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Abstract

This paper presents data from an online survey carried out in Mexico from 2012 to 2014. The survey focussed on the risk to
Mexico City from Popocatépetl, an active volcano 60 km from the city. During the time period, volcanic activity was variable,
and the alert level changed accordingly. The survey showed that people surveyed at the higher alert level were generally more
concerned about the volcano. Since these people were measured separately from those who responded at the lower alert level and
yet self-reported on the same scale as more concerned, this provides a useful indicator that the raised alert level may be associated
with higher risk perception, and that alert level systems act as boundary objects in the translation of scientific information. In
general, trust in various groups was most strongly explained by the perceived knowledge of the groups, followed by their
perceived motivation (whether or not they are viewed as working in society’s interest), with accuracy a tertiary concern. Some
respondents were anxious about false alarms—these people also tended to be concerned about scientific accuracy while those
who favoured precaution tended to be more trusting. The perceived effectiveness of warning and evacuation plans was also a
significant predictor for trust in official groups. In general, the results suggest that there are important links between trust, warning

plans and the perceived motivation of particular groups as well as between trust and perceived knowledge.
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Introduction

Previous studies have found differences in risk perception ac-
cording to gender, religious belief, experience of previous haz-
ards and distance from the volcano (Chester et al. 2008; De la
Cruz-Reyna and Tilling 2008; Haynes et al. 2008; Lopez-
Vazquez 2009; Newhall and Punongbayan 1996). Perceived risk
affects the impact of risk communication, and a key challenge
for scientists and decision-makers during volcanic events has
been to communicate effective warnings that change behaviour
(Perry and Lindell 2008). A range of approaches to this have
been proposed, including warning systems (De la Cruz-Reyna
and Tilling 2008; Fearnley and Beaven 2018) and the engage-
ment of trusted groups or individuals in the process (Haynes
et al. 2008). Understanding how people decide to place trust in
particular groups or individuals during volcanic crises is impor-
tant in ensuring effective communication strategies. It also en-
ables the formation of holistic plans to engage with the commu-
nity in advance of an emergency, to empower communities to act
and to identify their vulnerabilities (Alcantara-Ayala 2004).

It has long been recognised that public trust in risk com-
municators, and in the management and regulation of hazards,
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has important implications for people’s perceptions of risk and
their readiness to take precautionary action (see Eiser et al.
2012 for a review within the context of environmental risks;
see also Cvetkovich and Lofstedt 1999; Eiser et al. 2002;
Renn and Levine 1991; Siegrist and Cvetkovich 2000;
Slovic 1993; Van der Pligt 1992). The present research and
selection of dependent measures is based on a theoretical
framework termed the intuitive detection theorist model by
White and Johnson (2010) (see also Eiser 1990; White and
Eiser 2007), which comprises the following features.

Firstly, a key element of risk perception is a judgement
under uncertainty of how safe or dangerous a particular hazard
may be; in other words, a discrimination between potential
danger and safety. Applying a distinction derived from signal
detection theory (Swets 1973), the quality of any such judge-
ment can be characterised in terms of two parameters: (a)
sensitivity or discrimination ability (i.e. overall accuracy)
and (b) bias, or the use of a decision criterion resulting in
either riskier or more cautious decisions, as revealed by the
relative proportions of false negative and false positive errors.
Crucially, there is no absolute answer to the question of what
constitute a ‘good’ decision criterion: it depends primarily on
the benefits and costs, actual and/or perceived, of different
outcomes. For example, if a ‘false alarm’ is seen as less costly
than failure to warn the public before an actual eruption, this is
likely to motivate decision-makers to adopt a more precau-
tionary criterion (Woo 2008). Recent research has linked such
biases towards risk or caution to principles of experiential
learning and approach-avoidance behaviour (Eiser and Fazio
2008; Fazio et al. 2004) as well as to more general individual
differences in personality and motivation (Fazio et al. 2015).
Secondly, we very frequently need to rely on other people’s
judgement of risk in order to make appropriate choices under
uncertainty. This raises the question of how much these other
people (e.g. risk communicators or managers) and their judg-
ments are to be trusted (Sjoberg 2008; White and Johnson
2010). Trust is conceptualised as a social judgement involving
implicit assessment of (a) how accurately such risk communi-
cators can discriminate danger from safety (discrimination
ability), (b) their tendency to interpret risks as more or less
dangerous (response bias) and (c) their propensity to be open
and honest with the public about events (communication bias)
(Eiser et al. 2012). Just as response bias may reflect benefits
and costs of potential outcomes, perceived communication
bias may be influenced by suspected vested or commercial
interests on the one hand or by social affinity between com-
municators and the public on the other (Eiser et al. 2012;
White and Eiser 2006). This framework has been shown to
predict both levels of trust in particular communicators, and
relative preferences between different information sources or
agencies, in relation to a variety of environmental, industrial
and medical risks (Eiser et al. 2015; Eiser et al. 2007; Eiser
et al. 2009; White et al. 2011).
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Several studies have addressed the issue of early warn-
ing in risk reduction (Garcia and Fearnley 2012; Leonard
et al. 2008; Mileti and Sorensen 1990; Sorensen 2000),
particularly with reference to the challenges of avoiding
so-called ‘false alarms’ (Dillon and Tinsley 2008; Tinsley
et al. 2012). This concern among volcanologists emerged
into prominence following the phreatic eruption of La
Soufriére de Guadeloupe in 1976, when an evacuation
took place at great economic cost but no magmatic erup-
tion occurred (Tazieff 1977). Hincks et al. (2014) provid-
ed an analysis based on a Bayesian belief network that
indicated that, given the state of knowledge at the time,
the evacuation in the 1976 crisis was justified. While sub-
jective probabilistic methods such as this are important in
aiding scientific risk assessment, there are also implica-
tions for risk communication and risk perception—partic-
ularly as the communication of probabilistic values is
challenging (Donovan et al. 2015; Doyle et al. 2014,
Gigerenzer et al. 2005). It is useful, therefore, to under-
stand public attitudes towards uncertain information, par-
ticularly in terms of potential outcomes. Such information
is likely to be context-sensitive and not universal (Garcia
and Fearnley 2012).

