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a b s t r a c t
The Campi Flegrei which includes part of the city of Naples, is an active volcanic system; its last eruption occurred in 1538 AD. More recently two signiﬁcant crises occurred between 1969 and 72 and 1982–84 and
were accompanied by ground movements (bradyseism) and seismic activity, forcing people of the town of
Pozzuoli to be evacuated. Since 1984 development of a volcanic emergency plan has been underway. In
2000 Civil Protection published a risk map which deﬁned the Red Zone, an area highly at risk from pyroclastic
ﬂows, which would need to be evacuated before an eruption. The ﬁrst study to evaluate the volcanic risk perceptions of the people living within the Campi Flegrei area was completed in spring 2006, resulting in the
largest sample ever studied on this topic except for one on Vesuvio area residents by Barberi et al. (2008).
A 46 item questionnaire was distributed to 2000 of the approximately 300,000 residents of the Campi Flegrei
Red Zone, which includes three towns and four neighborhoods within the city of Naples. A total of 1161 questionnaires were returned, for an overall response rate of 58%. Surveys were distributed to junior high and
high school students, as well as to adult members of the general population. Results indicated that unlike issues such as crime, trafﬁc, trash, and unemployment, volcanic hazards are not spontaneously mentioned as a
major problem facing their community. However, when asked speciﬁc questions about volcanic risks, respondents believe that an eruption is likely and could have serious consequences for themselves and their communities and they are quite worried about the threat.
Considering the events of 1969–72 and 1982–84, it was not surprising that respondents indicated earthquakes and ground deformations as more serious threats than eruptive phenomena. Of signiﬁcant importance is that only 17% of the sample knows about the existence of the Emergency Plan, announced in 2001,
and 65% said that they have not received enough information about the possible effects of an eruption. In
addition, residents' sense of community was signiﬁcantly positively correlated with both conﬁdence in local
authorities and Civil Protection as well as residents' feelings of self efﬁcacy regarding their ability to protect
themselves from a potential eruption. These results indicate that most residents of Campi Flegrei, while aware
of the volcanic threat posed by Vesuvio, are not familiar with more local volcanic hazards in their area. This,
coupled with little knowledge about the Emergency Plan and the very low level of information residents have
about the effects of a possible eruption, suggests that authorities, in collaboration with the scientiﬁc community,
should direct their efforts to better educate and inform the population about volcanic hazards and the Emergency
Plan, and that such efforts could be facilitated by trying to encourage stronger community bonds.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
The Campi Flegrei (CF), located in the Western sector of the Neapolitan area, is well known for the occurrence of phenomena related
to volcanic activity since ancient times when these events were
interpreted as super-natural occurrences and the site was viewed as
an entrance to the underworld. The last eruption occurred in 1538
AD at Monte Nuovo, and diffuse gas emissions, the presence of hot
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thermal waters, and bradyseism (ground uplift, associated with seismic swarms, and subsidence), characterize this area even today.
The repeated bradyseismic events have deeply affected the
Phlegraean territory and its inhabitants. During the last most recent and signiﬁcant bradyseismic crises (1969–72 and 1982–84) the
partial evacuation of Pozzuoli citizens was ordered, and thousands of
people were permanently relocated. The CF volcanic system and its
eruptive and deformational activity have been the subject of several
research studies aimed at assessing the hazards and their related risks
in a densely populated area, and to develop a volcanic emergency
plan. The plan is not yet completed and published, but it has already
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been presented in the form of a map deﬁning the CF Red Zone, the
area exposed to maximum expected hazard from pyroclastic ﬂows.
On the one hand we have experienced great developments in volcanological and geophysical research and in planning for a future volcanic emergency; on the other hand we have a region where volcanic
morphologies are not so evident and where the perception of any
local volcanic risks is surely affected by the close proximity of one
of most famous volcanoes in the world, Vesuvio.
It is within this complex framework that we have engaged in research on CF inhabitants' perceptions of risk for volcanic hazards to
better understand the human dimension of the risk, by studying
people's attitude toward risk as it relates to various cultural, economic,
and social factors (Slovic et al., 1980; Thompson, 1980; Chester, 2005;
Gaillard and Dibben, 2008). Risk perception is one of several important
factors that can affect people's recognition of their vulnerability to volcanic hazards, and their possible reactions to volcanic crises (Chester,
1993; Chester et al., 1999, 2002; Dibben and Chester, 1999).
Several studies on public perceptions of volcanic hazard and risk
have been conducted in the last twenty years all over the world
(Kartez, 1982; Perry, 1990; Yosii, 1992; D'Ercole et al., 1995; Johnston
and Houghton, 1995; Johnston et al., 1999; Paton et al., 2001; Cronin
et al., 2004; Dominey-Howes and Minos-Minopolous, 2004; Gregg et
al., 2004, 2008; Davis et al., 2005; Barberi et al., 2008; Carlino et al.,
2008; Cashman and Cronin, 2008; Dibben, 2008; Dove, 2008; Gaillard,
2008; Haynes et al., 2008b; Lavigne et al., 2008; Leonard et al., 2008;
Paton et al., 2008; Perry and Lindell, 2008; Solana et al., 2008; Wisner,
2008; Bird et al., 2009; Njome et al., 2010). Most of these studies
have focused on measuring people's knowledge of volcanic hazards
and their perceptions of risk, and how such perceptions are related to
preparedness and responding to evacuation. Another important aspect
of these studies has been to look at the role of risk communication
and how messages from scientists or emergency management ofﬁcials
may be received by the public. In order to develop more successful
education programs and emergency procedures, we must develop a
better understanding of risk perception, decision making processes,
and other factors that may inﬂuence the responses of an at-risk population (Mulilis and Duval, 1995; Lindell and Whitney, 2000; Paton et al.,
2001; Haynes et al., 2008a). Furthermore if an emergency warning is issued, even if it ultimately proves to be false, while people's concern may
increase signiﬁcantly, this may not affect their awareness of, preparedness for, and compliance with future warnings (Gaillard 2008).
In this paper the results of our research assessing volcanic risk
perception of CF Red Zone residents are presented, mainly through the
evaluation of their level of knowledge of volcanic hazards and risk,
their level of knowledge regarding preparedness and how to respond
to warnings, their conﬁdence in various information sources, and ways
in which these factors may interact with the residents' sense of community or bond to their city or town. The investigated area includes four
neighborhoods of Napoli (Bagnoli, Fuorigrotta, Pianura, and Soccavo)
and the municipalities of Bacoli, Monte di Procida, and Pozzuoli.
2. Volcanic history, hazards and the Emergency Plan
2.1. Volcanic history
The CF volcanic system has been active for more than 60,000 years
BP, and is presently characterized by a peculiar landscape including
different volcanic landforms, plains, lakes, and coastline (Fig. 1).
The main volcanological feature is represented by a caldera structure formed during the two main events of the Campanian Ignimbrite
(Barberi et al., 1978; Fisher et al., 1993; Rosi et al., 1996, 1999; Civetta
et al., 1997; Fedele et al., 2003; Giaccio et al., 2008) and Neapolitan Yellow Tuff eruptions (Orsi et al., 1992, 1995; Scarpati et al., 1993; Wohletz
et al., 1995) which occurred at 40 and 15 ka, respectively (De Vivo et al.,
2001; Deino et al., 2003). During the last 15 ka within the caldera
several volcanic ediﬁces grew and were subsequently destroyed as a
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result of about 70 eruptions. Volcanism was mainly concentrated in
discrete periods which alternated with quiescent periods of variable
lengths (Di Vito et al., 1999; Isaia et al., 2009). Eruptions often occurred in short time intervals, varying from a few decades to centuries.
After about 3400 years of rest the last eruption of Monte Nuovo occurred in 1538 AD (Fig. 2).
The volcanic activity at the CF was mainly explosive with
phreatomagmatic and magmatic eruptions, while only a few effusive
events were recorded in the eruptive history of the CF. During the last
15 ka (thousand years) there were only two high-magnitude eruptions including Plinian phases which occurred at 10.3 and 4.1 ka, respectively (de Vita et al., 1999; Di Vito et al., 1999), while medium
and low magnitude events were predominant. The magnitude variability of the events is evidenced by the differences in the areal distribution and volume of emitted magma, which only during the high
magnitude eruptions exceeded 1 km3 (Dell'Erba, 2004; Orsi et al., 2004).
The eruptions' vent location changed over time, with the most recent one mostly concentrated in the central-eastern sector of the caldera, rather than the western sector. Contemporaneous eruptions within
the two different sectors were also recorded (Isaia et al., 2009).
The eruptions were generally dominated by phreatomagmatic explosions alternating with magmatic phases and minor strombolian
events, which were also recognized as the ﬁnal phase of more energetic eruptions. Pyroclastic density currents were generated during
the phreatomagmatic events and laid down deposits whose areal distribution was related to the eruption magnitude and vent location.
Tephra fallout followed the magmatic phases and is widespread,
mostly downwind toward the east, from Plinian and sub-Plinian columns, and in variable directions during the low and medium magnitude eruptions, prevailing towards the northeast.
The caldera was affected by ground deformation phenomena which
led to a total uplift of about 90 m in its central part during the last
10.5 ka. Recent slow ground movement events, named bradyseisms,
periodically occurred. The signiﬁcant bradyseismic crises of 1970–72
and 1982–84, were accompanied by hundreds earthquakes and 3.5 m
of ground uplift (Barberi et al., 1984, 1989; Berrino et al., 1984), forcing
residents of Pozzuoli to be evacuated (Fig. 3, vertical ground movements at Serapis Roman market in Pozzuoli). These recent bradyseismic
crises, the continuing widespread fumarolic and hydrothermal activity
and the historical eruption of Monte Nuovo are the main volcanic
phenomena for determining that the CF magmatic system is still active.
In an active volcanic system characterized by high frequency explosive activity alternating with long rest periods, variable vent openings
and bradyseismic crises without eruptions, a volcanic hazard assessment
and zoning of those areas most at risk for the expected hazards are a
fundamental tool for volcanic risk mitigation strategies.

