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Who feels a greater environmental risk? Women, younger adults and pro-environmentally friendly

people express higher concerns about a set of environmental exposures
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Molinuevo, Laura Vozmediano, Jesus lbarluzea
Abstract.

Health-related risk perceptions concerning environmental exposures reflect the public’s awareness
of certain environmental issues that may compromise their health. These perceptions may trigger
coping strategies and self-protective behaviors, which are key for protecting people’s health. With
this study, we sought 1) to assess the general public’s perceptions of risk from a set of environmental
exposures compared with the assessment of experts; and 2) to build predictive models of the general
public’s risk perceptions using a comprehensive set of sociodemographic and psycho-environmental
variables. We recruited a sample of 338 inhabitants (208 women, 45.8 years on average) of Gipuzkoa
(Basque Country). Participants completed a paper-and-pencil questionnaire comprising questions on
general sociodemographic characteristics and on health-related behaviors, and several psycho-
environmental scales assessing general environmental knowledge, nature relatedness, pro-
environmental behavior, environmental concerns and place attachment. Additionally, we contacted
33 regional experts who also evaluated the risk associated with the given set of exposures. Risk
scores assigned by participants ranged from 1.51 to 3.42 (out of 4) and were higher than those
assigned by the experts. Nonetheless, the pattern of risk prioritization was similar in the two groups.
Explanatory models accounted for small to moderate shares of the variance in environmental
exposure risk (R? = .05 to .17). The best predictors of risk perceptions were gender, age,
environmental knowledge and egoistic environmental concerns. Biospheric concerns, nature
relatedness and educational level hardly made any contribution. Assessment of past experiences
with each environmental exposure, affective reactions towards them and psychological traits could

enrich future explanatory models.
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Introduction

1.1 The concept, implications and apparent paradoxes of risk perceptions

Risk perceptions are intuitive judgements about the odds of a given negative event happening
(Slovic, 1987). They are rapidly formed perceptions that allow people to identify factors that may
have a negative impact on them and act accordingly. From a public management and health
perspective, understanding people’s perceptions of risk is vital to making people aware of the
adverse consequences of certain behaviours or environmental exposures, to enable them to protect
themselves and manage their behaviour adequately in everyday life and moments of crisis (Oltra and
Sala, 2018). For the same reasons, public bodies need to take into account how public perceptions of
risk work, in order to prepare successful preventive and coping strategies and plans to respond to the

manifold environmental contingencies that may affect society (Ellis et al., 2018).

Elevated risk perceptions frequently appear in response to events or situations directly linked
to hazardous industries and large infrastructure such as industrial complexes (Kim & Kang, 2019) and
landfill sites or waste incineration plants (Lin et al., 2018). Similarly, many activities related to the
extraction and manipulation of energy resources, such as those of nuclear power plants (Ho, Oshita,
Looi, Leong, & Chuah, 2019) and fracking infrastructure (Brasier et al., 2011; Schafft et al., 2013) are
often sources of environmental concern. All these activities are usually thought to pollute air, water
and/or soil and affect human health in several ways, and also raise concerns due to possible

malfunctioning or human error that could lead to harmful events.

When worried about a given environmental exposure, people often feel stress, annoyance,
fear, and anxiety or even depression (Oltra and Sala, 2018; Zeidner and Shechter, 1988). Coupled
with risk perceptions, these affective reactions may lead people to employ a wide array of coping
strategies or self-protective behaviours in order to reduce the odds of being affected by potentially
harmful events or minimize the extent of their impact (Bubeck et al., 2012; Deguen et al., 2012; Lin et
al., 2018; Oltra and Sala, 2018; Verlynde et al., 2019). These strategies may imply changes in daily
behaviour (e.g. avoiding risky places and modifying commuting habits and leisure activities), the use
of specific devices (e.g. wearing masks or installing anti-theft alarms), and a willingness to pay for the
implementation of mitigation measures or even move house to avoid the environmental stressors.
Therefore, risk perceptions are of great importance because they mediate the eventual effect of a
given exposure on people’s health (Ban et al., 2019; Choon et al., 2018; Spence et al., 2011; Zeidner
and Shechter, 1988).
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1.2 Correlates of the general public’s perceptions of environmental risk

In this section, we briefly review previous literature concerning possible associations between the
sociodemographic and psycho-environmental variables included in our study and the set of

environmental exposures we sought to analyse.

1.2.1 Sociodemographic correlates

Women consistently express higher concerns about risk than do men (Carlton & Jacobson, 2013;
European Commission, 2014, 2017; Finucane, Slovic, Mertz, Flynn, & Satterfield, 2000; Greer et al.,
2018; Kim, Park, & Kang, 2018; Madrigano et al., 2018; van der Linden, 2015). Age has also frequently
been associated with risk perception, although results are mixed across studies. In particular, older
people have expressed higher or lower levels of concern than their younger counterparts depending
on the exposures being analysed (European Commission, 2014; Gallastegi et al., 2019; Kim & Kang,

2019; Madrigano et al., 2018; Zeidner & Shechter, 1988).

In general terms, more educated people are more concerned about environmental risk
(European Commission, 2017, 2014; Sun and Han, 2018; van der Linden, 2015). Nonetheless, several
studies have shown the opposite or no effect (Lechowska, 2018; Mcintyre et al., 2018; Slimak and
Dietz, 2006; Yu et al., 2018). The literature also contains studies showing a significant correlation
between political orientation and perceptions of environmental risk but again the results are
inconsistent (Carlton & Jacobson, 2013; Kellstedt et al., 2008; Kim & Kim, 2018; van der Linden,
2015).

1.2.2 Health-related behaviours

There is sound evidence that the overall global burden of disease is related to various behavioural,
environmental, and occupational risks and there is no doubt that the level of all these types of risk
contribute greatly to people’s health status. On the other hand, though there are still few data
concerning associations between healthy habits and levels of concern about environmental
exposures, it is plausible that more health-aware people are also more concerned about
environmental exposures. The authors of a cross-sectional study (Rouillon et al., 2017) of postpartum
women in France suggested that perceived risk of endocrine disrupting chemicals may be related to
health-related behaviours in many spheres (e.g. reduction in the use of hair dryers and insecticides
and organic food consumption), but their results were unable to confirm such an association.
Nevertheless, a North American study reported that pregnant women who strongly agreed that

environmental chemicals were dangerous were more likely to adopt healthy behaviours like eating
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organic food, choosing food in safe plastics or buying “eco-friendly” personal care products (Barrett

et al., 2014).
1.2.3 Psycho-environmental correlates

Literature in environmental psychology is rich in constructs aimed at understanding the way people
relate to the environment, however the application of such variables to risk studies has been scarce
(Carlton and Jacobson, 2013). Both natural and human-made risks are dangers that come from, and
affect to, the environment we live in. In this sense, a deeper understanding of the relation between
the way we perceive and react to our environment and the way we perceive and react to risks could
enrich this research area with innovative results. Therefore, in this study, we included a
comprehensive set of measures, using scales assessing several key constructs related to our
relationship with Nature and the place we live, seeking to explore their relation to risk perception.
More specifically, we measured environmental knowledge, nature relatedness (NR), environmental
concerns, pro-environmental behaviour and place bonding. The decision to focus on these variables
was based on the hypothesis that the more people are aware about the importance of the
environment and nature for their life, the more psychologically they are connected to it and the

more they care for it, the greater their concern about environmental risks.

