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Abstract

Background: In risk-prone areas, measuring risk representation can help implementing communication and

disclosing information among the population, in order to increase individual initiatives to protect themselves and
their properties or to provide a better knowledge of the appropriate measures to be adopted during or after a
disaster. The perceived legitimacy of authorities disclosing information is a key issue in individuals' beliefs. Then, to
compel the population to follow the authorities’ recommendations and to adopt the suitable behaviour in case of
a disaster, the information needs to be targeted, in order to take into account (a) the individuals’ representation of
the risk they incur and (b) the level of legitimacy received from the authorities in charge of risk management.
Consequently, the question of the modalities to qualify the relations between information and representation and
risk management arises?

Results: To solve this issue at the foot of El Misti Volcano (Arequipa, Peru), we conducted surveys in lahars (debris
flows on and from volcanic slopes)-prone areas and unexposed ones. The methodology is based on self-
administrated questionnaires (N = 209). The results show that respondents endow legitimacy in risk reduction
(more than 70%) to a national authority (Defensa Civil) in charge of the management of risk in the city of Arequipa.
More than 64% of the respondents consider that they are not sufficiently informed on the behaviours to adopt in

vulnerability (50%).

manage risk.

case of a disaster. It leads to a weak implication of the respondents in the adoption of individual initiatives to
protect themselves (23%) and to important expectations towards authorities’ actions in decreasing their

Conclusion: Such results are relevant to other context as mentioned in the literature: knowing the nature of the
link between self-protection, prevention policies and national regulation is essential to decide the best way to

Keywords: Risk representation, Information, Communication, Risk management, Surveys

Background

The literature abounds in studies questioning the represen-
tation of population exposed to natural hazard (Grothmann
and Reusswig 2006; Joffe 2003; Paton et al., 2000; Perry and
Lindell 2008; Renn 2004; Sjoberg 2000; Slovic et al. 2004;
Slovic and Peters 2006; Wachinger et al. 2013; November
and Leanza 2016). This literature also assumes that pre-
ventive information campaigns impacts on the individuals’
behaviours exposed to hazards, whether they are natural or
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technological (Brilly and Polic 2005; Lowrey et al. 2007;
Weinstein 1989). These studies conclude that informing
the population of the risk they are exposed to should
contribute to increase adoption of protection measures, to
reduce the potential damages of disasters and should help
to make the risks more acceptable for the society. In the
case of natural hazards, the literature highlights that a link
exists between preventive information and the behaviour of
individuals during a crisis, even if the nature of this relation
is constantly questioned (Brilly and Polic 2005; Cutter et
al,, 2003; Lindell and Barnes 1989). This study pursues an
in-depth reflection on this issue, by focusing on the part of
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risk representation and the legitimacy of its management in
individuals’ behaviours.

For mud-flood prone areas, Heitz et al. (2009) have
proven that information campaigns are useful to explain
the processes of formation of a risk to the population.
They have shown that (1) knowing the formation about
the risk contributes to decrease the level of threat per-
ceived by the individuals and (2) providing information
can help increasing the implementation of individuals’
protections and the modification of behaviours decided
by the individuals. In their study on floods risks in
Germany, Bubeck et al. (2012a, b) show that information
can also encourage individuals to protect their private
proprieties and modify their point of view on safety
measures they can be implemented at the individual
scale. Regarding this point, information could directly
improve the adoption of appropriate behaviours in case of
a disaster. But, Slovic (1986) shows that risk information
may frighten the population by giving a lot of recommen-
dations to individuals who are not necessarily in demand.
Information on the damages can also “create extreme
negative reactions in people because of the difficulty of
appreciating the improbability of such extreme but
imaginable consequences”. The distinction between what
is possible and what is probable represents the major issue.
This author concludes that to have efficient information
policies, the subjective judgements and representations of
individuals have to be taken into account. The main issue
is then to adapt the way information is provided to the
population.

