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A B S T R A C T

The flooding and landslides catastrophe in 2011 in the mountainous area of Rio de Janeiro State in Brazil af-
fected more than 300,000 people and created unquantifiable material losses, mostly in the Nova Friburgo Munic-
ipality. Even with the available technologies, programs and measures for disaster prevention, the population was
not prepared. Following international frameworks like the Hyogo, governmental institutions related to risk man-
agement started working with the population to improve response, preparedness and perception. This work aims
to evaluate disaster risk perception (DRP) and intervention measures of the population living in flood risk areas
and relate it to variables such as landslide risk perception, experienced disasters and intervention measures taken
from institutions and the population. Through 391 quantitative questionnaires and 20 semi-structured qualita-
tive interviews, we reveal the connection between DRP, the people who may be affected and the strategies for
response and preparedness of the institutions. Using descriptive statistics, factor analysis and regression, we de-
velop six main factors related to risk perception. The regression defines flood risk perception (FRP) as the depen-
dent factor and exposes the small influence on FRP from state and municipal institutions working with disaster
risk reduction (~ 0.01) in comparison to past experiences (~ 0.52), demographic characteristics (~ 0.29) and lo-
cal influences (~ 0.62). Supporting literature about DRP, examples about institutional influences are given. Hard
and soft intervention measures exemplify neighborhoods developing perceptions according to institutional influ-
ences, local organization strategies and marginalization level, highlighting the importance of local participation
on risk reduction programs to improve perception, trust and therefore, intervention measures.

1. Introduction

The frequency of extreme water related risk events worldwide is in-
creasing, as is the number of people affected and the damage caused
by such events [1,2]. Floods and landslides impinge upon human secu-
rity and therefore affect sustainable development [1,3]. Absolute pre-
vention or absolute protection against floods through management is
unachievable, and something which goes beyond management is needed
[4]. Risk appraisal and perception modifies risk management decisions
and, therefore, management actions [5], making it a crucial aspect.
Several researchers (Slovic, 1987; Sjöberg, 1999; Paton, 2001; Slovic

and Weber, 2002; Sjöberg et al., 2004; Burns, 2007; Lindell and Hwang,
2008) have defined disaster risk perception (DRP) as the motivator of
priority settings, preventive activities and resource allocation [6]. Re-
cent research on flood risk perception (FRP) highlighted the impor-
tance of knowing the causes for determined protective actions, inter-
vention measures (IM), trust in public and private protective measures,
and perception on risk management responsibilities [7]. Rainfall-runoff
monitoring and flood forecasting modeling processes are essential tech-
nical processes for disaster risk management. Adding social dimen-
sions as understanding, knowledge exchange and local perception, in-
creases the effectiveness in management [7]. Some difficulties of so-
cial dimensions, such as local perception, are that they are dynamic ac
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cording to specific location, situation and influences [8,9]. Defining and
understanding variables and factors determining DRP and the influence
of IM in specific areas might provide public and private institutions with
a valuable vision to better develop disaster risk management strategies.
Considering landslides, droughts, IM and other variables in the specific
area of Nova Friburgo, we take flood risk perception (FRP) as a main
and dependent factor for DRP because of the history of occurrence on
the area and the intervention of public institutions (Section 1.1).

This paper aims to analyze and determine the factors related to DRP
taking FRP as the dependent factor and the population living in the
flood risk areas of Nova Friburgo Municipality in Brazil as the specific
case. Through factor analysis and correlations of quantitative question-
naires complemented with qualitative semi-structured interviews, the
following research questions are addressed: 1) What are the most influ-
ential factors that affect FRP in the area? 2) What is the influence of
public institutions on DRP in comparison to civil societies initiatives? 3)
How do these factors interrelate with and influence specific DRP?

As part of the introduction, Section 1.1 explains the Rio de Janeiro
(RJ) and Nova Friburgo (NF) risk management and warning system.
Section 1.2 provides the definitions of FRP and IM used for this pa-
per. The methodology for the selection of the population, questionnaires
type, data collection and statistical processing is described in the second
section. The third section presents the resulting correlation of FRP to the
variables measured and the interaction of the factors with IM taken in
the area, discussing their relation to public institutions and civil society.
Specifically, Section 3.1 describes and analyzes the correlation of the
variables with FRP. The questionnaires contain four principal indicators
for protective mitigation behavior, divided into soft and hard measures
according to the definition of the United Nations Office for Disaster
Risk Reduction UNSDR [10]. The willingness and the capacity to move
out of a risk area, contention measures and reforestation are among
the hard intervention measures (HIM) detailed in Section 1.2. Among
the soft intervention measures (SIM), we consider knowledge about risk
maps, preparedness courses, knowledge about sirens and evacuation
points, communication on safety actions and existing SMS groups for
risk alarms. All SIM are detailed in section 1.3. In addition, Section 3.4
further discusses the influence of public institutions working on disaster
risk reduction and local influence is analyzed and compared between
the selected areas before the conclusions in the fourth section.

