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Abstract

Background: This study analyzes individuals’ perceptions of areas exposed to coastal flooding at a local level using
sketch mapping methodology. In this way, 318 individuals were surveyed in four coastal municipalities in France
(Barneville-Carteret, Saintes-Maries-de-la-mer, Châtelaillon-Plage and Sainte-Anne). We assessed the disagreement
between expert estimates and individuals’ perceptions of areas exposed to coastal flooding using sketch mapping
indicators. We also determined the relationships between individuals’ living environments and the way they perceived
the spatial extent of coastal flooding.

Results: Respondents were likely to under-assess the exposure of areas that are actually exposed according to expert
hazard maps. Perceived distance to coastal flooding areas appeared to be a predominant factor in assessing
individuals’ perceptions.

Conclusions: Local preventive actions could take into account the individuals’ tendency to under-estimate the
areas exposed to coastal flooding. Individual perception of the spatial extent of coastal flooding appeared to be
more influenced by the perceived distance of the home to exposed areas than the objective distance. It is a result that
raises the question about the individuals’ understanding of hazard maps and regulatory maps. This may necessitate the
improvement of the appropriation of these documents by the inhabitants by involving them more closely in
the application and decision process that directly concerns.

Keywords: Risk perception, Coastal flood risk, Sketch maps, Hazard proximity

Background
Coastal flooding represents a major risk taking into ac-
count the human, environmental and economic losses it
can potentially inflict, particularly in highly populated
coastal areas (McGranahan et al. 2007; Small and Nicholls
2003). The risk of coastal flooding is expected to increase
(Nicholls and Cazenave 2010) considering the sea level
rise (Church and White 2006; IPCC 2014), the expected
increases in coastal populations (Lutz and Samir 2010;
Nicholls 2004) and the concentration of stakes in coastal
areas (Meur-Férec et al., 2008; Michael, 2007). According

to Nicholls (2011) and Nicholls and Cazenave (2010), 200
millions of people are vulnerable to coastal flooding dur-
ing temporary extreme sea level events. McGranahan et
al. (2007) determined that the low elevation coastal zones
(up to ten meters elevation) represent 2% of the world’s
land and has 10% of the global population (around 600
million people). More specifically, deltas are the most vul-
nerable areas to coastal flood risk mostly because of their
subsidence (Chaumillon et al. 2017) caused by tectonics,
compaction, sedimentation and anthropogenic factors
(Brown and Nicholls 2015). The Bay of Bengal is the most
vulnerable region in the world to coastal flooding induced
by hurricanes (Breilh et al. 2013). Thus, in 1970 between a
quarter to half a million people died during cyclone Bhola
(Hossain 2018). In 2008, cyclone Nargis caused the death

* Correspondence: marie.coquet@univ-nantes.fr
1Université de Nantes, Laboratoire LETG UMR 6554 CNRS, Campus du Tertre,
BP 812272, 4431 Nantes, Cedex 3, France
Full list of author information is available at the end of the article

Geoenvironmental Disasters

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

Coquet et al. Geoenvironmental Disasters  (2018) 5:15 
https://doi.org/10.1186/s40677-018-0107-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s40677-018-0107-3&domain=pdf
http://orcid.org/0000-0001-7351-7471
mailto:marie.coquet@univ-nantes.fr
http://creativecommons.org/licenses/by/4.0/


of 130,000 people in Myanmar (Wolf 2009). The Gulf of
Mexico figures among the most vulnerable regions in the
world to coastal flooding. In 2005, hurricane Katrina re-
sulted in more than 1500 deaths and 84 billion dollars in
damages (Blake et al. 2007). More recently, typhoon Hai-
yan, which hit the Philippines, led to the death of 6000
people and to damages estimated at 802 million dollars
(Mori et al. 2014).
In France, the last major flood event was associated

to storm Xynthia during the night of February 27th
and 28th, 2010. More than 50,000 ha of land were
flooded, and 55 towns were affected by flooding on
the Atlantic coast. During this tragic event, 47 people
died including 41 by drowning (Breilh et al. 2014;
Chadenas et al. 2014; Chaumillon et al. 2017; Creach
et al. 2015; Kolen et al. 2010; Vinet et al. 2012). The
storm also caused 2.5 billion euros of flood damage
(Creach et al. 2015; Lumbroso et al. 2011). More
recently, French overseas territories in the Antilles re-
gion experienced several cyclones and tropical depres-
sions in 2017. Irma, one of the major cyclones of the
2017 cyclonic season, caused coastal flooding in Saint
Barthelemy and Saint Martin on the 6th of September.
This research paper is driven by the fact that coastal

flooding represents an increasing major risk in the world
including French coastal areas. We aim to complement
the multiple research about coastal flooding by analyzing
the public perception of coastal flood risks in French
coastal areas. Thus, we compare expert estimates and in-
dividuals’ perceptions of areas exposed to coastal flood-
ing at local level.
According to Slovic (1987), “studies of risk perception

