Baron & Kenny, 1986). As shown in Table 5 Conservative political affiliation is positively associated with (older) age and rural location; and pro-environmental values by (female) gender, (younger) age, urban location, and pro-environmental lifestyle. Between the two mediator variables, there is also a significant (negative) correlation: NEP score is predicted by political affiliation (B=-.20; t=-4.70***).
-  Figures 1-9 and Tables 4 and 5 around here -

3.4
Summary 

The survey results show that, of the dimensions of scepticism/uncertainty revealed in earlier qualitative work (Whitmarsh, 2005), untrustworthy information medium appears to be the most prevalent dimension and also where we see change over time. Specifically, media alarmism is widely acknowledged, and perceived exaggeration about the issue has significantly grown. Nevertheless, one-quarter considers the evidence for climate change to be ‘unreliable’. The proportions certain in their views that climate change is not a ‘real problem’ and is a ‘just a natural fluctuation in earth's temperatures’ remain relatively constant at around one-in-ten and one-in-five, respectively. Thus, H1 is supported, since denial of the reality of anthropogenic climate change is less prevalent than broader aspects of uncertainty about climate change. H3, is broadly supported, since public attitudes were stable in almost all cases, but the notable change in perceived exaggeration is contrary to expectations. 

As expected (and in support of H2), environmental values and political affiliation were by far the most important predictors of scepticism, accounting for over half the explained variance.  Demographic factors, such as age, gender, income and education, were significant bivariate determinants of uncertainty and scepticism; but were found to be mediated by environmental and political values. Critically, in the regression analysis self-reported knowledge about climate change and education (including education in science-based subjects) did not predict scepticism and uncertainty, undermining a knowledge deficit explanation for public divergence with ‘official’ scientific and political perspectives on climate change.
A further output from this study is a novel and highly reliable measure of public scepticism about climate change, the Scepticism Scale, which may be used in further research. The Scale may also be further refined, for example by inclusion of negatively-worded items to provide a more counter-balanced measure.

4
Discussion

4.1
To what extent is the public sceptical about climate change? 

The results of this research are consistent with previous findings (Upham et al., 2009) that, while outright rejection of the notion of anthropogenic climate change is not widespread (at around 10-20%), the proportion of the public expressing some degree of uncertainty and doubt about climate change is far higher. Of the different aspects of uncertainty about climate change suggested in previous research (including doubts about the evidence and distrust in information sources; Whitmarsh, 2005), the one most widely shared amongst the public is the view that media communication about the issue is alarmist. This finding is consistent with previous studies in both the UK and US (e.g., Dunlap and McCright, 2008) and reflects the well-documented tendency for media reporting and environmental campaigns to use dramatic imagery and apocalyptic language (e.g., Segnit and Ereaut, 2007). Another finding from this study is the surprisingly common misperception (expressed by two-fifths of participants) that experts are divided about whether human activity is a cause of climate change. This is only a modest decline from the 56% agreement in MORI’s 2006 poll (Downing and Ballantyne, 2007); and yet there has been growing scientific consensus about anthropogenic climate change over that period (IPCC, 2007). Yet we know from media analysis that mainstream scientific opinion is only one voice amongst many which communicates climate change; and that expert disagreement tends to be amplified by the journalistic norm to present a balance of opinion (Boykoff and Boykoff, 2004). However, as I discuss next, perceived media exaggeration and expert disagreement are likely to be facets of motivated reasoning (cf. Kahan et al., 2010), and so these findings should not be taken at face value but (at least partly) as reflections of ideologically biased information evaluation.
4.2
Who is most sceptical – and why? 

