@° PLOS | ONE

Check for
updates

G OPEN ACCESS

Citation: Arias JP, Bronfman NC, Cisternas PC,
Repetto PB (2017) Hazard proximity and risk
perception of tsunamis in coastal cities: Are people
able to identify their risk? PLoS ONE 12(10):
€0186455. https://doi.org/10.1371/journal.
pone.0186455

Editor: Marc Hanewinkel, Albert-Ludwigs-
Universitat Freiburg, GERMANY

Received: August 3, 2016
Accepted: October 2, 2017
Published: October 31,2017

Copyright: © 2017 Arias et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: This research was partially funded by
Chile’s National Science and Technology
Commission (Conicyt) through the National Fund
for Scientific and Technological Research
(Fondecyt, grant 1130864) and by the National
Research Center for Integrated Natural Disaster
Management CONICYT/FONDAP/15110017. The
funders had no role in study design, data collection

RESEARCH ARTICLE

Hazard proximity and risk perception of
tsunamis in coastal cities: Are people able to
identify their risk?

Juan Pablo Arias', Nicolas C. Bronfman'2#, Pamela C. Cisternas'2, Paula B. Repetto®*

1 Engineering Sciences Department, Universidad Andres Bello, Santiago, Chile, 2 National Research Center
for Integrated Natural Disaster Management CONICYT/FONDAP/15110017, Santiago, Chile, 3 Department
of Psychology, Pontificia Universidad Catdlica de Chile, Santiago, Chile

* nbronfman@unab.cl

Abstract

Researchers have previously reported that hazard proximity can influence risk perception
among individuals exposed to potential hazards. Understanding this relationship among
coastline communities at risk of flood events caused by storms and/or tsunamis, is important
because hazard proximity, should be recognized when planning and implementing prepara-
tion and mitigation actions against these events. Yet, we are not aware of studies that have
examined this relationship among coastline inhabitants facing the risk of a tsunami. Conse-
quently, the aim of this study was to examine the relationship between hazard proximity and
perceived risk from tsunamis among coastline inhabitants. Participants were 487 residents
of the coastal city of Iquique, Chile. They completed a survey during the spring of 2013 that
assessed their perceived risk from several natural and non-natural hazards. We found that
hazard proximity maintains a negative relationship with the perception of tsunami risk
among coastline inhabitants. While this result confirms the general trend obtained in previ-
ous studies, this one is conclusive and significant. In contradiction with previous findings, we
found that participants from the highest socioeconomic status reported the highest levels of
risk perception. This finding can be explained by the fact that most participants from the
highest socioeconomic status live closer to the coastline areas, so their risk perception
reflects the place where they live, that is in a tsunami inundation zone. Once again, hazard
proximity proved to be a determinant factor of risk perception. Our findings have important
implications for the development of plans and programs for tsunami preparedness and miti-
gation. These indicate that individuals do use environmental cues to evaluate their own risk
and can potentially make correct choices when having or not to evacuate. Also suggest that
preparedness should incorporate how hazard proximity is recognized by individuals and
communities at risk.
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Introduction

Earthquakes and tsunamis impact coastline communities around the globe, causing many
casualties and incalculable economic losses. In the last two decades alone, more than 750,000
people lost their lives because of an earthquake or tsunami, and economic losses were close to
787 trillion US dollars [1]. Additionally, it is estimated that 13% of the urban population lives
10 meters or less above sea level, a number that it is expected to continue growing in the com-
ing decades [2].

This scenario makes urgent to prepare coastal communities to cope with these hazards in a
timely and effective manner. Several authors have suggested that the motivation and willing-
ness to take preventive actions are directly related to individual levels of risk perception [3-5].
Opverall, they have concluded that the higher the perceived risk, the higher the probability that
the individual is willing to take preventive actions to mitigate the associated risks [6, 7]. Still, it
has also been found that, in some cases, a higher perception of risk does not necessarily imply
a greater willingness to take preparedness and mitigation actions against the occurrence of nat-
ural hazards [8, 9]. This complex relationship reveals the importance to evaluate the role of
other factors to further explain risk perception.

Risk perception and hazard proximity

Environmental cues are recognized among the factors that influence risk perception, showing
that individuals incorporate their observations to assess their own risk [10]. In fact, proximity
to technological hazards have been found to significantly influence perceived risk among indi-
viduals who face these hazards [9, 11-13]. Early studies exploring this relationship on techno-
logical risks, such as nuclear power plants [14], chemical plants [15], and transportation of
hazardous substances [16], among others, have concluded that the closer to the hazard source
the higher the perceived risk [17].

Recently, the relationship between hazard proximity and risk perception has interested
researchers who have studied its role in relation to some natural hazards, mainly flooding riv-
erbeds [18], coastline floods [19], volcanoes [20] and earthquakes [21]. However, their findings
have not been consistent, while some researchers have found a positive relationship [20, 22],
others have failed to do so [23]. Lindell and Perry [7] argue that these contradictory findings
reveal that in some scenarios people have limited ability to identify their location in hazardous
areas, while in others they may have greater ability. For example, Arlikatti et al. [23] examined
the accuracy with which 359 residents of the United States” west coast were able to locate their
residence in risk maps for hurricanes. They found that only one third of the participants cor-
rectly identified their risk areas given their residential location.