Volcanic alert levels, like that in Fig. 2 for Popocatépetl,
provide important communication tools for volcanologists
and are widely used (Fearnley and Beaven 2018). As in
other hazard domains, alert level systems are boundary
objects: they allow communication across the ‘boundary’
between science and society (Star and Griesemer 1989)
and may serve different functions on each side. They
may also be used to order that boundary by reconciling
the uncertainty of science with its authority and providing
some linearity to the boundary (Donovan and
Oppenheimer 2014; Donovan et al. 2012; Donovan and
Oppenheimer 2015; Gieryn 1983; Shackley and Wynne
1996). In volcanic contexts, they are used in a variety of
ways but typically have a major role in communication
(Fearnley et al. 2012). Understanding how individual sys-
tems function as communicators in particular contexts is
thus significant.

In 2012-2014, we conducted a risk perception survey
concerning Popocatépetl. Data collection was carried out
using Internet advertisements on the University of Mexico
(UNAM) and Centro Nacional de Prevencion de Desastres
(CENAPRED) websites. The survey was designed to analyse
local people’s perceptions of the risk, their views about the
reliability of sources of information and the reasons behind
those views. They were also asked about the effectiveness of
warning plans, likely consequences of eruptive activity, and
their views about precaution and false alarms. The aim was to
investigate the roles of trust and precaution in perception of
risk and to identify links between trust and perceived bias,
accuracy and motivation.
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Background

Popocatépetl is a stratovolcano approximately 60 km from
Mexico City (Fig. 1). It has been persistently active since
1994, with intermittent explosive activity. In December
2000, 41,000 people were evacuated for several days due to
heightened activity (De la Cruz-Reyna and Tilling 2008). The
volcano is monitored by the UNAM in collaboration with the
disaster prevention agency of Mexico (CENAPRED). A
three-tier alert level system is in place, with several stages in
each tie—shown in Fig. 2 (De la Cruz-Reyna and Tilling
2008). The alert level system is managed by the
CENAPRED in collaboration with the civil protection, scien-
tific advisory committee and government offices. During
2012-2014, the alert level changed between yellow phase 2
and yellow phase 3. A timeline of the eruptive history during
the period covered by this paper is given in Table 2.
Popocatépetl has a long history of eruptions throughout the
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time of human habitation in the region (Plunket and Urufiuela
2006; Siebe and Macias 2006), ranging from mild to moderate
VEI 1-4 eruptions in recent years to VEI 5-6 eruptions over
much longer timescales (Boudal and Robin 1989; De la Cruz-
Reyna and Tilling 2008; Plunket and Uruiiuela 2006). The
history and understanding of the volcano have evolved signif-
icantly in recent decades, while the population has increased
to over 20 million (De la Cruz-Reyna and Tilling 2008).
Several recent studies have examined aspects of risk per-
ception and management at Popocatépetl during the ongoing
eruptions (De la Cruz-Reyna and Tilling 2008; Lopez-
Vazquez 2009; Lopez-Vazquez and Marvan 2012; Lopez-
Vazquez et al. 2008; Tobin et al. 2007; Tobin et al. 2011).
Long-lasting volcanic eruptions are a particular challenge for
scientists, civil protection and populations. Such eruptions can
involve rapid changes in volcanic activity that place consider-
able pressure on decision-makers (De la Cruz-Reyna and
Tilling 2008). In areas of high population density, this

GULF OF
MEXICO

Fig. 1 Map of eastern Mexico, showing the volcanoes around Mexico City (Distrito Federal—residential areas in grey). Popocatépetl is the larger red
triangle. Volcano data from the Large Magnitude Eruption Database (LaMEVE; Crosweller et al. 2012)
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Fig. 2 The volcanic alert level system at Popocatépetl (source:
CENAPRED). In English, the main text reads as follows: normal
(green), stay informed, know evacuation routes, meeting points and

challenge is particularly acute as the level of risk fluctuates,
population response can struggle to keep up and people can
become either paralysed by fear or complacent as they become
used to the risk. Tobin et al. (2011) found differences in risk
perception between sites with chronic hazard from
Popocatépetl and those with acute (i.e. short-term) hazard
from landslides (unrelated to volcanic activity but also in
Puebla state), noting that perceptions of risk from the volcano
were generally lower. Attitudes to the volcano are not neces-
sarily negative; many respondents viewed the volcano as hav-
ing positive impacts on their lives (Tobin et al. 2007).

Methods

Survey design

The survey was designed to investigate the perceived haz-
ards and risks from Popocatépetl and the trust of the re-

spondents in different groups. Initially, demographic data
were requested. The information included age, gender,
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shelters; alert (yellow), be aware and prepare for a possible evacuation;
and alarm (red), there is danger. You and your family should be ready to
evacuate. See ESM for full English translation

level of education, job and the distance that the respondent
lived from the volcano. They were also asked how long
they had lived close to the volcano. They were then asked
questions about volcanic hazards (asking separately how
likely the hazards were to occur and how far they might
travel), forecasting and risk management and their beliefs
about eight specific groups (see Table 1 for groups). These
questions are summarised in Table 1. The survey was
targeted at adults of all ages.