From this point of view, the perceived legitimacy of
authorities disclosing information is another key issue in
the adoption of the adapted risk behaviours by individuals
(Ballantyne et al. 2000; Dahlstrom et al., 2012). Then, to
compel the population to follow the authorities’ recom-
mendations and to adopt the appropriate behaviours in
case of a disaster, the information should take into
account the level of legitimacy they get for the authorities
in charge of risk management (Cvetkovich 1999). The
methods used in Social Sciences can then be useful in the
understanding of behaviours and practices (Barberi et al.
2008; Bickerstaff 2004; Brilly and Polic 2005; Drori and
Yuchtman-Yaar 2002; Drottz-Sjoberg 1993; Finlay and Fell
1997). They can be adapted to understand the attitudes
for populations exposed to a major risk such as lahars. As
other natural hazards such as volcanic eruptions, the con-
sequences of lahars are unpredictable and are important
both on the population and the infrastructures (Vargas
Franco et al. 2010). In this context, the present contribu-
tion focuses on the assessment of subjective judgement of
individuals (living in risk-prone areas) on natural hazards
and disaster, in order to answer the main question: how
can we qualify the link between representation, information
and behaviours? Three hypotheses will be tested: (1) the
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lahars are a major issue for the population of Arequipa: this
hypothesis will express the social representation of the
lahars and compare this risk to other social issues; (2)
the level of information on lahars (exposure, consequences
and prevention) is linked to confidence and trust in the
authorities that disclose this information: this hypothesis
will test the strength of the relation between legitimacy in
disclosing information and risk representation and the dif-
ference of legitimacy to different local/national authorities
according to the individuals’ socio-economic characteristics
or to the precise knowledge of their missions in risk
management; (3) the individuals who have been affected
to lahars are more aware of their level of exposure and of
the severity of lahars than those who did not experienced
a lahar: this hypothesis will test the relation between
experience and risk perception.

To answer these hypotheses, we analyse data gathered
during surveys conducted in Arequipa (Peru). The meth-
odology is based on 209 self-administrated questionnaires
conducted in risk-prone areas and unexposed ones.

The local context of the city of Arequipa: A lahars
risk-prone area

The city of Arequipa (South Peru) is located on the foot
of El Misti volcano. The eruptive history of El Misti
volcano has been studied by several authors (Bullard
1962; De Silva and Francis 1990; Thouret et al., 1999, b;
Thouret et al. 2001; Thouret et al. 1995; Thouret et al.,
1999, b; Pallares et al. 2015; Martelli 2011). Thouret et al.
(2001) and De Silva and Francis (1990) confirm that “... the
El Misti volcano is one of the seven [potentially] active
volcanoes of the Central Andean volcanic zone of south
Peru”. Thouret et al. (1995) recount the history of Arequipa
and its volcanic activity showing that the eruptive activity
at El Misti represents a threat for the 750,000 inhabitants
of Arequipa (Fig. 1). They estimate that at least 220,000
people in the surroundings of the city of Arequipa live at
risk from pyroclastic flows, lahars and hyperconcentrated
flash floods. Martelli (2011) summarized all lahars and flash
foods events that occurred in Arequipa: between 1967 and
2001, 8 events have been identified. The last one occurred
on March 2001 and caused floods (including significant
debris), destroyed homes, roadways and bridges (Martelli
2011). Nagata (1999) proposed also a complete analysis of
all the hyperconcentrated flash floods which occurred in
Arequipa from the seventeenth Century until 1997. Lahars
are “...a rapidly flowing mixture of rock debris and water
(other than normal streamflow) from a volcano” (Smith
and Fritz 1989). Lahars occur on and from volcanic slopes
by incorporation of water, often after heavy rain events. As
these sediment-laden flows can reach the lower slopes and
valleys surrounding volcanoes, important damages occur in
the cities located downslope.
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EL MISTI HAZARD-ZONE MAP AND THE CITY OF AREQUIPA WITH PRINCIPAL ASSETS
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Fig. 1 Location of the surveyed neighbourhoods in Arequipa on the hazard zone map (modified from Vargas Franco et al. 2010). In red, the
neighbourhoods exposed to lahars/in blue, the neighbourhoods not exposed to lahars. Notes of caution: The entire area enclosed in the map is liable
to tephra fall a few centimeters thick in case of Plinian eruptions, The map integrates seasonal variations of prevailing winds. The distribution of tephra
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Knowing the vulnerability of the population exposed
to lahar risks is one of the key issues in the decrease of the
related damages, even if very few studies have focused on
this point yet. Vargas Franco et al. (2010) gathered informa-
tion on roads and bridges during their study on volcanic
risk and mapping. Their preliminary observations show
that “... these infrastructures are not only vulnerable to
lahars, but in some cases, they can also contribute to
increase the hazard levels due to the type of their de-
sign”. The authors insist on the fact that the protections
implemented on the slopes’ rivers allowing to decrease the
velocity of the lahars can also leads to produce other risks,
such as floods or overflows in the surroundings by their
inappropriate design. A complete study of the vulnerability
in Arequipa has also be done by Martelli (2011).