From an applied perspective, this endeavour might result fruitful for the design and
conduction of public health campaigns and policies. If - as we expect - the selected psycho-
environmental variables do show an association with perceived environmental risk, strategies aiming
towards sustainability, environmental awareness and pro-environmental behaviour might serve also
to raise the consciousness about the influence of environmental features on health. Additionally, if
different profiles of thinking, feeling and acting towards the environment would be associated to
specific levels of risk perception, the findings could be applied for identifying groups and designing

messages when using a segmentation strategy in risk communication.
Environmental knowledge

Environmental knowledge refers to scientific knowledge-derived notions people have about diverse
natural phenomena, the impacts of human activities on the environment, the causes and
consequences of climate change and effective strategies to manage to cope with environmental
exposures and to behave pro-environmentally. The role of environmental knowledge in individuals’
risk perception is not yet clear (Choon et al., 2018; Gallastegi et al., 2019; Verlynde et al., 2019), as it
can lead both to an increase in awareness and protective behaviours and to an underestimation of

the real implications of certain risks that might be affecting them.
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Nature relatedness

This is a personality trait that varies across individuals and reflects individuals’ connection with
nature and other living beings on earth (Nisbet et al., 2009; Nisbet and Zelenski, 2013). NR is a valid
construct to gather the affective, cognitive and physical aspects of the relationships individuals hold
with nature. Recent research has found this trait significantly associated to health related worries

about modern technologies and electromagnetic hypersensibility (D6motor et al., 2017).

Environmental concerns

Schultz (2000, 2001) proposed that personal attitudes about environmental matters vary in terms of
the weight that people assign to themselves, other people and other living beings when perceiving,
reflecting and behaving regarding environmental issues. Subsequently, he distinguished between the
following types of concern: biospheric (related to all living beings and nature as a whole), egoistic
(valuing himself/herself above other people, living beings and nature) and altruistic (taking into

account costs and benefits to other people).

Pro-environmental behaviour

To behave pro-environmentally implies either to cause the least damage possible to the environment
or to benefit or take care of it (Steg and Vlek, 2009). Far from being a monolithic construct, it implies
actions in many diverse spheres (Suarez, 2010), such as donating to green NGOs, commuting in an

active way or buying local products.

Place bonding

Person-place bonding refers to the cognitive, emotional and identity ties between people and the
places they inhabit or use (Droseltis and Vignoles, 2010; Hidalgo and Hernandez, 2001; Lewicka,
2011; Scannell and Gifford, 2010). Previous studies have shown that such bonds are significantly
linked to perceptions of environmental risks that might affect a given place; however, the evidence

about the direction of such association is mixed (Bonaiuto et al., 2016).

1.3 Risk assessment by experts and the general public

Experts’ risk assessments are formal and informed evaluations of environmental exposures and risks
(Bonaiuto et al., 2016). Regional experts may have accurate and up-to-date knowledge about the
actual environmental exposures affecting the region, place or area they are working in. On the other
hand, it is well-known that there is commonly a mismatch between the criteria applied by experts

and by the general public regarding environmental issues. It has been shown that, most of the time,
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experts give lower risk ratings than the general public (Slovic et al., 1987; Finucane et al., 2004;
Siegrist, Hiibner, & Hartmann, 2018; Siegrist, Keller, Kastenholz, Frey, & Wiek, 2007). Further, it
seems that experts and the general public also differ when it comes to prioritizing the importance of

different environmental risks (2015).

Risk assessments of the general public and experts may differ due to the process followed to
assign a certain level of risk to a given environmental exposure. In particular, experts can be
expected to base their decision on actual scientific knowledge, empirical experience and official
reports and records, whereas ordinary people may base it more on qualitative aspects of the

exposure (Finucane et al., 2004; Siegrist et al., 2007; Slovic, 1987).

In this context, stress responses and coping strategies in relation to highly likely events or
exposures are evidently adaptive, in that they help to avoid or mitigate eventual harms for the
individual. Nonetheless, when triggered by unlikely events or inaccurate/false information, they may
produce unnecessary negative consequences for the person in psychological and social spheres. This
idea was highlighted by Vozmediano & San Juan (2010), who pointed out the adaptiveness of being
concerned about a real risk and taking active protective measures or not doing anything in the
absence of a threat. On the other hand, being unworried and careless about a real exposure or being
worried and taking preventive measures when not affected by any exposure are ineffective and may

generate negative outcomes (e.g. loss of time and effort, anxiety, and behavioural restriction).

1.4 Study aim

The primary objective of the study was to assess the general public’s perceptions of risk from a set of
environmental exposures that may have an impact on their health and compare them with the
assessment of regional experts. Secondly, we sought to build predictive models of the general
public’s risk perceptions using the sociodemographic and psycho-environmental variables presented

in Epigraph 1.2.

2. Materials & Methods

2.1 Sample

A total of 338 adults (mean age 45.78 years; SD = 14.36) resident in the province of Gipuzkoa (Basque
Country; Spain) formed the convenience sample that took part in the study (see Figure 1). The
participants were residents of the municipalities of Donostia- San Sebastian, (the main city of the
province), and from Lasarte, Usurbil Andoain, Ordizia, Beasain (Oria Valley) and Urretxu and

Zumarraga (Urola Valley). The environmental characteristics of the municipalities, with the exception
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of the main city, are largely shared and described below. We selected the municipalities seeking to
gather information from a diverse range of municipality sizes as well as individuals with different
geographical and economic backgrounds. Overall, 110 participants were recruited from the municipal
censuses delivered by the local government, while the others were recruited in the street, near the
entrance to local organizations: local government offices, libraries, community centres, municipal
sports centres, schools and a central market. The natural environment for most municipalities of
Gipuzkoa is characterized by the orographic features of the terrain: narrow valleys bordered by hills
and mountains covered by autochthonous forests and conifer forest for wood and paper production,
with small and medium-sized municipalities, where industries of varying sizes, roads and the urban
fabric coexist. In Gipuzkoa, the industry is an important productive sector. The main environmental
exposures come from the industrial activities related toiron and steel, and the machine and tool
sectors scattered throughout the region. The main environmental issues for the general population
during the last two decades have been related with the urban waste management and the location
of the different kind of infrastructures: landfills, compost generation plants, mechanical-biological

recycling plants and the incinerator plant.

Figure 1. Spatial description of the study location.
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Table 1 summarizes the sociodemographic characteristics of participants and their scores in
the main study variables. Compared to the general population of the province?, women, those living
in rural areas and those with university education were slightly overrepresented, while the
distribution of occupational status and political orientation were similar. A notably high percentage
of participants were employed at the time of taking part in the study. All the participants were
informed of the objectives of the study and signed an informed consent from that had been
approved by the Ethics Committee of the Health Department of the Basque Country. The participants
were asked to complete a questionnaire in the presence of a field worker. All the field workers were
well trained and able to answer to a wide range of queries that might arise in relation to the

guestions and scales used.