The survey was derived from previous work (Donovan
et al. 2014; Donovan et al. 2015; Eiser et al. 2015) and
had been pretested as part of that work. Ethical approval
was obtained prior to commencing the research. The sur-
vey was administered in Spanish. Its primary purpose
was to understand relationships between risk perception,
trust, perceived motivation and decision-making. As
such, we focussed on the distance from the volcano
(for statistical power) rather than mapping the locations
of respondents. Future work will examine spatial varia-
tions in risk perception around the volcano at closer
proximity to the crater.
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Table 1 Summary of survey questions

Variable group

Question

Response type

Concern

Hazard likelihood
(in general)

Hazard magnitude
Frequency

Forecast

Knowledge

Over/underestimate

Societal interest

Trust

Statements on trust
and precaution

Evacuation

Impact

Plans

Personal effectiveness

Statements on religion

How concerned are you about the volcanic activity at Popocatépet]?

How likely is Popocatépetl to produce the following hazards?
(lava flow, ashfall, pyroclastic flow, explosive eruption,
debris avalanche, mud flow, gas emission)

How far do you think a [lava flow, pyroclastic flow, ash cloud]
could travel from Popocatépet]?

How frequent are eruptions at Popocatépetl?
(e.g. every day, every month)

How easy or difficult do you think it is for scientists to forecast
activity from Popocatépetl from [week to week, year to year]?

How much knowledge about volcanic activity at Popocatépetl
do you think each of the following groups has? (scientists,
Mexican government, local government, friends and family,
religious leaders, social networks, news media)

How likely are each of the following groups to over or under
estimate the risk associated with the activity of Popocatépetl?
(groups as previous)

How much importance would each of the following groups attach
to serving society’s interests in relation to the activity
of Popocatépetl? (groups as previous)

How much do you trust information from the following groups
about the activity of Popocatépetl? (groups as previous)

To what extent do you agree with the following statements?
(If too many warnings are given, people stop taking them
seriously; It’s always better to be safe than sorry; If one thinks
there’s any risk at all, the public must be warned; Warnings
that turn out to be unnecessary do more harm than good)

In the case of a major eruption of Popocatépetl, how necessary
do you think it would be to evacuate people in the area
[temporarily/permanently]?

If a major eruption occurs at Popocatépetl, how serious would
the following consequences be? (damage to property,
infrastructure, agriculture; loss of life if there were no evacuation)

How effective do you think plans to [warn the population close
to the volcano/warn the population more widely/evacuate people
near the volcano] are?

How effective do you think you would be if you had to improvise
a response to an eruption if you were unprepared?

To what extent do you agree with the following statements?
(We must make offerings to the volcano so that it does not erupt;
If we show respect to the volcano, it will not erupt; we must
pray that the volcano does not erupt)

7-point scale; 1 =not at all concerned;
7 = extremely concerned

7-point scale; 1 = very likely;
7 = very unlikely

Open textbox
Open textbox

7-point scale; 1 = extremely easy;
7 = extremely difficult

7-point scale; 1 = very little knowledge;
7 = a great deal of knowledge

7-point scale; 1 =not at all likely;
7 = extremely likely

7-point scale; 1 =no importance;
7 = a great deal of importance

7-point scale; 1 =do not trust at all;
7 = trust completely

7-point scale; 1 = strongly disagree;
7 = strongly agree

7-point scale; 1 =not at all necessary;
7 = very necessary

7-point scale; 1 =not at all serious;
7 = extremely serious

7-point scale; 1 =not at all effective;
7 = very effective

7-point scale; 1 =not at all effective;
7 = very effective

7-point scale; 1 = strongly disagree;
7 = strongly agree

Sampling methods

The survey was initially advertised on the UNAM website and
then also on the CENAPRED website: it was a convenience
sample. This means that it targeted respondents who have a
particular interest in volcanic risk, and therefore, the sample is
not likely to be fully representative of the population in gen-
eral. However, it does represent some people interested and
engaged with the issues. Such people may well include many
opinion formers in the community and those who become
particularly engaged during an emergency. The sample is also
limited to those with Internet access and so may miss a

substantial portion of the population, especially in rural areas.
The National Institute of Statistics and Geography state that
68.5% of Mexican citizens who use the Internet are under 35,
and 47% of households across Mexico have an Internet con-
nection. Those who do tend to be more educated and to use the
Internet as a means of communication (IGEPN 2017). We
discuss these possible biases further in the “Results” section
but note here that while it may affect the mean values for
variables and how they are interpreted, it does not affect struc-
tural results (of correlations, etc.) and therefore does not im-
pact the objectives of the study in analysing trust and warn-
ings. During periods of high volcanic activity, the response

@ Springer
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rate to the survey increased significantly (Table 2). Since the
survey was of long duration, it is possible that other temporal
factors affected perceptions as well as those covered in the
results. However, the survey was very clearly referring to vol-
canic risk from Popocatépetl and we would assert that such
influences are likely to be minor. We did check the IP ad-
dresses of respondents to ensure that no one took the survey
multiple times.

Statistical methods

Initially, the demographic data were assessed for normality
and multicollinearity. There were significant correlations be-
tween some of the variables, including, for obvious reasons,
age and time living near the volcano. Care was taken in further
analysis to take such intrinsic correlations into account. Since
many of the variables violated normality assumptions, non-
parametric tests were used to assess the dataset in more detail
(Field 2000).