2.2. Expected hazards and emergency plan
The recent bradyseismic crises have illustrated the importance of
developing civil protection actions for managing long seismic crises,
as well as the preparation of a ﬁrst emergency plan to deal with a possible, imminent volcanic eruption. During the 1970–72 bradyseism
severe damage to buildings in the historical center of Pozzuoli led authorities to implement the evacuation of 3000 inhabitants with the support of the army. These people were then permanently re-located in the
new quarter Rione Toiano, another neighborhood of Pozzuoli.
In 1983 the seismic swarms, ground deformation and the assessment of many buildings' vulnerability led to the evacuation of 30,000
people from Pozzuoli, who were eventually re–located in another new
quarter of Pozzuoli, Monteruscello. Furthermore during this protracted
crisis, the scientiﬁc community and Civil Protection ofﬁcials decided to
draw up an emergency plan to manage the evacuation of a huge number of people in the case of a volcanic eruption occurring with only a
short amount of warning time.
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Fig. 1. The inhabited area of Campi Flegrei and Naples volcano in a 3D perspective view from the south-west; DTM overlaid with digital color orthophoto (Laboratory of Geomatics
and Cartography, INGV — OV).

Soon after these crises, Rosi and Santacroce (1984) published a
paper in which different eruptive scenarios and related hazard zonation were suggested; they were then enclosed in the Emergency Plan
which was still in preparation by Civil Protection. More recent studies
on the volcanic hazard and risk evaluation have been published by
many authors (Lirer et al., 2001; Alberico et al., 2002; Orsi et al., 2003,
2004; Mastrolorenzo et al., 2006; Costa et al., 2009) which used different approaches and performed different hazard mapping.
The ﬁrst emergency plan for the CF area was ﬁnalized in 1984, and
considered three different potential eruptive scenarios for explosive
eruptions: a Monte Nuovo/Averno-like scenario, for a low magnitude
eruption, and two less probable scenarios but with a greater and
increasing magnitude, Astroni Unit 6 and Agnano Monte Spina respectively. A hazard zone was deﬁned where, in particular, the area around
the vent would likely be swept by pyroclastic ﬂows expected to have
a 1 km radius in the case of an eruption like Monte Nuovo, and a
4–5 km radius in the case of a larger magnitude event. The vent position
in both scenarios was located in the Pozzuoli town center. Finally, the
second scenario took into account an evacuation plan for 400,000 inhabitants in the case of a large magnitude eruption, involving an area
of 5–6 km radius around the Pozzuoli center.
In 1996 a National Committee was appointed for the purpose of
updating the Vesuvio Emergency Plan and also the 1984 CF plan on
the basis of an eruptive scenario and deﬁning the alert levels, planning the civil defense actions, and completing the seismic vulnerability investigation. In 1998 the Osservatorio Vesuviano presented to the
National Committee a report on volcanic hazard assessment at CF in
case of renewal of activity in short–medium time (Orsi et al., 1998).
This report, while taking into account the entire volcanic history and
evolution of the CF caldera, evaluated the hazards, taking into particular
consideration the volcanic activity that has occurred in the past 5 ka. A
series of zoning maps for the region were developed, showing expected
volcanic hazards. In particular, these maps show areas where the opening
of new vents may occur and the probabilities of this happening, as well