This study aimed to examine whether knowledge deficit or ideological differences are at the root of public scepticism about climate change. Findings clearly show that  the determinants of scepticism and uncertainty go beyond those explicitly expressed by interviewees in earlier research (e.g., unreliable evidence, untrustworthy information sources; Whitmarsh, 2005) and are not a result of knowledge deficit or misunderstanding (cf. Royal Society, 2007). By far the strongest correlations found in this study were with political orientation and environmental values. Those with right-of-centre political views and low pro-environmental values tend to be most sceptical about the reality and severity of climate change. In other words, beliefs about climate change are fundamentally linked to existing values and worldviews. More than this, though, the findings show that perceptions of the credibility and meaning of evidence, and of the trustworthiness of communicators of climate change information, are determined by the particular way individuals view the world and the value they attach to different objectives (e.g., economic development versus environmental protection; cf. Kahan et al., 2010). Consistent with this, new research suggests the impact of Climategate on public opinion differs according to individuals' cultural worldview (Leiserowitz et al., 2010). More broadly, previous research on a range of risk and societal issues indicates that lay-expert disparity in perceptions is less likely to be a function of educational or knowledge deficit than of ideological variation between individuals (e.g., Sjöberg, 2003, Slovic, and Peters, 1998). 
The links found in this research between income and scepticism, and the negative association of pro-environmental behaviour and scepticism, may similarly illustrate motivated reasoning or identity-protective cognition (Kunda, 1990, Kahan et al., 2007). Perhaps the best known form of motivated reasoning is observed resolution of cognitive dissonance (i.e., attitude-attitude or attitude-behaviour inconsistency) whereby individuals strive to overcome inconsistent attitudes and behaviours by changing one or the other or denying any conflict exists (Festinger, 1957). In relation to climate change, while individuals are exhorted to change their lifestyles in order to help tackle climate change, they experience considerable barriers to doing so (Lorenzoni et al., 2007). Consequently, scepticism expressed about climate change may be interpreted a mechanism of denial to cope with an internal discrepancy at an individual level between the demands to engage with climate change and actual personal behaviour (Stoll-Kleemann et al., 2001)
. However, given that these associations between lifestyle and scepticism are only so far correlational, and not based on experimental studies, further research is warranted to investigate whether indeed cognitive dissonance is implicated. Furthermore, sociological perspectives would question a dissonance-based explanation, highlighting problems associated with locating responsibility for tackling climate change with individuals since it is a systemic problem, intractably bound up with institutions and practices (e.g., Burgess et al., 1998, Shove, 2010). 
Differences in perceptions of scepticism were also observed here (as in previous studies; Upham et al., 2009) in relation to other demographic factors, including, age, gender, and urban/rural location. These variations were, however, found to be mediated by environmental and political values amongst these groups. Age, gender, and location have all been shown to correlate with environmental values in previous research (e.g., Vaske et al., 2001). The negative association of age and environmental values may be because of increased inclusion of environmental education in the curriculum and/or changing norms in respect of environmental concern. This study also finds Conservative voters to be older, however, suggesting political affiliation may be at least as important as environmental values in driving scepticism. Previous explanations for women’s higher environmental values include the role of socialisation, higher emotional content of environmental perceptions, increased ability to make connections between environmental conditions and one’s values, and/or differences in power relations with, and trust in, risk producers and managers (Kollmuss and Agyeman, 2002, Stern et al., 1993, Gustafson, 1998). Recently, though, the effect of gender on risk perception has been reassessed and the role of cultural worldviews highlighted; the tendency for men to be risk-sceptical appears to be linked to their higher propensity to hold anti-egalitarian and individualistic worldviews (Kahan et al., 2007). Rurality was found in this study to predict Conservative political affiliation and to negatively predict environmental values. While rural areas in Britain (and elsewhere) tend to be more politically conservative, the opportunities for low-carbon lifestyles in rural areas are often lower (particularly in respect of alternatives to driving; Whitmarsh, 2009a). Furthermore, previous research shows nature is more likely to have instrumental, than symbolic, meanings for rural populations (Cary, 1993), providing some explanation for the observed NEP-rurality correlation here. Further work should focus on defining and measuring cultural worldviews underpinning climate scepticism and environmental values, and how these worldviews evolve.
4.3
Why is scepticism not declining – or even increasing?