Barberi et al., [20] evaluated risk perception among individuals living close to the Vesuvius
volcano in Italy. The sample of 2,488 participants were divided into red and yellow zones,
according to their hazard proximity. Participants living in the red zone reported greater risk
perceptions as compared to those in the yellow zone. In other study, Lindell and Hwang [22]
examined the relationship between hazard proximity, hazard experience and perceived per-
sonal risk for three hazards: flooding from rivers, hurricanes and chemical plants in a sample
of 321 participants living in the United States. They found that risk perception was correlated
with coastline (risk of hurricanes) and chemical plant proximity, but not with river proximity
(flood risk). Their results provide evidence of a direct effect of proximity hazard on the risk
perception for hurricanes and chemical hazards, but not for river flooding, and suggest that
the nature of the hazard plays an important role when examining this relationship.

Similarly, Zhang et al., [24], evaluated how the housing price is affected by the relationship
between hazard proximity and risk perception when facing natural and technological hazards,
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in a sample of 200 households in the United States. The correlation analyses revealed that the
relationship between hazard proximity and risk perception regarding floods, hurricanes and
chemical hazards is negative and statistically significant. Bubeck et al. [25], in a review of stud-
ies evaluating risk perception and precautionary behavior found that, in general, the distance
to a river or a body of water exerts a small effect on current mitigation measures (such as flood
insurance) adopted by people. These differences in findings suggest that the relationship
between hazard proximity and risk perception may not be the same for all hazards, as has been
proposed by Lindell and Perry [7]. The ability to recognize the threat may differ according to
the nature of the hazard and maybe relevant to explore. The study of other natural hazards
may help to better understand this relationship.

Despite the increased interest in studying the relationship between perceived risk and haz-
ard proximity to natural disasters (mainly flooding due to weather events), to this date, we
have not found studies examining this relationship among coastline inhabitants who face the
risk of a tsunami. Studies in this area are essential because we know substantially less from tsu-
namis than others natural hazards such floods or hurricanes, and the fact that the location of
the hazard may be easier to identify, may contribute to our understanding of the role of hazard
proximity and risk perception [26]. Moreover, study whether, population living in risk zones
for tsunamis in locations where the source of the tsunami that is close to the land and the time
to issue an official warning is limited, recognize proximity of the hazard in their perception of
risk, may contribute to inform and develop more effective preparedness actions. For example,
inhabitants of coastal communities who were exposed to the 2015 Illapel earthquake and tsu-
nami reported that the waves arrived between 2 [27] and 12 minutes after the earthquake [28],
giving very limited time for the official warning to be issued. Fortunately, no victims were
reported: inhabitants evacuated voluntary and promptly after the earthquake. They rapidly
recognized they were on a risk zone and needed to reach safety.

In fact, the hazard zone for a tsunami may be easier to identify as compared to other haz-
ards involving bodies of water, however this is something that has not been addressed previ-
ously. This is the main gap we intend to address with the present study. Findings from this
study could contribute to better understand the relationship between hazard proximity and
risk perception. Consequently, the main objective of this study was to examine the relationship
between hazard proximity and the perceived risk for tsunami among coastline residents. In
line with previous studies, we expected residential location to be a determining factor of the
public perception of risk from a tsunamij; that is, that hazard proximity relates inversely and
significantly with risk perception.

Risk perception and sociodemographic factors. The relationship between risk percep-
tion and sociodemographic factors such as age, gender and socioeconomic status has been
widely studied in the literature [29, 30]. In general, it has been found that women report
greater perceived risk from natural hazards such as earthquakes [31], volcanoes [20] and floods
[19]. With respect to age, the literature shows greater perception of risk from natural hazards
among older people [3, 32]. Regarding socioeconomic status, studies show that as the status of
people increases, their perception of risk from natural hazards decreases [22, 24]. These factors
will be included as covariates in the present study.

Chile and its coastline: The case study

Chile is a narrow strip of land between the Andes and the southeastern coast of the Pacific
Ocean (see Fig 1). It comprises a length of 4,270 km. reaching a maximum width of 445 km.
Chile is located in the Pacific Ring of Fire and is exposed to one of the highest frequency of
occurrence of earthquakes and tsunamis. In the XXI century alone, 79 earthquakes of a
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Fig 1. Map of Chile. Twelve of the most destructive earthquakes in the history of Chile.
https://doi.org/10.1371/journal.pone.0186455.9001

magnitude >7.0 on the Richter scale have occurred in Chile [33]. In fact, the largest earth-
quake ever recorded in history took place in the city of Valdivia in 1960, with a magnitude of
9.5 on the Richter scale (see Fig 1). The mega-event was due to a rupture of 1,000 km. in length,
which significantly altered the geography of the affected area and triggered a destructive tsu-
nami, with waves ranging between 10 and 15 meters [34], which reached the coasts of Japan,
the United States and Hawaii, among other places. In Chile, the effect was devastating. In 1960
the country’s population was just over 7.3 million inhabitants [35]. This earthquake killed
more than 2,000 people, affected about 2 million people and caused economic losses of more
than 550 million dollars [36].

The coastline cities of Chile most frequently affected by earthquakes and/or tsunamis are in
the northern and central region. Iquique, located in the north of the Chilean coast is one of
these cities (see Fig 1). The largest seismic event recorded in the area corresponds to a mega-
thrust earthquake of 8.8 magnitude on Richter scale, which occurred in 1877 and generated a
tsunami with waves between 9 and 14 meters high [37]. Because of insufficient seismic activity,
the scientific community has predicted the occurrence of a seismic event of great magnitude in
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the subduction zone adjacent to northern Chile [38] and expect that this may occur sometime
soon.