examine the judgments people make when they are asked
to characterize and evaluate hazardous activities and tech-
nologies”. Thus an individual’s perception could be different
from expert assessment of hazard or risk for many reasons
including the difficulties of assessing probabilities of hazard,
because of a lack of information about the risk (Botzen et
al. 2009; Heitz and Shimabuku 2017) or because a lack of
confidence in the authorities (Goeldner-Gianella et al.
2017). Individuals’ perception of risk has been widely stud-
ied using different methodologies of surveys. Many studies
have analyzed coastal flood risk perception using question-
naires (Boyer-Villemaire et al. 2014; Combest-Friedman et
al. 2012; Costas et al. 2015; Koerth et al. 2013; Lieske et al.
2014; Schmidt et al. 2014) In addition to questionnaires,
several studies have also analyzed individuals’ perceptions
of the spatial extent of risk or hazard using methodologies
from cognitive mapping research such as mental maps, rep-
resentation maps or sketch maps.

Sketch maps
Downs and Stea (1973) defined cognitive mapping as “a
construct which encompasses those cognitive processes

which enable people to acquire, code, store, recall and
manipulate information about the nature of their spatial
environment”. Cognitive mapping emerged from behav-
ioral research (Gould and White 1973; Lynch 1960)
which considers the spatial dimension of individuals’
perceptions and behaviors. This interest led to the emer-
gence of new methodologies of data collecting and thus,
new types of data (Golledge 2008). In this way, maps or
sketches were used to collect individuals’ spatial percep-
tions of their environment. For example, studies used
sketch maps to analyze individuals ‘perceptions of neigh-
borhood boundaries (Campbell et al. 2009; Coulton et
al. 2013), to investigate individuals’ perceptions of crime
and fear (Curtis 2012; Curtis et al. 2014; Matei et al.,
2001; Matei and Ball-Rokeach 2005). Sketch maps were
also used to study the changing perceptions of youths
after their transition from a university neighborhood to
a university campus (Pearsall et al. 2015) or to investi-
gate students’ knowledge of libraries (Horan 1999) Sev-
eral studies about individuals’ perceptions of natural
hazards have also used sketch maps. Thus, they have
been used to capture individuals’ perception of landslide
risk (DeChano and Butler, 2001) volcanic risk (Gaillard
2008; Gaillard et al. 2001; Leone and Lesales 2009), flood
risk (Brennan et al. 2016; Brilly and Polic 2005; O’Neill,
Brennan et al. 2015; O’Neill et al. 2016; Pagneux et al.
2011; Ruin et al. 2007) and coastal flood risk (Cheung et
al. 2016). Gueben-Venière (2011), Chevillot-Miot (2017)
and Chionne (2018) also used sketch maps during inter-
views with stakeholders about coastal flood risk.
This study proposes to analyze individuals’ sketch

maps of areas exposed to coastal flooding from four
study sites at a local level. We aimed to assess disagree-
ment between individual and expert estimates of the
spatial extent of coastal flooding using several indicators.
We assumed there is a relationship between individuals’
living environments and the way they perceive the
spatial extent of coastal flooding.

Study context
The study took place in four coastal municipalities of
France. Barneville-Carteret is a coastal town of 2197 in-
habitants (INSEE, 2014) which is located on the West
Cotentin coast facing the Channel Sea (Fig. 1). This
small town of 10.3 km2 is exposed to coastal floods
both on the sea front and the “Havre de Carteret”
(Fig. 2). This geomorphological shape is an inlet locally
known “havre” (Robin et al. 2007, 2009) dominated by
tidal currents. It is used as a natural harbor. Moreover,
Barneville-Carteret is also vulnerable to coastal flooding
due to the poor condition of certain dykes located
around the “havre” (Mairie de Barneville-Carteret:
Digue de la Grève d'Or, unpublished). The 1990 storm
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was the latest biggest and most documented event in
this region (DDTM 50 2015) The town also suffered a
coastal flood event in 1974, partly caused by the small
size and poor condition of the dykes in the “havre”.
This storm is still present in the memory of
respondents.
Saintes-Maries-de-la-mer stretches along the Medi-

terranean coast (Fig. 1). The town is located in the
regional park of Camargue and had 2683 inhabitants
in 2014 (INSEE, 2014.). We decided to survey in a
delimited zone that stretches 8 km along the seashore
and 4.5 km into the hinterland because of the very
large surface area of the municipality (374.6 km2). As
can be seen on the map (Fig. 3), most of the respon-
dents lived in the largest urbanized area locally called
“the village”, which is the center of the town. The re-
mainder of the municipality that we studied consists
of lowland areas (marshes and ponds) (Fig. 3). Lo-
cated in the Rhône delta, the elevation of the village
is between 0 m and 2 m above sea level, which makes
it highly vulnerable to coastal flooding. This vulner-
ability is accentuated by the subsidence of the delta.