as areas that could be affected by variable loads of fallout deposits
and invaded by pyroclastic currents.
The Committee used the Osservatorio Vesuviano report as a reference document in developing the National Emergency Plan for the CF
area. The results of this work were disseminated in 2001, in a plan
draft that includes a vent opening map and a risk map for the area exposed to the highest probability from pyroclastic currents, indicated
as the Red Zone (Dipartimento Protezione Civile, 2001) (Fig. 3).
The risk map was constructed taking into account administrative
boundaries and road networks of the CF area. The CF Red Zone therefore includes four neighborhoods of Napoli (Bagnoli, Fuorigrotta,
Pianura, and Soccavo), the town of Pozzuoli, the town of Bacoli, and
the town of Monte di Procida. The whole town of Bacoli was included
in the Red Zone in order not to fragment the population during the
evacuation, even though only the Baia neighborhood of that town is
within the volcanic hazard map (Orsi et al., 2004), while the town
of Monte di Procida, though being outside the zone exposed to the
maximum hazard, has been included into the CF Red Zone because
its escape routes are connected with the road networks of Bacoli
and Pozzuoli.
The population inside the CF Red Zone is about 340,000 and will
be evacuated if a warning is issued, according to the alert levels deﬁned in the Emergency Plan. There are four alert levels ranging from
“Base”, to “Alert”, “Pre-Alarm”, and “Alarm”, with increasing variations
of the eruptive precursors toward pre-eruptive conditions.
Related phases of emergency operations are also included in this
draft, where different aspects of civil protection may become involved
and increasing participation by the at-risk population is required. A
study of the seismicity occurring during bradyseismic uplift and the definition of mitigation actions for such an emergency, remain the task of
a speciﬁc section of the National Emergency Plan for the CF area called
the Abridged Plan for Bradyseismic Emergency.
In 2009 a working group in charge of developing an eruptive scenario for the CF, was ofﬁcially appointed by Civil Protection.
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4. Methodology
4.1. The survey instrument
In the majority of research on the public's perception of the risks
posed by natural hazards, questionnaires are the most utilized tool for
providing reliable quantitative data and permitting comparison of the
results with those of similar surveys (Bird, 2009).
Taking into account the natural and social features of the CF area,
as well as the need to reach a representative sample of residents a
large scale survey of CF area residents was planned. The questionnaire
used in the present study was based on one that was used in a previous study of Vesuvio and Etna residents (Davis et al., 2005) and was
similar to the one used for our nearly contemporaneous study on volcanic hazard perception at Vesuvio (Barberi et al., 2008). This would
allow for a reliable comparison between the results of the present
study and those of prior studies in the Neapolitan area.
A 46 item questionnaire was designed to measure variables such
as hazard salience, feelings of self efﬁcacy regarding preparedness, knowledge of the hazard and of hazard mitigation strategies, perceived preparedness of and trust in ofﬁcials, sources of received information about volcanic
hazards and the emergency plan and preferred methods of receiving such
information, and sense of community (see Barberi et al., 2008). Also speciﬁc items regarding the peculiar dynamic of the CF caldera were included. Some questions were open-ended in order to get qualitative
data that might prove useful to better understand and interpret the
quantitative responses. Data entry was facilitated using the ICR (intelligent character recognition) and the OMR (optical mark recognition)
methodologies.
4.2. Questionnaire distribution procedure

Fig. 2. Chronogram of the volcanic activity of Campi Flegrei caldera.

3. Education and information activities
Most of the education and information efforts directed toward the
CF population have been carried out during the bradyseismic crises. In
particular, in 1983 an information center was established in Pozzuoli
in order to manage a pressing request for information. During the crises
the researchers from the Information Center were in daily, personal contact with members of the population even during critical moments such
as when the evacuation appeared to be an unavoidable intervention.
Soon after the end of the crises the center was closed, but later on
a few initiatives were directed to keep the population informed and
aware of the volcanic hazards and the risks associated with the active
CF caldera. Other than these efforts, environmental education activities were carried out at Astroni Crater Natural Reserve by the World
Wildlife Fund also in collaboration with the Osservatorio Vesuviano
(INGV), and also at Monte Nuovo, organized by local cultural associations and schools. These two volcanoes are visited each year by thousands
of students and the general public. Seminars and brief courses concerning
the volcanic hazards and risks at CF were periodically performed, mainly
for training of teachers by researchers from the Osservatorio Vesuviano,
Another important information point in the CF area is the Città della
Scienza, a science center where visitors can also get knowledge on peculiar natural features of the Neapolitan area, and where exhibitions
and meetings, especially for teachers and students, are organized in collaboration with scientiﬁc institutions.

The research was conducted between May and July 2006 and a
total of 2000 questionnaires were distributed in the Red Zone of CF:
780 in the municipalities of Monte di Procida, Bacoli, and Pozzuoli
and the remaining 1220 in four neighborhoods of Naples: Bagnoli,
Fuorigrotta, Pianura, and Soccavo. The number of questionnaires distributed in each city or neighborhood was proportional to that community's
population.
The survey distribution was designed to reach a wide variety of
age groups and an almost equal percentage of males and females. In
particular the researchers selected high schools and junior high
schools in each town or neighborhood and distributed questionnaires
to students in some classrooms, in collaboration with teachers. Students not directly involved in the survey were also asked to take
the surveys home to be completed by their parents. In addition, in
order to increase the diversity and representativeness of the sample
members of the general population, who were unrelated to the school
system were also recruited through various community groups and
associations after having trained the managers of these groups in
the required procedures for distributing the questionnaires.
A total of 1299 questionnaires were distributed to students and
parents in 14 schools and the remaining 701 questionnaires were distributed to the general population.
5. Results
5.1. Sample characteristics
Of the 2000 questionnaires that were distributed, a total of 1162
were returned, for an overall response rate of 58.1%. Of those, 1077
were returned by residents of the CF Red Zone communities, while 85
questionnaires were excluded because they were ﬁlled out by residents
outside the area of interest, or without any indication of their place of
residence. Of the 1077 useable surveys, 627 (58%) were from residents
of the various neighborhoods of Naples inside the Red Zone, and
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Fig. 3. Hazard zonation for the Campi Flegrei Emergency Plan (modiﬁed after Orsi et al., 2003). A — areas at variable probability of vent opening; B — risk map of the Campi Flegrei caldera.

the remaining 450 (42%) were from residents of the three other CF
communities: Bacoli, Monte di Procida and Pozzuoli.
Of the 1077 useable questionnaires returned, 663 (62%) were from
adults and 414 (38%) were from students. The age of the respondents
ranged from 12 to 95 years, with a mean of 34.65 years and a standard
deviation of 17.77 years. Women represented 53% (568) of the sample,
with men making up the remaining 47% (503); 44% were single, 46%
were married, 6% were divorced or widowed and 4% failed to report
their marital status. With regard to the highest level of education completed, 15% had an elementary school education, 37% were junior high
school graduates, 34% were high school graduates, and 13% had a university degree, while 1% (9) did not answer this question.
5.2. Hazard salience, perception of risk and feelings of self-efﬁcacy
5.2.1. Hazard salience
Hazard salience concerns the extent to which the volcanic threat
ison the minds of residents. To measure the salience of the hazard,