Methods

To have a detailed knowledge of the individuals’ repre-
sentation of lahars risk, we set up a protocol of surveys
based on questionnaires. Using questionnaire is com-
mon and proven method in risk representation studies
(Smerecnik et al. 2012). The literature shows that having a
better understanding of the risk representation of the
population located in the risk-prone areas can be useful to
determine the viability and the efficiency of a risk specific
management (Bubeck et al, 2012, b; Cutter et al., 2000).
The questionnaires can then help us gathering data on
representation in the local context of Arequipa and to test
if that kind of knowledge could useful to understand the
observed behaviours and the risk management policies.

Implementing questionnaires to understand the risk
representation

The use of questionnaires was motivated by the necessity
(1) to understand the participants’ representations (defined
by Moscovici as “systems of values, ideas and practices
with a two-fold function; first, to establish an order which
will enable individuals to orientate themselves in their
material and social world and to master it; secondly, to
enable communication to take place amongst members of
a community by providing them with a code for social
exchange and a code for naming and classifying unambigu-
ously the various aspects of their world and their individual
and group history” (in Wagner et al. 1999) and (2) to find
the explanatory factors of these representations by data-
crossing between the social indicators and the questioned
behaviours (Rohrmann 2002). Questioning the individuals’
practices allows us to analyse the intrinsic relations between
a system of ranking of the individuals habits (dealing with
the preferences in their daily behaviours), their social condi-
tions (the social class, for example) and the distance to a
source of risk (risk location and spatialisation by using its
metric nearness, for instance (Bickerstaff and Walker 2001;
Birkmann 2007; Blaikie et al. 1994; Brenot et al, 1998;
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Brody et al, 2004; Paton et al. 2008; Rayner 1992; Renn
2004). Studying the behaviours introduces then the analyses
of the “objective” sense that individuals give to their behav-
iours and habits by crossing them with social characteristics
and data on the way individuals develop and involve a
specific attitude. This approach leads then to distinguishing
the “real” objects from the “built” objects according
to the interests that the situation presents for the in-
dividuals (Slovic 2000; Slovic and Peters 2006; Weber and
Hsee 2000).

In this context, the questionnaire used is based on a
literature review of previous studies on risk perception
(Barberi et al. 2008; Carlino et al, 2008; Haynes et al.,
2008; Nathan 2009) and a detailed socio-economic analysis
of the local context done in the framework of the Laharisks
Program (Enjolras et al. 2012; Thouret et al. 2013). It
allows us to choose the most relevant formulations
adapted to the local context and cross our results with
studies implemented in other social and cultural contexts
to test their validity.