Over the five-year period from 2003 to 2008, public scepticism about climate change has not declined. In fact, it has remained remarkably constant in most respects. How can we explain this, given that the same period has seen the publication of the latest IPCC assessment and the UK’s Stern Report on the economics of climate change, both of which provided extensive evidence of the reality of anthropogenic climate change and the need to take mitigative action. In addition, as described earlier, this period has also witnessed high-profile governmental and non-governmental climate change campaigns emphasising the certainty and severity of the issue. We can in part explain this apparent constancy in public opinion with reference to the well-known psychological principle of assimilation bias, that is when individuals with strongly opposing views consider ambiguous evidence, they will each interpret it as supporting their own position (e.g., Lord et al., 1979). In other words, irrespective of how much information is provided, it is remarkably difficult to change attitudes that have become entrenched. This interpretation of the findings are reinforced by the observed strong correlation of environmental and political values (and the absence of any correlation of knowledge) with climate change (un)certainty.
Only in one respect has uncertainty about the issue changed over the last five years: belief that claims about climate change are exaggerated has doubled. This may reflect a growing misalignment of alarmist media reporting with little experienced change in climate (or indeed, experiences that are counter to predictions, such as unusually mild summers and cold winters; see BBC, 2010). Recent rises in scepticism have also been reported in the US (Pew Research Center, 2009). However, while the US research seems to indicate that belief in anthropogenic climate change has actually declined, the current study shows belief that climate change is human-caused is unchanged but that perceived severity of the issue may instead have been affected. While this is an important distinction, it is possible that there is the same basis for this shift in opinion. One explanation resides in what has been termed the ‘finite pool of worry’ hypothesis (Weber, 1997); based on empirical analysis of fluctuating environmental concern in relation to other concerns, Weber has convincingly argued that concern about environment decreases when competing risks are more salient. In the present context, economic recession and attendant financial worries may have displaced concern about climate change; and justification for individuals’ reduced interest and action in relation to climate change may be expressed through doubt about the reality or severity of the issue.   
4.4
Implications for communication and policy
Although in this paper, I have discussed uncertainty and scepticism in relation to climate change as related (i.e., as contrasting with belief in climate change), those with the very highest scores on the Scepticism Scale are far from uncertain and are most dismissive of climate change evidence and information. The term ‘scepticism’ has become synonymous with disbelief in climate change, but its origins lie in the scientific method as an approach to questioning truth claims and interrogating evidence. It has been argued that ‘climate sceptics’ do not base their views on evidence, but rather on ideology (Corner, 2010) – a contention supported by the strong division in belief about climate change along political affiliation lines, noted in this study. The ‘certain deniers’ accounting for around 10% of this sample (and the broader) population might then better be labelled ‘contrarians’ than sceptics (O'Neill and Boykoff, 2010). It should also be noted, though, that this research equally highlights the ideological basis of belief in (as well as denial of) climate change, since high pro-environmental values and left-of-centre political views predispose individuals to believe in the reality and severity of climate change.
This research suggests attitudes to climate change are relatively entrenched and that information about the issue will be evaluated and used in diverse ways according to individuals’ values and worldviews. This highlights the need for communicators to differentiate messages according to these diverse values, and depending on the particular goals of communication, potentially to frame messages around issues other than climate change (e.g., energy security; see Kaufman, 2010). Information campaigns are also more likely to be effective if focussed on ambivalent groups (who will tend to deliberate over information; Maio et al., 1996). Furthermore, it suggests a need for more deliberative public engagement techniques in order to break down entrenched camps and seek common societal goals in respect to this complex and morally uncertain issue (Hulme, 2009, Upham et al., 2009).
Critically, more information will not engage the most sceptical groups, since information will tend to be interpreted in relation to existing views, and entrenched views are very hard to change. For non-sceptical and ambivalent groups, though, this research suggests climate change communication – which is currently characterised by an over-reliance on hype and alarmism – can be improved. This research and previous work (e.g., O’Neill and Nicholson-Cole, 2009) highlights that alarmist or fear-based communication is likely to undermine efforts to engage the public with climate change and motivate individuals to change their behaviour. Fear can induce apathy or paralysis if not presented with an action strategy (and assumed self-efficacy) to reduce the risk (Spence et al., 2008). Furthermore, where political sources are quoted and government campaigns are concerned, there is likely to be considerable distrust since politicians are amongst the least trusted members of society and there is widespread discontent about perceived political ‘spin’ (e.g., BBC World Service, 2005). As argued elsewhere (e.g., Whitmarsh et al., 2010), successful communication is likely to depend on constructive and motivating messages that highlight the benefits of low-carbon lifestyles. Information should be tailored to particular audience values and beliefs, and trusted sources of information should be used; while political actors may be one such source, more trusted sources may be community members and scientists considered to be independent (Whitmarsh et al., 2005, 2010). More broadly, behaviour change will, of course, not only depend on communication but also on wider social and institutional change to enable and promote less energy-intensive lifestyles.
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Figure 1. Differences in 2008 Scepticism Scale scores according to gender and age (standardised scores shown; overall mean scale score = 0). Differences are statistically significant (gender: p<.05; age: p<.001).
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Figure 2. Differences in 2008 Scepticism Scale scores according to education (standardised scores shown; overall mean scale score = 0). Differences are statistically significant (p<.01).
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Figure 3. Differences in 2008 Scepticism Scale scores according to science education (standardised scores shown; overall mean scale score = 0). Differences are not statistically significant (p=0.5).
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Figure 4. Differences in 2008 Scepticism Scale scores according to income (standardised scores shown; overall mean scale score = 0). Differences are statistically significant (p<.001).
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Figure 5. Differences in 2008 Scepticism Scale scores according to area density (standardised scores shown; overall mean scale score = 0). Differences are statistically significant (p<.001).
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Figure 6. Differences in 2008 Scepticism Scale scores according to number of children (under 16 years) in household (standardised scores shown; overall mean scale score = 0). Differences are not statistically significant (p=0.5).
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Figure 7. Differences in 2008 Scepticism Scale scores according to self-reported knowledge about climate change (standardised scores shown; overall mean scale score = 0). Differences are not statistically significant (p=.06).
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Figure 8. Differences in 2008 Scepticism Scale scores according to political affiliation (standardised scores shown; overall mean scale score = 0). Differences are statistically significant (p<.001).
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Figure 9. Differences in 2008 Scepticism Scale scores according to pro-environmental behaviour (PEB score) and pro-environmental values (NEP score) (standardised scores shown; overall mean scale score = 0). Differences are statistically significant (both p<.001).
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Figure 10. Proportion of variance explained by different sets of predictor variables in Scepticism score regression
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*** p<0.001 