In fact, on April 2014, an earthquake of an 8.2 magnitude on Richter scale shook the city of
Iquique. The event killed six people and more than 13,000 homes were affected. Economic
losses were estimated at 100 million USD. While at one point, the public thought it was the
great earthquake foreshadowed by the scientific community, researchers, however suggested
the opposite. In fact, Hayes and colleagues concluded that ". . .Significant sections of the north-
ern Chile subduction zone have not ruptured in almost 150 years, so it is likely that future
megathrust earthquakes will occur to the south and potentially to the north of the 2014 Iquique
sequence." [39]. Therefore, the community of Iquique is still waiting for this event to occur.

Considering this scenario and aiming to contribute to design and implement plans and pro-
grams to prepare coastal communities in Chile to cope effectively with natural hazards, we
studied the inhabitants of the city of Iquique.

Methods

We used data from the survey study conducted by Bronfman et al. [40], in 2013 (July to Octo-
ber) that aimed to evaluate risk perceptions in the Chilean population and the degree of trust
they have in institutions in charge for preparedness, response and recovery in the context of
natural disasters. This study was implemented in five major cities in Chile: Iquique, Antofa-
gasta, Valparaiso, Santiago and Concepcion. The sample was stratified by gender, socioeco-
nomic status and age, and was representative of each five cities. A total of 2,054 face-to-face
interviews were held in the homes of each participant.

The questionnaire included three sections. The first section measured risk perception and
the degree of acceptability regarding 40 hazards grouped into eight categories: (1) five trans-
portation hazards, (2) four forbidden or addictive substances, (3) four social ills, (4) four envi-
ronmental hazards, (5) four chemical products and substances, (6) six technological hazards,
(7) nine natural hazards and (8) four other hazards. The risk perception measure used was
designed based on previous studies that have addressed similar problems [22, 41-44], within
the psychometric tradition [45]. The following question was used to assess directly the percep-
tion of risk of each hazard: how much risk do you think the national population is (will be)
exposed as consequence of a (place the hazard here)? Participants had to respond using a
7-point bipolar scale from (1) “no risk” to (7) “high risk”.

Section 2 assessed social trust in ten Chilean institutions who are in charge for prepared-
ness, response and recovery from the occurrence of a natural disaster. Finally, section 3
included sociodemographic questions for participants. Further details on the survey and its
results can be found in Bronfman et al. [40]. The Ethics Committees of the Funding Institution
(CONICYT) and the one in University Andrés Bello approved all procedures.

Participants and measures

For the purposes of this study we used data collected in Iquique about risk perception of earth-
quakes and tsunamis in Bronfman et al., [40] study (S1 Dataset). The sample included 487
adults and 49.7% were females. Mean age was 45 years. Sample distribution by age group was:
24.9% (18-29 years), 23.9% (30-44 years), 25.5% (45-59 years) and 25.7% (60 years).

The original questionnaire included 40 hazards, nine of which were natural hazards. For
the purposes of the present study we are only interested in measuring tsunami risk perception.
Since the Chilean coastal population is well aware that the occurrence of a tsunami is linked to
the occurrence of an earthquake near the coast [46, 47], we used the mean value between risk
perception for earthquakes and risk perception for tsunamis as a general measure of risk
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perception for each participant (reliability of scale: o = 0.86). We also included all questions
that evaluated socioeconomic and demographic conditions of the participants.

To determine whether each participant lived in a risk zone or not, we used the residential
location information for each respondent that was collected with the survey. This information
allowed us to locate the geographic coordinates (latitude/longitude), and then, using ArcGIS
and the 2002 Census of Chile data layer we geospatially located each participant’s home. Fig 2
shows the spatial distribution of participant’s homes within the zones of Iquique.

Data analysis

To classify each participant s household by risk (at risk or not for tsunami), we used govern-
ment information that splits Iquique in two zones: Safe Zone and Tsunami Flood Zone. The
boundary between the two areas, which we labeled Safety Line, was determined using the tsu-
nami safety line defined by the National Emergency Office of the Interior Ministry of Chile
[48]. This line is located 30 meters above sea level (masl), based on the historical analysis of the
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height reached by major tsunamis in the world conducted by the International Tsunami Infor-
mation Center, Hawaii (ITIC). Historically the waves caused by a tsunami do not exceed 30
masl [49, 50].

To address our research question, we conducted several analyses. We first performed
descriptive analyses and then compared risk perception among those participants in the safe
zone with the ones in the tsunami flood zone. We also compared the risk perception based on
demographics. All data was analyzed using SPSS, version 22.0.

Results

Table 1 shows the mean values for perceived risk measure against an earthquake/tsunami with
the sample stratified by residential location (safe area and tsunami flood zone) and according
to sociodemographic variables. Our results suggest that, in general terms, the population living
in the tsunami flood zone (below the level of 30 meters) reports a risk perception significantly
higher (p <0.05) as compared to those residing in the safe zone. It is important to note, how-
ever that, overall the average score of risk perception in both areas is substantially high (5.65
and 5.96 on a 7-point scale).