The village is exposed to high waves and strong
winds from the SE and SSE which are associated with
coastal flooding (Sabatier et al. 2009). They can also
generate overflow from marshes and flooding from
“Le Petit Rhône”, a tributary of the Rhone, by dis-
rupting the normal flow. The center of the village of
Saintes-Marie-de-la-mer was flooded during the 1982
storm (DDTM 13 2017).
The third study site is the town of Châtelaillon-Plage,

which is located along the Atlantic coast Figs. 1 and 4.
This area is mainly composed of lowlands and appears
to be the most vulnerable area to coastal flooding on the
French Atlantic coast (Breilh et al. 2014). The town suf-
fered from major flooding during the Xynthia storm on
the night of February 27th and 28th in 2010, which was
the last major coastal flood event in France (Breilh et al.
2013; Chaumillon et al. 2017).
Sainte-Anne is a vast municipality located in the

French overseas department of Guadeloupe. It faces the
Caribbean Sea on the Atlantic Ocean side (Figs. 1 and
5). Sainte-Anne is exposed to coastal flooding especially
from hurricane-induced storm surges. The most recent

Fig. 1 Location of study sites in France
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coastal flood event was caused by hurricane Hugo in
1989, which impacted the low-lying areas of Sainte-Anne
(Krien et al. 2015).

Methods
Participants
We used convenience sampling for the data collection.
We intended to obtain spatial homogeneity of the individ-
uals’ location. We also aimed to survey both individuals
living in areas exposed to coastal flooding and those who
didn’t. According to prevention plans, the proportion of
areas exposed to coastal flooding differs depending on the
study site. This is why the percentage of respondents who
lived in those areas varies. Following this methodology of
data collection, 318 individuals were surveyed.
In April 2015, we surveyed 92 individuals living in

Barneville-Carteret (Fig. 2), 58 of them were women
with an average age of 63 and 34 were men with an
average age of 59 (Fig. 6). Thirty two individuals lived
in areas exposed to coastal flooding, that being 35%
of that sample.
Eighty one inhabitants of Saintes-Maries-de-la-mer

(Fig. 3) were surveyed in May and October 2015, 43

were women with a mean age of 54 and 38 were men
with a mean age of 52 (Fig. 7). Because a very large
area of the municipality is exposed to coastal flood-
ing, all the respondents lived in exposed areas.
During June 2015, 77 individuals were surveyed in

Châtelaillon-Plage (Fig. 4), 44 of them were women with a
mean age of 61 and 33 were men with a mean age of 69
(Fig. 8). Forty four respondents lived in areas exposed to
coastal flooding, which corresponds to 57% of the sample.
We surveyed 68 inhabitants in Sainte-Anne in August

2015 (Fig. 5). The sample was composed of 44 women
with an average age of 43 years and 24 men with an
average age of 45 years (Fig. 9). Six respondents lived in
areas exposed to coastal flooding, accounting for 9% of
the sample.

Procedures
Data was mostly collected by face to face interviews and
some surveys were returned from randomly selected pos-
tal addresses. Those returned surveys represented 5.4% of
the surveys in Barneville-Carteret, 16% in Saintes-Maries-
de-la-mer and 13% in Châtelaillon-Plage. We didn’t con-
duct mail box surveys in Sainte-Anne.

Fig. 2 Location of respondents’ homes in the town of Barneville-Carteret
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The survey was made up of two parts. In the first part,
respondents were asked to sketch areas exposed to
coastal flooding on the town scale using a base map fol-
lowing the guideline: “According to you, please represent
the areas exposed to coastal flooding in the town of …”
We calculated indicators of spatial representation from
each individual’s map as described in detail in the “Mea-
sures” part bellow.

The second part of the survey consisted of 49 ques-
tions divided into the following sections: coastal flood
risk exposure scale, residence choices, protection sup-
port structures, coastal flooding experience, knowledge
of coastal flood risk, socio-demographic characteristics.
Coordinates of each respondent’s home were also col-
lected in order to identify spatial variables that deter-
mined individuals’ living environment.

Fig. 3 Location of respondents’ homes in the town of Saintes-Maries-de-la-mer. Legend: Most areas which are not considered as exposed to
coastal flooding are marshes and ponds
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In this research paper, we focused on data from indi-
viduals’ sketch maps of areas exposed to coastal flooding
and on spatial variables that determined individuals’ liv-
ing environment.

Measures
The use of sketch maps in the analysis of individual’s
perceptions of natural risk
The use of GIS for assessing sketch maps has been widely
generalized (Boschmann and Cubbon 2014; Cheung et al.

2016). Thus, individuals’ sketch maps were geo-referenced
and digitized. Two different methodologies were predom-
inantly used in sketch map assessments and this was the
case for studies which analyzed individuals’ perceptions of
natural risks. In the first case, individuals’ sketch maps
were analyzed by compilation (Brennan et al. 2016; Brilly
and Polic 2005; DeChano and Butler 2001; Gaillard 2008;
Gaillard et al. 2001; Leone and Lesales 2009; Pagneux et
al. 2011; Ruin et al. 2007). The aim of this methodology is
to capture a collective perception of hazardous areas.