We also drew up a list of 44 regional experts on environmental issues and human health and
all were contacted by email inviting them to participate. We obtained 33 completed questionnaires:
from people with a mean age of 52.7 years old (SD = 8.97) and 18 (54.5%) were women. All of them
had more than 15 years of professional experience and a deep knowledge of the region of Gipuzkoa.
They had relevant backgrounds, with qualifications and/or professional experience in health (n = 18)
and environment-related areas (n = 15) including disciplines such as biology, biochemistry, chemistry,
pharmacy, environmental sciences, geography, psychology and various specialties in medicine. All of
them had knowledge concerning public health and environment-related problems, several being

researchers and/or university academics.

1 According to the Basque Institute of Statistics, population in Gipuzkoa has a 51% women rate, a 63.17% or
urban residents, a 53.6% of employed citizens and a 7.7% of unemployed. Regarding political orientation,
Gipuzkoa is a progressive region (centre-right parties got a 37% of the votes in the last general votation).
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Table 1

Sociodemographic description of the general public sample

Categorical variables N % Missing data
Gender Female 208  61.54 1

Male 130 39.46
Place of Urban 176 47.50 2
residence

Non-urban 161 51.90
Educational University 192 56.80 1
level

Secondary or 146 43.20

vocational
Occupational Employed 227 67.15 0
status

Unemployed 15 4.43

Student 40 11.83

Homemaker 8 2.36

Retired 45 13.31

Other 3 0.88
Political Right 9 2.70 0
orientation

Centre 50 14.80

Left 202 59.80

No response 77 22.70
Quantitative variables M SD Missing data
Age, years [18-82] 45.78 14.36 5
Health behaviour score [0-4] 2.43 0.71 1
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Nature relatedness [0-4] 2.72 0.70 1
Pro-environmental behaviour [0-4] 2.66 0.46 1 208
Environmental knowledge [0-13] 8.54 0.70 1 209
Place bonding [0-4] 3.19 0.79 2 210
Egoistic concerns [0-4] 3.50 0.66 2

211
Biospheric concerns [0-4] 3.54 0.66 5

212
Altruistic concerns [0-4] 3.53 0.69 6

Note: Numbers in square brackets define the range of possible scores for 2h3h

variable. The “No response” answer in political orientation should not be

214
interpreted as a missing value; rather, participants chose one of the options

given which was “I do not know/I do not want to answer”. 215

216
2.2 Instruments

The questionnaire began with general demographic and health-related questions. Participants were
asked to indicate their gender, age, place of residence and maximum level of education attained.
Smoking, alcohol consumption, unhealthy diet and physical inactivity were measured using one item
for each behaviour. A general score gathering these four health-related behaviours was created by
summing the four scores. This score ranged from 0 to 4, with a higher score indicating a healthier
lifestyle. Political ideology was measured with a five-point semantic differential (1-right to 5-left) and

responses were then collapsed into a 3-point scale: right (1-2), centre (3) and left (4-5).

The second part of the questionnaire included several scales to measure risk perceptions,
nature relatedness, pro-environmental behaviour, place bonding, environmental concerns and
environmental knowledge. Risk perceptions towards a set of seventeen environmental exposures
were assessed with a 0 (None) to 4 (High)-point Likert scale. This list of exposures was used in
previous studies (Gallastegi et al., 2016; Guxens et al., 2012) and is shown in Table 2. Participants
were asked to indicate the severity of the impact of each type of exposure on the general

population’s health.

Nature relatedness was measured with the short version of the Nature Relatedness Scale
(Nisbet and Zelenski, 2013, a = .75). This scale is composed of six items rated on a 0 (Totally disagree)

to 4 (Totally agree)-point Likert scale (e.g. “My ideal vacation spot would be a remote, wilderness

10



235
236
237
238
239
240
241
242

243
244
245
246
247
248
249
250

251

252
253
254
255

256
257
258
259
260
261
262
263
264
265

266

area”). Pro-environmental behaviour was assessed using nine statements reflecting environmentally-
friendly behaviours (e.g. “turning off the lights when leaving a room” or “consuming local and
seasonal products”) adapted from Vozmediano & San Juan (2006; a = .60). This scale was rated on a
0 (Never) to 4 (Always)-point Likert scale. To measure place bonding towards the place of residence,
we selected two items from the Place Attachment and Identification Scale (“I like my city/town” and
“I feel | belong to my city/town”) developed by Ruiz, Herndndez and Hidalgo (Ruiz et al., 2011).
Participants were asked to rate both items on a 0 (Not at all) to 4 (A lot)-point Likert scale. The two

items were combined into a single score reflecting place bonding (o = .76).

Environmental concerns were measured with the Spanish version of the Environmental
Motives Scale (Sevillano, 2007; , a = .95). This scale is composed of 12 items that form three different
factors: egoistic (5 items; e.g. My health), biospheric (4 items; e.g. aquatic life) and altruistic (3 items;
e.g. My neighbours) concerns. These were rated on a 0 (Not at all important) to 4 (Very important)-
point Likert scale. Environmental knowledge was assessed with a list of 13 questions dealing with
climate change, sustainability and waste management, among other environmental issues, designed
ad hoc for this study. For each question, participants were asked to choose one option out of three.

The possible scores on environmental knowledge ranged from 0 to 13 points.

2.4. Data analysis

In order to achieve the primary objective of the study, we first conducted a descriptive analysis of the
risk scores assigned to each environmental exposure by the general public and expert groups
separately. Then, with Student’s t-test, we assessed whether scores differed significantly between

the groups.

The secondary objective was addressed by running 17 linear regression models to explore
the association between the predictor variables and each of the environmental exposures. These
analyses were performed in R and IBM SPSS version 25. The set of predictor variables was
consistently used for each exposure in order to quantify the number of times a given variable was
significantly linked to any of the exposures included in the set. We decided not to include political
orientation, however, due to the very uneven distribution of political views expressed and the high
proportion of participants in the category “No response”. Similarly, occupational status was not
included due to the unbalanced distribution of the responses. Lastly, altruistic concerns were not
included in the models because, together with biospheric ones, they caused multicollinearity issues

when predicting risk scores (variance inflation factor scores around 3.5).

11
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3. Results

3.1 Risk scores as rated by the general public and expert samples

Scores assigned by participants to the set of environmental exposures ranged from 1.51 to 3.42 (out
of 4). The most severe exposures, as perceived by the general public sample, were air pollution,
proximity to hazardous industry, waste incineration plants and landfills and food contamination, all
of which obtained a mean score above 3 (moderate to high). Conversely, proximity to livestock
farms, dirty streets, agriculture-related burning and heat waves received the lowest ratings, with
mean scores lower than 2.5. Table 2 reports the means and standard deviations of the scores for

each exposure.