1.1. Flood risk, landslide risk and warning system in RJ

Rio de Janeiro is the first industrial state in the country, demonstrat-
ing considerable economic growth after the economic recovery of the
last 20 years. This significantly changed migration patterns in the whole
state. Producing more than 82% of the national oil production, and with
a GDP per capita of 26,250 R$ (± 8402 US$) [11], there was an evi-
dent increase in the dynamism of the social, economic and environmen-
tal spheres. Consequently, the urban expansion and informal settlements
have also increased during recent years. Nova Friburgo was one of the
most affected municipalities, together with Teresópolis and Petrópolis. It
has a population density of approx. 200 hab./km2 [12] and is the fourth
most populated municipality in the State.

Flash floods, floods and landslides have long affected the state of Rio
de Janeiro, especially on the west to east mountain chain that reaches
more than 2000 m.a.s.l. The orographic barrier blocks the oceanic cur-
rents coming from the south provoking heavy rainfalls on the moun-
tainous region. The years 1986, 1997, 2005 and 2007 were some in
which severe rains caused several floods with severe consequences
[13]. The frequency and magnitude of these phenomena are both due
to the climatic, geomorphologic and geologic characteristics of the
area (e.g. tropical climate, weathered soils and extensive moun

tainous areas) and to the presence of areas characterized by high pop-
ulation density and unplanned and spontaneous land occupation [14].
Nevertheless, the flash floods and landslides of January 2011 were the
worst disaster in Brazil in terms of human losses and people losing their
houses and livelihoods to the floods and landslides, resulting in more
than 900 deaths and 300,000 affected people, as confirmed by official
data [15]. However, following calculations based on around 8844 elec-
tricity meters lost (887 in Nova Friburgo) and registrations in the elec-
tric power company (Energisa) that were never rehired, it has been sug-
gested that actual losses were 8–10 times greater [16,17].

On the night of 10 January 2011, the national meteorology institute
INMET registered 166 mm of rain for Nova Friburgo city, which is 70%
of the monthly average for January. The soil was saturated because of
a rainy month, so the water level rose in a couple of hours. A represen-
tative of the Geological survey service (DRM), affirms that the strong
thunders during the rain were triggers of the landslides and the thin
soil layer above the rock, characteristic of the mountainous areas, con-
tributed to the hundreds of landslides. Roads, communication, energy,
water and sanitation facilities were destroyed leaving some regions iso-
lated, as one dweller in Nova Friburgo confirmed: “on the third day af-
ter the tragedy I still couldn’t know if my family on the other side of
the city was alive”. Public infrastructure was lost and productive sec-
tors were also affected, the World Bank estimated a total of R$ 2.2 bil-
lion ($1.3 billion) costs in direct damages. Houses and buildings located
in or close to steep hills and close to the rivers were destroyed leaving
around 39,000 people homeless or displaced, most of them were infor-
mal housing (favelas). As one of the dwellers described about Sao Jose
neighborhood: “the entire neighborhood was under debris, unrecogniz-
able”.

The National Center for Natural Disaster Monitoring and Alert (CE-
MADEN) at national level and the Secretariat of Civil Defense (SEDEC)
in Rio de Janeiro State are responsible for articulating technical infor-
mation received by the federal and local governments related to pos-
sible climatic events. This information is mostly provided by the State
Institute for the Environment (INEA) and the Geological Survey Ser-
vice of State (DRM), according to the new institutional rearrangement
[18], created to define specific processes and products of the institu-
tions working on disaster risk reduction in the State [19]. After the 2011
floods and landslides, local and international institutions focused on in-
frastructural and non-infrastructural projects in the most affected ar-
eas. After reconstruction projects, led mostly by the state or municipal
government with federal resources, institutions related to risk manage-
ment, environment and land use had to increase research and improve
their work with the local population. Federal funds were released to in-
crease the response and preparedness through awareness and training
programs.

