
 

 

 University of Groningen

Perceived risks, emotions, and policy preferences
Perlaviciute, Goda; Steg, Linda; Hoekstra, Elisabeth J.; Vrieling, Leonie

Published in:
Energy Research & Social Science

DOI:
10.1016/j.erss.2017.04.012

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Perlaviciute, G., Steg, L., Hoekstra, E. J., & Vrieling, L. (2017). Perceived risks, emotions, and policy
preferences: A longitudinal survey among the local population on gas quakes in the Netherlands. Energy
Research & Social Science, 29, 1-11. https://doi.org/10.1016/j.erss.2017.04.012

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://doi.org/10.1016/j.erss.2017.04.012
https://research.rug.nl/en/publications/df07896d-8374-4442-85a5-30c3b3afdf44
https://doi.org/10.1016/j.erss.2017.04.012


Contents lists available at ScienceDirect

Energy Research & Social Science

journal homepage: www.elsevier.com/locate/erss

Original research article

Perceived risks, emotions, and policy preferences: A longitudinal survey
among the local population on gas quakes in the Netherlands
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A B S T R A C T

Energy production can pose risks, such as nuclear accidents, oil spills, and earthquakes caused by gas production.
Besides experts’ evaluations of risks, appropriate risk assessment and management require knowledge about how
people experience these risks and which mitigation measures they prefer. Media are often the sole source of
information about public risk perceptions. Yet, media typically only report the most severe risks. By studying
perceptions of different types of risks – among people with varying exposure to risks – we demonstrate how
social science research can complement media reporting. We conducted a longitudinal questionnaire study into
public risk perceptions of earthquakes caused by gas production in the province of Groningen, the Netherlands.
While the media have reported multiple high risks and strong negative emotions, we found that people were
mostly concerned about the risks for properties and for the image of the province of Groningen. Feeling
powerless was the strongest negative emotion. People also evaluated mitigation measures as urgent but poorly
implemented. Our results suggest that appropriate risk assessment and management need to follow a multi-
method approach. This should incorporate multiple levels of analyses, including media reports, social science
research on public risk perceptions, and experts’ evaluations of risks.

1. Introduction

Energy production may pose serious risks. Examples include nuclear
accidents, oil spills, water contamination and tremors from shale gas
production, leakages from CO2 capture and storage, and breaks of the
dams of hydro-power plants. As such, energy production poses not only
technical but also societal challenges [1–3]. Besides experts’ evalua-
tions of risks, adequate risk assessment and management require
knowledge about how people perceive and experience these risks and
which mitigation measures they prefer. Media reports are often the sole
source of information about public risk perceptions. We argue that
relying solely on media reports may provide a narrow understanding of
public risk perceptions and preferences, and may therefore hinder
adequate and responsible decision making. We aim to demonstrate in
this paper that social science research has important added value as a
source for appropriate risk assessment and management. Therefore,
social science needs to be incorporated together with other types of
analyses, such as media reports and experts’ evaluations of risks.

1.1. Assessing perceived risks

Policy makers often (need to) rely on the media to assess public risk

perceptions associated with energy production. Yet, research suggests
that people who perceive highest risks and who are most concerned
about certain types of energy production are most likely to engage in
actions such as protests and public meetings [4], making it more likely
that their views are overrepresented in the media. Indeed, there is a
trend in the media to engage the audience by reporting “scarce stories”
and stressing high rather than low risks [5]. Such media analysis is
informative because it signals whether there are societal concerns about
energy production and it reveals which risks are most prominently
discussed. At the same time, however, if policymakers rely only on the
media, they may get a narrow understanding of public risk perceptions
and preferences. For example, policymakers may overgeneralize the
high risk perceptions reported in the media to the general population
and think that everyone perceives the risks as equally high. This can be
counterproductive. Policymakers may not further communicate the
risks to people – and encourage them to take or accept actions to protect
themselves against these risks – if they conclude from the media reports
that people are already motivated to take these actions [6].

Social science research can complement media analysis by system-
atically studying the extent to which the risk perceptions presented in
the media are shared by the population in general. Such research can
reveal whether public risk perceptions in general align with or differ
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from media reports and/or experts’ evaluations of risks, and why this
could be the case. For example, studies have found that people who are
exposed to high risks may downplay these risks for themselves – a result
of the optimism-bias [6]. Students in California who lived in dormi-
tories that were not earthquake-proof tended to evaluate the risks of
earthquakes for themselves as lower than students living in earthquake-
proof dormitories [7]. Optimism biases may have detrimental conse-
quences if they reduce people’s motivation to take action to protect
themselves against risks (e.g., the risk of earthquakes [8,9], floods
[10,11]; see also [6,12]). In case people do not face high risks
themselves, they may hear about the high risks of energy production
activities from the media and/or from other people. An interesting
question here is how they integrate such information into their risk
perceptions and whether they distinguish between the risks for
themselves and the risk for others.

The media typically reports that people are concerned about many
risks of energy production [13]. Yet, for effective risk assessment and
management, it is important to understand how people perceive
different types of risks and which risks they perceive as most likely
and most severe. Such knowledge can complement the experts’ evalua-
tions of risks in setting priorities in risk mitigation policy. Furthermore,
it is important to not only understand cognitions but also consider the
emotions that people experience towards (the risks of) energy produc-
tion, since such emotions may play an important role in people’s
willingness to take action and/or accept policy to protect themselves
against risks [6]. Besides studying emotions that may motivate people
to protect themselves against risks, such as anger, it is crucial to map
out emotions that may inhibit people to take protective measures, such
as feeling powerless [14].