The objective of the questionnaire is to collect data to
identify direct indicators (the personal feelings on social
issues, for instance) and indirect ones (the socio-economic
status of the respondents) which will directly influence the
representation and the associated behaviours of individuals
living close to lahars risk prone areas.

The questionnaire is organized around three main
themes: the starting point is a general approach of the
way surveyed people rank social issues (9 questions).
Then, we focus our questions on natural hazards (issues,
knowledge and known consequences) to end with lahars
risk (10 questions). Socio-economic characteristics for
each individual are also specified (living condition, salaries,
profession - 6 questions).

The surveys take place in the following way. All the
citizens of the 13 selected neighbourhoods of Arequipa
have been informed of the survey (date and time of the
survey) by the local councillor and have been called to
participate on a voluntary basis. Groups of individuals
(16 to 28 persons according to the sessions) have been
constituted at the moment of the survey and have been
invited in a public place where the whole survey is
followed. All the respondents are identified by a code
and are informed that their participation is anonymous.
To fill in the questionnaire, the respondents have been
helped (face to face) by local researchers.

Population surveyed

The population surveyed in this study was chosen in
regard with their exposure to lahars (Fig. 1). 209 individuals
(in 13 neighbourhoods of Arequipa) were surveyed in July
2010: 145 in lahars risk-prone areas and 64 in unexposed
ones. In detail, the sampling counts 33% of men and 67%
of women, which is not representative of the Peruvian
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population (49% women and 52% men — INEI 2013). The
majority of the sampling is owner (76%) and lives with their
family (89% - parents, children, grandparents or uncles/
aunts). At the national level, the percentage of owner is
72%: our sampling is close to the national level (Instituto
Nacionale de Estadistica E Informatica (INEI) 2013). The
level of education is very low: only 40% of the respondents
declare that they were at school (1st and 2nd degree) and
30% of the sample does not work at the moment of the
survey. The census in Arequipa counts that 42% of the
inhabitants have been at school until the 2nd degree and
30% of the population is inactive. The mean salary is less
than 300 Soles per month for 40% of the sampled popula-
tion, which reveals an extreme poverty of the respondents
(the mean salary is 1435 Soles per month (Instituto
Nacionale de Estadistica E Informatica (INEI) 2013).

Results and discussion: Relations between risk,
social concerns, experience and representation
We focus our results on our three main hypotheses: (1)
the lahars are a major issue for the population of Arequipa;
(2) the level of information on lahars (exposure, conse-
quences and prevention) is linked to confidence and trust
in the authorities that disclose this information; (3) the
individuals who have been affected to lahars are more
aware of their level of exposure and of the severity of
lahars than those who did not experienced a lahar. All our
results have been analysed using statistics test such as the
Chi” test and Fisher test to measure the strength of our
analyses. The first results deal with the position of lahars
risk among other risks and concerns. Then, we analyse the
place of risk prevention, information and confidence in
the implementation of preventive measures and finally,
we question the place of the experience in the risk
representation.
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The lahars compared to main social issues and other kind
of natural hazards