Differences between groups (for variables such as level of
education, gender and alert level) were assessed using the
Mann-Whitney U test and the Kruskal Wallis non-
parametric ANOVA (H). These methods rank the medians of
each variable in each class and look for significant differences.
The U test is a non-parametric equivalent of an unpaired ¢ test
(Field 2000). Results for any significant U tests are provided
with standardised statistics (z values) to aid interpretation. The
z score standardises the result to a normal distribution with a
standard deviation of 1 and a mean of zero.

Correlations between scale variables were assessed using
Spearman’s correlation coefficient (p, below), since this is
appropriate for non-parametric data. Where multicollinearity
was suspected, partial correlations were carried out using
Pearson’s test (reported as R, below). The chi-square test
was used to examine relationships between categorical vari-
ables. Finally, hierarchical regression was carried out.

Correlations that were statistically significant are reported.
Others are reported if relevant. While the value of the corre-
lation coefficient measures the magnitude of the relationship,
the p value indicates whether or not, in a dataset of this size,
the relationship is significant. The p value is the probability

that the correlation would occur if there was no relationship
between the variables. This is important because it takes into
account the size of the dataset as well as the relationship be-
tween the variables in large datasets, and there is potential for
wide variation. Correlations with a p value < 0.05 are typically
considered significant, and those with p <0.01 or 0.001 are
highly significant.

A list of question types and the scales used to assess them
are shown in Table 1. In addition to the measured variables,
several additional variables were computed, following reli-
ability analysis. These are shown in Table 3, with appropriate
reliability scores. Cronbach’s alpha score was used to assess
the reliability: whether or not all the items in the new variables
are measuring the same thing. It does this by calculating the
covariance matrix between the variables and looking at the
variance within each variable to assess whether or not the
variables are measuring similar things:

N2cov
- 2
Zsitem + ZCOVitem

In this equation, 2 is the variance, cov is the covariance and
N is the number of items on the scale. There is debate about
the value of alpha that indicates a reliable scale, particularly as
the value is influenced by the number of items on the scale and
the context of measurement is also important (Field 2000). For
studies such as this, a value of 0.7 is thought to indicate a good
level of reliability (Cortina 1993), though some authors sug-
gest that lower values would be adequate.

These combined variables are calculated to allow us to
investigate whether there are predictors that might explain
why some people are generally more trusting than others, for
example. The strong correlation between responses to all the
groups within a category (represented by high « in Table 3)
suggests a degree of anchoring: those who generally trust one
group also give high values for the other groups relative to
other respondents. Averaging the variables means that we can
explore some of these factors as well as the predictors for trust
in individual groups.

Finally, a number of other codes were used. Nationality
was coded numerically. Gender was coded as zero or one.

Table 2 Volcanic activity, alert levels and number of respondents in each timeframe

Date of volcanic activity Activity Alert level Respondents
18 Sept 2012—12 May 2013 Gas and ash plumes, incandescence Yellow 2 78

12 May—7 June 2013 Enhanced seismicity, explosions Yellow 3 169

7 June—5 July 2013 Gas and ash plumes, small explosions Yellow 2 34

6 July-23 July 2013 Enhanced seismicity, explosions, lava dome building Yellow 3 63

23 July 2013-27 March 2014 Gas and ash plumes Yellow 2 58

@ Springer
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Table 3 Variables calculated for

analysis, with Cronbach’s alpha Variable name Description Cronbach’s alpha

for reliability
All_trust Average of trust variables 0.77
All_know Average of ‘know’ variables 0.81
All_accurate Average of under-/overestimate variables 0.79
All_soc_interest Average of serving society’s interest variables 0.82
False alarm Average of two statements about false alarms 0.58
Precaution Average of two statements about precaution 0.86
Av_impact Average of damages and loss of life variables 0.77
Av plans Average of effectiveness of plans variables 0.92
Av_rel Average of religion variables 0.76
All haz Average of hazard likelihoods 0.89

Job and level of education were coded numerically. The time
at which the survey was completed allowed for a code for
volcanic alert level to be computed for each respondent.
During the period of the eruption, the alert level oscillated
between ‘yellow phase 2’ and ‘yellow phase 3°.

Results
Sample

The survey was completed by 402 respondents over the re-
search period. The average age of respondents was 36 (sd =
15), 57% were male and 95% were Mexican citizens. In terms
of occupation, 49% were employed full-time, 30% were stu-
dents, 7% worked part time, 6% were housekeepers, 5% were
unemployed and 3% retired. In total, 56% considered that they
lived close to the volcano, and of these, 90% lived within
100 km and 55% had lived close to the volcano for more than
20 years. Only 3% lived within 10 km of the volcano, and
26% lived within 25 km. Demographic data from the National
Institute of Statistics and Geography suggests that the median
age of Mexicans in this region is 33 (but we excluded children
from the survey—accounting for this gives a median in the
age bracket 35-39). The data is slightly biased relative to the
gender of respondents, since there are slightly more women
than men in this region. The employment data are representa-
tive, but data are not available for other categories (such as
students or housekeepers).