n.s. = not significant

Table 1.  Demographic profile of survey respondents: 2003 and 2008
	
	2003 

(N=589)
	2008 

(N=551)

	Gender
	Female
	54%
	53%

	
	Male
	46%
	45%

	Age
	16-24
	5%
	7%

	
	25-44
	32%
	29%

	
	45-64
	36%
	38%

	
	65 or over
	26%
	26%

	Income*
	Up to £9,999
	15%
	12%

	
	£10,000 to £19,999
	23%
	14%

	
	£20,000 to £29,999
	16%
	12%

	
	£30,000 to £39,000
	11%
	11%

	
	£40,000 and above
	11%
	27%

	
	Unknown
	24%
	25%

	Political affiliation
	None/ would not vote
	12%
	9%

	
	Labour
	13%
	16%

	
	Liberal democrats
	21%
	13%

	
	Conservative
	27%
	29%

	
	Other / Prefer not to say
	23%
	32%

	Highest qualification
	No formal qualifications
	15%
	20%

	
	GCSE/ O-Level
	12%
	12%

	
	A-Level/ Higher/ BTEC
	14%
	11%

	
	Vocational/ NVQ
	9%
	14%

	
	Degree or equivalent
	25%
	26%

	
	Postgraduate qualification
	16%
	15%

	
	Other
	6%
	3%

	Highest qualification in a science-related subject
	No formal qualifications
	27%
	40%