Our results show that the respondents estimate that natural
hazards are more important that the corruption and the
fact of living with less than 5 Soles per day (Fig. 2). First of
all, this ranking can be explained by an awareness of a
corruptive system that is daily mentioned in the national
and local newspapers and against which the population
cannot fight. The neighbourhood of residence is highly sig-
nificant in this result: the inhabitants of San Martin located
on the East part of Arequipa are those who think the most
that natural hazards are more important than living with
less than of 5 Soles per day [Chi? (55,15); p =.01; df = 34].
This neighbourhood is located in one of the valley
(quebradas) which suffer the most of lahars. Despite
the fact that corruption is less important than natural
hazards, urban insecurity and urban violence (designed
as “Violence”) are perceived as very important. The level
of education is highly significant in this result: individuals
who think that the violence is more important than lahars
have been at school until the first degree (Primaria). On
the contrary, the individuals with a higher level of educa-
tion (University degree) think that an exposure to lahars is
more important [Chi® (16,41); p =.04; df=8]. It is worth
mentioning that the population with a high level of educa-
tion is not exposed to the same level of violence, because
of their living condition and social status. Providing a
good healthcare system, good sanitary conditions and a
good education system to children are also considered as
more important than exposure to lahars risk. Looking for
a distinction between exposed and unexposed areas, we
split our sampling in two groups (red and blue areas in
Fig.1): the results show that there are some exposure
effects in the ranking of environmental issues among
other social concerns. The individuals living in areas at
risk (in red - Fig. 1) are those who think the most that
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Fig. 2 Classification of the answers to the question: “Can you indicate the importance (more or less important) that you lend to these social
concerns in comparison with risks such as lahars, earthquakes, volcanic eruption?”
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providing a good education system is more important
than the exposure to lahars [F (4,16); p < .0I]. In the same
way, the individuals who think that corruption is more
important than lahars are those living in the neighbourhood
of Nicolas de Pierola one of the most exposed area to lahars
in the region [Chi® (51,26); p =.03; df = 34]. This distinction
is also true for the health risk. The inhabitants of Nuevo
Israel, one of the poorest municipality of Arequipa, think
most that the exposure to lahars is less important than
health issues [Chi* = (67,95); p = <.01; df = 34].

Others social characteristics are significant in this
evaluation of lahars risk: individuals who have experi-
enced once a time lahars estimate that this exposure is
less important than the other social issues we proposed
[Chi® = (6,06); p=.05; df=2]. In the same way, having
children is highly significant: inhabitants having at least
one child estimate that lahar risk is less important than all
the other social issues together [Chi® = (17,17); p = <.01;
df = 2]. More precisely, providing a good education system
is more important than the exposure to lahars risk for
them [Chi® = (7,29); p =.03; df = 2].

The type of habitation is also a significant factor. For
instance, the owners think more than the tenants or
those living in their family that the exposure to health
risk is more important than lahars [Chi® = (10,10); p =.04%;
df=4]. This result could be explained by the economic
load that represents the credit purchase for a house.

Focusing on natural hazards, volcanic eruption is the
most often indicated (Fig. 3), followed by earthquakes and
lahars and the consequences of drought in third position. It
is worth mentioning that respondents spontaneously quote
the volcanic eruptions. They live close to the El Misti
volcano, which is clearly visible in the surroundings of the
surveyed people: Moreover, the Civil Protection (Defensa
Civil) managed some emergency exercises among the
communities since the 1980’s to adapt the individuals’
behaviours in case of a volcanic eruption. Information
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to children is directly provided at schools or by using
internet (http://www.indeci.gob.pe or http://www.ingemmet.
gob.pe for access to educational supports). Many leaflets of
prevention and information are delivered in the concerned
municipalities, pointing out the security instructions in case
of volcanic risk and seismic risk (quoted in 2nd position in
Fig. 3). Seismic risk is also a reality felt daily by the popula-
tion explaining their awareness to this kind of risk (daily
tremors are recorded in the Arequipa surroundings). Lahars
risk is quoted in third position as well as the consequences
of drought. The importance of the earthquakes and the
proximity of the El Misti volcano in the region get the upper
hand on all the others environmental issues. The fact that
the lahars are quoted in third position shows all the same
that their occurrences represent a real risk for the popula-
tion. The place where the inhabitants are living is highly
significant in this classification: the inhabitants of Alto Selva
Alegre (Fig. 1) are those who quote the most the volcanic
risk in first position. The inhabitants of Nuevo Israel are
those quoting the most the lahars in first position and for
the volcanic risk, the inhabitants of Carmen Alto (not
exposed to lahars — Fig. 1) are those quoting the most this
risk in first position [Chi® = (158,15); p = <.01; df = 85].