The spatial representation of the survey respondents, based
on distance and the fact that many of them wrote down their
hometowns, allowed us to test for differences between 37
residents of the Distrito Federal and 25 residents of Puebla
town, and there were no significant differences. During the
time of this study, the dominant plume directions in summer
and autumn were broadly to the west, northwest and south-
west, and in spring and winter to the east, northeast and south-
east (with short-lived exceptions), so most of the populated

areas close to the volcano (in all directions) experienced peri-
odic ashfall. Ashfall events were relatively rarely recorded in
major metropolitan areas. There were some larger explosions
in early July 2013 that sent ash as far as Mexico City (NW),
and an event on 7 March 2013 sent ash to Puebla to the east
(though no one answered the survey on this date). On 13
April, ashfall was recorded around Puebla. Airport disruption
also occurred in both Mexico City and Puebla in July 2013.
The weather patterns and the patterns of ashfall reports sug-
gest that the plume drifts over most of the region over the
course of a year. Furthermore, the vast majority of respondents
lived further than 20 km from the volcano and less than
100 km and would not suffer significant impacts from activity
of the magnitude experienced during most of the period 2012—
2014. This is also consistent with new hazard maps published
by the CENAPRED in 2016, which suggest that there is no
single prevailing wind direction, that most areas between 20
and 100 km from the volcano (90% of respondents) are sub-
ject to ashfall and that therefore almost all respondents to this
study would see minor ashfall at times." More than 50% of
respondents are within 40 km of the crater, and at this distance,
there is no directionality at all. It is likely, therefore, that al-
most all respondents have experienced some level of ashfall,
and that distance, rather than direction, is a greater influence.

The survey sample was obtained over a period of 565 days,
and the temporal evolution of the sample was assessed. The
majority of responses (70%) were received between 200 and
300 days after the onset of the survey. For 42% of responses,
the volcanic alert level had been set at “yellow phase 2°, and
for the remaining 58%, it was set at “yellow phase 3°. The rate
of response during phase 3 alerts was higher than that at phase
2, perhaps because of a larger number of people accessing the
CENAPRED website for information about the volcano. The
demographic of people accessing the survey at the two alert
levels did not show significant differences for age, distance
from volcano, time spent near the volcano, level of education

! http://www.atlasnacionalderiesgos.gob.mx/app/VisorPopocatepetl (accessed
18 February 2018)
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or gender. However, during alert level 3, more people who
were identified as housekeepers took the survey.

Hazard, frequency and concern about eruptions

Most of the respondents regarded all of the hazards as rela-
tively likely (Table 4), though there was some variation—
lower values show the most likely hazards as perceived by
respondents. Further uncertainty is detectable in the estimates
of the size of areas likely to be affected by each hazard
(Table 5): the lower values of N may suggest that many people
were not comfortable with making this assessment at all, and
the standard deviations are all higher than the mean values,
showing that there was a very wide range of assessments.

Concern about the volcano was generally skewed towards
‘extremely concerned’ (M =4.5, sd=1.8, N=392). This is un-
surprising, since the survey was advertised on a website most
likely to be frequented by those concerned about the volcano.
This variable correlated with all of the hazard likelihoods except
ash and gas and also correlated with expected length of pyro-
clastic flows (p=0.14, p <0.01). It also correlated with expec-
tations about the need for temporary (p=0.26, p <0.001) or
permanent (p=0.27, p <0.001) evacuations and with expecta-
tions about damage (p=0.27, p<0.001) and loss of life (p =
0.23, p<0.001). People who were very concerned were also
more likely to favour precaution (p=0.23, p<0.001) and be
less worried about false alarms (p=—0.12, p <0.05).

Concern about the volcano also showed significant test
results based on the alert level at the time that the respondent
filled in the survey (Fig. 3). Respondents who filled in the
survey when the alert level was ‘yellow phase 2’ tended to
be less concerned than those who filled it in when the alert
level was ‘yellow phase 3’ (U=22,927, z=3.95, p<0.001).
Ashfall was recorded in urban areas during both alert levels,
and so it seems likely that this effect is linked specifically to
the alert level and not to the volcanic activity itself.

From the demographic variables, people who lived closer
to the volcano were more likely to regard gas emissions as

Table 4 Means and standard deviations for the likelihood of each
hazard (1 = extremely likely; 7 = extremely unlikely)

Variable Mean Standard N
deviation
Lava flows 3.30 1.96 387
Ashfall 2.39 2.24 381
Pyroclastic flows 3.12 1.88 385
Explosive 321 1.89 383
eruptions

Debris flows 347 1.90 378
Mudflows 3.14 1.87 373
Gas emissions 2.70 2.13 381

@ Springer

Table 5 Means and standard deviations for estimates of hazard
dimensions and estimates of frequency of eruptions

Variable Mean Min Max N

Lava flow length 21 km 0 km 250 km 308

Pyroclastic flow length 28 km 0 378 km 319

Ash dispersion 631 km 3 20,000 km 331

Number of eruptions 63 0 1050 281
per year

Note that the standard deviation for ash dispersion is influenced by the
extensive range of this variable (3 to 20,000 km)

unlikely (p=—0.17, p<0.01) but think that ash could travel
further (p=0.24, p <0.001). They were also more likely to
regard evacuation plans and warning plans as less effective
(p=0.87 and 0.24, p < 0.001) and think that temporary evac-
uations would not be necessary (p=0.20, p<0.01). They
were also more likely to be concerned about false alarms
(p=—0.18, p<0.01). Older people tended to regard eruptions
as more frequent (p =0.18, p <0.01) and regard ash and lava
as travelling further from the volcano (p=0.20 and 0.13,
p<0.01, 0.05).

Forecasting variables

Older people tended to think that forecasting eruptions on a
yearly basis was more difficult (p=0.128, p < 0.05)—possi-
bly because they had lived close to the volcano for longer (this
variable correlated with the age variable, p=0.165, p <0.05).
This might imply that longer experience on the volcano had
given them greater awareness of the challenges. There were
negative correlations between age/time close to the volcano
and some of the knowledge, accuracy and trust variables—

6.00

4.00

2.00

How concerned are you about the volcano

.00 T T
2.00 3.00

Alert level

Fig. 3 Boxplot showing the distributions of the concern level variable at
different alert levels
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although not with perceptions of the scientists in each of these
categories. Those who thought it was very difficult to forecast
eruptions tended to think that governments, friends and family
and religious leaders know very little about the volcano, and
also that forecasts made by governments, social networks and
media would be inaccurate. They tended not to trust the gov-
ernments or the media. These correlations are shown in
Table 6. It is notable that Cronbach’s « for these two variables
was low: people clearly distinguished between the two time-
scales—the variables were measuring different things, sug-
gesting that people viewed long-term forecasting challenges
as different to those from week to week. People who thought
that forecasting was difficult also tended to think that plans for
evacuation and warnings were ineffective (Table 6).