one of the ﬁrst questions of the survey was an open-ended item asking respondents to list the three greatest problems facing their community. All the different issues provided by the respondents were then
grouped into 18 categories. As shown in Table 1, problems such as lack
of public services, trafﬁc, trash, crime, poor social life and unemployment were the issues most frequently mentioned by respondents from
each community. In contrast, volcanic hazards were rarely mentioned;
of the 1011 respondents who replied to this question, only 5 (0.5%)
mentioned volcanoes as a problem, while bradyseism or earthquakes
were mentioned by only 17 (1.7%) respondents. When respondents
were asked also to list three major beneﬁts from living in their volcanic territory, they mentioned mainly its unique natural and cultural
features, suggesting that people are more aware of the perceived
beneﬁcial natural and social characteristics than by the region's volcanic
threats. A second survey item that measured the salience of the hazard
asked residents to indicate how often they think about the possibility
of an eruption using a 5 point Likert scale, with 1 indicating “almost
never”, 2 “sometimes”, 3 “often”, 4 “very often”, and 5 indicating
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“almost always”. The mean rating for this item was 1.92 (SD = .90),
indicating that again, the volcanic threat is not very salient to residents of this area. There were no statistically signiﬁcant differences
in ratings among residents of the four communities.
5.2.2. Perception of risk
Risk perception is a general term that encompasses a number of
different aspects of how people may view their risk from a particular
hazard. These include the perceived likelihood of a disaster event,
perceptions of how serious such an event might be and how personally one might be affected, and how worried one is about a potential
threat. A number of items in the survey were designed to measure
these different aspects of perceived risk. First, respondents were asked
to judge the likelihood that a future eruption would affect their community, as well as how serious the consequences of such an eruption might
be for their town in general, and for themselves and their families
personally. They were also asked to rate how much they worry about
a potential eruption. All ratings were made on 5 point Likert scales,
with higher numbers indicating greater perceived likelihood (with 1 indicating “absolutely unlikely”, 2 “a little likely”, 3 “likely”, 4 “rather likely”,
and 5 indicating “extremely likely”) and severity of consequences
(with 1 indicating “not at all severe”, 2 “slightly severe”, 3 “severe”, 4
“rather severe”, and 5 indicating “extremely severe”) concerning an eruption, and greater worry about such a possibility (with 1 indicating “not
at all worried”, 2 “slightly worried”, 3 “worried”, 4 “rather worried”, and
5 indicating “extremely worried”).
The overall mean rating for all residents regarding how likely it is
that there will be an eruption was 3.26 (SD = .93), and when rating
their level of fear, the group mean was 3.50 (SD = 1.14), indicating
that residents view the likelihood of potential volcanic activity as
moderately high, and have relatively high levels of fear about this
prospect. Interestingly, residents rated their chances of personally suffering serious effects from an eruption as signiﬁcantly lower (M=
3.19, S = 1.06) than they rated the chances of their town experiencing
serious effects (M = 3.94, S = .99). This pattern of risk perception
has been labeled ‘optimistic bias’ (Weinstein, 1984) and is characterized by people believing that they are less vulnerable to negative events
than “the typical person”.
Mean ratings for each of these items were then calculated separately for the residents of each of the four communities and were
compared using one-way analysis of variance (ANOVA). Of these four
measures, only the two items regarding severity of effects showed
signiﬁcant differences among residents of the four communities. Residents of Monte di Procida were signiﬁcantly less likely to believe that
the effects of an eruption would be serious for their town than residents
of the other three communities and are probably correct in this assumption. Likewise, they stated that they would be less likely to suffer serious
personal consequences than residents of Bacoli and Pozzuoli (Table 2).
This perception is probably due to the geographical location of Monte
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di Procida within the CF area. The city is on a hill located on the SW
margin of the caldera, and indeed farther away from the area recently
affected by the bradyseismic crises. In fact, Monte di Procida was included in the Red Zone only to facilitate management of a future volcanic
emergency.
To determine whether residents of the target communities differed
with regard to which hazards they see as the most serious for their community, another series of questions on the survey asked them to rate
the extent to which they believe that each of six different volcanic
phenomena would create problems for their community. Ratings
were made on a 5 point scale, with lower numbers indicating less severe consequences.
Overall, the phenomena most commonly viewed by residents as either “high” or “very high” risks were earthquakes (54.5%), pyroclastic
ﬂows (52.3%), and ground deformation (51.2%). When these results
were analyzed separately for each community, the four communities
differed signiﬁcantly on each of these items and these results are
presented in Table 3.
In particular, residents of Monte di Procida rated the potential effects of most of the volcanic phenomena signiﬁcantly lower than residents of the other three communities, except for earthquakes which
they rated very similarly to residents of the other communities. By
contrast, residents of Napoli rated the risks of ash fall, pyroclastic
ﬂows and lava ﬂows as signiﬁcantly higher risks than did residents
of the other communities while residents of Pozzuoli rated ground
deformation as a signiﬁcantly higher risk than did those in the other
towns. This is likely a consequence of the signiﬁcant bradyseismic events
which heavily affected Pozzuoli residents during the last 70 years
(Del Gaudio et al., 2010).

5.2.3. Self-efﬁcacy
One of the questions in the survey asked respondents to rate how
much control they feel they have concerning their ability to protect
themselves from the effects of a potential eruption. This item was
designed as a domain-speciﬁc measure of self-efﬁcacy, since Bandura
(1977) argues that general measures of self-efﬁcacy are problematic
because an individual's sense of self-efﬁcacy is dependent upon the
speciﬁc task they are trying to perform and the speciﬁc skills and talents
they possess in relation to that task. Therefore, we included an item that
focused speciﬁcally on residents' ability to protect themselves from a
potential eruption. Self-efﬁcacy has been recognized as an important
variable related to the likelihood that an at-risk population will take
self-protective measures (Paton, 2003). Responses to this question
were made on a 5 point scale, with higher numbers representing a
stronger sense of self-efﬁcacy regarding individuals' ability to protect
themselves from the effects of an eruption. Overall, residents demonstrated moderate levels of self-efﬁcacy (M= 3.05, SD= 1.18). When
ratings were compared among the residents of the four communities,

Table 1
Rankings of the 4 most frequently mentioned community problems. Rankings of ‘Volcanoes’ and ‘Bradyseism or earthquakes’ are also listed for comparison.
Total respondents
N = 1011

Monte di Procida
N = 57

Bacoli
N = 116

Pozzuoli
N = 225

Napoli
N = 613

1) Crime
611 (60.4%)
2) Trash and pollution
590 (58.4%)
3) Trafﬁc
416 (41.1%)
4) Public services
308 (30.5%)
14) Bradyseism and earthquakes
17 (1.7%)
17) Volcanoes
5 (0.5%)

1) Trafﬁc
20 (35.1%)
2) Public services
19 (33.3%)
3) Trash and pollution
17 (29.8%)
3) Social life
17 (29.8%)
16) Volcanoes
1 (1.8%)
18) Bradyseism and earthquakes
0 (0%)

1) Public services
66 (56.9%)
2) Trash and pollution
61 (50.0%)
3) Unemployment
39 (33.6%)
4 Trafﬁc
39 (33.6%)
12) Bradyseism and earthquakes
5 (4.3%)
18) Volcanoes
0 (0%)

1) Trash and pollution
123 (49.2%)
2) Public services
92 (40.9%)
3) Crime
90 (40.0%)
4) Trafﬁc
86 (38.2%)
14) Bradyseism and earthquakes
10 (4.4%)
17) Volcanoes
2 (0.9%)

1) Crime
481 (78.5%)
2) Trash and pollution
389 (62.0%)
3) Trafﬁc
271 (44.2%)
4) Air pollution
189 (30.8%)
16) Volcanoes
2 (0.3%)
16) Bradyseism and earthquakes
2 (0.3%)

Numbers before parentheses indicate the number of respondents while numbers in parentheses indicate the percentage of residents who mentioned each problem.
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Table 2
Likelihood, severity and concern regarding future eruptions.