The INEA created the Center for Information and Environmental
Emergencies (CIEM). This monitoring and warning system is a simple
model. Water level information from telemetric monitoring stations is
sent in real-time to INEA webpages, and a warning level (red, yellow
or green) is displayed according to stream overflow level calculations
previously made for every station. This information is also sent by SMS
to the registered population when thresholds are surpassed. DRM risk
maps are based on digital elevation model maps and historical infor-
mation about previous landslides and developed in GIS by local tech-
nicians. Civil Defense (CD) and the municipal prefecture work directly
with people who may be affected. They offer preparedness courses free
of charge, survival kits, evacuation simulations with the installed sirens,
information and have developed a SMS alert system together with INEA.
International institutions like Care International and the Red Cross, na-
tional institutions like INCID, IBASE and organized neighborhood asso-
ciations and active citizens’ groups also undertake different activities
with the population living in risk areas in order to improve their knowl-
edge and protection, as well as preparedness.
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1.2. Disaster risk perception framework

The definition of DRP is based on several approaches. From a ratio-
nalist approach, an evaluation of benefits versus cost (gains and losses),
to a constructivist approach, which defines risk perception as a dynamic
practice imposed and shaped by societies, showing that many elements
must be taken into consideration. In essence, we define risk percep-
tion as a predecessor of mitigation behavior or IM, as is classified by
Bubeck et al. [20] and Birkholz et al. [7] specifically for floods. Mitiga-
tion behavior, defined by the UNISDR as practicing the limitation of ad-
verse impacts of hazards and related disasters, is generally divided into
hard intervention measures HIM (e.g. infrastructure, technology) and
soft intervention measures SIM (e.g. policy, instructional, communica-
tion) [21,22]. Among the constructivist approaches, the protection mo-
tivation theory presents four factors that define a preservation behav-
ior: perceived severity of a threat, perceived probability of occurrence,
perceived usefulness or effectiveness of any recommended response and
perceived ability to implement response [7]. Bubeck [20], classifies the
first two as threat appraisal and the third and fourth as coping appraisal.

DRP defines IM, but also intervention measures taken, will influ-
ence on DRP. It is important to consider that in addition to the four
factors previously mentioned there are many external factors that can
change perception. The IM strategies used by the people who may be
affected depend mainly on three things: improving knowledge of causes
and likelihood of flooding, social memory of past events and reduction
of reliance on public structural measures [7]. The first two measures
are basically dependent on SIM (e.g. communication to increase knowl-
edge and experience of the surrounding areas, policies for risk alarms).
Only the third is a perception of structural measures like contention
walls. Among the factors considered, FRP is strongly affected by so-
cio-economic and demographic characteristics [23–25] and previous ex-
periences [26]. Johnson et al. [27] and Tierney [28] also defended the
premise that social construction of risk is dynamic and often imposed
by power structures and unequally experienced by marginalized groups.
In this sense, we separate public power from civil society influences on
DRP of each of the dwellers in the neighborhoods studied.

In order to have an idea of the causes of FRP, a regression is used to
evaluate different variables. Threat appraisal (severity and probability
of occurrence) is measured and taken as a dependent factor while cop-
ing appraisal, experiences of past events and demographic factors are
measured and taken as independent factors. In this document, the criti-
cal analysis is focused on the role of governmental institutions and orga-
nizations versus the influence of the local population by shaping flood
risk perception in the context of a major disaster that took place in 2011
in Rio de Janeiro.

2. Methodology

The data collection was principally based on questionnaires designed
under Taylor-Powell [29] and Walonick [30] methodologies. Question-
naires were held in Portuguese answered by the population living in
flood risk areas in a door-to-door survey. These were complemented
by semi-structured interviews of the personnel working in the main in-
stitutions related to disaster risk reduction in the state (Fig. 1), fol-
lowing Fontana and Frey [31] and Ulrich and Probst [32] method-
ologies. Most of the data was taken between August 2015 and Janu-
ary 2016. Some expert interviews were held in September 2014 to de-
sign the fourth part of the questionnaires, and the first questionnaires
were conducted in March 2015 for testing and revision. The selected
sub-basin, Rio Dois Rios, has an area of 4.375 km2 and a population of

Fig. 1. Institutions working in the studied area.

371,255 inhabitants; it is composed totally or partially of 12 municipal-
ities, all of them in Rio de Janeiro State. Nova Friburgo (985 m.a.s.l.)
is the head of the basin, was heavily affected in 2011, and thus it was
selected as a focus municipality. Bom Jardim, Trajano de Morais Sao se-
bastiao de alto and Sao Fidelis were selected for comparison and valida-
tion purposes, as part of the Rio dois Rios basin (Fig. 2).