When comparing risk perception by sex, the results show no significant differences between
males and females, regardless of their residential location. We did not find differences within
sex groups in relation to their residential location.

Comparisons between age groups show that, in general, adults and seniors (45 years of age
and older) declared significantly higher risk perception for earthquakes/tsunamis than youn-
ger age groups. The same trend was observed among participants residing in the flood zone,
but the difference was not statistically significant. Similarly, when comparing different age
groups according to their residential location, we found that younger adults (29 and younger)
who live in the safe zone show a significantly lower risk perception (p <0.05) to those in the
same age group living in the flood zone. For adults over 30, we found no significant differences
in risk perception based on residential location.

Table 1. Mean values (and SDs) of risk perception earthquake/tsunami with sample stratified by socio-demographic variables and residential loca-
tion (safe and tsunami flood zone).

All Sample Safe Zone Tsunami Flood Zone p-value®
All sample 5.85 (1.57) 5.65 (1.63) 5.96 (1.53) 0.036
Gender
Male 5.85% (1.55) 5.72% (1.53) 5.932 (1.56) 0.312
Female 5.85% (1.60) 5.582 (1.73) 6.00° (1.51) 0.062
Age group
18-29 5.55% (1.67) 5.20% (1.72) 5.812 (1.60) 0.044
3044 5.60% (1.69) 5.23% (1.90) 5.79% (1.56) 0.116
45-59 6.043° (1.51) 6.05%° (1.36) 6.042 (1.60) 0.955
60+ 6.18° (1.33) 6.18° (1.22) 6.172 (1.38) 0.997
Socioeconomic status
High 6.312 (1.20) 6.34% (1.12) 6.29° (1.24) 0.703
Middlle-high 5.91% (1.58) 6.20% (1.23) 5772 (1.72) 0.137
Middlle 5.50° (1.62) 5.08° (1.57) 5.832 (1.59) 0.007
Middle-low 5.73° (1.73) 5.38° (1.98) 5.937 (1.54) 0.110

Reading by column for each socio-demographic variable, mean values with different letters are significantly different at the p < 0.01 level (Tukey’s HSD).
TStatistical significance between the mean difference for safe and unsafe zones.

https://doi.org/10.1371/journal.pone.0186455.t001
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Our results show that, overall, participants in the highest socioeconomic status reported
higher levels of perceived risk. Meanwhile, participants of middle socioeconomic group, resid-
ing in safe zone declared a significantly lower risk perception (p <0.01) than their counterparts
living in the flood zone. When analyzing the spatial distribution of participants based on their
socioeconomic status, we found that homes of participants from higher socioeconomic levels
are located at shorter distance from the coastline (27%) than the homes of participants from
lower socioeconomic levels (24%) (See Fig 2).

The relationship between risk perception of an earthquake/tsunami and the proximity to
the coastline is represented in Fig 3. This figure shows that the greater the distance between
the participant’s residence (household) and the waterfront, the lower the perceived risk of an
earthquake/tsunami is. That is, risk perception still has a negative and statistically significant
relationship (p <0.05) with hazard proximity.

In order to further understand the relationship between risk perception, hazard proximity
and socioeconomic status we conducted first-order partial correlation analysis. Correlations
were conducted with each pair of variables and keeping the remaining as constant. Table 2
shows Pearson’s correlations and partial correlations obtained for each pair of variables. The
results show that the linear relationship between hazard proximity and risk perception keeps
the direction and the statistical significance (p < 0.05) when the correlation is controlled by
the socioeconomic status. Thus, we can conclude that the relationship between risk perception
and hazard proximity is not attributable to socioeconomic status.

Discussion

Our main results are consistent with our initial hypothesis, that is, hazard proximity relation
on the perception of risk for earthquakes/tsunamis for inhabitants of the coastline remains
negative and statistically significant. Thus, shorter distances from the coastline result in higher
risk perception. This result confirms the general trend obtained in previous studies that have
examined this relationship [9, 18-20, 22, 24].

These conclusive results may be explained by the greater ability of the inhabitants studied
to recognize their proximity to the hazard, as compared to participants in previous studies
focusing on other natural hazards [7, 23]. Several factors may explain this greater hazard
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Table 2. Pearson correlation and first-order partial correlations between perceived risk, hazard proximity and socioeconomic level.

HP

Pearson Correlations Partial Correlations
SES HP
-0.091*

0.411**

SES
-0.155**
1.000

-0.103*
1.000

RP = Risk Perception; HP = Hazard Proximity; SES = Socioeconomic Status.

RP -0.147**
SES 0.421**
*p<0.05

** p<0.01.

https://doi.org/10.1371/journal.pone.0186455.t1002

proximity recognition, such as visibility of hazard, previous experience and available informa-
tion. People residing in the city of Iquique live, work and perform their daily activities on the
coast. They have also experienced earthquakes and tsunamis previously. Their previous experi-
ence with earthquakes and tsunamis may facilitate their ability to recognize their proximity
with this hazard. Also, the actions taken by local authorities and experts in order to keep the
population aware and prepare, have probably contributed to their ability to recognize the haz-
ard. This is a significant finding because it provides more evidence of the relevance of the
nature of the hazard when studying the role of hazard proximity on risk perception, and con-
tributes to understand the contradictory findings reported previously.