This table also shows the risk assigned to each environmental exposure by the experts. In all
cases but two, experts gave a significantly lower risk score than participants from the general public.
All these differences were moderate and large in size (d > 0.52). Figure 2 shows the positions of each
environmental exposure in the risk ranking by the two groups. As it can be observed, both groups
similarly prioritized several exposures such as air pollution, food contamination and proximity to
industry, waste incinerating plants and landfills. However, they differed in the position assigned to
heat waves, lack of green spaces and drinking water pollution with experts highlighting the effects of
heat waves and absence of greenness and the general public sample being more worried about the

contamination of drinking water.

12



Table 2

Mean and standard deviation of risk scores for each environmental exposure as assigned by the general

public and expert samples, Student’s-t comparison and effect size.

Risk
Experts’ risk
Environmental exposure, perception
assessment ¢ d
rating p
range of possible scores [0,4]
(N=33)
(N =338)
Agricultural burning 2.47 (1.08) 1.28 (0.99) 6.03 <.001 1.15
Air pollution 3.42 (0.80) 2.94 (1.03) 3.20 .002 0.52
Dirty streets 2.38(1.04) 1.09 (0.86) 7.99 <.001 1.35
Deficiencies in sewage systems-domestic 5.66 <.001 1.02
2.66 (0.98) 1.63 (1.04)
wastewater
Drinking water pollution 2.67 (1.31) 1.33(1.14) 6.37 <.001 1.09
External noise 2.82(0.89) 2.70(0.81) 0.78 437 -
Food contamination 3.19 (1.06) 2 (1.09) 6.10 <.001 1.11
Heat waves 2.49 (1.11) 1.88(1.16) 2.97 .003 0.54
Lack of green spaces 2.64 (1.09) 1.69 (1.09) 4.74 <.001 0.87
Proximity to agricultural pesticides 2.88 (1.07) 1.66 (1) 6.21 <.001 1.18
Proximity to livestock farms 1.51(1.02) 1.31(0.69) 1.48 .145 -
Proximity to high-power lines 2.66 (1.12) 1.48 (1.09) 5.76 <.001 1.08
Proximity to industry 3.33(0.99) 2.55 (1.06) 4.33 <.001 0.76
Proximity to landfill sites 3.04 (1.01) 2 (0.98) 5.57 <.001 1.05
Proximity to radio frequency antennas 2.70(1.09) 1.61 (1.20) 5.46 <.001 0.95
Proximity to waste incineration plants 3.07 (1.16) 1.86 (1.03) 5.41 <.001 1.10
Recreational water pollution 2.70(0.99) 1.73(0.98) 5.34 <.001 0.98

13
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Figure 2. Prioritization of environment exposures in terms of risk for health for the general public and experts samples.
Numbers on the bars indicate the position of each exposure in the ranking (17 — highest; 1 — lowest).

285 3.2 Prediction of general public’s risk scores

286  As explained in the data analysis section, all the predictor variables except occupational status and
287 political orientation (see Epigraph 2.4) were entered into multiple linear regression models. All the
288 models were found to be significant at p < .001 and explained small to moderate shares of the
289  variance in environmental exposure risk (R? = .05 to .17). Table 3 lists the predictors that were

290  significant for each environmental exposure model, their B (95%Cl) and the total variance explained.
291  Sociodemographic variables

292  Gender was a consistent predictor (all the models but one) of perceived risk of environmental
293  exposures, with B-values ranging from 0.09 to 0.29, indicating that women showed greater concerns
294  about exposure than men. Age was the second most common sociodemographic predictor in the
295 models (8/17 models). The size of the B-values was comparable to those for gender, but indicated a
296  negative association between age and risk perception (B = -0.12 to (-0.26)). The only exception to this
297 pattern was the model for external noise risk, with age being a positive predictor (B = 0.11). Living in
298  an urban environment, rather than a non-urban one, was negatively associated (B = -0.12 — (-0.20))
299  with risk perceptions but only for three of the environmental exposures considered. Level of
300 education was only related to risk ratings regarding agricultural pesticides (B = 0.12) and noise (B =
301 0.09). Finally, the health behaviour score was a significant predictor in two models, being associated
302 negatively with perceived risk from livestock farms (B = - 0.10) and positively with perceived risk from

303  deficiencies in sewage systems-domestic wastewater (B = 0.10).

304
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309
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314
315
316

Psycho-environmental variables

Within the set of psycho-environmental variables, reported pro-environmental behaviour was the
most consistent predictor, being significantly associated with the outcome variable in eight of the
models and the association was always positive (B = 0.10 — 0.19). Environmental knowledge
significantly predicted risk perceptions for five environmental exposures. In most cases, the
association was positive (B = 0.12 — 0.17), meaning that the more environmentally knowledgeable,
the greater the level of risk perceived. On the other hand, in the case of radio frequency antennas,
this variable was a negative predictor (B = - 0.13). Egoistic and biospheric values remained in six and
two models each and showed similar predictive powers (B = 0.12 — 0.21 and B = 0.16 — 0.19
respectively). Place bonding only reached statistical significance in two, being a positive predictor of
perceived risk ratings for food contamination (B = 0.10) and heat waves (B = 0.12). Nature

relatedness did not act as significant predictor in any of the regression models.
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Table 3.

Linear regression models for environmental exposures included in the study.

F
Environmental exposure p Significant predictors B (95% Cl) Adj. R?
(11,227)

Agricultural burning 5.94 >.001 Gender*** 0.21(0.1,0.32) .14
Age*** -0.24 (-0.34,-0.13)
PEB** 0.19(0.08,0.3)

Air pollution 5.95 >.001 Gender T 0.09 (-0.02,0.2) .14
Age* -0.14 (-0.24,-0.03)
Knowledge* 0.12(0.01,0.22)
PEB t 0.11(0,0.22)
Egoistic* 0.16(0.02,0.29)
Biospheric* 0.16(0.02,0.29)

Dirty streets 5.27 >.001 Gender*** 0.29(0.18,0.4) 13
Egoistic* 0.14(0,0.28)

Deficiencies in sewage 4.54 >.001 Gender*** 0.29(0.18,0.4) A1

systems-domestic Health behaviour 0.10(-0.01,0.2)

wastewater scoret 0.14(0,0.27)
Egoistict

Drinking water pollution 5.25 >.001 Gender*** 0.24(0.13,0.35) 13
Age** -0.17 (-0.27,-0.06 )
Knowledge** 0.17(0.06,0.28)

External noise 6.96 >.001 Gender*** 0.24(0.14,0.35) 17
Age* 0.11(0,0.21)
Knowledge* 0.12(0.02,0.23)
PEB* 0.12(0.01,0.23)
Egoistic** 0.21(0.08,0.35)

Food contamination 5.09 >.001 Gender*** 0.28(0.17,0.39) 12
Age*** -0.19(-0.3,-0.08)

Knowledge**

16

0.15(0.04,0.26)