Households in rural (n = 115) and peri-urban (n = 276) risk areas
were selected for the questionnaires. An official delimitation of the risk
areas (both in rural and in urban areas) was given by INEA, based on a
flood model created with the HEC HMS and HEC GIS programs by Eco-
logus, a consultant outsourced after the 2011 tragedy. Based mainly on
the DEM and a 15–30-m buffer zone around the rivers, official flood risk
maps were developed, locating red (high flood risk in the buffer zone)
and yellow (mid-flood risk near the buffer zone) zones and highlighting
the houses located in both risk areas for Campo de Coelho (CC), Corrego
Dantes (CD), and Rio Grandina (RG). These maps were made to plan a
green protected area around the river in the most affected areas in the
municipality of Friburgo, and also to relocate the population living in
these risk areas.

Out of around 385 houses officially marked as under severe risk
on INEA risk maps, 160 were demolished or abandoned, from the 225
houses standing in the risk areas, 217 (56%) responded to the question-
naires. The abandonment was driven by fear of a new event or under
a contract with INEA where they received a house in the “Minha casa
minha vida” federal program, or received state or federal assistance to
cover the monthly payment for a rented house. For the non-official risk
areas in Sao Fidelis (SF), Barracao dos Mendes (BM), and Terra Nova
(TN) the methodology was repeated, and houses were marked, follow-
ing the DEM maps, methodology and buffer zone described by INEA.
Representing rural areas in Sao Fidelis (SF), Barracao dos Mendes (BM)
and peri-urban areas in Terra Nova (TN), the population living near the
river participated in the same questionnaire. With the results, a contrast
of the perceptions between rural and peri-urban areas, as well as offi-
cial and non-official sites was evident. Table 1 shows the reported areas’
division between rural - urban, unofficial - official INEA risk areas and
some basic demographic data.

The questionnaire had four main parts: 1) General demographic
data; 2) Previous experiences with natural disasters and adopted mit-
igation measures; 3) Perception of risk (severity and likelihood), and
4) Coping appraisal. Previous experiences with natural disasters and
adopted mitigation measures (point 2), reflected mainly personal ex-
periences during and after the tragedy of 2011 and previous disaster
events; response measures taken during and mitigation measures taken
after. This second point helped the interviewee to become familiar with
the subject; many of them gave confident details and specifications
about their experience.
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Fig. 2. Rio dois Rios sub-basin area and interview points.

Table 1
General data of the interviewed population.

Location of the neighborhoods Rural areas Peri-urban areas Total

Official INEA risk areas

SF BM CC CD RG TN

Sao
fidelis

Barracao d.
Mendes

Campo do
Coelho

Corrego
Dantes

Rio
Grandina

Terra
Nova

Number of questionnaires 21 49 45 124 48 104 391
Gender (female percentage) 71.43 42.86 40.00 45.97 62.50 32.69 44.76
Average (Av.) age in years 49.86 38.82 28.98 47.05 54.65 34.09 41.57
Av. years living in the area (%) 24.38 18.84 11.82 27.08 34.92 6.18 19.55
Access to media (0–4 items: radio, TV,
phone, internet)

3.33 2.71 1.84 3.25 3.13 2.12 2.71

Av. pop. with formal work (%) 57.14 87.76 68.89 65.32 50.00 38.46 59.08
Av. pop. retired (%) 9.52 6.12 15.56 14.52 27.08 11.54 15.09
Av. pop. unemployed (%) 33.33 6.12 15.56 20.16 22.92 50.00 25.83
Av. affected by inundations (%) 95.24 79.59 57.50 83.06 72.92 34.62 65.47
Av. affected by landslides (%) 2.80 36.73 31.11 89.19 14.40 82.59 28.39

Perception of risk (point 3) evaluated their knowledge and the per-
ception they have about their risk state; the likelihood of a future event
where they live (flood or landslide) evaluated in a scale from one to four
and how severely they could be affected evaluated qualitatively. Flood
risk perception of the residence (from no risk at all to high risk) is the
independent variable for the correlation (Table 2).

Coping appraisal (point 4) evaluated response efficacy and self-ef-
ficacy; the influence of the state and municipal institutions in their
preparedness (e.g. infrastructural vs. non-infrastructural measures) and
measures taken by them for preparedness, possible long/short-term
measures financial or physical help received from institutions, family

and/or neighbors. Using affirmations previously made by institution ex-
perts, we could ask the population about their knowledge about specific
programs and projects aiming to educate the population and increase
preparedness. This point also evaluates people's perception of their en-
vironment, knowledge about rainy – dry season, natural surroundings
and the importance of reforestation activities and ecosystem services.

The factor analysis in SPSS divided the 42 variables (26 main +
16 secondary) into six main factors: general demographic information
(e.g. years living in the area, gender, age, working sector, telephone,
internet access), geographical location (e.g. distance to the urban cen
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