While this increased public concern about the risk of earthquakes and tsunamis would
increase the willingness to take preventive actions to mitigate the associated risks [4], it could
also may have potential negative consequences when a tsunami evacuation occurs [40]. Resi-
dents living in a safe area who have high risk perception could potentially evacuate to higher
areas (shadow evacuation), blocking escape routes for those coming from flood risk areas [23].
This could be potentially catastrophic in situations where the evacuation is carried out mainly
in cars, blocking evacuation routes and hindering the flow of people. Thus, our results reveal
that the people’s recognition of the hazard proximity is crucial for the tsunami evacuation pro-
cess and should be taken into account when planning and implementing tsunami evacuation
plans and programs.

Previous studies have shown that women report greater risk perception of natural hazards
as compared to men [19, 20, 31]. Unexpectedly, our results showed no significant differences
between men and women, regardless of the area of residence of the participant. It is possible
that the scale used was not able to capture these gender differences; possibly the measurement
scale used was not wide enough to display these differences. In fact, the high scores reported in
risk perception (at the upper limit of the scale) by both men and women in the present study
could also have limited the possibility to detect gender differences. Future studies should fur-
ther examine gender differences incorporating additional measures of risk perception.

Consistent with previous studies [3, 32], older participants living in safe areas reported
higher risk perception. Additionally, we found that people 29 and under living in safe areas
showed a significantly lower risk perception than people of the same age group living in a tsu-
nami flood zone. This may also be explained by the effect of hazard proximity, but also may
suggest that actions taken to prepare the communities may be reaching younger population.
This is particularly concerning since older adults are considered vulnerable and present diffi-
culties to successfully cope with disasters [51]. Actions aimed to target older adults to prepare
them to effectively cope with a potential tsunami are necessary.

Surprisingly, participants from higher socioeconomic status groups reported overall higher
risk perception as compared to residents of lower socioeconomic status. This result contradicts
findings from previous studies [22, 24]. This result, however, reflects the place where these
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participants live. Most participants from the highest socioeconomic status live closer to the
coastline areas, so their higher risk perception may reflect their actual location. Thus, hazard
proximity proved to be a significant influential factor in risk perception, even changing the tra-
ditional difference found in previous studies for socioeconomic status. Nevertheless, to further
understand this relationship, longitudinal studies should be conducted in order to examine
how risk perception changes over time and the role that taking actions to prepare and mitigate
for these hazards could have on the perceived risk [26].

Our results provide evidence of the need to consider the role of hazard proximity both for
the study of risk perception as well for the preparation of communities exposed to natural haz-
ards. It also recognizes that communities and individuals recognize these risks and use envi-
ronmental information to effectively cope with natural hazards, such as earthquakes and
tsunamis that cannot be accurately predicted. Our results also reveal that hazard proximity
should be actively incorporated in the strategies aimed to prepared communities and in the
development of risk communication plans, particularly in a tsunami scenario, where non-
structural mitigation efforts are very relevant to prevent unnecessary casualties. They also sug-
gest that preparation actions should build on what individuals and communities have learned
from past events and explicitly identify the hazard zone and its nature. These actions should
build from already implemented actions aimed to provide hazard zone maps to the public.
Keeping the inhabitants of Iquique aware of their risk through several actions appear to have
helped to maintain them alert and reporting high risk perception. Moreover, the differences
between groups, should also be considered when targeting groups that are at risk because they
are less likely to evacuate or potentially do it when it is not required, and groups that decide to
evacuate when is not required.

Limitations

Some limitations of the present study must be recognized. We assessed risk perception in one
moment in time and therefore we cannot conclude there is a casual relationship between the
two main study variables [26]. We also used a limited number of items that focused on the pub-
lic perception of risks (10). However, the risk perception model used in this study has a long-
standing tradition [43, 52-55]. This approach asks participants to evaluate risks from a long list
of scenarios. In the present study, we use two questions to evaluate the social perception of risk,
and ask participants directly to evaluate the national population risk as consequence of (i) an
earthquake and (ii) a tsunami. Risk attributes as voluntariness, event frequency of occurrence,
severity of the consequences, familiarity, social degree of knowledge, dread and catastrophic
potential, among others, are important elements that influence the people’s risk judgments and
they should be considered in future studies.

Our results, however, are consistent with findings from previous studies focusing on hazard
proximity and risk perception, with studies have also measured risk perception with two items
[10]. The fact that we used measures that have been previously by other researchers in the field
and that most of our findings are consistent with previous studies, suggest that, despite these
limitations, our findings are useful to further understand the role of hazard proximity in risk
perception to natural hazards. Nevertheless, future studies could incorporate measures of risk
perception that include other dimensions, could allow to contribute to better understand the
role of hazard proximity in relation to risk perception.

Participants in the study were from a coastal city in Chile that may not be representative of
other individuals exposed to similar hazards in other places around the world. The fact that
the fault is near to the city and inhabitants have been exposed to these events previously makes
them a particularly interesting group to study: they may be well-aware of the hazard and
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recognize the risk. Differences in findings can be explained by the type of hazard studied, par-
ticularly the fact that tsunami risk zone maybe easier to identify as compared to others, and
this greater awareness [26].

Supporting information

S1 Dataset. Data set used in the research.
(XLSX)

Author Contributions

Conceptualization: Juan Pablo Arias, Nicolas C. Bronfman, Pamela C. Cisternas, Paula B.
Repetto.