Heat waves

Lack of green spaces

Proximity to agricultural

pesticides

Proximity to livestock

farms

Proximity to high-power

lines

Proximity to industry

Proximity to landfill sites

Proximity to radio

frequency antennas

3.66

4.83

3.80

3.18

3.12

4.33

2.42

4.07

>.001

>.001

>.001

>.001

>.001

>.001

.007

>.001

Bondingt

Gender***
PEBT

Bonding*

Gender***
PEB**

Biospheric**

Gender**
Age**
Urban residence *

Level of educationalt

Gender*

Health behaviour
scoret

PEB*

Egoistic*

Gender**

Age***
Urban residence*

PEB*

Gender**

Gender***

Knowledge*

17

0.10(-0.01,0.2)

0.27(0.16,0.38)
0.10 (-0.02,0.22)
0.12(0.01,0.23)

0.20(0.09,0.31)
0.18(0.07,0.3)
0.19 (0.06,0.33)

0.18 (0.07,0.29)
-0.15(-0.26,-0.04 )
-0.12 (-0.23,-0.02)

0.11(0,0.22)

0.12(0.01,0.23)
-0.10(-0.21,0.01)
0.15(0.03,0.26)
0.17 (0.03,0.31)

0.19(0.08,0.3)

-0.26 (-0.37,-0.15)
-0.13 (-0.23,-0.03)
0.13(0.02,0.25)

0.19(0.07,0.3)

0.20(0.09,0.31)
-0.13(-0.24,-0.02)

.08

A1

.09

.07

.07

.10

.05

.09



Egoistict 0.12(-0.02,0.26)

Proximity to waste 3.15 >.001 Gender* 0.11(0,0.23) .07
incineration plants Age* -0.12 (-0.23,-0.02)

Urban residence*** -0.2(-0.31,-0.1)
Recreational water 3.83 >.001 Gender*** 0.19(0.08,0.3) .09
pollution PEB** 0.16 (0.04,0.27)

Note: PEB: pro-environmental behaviour; T = p <.10, * = p <.05, ** = p <.01, *** = p <.001. All the predictor
variables — as explained in section 2.4 — were included in the regression models. For the sake of efficiency, we
only included in the table the variables significantly associated to each outcome (p <.10).

317 4. Conclusions

318 This study aimed to improve our understanding of perceived risks related to seventeen specific
319 environmental exposures among the general population in a region of the Basque Country and
320 compare them with those of a group of regional experts. In brief, we found that the general public
321 assigned higher risk scores to every environmental exposure than the experts. The size of these

322 differences was large in most cases.

323 There are many reasons why lay people may show higher and experts lower levels of
324  concern. First, the general public resort mainly to affective evaluation mechanisms triggered by
325 mental representations of environmental exposures (Slovic, 1987) which in the case of subjects such
326  as industrial factories, electromagnetic fields or waste incineration plants are likely to be negative.
327 Second, it may be that merely thinking about health-related risks will boost their perceived
328  magnitude this potentially leading participants to award scores higher than their usual level of worry.
329  On the other hand, experts’ scientific knowledge and awareness of official data may reduce the
330 incidence of such affective heuristics and in turn reduce perceived risk (Choon et al., 2018; Finucane,
331 Alhakami, Slovic, & Johnson, 2000). Nonetheless, it must be recognised that more information or
332 knowledge could also lead to underestimation of the potential risk due to an associated increase in

333 perceived control and the emergence of feelings of overconfidence.

334 Despite the aforementioned differences, both groups showed a relatively similar pattern of
335 risk prioritization for most exposures but heat waves, lack of green spaces and drinking water

336 pollution. On the other hand, it is evident from our data that the general public participants
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expressed considerable levels of concern for most of the exposures and significantly superior to the
ratings given by the experts. In the light of our previous discussion about the adaptiveness or
maladaptiveness of risk perceptions and subsequent self-protective behaviours (not measured in this
study; see section 1.3), evidence obtained here might be a matter of concern for public health
professionals and government bodies. Given that human resources are limited and activation of all
the energy and interest people are able to dedicate to protecting themselves from environmental
harms, from numerous potentially damaging events (as perceived by the individual), could lead to
feelings of defencelessness and inefficient self-protective behaviours. Given this, professionals,
academics and government bodies should work effectively to deactivate unnecessarily over-inflated
risk perceptions and focus people’s attention and behaviour on exposures that might actually have
deleterious effects on them. This reflection is relevant for decision making on communication
strategies when providing objective information of environmental risks, and our results could offer

some insights for designing such strategies, as we will elaborate below.

With this study, we also sought to explain risk perceptions among the general public through
the analysis of a comprehensive set of sociodemographic and psycho-environmental predictors.
These variables differed markedly in terms of predictive consistency with some playing a significant
role in several models (e.g. gender or age) and others making hardly any contribution (e.g. health
behaviour score or level of educational). In our study, when significant, being a woman was a positive
predictor of risk perception ratings which goes in line with gender-based explanations of risk
perception (Davidson & Freudenburg, 1996; Finucane et al., 2000; McCright & Xiao, 2014). This effect
has been usually explained by the role of gender socialization processes that direct women towards
health and care related cognitive and behavioral tendencies both within the family and the
community. On the other hand, when age was found to be a significant predictor, it always
contributed to lower risk assessments except in the case of external noise risk, where it had the
opposite influence. It might be that older participants are less worried about exposures whose
outcomes may develop in the long term (e.g. air or water pollution) and less easily observable but
increasingly worried about the ones with immediate consequences and directly perceivable as it is
the case of noise. This is consistent with mixed results shown in previous studies (Gallastegi et al.,
2019; Kim et al., 2018; Madrigano et al., 2018 Zeidner & Shechter, 1988). The finding that living in an
urban environment was associated with a lower perception of risk from industrial, waste
incineration, waste management, and agricultural pesticides activities is coherent with the fact that
such types of infrastructure tend to be located outside urban areas. On the other hand, it was
somewhat surprising to us to find that environmental exposures usually related to urban life —

external noise, air pollution or a scarcity of green spaces — were not, as might be expected by the
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same logic, less evident in non-urban dwellers’ minds. Level of educational only remained a
significant predictor in two models, this being consistent with the mixed results in previous studies
(European Commission, 2014; Lechowska, 2018; Lee, 2018; Mclintyre et al., 2018; Slimak and Dietz,
2006; Sun and Han, 2018). The health behaviour score was a significant predictor in only two models
— Deficiencies in sewage systems-domestic wastewater and proximity to livestock farms — which
lends only limited support to the view that there is a relationship between healthy habits and
environmental risk assessments, as had been expected based on previous research (Barrett et al.,

2014; Rouillon et al., 2017).

One of our aims was to establish whether there were relationships between psycho-
environmental variables and risk perception. The set of psycho-environmental predictors yielded a
heterogeneous picture, where pro-environmental behaviour was positively linked to eight
environmental exposure risk perception scores, egoistic concerns to six, environmental knowledge to
five, biospheric concerns to three and place bonding to only two. In line with our expectations, these
associations were mostly positive. That is, the present evidence seems to indicate that the greater
individuals’ environmental awareness or responsibility, the greater their sensitivity to possible effects
of environmental issues on health. Pro-environmental behaviour, which appeared as predictor on the
higher number of models, was associated with an increased perception of human-made risks. It is a
reasonable result, since it is easily conceivable that people aware about the consequences of their
behaviour in the environment would be also sensitive to the impact that the environment may have

in their health (Corral et al., 2014).