Table 3
Perceived severity of volcanic phenomena.

How likely do you think it is that there will be an eruption affecting N = 1034
your town?
Mean SD

Earthquakes

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

N = 1019
Mean

SD

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

3.65
3.57
3.34
3.74
3.68

.97
.86
.94
1.02
.95

If there is an eruption, how serious do you think the effects would be N = 1041
for your community?
Mean SD

Lava ﬂows

N = 956

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

3.26
3.31
3.40
3.15
3.26

3.94
3.15
3.80
3.91
4.07

.93
.92
.92
.93
.94

.99
1.02
1.05
1.02
.91

If there is an eruption, how serious do you think the effects would be N = 1037
for you and your family?
Mean SD

Ashfall

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

How worried are you about the possibility of an eruption?

3.19
2.96
3.35
3.41
3.11

1.06
.97
1.09
1.05
1.05

N = 1036

Mud and debris ﬂows

Mean SD
Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

3.50
3.55
3.55
3.43
3.51

1.14
1.14
1.14
1.15
1.14

Ratings were made on a 5 point scale, with higher numbers indicating higher levels of
likelihood, severity and worry.

no statistically signiﬁcant differences were found. These results are also
presented in Table 4.

5.3. Knowledge of the hazard
Several survey items required residents to answer factual questions about the active volcanoes in their area and when past eruptions
have occurred. One series of four open-ended items asked respondents to list the active volcanoes in their region and to indicate the
year of each volcano's last eruption. From a total of 966 respondents
86.7% cited Vesuvio volcano (33.2% of whom mentioned Vesuvio as
the only active volcano). Solfatara volcano was mentioned by 51.1%,
14% mentioned CF, while 10.8% mentioned Monte Nuovo (Fig. 4).
However, only 28.5% were able to correctly identify the year of the
last eruption at CF. Of the 629 respondents mentioning CF or Solfatara
interestingly 6.2% indicated one of the two recent bradyseismic crises
as the last eruptive episode in the CF area. On the other hand, of the 838
respondents mentioning Vesuvio 33.5% gave the correct answer for the
last eruption (1944) indicating a better knowledge of Vesuvio's volcanic
history compared with that of the CF.
When asked which volcano poses the major threat to their area,
again, Vesuvio was mentioned by a majority of respondents (70.7%),
Solfatara volcano was second (20.1%), CF was third (5.1%), and Monte
Nuovo volcano was mentioned by only 1.3% of those who responded
to this question. In summary, only 26.9% of respondents correctly
indentiﬁed a volcano in the CF area as the source of the major volcanic
threat. However, the results for Pozzuoli residents showed a different
pattern: these individuals more frequently identiﬁed Solfatara as an
active volcano. This is likely due to the bradyseismic crises that primarily affected this town.

Mean

SD

2.84
1.94
2.42
2.68
3.07

1.31
1.02
1.32
1.34
1.26

N = 970
Mean

SD

3.35
2.73
3.17
3.07
3.55

1.12
1.12
1.11
1.22
1.03

N = 939
Mean

SD

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

2.79
2.04
2.62
2.71
2.93

1.20
1.11
1.31
1.21
1.16

Subsidence/ground deformation

N = 996

Total respondents
Monte di Procida
Napoli
Bacoli
Pozzuoli
Pyroclastic ﬂows

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

Mean

SD

3.48
2.91
3.42
3.95
3.38

1.13
1.20
1.16
1.06
1.08

N = 963
Mean

SD

3.37
2.43
3.12
3.29
3.54

1.39
1.39
1.39
1.50
1.29

Ratings were made on a 5 point scale, with higher numbers indicating more serious
perceived effects.

Comparing the results from these survey items among residents
of the four cities of the Red Zone, several differences are observed.
Table 5 provides a summary of how frequently each of the area's
major volcanoes was identiﬁed as the most dangerous one in the
area by residents of each community. As these data indicate, Vesuvio
Table 4
Self-efﬁcacy regarding future eruptions.
How much control do you feel you have to protect yourself and your N = 1039
family in case of an eruption?
Mean SD
Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

3.05
3.10
3.11
3.08
3.02

1.18
1.06
1.21
1.18
1.18

Ratings were made on a 5 point scale, with higher numbers indicating higher levels of
self-efﬁcacy.
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Fig. 4. Active volcanoes mentioned by respondents.

to provide accurate information about future eruptions. Mean ratings
for each of these items were calculated for each of the four communities and were compared with a one-way analysis of variance. These
data are presented in Table 7.
Regarding perceptions of how prepared civil protection authorities
are to deal with a volcanic crisis, 54.8% of the total sample (N= 1044)
rated these authorities as “sufﬁcient, good, or very good”. In contrast,
when asked to rate the preparedness of local government authorities,
only 34.3% of the sample (N= 1041) rated them as sufﬁcient to very
good. In general, residents of all four communities had slightly higher
mean levels of conﬁdence in Civil Protection than in their city ofﬁcials,
however even the mean ratings for Civil Protection were below 3
(M= 2.71) on a 5 point scale. When the results were then compared
separately for the four target communities, residents of Napoli rated
their city ofﬁcials as signiﬁcantly more prepared to deal with a potential
eruption than did all of the other cities; however, the mean rating
among Napoli residents was only 2.38 (SD = 1.04) on a 5 point scale, indicating a generally low level of conﬁdence in the ofﬁcials.
There were no other signiﬁcant differences between the cities on
ratings of scientists', government's and the media's ability to provide
accurate eruption information. In general, scientists were viewed as
the most reliable source of information, followed by media, and government ofﬁcials received the lowest ratings. Looking at Table 7 it is
clear that across all of the communities, conﬁdence in scientists' ability
to provide accurate information about potential eruptions was much
higher (M= 3.42–3.50) in comparison with conﬁdence in government
or media, which received mean ratings lower than 3 (2.65 and 2.95
respectively).