In this classification, personal experience is also a
major factor: inhabitants who have experienced a lahar
are those who quote this risk in first. Inhabitants who
declare not having experienced a lahar, will quote the
seismic risk in first position [Chi® = (23,26); p = <.01;
df = 5]. The level of education explains also this classifi-
cation. Our results show that the inhabitants with a high
level of education (University degree) will quote the
volcanic risk in first position and those having a lower
level of education (first degree — Primaria) will quote
the lahars risk in first [Chi* = (42,94); p = <.01; df = 20].
This result can easily be explained by the repartition of
the population in the city of Arequipa: the people with a
low level of education are mainly living in the valleys
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Fig. 3 Ranking of the first 3 answers to the question: “Can you rank these natural hazards from the more important to the less important for you?”
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(quebradas) contrary to the population with a higher
level of education. Last point, having children influence
the ranking: inhabitants with children will mostly rank
the volcanic risk in first position. Those who declare
not having any child, rank the dough in first position
[Chi® = (15,29); p=<.01; df=5]. This result can be
explained by all the information that is disclosed to children
at school to inform on seismic risk exposure.

How can we influence the implementation of preventive
measures? Trust, information and confidence

The results show that respondents endow legitimacy in
risk reduction (61%) to the Civil Protection (Defensa Civil)
in charge of the management of risk in the city (Fig. 4)
followed by the local authorities (18%) and the media
(10%). The inhabitants with a high level of education (Uni-
versity degree) are those who endow the more legitimacy
to the Civil Protection. On the contrary, inhabitant with a
lower level of education (1st degree) will estimate that the
local authorities are legitimate in risk prevention policies
[Chi® = (92,77); p =<.01; df=20]. Although the Defensa
Civil provides information and get involved in the forma-
tion of the population in case of natural hazards, 65% of
the respondents (N =209) consider that they are not suffi-
ciently informed on the behaviours to adopt in case of a
disaster. Women estimate more than men that they are
not enough informed on lahars risks [Chi? = (12,66);
p = <.01; df = 1]. More precisely, when we asked what kind
of solution could be implemented to decrease the damages
due to natural disasters, the respondents mentioned (50%) a
better communication by using prevention and information
campaigns for the inhabitants in risk prone areas (Fig. 5).
The second point would be a better legislation dealing with
the urban planning regulation (22%). In our sampling, three
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main parameters are influencing this result: first, the experi-
ence. Inhabitants who have been affected by a lahars,
estimate more than the others that it is important to protect
the urban areas [Chi® = (20,47); p =.03; df = 10]. Secondly:
the level of education. The inhabitants with a high degree of
education (University degree) think more than the others
that it is necessary to implement information and preven-
tion campaigns on lahars risk exposure. The inhabitants
with a lower level of education think that the first solution
is to protect the urban areas exposed to this kind of risk
[Chi® = (34,61); p=<.0I; df=8]. Third parameter: the
inhabitants who have children think more than the
others that the first action is to protect the exposed
areas [Chi® = (10,45); p = <.01; df = 2].

To understand all these results, we have to specify
that, in the risk prone areas, plots are not subject to
homeownership and the poorest part of the population
can live in these vulnerable areas without any control. It
leads to important expectations towards authorities’ action
in decreasing their vulnerability (59% - Fig 6) and to a weak
implication of the respondents in the adoption of individual
initiatives to protect themselves (24% - Fig. 6).

The prevailing part of experienced events in the level of
risk perception

From the sample, 40% of the surveyed population has
experienced a lahar at least one time in their life (60%
did not). By asking each individual to estimate on a 0 to
10 points scale the level of threat that represents a lahar,
we analyse the importance of the experience on the level
of risk representation. For these analyses, we focus our
sampling on the people living in exposed areas. The lahars
represent a threat estimated to p = 6,5/10 (0=2,9) for

Fig. 4 Answer to the question: “Which authority do you trust in for the information on the lahars you receive?” (N = 209)

~

M Local authorities

M Scientists

i Civil Protection

M Regional authorities
M Other

M Medias
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M To protect the urban areas when it is technically and

Fig. 5 Answer to the question: “To better cope with the risk of lahars, we have to ...?" (N = 209)

campaigns

prone areas

financially possible

individuals living in exposed areas but who have not expe-
rienced a lahar in their lives (Fig. 7).