Fig. 4 Location of respondents’ homes in the town of Châtelaillon-Plage
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Studies often compared an expert estimation of hazardous
areas with the collective perception (Brennan et al. 2016;
Pagneux et al. 2011; Ruin et al. 2007). In the second case,
studies focused more on assessing sketch maps at an indi-
vidual level (Cheung et al. 2016; O’Neill et al. 2015). Thus,
Cheung et al.(2016) studied individuals’ sketch maps of

coastal flood risk in Newport Beach, California. They
first determined in a first time the disparity between in-
dividuals’ sketch maps and secondly the disparity be-
tween individuals’ sketch maps and expert estimates of
hazardous areas. In their study about individuals’ per-
ceptions of flood risk in the town of Bray, near Dublin,

Fig. 5 Location of respondents’ homes in the town of Sainte-Anne

Fig. 6 Age pyramid of respondents in the town of Barneville-Carteret
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O’Neill et al. (2015) determined the disagreement be-
tween individuals’ sketch maps of flood risk with an ob-
jective estimation of flood risk.

Assessment of sketch maps
Collecting data using sketch map base For the three
study sites of Barneville-Carteret, Saintes-Maries-de-
la-mer and Châtelaillon-Plage, the base maps included
an ortho-photography, a north arrow and a scale bar.
Figure 10 presents an example of a sketch map made
by a respondent in Châtelaillon-Plage. Respondents
from Barneville-Carteret and Châtelaillon-Plage were
asked to sketch the areas exposed to coastal flooding
for all the surface areas of the towns. As explained in
the introduction, because of the very large surface area
of Saintes-Maries-de-la-mer we delimited the sketch
mapping around the village, where a large majority of
respondents lived. The Sainte-Anne respondents found
it very difficult to orientate themselves using the ortho-
photograph. This was due in particular to the high density
of vegetation cover that screened the road network and

certain housing areas. To help them overcome their dif-
ficulties, we gave them an open street map base
highlighting the coastline, the town limits, the main
roads, some reference locations (such as the church,
the cemetery and the stadiums), the main sections of
the municipality, a north arrow and a scale bar (Fig. 11).
We gave each respondent a pen to sketch areas exposed
to coastal flooding but they were free to use a pencil, a
felt tipped pen or a highlighter.

Processing of the sketch maps We used QGIS GIS soft-
ware for the processing of the sketch maps. Each sketch
map is geo-referenced. The areas that respondents
sketched as exposed to coastal flooding are digitized and
cropped, where necessary, according to the limits of the
municipality (GEOFLA IGN) and the coastline (HistoLitt
SHOM IGN). We the compared individuals’ sketch maps
with experts’ estimates of hazardous areas.
In France, the main instrument of coastal risk man-

agement is the PPRl (Plan de Prevention des Risques
littoraux or coastal risk prevention plan). PPR (Plan

Fig. 7 Age pyramid of respondents in the town of Saintes-Maries-de-la-mer

Fig. 8 Age pyramid of respondents in the town of Châtelaillon-Plage
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de Prevention des Risques equivalent to risk prevention
plans) were developed in 1995 at communes level (the
lowest level of government). They aimed to organize
urbanization considering risks (Chadenas et al. 2014;
Pottier et al. 2005). Following storm Xynthia which
highlighted the necessity to improve coastal risk man-
agement, the French government started revisioning
the PPRl. The new PPRl had to include a more precise
understanding of coastal flooding hazards, the effects
of protection structures and the sea live rise (Perherin
et al. 2012) in order to create a more refined modeling
of coastal flooding hazards. Thus, the urbanization
regulatory map is the combination of a stakes map
and a hazards map and determines areas within which
construction is forbidden or with limited (MEDDE
2014). The hazards map determines the areas exposed
to different scenarios of coastal flooding hazard: a
current scenario and a scenario that includes the effect
of climate change up to 2100 (MEDDE 2014). We used
the current one in the present research. We disposed of
the coastal flooding hazard maps of Barneville-Carteret
and Châtelaillon-Plage.
The revision procedures of the PPRl for Sainte-Anne

and Saintes-Maries-de-la-mer, the procedure of revision
of the PPRl weren’t advanced enough to access coastal
flood hazard maps. However these two municipalities
were identified as TRI (“Territoires à Risques Impor-
tants d’inondation”, or high risk flood areas). The iden-
tification of TRI takes place in a larger context of the
implementation of the European Directive nb 2007/60/
CE (23/10/2007) relating to the assessment and the
management of flood risk. A TRI is not a substitute for
a PPRL but the identification process of a TRI can lead
to the definition of a PPRL. A TRI is an area, for ex-
ample a group of municipalities, exposed to flooding
(coastal flooding included). As with the PPRl document,
the TRI document combines stake maps and hazard
maps including a current hazard map. Thus, we de-
cided to use both types of coastal current flooding

hazards maps because the methodology used to assess
current coastal flooding hazard in the TRI was similar
to that in the PPRl.
In order to compare individuals’ sketch maps with

experts’ estimates of hazardous areas we decided to
use coastal flooding hazard maps from PPRl and TRI
documents. To assess the disagreement between indi-
viduals’ sketch maps with experts’ estimates of haz-
ardous areas we constructed three indicators.
The over-assessment indicator represents the propor-