was mentioned most often in Monte di Procida (75.8%), Bacoli
(77.2%), and Napoli (79.9%), while Solfatara was mentioned most
often by Pozzuoli residents (39.4%), as Fig. 5 demonstrates. A small
number of respondents (5.5%) correctly identiﬁed a new vent within
the CF caldera or the CF area in general as the most probable sources of
a volcanic event.
5.4. Knowledge of the Emergency Plan and conﬁdence in emergency
measures
Three survey items asked respondents to indicate whether they
were aware of the emergency plan for their city in the event of an
eruption and evacuation order, as well as how much conﬁdence
they had in the plan and how useful they feel emergency simulations
are as a means of preparing the public for an eruption. Overall, 82.1%
of 1020 respondents stated that they were unaware of the preparedness plan for their community. Separate percentages were then calculated for residents in each of the four communities and these data are
displayed in Table 6. As these data indicate, the majority of residents
in each town (67.9%–90.7%) said that they were not aware of the plan.
Two follow-up questions asked respondents to rate on a 5 point
scale both their degree of conﬁdence in whether a successful evacuation could be completed and the usefulness of emergency simulation
exercises by Civil Protection that involve the general public. Higher
numbers on these items indicated a higher degree of conﬁdence. In
general, residents did not express high levels of conﬁdence in the success of an evacuation (M = 2.28, SD = .95) with 65.2% indicating little
or no conﬁdence in an evacuation, and demonstrated moderate levels
of conﬁdence concerning the usefulness of emergency exercise (M =
3.43, SD = 1.18) with 56.8% indicating that such civil protection exercises were useful. There were no signiﬁcant differences in these ratings among the residents of the four communities.

5.6. Information about volcanic hazards
A number of survey questions concerned the amount of information
that residents feel they have regarding the volcanic hazards they face,
and the most common sources of such information. As the data in
Table 8 show, 67.8% of respondents feel that the information they
have is either “very little” or “insufﬁcient”, while only 7.9% say it is
“enough” or “too much”. There were no signiﬁcant differences among
the residents of the four communities with regard to their ratings on
this question.

5.5. Conﬁdence in ofﬁcials
A number of survey items asked residents to evaluate the level of
preparedness of local government authorities and Civil Protection to
deal with a potential eruption, and also asked respondents to rate
their conﬁdence in scientists', government's, and the media's ability
Table 5
Number and percentage of total responses: “most threatening volcanoes”.

Vesuvio
Solfatara
Campi Flegrei
Monte Nuovo
Others
None
New volcano

Total respondents
927

%

Monte di Procida
62

%

Bacoli
101

%

Pozzuoli
198

%

Napoli
566

%

655
186
49
12
14
11
2

70.7
20.1
5.3
1.3
1.3
1.2
0.2

47
8
1
5
0
1
0

75.8
12.9
1.6
8.1
0
1.6
0

78
15
3
0
4
1
1

77.2
14.8
3.0
0
4.0
1.0
1.0

78
94
16
7
2
1
1

39.4
47.5
8.1
3.5
1.0
0.5
0.5

452
69
29
0
8
8
0

79.9
12.2
5.1
0
1.4
1.4
0

126

T. Ricci et al. / Journal of Volcanology and Geothermal Research 254 (2013) 118–130

Fig. 5. Most threatening volcanoes.

When asked from which sources they had received a majority of
their information on volcanic hazards, the two most common sources
cited across all four communities were television (37–54%) and newspapers (18–27%). Civil Protection was the third most common source
cited by residents of Monte di Procida and Bacoli, while the third
most common source mentioned by residents of Pozzuoli and Napoli
was acquaintances. These data are presented in Table 9.
When asked from which organization they would most like receive
information about volcanic hazards, respondents indicated Osservatorio
Vesuviano (48.8%) as the favored source of information, followed by
Civil Protection (42.8), and City Government (26.2). In particular in
Napoli 57.2% of respondents cited the Osservatorio Vesuviano as a preferred source of hazard information, with another 43.4% choosing Civil
Protection, and 19.1% City Government. In Pozzuoli, 45.8% preferred to
get their information from Civil Protection, 38.3% from the Osservatorio
Vesuviano, and 33.7% from the City Government. In Bacoli, 38.8% preferred to receive information from the City Government, 36.2% cited
Civil Protection and another 36.2% cited the Osservatorio Vesuviano. Finally, in Monte di Procida, 40.8% wanted to receive such information
from the City Government, 38% preferred to hear from Civil Protection,
and 33.8% chose the Osservatorio Vesuviano.
5.7. Sense of community
Scores of a measure of sense of community were derived by averaging responses made on each of the 18 items of the Italian Scale of
Sense of Community (Prezza et al., 1999). Scores range from a low of
1 to a high of 4, with higher numbers indicating a stronger bond to
one's community. The mean for the entire sample was 2.67, with a standard deviation of .39, and the city with signiﬁcantly higher levels of
sense of community was Monte di Procida (M= 2.85; SD=.37). The
other three communities did not differ signiﬁcantly from one another.
Sense of Community scores were correlated with several of the important risk perception variables and with responses to items concerning
how much trust and conﬁdence residents have in the emergency plan
and public ofﬁcials. When scores on the Sense of Community Scale
were correlated with measures of risk perception such as estimating

Table 6
Percentage of residents who are aware of their city's emergency plan.

the likelihood and severity of potential eruptions and emotional responses such as worry or preoccupation with the volcanic threat, no
signiﬁcant relationships were obtained. However, a number of signiﬁcant positive relationships were found when Sense of Community
scores were correlated with feelings of self efﬁcacy, perceived self
preparedness and perceived preparedness of government ofﬁcials,

Table 7
Conﬁdence in public ofﬁcials and media.
Perceived preparedness of city ofﬁcials

Mean
Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli
Perceived preparedness of civil protection

N = 1020
% Yes

% No

Total respondents
Bacoli
Monte di Procida
Pozzuoli
Napoli

17.9
12.2
23.1
9.3
21.4

82.1
87.8
67.9
90.7
78.6

2.24
2.03
2.03
2.04
2.38

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli
Conﬁdence in scientists

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli
Conﬁdence in government

2.71
2.79
2.61
2.55
2.78

SD
1.02
1.05
1.08
.97
1.02

N = 1024
SD

3.48
3.49
3.42
3.48
3.50

.89
.83
1.02
88
.88

N = 1030

2.65
2.62
2.72
2.61
2.66

SD
.90
.88
.98
.90
.89

N = 1028
Mean

Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

1.02
.99
1.02
.94
1.04

Mean

Mean
Total respondents
Monte di Procida
Bacoli
Pozzuoli
Napoli

SD

N = 1043
Mean

Conﬁdence in media

Are you aware of the evacuation/emergency plan for your city in
case of an eruption?

N = 1040

2.95
2.81
2.83
2.97
2.98

SD
.99
1.01
1.08
.98
.98

Ratings were made on a 5 point scale, with higher numbers indicating higher levels of
perceived preparedness and conﬁdence.
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Table 8
Amount of information received regarding eruptions.
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Table 10
Correlations involving sense of community (SoC).

How would you rate the amount of information you have about the
effects of a possible eruption?

N = 1031

Insufﬁcient
Very little
Moderate
Enough
Too much

317 30.75
381 36.95
252 24.44
70
6.79
11
1.07

N

%

conﬁdence in the emergency plan, and conﬁdence in scientists, government, and the media to provide accurate information about eruptions. Those residents who feel a stronger bond to their community
tended to have greater conﬁdence in their own abilities and level of preparedness, more trust in government and scientiﬁc ofﬁcials, and were
more optimistic about the success of the emergency plan. These results
are presented in Table 10.