Data curation: Juan Pablo Arias, Nicolds C. Bronfman, Pamela C. Cisternas, Paula B. Repetto.

Formal analysis: Juan Pablo Arias, Nicolas C. Bronfman, Pamela C. Cisternas, Paula B.
Repetto.

Funding acquisition: Nicolas C. Bronfman.
Investigation: Juan Pablo Arias, Pamela C. Cisternas.
Methodology: Juan Pablo Arias, Nicolas C. Bronfman.

Project administration: Juan Pablo Arias, Nicolas C. Bronfman, Pamela C. Cisternas, Paula B.
Repetto.

Resources: Nicolas C. Bronfman.

Software: Juan Pablo Arias.

Supervision: Nicolas C. Bronfman, Pamela C. Cisternas, Paula B. Repetto.

Validation: Juan Pablo Arias, Nicolas C. Bronfman, Pamela C. Cisternas, Paula B. Repetto.
Visualization: Juan Pablo Arias, Nicolds C. Bronfman, Pamela C. Cisternas, Paula B. Repetto.
Writing - original draft: Juan Pablo Arias, Nicolas C. Bronfman, Pamela C. Cisternas.

Writing - review & editing: Juan Pablo Arias, Nicolds C. Bronfman, Pamela C. Cisternas,
Paula B. Repetto.

References

1. CRED. Human Cost of Natural Disasters. A Global Perspective. Center for Research on the Epidemiol-
ogy of Disasters, 2015.

2. McGranahan G, Balk D, Anderson B. The rising tide: assessing the risks of climate change and human
settlements in low elevation coastal zones. Environment and urbanization. 2007; 19(1):17-37.

3. Grothmann T, Reusswig F. People at risk of flooding: why some residents take precautionary action
while others do not. Natural hazards. 2006; 38(1-2):101-20.

4. Wachinger G, Renn O, Begg C, Kuhlicke C. The risk perception paradox—Implications for governance
and communication of natural hazards. Risk analysis. 2013; 33(6):1049-65. https://doi.org/10.1111/j.
1539-6924.2012.01942.x PMID: 23278120

5. Wachinger G, Renn O, Bianchizza C, Coates T, De Marchi B, Domeénech L, et al. Risk perception and
natural hazards. WP3-Report of the CapHaz-Net Projekt URL: http://wwwcaphaz-netorg. 2010.

6. Miceli R, Sotgiu |, Settanni M. Disaster preparedness and perception of flood risk: A study in an alpine
valley in Italy. Journal of Environmental Psychology. 2008; 28(2):164—73.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186455 October 31, 2017 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186455.s001
https://doi.org/10.1111/j.1539-6924.2012.01942.x
https://doi.org/10.1111/j.1539-6924.2012.01942.x
http://www.ncbi.nlm.nih.gov/pubmed/23278120
http://wwwcaphaz-netorg
https://doi.org/10.1371/journal.pone.0186455

@° PLOS | ONE

Hazard proximity and risk perception of tsunamis in coastal cities

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Lindell MK, Perry RW. The protective action decision model: theoretical modifications and additional
evidence. Risk Analysis. 2012; 32(4):616-32. https://doi.org/10.1111/j.1539-6924.2011.01647.x PMID:
21689129

Johnston D, Paton D, Crawford GL, Ronan K, Houghton B, Biirgelt P. Measuring tsunami preparedness
in coastal Washington, United States. Developing Tsunami-Resilient Communities: Springer; 2005. p.
173-84.

Siegrist M, Gutscher H. Flooding risks: A comparison of lay people’s perceptions and expert’s assess-
ments in Switzerland. Risk Analysis. 2006; 26(4):971-9. https://doi.org/10.1111/j.1539-6924.2006.
00792.x PMID: 16948689

O’Neill E, Brereton F, Shahumyan H, Clinch JP. The Impact of Perceived Flood Exposure on Flood-
Risk Perception: The Role of Distance. Risk Analysis. 2016.

Maderthaner R, Guttmann G, Swaton E, Otway HJ. Effect of distance upon risk perception. Journal of
Applied Psychology. 1978; 63(3):380.

Williams BL, Brown S, Greenberg M, Kahn MA. Risk perception in context: The Savannah River site
stakeholder study. Risk Analysis. 1999; 19(6):1019-35. PMID: 10765444

Brody SD, Zahran S, Vedlitz A, Grover H. Examining the relationship between physical vulnerability and
public perceptions of global climate change in the United States. Environment and behavior. 2008; 40
(1):72-95.

Rogers GO. Residential proximity, perceived and acceptable risk. Low-Probability High-Consequence
Risk Analysis: Springer; 1984. p. 507—20.

Brody SD, Peck BM, Highfield WE. Examining localized patterns of air quality perception in Texas: a
spatial and statistical analysis. Risk Analysis. 2004; 24(6):1561-74. https://doi.org/10.1111/.0272-
4332.2004.00550.x PMID: 15660612

Gawande K, Jenkins-Smith H. Nuclear waste transport and residential property values: estimating the
effects of perceived risks. Journal of Environmental Economics and Management. 2001; 42(2):207-33.

Lindell MK, Earle TC. How close is close enough: Public perceptions of the risks of industrial facilities.
Risk Analysis. 1983; 3(4):245-53.

Brilly M, Polic M. Public perception of flood risks, flood forecasting and mitigation. Natural Hazards and
Earth System Science. 2005; 5(3):345-55.