tion of sketched areas which does not intersect the
coastal flooding hazard mapping (in yellow on Fig. 12).
Thus, the “over-assessed areas” reflect respondents’ per-
ception that some places are exposed to coastal flooding
whereas they are not according to hazard mapping.
The under-assessment indicator is the proportion of

coastal flood hazard mapping which do not intersect
the sketched areas (in blue on Fig. 12). In contrast to
the over-assessed areas, the under-assessed areas re-
flect the respondents’ perception that some places are
not exposed to coastal flooding whereas in fact they
are according to hazard mapping. Consequently, a re-
spondent may over-assess the exposure to coastal
flooding in some places and under-assess it in other
places.
The indicator of similarity corresponds to the Jaccard

similarity coefficient (J). It is used to compare the simi-
larity of two samples. It corresponds to the size of the
intersection divided by the size of the union of the sam-
ples as:

J A;Bð Þ ¼ A∩B
A∪B

:

Here, the samples are on the one hand the coastal
flooding hazard mapping (A) and on the other the
sketched areas exposed to coastal flooding (B) (Fig. 13).
This indicator varies between 0 (the samples are not
similar) to 1 (the samples are similar).

Fig. 9 Age pyramid of respondents in the town of Sainte-Anne
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Characterization of individuals’ living environments using
spatial variables
Acquisition of the spatial variables Using QGIS GIS
software and each respondent’s home coordinates, we
calculated four metric variables (expressed in meters):
the elevation of their home above sea level, the distance
from their home to the sea, the distance from their
home to areas exposed to coastal flooding and the per-
ceived distance of the home to the exposed areas ex-
posed to coastal flooding. We used LIDAR (IGN, SHOM

Litto3D) data with a spatial precision between 15 and
20 cm and an elevation precision between 20 and 50 cm
to evaluate the elevation of homes above sea level. The
elevation resolution was at the centimeter scale for all
study sites. The spatial resolution was 0.5 m for
Sainte-Anne and Barneville-Carteret, 5 m for Saintes-
Maries-de-la-mer and 1 m for Châtelaillon-Plage.
According to the availability of data (SHOM 2014), the
distance from the homes to the sea was calculated in rela-
tion to the highest astronomical tide level for Sainte-Anne

Fig. 10 Example of a sketch map made by a respondent in Châtelaillon-Plage
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and Saintes-Maries-de-la-mer and the mean of the high
spring tide level for Barneville-Carteret and Châtelaillon-
Plage. The distance from the homes to the areas exposed to
coastal flooding was calculated according to the current
hazard maps available in the PPRL of Barneville-Carteret
and Châtelaillon-Plage and available in the TRI document
of Saintes-Maries-de-la-mer and Sainte-Anne. Thus, we
can consider this distance as objective as possible.
Lastly, the perceived distance to areas exposed to
coastal flooding corresponds to the distance between
one individual’s home and the limit of the sketched
areas. If the respondent sketched one area, we consid-
ered the distance between his/her home and the limit of
the sketched area. If the respondent sketched more than
one area, we considered the distance between his/her home
and the limit of the closest sketched area.

Data analysis
Assessment of the disagreement between individuals’
perceptions and experts’ estimates of areas exposed to
coastal flooding
We expected differences in respondents’ indicators of
sketch mapping depending on where they lived. There-
fore, in order to study variations in respondent’s indicators

of sketch mapping between the study sites, we performed
an analysis of variance (ANOVA) for each indicator where
the study sites were used as between-factor subject.
Then, pairwise comparisons (Bonferroni post hoc test)
were conducted in order to understand where the dif-
ferences occurred.

The relationship between individuals’ perceptions of areas
exposed to coastal flooding and the characteristics of their
living environment
We aimed to analyse the relationship of the four spatial
variables (the altitude of the home, the distance of the
home to the sea the distance of the home to the areas
exposed to coastal flooding and the perceived distance
of the home to the areas exposed to coastal flooding)
and individuals’ perceptions of areas exposed to coastal
flooding determined by sketch mapping indicators. We
considered the sketch mapping indicators (over-assess-
ment, under-assessment and similarity) as dependent
variables and the four spatial variables as factors (or in-
dependent variables). We used hierarchical partitioning
of R2 to determine the proportion of variance of sketch
mapping indicators explained by each spatial variable
(Chevan and Sutherland 1991). This method allowed us

Fig. 11 Example of a sketch map made by a respondent in Sainte-Anne
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Fig. 12 Spatial processing of individuals’ sketch maps by comparison with experts’ estimates of hazardous areas (exemple of a respondent's
sketch map in Barneville-Carteret). In green: intersection areas between individuals’ sketch maps and experts’ estimates of hazardous areas. In blue:
experts’ estimates of hazardous areas which do not intersect individuals’ sketch maps. In yellow: individuals’ sketch maps which do not intersect
experts’ estimates of hazardous areas