These results not only add knowledge to a possible profile of highly worried citizens, but also
suggest that further research on the relation between psycho-environmental variables and risk
perception will continue to be fruitful. It could be the case that in cultures highly polarized on
environmental issues where two opposed belief systems about relationship with nature are present,
people with ecocentric beliefs and behaviours would perceive ceratin human activities and industries
as more dangerous, and this could not happen in cultures more flexible when thinking about Nature
and human interests (Corral-Verdugo et al., 2008). If this would be the case, promoting pro-
environmental concerns and behaviour could be influencing an increased risk perception, and this

could be a non-desired outcome for some of the risks.

Therefore, these first results could be useful when designing both environmental awareness
campaigns and information campaigns on environmental risks, both in relation to the direct findings
and the future research lines they suggest. If the objective was to increase the awareness on a given

risk and promote protective or healthier behaviours, it would be advisable to develop policies and
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strategies aiming both at the increase of environmentally-friendly behaviours and self-protection
against environmental exposures. But when facing situations where a specific risk perception is
excessive and could be promoting unnecessary or even damaging behaviours for protecting oneself,
communication strategies should consider the relation between pro-environmental behaviours and

risk perception.

Our results, and future studies for a deeper understanding on the role of psycho-
environmental variables, could also be useful when designing communication strategies on
environmental risks that involve message framing (i.e. emphasizing the benefits/risks present in the
closest, most significant environment, like one’s city or region, and the range of behaviours that
might protect it) and group segmentation (i.e. designing the appropriate messages for older or
younger people; or using messages about health protection for people focused on egoistic concerns
and messages about the impact on Nature for those with biospheric concerns and pro-enviromental

behaviours).

Nevertheless, psycho-environmental predictors did not work consistently through all the
models and some contributed very little to explaining the variance, and contrary to our expectations,
nature relatedness scores were not associated with any risk score. Hence, future studies should
investigate more thoroughly which psycho-environmental variables make relevant contributions to

which specific environmental risks for health

Study strengths, limitations and future lines of research

In our opinion, one of the main strengths of this research is the consideration of a wide and diverse
set of environmental exposures. We included, among others, questions regarding: 1) the
contamination of resources key to human life, such as air, water and food, 2) the hazardous effects of
waste management infrastructure (e.g. landfill sites and waste incineration plants), 3) the presence
of electromagnetic fields (e.g. radiofrequency antennas and high power lines), a physical exposure
that has attracted considerable attention in the mass media and the scientific literature on
environmental epidemiology and is among the environmental exposures about which the general
public is known to have concerns; and 4) various other human activities and climatic phenomena

with adverse consequences for human health, such as use of agricultural pesticides and heat waves.

This study’s novelty lies in the inclusion of psycho-environmental variables. Two previous
studies used one measure of ecological worldviews (Carlton and Jacobson, 2013; Slimak and Dietz,
2006), but, to our knowledge, none have used a comprehensive set of psycho-environmental

variables. Here, we sought to incorporate nature relatedness, pro-environmental behaviour, place
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bonding and egoistic and biospheric concerns. As explained above, our results showed that these
variables acted as significant predictors in different numbers of models. Nonetheless, overall, our
findings suggest that consideration of these types of variables could contribute substantially to our

knowledge of how environmental risk perceptions work.

This study is not without limitations. The use of a convenience sample where women, rural
inhabitants and highly educated people were overrepresented, even though it did not compromise
our ability to address the research questions that inspired the study, makes it more difficult to
generalize our results to other populations. Besides, the obvious drawback of including up to
seventeen environmental exposures is that it was difficult to include predictor variables specific to
each of them. For instance, we used a general measure of environmental knowledge instead of
measuring knowledge referring to each exposure, which in the light of recent publications might be
insufficient (Rouillon et al., 2017). Had we focused on fewer environmental exposures, we would
have been easily able to include knowledge questions concerning particular risks, specific causes,
concrete effects on human health and effective protective strategies. This could be addressed in
future studies by adding environmental knowledge questions for each of the environmental
exposures included in the design. Similarly, if possible, we would like to include past experiences with
each environmental exposure (McClure et al., 2015), reactive affective responses (van der Linden,
2015) and even psychological traits such as environmental sensitivity (Aron and Aron, 1997; Belsky
and Pluess, 2009; Pluess, 2015), to increase the amount of variance explained by the regression

models.

22



Aron, E.N., Aron, A., 1997. Sensory-Processing Sensitivity and Its Relation to Introversion and

Emotionality. J. Pers. Soc. Psychol. 73, 345-368. https://doi.org/10.1037/0022-3514.73.2.345

Ban, J., Wang, R,, Liu, X, Li, T., Jiang, C., Shi, W., Han, L., Cui, L., 2019. Health-risk perception and its
mediating effect on protective behavioral adaptation to heat waves. Environ. Res. 172, 27-33.

https://doi.org/10.1016/j.envres.2019.01.006

Barrett, E.S., Sathyanarayana, S., Janssen, S., Redmon, J.B., Nguyen, R.H.N., Kobrosly, R., Swan, S.H.,
2014. Environmental health attitudes and behaviors: Findings from a large pregnancy cohort
study. Eur. J. Obstet. Gynecol. Reprod. Biol. 176, 119-125.
https://doi.org/10.1016/j.ejogrb.2014.02.029

Belsky, J., Pluess, M., 2009. Beyond Diathesis Stress: Differential Susceptibility to Environmental
Influences. Psychol. Bull. 135, 885-908. https://doi.org/10.1037/a0017376

Bonaiuto, M., Alves, S., De Dominicis, S., Petruccelli, I., 2016. Place attachment and natural
environmental risk: Research review and agenda. J. Environ. Psychol. 48, 33-53.

https://doi.org/10.1016/j.jenvp.2016.07.007

Brasier, K.J., Filteau, M., MclLaughlin, D.K., Jacquet, J., Stedman, R.C., Kelsey, T.W., Goetz, S.J., 2011.
Residents’ Perceptions of Community and Environmental Impacts from Development of Natural

Gas in the Marcellus Shale. J. Rural Soc. Sci. 26, 32-61.