By comparing these results to those of individuals who
have experienced lahars (Fig. 8), we can underline that
the mean is higher (u=7,8; 0=2,2). This result is not
surprising: people have suffered from damages due to
lahars and then they link their feeling of threat to their
experience. Our results show that: (1) there is a high
significant strength between the level of threat and the
living area: the inhabitants of Solidaredad perceive a high
level of threat, contrary to those living in Sachaca [F = (2,10);
p =.06]; (2) experience of lahars is a strong predictor of a
high perception of threat [F = (9,87); p = < .01].

We test the link between the experience of a lahar and
the protection measures individuals could implement
(Fig. 9). We have split the sampling into 2 groups between
the inhabitants who suffered from damages due to lahars
and those who did not. Individuals who have never been
exposed to a lahar think that we cannot do anything or
that the local authorities are in charge of their protection
(respectively 69% and 62%). People who have experienced
at least one lahar in their life think that they could

implement better individuals’ protections measures to de-
crease the damages they could suffer in the future
(53%). We can see that the experience can impact the
representation of their own responsibility regarding to
their level of protection or their will to implement such
measures. This result is interesting because it reveals
the level of responsibility individuals can perceive after a
lahar event and national authorities in charge of the risk
management could pay attention to this in order to imple-
ment better information campaigns after a disaster.

Conclusion

This study assessed the role of risk representation in the
risk behaviours’ characteristics, and the present work has
tested three main hypotheses.

(1) The lahars are a major issue for the population of
Arequipa. Our results show that the environmental
issues are not significantly quoted by individuals
among other social concerns. Indeed the population
of Arequipa seems more concerned by issues as
providing a good healthcare system, a good education

Fig. 6 Answer to the question: “Here are several suggestions. Which is the one that is closest to your opinion about lahars?” (N = 209)

M No answer

M The individuals should protect themselves

i The local authorities should control the land

use planning to protect the population

i We can make nothing to it
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Nb. of observations 72
Minimum 0
Maximum 10
Median 7.130
Mean 6.55
Variance (n-1) 8.62
Std-deviation (n-1) 2.94

Fig. 7 Answer to the question: “On this scale, you can set the level of threat that the risks of lahars represent to you?” (0 =no threat, 10 =a great

threat)/Inexperienced people in risk prone areas (n=72)

Level of threat
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system or a high level of security in the city. This kind
of result is common in risk representation studies
mainly in European countries as mentioned in Dietz et
al. (2002) and Duflos and Hatchuel (2004). People are
more concerned by every day issues and the last big
lahars event was in 2001 (9 years before our survey).
People don't carry on the memory of past events, as
shown in other studies on memory and risk exposure
(Tidball et al. 2010; Dominey-Howes and Minos-
Minopoulos 2004). It seems that the proximity to a
source of risk can slightly influence this representation.
Indeed, our results show that the proximity of El Misti
volcano influence the ranking of natural hazards:
Zonabend (1989) analyses also that the fact that indi-
viduals can see the risk source can increase their repre-
sentation of this risk. Added to the proximity of the
risk source, the experience (in our case of lahars) is
also a maj Cohen et al., 2008 or predictor of high risk
awareness in comparison with other social issues.
Other studies prove also that the experience is essen-
tial in risk representation

(; Grothmann and Reusswig 2006; Zhai et al. 2006).