Impacts, evacuations and plans

Those who had lived close to the volcano for a long time
tended to think property damage would be less serious (p =
0.19, p<0.01) and regard eruptions as frequent (p=0.18,
p<0.05). People living further away from the volcano
were more likely to think evacuation and warning plans
are effective [p=0.28 (effectiveness of local warnings),
p=0.25 (effectiveness of wider warnings), p = 0.23 (effec-
tiveness of evacuation plans); p <0.001 for all variables].
These variables and the impact variables also showed clear
correlations with perceptions about knowledge and accu-
racy of different groups, particularly official sources—sci-
entists and governments.

Religion

Older people tended to be sceptical about making offerings to
the volcano as a means of lessening its impacts (p=0.12,
p <0.05)—they were less in favour of religious approaches
to the volcano. During alert level 3, trust in religious leaders
tended to be slightly higher (p=0.12, p =0.024, controlling
for job because this demographic shifted with alert level, with
more housekeepers taking the survey at level 3)—this was
also the case for perceived knowledge and societal interests
of religious leaders. These effects are relatively small but sig-
nificant at the 5% level. There were a number of interesting
correlations between the religion variables and trust. Those
who were generally trusting also tended to give positive re-
sponses about making offerings to the volcano (p=0.14,
p<0.01) and prayer (p=0.15, p <0.01). Retired people and
housekeepers tended to agree that ‘we should pray that the
volcano does not erupt’ (H=21, p <0.001).

Precaution and false alarms

In general, far more people advocated precaution (M =6.41,
sd =1.34) than were anxious about false alarms (M =3.70,
sd=1.90). Older people were more likely to be concerned
about false alarms (p=0.11, p < 0.05). People who were very
concerned about the volcano in general tended to be less wor-
ried about false alarms and more positive about precaution
(p=—0.12, p<0.05, and p=0.23, p<0.001). Concern with
false alarms was also linked to a perception that scientists are

Table 6 Significant correlations
between causal factors, trust and

Forecasting week to week Forecasting year to year

planning variables (Spearman’s)

Knowledge of Mexican government

Knowledge of local government
Knowledge of friends/family
Knowledge of religious leaders
Knowledge of social networks
Accuracy of Mexican government
Accuracy of local government
Accuracy of social networks
Accuracy of news media

Trust in Mexican government
Trust in local government

Trust in social networks

Trust in news media
Effectiveness of local warnings
Effectiveness of wider warnings
Effectiveness of evacuation plans
Effectiveness in improvising

- 015 —-0.14

-0.13 - 016
- 015

- 016 -0.12

- 016

0.19 0.25

0.20 0.19

0.21 0.19

0.19 0.17
-0.12
—-0.11

-0.19

-0.12

-0.17 -0.13
—-0.13
- 018
-021

Values in italics indicate significance < 0.01. All other values significant at 5% level
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Table8 Regression results for trust in all groups, using all data together,
then using data at each alert level separately

Alert level Modelled variables 15} t p
All Knowledge 0.37 7.51 <0.001
R*=0.51 Society’s interest 0.33 6.90 <0.001
Plans 0.18 4.19 <0.001
Accuracy —-0.11 —2.63 <0.001
2 Knowledge 0.43 5.13 <0.001
R*=043 Society’s interest 0.28 3.32 0.001
Religious fervour 0.17 233 0.022
3 Knowledge 0.38 6.16 <0.001
R*=0.59 Society’s interest 031 5.04 <0.001
Plans 0.21 3.97 <0.001
Accuracy -0.15 -2.92 0.004

variance, as did plans and perceived accuracy. There was a
slight difference between those who took part during alert
level yellow 2 and those at alert level yellow 3: when the alert
level was lower, the accuracy variable was excluded from the
model and other variables added to the dataset. At alert level
yellow 2, the religious variables explained a small amount of
variance (2.8%). At level 3, planning became more important,
with accuracy also included (Table 8).

The data suggest that in general, trust is dependent on how
much a group is perceived to know. However, the accuracy of
a risk assessment is less important than whether or not it is
regarded as serving society’s interests. This is consistent with
previous studies (Eiser et al. 2015; Eiser et al. 2009), which
have shown that the perceived altruism of the source of an
assessment is more important than the accuracy. The effective-
ness of plans was also considered important.

Taking into account variations between the groups, we also
carried out modelling for trust in each group with predictors
suggested by correlations and previous work. These results are
shown in Table 9. In general, the predictors explain 40-50%
of the variance. Knowledge was entered first, followed by
societal interest and then the other predictors. Predictors
explaining very small amounts of variance (< 1%) were re-
moved from the model. The data show that the efficacy of
warning and evacuation plans was a factor for scientists, gov-
ernments and news media, while concern about the volcano
was associated with friends and family and news media.
Oddly, positive responses to the religion variables were asso-
ciated with trust in social networks but not religious leaders,
while both of these models also incorporated accuracy. Note
that for scientists, societal interest was actually more impor-
tant than perceived knowledge.