Fig. 13 Application of Jaccard similarity coefficient to sketch maps processing

Coquet et al. Geoenvironmental Disasters  (2018) 5:15 Page 12 of 22



to identify variables that have important independent cor-
relation with the dependent variable, unlike variables that
have a small independent effect but a high correlation
with the dependent variables due to correlation with the
other explanatory (or independent) variables. Secondly,
we ordered spatial metrics that significantly and independ-
ently explain a proportion of variance. Significance of
spatial metrics was determined by comparing the values
of the independent contributions I with a population of Is
from 1000 randomizations of the data matrix. Significance
was accepted above 95% confidence limit.
We didn’t consider the variable of distance to the sea

to the areas exposed to coastal flooding for Saintes-
Maries-de-la-mer because all the respondents lived in
areas exposed to coastal flooding so the value was
equal to 0 for each individual.
In preparation for data processing, we removed individ-

uals which didn’t sketch the areas exposed to coastal
flooding because they considered that no area was ex-
posed. Those individuals represented 9.9% of the Saintes-
Maries-de-la-Mer respondents, 6.5% of the Châtelaillon-
Plage respondents and 3.3% of the in Sainte-Anne respon-
dents. No respondents from Barneville-Carteret were
included. Therefore, the global sample was reduced to
303 individuals.

Results
Assessment of the disagreement between individuals’
perceptions and expert estimates of areas exposed to
coastal flooding
Sketch mapping indicators were built in order to assess
the spatial disagreement between individuals’ perceptions
and experts’ estimates of areas exposed to coastal flooding.

Thus, we chose to assess the disagreement using indica-
tors of over-assessment, under-assessment and similarity.
Table 1 presents the descriptive statistics for the sketch
mapping indicators. To confirm the differences between
study sites which appeared in the descriptive statistics, we
performed analysis of variance for each sketch mapping
indicator and determined significant differences.

Indicator of over-assessment
The range of indicators of over-assessment was very wide
(from around 0% for all study sites to above 90%, except for
Sainte-Maries-de-la-mer). Respondents from Sainte-Anne
and Barneville-Carteret displayed average indicators of
over-assessment (Sainte-Anne: 64%, Barneville-Carteret:
49%) higher than the average of respondents of all four
study sites (44%) They were more likely than the respon-
dents from Saintes-Maries-de-la-mer (25%) and Châtelail-
lon-Plage (39%) to perceive areas as exposed to coastal
flooding which are not identified as hazardous areas by ex-
perts’ estimations (from TRI document in this case). Re-
spondents from Saintes-Maries-de-la-mer are the least
likely to over assess the spatial extent of coastal flooding
areas in comparison to the experts’ hazards map. We had
difficulties in calculating the over-assessment indicator for
each respondent from Saintes-Maries-de-la-mer. In fact, al-
most the whole surface area of the map is considered to be
exposed to coastal flooding. The parts they are not con-
sidered to be exposed, mostly consisted of marshes and
ponds, are already submersible. Consequently, areas
that respondents identified as exposed to coastal flood-
ing which are not identified in the hazards map are
mostly marshes and pounds.

Table 1 Descriptive statistics for the sketch mapping for the study sites

Sketch mapping indicators N Min Max Mean SD N Mean SD

Over-assessment indicator

Barneville-Carteret 92 0.05 99.39 48.63 23.93 303 43.90 23.60

Saintes-Maries-de-la-Mer 73 0.00 75.55 24.76 14.60

Châtelaillon-Plage 72 0.00 93.39 38.84 17.09

Sainte Anne 66 0.00 96.75 64.01 18.68

Under-assessment indicator

Barneville-Carteret 92 5.76 99.99 69.39 24.59 303 77.69 24.58

Saintes-Maries-de-la-Mer 73 2.44 100 82.94 29.01

Châtelaillon-Plage 72 0.20 100 85.15 22.93

Sainte Anne 66 33.88 97.41 75.32 16.06

Similarity indicator

Barneville-Carteret 92 0.00 0.51 0.20 0.13 303 0.15 0.14

Saintes-Maries-de-la-Mer 73 0.00 0.61 0.13 0.18

Châtelaillon-Plage 72 0.00 0.61 0.12 0.15

Sainte Anne 66 0.01 0.24 0.13 0.07
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The difference in respondents’ indicators of over as-
sessment according to their place of residence was sig-
nificant (F (3; 299) = 51.52, p < 0.001). Thus, the effect of
the study site factor was high (ƞ2 = 0.341) according to
Cohen’s standards (Cohen 1988). In fact, more than 34%
of the variations in indicators of over-assessment were
explained by the study site. Pairwise comparisons
present significant (p < 0.01) differences in indicators of
over-assessment between all groups of respondents de-
pending on their study sites (Fig. 14a).