(2) The level of information on lahars (exposure,

consequences and prevention) is linked to
confidence and trust in the authorities that disclose
this information. In Arequipa, the legitimacy to
inform on lahars risk is given by the individuals to
national authorities and to Civil Protection. As in
other studies, the national level is mainly quoted as a
trustful stakeholder (Bradbury et al., 1999;
Cvetkovich 1999; Earle and Cvetkovich 1999). In our
study, no socio-economic characteristics are highly
significant to clarify if there is a link between a level
of education, conditions of living or a good know-
ledge of the missions of authorities in charge of risk
management to explain why individuals provide le-
gitimacy to one specific stakeholder. To go further in
this analyze, we should question the individuals on
their main representative on risk issues.

(3) The individuals who have been affected to lahars are

more aware of their level of exposure and of the
severity of lahars than those who did not
experienced a lahar The experience takes a
prevailing part in the implementation of individuals’

Nb. of observations 72
Minimum 0
Maximum 10
Median 6.95
Mean 7.87
Variance (n-1) 5.08
Std-deviation (n-1) 2.25

Fig. 8 Answer to the question: “On this scale, you can set the level of threat that the risks of lahars represent to you?” (0= no threat, 10=a great

threat)/Experienced people in risk prone areas (n=72)

Level of threat
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9
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60%

50%

40%

30%

® Experience

20%

M No experience

10%

0%

The population The local
should better
protect itself control the land
use planning to
protect the

population

Fig. 9 Answer to the question: “Here are several suggestions. Which is the one that is closest to your opinion about lahars?” (experience in lahars
N=282/ no experience in lahars N = 118 — all areas) - [Chi® = (5,44); p=.14;df=3]

We can’t do
authorities should anything about it

No answer

protection measures. The inhabitants who were
affected by lahars show a higher level of risk
perception (threat) than other inhabitants. Heitz et
al. (2009) show similar results for muddy floods but,
as in this case study, the differences are not highly
significant. The proximity of the respondents to
individuals who have experienced lahars and declared
damages can explain the high mean of perceived
threat by inhabitants who were not affected. The
“neighbourhood” effect explains that some individuals
are afraid by a risk even if they are not directly
concerned but just by seeing the damaged effects.

This work sets on some grounds for thoughts. Concern-
ing the sampling method for the respondents’ selection:
we based our discrimination between areas characterized
by various exposures to risk. These slight differences did
not appear in our sample. To the same degree, it is impos-
sible to spatialize perception data in reason of the limited
number of respondents for each area (between 16 and 24
respondents by community) as well as in reason of the
experimentation method (face to face in the same room).
This distinction between the areas we proposed in the
present study remains, by then, rather summary and do
not allow to take in account social and cultural aspects
inherent to each community that might play a role on the
risk representations. Concerning the methodology, we can
feature the current debate on the use of questionnaires
to characterize behaviours. Indeed, the first hiatus lays
in the technique itself: are we assured that the well
thought out questions expressed by the researcher is
caught (understood) in the same way by the respondent?
This uncertainty leads to a repositioning of the debate on

the validity of the data collected using a declarative method
(even if validation techniques in the survey are able to
reduce the noise due to these lacks of understanding and
to control the coherence of the respondents). The second
methodological hiatus is related to the relation that we
establish between an answer to a question and a “real” or
“observed” behaviour. This link is largely debated in the
literature highlighting the fact that all statements don’t
reflect real behaviours.

Finally, scientific perspectives can be highlighted. Among
others, we need to pursue our work to better understand
the impact of the preventive information on the behaviours
observed when a disaster occurs. One of this work’s pros-
pects corresponds to the joint application of two method-
ologies to evaluate risk perception. The present survey has
been conducted in the framework of an interdisciplinary
work realized with experimentalist economists (Bchir and
Willinger 2013; Heitz et al.,, 2012). The purpose is to link
declarative data collected though questionnaires, to re-
vealed measurements obtained thanks to the experimental
protocols. The use of these two methods would allow re-
ducing biases due to the subjectivity of the answers col-
lected with the questionnaires, by an inspection based on
individuals’ behaviours during experimental phases.
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