Regression analysis was also carried out for precaution, but
there were no significant predictors. For the false alarm state-
ments, separate regressions and a combined regression were
carried out (because of the low Cronbach’s alpha). Age was

the only significant predictor for ‘too many warnings make
people cease to take the situation seriously’, and this only
explained 2% of the variance. For ‘warnings that turn out to
be unnecessary do more harm than good’, the perceived ac-
curacy of scientists was significant for 2% of the variance. For
perceived impacts, the only significant predictor was level of
concern about the volcano, and this explained 11% of the
variance (5=0.34, t=4.64, p<0.001). Splitting the dataset
by alert level, there was a small effect for precaution: at alert
level 2, scientists’ perceived knowledge explained 5% of the
variance, and at level 3, concern about the volcano explained
3% of the variance. Interestingly, for the ‘warnings that turn
out to be unnecessary...” statement, there were no predictors
at level 2, but at level 3, scientists’ accuracy explained 5% of
the variance, suggesting that all of the effect in the dataset was
at the higher alert level.

All regression analyses were assessed for multicollinearity
using Durbin-Watson’s statistic, the variance independence
factor and eigenvalue diagnostics. There were no significant
effects.

Figure 4 shows a visual summary of the results.

Discussion
Concern about the risk

The results demonstrate that, in general, respondents who
thought that the hazards from the volcano were more likely
and greater in magnitude than others also tended to express
concern about the volcano and perceive its impacts as greater
than other respondents: the perceived hazard appears to relate
directly to the perceived risk. The fact that this concern was
greater during ‘yellow phase 3’ suggests that the alert level
system may aid risk awareness among the population and
contributes to the communication of risk. While this is not
surprising and is part of the purpose of alert levels (Fearnley
and Beaven 2018; Mileti and Sorensen 1990; Sorensen 2000),
the fact that it was independently measured in different partic-
ipants over two different alerts is a strong indicator of effec-
tiveness of the system in this context. Contributing factors to
increased awareness include greater news media interest, ad-
ditional advisories being sent out when the alert level is raised
and more direct evidence of increased activity or unrest such
as felt earthquakes, increased gas emissions and small
explosions.

Proximity
There is also some evidence that residents who live closer to
the volcano think that the potential consequences of an erup-

tion are less significant, and trust evacuation plans less. Older
people were more likely to think that the eruptions are
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Table 9 Regression results for
each group individually

Group Variable I3 t )4
Scientists (R* = 0.45) Knowledge 0.29 6.48 <0.001
Society’s interest 0.38 8.61 <0.001
Plans 0.17 423 <0.001
Accuracy -0.16 -3.97 <0.001
Mexican government (R = 0.44) Knowledge 0.32 6.71 <0.001
Society’s interest 0.32 6.58 <0.001
Plans 0.21 5.00 <0.001
Local government (R = 0.50) Knowledge 0.36 7.53 <0.001
Society’s interest 0.35 7.38 <0.001
Plans 0.14 3.30 0.001
Friends and family (R* = 0.40) Knowledge 0.39 8.78 <0.001
Society’s interest 0.34 7.45 <0.001
Concern 0.15 3.59 <0.001
Religious leaders (R?=0.42) Knowledge 0.41 9.04 <0.001
Society’s interest 0.32 7.20 <0.001
Accuracy —0.15 -3.71 <0.001
Social networks (R? = 0.49) Knowledge 0.47 10.55 <0.001
Society’s interest 0.33 7.64 <0.001
Religion 0.11 2.79 0.006
Accuracy -0.11 —2.62 0.009
News media (R* = 0.49) Knowledge 0.41 9.16 <0.001
Society’s interests 0.33 7.68 <0.001
Plans 0.17 417 <0.001
Concern 0.11 2.77 0.006

frequent and unpredictable. These results combine to suggest
that people living near the volcano may have become used to
low magnitude but frequent eruptions and are potentially at
risk from larger eruptions as a consequence (e.g. should a
scenario like the 2010 Merapi eruption occur (Surono et al.
2012)). There was a lack of trust in evacuation plans in those

living close to the volcano, which may also be the result of
past poor experiences or adversarial relationships with local
authorities. This is supported by the observation that people
who lived closer to the volcano were more cautious about
false alarms and about the potential impacts. Proximity to
the volcano thus had a complex relationship with risk

Fig. 4 A summary of the results. Societal interest Knowledge
The arrow shows the increased o

concern with increasing alert Scientists <%/ el L)
level, while the dotted lines and ﬁ Ph3 Q-
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for example, scientists’ trust was Family & )
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based. networks D
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perception and perceptions of the authorities. A further study
might fruitfully explore whether or not this relates to the ad-
ministrative state of the respondents. Our survey did not ask
for the township of respondents—we had this for 66 re-
spondents and found no significant results, but a larger,
in-country study might focus more tightly on the different
states around the volcano. It may also be that plans for
evacuation vary between Mexican states, and that this is
an additional factor in trust. Tobin et al. (2011) noted some
effects of economic conditions, which may also be a factor
close to the volcano, since many of the areas closer to the
volcano are less wealthy than areas closer to the metropolis
of Mexico City (Coppola 2006).

Trust

The precaution, false alarms and planning variables show sig-
nificant relationships with some of the knowledge, accuracy
and social interest variables. In general, the data suggest that
people who are happy with the planning for an eruption tend
to have greater respect for the knowledge, motivations and
accuracy of the groups specified in the survey.

The primary driver of trust in many of the groups was their
perceived knowledge about the volcano, and the accuracy was
generally less of an issue. It is interesting, however, that re-
spondents during level 3 alerts were also slightly more likely
to trust religious leaders, news media and friends and family.
This can partially be explained by a slight demographic shift,
housekeepers were more likely to trust these groups and they
also tended to take the survey during alert level 3 (two out of
164 at level 2, 20 out of 229 at level 3). However, the in-
creased level of concern in general at alert level 3—and the
greater focus on accuracy of information—suggests that pe-
riods of raised alert do translate to greater awareness of risk
and greater anxiety about the accuracy of information.