Furthermore, in order to better understand the dynamics of risk
perception, it is necessary to study how perceived risks, emotions, and
preferences for mitigation measures develop over time. For example,
three months after the California earthquake in 1989, Californian
university students evaluated their own risk of being hurt in a natural
disaster – such as earthquake – as lower than the same risk for an
average student at their university and for an average person of their
age living in their region, which suggests optimism biases [15]. Yet,
optimism biases were not observed immediately after the earthquake
[15]. Furthermore, research suggests that experience of an earthquake
eliminated optimism biases five months after the earthquake [16].
Studies employing longitudinal research designs to study changes in
risk perceptions are however rare [17]. Yet, perceived risks of energy
production are likely to be continuously influenced by multiple factors,
such as people’s experience of risks, media attention to these risks, and
mitigation measures that have been implemented. Monitoring risk
perceptions over time in such complex contexts is crucial for appro-
priate risk assessment and management, and for evaluation of the
effectiveness of mitigation policies.

Based on the above, we argue that appropriate assessment and
mitigation of risks posed by energy production should follow a multi-
method approach. This should incorporate different levels of analyses,
including social science research on public risk perceptions, media
analysis, and experts’ evaluations of risks. In the present study, we
demonstrate the added value of the first approach: social science
research to better understand public risk perceptions, emotions, and
preferences for mitigation measures. To illustrate, we studied risks
associated with earthquakes caused by gas production in the province
of Groningen, the Netherlands.

1.2. Earthquakes caused by gas production in the province of Groningen

Natural gas forms the largest share of the total energy mix in the
Netherlands; the total share was 40% in 2014 [18]. Natural gas in the
Netherlands is the primary energy source for households for heating
houses and water and for cooking [19]. NAM (Nederlandse Aardolie
Maatschappij) operates gas extraction; the company is owned by Shell

and ExxonMobil. Decisions about gas extraction are made by a partner-
ship between NAM and EBN (Energie Beheer Nederland); the latter is a
state-owned company. The Dutch government is financially involved in
gas extraction via EBN [20]. The income from domestic use and export
of gas to the national budget was 5.7 billion euros in 2016 [21]. A
recent study revealed that a representative sample of the Dutch
population evaluated gas positively in terms of consequences for the
Dutch economy, people’s daily comfort, and meeting energy needs in
the Netherlands [22]. Gas was evaluated neither negatively nor
positively with regard to consequences for the environment and
people’s health and safety, and rather negatively on the financial costs
for people [22].

Recently gas production in the Netherlands has been much debated
because of earthquakes induced by gas production. The earthquakes
have taken place in the province of Groningen in the north of the
country, where most of the gas is produced. Multiple earthquakes in the
region have been observed, with a maximum strength of 3.6 on the
Richter scale (the Huizinge earthquake in August 2012). The intensity
and frequency of earthquakes varies across regions in the province of
Groningen. In January 2013, the State Supervision of Mines (SoDM)
published a report stating that stronger earthquakes can be expected if
gas production continues at the same level [23]. This demands
legitimate policy and effective risk mitigation measures in order to
protect local communities and safeguard their quality of life. So far, the
media have been a dominating source of information about public
responses to earthquakes caused by gas production. Below, we sum-
marise a published analysis of media coverage on this topic [13].1 Next,
we describe the mitigation measures that have been implemented so
far. Following this, we introduce the key research questions and the
related findings of the current longitudinal survey.

1.2.1. Risk perceptions in the media
Since the strongest earthquake in August 2012 there has been

increased attention to the risks of earthquakes in the media and in
public and policy debate. A qualitative analysis of the media coverage
on earthquakes suggests that this corresponded with increasing concern
about earthquakes among local communities [13]. According to the
media analysis, public concern was amplified by the SodM report [23],
which stated that even stronger earthquakes may happen in the future:
“People in Groningen had known about the earthquakes for years and
had lived with them without much concern, but the SodM report with
its prognosis of increasing severity of earthquakes and increased
impacts led many people to reconsider their opinions, leading to
considerable consternation at the local level” [[13], p. 1]. The media
analysis further suggests that people became increasingly concerned
about many risks of earthquakes, such as damage to houses and drop in
house values, as well as risks for physical and mental health. Further-
more, strong emotions, such as anxiety, fear, insecurity, and anger,
have been depicted in the media [13].

1.2.2. Mitigation measures
In January 2014, nine municipalities in the earthquake region, the

national government, and the province of Groningen agreed upon a
package of mitigation measures [24]. Some of these measures are
focused on preventing and/or reducing the risks and damage caused by
earthquakes. For example, in March 2014, the minister of economic
affairs decided to reduce gas production in and around the municipality
of Loppersum, which has been most affected by the earthquakes [25].
Other examples are reinforcing houses and compensating people for
damage to their houses and the drop in house values. The other
measures are aimed at safeguarding or improving quality of life in
the region and do not specifically target the risks of earthquakes.
Examples are providing facilities such as fast internet and sports

1 The media analysis was conducted mostly in 2013 [13].
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facilities, investing in renewable energy sources in the region, and
creating employment by hiring local companies to repair and reinforce
houses (note that the latter measure is closely related to measures
aimed at reducing the risks and damage caused by earthquakes). These
measures have been implemented to some extent and are planned to be
implemented further in the future. Yet, from the media analysis it seems
that people are generally not satisfied with measures taken so far [13].2

On the basis of this, however, it is difficult to judge whether people
disregard all the measures or they support some measures more than
others. Also, it is not clear, based on the media reporting, whether
people do not support these measures at all or whether they mainly
object the way these measures are implemented.