Indicator of under-assessment
The variability of indicators of under-assessment was
very large except for Sainte-Anne. Thus, if respon-
dents from the three other study sites displayed indi-
cators from 0.20% to 100%, those from Sainte-Anne
presented a minimum indicator of 33.9%. The average
indicators of under-assessment (78%) were higher
than the average indicators of over-assessment (44%)
for all study sites. Thus, respondents were more likely
to under-assess than over-assess the spatial extent of
areas exposed to coastal flooding. Average indicators
of under-assessment of respondents from Châtelail-
lon-Plage (85%) and from Saintes-Maries-de-la-mer
(83%) were higher than the average indicator (78%).
Despite the fact that the average indicators of over-
assessment and under-assessment of respondents in
Saintes-Maries-de-la-mer were less precise in their
calculation than the other study sites, they provided
information about the general trend of individuals’
perception of the spatial extent of areas exposed to

coastal flooding. In fact, respondents that lived in this
municipality are more likely to under-assess than
over-assess the exposed areas.
The difference in respondents’ indicators of under as-

sessment according to their place of residence was signifi-
cant (F (3; 299) = 7.48, p < 0.001). This time, the effect of
the study site factor was medium (ƞ2 = 0.070) according
to Cohen’s standards. So, 7% of the variations in indicators
of under-assessment were explained by the study site.
Pairwise comparisons (Fig. 14b) showed significant (p <
0.01) mean differences in indicators of under-assessment
between respondents from Barneville-Carteret and
Saintes-Maries-de-la-mer and also between respondents
from Barneville-Carteret and Châtelaillon-Plage.
Respondents who lived in Châtelaillon-Plage and

Saintes-Maries-de-la-mer had the lowest average indi-
cators of over-assessment and the highest average
indicators of under-assessment. The study sites of
Châtelaillon-Plage and Saintes-Maries-de-la-mer pre-
sented the highest percentages of areas exposed to
coastal flooding. In fact, these areas represented 66%
of the entire surface area of Châtelaillon-Plage. As
previously stated, it was not possible to have an ac-
curate percentage of areas exposed to coastal flooding
in Saintes-Maries-de-la-mer and but it represents
almost the whole surface area of the study site. On
the contrary, respondents from Barneville-Carteret
and Sainte-Anne had the highest average indicators of
over-assessment and the lowest indicators of under-
assessment whereas both study sites had the lowest
percentage of areas exposed to coastal flooding of

Fig. 14 Differences between means for sketch mapping indicators (a, b and c) between the study sites. Legend: Bar charts showing variations in
the three indicators of sketch mapping (values represent mean and standard deviation) in the four study sites. Differences between means are
significant at the 0.05 level*, 0.01 level** and 0.001 level***. Abbreviations: “BC” for Barneville-Carteret, “SM” for Saintes-Maries-de-la-Mer, “CP” for
Châtelaillon-Plage and “SA” for Sainte-Anne
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their entire surface areas (respectively 12% and 2.5%).
To sum up, respondents from study sites which pre-
sented the highest rate of areas exposed to coastal
flooding are more likely to under-assess the spatial
extent of those areas.

Indicator of similarity
Only the respondents who lived in Barneville-Carteret
displayed an average indicator of similarity (0.2)
higher than the average from all the study sites
(0.15). That means, on average, 20% of the areas they
perceived as exposed to coastal flooding were the same as
those of the hazards maps (from PPRL document). Re-
spondents from the three other study sites had an average
indicator of similarity of 0.12 and 0.13 with higher devi-
ation for the respondents who lived in Saintes-Maries-
de-la-mer (standard deviation = 0.18). We noticed a wide
range of indicators of similarity among study sites except,
once again, for respondents from Sainte-Anne.
The difference among respondents’ indicators of simi-

larity according to their place of residence was significant
(F (3; 299) = 5.96 p < 0.001). The effect of the study site
factor was medium (ƞ2 = 0.056) according to Cohen’s
standards. That means around 5.5% of the variations in in-
dicators of similarity was explained by the study site. Pair-
wise comparisons (Fig. 14c) showed significant (p < 0.05)
differences in means for indicators of under-assessment

between respondents from Barneville-Carteret and re-
spondents from each of the other study sites.

Characteristics of individuals’ living environment
Table 2 presents the ranges, minimums, maximums,
means and standard deviations for the four spatial vari-
ables which reflect the special features of each study site,
as presented above. For example, in Saintes-Maries-
de-la-mer, the mean elevation of respondents’ homes is
very low (1 m above sea level) and all respondents lived
in an area exposed to coastal flooding. This is due to the
ocation of the town in the Rhone delta. Standard devi-
ations for the distances to the sea are very high be-
cause of the diversity of locations of respondents’
homes. Mean distances to areas exposed to coastal
flooding are very different depending on the study site.
They are especially related to the percentage of the
town area overlapping by the exposed coastal flood
area. Thus, areas exposed to coastal flooding represent
12% of the total area of Barneville-Carteret. Respon-
dents live on average 94 m from areas exposed to
coastal flooding. These areas represent 66% of the
total area of Châtelaillon-Plage, so respondents could
potentially live closer to them. In fact, they live on
average 30 m away. In Sainte-Anne, the exposed
coastal flood areas represent only 2.5% and residents
live on average 760 m from them.