Despite the relatively small differences between alert
levels, the perceived knowledge of the volcano was the most
important factor in explaining trust, followed by the perceived
motivation of the groups. There was some variation in the
magnitude of the effect between different groups, with knowl-
edge being particularly important in explaining trust in local
government and the news media. The perceived effectiveness
of plans was also a significant predictor of trust, particularly
for the more ‘official’ sources of information about disasters,
such as scientists, governments and news media—so people
who feel safer in the hands of the authorities also tended to be
trusting of those authorities.

It is also interesting that for scientists, perceived motivation
was important and had a higher beta value than knowledge in
the model. Trust in scientists was derived more from the view
that they serve society’s interest than from their perceived
knowledge. Again, this is consistent with previous studies that
have shown high effect for motivation as a predictor of trust

(Eiser et al. 2008). It is also consistent with studies of risk
perception in Mexico for landslides, which also emphasise
the importance of communication by groups that are per-
ceived as altruistic (Alcantara-Ayala and Moreno 2016;
Hernandez-Moreno and Alcéntara-Ayala 2017).

Precaution and false alarms: implications
for warnings

Similar to previous studies (Eiser et al. 2015), the results sug-
gest some links between a tendency to favour precaution in
warning populations and high levels of concern about risk.
This is often a matter that is of great concern to volcanologists:
when should warnings be issued? This anxiety is based on the
notion that alarms can be ‘false’. However, as noted in the
“Introduction”, Eiser et al. (2012) argued for an approach
based on signal detection theory and arguing that warnings
under incomplete knowledge are different (visualised in
Table 10). People vary considerably in their response to un-
certain information, as demonstrated by the results in this pa-
per: some people prefer to be cautious and would like all
available information, while others get irritated by information
that distracts them or alarms them unnecessarily. Many alert
level systems function as translators for this kind of informa-
tion—in Iceland, for example, a ‘state of uncertainty’ may be
declared when volcanic unrest is high. Alert levels function as
boundary objects (Star and Griesemer 1989): they seek to
bring order to the science—policy encounter. Just as probabil-
ities that are not zero or one cannot be falsified, so a tempered
warning that emphasises uncertainty and lack of knowledge
can aid communication in periods of unrest. This is particu-
larly important because warnings can rarely function with the
linearity that scientists would ideally like: scientists, decision-
makers and publics are social entities and cannot operate in
isolation (Donovan and Oppenheimer 2014; Fearnley and
Beaven 2018).

The interpretation of warnings will vary between demo-
graphic groups and will depend on individual circum-
stances. This paper identified groups of people who are
concerned about the volcano and its impacts and who con-
sider scientists as generally trustworthy as favouring pre-
caution, while those concerned about scientific accuracy
were concerned about false alarms. This is not surprising
and underscores that clear communication of warnings is
important. The fact that the concern was greater during the
higher alert level, though with a small effect, suggests that
alert level systems have considerable and complicated so-
cial impact and are consistent with previous work in other
hazard domains (Kalkstein and Sheridan 2007). However,
the emphasis in the results was on the importance of pre-
caution—warning the public—rather than on the dangers
of false alarms.
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Table 10  Warnings and false alarms: abridged from Eiser et al. (2012)

Actual risk/decision Eruption occurs

Eruption does not occur

Evacuate Success
Do not evacuate

Learning—declare state of uncertainty/alert levels

Failure—lack of caution/fear of false alarms/lack of knowledge

Neither right nor wrong

‘False alarm’
Success

Neither right nor wrong

Limitations and future work

The study was limited by its sample—as a convenience sam-
ple, we were not able to gain a sample representative of the
population and did exclude those without Internet access, for
example. In future work, we aim to look in more detail at the
geography of respondents, since it is possible that risk percep-
tion is affected by (i) location in relation to hazard impacts in
proximal areas, (ii) the Mexican state in which respondents are
located and (iii) whether they live in urban or rural areas.

Conclusions

The results of this project demonstrate the complexities of
volcanic risk perception in space and time: there were mea-
surable differences both in the distance of residents from the
volcano and in the views of respondents through time that
affected their concern levels and also their levels of trust in
different groups. In particular, those living closer to the volca-
no tended to be sceptical about risk and evacuation plans,
suggesting that long experience with persistent volcanic activ-
ity may induce a level of weariness with the risk.

Trust, in general, was dominantly based on perceived
knowledge across the groups but was also strongly affected
by perceived motivation—those who were thought to be fol-
lowing society’s interest tended to be more trusted. This was
particularly strong for the scientist group—the main driver of
trust in scientists was perceived altruism rather than knowl-
edge. Accuracy was also a factor, but less significant.

An emphasis on scientific accuracy was, however, associ-
ated with concern about false alarms. This suggests that an
element of the communication of scientific assessment around
volcanoes might include emphasis on uncertainty rather than
on exactitude. This concurs with other research on the com-
munication of uncertain science (Gigerenzer et al. 2005;
Harris 2015).

The results also suggest that warnings, warning systems
and communication are both effective and complex in this
context. Risk perception was generally increased during pe-
riods of higher activity and raised alert levels, with a more
rapid uptake of the survey in these periods as well. The im-
portance of considering the social impact of warnings is
emphasised by the study, but the alert level system also
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functions as a boundary object—it allows the translation of
risk information into terms that people can understand
(Fearnley and Beaven 2018).
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