An important question is to what extent the perceived risks,
emotions, and policy preferences presented in the media reflect the
views of the general population in the province of Groningen. Also,
which risks are people most concerned about, which emotions do they
experience most strongly, and how do they evaluate different types of
mitigation measures? Given that people live in different regions that
vary in exposure to earthquakes, how do they see the risks for
themselves and the risks for other inhabitants of the province of
Groningen? Answering these questions requires a social science study
of risk perceptions among a representative sample of the population of
the province of Groningen.

1.3. Current research

We conducted a longitudinal questionnaire study among residents
in the province of Groningen from three regions varying in exposure to
earthquakes. We studied public perceptions of different types of risks of
earthquakes and measured how people in different regions perceive the
risks for themselves and for other people in the province of Groningen.
Also, we studied which emotions people experience and how they
evaluate different mitigation measures that were implemented.3 Im-
portantly, we monitored people’s responses over time. During the time
of the study, earthquakes reoccurred, there was increased media
attention to the related risks, and mitigation measures were taken.
Fig. 1 illustrates the timeline of the study, as well as the number of
media reports on the (risks of) earthquakes and the earthquakes with a
magnitude 3 or higher on Richter scale that took place in that period.
The first research phase took place about a year after the strongest
earthquake in Huizinge. The second research phase took place shortly
after the package with mitigation measures was introduced, and the
third research phase took place about half a year later.

2. Method

2.1. Regions

The data was collected in three regions within the province of
Groningen that vary in exposure to earthquakes. Exposure was assessed
on the basis of magnitude, intensity, and frequency of earthquakes,
based on the data from the Dutch Royal Meteorological Institute at the
time before the first research phase (www.knmi.nl). Region 1 was most
exposed to earthquakes and included the municipality of Loppersum.
Region 2 was less exposed to earthquakes and included the munici-
palities of Bedum, Appingedam, and Slochteren. Region 3 was least
exposed to earthquakes and included the municipalities of Zuidhorn,
Groningen, and Delfzijl.

2.2. Procedure

People were approached at their homes by trained research
assistants and asked to participate in a study on their opinion about
gas production and earthquakes in the province of Groningen.4 A
computer programme was used to make a random selection of streets
within each region and the research assistants went to at most five
homes within the selected streets. The research assistants followed a
strict protocol for approaching people. They first briefly introduced the
goal of the study and asked whether people would be willing to
participate by filling in a questionnaire, which would take them about
30 min. If they agreed to participate, respondents received the ques-
tionnaire, which they could fill in by themselves. The questionnaires
were later picked up upon appointment. Also, respondents received a
flyer with general information about the study and contact details in
case of questions. Before filling in the questionnaire, participants were
asked to sign an informed consent form. As a token of appreciation for
their time and effort, participants received a 10 euros voucher for a
local bakery. After each research phase, a summary of main findings
was sent to respondents (i.e., those who were willing to participate in
follow-up research and therefore provided their contact details; see
below) and were published on the research website and in the regional
press. To not affect participants’ subsequent responses, we framed these
summaries very neutrally, describing the means of key variables and
relative differences between the three regions and between different
types of perceived risks, emotions, and evaluations of mitigation
measures.

2.2.1. Monitoring
In each phase, respondents were asked whether they would like to

participate in follow-up research. If so, a unique code had to be created
by respondents, in order to later match their responses across multiple
phases while assuring respondents’ privacy.5 Respondents who agreed
to participate again were also asked for their address for contacting
them again. The contact information was stored separately and could
not be linked to responses in the questionnaire. Due to (potential) drop-
out of respondents in the course of the study (e.g., declining to
participate again, not being at home at the time of the subsequent data
collection phase), we also recruited new respondents in the second and
third phase, using the procedure described above. As such, the current
design was a mixture of a cross-section and longitudinal panel design
[17].

2.2.2. Respondents
The responses of 13 participants who did not sign the informed

consent form were excluded from the analyses.6 This resulted in the
total of 1232 responses. Table 1 displays the number of responses per
region per phase and specifies how many new respondents were
recruited in phase 2 and phase 3.

Socio-demographics characteristics of respondents across research
phases are displayed in Table 2. The socio-demographic characteristics
are similar across the three phases.

2 The media analysis was conducted before the above-mentioned package of mitigation
measures was introduced. Yet, some mitigation measures, for example compensating for
damages, had already been implemented before; the new package included improvement
of implementation of these measures.

3 Measures in the questionnaire that are beyond the scope of this paper are not
discussed here. The full questionnaire is available from the corresponding author.

4 The person who opened the door was invited to participate, although we did not
control (and believe this is not necessary for the study purpose) who in the household
completed the study in the first instance. During follow-up visits, we stressed that the
same person who completed the questionnaire the previous time(s) would need to
complete the questionnaire again.

5 In order to be matched, the codes of the same participant needed to be identical at
every phase of data collection. In case a participant provided incomplete codes or slightly
different codes every time, we were not able to match his/her responses and could only
treat them as independent rather than follow-up responses.

6 If participants did not sign the informed consent form but still indicated to be willing
to participate in subsequent research phases, their responses were included in the
analyses.
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2.3. Measures

The items measuring perceived risks of earthquakes, emotions, and
evaluations of mitigation measures are displayed in Table 3.

2.3.1. Perceived risks of earthquakes
Respondents reported to what extent they think it is likely (on a 7-

point scale ranging from 1 very unlikely to 7 very likely) that the
earthquakes pose various risks for respondents themselves, for inhabi-
tants of the province of Groningen, and several other risks (Table 3).