SoC
.146⁎⁎
.129⁎⁎
.265⁎⁎
.248⁎⁎
.270⁎⁎
.236⁎⁎
.159⁎⁎
.236⁎⁎
.084⁎

Feelings of self-efﬁcacy/control
Perceived self-preparedness
Preparedness of civil protection
Preparedness of local government
Conﬁdence in evacuation plan
Amount of info re: volcanic hazards
Conﬁdence in scientists' ability
Conﬁdence in government
Conﬁdence in media
⁎⁎ Correlation is signiﬁcant at the 0.001 level (2-tailed).
⁎ Correlation is signiﬁcant at the .05 level.

Table 11
Correlations involving age and education level.
Age

5.8. Age, education level and gender
Finally, the demographic variables of age and educational level
were correlated with various risk perception measures and with
questions asking respondents to rate their conﬁdence in ofﬁcials. A
consistent pattern emerged from these analyses. Both age and education level, were positively correlated with a number of risk perception
measures. Older and better educated residents tended to see an eruption as more likely, to believe that such an eruption will have more
serious consequences for themselves personally and for their town,
and to have higher levels of fear and concern about the threat of an
eruption. However, age and educational level were negatively correlated with a number of survey items regarding trust in ofﬁcials. Older and
better educated people tended to be less conﬁdent in their own preparedness and the preparedness of government ofﬁcials, were less optimistic about the success of the evacuation plan, and were less satisﬁed
with the amount of information they had about the volcanic threat.
These correlations are presented in Table 11.
Gender differences in risk perception were compared by analyzing
the data separately for men and women. The results of these analyses
showed a pattern typically seen in other studies of risk perception.
Women were signiﬁcantly more likely to believe that an eruption is
likely, were more worried about the possibility of an eruption, and
were more likely to believe that the effects of a potential eruption
would be severe than men were. However, men were signiﬁcantly
more likely to believe that they have the ability to protect themselves
from an eruption's effects and to rate their level of self preparedness
as signiﬁcantly higher.

Perceived likelihood of an eruption
Fear or worry about eruptions
How often do you think about an eruption
Feeling of self-efﬁcacy
Severity of consequences to your city
Severity of consequences to you and your family
Preparedness of self and family
Preparedness of civil protection
Preparedness of local government
Conﬁdence in evacuation plan
Adequacy of information received

.063⁎
.085⁎⁎
.134⁎⁎
.058
.205⁎⁎
.081⁎⁎
−.142⁎⁎
−.085⁎⁎
−.140⁎⁎
−.208⁎⁎
−.260⁎⁎

Educational level
.101⁎⁎
−.026
.077⁎
.027
.101⁎
.096⁎
−.154⁎⁎
−.094⁎
−.123⁎⁎
−.171⁎⁎
−.257⁎⁎

⁎⁎ Correlation is signiﬁcant at the 0.001 level (2-tailed).
⁎ Correlation is signiﬁcant at the .05 level (2 tailed).

6. Discussion
The experience acquired in our previous studies (Davis et al.,
2005; Barberi et al., 2008) and an efﬁcient survey design, have contributed to a high response rate in the present study, and a sample
that is highly diverse in terms of age.
The results of this survey of CF Red Zone residents provide evidence of some interesting elements of concern to reﬂect on. First of
all the overall response rate (58%) seems to indicate a high level of
interest of the CF population in the volcanic issue. However, it is apparent that the volcanic threat is not terribly salient to much of the
at-risk population given the very low percentage of residents indicating the volcano as a problem (0.5%). Most people are not thinking
about the volcanic risk or seem to be unaware of the threat in their

Table 9
Most common sources of information regarding eruptions.
Information source

Total responses
N = 1392

Monte di Procida
N = 66

Bacoli
N = 160

Pozzuoli
N = 332

Napoli
N= 834

Television

N = 623
(44.8%)
N = 321
(23.1%)
N = 104
(7.5%)
N = 86
(6.2%)
N = 98
(7.0%)
N = 117
(8.4%)
N = 43
(3.1%)

N = 36
(54.5%)
N = 12
(18.2%)
N=4
(6.1%)
N=9
(13.6%)
N=1
(1.5%)
N=4
(6.1%)
N=0
(0.0%)

N = 62
(38.7%)
N = 35
(21.9%)
N = 13
(8.1%)
N = 20
(12.5%)
N = 10
(6.2%)
N = 15
(9.3%)
N=5
(3.2%)

N = 124
(37.4%)
N = 89
(26.8%)
N = 32
(9.6%)
N = 15
(4.5%)
N = 24
(7.2%)
N = 34
(10.2%)
N = 14
(4.2%)

N= 401
(48.1%)
N= 185
(22.2%)
N= 55
(6.6%)
N= 42
(5.0%)
N= 63
(7.6%)
N= 64
(7.7%)
N= 24
(2.9%)

Newspapers
Radio
Civil protection
Osservatorio Vesuviano
Acquaintances
Local government

Numbers indicate the percentage of responses mentioning each source of information.
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region, perhaps because the CF caldera volcanic features are not easily
recognized (Fig. 1). The high percentage of people identifying Vesuvio
as the active volcano source of possible hazard for CF area (70.7% of all
respondents), includes only marginally the respondents from Pozzuoli,
who instead indicate Solfatara as the most dangerous volcano (47.3%
of Pozzuoli respondents) and who also show a higher knowledge of
volcanic phenomena. These data are not surprising considering the
occurrence of the last two bradyseismic crises that dramatically affected Pozzuoli inhabitants, who as a result seem to be more conscious of the volcanic nature of their territory and of the related
hazards. On the other hand the proximity of the Vesuvio, which is
the focus of most of the concern and media attention, surely affects
the general perception of volcanic hazard and risk for residents of
the CF communities.
Another interesting result is that while respondents show a good
knowledge of those volcanic phenomena perceived as the most severe (earthquakes, ground deformation, pyroclastic ﬂow and ash
fall), they indicate an almost complete lack of knowledge of the existence of the volcanic Emergency Plan. Moreover they express low
levels of conﬁdence in the success of an evacuation, yet still rate
Civil Protection exercises as highly useful. Perhaps this reﬂects the belief that residents are not conﬁdent in the plan because they do not
know enough of the details, and feel that perhaps Civil Protection
drills will help them to gain a better knowledge of what may be
expected of them in the event that an evacuation becomes necessary.
Again, regarding respondents' trust or conﬁdence in various sources
of information, the scientiﬁc community received a much higher rating
of conﬁdence than either the government or the media.
Another interesting issue was that the level of information that
residents claim to have received about volcanic hazards was rated as
nsufﬁcient to very low by the 67.8% of respondents, suggesting that
the education and information effort with respect to volcanic risk in
the CF area has not been effective. For example, only 16.3% of respondents indicated that local authorities, Civil Protection and Osservatorio
Vesuviano were their main information sources, versus 75.3% who indicated that their main source of information are the media.
7. Comparison of volcanic risk perception at Campi Flegrei
and Vesuvio
The results of this study are interesting to compare with those
obtained in a research study conducted simultaneously in the Vesuvio
area (Barberi et al., 2008). That research was carried out in all 18 municipalities of the Vesuvio Red Zone (VRZ) and three others in the
nearby Vesuvio Yellow Zone (exposed to pyroclastic fallout hazard).
In this study 2655 residents answered a questionnaire similar to the
one developed for the present work. The surveys' comparison provides
interesting evidence of volcanic perception among people living in
similar socio-economic contexts, in very densely urbanized areas, and
exposed to a high volcanic risk linked to two active volcanic systems.
One of factors likely to inﬂuence the perceptions of risk of people
who live in volcanic areas is different volcanic landforms. For example, the easily recognizable volcanic ediﬁce of the Vesuvio cone is
far more salient than the more complex, ﬂat CF area with many
small volcanic cones or rings. Vesuvio, one of the most famous volcanoes in the world, is easily visible from the CF, Additionally, the long
time that has elapsed since the last experienced eruptions of these
two areas (1944 for Vesuvio and 1538 for the Monte Nuovo CF eruption), make volcanic hazards less salient to the residents of these
areas. Finally, because the nature of recent volcanic activity in the
CF area has been in the form of the peculiar bradyseismic crises that
have occurred periodically, residents may not directly associate this
activity with the more common volcanic hazards, and this may also
reduce their perceptions of vulnerability to a volcanic eruption.
Consequently there are some interesting results in comparing residents of the CF and Vesuvio's Red Zone. First of all, there was a lower