	
	GCSE/ O-Level
	29%
	27%

	
	A-Level/ Higher/ BTEC
	11%
	12%

	
	Vocational/ NVQ
	3%
	3%

	
	Degree or equivalent
	13%
	12%

	
	Postgraduate qualification
	5%
	5%

	
	Other
	2%
	1%

	No. of children (under 16) in household**
	None
	
	77%

	
	One
	
	10%

	
	Two
	
	9%

	
	Three or more
	
	4%

	Area density**
	City
	
	59%

	
	Town
	
	13%

	
	Village or hamlet
	
	29%


* Questionnaire asked about individual income in 2003, but household income in 2008

** Not asked in 2003 survey

Table 2. Principal Components Analysis of 2008 attitudinal survey data (rotated component matrix); items loading on Component 1 (with one exception1) comprise the Scepticism Scale

	
	Component*

	
	1
	2
	3
	4

	Claims that human activities are changing the climate are exaggerated
	.710
	
	
	

	Climate change is just a natural fluctuation in earth’s temperatures
	.709
	
	
	

	I do not believe climate change is a real problem
	.702
	
	
	

	I am uncertain about whether climate change is really happening
	.702
	
	
	

	It is too early to say whether climate change is really a problem
	.701
	
	
	

	The evidence for climate change is unreliable
	.670
	
	
	

	There is too much conflicting evidence about climate change to know whether it is actually happening
	.656
	
	
	

	Climate change is too complex and uncertain for scientists to make useful forecasts
	.654
	
	
	

	Too much fuss is made about climate change
	.637
	-.429
	
	

	Floods and heat-waves are not increasing, there is just more reporting of it in the media these days
	.612
	
	
	

	Many leading experts still question if human activity is contributing to climate change
	.586
	
	
	

	The media is often too alarmist about issues like climate change
	.513
	
	
	 

	Talking about climate change is boring
	.406
	
	.624
	

	The thought of climate change fills me with dread
	
	.828
	
	

	Climate change is something that frightens me
	
	.762
	
	

	I feel a moral duty to do something about climate change
	
	.600
	
	

	Recent floods and heat-waves in this country are due to climate change 
	
	.595
	
	

	The effects of climate change are likely to be catastrophic
	
	.564
	
	

	I consider climate change to be an unacceptable risk
	
	.471
	
	

	Climate change is too complicated for me to understand
	
	
	.689
	

	I often talk about climate change to family or friends
	
	
	-.644
	

	It is difficult to know which products are better for the environment
	
	
	
	.747

	I need more information to form a clear opinion about climate change
	
	
	
	.725


*Only items loading with coefficients over .4 are shown
1Since the item ‘Talking about climate change is boring’ loads higher on component 3, and conceptually does not fit with component 1, it does not form part of the Scepticism Scale. Analysis indicates the reliability of the Scale with, and without, this item does not differ.
Table 3. Total agreement, means and standard deviations of uncertainty statements from 2003 and 2008 surveys 
	Attitude statements loading on Uncertainty Scale 

(2003, (= 0.66)1 (2008, (=0.92) 
	Total agreement (%)

2003
	Mean2 (& SD) 20034
	Total agreement (%)

2008
	Mean2 (&SD) 2008
	Change in mean 2003-2008)

	The media is often too alarmist about issues like climate change
	49
	3.3

(1.0)
	51.2
	3.4

(1.1)
	+0.1

	There is too much conflicting evidence about climate change to know whether it is actually happening
	35.1
	3.1

(0.9)
	32.5
	3.1

(1.1)
	0

	The evidence for climate change is unreliable
	24.7
	2.8

(0.9)
	25.3
	2.9

(1.0)
	+0.1

	It is too early to say whether climate change is really a problem
	23.3
	2.8

(0.9)
	20.7
	2.7

(1.0)
	-0.1

	Climate change is just a natural fluctuation in earth's temperatures
	21.3
	2.9 (1.0)
	22.7
	2.8

(1.0)
	-0.1

	I am uncertain about whether climate change is really happening
	19.7
	2.5

(1.0)
	20.0
	2.7

(1.0)
	+0.2

	Floods and heatwaves are not increasing, there is just more reporting of it in the media these days3
	15.9
	2.5