2.3.2. Emotions towards earthquakes
Respondents reported which different emotions they experience

when thinking about the earthquakes on a 7-point scale ranging from 1
not at all to 4 moderately to 7 very strongly (Table 3).

2.3.3. Evaluations of mitigation measures
In all research phases, participants indicated on a 7-point scale to

what extent they think gas production from the Groningen gas field
should stop (1) or stay the same (7). Additionally, in phase 2,
participants evaluated different types of mitigation measures that had
been introduced before phase 2 took place. We included four measures
aimed at preventing and/or reducing the risks and damage caused by

earthquakes and three measures that are not directly targeted at
reducing the risks of earthquakes but are aimed at increasing people’s
quality of life. Respondents indicated on a 7-point scale how urgent (1
not at all urgent – 7 very urgent) they find these measures, how well
these measure are being implemented (1 not at all well implemented – 7
very well implemented), and to what extent these measures are
effective (1 not at all effective – 7 very effective) in achieving relevant
goals (Table 3).

2.4. Analyses

We first examined differences between regions in each research
phase, following a cross-sectional design. To make sure that observa-
tions were independent across phases, we only included respondents
who participated in one of the research phases for these analyses
(n = 515). We tested differences in perceived risks and emotions
between regions in each research phase by using MANOVA. Next, we
used one-way ANOVA to compare between regions the extent to which
people thought that gas production should stop or stay the same. We
also tested differences between regions in evaluations of mitigation
measures (which were only studied in phase 2) by using MANOVA. We
used the Bonferroni procedure for the post-hoc analyses. We analysed
the different types of perceived risks, emotions, and evaluations of
different mitigation measures separately, instead of compiling these
multiple items into overall scales. We followed this procedure in order
to provide a more nuanced counterpoint to the media analysis and to
give detailed insight in which risks are perceived as most likely, which
emotions are strongest, and which mitigation measures people prefer.

Second, we examined differences across time following a long-
itudinal panel design; here, we selected respondents who participated
in all research phases (n = 137). We tested differences over time by
using repeated measures (RM) ANOVA’s and used the LSD procedure
for the post-hoc analyses. When the assumption of sphericity was
violated, we used the Bonferroni procedure for the post-hoc analyses
and Huynh-Feldt as an estimate for the correction for the degrees of
freedom.

Fig. 1. Timeline of the three study phases.

Table 1
Number of responses per phase and per region, and number of new respondents in phase
2 and phase 3.

Phase 1 Phase 2 Phase 3a

Total 390 (100%) 429 (100%) 413 (100%)
New respondents 255 (59%) 160 (39%)
Region 1 141 (36%) 139 (32%) 157 (38%)
Region 2 126 (32%) 144 (34%) 149 (36%)
Region 3 123 (32%) 146 (34%) 101 (24%)

a The percentages across regions do not add up to 100% because region information
was missing for 6 cases.
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3. Results

3.1. Perceived risks of earthquakes

Perceptions of the different risks of earthquakes in the three regions
and across the three study phases are depicted in Fig. 2; details for
group differences are given in Appendix A. Respondents thought it is
highly likely that the earthquakes will have negative consequences for
properties, namely damage to houses and reduced value of houses.
While respondents perceived relatively high risks for their own proper-
ties, they generally perceived even higher risks for properties of
inhabitants of the province of Groningen. This was most evident in
the regions that are less exposed to earthquakes, which makes it
unlikely that the effects are due to optimism biases. In all study phases,
people in most affected regions saw significantly higher risks for their
own properties than people in less affected regions. Yet, everyone
perceived the risks for properties for people in Groningen in general as
high, with no significant differences across regions.

All respondents evaluated the likelihood that the earthquakes would
result in a negative image of the province of Groningen as rather high,
with mostly no significant differences across the regions.

Perceived risks of physical injury, stress and worry, as well as
reduced quality of living – for respondents themselves and for
inhabitants of the province of Groningen – were seen as relatively
lower. Again, residents in more affected regions saw their own risks as
higher than those in less affected regions. Everyone saw these risks as
relatively high for inhabitants of the province of Groningen, with
mostly no significant differences across the regions.

The risk of damage to nature and the environment, and the risk of
impaired relationships between people in one’s neighbourhood were
perceived as relatively low, with mostly no significant differences
across the regions.

Significant increases in risk perceptions over time were found,
despite the implementation of the mitigation measures. For people
themselves, the perceived risk of damage to houses, drop in house
values, stress and worry, and reduced quality of living increased. For
inhabitants of Groningen, the perceived risk of a drop in house values,
stress and worry, and reduced quality of living increased. Perceived risk
of a negative image of the province of Groningen also increased.
However, differences between phase 1 and phase 2, and between phase
2 and phase 3 were not always statistically significant (details are given
in Appendix A).7

3.2. Emotions

Mean evaluations of emotions towards earthquakes in the three
regions and across the three study phases are depicted in Fig. 3; details
for group differences are given in Appendix B. Respondents most
strongly felt powerless when thinking about the earthquakes. Other
emotions – namely feeling fearful, angry, disappointed, uneasy, terrible,
and feeling calm – were less strong. Significant differences were found
between regions in emotions towards earthquakes at phase 1 and phase
2 but not at phase 3. People in more affected regions tended to report
stronger negative emotions than people in less affected regions.

Negative emotions increased over time. In phase 3, respondents
reported feeling more angry, disappointed, uneasy, terrible, and power-
less compared to phase 1, They also felt more terrible in phase 2
compared to phase 1. Moreover, they reported feeling more angry,
disappointed, and uneasy in phase 3 compared to phase 2 (Appendix B).