Kellens W, Zaalberg R, Neutens T, Vanneuville W, De Maeyer P. An analysis of the public perception of
flood risk on the Belgian coast. Risk analysis. 2011; 31(7):1055-68. https://doi.org/10.1111/j.1539-
6924.2010.01571.x PMID: 21231949

Barberi F, Davis M, Isaia R, Nave R, Ricci T. Volcanic risk perception in the Vesuvius population. Jour-
nal of Volcanology and Geothermal Research. 2008; 172(3):244-58.

Lindell MK, Arlikatti S, Prater CS. Why people do what they do to protect against earthquake risk: Per-
ceptions of hazard adjustment attributes. Risk Analysis. 2009; 29(8):1072—-88. https://doi.org/10.1111/].
1539-6924.2009.01243.x PMID: 19508448

Lindell MK, Hwang SN. Households’ perceived personal risk and responses in a multihazard environ-
ment. Risk Analysis. 2008; 28(2):539-56. https://doi.org/10.1111/j.1539-6924.2008.01032.x PMID:
18419668

Arlikatti S, Lindell MK, Prater CS, Zhang Y. Risk area accuracy and hurricane evacuation expectations
of coastal residents. Environment and Behavior. 2006; 38(2):226—47.

Zhang Y, Hwang SN, Lindell MK. Hazard proximity or risk perception? Evaluating effects of natural and
technological hazards on housing values. Environment and Behavior. 2010; 42(5):597-624.

Bubeck P, Botzen WJ, Aerts JC. A review of risk perceptions and other factors that influence flood miti-
gation behavior. Risk Analysis. 2012; 32(9):1481-95. https://doi.org/10.1111/1.1539-6924.2011.017883.
x PMID: 22394258

Lindell MK. Personal Communication on “Hazard proximity and risk perception of tsunamis in coastal
cities: Are people able to identify their risk?". 2017.

Aranguiz R, Gonzalez G, Gonzalez J, Catalan PA, Cienfuegos R, Yagi Y, et al. The 16 September 2015
Chile tsunami from the post-tsunami survey and numerical modeling perspectives. Pure and Applied
Geophysics. 2016; 173(2):333—48.

Tomita T, Arikawa T, Takagawa T, Honda K, Chida Y, Sase K, et al. Results of Post-Field Survey on the
Mw 8.3 lllapel Earthquake Tsunamiin 2015. Coastal Engineering Journal. 2016.

Ho MC, Shaw D, Lin S, Chiu YC. How do disaster characteristics influence risk perception? Risk Analy-
sis. 2008; 28(3):635—-43. https://doi.org/10.1111/j.1539-6924.2008.01040.x PMID: 18643821

Botzen W, Aerts J, Van Den Bergh J. Dependence of flood risk perceptions on socioeconomic and
objective risk factors. Water Resources Research. 2009; 45(10).

PLOS ONE | https://doi.org/10.1371/journal.pone.0186455 October 31, 2017 12/13


https://doi.org/10.1111/j.1539-6924.2011.01647.x
http://www.ncbi.nlm.nih.gov/pubmed/21689129
https://doi.org/10.1111/j.1539-6924.2006.00792.x
https://doi.org/10.1111/j.1539-6924.2006.00792.x
http://www.ncbi.nlm.nih.gov/pubmed/16948689
http://www.ncbi.nlm.nih.gov/pubmed/10765444
https://doi.org/10.1111/j.0272-4332.2004.00550.x
https://doi.org/10.1111/j.0272-4332.2004.00550.x
http://www.ncbi.nlm.nih.gov/pubmed/15660612
https://doi.org/10.1111/j.1539-6924.2010.01571.x
https://doi.org/10.1111/j.1539-6924.2010.01571.x
http://www.ncbi.nlm.nih.gov/pubmed/21231949
https://doi.org/10.1111/j.1539-6924.2009.01243.x
https://doi.org/10.1111/j.1539-6924.2009.01243.x
http://www.ncbi.nlm.nih.gov/pubmed/19508448
https://doi.org/10.1111/j.1539-6924.2008.01032.x
http://www.ncbi.nlm.nih.gov/pubmed/18419668
https://doi.org/10.1111/j.1539-6924.2011.01783.x
https://doi.org/10.1111/j.1539-6924.2011.01783.x
http://www.ncbi.nlm.nih.gov/pubmed/22394258
https://doi.org/10.1111/j.1539-6924.2008.01040.x
http://www.ncbi.nlm.nih.gov/pubmed/18643821
https://doi.org/10.1371/journal.pone.0186455

@° PLOS | ONE

Hazard proximity and risk perception of tsunamis in coastal cities

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.
49.
50.

51.

52.

53.

54.

55.

Armas |. Earthquake risk perception in Bucharest, Romania. Risk Analysis. 2006; 26(5):1223-34.
https://doi.org/10.1111/j.1539-6924.2006.00810.x PMID: 17054527

Zaalberg R, Midden C, Meijnders A, McCalley T. Prevention, adaptation, and threat denial: Flooding
experiences in the Netherlands. Risk Analysis. 2009; 29(12):1759-78. https://doi.org/10.1111/j.1539-
6924.2009.01316.x PMID: 19919550

National Seismological Centre. Important and/or Destructive Earthquakes (1570 to date) 2016. Avail-
able from: http://www.sismologia.cl/.