response rate among CF respondents compared with those at Vesuvio
(54% vs. 75%, respectively), which may indicate a different level of
interest in or awareness of volcanic risk between these two populations.
Regarding the salience of the volcanic threat, when asked to list the
three most pressing problems facing their community, the group from
the CF, as well as respondents from Vesuvian area, most commonly
mentioned issues such as crime, trafﬁc, pollution, and dissatisfaction
with public services. Less than 0.5% of those in the CF communities
mentioned volcanic hazard as one of the main problem, while a somewhat larger percentage, 9% of VRZ residents spontaneously mentioned
the volcanic threat as a drawback to living in their community.
When comparing these groups with respect to how they perceive
the volcanic risk, different results emerged. For the survey item asking respondents to estimate the likelihood of an eruption on a 5 point
scale, the VRZ residents' average rating was 3.64, signiﬁcantly higher
than that of CF inhabitants with an average of 3.26. When asked to
rate the extent to which they worry about the possibility of an eruption,
again on a 5 point scale, Red Zone residents averaged 3.80, and the CF
residents gave an average rating of 3.50. With regard to the two items
asking respondents to estimate the severity of consequences of a future
eruption, the VRZ residents believe that the effects on their town will
be signiﬁcantly more severe (M= 4.33) than those at CF (3.94). Similarly, when asked to estimate how serious the consequences of an eruption
would be personally for themselves and their families, VRZ residents
gave higher ratings (M= 3.96) than did those in the CF communities
(M= 3.19). Finally, both groups were asked to rate their feelings of
control with respect to their ability to protect themselves from a potential eruption, and in this case the two groups gave similar ratings, ranging from an average of 2.95 for the VRZ to 3.05 in the CF area.
To summarize, these results demonstrate that in general, the volcanic hazard is somewhat more salient to the VRZ residents; they believe that an eruption is more likely, that an eruption will have more
serious consequences for their communities and themselves, and
they feel more worried about an eruption than their counterparts in
the CF. This may be due to the fact that CF residents are more focused
on the potential eruption of Vesuvio, and are far less aware of the risk
of an eruption within the CF itself, which causes them to regard the
volcanic threat as less dangerous.
Regarding residents' awareness of the Emergency Plan for their
communities, only 17% of the CF respondents said they are familiar
with the Plan, while 41% of VRZ residents expressed their awareness
of the Vesuvio Plan. This result is likely due to the stronger effort in
public education that has been carried out within the VRZ communities. However, among those who stated that they were familiar with
the plans, similar numbers of respondents indicated that they had
“little” to “no” conﬁdence in the plan's success (65% for the CF respondents and 67% for the VRZ respondents). This same pattern is found in
residents' responses regarding how prepared they consider their local
government authorities to be in managing possible volcanic crises.
Again, CF and VRZ residents responded similarly, with average ratings, on a 5 point scale, of only 2.24 and 2.19, respectively. Moreover
CF respondents, similarly to the Vesuvio residents, show more conﬁdence in the scientiﬁc community as a reliable source of information
than local and Civil Protection authorities.
To summarize, it appears that while a higher proportion of VRZ
residents are aware of the emergency plans for their communities,
they tend to be quite similar to CF residents with regard to their general lack of conﬁdence in the emergency plan and their pessimistic
perception of the preparedness of their local authorities.
8. Conclusions
Of course all studies of the general public may have their limitations
in terms of sampling, and for survey studies in particular, the question
of how truthful respondents are in terms of how they respond to questions is always a concern. Still, this study represents a ﬁrst attempt to
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understand the risk perceptions and hazard awareness of the Campi
Flegrei population regarding the volcanic threat and the results will be
useful in determining the next actions that need to be taken by emergency planners in preparing for a future volcanic crisis. Given the results
of the present study, the most concerning aspects of our ﬁndings are the
very low salience of the volcanic hazards among the CF population, the
lack of awareness of the risks, and the very low level of information
they reportedly have received on this topic. Furthermore, the fact that
there is very little knowledge of the existence of a volcanic Emergency
Plan, coupled with a low level of conﬁdence in local authorities strongly
indicates that this region is not well prepared for an eruptive crisis, and
this poses a challenge to emergency management ofﬁcials who would
need to organize a widespread evacuation of the area in a relatively
short period of time. Our results indicate that it is imperative for local
and Civil Protection authorities to increase their efforts at educating
the at-risk population about local volcanic hazards.
In particular, it is apparent that the details of the emergency plan
for the CF region must be more widely disseminated to the at-risk
population. Unless a much higher proportion of residents are familiar
with the plan and have had the opportunity to ask questions about
the plan or to discuss the details with their local emergency management authorities, a successful evacuation during a time of volcanic crisis
will be very difﬁcult to achieve.
Of course, simply providing the public with more information about
the risk and about the emergency plan will not guarantee residents'
compliance with an evacuation in the event of a volcanic crisis within
the Campi Flegrei. Variables such as social support and bonds to the
community, as well as feelings of self-efﬁcacy are also necessary components of disaster preparedness. For this reason, it is important that
on-going attempts by authorities to prepare for a crisis should also include ways to involve residents to a much greater extent in the emergency planning for their communities. Forging bonds among citizens,
as well as between citizens and emergency management authorities
and giving residents more opportunities to participate in the planning
process would be useful strategies to help achieve this goal.
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