3.3. Evaluations of mitigation measures

The mean scores for the extent to which respondents thought gas
production from the Groningen gas field should stop or stay the same
were around or below the mid-point of the scale (see Fig. 4). This
suggests that respondents thought that gas production should at least be
reduced. In all study phases, the regions significantly differed in the
extent to which people thought that gas production should stop or stay
the same; details for group differences are given in Appendix C.
Respondents in the most affected region had a greater tendency to
think that the gas production should stop than respondents in less
affected regions. Over time, there was an increase in the extent to which
respondents believed that gas production should be reduced; this
difference was statistically significant only between phases 1 and 3
(Appendix C).

Evaluations of the other mitigation measures that were evaluated in
phase 2 are depicted in Fig. 5. The measures aimed at preventing and/
or reducing the risks and damage caused by earthquakes (i.e., reducing
gas production around Loppersum; reinforcement of houses, buildings,
roads and dikes; adequate regulation for handling damage due to the
earthquakes; and adequate compensation for drop in house values due

Table 2
Socio-demographic characteristics per research phase.

Phase 1 Phase 2 Phase 3

Gender Female 169
(43%)

195
(45%)

176
(43%)

Male 212
(54%)

225
(52%)

232
(56%)

Missing values 9 (2%) 9 (2%) 5 (1%)

Age (in years) M (SD) 52.15
(14.91)

52.66
(14.59)

54.81
(13.71)

Minimum 19 18 20
Maximum 90 84 84
Missing values 12 (3%) 10 (2%) 6 (1%)

Highest completed
education

Primary school 8 (2%) 5 (1%) 3 (1%)
Lower vocational
education

34 (9%) 37 (9%) 29 (7%)

Secondary
(vocational)
education

142
(36%)

143
(33%)

146
(35%)

Higher (vocational)
education

141
(36%)

135
(31%)

113
(27%)

Scientific education
(university)

47 (12%) 38 (9%) 25 (6%)

Other 6 (2%) 4 (1%) 4 (1%)
Missing values 12 (3%) 67 (16%) 93 (22%)

Income per month < €1000 17 (4%) 14 (3%) 12 (3%)
€1000–€2000 98 (25%) 113

(26%)
94 (23%)

€2000–€3000 109
(28%)

107
(25%)

95 (23%)

€3000–€4000 79 (20%) 72 (17%) 74 (18%)
€4000–€5000 30 (8%) 26 (6%) 31 (8%)
> €5000 14 (4%) 7 (2%) 4 (1%)
Missing values 43 (11%) 90 (21%) 103

(25%)

Household
composition

Alone 59 (15%) 52 (12%) 46 (11%)
With children 12 (3%) 17 (4%) 13 (3%)
With partner 161

(41%)
160
(37%)

146
(35%)

With partner and
children

139
(36%)

130
(30%)

120
(29%)

Other 9 (2%) 8 (2%) 5 (1%)
Missing values 10 (3%) 62 (14%) 83 (20%)

Number of years of
residence in the
area

M (SD) 30.59
(19.66)

31.95
(19.30)

34.40
(19.63)

Minimum .50 1 1
Maximum 83 83 80
Missing values 9 (2%) 63 (15%) 84 (20%)

7 Please note that differences over time were tested only for respondents who
participated in all study phases. The group means for these participants are comparable
to the group means for those who participated once (see figures; exact means can be
requested from the first author). This also applies for further analyses of emotions and
evaluations of mitigation measures.
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to the earthquakes) were evaluated as somewhat more urgent than the
measures aimed at safeguarding or improving quality of life in the
region (i.e., investing in facilities, such as installing fast internet,
improving public transport, and sports and play facilities; and investing
in local production of renewable energy such as solar energy). While

most measures were seen as rather urgent, they were not evaluated as
very effective and people were not very positive about the way these
measures were implemented. Creating employment by hiring local
companies to repair and reinforce houses was seen as particularly
urgent and effective for achieving the relevant goal (i.e., strengthening

Table 3
Measures of perceived risks of earthquakes, emotions towards earthquakes, and evaluations of mitigation measures.

Perceived risks of earthquakes

I consider […] because of the earthquakes 1 very unlikely – 7 very likely
Perceived risks for people themselves [damage to my house]

[drop in the value of my house]
[physical injury for myself or my family]
[stress and worry for myself or my family]
[reduced my quality of living]

Perceived risks for inhabitants of the province of Groningen [damage to houses of inhabitants of the province of Groningen]
[drop in the value of houses of inhabitants of the province of Groningen]
[physical injury for inhabitants of the province of Groningen]
[stress and worry for inhabitants of the province of Groningen]
[reduced quality of living of inhabitants of the province of Groningen]

Perceived other risks [damage to nature and the environment]
[that the image of the province of Groningen will be negative]
[impaired relationships between people in my neighbourhood]

Emotions towards earthquakes

When I think about earthquakes as consequence of gas production from the Groningen gas field, I feel… 1 not at all – 4 moderately – 7 very strongly
…fearful
…angry
…calm
…disappointed
…uneasy
…terrible
…powerless

Evaluations of mitigation measures

I think that gas production from the Groningen gas field should… 1 stop – 7 stay the same
Other mitigation measures evaluated in phase 2: I consider this measure…

1 not at all – 7 very effective
in…a

Preventing and/or reducing the risks
and damage caused by
earthquakes

Reducing gas production around Loppersum 1 not at all urgent
– 7 very urgent

1 not at all well implemented –
7 very well implemented

…improving safety
Reinforcement of houses, buildings, roads and
dikes

…improving safety

Adequate regulation for handling damage due to
the earthquakes

…compensating inhabitants
for damage

Adequate compensation for drop in house values
due to the earthquakes

…compensating inhabitants
for damage

Increasing quality of life Investing in facilities, such as installing fast
internet, improving public transport, and sports
and play facilities

…improving liveability

Investing in local production of renewable energy
(for example solar energy)

… increasing the value of
houses

Creating employment by hiring local companies to
repair and reinforce housesb

… strengthening the
regional economy

Note. For all items translations from Dutch are given.
a Different goals were indicated for different mitigation measures, as illustrated in the table.
b This measure is closely related to measures aimed at preventing and/or reducing the risks and damage caused by earthquakes.