(0.9)
	19.3
	2.7

(1.0)
	+0.2*

	Claims that human activities are changing the climate are exaggerated
	15.0
	2.5

(0.9)
	29.1
	2.8

(1.1)
	+0.3**

	I do not believe climate change is a real problem
	9.6
	2.3

(0.8)
	12.0
	2.4

(1.1)
	+0.1

	Climate change is too complex and uncertain for scientists to make useful forecasts
	-
	
	35.8
	3.04 (1.0)
	-

	Many leading experts still question if human activity is contributing to climate change
	-
	
	39.0
	3.14 (0.9)
	-

	Too much fuss is made about climate change
	-
	
	16.1
	2.48 (1.0)
	-

	SCALE MEAN 
	23.7
	2.7
	27.0
	2.9
	+0.2


1 Three additional statements were included in 2003 version (see Whitmarsh, 2008)
2 Five-point scale: 1= strongly disagree; 5= strongly agree

3 Wording in 2008 survey modified from 2003 version (‘Flooding is not increasing…’)
4 In order to directly compare the two timepoints, only questionnaires which used the words ‘climate change’ (as opposed to ‘global warming’) in the 2003 dataset were included in this analysis; this is approximately half the total dataset (N=229). The reason for this is that responses were found to differ according to terminology used (Whitmarsh, 2009); so a more accurate comparison with the 2008 dataset (which used the term ‘climate change’ in the questionnaire) requires selecting only those questionnaires that used the same question wording.
* p<0.05

** p<0.01
	Model
	B
	SE
	Beta
	t
	Sig.
	B
	SE
	Beta
	t
	Sig.
	B
	SE
	Beta
	t
	Sig.
	B
	SE
	Beta
	t
	Sig.

	1
	(Constant)
	26.94
	1.75
	
	15.42
	***
	34.09
	2.26
	
	15.09
	***
	37.31
	2.73
	
	13.67
	***
	57.10
	3.42
	
	16.72
	***

	
	Gender
	0.37
	0.36
	0.05
	1.04
	n.s.
	0.31
	0.35
	0.04
	0.89
	n.s.
	0.41
	0.35
	0.05
	1.16
	n.s.
	0.27
	0.33
	0.04
	0.83
	n.s.

	
	Age
	1.64
	0.48
	0.17
	3.39
	***
	1.44
	0.47
	0.15
	3.05
	***
	1.32
	0.48
	0.14
	2.75
	**
	0.59
	0.45
	0.06
	1.33
	n.s.

	
	No. of children
	-0.16
	0.52
	-0.02
	-0.31
	n.s.
	0.22
	0.51
	0.02
	0.42
	n.s.
	0.31
	0.51
	0.03
	0.62
	n.s.
	-0.04
	0.47
	0.00
	-0.08
	n.s.

	
	Income
	-0.18
	0.17
	-0.05
	-1.08
	n.s.
	-0.21
	0.16
	-0.06
	-1.33
	n.s.
	-0.16
	0.16
	-0.05
	-0.99
	n.s.
	-0.24
	0.15
	-0.07
	-1.62
	n.s.

	
	Rurality
	1.37
	0.48
	0.14
	2.88
	**
	1.39
	0.47
	0.14
	2.97
	***
	1.34
	0.47
	0.13
	2.88
	***
	0.55
	0.45
	0.06
	1.24
	n.s.

	2
	PEB score
	
	
	
	
	
	-0.23
	0.05
	-0.22
	-4.83
	***
	-0.21
	0.05
	-0.20
	-4.30
	***
	-0.07
	0.05
	-0.07
	-1.47
	n.s.

	3
	Education
	
	
	
	
	
	
	
	
	
	
	-0.44
	0.25
	-0.10
	-1.72
	n.s.
	-0.51
	0.23
	-0.11
	-2.21
	*

	
	Science education
	
	
	
	
	
	
	
	
	
	
	0.22
	0.30
	0.04
	0.75
	n.s.
	0.10
	0.27
	0.02
	0.36
	n.s.

	
	Knowledge about climate change
	
	
	
	
	
	
	
	
	
	-1.01
	0.61
	-0.08
	-1.67
	n.s.
	-0.74
	0.55
	-0.06
	-1.34
	n.s.