Bubeck, P., Botzen, W.J.W., Aerts, J.C.J.H., 2012. A Review of Risk Perceptions and Other Factors that
Influence Flood Mitigation Behavior. Risk Anal. 32, 1481-1495. https://doi.org/10.1111/j.1539-
6924.2011.01783.x

Carlton, S.J., Jacobson, S.K., 2013. Climate change and coastal environmental risk perceptions in

Florida. J. Environ. Manage. 130, 32-39. https://doi.org/10.1016/j.jenvman.2013.08.038

Choon, S.W., Ong, H.B., Tan, S.H., 2018. Does risk perception limit the climate change mitigation
behaviors? Environ. Dev. Sustain. 1-27. https://doi.org/10.1007/s10668-018-0108-0

Corral-Verdugo, V., Carrus, G., Bonnes, M., Moser, G., Sinha, J.B.P., 2008. Environmental beliefs and
endorsement of sustainable development principles in water conservation: Toward a new
human interdependence paradigm scale. Environ. Behav. 40, 703—-725.

https://doi.org/10.1177/0013916507308786

Corral, V., Frias, M., Gaxiola, J., Fraijo, B., Tapia, C., Corral, N., 2014. Ambientes positivos. Ideando
entornos sostenibles para el bienestar humano y la calidad ambiental. Pearson Educacion,

23


https://doi.org/10.1007/s10668-018-0108-0

México.
Davidson, D.J., Freudenburg, W.R., 1996. Gender and Environmental Risk Concerns. Environ. Behav.

28, 302-339. https://doi.org/10.1177/0013916596283003

Deguen, S., Ségala, C., Pédrono, G., Mesbah, M., 2012. A New Air Quality Perception Scale for Global
Assessment of Air Pollution Health Effects. Risk Anal. 32, 2043—-2054.
https://doi.org/10.1111/j.1539-6924.2012.01862.x

Droseltis, O., Vignoles, V.L., 2010. Towards an integrative model of place identification:
Dimensionality and predictors of intrapersonal-level place preferences. J. Environ. Psychol. 30,

23-34. https://doi.org/10.1016/].jenvp.2009.05.006

Ellis, K.N., Mason, L.R., Gassert, K.N., Elsner, J.B., Fricker, T., 2018. Public perception of climatological
tornado risk in Tennessee, USA. Int. J. Biometeorol. 62, 1557-1566.
https://doi.org/10.1007/s00484-018-1547-x

European Commission, 2017. Special Eurobarometer 468 - October 2017 “Attitudes of European

citizens towards the environment.”

European Commission, 2015. Survey on Public Perceptions of Environmental Risks: Final Report.

European Commission, 2014. Attitudes of European citizens towards the environment, Special

Eurobarometer. https://doi.org/10.2779/25662

Finucane, M., Savadori, L., Rumiati, R., Nicotra, E., Savio, S., Slovic, P., 2004. Expert and Public
Perception of Risk from Biotechnology. Risk Anal. 24, 1289-1299.
https://doi.org/10.1111/j.0272-4332.2004.00526.x

Finucane, M.L., Alhakami, A., Slovic, P., Johnson, S.M., 2000a. The affect heuristic in judgments of
risks and benefits. J. Behav. Decis. Mak. 13, 1-17. https://doi.org/10.1002/(SICI)1099-
0771(200001/03)13:1<1::AID-BDM333>3.0.C0O;2-S

Finucane, M.L., Slovic, P., Mertz, C.K., Flynn, J., Satterfield, T., 2000b. Gender, race and perceived risk:
The ‘white-male’ effect. Health. Risk Soc. 2, 159-172. https://doi.org/10.4324/9781849776677

Gallastegi, M., Jiménez-Zabala, A., Molinuevo, A., Aurrekoetxea, J.J., Santa-Marina, L., Vozmediano,
L., Ibarluzea, J., 2019. Exposure and health risks perception of extremely low frequency and
radiofrequency electromagnetic fields and the effect of providing information. Environ. Res.

169, 501-509. https://doi.org/10.1016/j.envres.2018.11.042

24



Gallastegi, M., Jiménez-zabala, A., Santa-marina, L., Aurrekoetxea, J.J., Ayerdi, M., Lertxundi, A.,
Basterrechea, M., Ibarluzea, J., 2016. Percepcién del riesgo a campos electromagnéticos de
radiofrecuencia en la cohorte INMA-Gipuzkoa Perception of the risk to electromagnetic RF

fields in INMA-Gipuzkoa cohort. Rev. salud Ambient. 16, 118—-126.

Greer, A., Wu, H.C., Murphy, H., 2018. A serendipitous, quasi-natural experiment: earthquake risk
perceptions and hazard adjustments among college students. Nat. Hazards 93, 987-1011.

https://doi.org/10.1007/s11069-018-3337-5

Guxens, M., Ballester, F., Espada, M., Fernandez, M.F., Grimalt, J.O., Ibarluzea, J., Olea, N.,
Rebagliato, M., Tarddn, A., Torrent, M., Vioque, J., Vrijheid, M., Sunyer, J., 2012. Cohort profile:
The INMA-INfancia y Medio Ambiente-(environment and childhood) project. Int. J. Epidemiol.
41, 930-940. https://doi.org/10.1093/ije/dyr054

Hidalgo, M.C., Hernadndez, B., 2001. Place Attachment: Conceptual and Empirical Questions. J.
Environ. Psychol. 21, 273-281. https://doi.org/10.1006/jevp.2001.0221

Ho, S.S., Oshita, T., Looi, J., Leong, A.D., Chuah, A.S.F., 2019. Exploring public perceptions of benefits
and risks, trust, and acceptance of nuclear energy in Thailand and Vietnam: A qualitative

approach. Energy Policy 127, 259-268. https://doi.org/10.1016/j.enpol.2018.12.011

Kellstedt, P.M., Zahran, S., Vedlitz, A., 2008. Personal efficacy, the information environment, and
attitudes toward global warming and climate change in the United States. Risk Anal. 28, 113—
126. https://doi.org/10.1111/j.1539-6924.2008.01010.x

Kim, E.J., Kang, Y., 2019. Relationship among pollution concerns, attitudes toward social problems,
and environmental perceptions in abandoned sites using Bayesian inferential analysis. Environ.

Sci. Pollut. Res. https://doi.org/10.1007/s11356-019-04272-5

Kim, H.K., Kim, Y., 2018. Risk Information Seeking and Processing About Particulate Air Pollution in
South Korea: The Roles of Cultural Worldview. Risk Anal. 1-17.
https://doi.org/10.1111/risa.13231

Kim, Y.H., Park, I.K., Kang, S.J., 2018. Age and gender differences in health risk perception. Cent. Eur.
J. Public Health 26, 54-59. https://doi.org/10.21101/cejph.a4920

Lechowska, E., 2018. What determines flood risk perception? A review of factors of flood risk
perception and relations between its basic elements. Nat. Hazards 94, 1341-1366.

https://doi.org/10.1007/s11069-018-3480-z

25



Lee, Y.J., 2018. Relationships among environmental attitudes, risk perceptions, and coping behavior:
A case study of four environmentally sensitive townships in Yunlin County, Taiwan. Sustain. 10,

1-22. https://doi.org/10.3390/su10082663

Lewicka, M., 2011. Place attachment: How far have we come in the last 40 years? J. Environ. Psychol.

31, 207-230. https://doi.org/10.1016/j.jenvp.2010.10.001

Lin, P.Y,, Lai, S.P., Wang, M.C,, Liang, J.J., Chiang, C.F., Kuo, H.W., 2018. Environmental health risks
perception, attitude, and avoidance behaviour toward municipal solid waste incinerator. Int. J.