Fig. 2. Perceived risks of earthquakes in the three regions and across the three study phases.
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the regional economy); yet, the implementation of this measure was
also not evaluated very positively.

Respondents in less affected regions evaluated some mitigation
measures as somewhat more effective, urgent, or well implemented
than respondents in more affected regions. But in general evaluations of
mitigation measures were similar across regions (Appendix D).

4. Discussion

Energy production may pose serious risks. Besides experts’ evalua-
tions of such risks, appropriate risk assessment and management
require knowledge of how the public perceive and experience the risks
and which mitigation measures they prefer. Decision makers often
(need to) rely on media coverage on public risk perceptions, but the
media may over-represent the perspective of people who perceive high
risks and experience strong negative emotions. As a result, decision-

makers may get a narrow view of public risk perceptions, which can
undermine responsible decision making about energy production. We
argue that social science research can provide an important contribu-
tion to risk assessment and management, by studying which risks and
emotions are most prominent among the population in general, and
which mitigation measures people in the affected region prefer.
Furthermore, monitoring risk perceptions over time can provide in-
sights into how risk perceptions are continuously influenced by multi-
ple factors, such as people’s experience of risks, media attention to these
risks, and mitigation measures that have been implemented. We
addressed these questions in a longitudinal study on public perceptions
of risks, experienced emotions, and evaluations of mitigation measures
associated with earthquakes caused by gas production in the province
of Groningen.

Our results provided more nuance to the media analysis by
revealing which specific perceived risks and emotions people in the

Fig. 3. Emotions towards earthquakes in the three regions and across the three study phases.

Fig. 4. Extent to which people think gas production should stop (1) or stay the same (7) in the three regions and across the three study phases.

Fig. 5. Evaluations of mitigation measures across the three regions.
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region experience, and how they evaluate various mitigation measures
that have been implemented. While the media suggest that people are
very concerned about many earthquake-associated risks in the province
of Groningen, we found that people perceived some risks as more likely
than other risks. People reported highest perceived risks for properties –
namely damage to houses and drop in house values – and for the image
of the province of Groningen. In contrast, they evaluated the risks of
physical injury, stress and worry, reduced quality of living, damage to
nature and the environment, and impaired relationships between
people in one’s neighbourhood as less likely. Notably, most of the
mitigation measures that have been implemented are aimed at com-
pensating people for damaged properties and preventing further
damages, and therefore seem to focus on people’s prominent concerns.
Yet, our findings indicate that people still perceive these risks as high.
This could be due to multiple factors, including the reoccurring
earthquakes and increased media focus on high risks. It may also be a
result of people thinking that the mitigation measures are not well
implemented, as found in this study. These findings suggest that it is
indeed important to incorporate multiple levels of analyses – including
media reports, social science research on public risk perceptions, and
experts’ evaluations of risks – in order to identify the most prominent
risks that should be prioritized in policy making. Notably, policy
makers are not only responsible for addressing the most prominent
risks that people perceive but, more generally, for protecting people
against the most acute risks, even if these risks may not be prominent in
public concern.8

Differences in peoples’ evaluations of their own risks corresponded
with the exposure to earthquakes in the area in which they live. People
in the region most affected by earthquakes evaluated their own risks as
highest, whereas people in less affected regions perceived their own
risks as lower. Notably, people in all regions perceived the risks for
inhabitants of the province of Groningen in general as relatively high.
Several factors could play a role here, including media reports about
high risks as well as mitigation measures that are generally not seen as
very well implemented. Future (experimental) studies could system-
atically investigate the unique effects of such factors on public risk
perceptions.

As may be expected, the negative emotions were somewhat stronger
in the regions more exposed to earthquakes. Yet, on average, the
evaluations of negative emotions were around the midpoint of the scale,
which was labelled as “moderate” (“matig” in Dutch). Only the feeling
of powerlessness was relatively strong. This is an important finding,
since feeling powerless may prevent people from taking risk protective
measures. Future research could study whether feeling powerless
indeed prevents people from taking effective action to protect them-
selves against the risks, for example using money received as compen-
sation for damage to pay for repair or reinforcements of their homes.
Additionally, future research could investigate which factors influence
feeling powerless and what are effective strategies to mitigate such
feelings. In case of energy production, people themselves have little
control over the related risks and need to rely on responsible actors –
such as the government and industry – for risk assessment and
management. The way these actors manage (or do not manage) the
risks and the extent to which people trust these parties may affect the
feeling of powerlessness. Additionally, future research could system-
atically study the conditions under which certain risks and hazards
evoke strong negative emotions.