	4
	NEP score
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-0.94
	0.11
	-0.37
	-8.23
	***

	
	Vote Conservative
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3.19
	0.91
	0.16
	3.50
	***


Table 4. Linear Regression analysis of Scepticism Scale score (2008), R2 = .27
*** p<0.001    ** p<0.01   * p<0.05

Table 5. Regression analyses for mediator variables: environmental values and political affiliation 

	
	
	Environmental values (NEP Score) (R2=.16)
	
	Political affiliation (Conservative) (R2=0.17)

	
	
	B
	SE
	Beta
	t
	Sig.
	
	B
	SE
	Beta
	t
	Sig.

	(Constant)
	
	20.92
	1.06
	
	19.83
	***
	
	-0.20
	0.13
	
	-1.48
	n.s.

	Gender
	
	-0.95
	0.33
	-0.13
	-2.90
	** 
	
	0.08
	0.04
	0.09
	1.91
	n.s.

	Age
	
	-0.46
	0.19
	-0.12
	-2.51
	* 
	
	0.07
	0.02
	0.15
	3.00
	***

	Income
	
	-0.04
	0.06
	-0.03
	-0.57
	n.s.
	
	0.01
	0.01
	0.07
	1.44
	n.s.

	No. of children
	
	-0.31
	0.20
	-0.07
	-1.58
	n.s.
	
	0.01
	0.03
	0.01
	0.27
	n.s.

	Rurality
	
	-0.35
	0.18
	-0.09
	-1.98
	* 
	
	0.17
	0.02
	0.33
	7.37
	***

	PEB score
	
	0.12
	0.02
	0.29
	6.13
	***
	
	0.00
	0.00
	-0.08
	-1.70
	n.s.

	Education
	
	-0.04
	0.10
	-0.02
	-0.39
	n.s.
	
	0.01
	0.01
	0.05
	0.98
	n.s.

	Science education
	
	-0.19
	0.12
	-0.09
	-1.67
	n.s.
	
	-0.01
	0.02
	-0.04
	-0.68
	n.s.

	Knowledge about climate change
	
	0.43
	0.23
	0.08
	1.81
	n.s.
	
	0.01
	0.03
	0.01
	0.16
	n.s.


*** p<0.001    ** p<0.01   * p<0.05

� Indeed, two of the recent climate change campaign adverts produced for the UK Department of Energy and Climate Change have been forced to be withdrawn because they presented projected climate change impacts (including flash flooding and droughts) as certain rather than probable. The Advertising Standards Agency compared the adverts’ claims with the IPCC’s projections and concluded the adverts were exaggerated and not sufficiently tentative (Leake, 2010).


� Items in the scale include various aspects of scepticism and doubt, but for conciseness the scale is named the Scepticism Scale. Note that since the item ‘Talking about climate change is boring’ loads higher on component 3, and conceptually does not fit with component 1, it does not form part of the Scepticism Scale.


� Along similar lines, it has also been argued that denial may be an emotion-focused coping mechanism for the anxiety brought about by contemplating the threats posed by climate change � ADDIN EN.CITE <EndNote><Cite><Author>Hamilton</Author><Year>2009</Year><RecNum>1169</RecNum><record><rec-number>1169</rec-number><foreign-keys><key app="EN" db-id="0e5wwxfr3s9zsre0re7p090cxsdwperrt2wx">1169</key></foreign-keys><ref-type name="Conference Paper">47</ref-type><contributors><authors><author>Clive Hamilton</author><author>Tim Kasser</author></authors></contributors><titles><title>Psychological Adaptation to the Threats and Stresses of a Four Degree World</title><secondary-title>“Four Degrees and Beyond” conference</secondary-title></titles><dates><year>2009</year></dates><pub-location>Oxford University 28-30 September 2009. http://www.clivehamilton.net.au/cms/media/documents/articles/oxford_four_degrees_paper_final.pdf</pub-location><urls></urls></record></Cite></EndNote>�(Hamilton and Kasser, 2009)�.