Cisternas M, Atwater BF, Torrejon F, Sawai Y, Machuca G, Lagos M, et al. Predecessors of the giant
1960 Chile earthquake. Nature. 2005; 437(7057):404—7. hitps://doi.org/10.1038/nature03943 PMID:
16163355

Alvarez L. Proyeccion de la poblacion de Chile por sexo y grupos de edad 1960—-2000. 1966.

Barrientos S. Earthquakes in Chile. In: Moreno Teresa, Gibbons W, editors. The geology of Chile. Lon-
don: Geological Society of London, 2007; 2007. p. 263-87.

Kovach RL. Early earthquakes of the Americas: Cambridge University Press; 2004.

Lay T, Yue H, Brodsky EE, An C. The 1 April 2014 Iquique, Chile, Mw 8.1 earthquake rupture sequence.
Geophysical Research Letters. 2014; 41(11):3818-25.

Hayes GP, Herman MW, Barnhart WD, Furlong KP, Riquelme S, Benz HM, et al. Continuing mega-
thrust earthquake potential in Chile after the 2014 Iquique earthquake. Nature. 2014;advance online
publication. https://doi.org/10.1038/nature13677 PMID: 25119028

Bronfman NC, Cisternas PC, Lépez-Vazquez E, Cifuentes LA. Trust and risk perception of natural haz-
ards: implications for risk preparedness in Chile. Natural Hazards. 2015:1-21.

Siegrist M, Cvetkovich G. Perception of hazards: The role of social trust and knowledge. Risk analysis.
2000; 20(5):713-20. PMID: 11110217

Fischhoff B, Slovic P, Lichtenstein S, Read S, Combs B. How safe is safe enough? A psychometric
study of attitudes towards technological risks and benefits. Policy sciences. 1978; 9(2):127-52.

Bronfman NC, Cifuentes LA. Risk perception in a developing country: the case of Chile. Risk Analysis.
20083; 23(6):1271-85. PMID: 14641900

Dillon RL, Tinsley CH, Burns WJ. Near-Misses and Future Disaster Preparedness. Risk analysis. 2014;
34(10):1907-22. https://doi.org/10.1111/risa.12209 PMID: 24773610

Slovic P. The perception of risk: Routledge; 2016.

Esteban M, Tsimopoulou V, Mikami T, Yun N, Suppasri A, Shibayama T. Recent tsunamis events and
preparedness: Development of tsunami awareness in Indonesia, Chile and Japan. International Journal
of Disaster Risk Reduction. 2013; 5:84-97.

Lagos M, Fritz HM, editors. Field survey of the 16 September 2015 Chile tsunami. EGU General
Assembly Conference Abstracts; 2016.

ONEMI. Recommendations for preparedness and response to tsunamis. Chile: 2014.
Myles D. The great waves: McGraw-Hill Companies; 1985.

Lander JF, Whiteside LS, Lockridge PA. Two Decades of Global Tsunamis. Science of Tsunami Haz-
ards. 2003; 21(1):3.

Al-Rousan TM, Rubenstein LM, Wallace RB. Preparedness for natural disasters among older US
adults: a nationwide survey. American journal of public health. 2014; 104(3):506—11. https://doi.org/10.
2105/AJPH.2013.301559 PMID: 24432877

Fischhoff B, Slovic P, Lichtenstein S. Lay Foibles and Expert Fables in Judgments About Risk. The
American Statistician. 1982; 36(3):240-55.

Siegrist M. The Influence of Trust and Perceptions of Risks and Benefits on the Acceptance of Gene
Technology. Risk Analysis. 2000; 20(2):195-203. PMID: 10859780

Siegrist M, Cvetkovich GT. Perception of Hazards: The Role of Social Trust and Knowledge. Risk Anal-
ysis. 2000; 20(5):713-9. PMID: 11110217

Slovic P. Perception of Risk. Science. 1987; 236:280-5. PMID: 3563507

PLOS ONE | https://doi.org/10.1371/journal.pone.0186455 October 31, 2017 13/13


https://doi.org/10.1111/j.1539-6924.2006.00810.x
http://www.ncbi.nlm.nih.gov/pubmed/17054527
https://doi.org/10.1111/j.1539-6924.2009.01316.x
https://doi.org/10.1111/j.1539-6924.2009.01316.x
http://www.ncbi.nlm.nih.gov/pubmed/19919550
http://www.sismologia.cl/
https://doi.org/10.1038/nature03943
http://www.ncbi.nlm.nih.gov/pubmed/16163355
https://doi.org/10.1038/nature13677
http://www.ncbi.nlm.nih.gov/pubmed/25119028
http://www.ncbi.nlm.nih.gov/pubmed/11110217
http://www.ncbi.nlm.nih.gov/pubmed/14641900
https://doi.org/10.1111/risa.12209
http://www.ncbi.nlm.nih.gov/pubmed/24773610
https://doi.org/10.2105/AJPH.2013.301559
https://doi.org/10.2105/AJPH.2013.301559
http://www.ncbi.nlm.nih.gov/pubmed/24432877
http://www.ncbi.nlm.nih.gov/pubmed/10859780
http://www.ncbi.nlm.nih.gov/pubmed/11110217
http://www.ncbi.nlm.nih.gov/pubmed/3563507
https://doi.org/10.1371/journal.pone.0186455