Respondents thought that gas production from the Groningen gas
field should be reduced to some extent. In the later research phases this
increased, with respondents more strongly believing gas production
should be decreased. The more people were exposed to earthquakes, the
more they thought that gas production should stop or be reduced. Yet,
on average, people did not think that gas production should stop

completely. This may be due to gas being perceived as beneficial for the
national economy and energy security, and as a comfortable energy
source [22]. While the current study focused primarily on perceived
risks of gas quakes, future studies could investigate the relationships
between perceived risks, on the one hand, and perceived national as
well as regional benefits of gas production, on the other hand. This
would provide additional insights into how people weigh different
negative and positive consequences of energy production and how they
incorporate these different consequences in their acceptability ratings
of different energy sources.

Furthermore, people evaluated measures that are aimed at prevent-
ing and/or reducing the risks of earthquakes as particularly urgent. In
contrast, measures that do not directly target the risks of earthquakes
(e.g., investing in various facilities) were seen as somewhat less urgent.
Interestingly, creating employment by involving local companies in
recovering and reinforcing houses was seen as very urgent and effective
measure to strengthen the regional economy. This suggests that people
preferred measures that tackle the risks of earthquakes and improve
quality of life. Preference for this measure may be partly due to the fact
that some parts of the province of Groningen (e.g., municipalities of
Loppersum, Delfzijl, Appingedam) are facing economic decline due to a
shrinking population [26]. Similarly, local communities may consider it
fair to receive additional benefits for the risks they bear because of gas
production. Future studies are needed to examine the effects of the
different characteristics of mitigation measures on people’s evaluations
of these measures.

While people perceived many mitigation measures as urgent, they
were not very positive about the effectiveness of most measures and the
way these measures are implemented. This may be one of the key
factors explaining why perceived risks and negative emotions did not
decrease over time; if anything, they increased. This again emphasizes
that it is important to incorporate knowledge about public risk
perceptions in addition to experts’ evaluations of risks. Through this,
we can better assess how the current measures address important risks
and people’s concerns about these risks, as well as how these measures
can be optimized.

4.1. Limitations and future research

This research was a first attempt to study how perceived risks of
energy production form and develop in a complex context of the
reoccurring risks, media attention to these risks, and introduction of
mitigation measures. We conducted a longitudinal study to reveal and
monitor people’s risk perceptions, emotions, and preferences for
mitigation measures in such a complex context. Yet, field study designs
cannot explain the causal relationships between the observed public
views and contextual factors. Future experimental studies could
investigate these relationships. For example, scenario studies could
introduce mitigation measures that vary on certain aspects and test how
these different aspects influence people’s evaluations of the mitigation
measures, as well as their risk perceptions and emotions.

We followed a door-to-door procedure for data collection in order to
reach people who may normally not express their opinion, for example
in the media. Yet, not everyone whom we approached agreed to
participate (please note that we did not record the response rate),
and the sample may therefore not be fully representative of the relevant
population. Yet, a similar procedure has resulted in a high response rate
in prior research (e.g., 79.5% in a study on quality of life in residential
environments [27]). Future studies could try to further optimize the
data collection procedures and how representative these samples are of
the general population.

Furthermore, the aim of the current research was to study public risk
perceptions. Future research could address how actors that are respon-
sible for energy production – such as the government and industry –
incorporate (their interpretation of) public risk perceptions in their own
assessment of risks and in risk mitigation policies. For example, a recent8 We thank anonymous reviewer for this important point.
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study suggests that one of the reasons why there are now more risk
mitigation measures in Groningen is that the concerned residents kept
emphasizing the urgency of the problem [28]. Future (experimental)
studies could systematically test the (causal) relationships between
public risk perceptions, on the one hand, and risk perceptions among
responsible actors and risk mitigation policies on the other hand. Such
research would provide much needed insights into why decision makers
choose certain strategies to mitigate (or to not mitigate) the risks of
energy production, and help responsible actors assess the effectiveness
of risk mitigation policies [29].

In this study, we focused on differences in perceptions of specific
types of risks, emotions, and evaluations of different mitigation
measures across regions. We did not study individual factors explaining
these responses. Future research could study which factors underlie
individual differences in the observed perceptions and evaluations, for
example the extent to which people feel attached to their region and to
the people in their region. Another factor that may influence risk
perceptions, emotions, and evaluations of mitigation measures could be
how much people trust actors that are responsible for gas production (in
this case the government and the company NAM).

5. Conclusion

In conclusion, our research illustrates the added value of systematic
social science research in evaluating and deciding upon risky energy
production, in addition to media analyses and experts’ evaluations of
risks. Our findings extended and nuanced media reporting, by demon-
strating that people in Groningen perceived particularly high risks for
properties and the image of their region. Although current mitigation
measures are aimed at addressing these risks, these measures are not

seen by people as well implemented. This could be one of the reasons
why the perceived risks remain high, next to reoccurring earthquakes
and media reports on high risks. This is supported by our finding that
people who were not exposed to high risks themselves nevertheless
perceived high risks for people in the province of Groningen in general.
Furthermore, people particularly felt powerless when thinking about
the earthquakes, while other emotional responses were less strong. The
perceived risks and negative emotions did not decrease over time,
which could be a result of multiple factors, as discussed above. Based on
the current findings, we recommend integrating the social science
research in the assessment and mitigation of risks posed by energy
production.
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Appendix A. The results of MANOVA per phase for differences in the perceived risks of earthquakes between regions, and RM-ANOVA for
differences over time.