Environ. Health Res. 28, 159-166. https://doi.org/10.1080/09603123.2018.1453052

Madrigano, J., Lane, K., Petrovic, N., Ahmed, M., Blum, M., Matte, T., 2018. Awareness, risk
perception, and protective behaviors for extreme heat and climate change in New York City. Int.

1. Environ. Res. Public Health 15, 1-11. https://doi.org/10.3390/ijerph15071433

McClure, J., Johnston, D., Henrich, L., Milfont, T.L., Becker, J., 2015. When a hazard occurs where it is
not expected: risk judgments about different regions after the Christchurch earthquakes. Nat.

Hazards 75, 635—652. https://doi.org/10.1007/s11069-014-1338-6

McCright, A.M., Xiao, C., 2014. Gender and Environmental Concern: Insights from Recent Work and
for Future Research. Soc. Nat. Resour. 27, 1109-1113.
https://doi.org/10.1080/08941920.2014.918235

Mclintyre, E., Prior, J., Connon, I.L.C., Adams, J., Madden, B., 2018. Sociodemographic predictors of
residents worry about contaminated sites. Sci. Total Environ. 643, 1623—-1630.

https://doi.org/10.1016/j.scitotenv.2018.06.261

Nisbet, E.K., Zelenski, J.M., 2013. The NR-6: A new brief measure of nature relatedness. Front.

Psychol. 4, 1-11. https://doi.org/10.3389/fpsyg.2013.00813

Nisbet, E.K., Zelenski, J.M., Murphy, S. a, 2009. The Nature Relatedness Scale Linking Individuals’
Connection With Nature to Environmental Concern and Behavior. Environ. Behav. 41, 715-740.

https://doi.org/10.1177/0013916506295574

Oltra, C,, Sala, R., 2018. Perception of risk from air pollution and reported behaviors: a cross-sectional
survey study in four cities. J. Risk Res. 21, 869—-884.
https://doi.org/10.1080/13669877.2016.1264446

Pluess, M., 2015. Individual Differences in Environmental Sensitivity. Child Dev. Perspect. 9, 138—143.
https://doi.org/10.1111/cdep.12120

26



Rouillon, S., Deshayes-Morgand, C., Enjalbert, L., Rabouan, S., Hardouin, J.-B., Migeot, V., Albouy-
Llaty, M., 2017. Endocrine Disruptors and Pregnancy: Knowledge, Attitudes and Prevention
Behaviors of French Women. Int. J. Environ. Res. Public Health 14, 1021.
https://doi.org/10.3390/ijerph14091021

Ruiz, C., Hernandez, B., Hidalgo, M.C., 2011. Confirmation of the factorial structure of neighbourhood
attachment and neighbourhood identity scale. Psyecology 2, 207-215.
https://doi.org/10.1174/217119711795712513

Scannell, L., Gifford, R., 2010. Defining place attachment: A tripartite organizing framework. J.
Environ. Psychol. 30, 1-10. https://doi.org/10.1016/j.jenvp.2009.09.006

Schafft, K.A., Borlu, Y., Glenna, L., 2013. The Relationship between marcellus shale gas development
in pennsylvania and local perceptions of risk and opportunity. Rural Sociol. 78, 143-166.

https://doi.org/10.1111/ruso0.12004

Schultz, P.W., 2000. Empathizing With Nature: The Effects of Perspective Taking on Concern for

Environmental Education. Journal of Social Issues, 56(3), 391-406. J. Soc. Issues 56, 391-406.

Schultz, W., 2001. The structure of environmental concern: Concern for self, other people, and the

biosphere. J. Environ. Psychol. 21, 327-339. https://doi.org/10.1006/jevp.2001.0227

Sevillano, V., 2007. Empatia y cognicidon social en la preocupacion por el medio ambiente.

Universidad Complutense de Madrid.

Siegrist, M., Hlbner, P., Hartmann, C., 2018. Risk Prioritization in the Food Domain Using Deliberative
and Survey Methods: Differences between Experts and Laypeople. Risk Anal. 38, 504—524.
https://doi.org/10.1111/risa.12857

Siegrist, M., Keller, C., Kastenholz, H., Frey, S., Wiek, A., 2007. Laypeople’s and experts’ perception of
nanotechnology hazards. Risk Anal. 27, 59—69. https://doi.org/10.1111/j.1539-
6924.2006.00859.x

Slimak, M.W., Dietz, T., 2006. Personal values, beliefs, and ecological risk perception. Risk Anal. 26,

1689-1705. https://doi.org/10.1111/j.1539-6924.2006.00832.x

Slovic, P., 1987. Perception of Risk. Science (80-. ). 236, 280-285.
https://doi.org/10.1126/science.3563507

Spence, A., Poortinga, W., Butler, C., Pidgeon, N.F., 2011. Perceptions of climate change and

27



willingness to save energy related to flood experience. Nat. Clim. Chang. 1, 46—49.

https://doi.org/10.1038/nclimate1059

Steg, L., Vlek, C., 2009. Encouraging pro-environmental behaviour: An integrative review and

research agenda. J. Environ. Psychol. 29, 309—-317. https://doi.org/10.1016/j.jenvp.2008.10.004

Suarez, E., 2010. Problemas Ambientales y Soluciones Conductuales, in: Aragonés, J.I., Amérigo, M.

(Eds.), Psicologia Ambiental. Ediciones Piramide, Madrid, Spain, pp. 307-332.

Sun, Y., Han, Z., 2018. Climate change risk perception in taiwan: Correlation with individual and

societal factors. Int. J. Environ. Res. Public Health 15. https://doi.org/10.3390/ijerph15010091

van der Linden, S., 2015. The social-psychological determinants of climate change risk perceptions:
Towards a comprehensive model. J. Environ. Psychol. 41, 112-124.

https://doi.org/10.1016/j.jenvp.2014.11.012

Verlynde, N., Voltaire, L., Chagnon, P., 2019. Exploring the link between flood risk perception and
public support for funding on flood mitigation policies. J. Environ. Plan. Manag. 0, 1-22.

https://doi.org/10.1080/09640568.2018.1546676

Vozmediano, L., San Juan, C., 2010. Criminologia Ambiental. Ecologia del delito y de la seguridad.

UOC, Barcelona.

Vozmediano, L., San Juan, C., 2006. Escala Nuevo Paradigma Ecoldgico : propiedades psicométricas

con una muestra espanola. Medio Ambient. y Comport. Hum. 6, 37-49.

Yu, C.H., Huang, S.K., Qin, P., Chen, X., 2018. Local residents’ risk perceptions in response to shale gas
exploitation: Evidence from China. Energy Policy 113, 123-134.
https://doi.org/10.1016/j.enpol.2017.10.004

Zeidner, M., Shechter, M., 1988. Psychological responses to air pollution: Some personality and
demographic correlates. J. Environ. Psychol. 8, 191-208. https://doi.org/10.1016/50272-
4944(88)80009-4

28