(M)ANOVA RM- ANOVA

Phase 1 Phase 2 Phase 3
F(26,294) = 3.40
(< .001)

F(26,298) = 4.30
(< .001)

F(26,256) = 2.14
(.001)

Personal risks
Damage to house F(2158) = 39.62

(< .001)
F(2160) = 44.91
(< .001)

F(2139) = 11.09
(< .001)

F(2260) = 6.39 (.002)

Drop in house values F(2158) = 23.17
(< .001)

F(2160) = 24.76
(< .001)

F(2139) = 8.73,
(< .001)

F(1.93,247.05) = 14.85
(< .001)

Physical injury F(2158) = 8.84
(< .001)

F(2160) = 18.30
(< .001)

F(2139) = 4.12
(.018)

F(1.85,240.55) = .70
(.489)

Stress and worry F(2158) = 12.65
(< .001)

F(2160) = 13.92
(< .001)

F(2139) = 5.71
(.004)

F(2260) = 5.98 (.003)

Reduced quality of living F(2158) = 11.19
(< .001)

F(2160) = 8.19
(< .001)

F(2139) = 3.66
(.028)

F(1.86,239.55) = 3.16
(.048)

Risks for inhabitants of the province of Groningen
Damage to houses F(2158) = 2.50

(.085)
F(2160) = 1.05
(.351)

F(2139) = .42
(.656)

F(2258) = 2.17 (.116)

Drop in house values F(2158) = 2.40
(.094)

F(2160) = 2.22
(.112)

F(2139) = .40
(.673)

F(2258) = 4.92 (.008)

Physical injury F(2158) = 5.36
(.006)

F(2160) = 3.11
(.047)

F(2139) = 1.98
(.142)

F(2262) = 1.54 (.216)

Stress and worry F(2158) = 1.95
(.145)

F(2160) = .81
(.449)

F(2139) = 1.35
(.263)

F(2262) = 2.99, (.052)

Reduced quality of living F(2158) = 2.52
(.084)

F(2160) = .48
(.617)

F(2139) = .08
(.920)

F(1.82,240.57) = 4.47
(.015)

Other risks
Damage to nature and the environment F(2158) = 3.11 F(2160) = 1.49 F(2139) = .55 F(2262) = .21 (.815)
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(.047) (.228) (.577)
Negative image of the province of Groningen F(2158) = 4.43

(.013)
F(2160) = 2.38
(.096)

F(2139) = 1.36
(.260)

F(2260) = 8.01 (< .001)

Impaired relationships between people in one’s
neighbourhood

F(2158) = .70
(.498)

F(2160) = 2.20
(.114)

F(2139) = .68
(.509)

F(1.91,251.71) = 1.04
(.353)

Note: p-values are reported in brackets.

Appendix B. The results of MANOVA per phase for differences in emotions towards earthquakes between regions, and RM-ANOVA for
differences over time.

MANOVA RM-ANOVA

Phase 1 Phase 2 Phase 3
F(14,318) = 3.08 ( < .001) F(14,310) = 2.50 (.002) F(14,276) = 1.39 (.159)

Fearful F(2164) = 11.93 (< .001) F(2160) = 16.81 (< .001) Overall model not significant F(1.83,242.77) = .10 (.890)
Angry F(2164) = 2.81 (.063) F(2160) = 5.49 (.005) F(2268) = 10.33 (< .001)
Calm F(2164) = 2.77 (.066) F(2160) = .006 (.994) F(2266) = .40

(.668)
Disappointed F(2164) = 2.51 (.085) F(2160) = 5.37 (.006) F(2262) = 9.61 (< .001)
Uneasy F(2164) = 8.86, (< .001) F(2160) = 7.58 (.001) F(2262) = 5.81 (.003)
Terrible F(2164) = 3.33 (.038) F(2160) = 6.59 (.002) F(2256) = 3.57 (.030)
Powerless F(2164) = 2.86 (.060) F(2160) = 5.67 (.004) F(2268) = 3.09 (.047)

Note: p-values are reported in brackets.

Appendix C. The results of ANOVA per phase for differences in the extent to which respondents thought that gas production should stop or
stay the same between regions, and RM-ANOVA for differences over time.

ANOVA RM-ANOVA

Phase 1 Phase 2 Phase 3

Gas production stop or stay the same F(2155) = 3.16 (.045) F(2136) = 3.37 (.037) F(2143) = 7.34 (.001) F(2190) = 6.68 (.002)

Note: p-values are reported in brackets.

Appendix D. The results of MANOVA for the differences in perceived effectiveness, urgency, and evaluations of implementation of the
mitigation measures in phase 2.

Perceived
effectiveness

Perceived
urgency

Evaluation of
implementation

Reducing gas production around Loppersum F(2148) = 3.45
(.034)

F(2148) = 1.39
(.252)

F(2148) = .44 (.643)

Reinforcement of houses, buildings, roads and dikes F(2148) = .30
(.744)

F(2148) = .28
(.753)

F(2148) = .70 (.499)

Adequate regulation for handling damage due to the earthquakes F(2148) = .19
(.828)

F(2148) = .36
(.698)

F(2148) = .29 (.748)

Adequate compensation for drop in house values due to the earthquakes F(2148) = 4.60
(.012)

F(2148) = .59
(.553)

F(2148) = 2.15
(.121)

Investing in facilities, such as installing fast internet, improving public transport,
and sports and play facilities

F(2148) = .24
(.786)

F(2148) = .44
(.645)

F(2148) = 4.24
(.016)

Investing in local production of renewable energy (for example solar energy) F(2) = 1.63
(.200)

F(2148) = 3.57
(.031)

F(2148)
= 10.51(< .001)

Creating employment by hiring local companies to repair and reinforce houses F(2148) = .23
(.795)

F(2,148) = .30
(.738)

F(2148) = 1.14
(.323)

Note: p-values are reported in brackets.
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