Table 2 Descriptive statistics for the spatial variables using coordinates of each individual’s home in the study sites

Spatial variables (meters) N Min Max Mean SD N Mean SD

Distance to the sea

Barneville-Carteret 92 10 1037 264.8 270.7 303 677.8 1186.9

Saintes-Maries-de-la-Mer 73 25 8774 956.5 1887.8

Châtelaillon-Plage 72 81 989 408.0 274.8

Sainte-Anne 66 27 6700 1239.7 1297.1

Distance to areas exposed to coastal flooding

Barneville-Carteret 92 0 795 94.5 156.2 303 200.2 575.3

Saintes-Maries-de-la-Mer 73 0 0 0.0 0.0

Châtelaillon-Plage 72 0 302 29.3 61.5

Sainte-Anne 66 0 4698 755.5 1045.4

Perceived distance to areas exposed to coastal flooding

Barneville-Carteret 92 0 2821 245.1 418.9 303 714.2 1184.0

Saintes-Maries-de-la-Mer 73 0 11,121 980.1 1677.5

Châtelaillon-Plage 72 0 302 571.8 667.7

Sainte-Anne 66 0 4698 1229.2 1407.6

Elevation

Barneville-Carteret 92 4.6 34.6 10.8 7.0 303 10.9 17.5

Saintes-Maries-de-la-Mer 73 −0.5 3.4 1.3 0.5

Châtelaillon-Plage 72 2.5 14.4 3.8 1.5

Sainte-Anne 66 1.3 114.0 29.6 28.8
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Regarding the means of the perceived distances, we
first noticed that for every study site the perceived dis-
tances are higher than the objective ones. In Saintes-
Maries-de-la-Mer, every respondent lived in areas ex-
posed to coastal flooding according to the hazards maps
but they perceived living on average at 980 m from areas
exposed to coastal flooding. Respondents in Barneville-
Carteret perceived living on average at 245 m from ex-
posed areas, that being 2.6 times more than the average
objective distance. 27.2% of the respondents (25 individ-
uals) who actually lived in exposed areas (according to
experts’ hazard maps) estimated that they lived in ex-
posed areas. 9.8% of the respondents (9 individuals) who
didn’t actually live in exposed areas estimated that they
didn’t live in exposed areas. 9.8% (9 individuals) who
didn’t actually live in exposed areas estimated that they
lived in exposed areas. In Saintes-Maries-de-la-mer
34.2% (25 individuals) who actually lived in exposed
areas estimated that they lived in exposed areas. 65.8% (48
individuals) who actually lived in exposed areas estimated
that they didn’t live in exposed areas. In Châtelaillon-Plage
respondents perceived to live on average 19.5 times more
than the average objective distances. 11.1% (8 individuals)
who actually lived in exposed areas estimated that they
lived in exposed areas. 54.2% (39 individuals) who actually
lived in exposed areas estimated that they didn’t live in ex-
posed areas. 2.7% (2 individuals) who didn’t actually live
in exposed areas estimated that they lived in exposed
areas. At least, respondents from Sainte-Anne who per-
ceived to live on average 1.6 times more than the average
objective distances. 7.6% (5 individuals) who actually lived
in exposed areas estimated that they lived in exposed
areas. 1.5% (1 individual) who actually lived in an exposed
area estimated that he or she didn’t live in an exposed
area. 12.1% (8 individuals) who didn’t actually live in ex-
posed areas estimated that they lived in exposed areas.

The relationship between individuals’ perceptions of
areas exposed to coastal flooding and the characteristics
of their living environment
We aimed to determine the relationship between indi-
viduals’ living environments and the way they perceived
the spatial extent of coastal flooding. The results pre-
sented here show the hierarchical partitioning of vari-
ance using sketch mapping indicators (over-assessment,
under-assessment and similarity) as dependent variables
and the four spatial variables as factors (or independent
variables) for each study site.

Barneville-Carteret
In Barneville-Carteret (Fig. 15), spatial variables signifi-
cantly explained (R2 = 0.16; p < 0.05) the over-assessment
indicator. This indicator was significantly (p < 0.5) and
only explained by the distance of the home to the sea

(positive relation; 69.9% of the total variance explained
by all the spatial variables). Spatial variables explained
significantly (R2 = 0.21; p < 0.05) the over-assessment in-
dicator. It was significantly (p < 0.5) and best explained
by the perceived distance to areas exposed to coastal
flooding (positive relation; 51.10%) and the objective dis-
tance of the home to areas exposed to coastal flooding
(negative relation; 30.4%). At last, spatial variables ex-
plained significantly (R2 = 0.22; p < 0.05) the indicator of
similarity. This indicator was significantly (p < 0.5) and
best explained by the perceived distance to areas ex-
posed to coastal flooding (negative relation; 43.8%) and
the objective distance of the home to areas exposed to
coastal flooding (positive relation; 38.2%).
To sum up, respondents from Barneville-Carteret who

live far from the sea are more likely to over-assess the
spatial extent of coastal flooding in areas which are not
exposed according to expert assessment. Respondents
who live close to the areas exposed to coastal flooding
are more likely to under-assess the spatial extent of
coastal flooding in areas which are exposed according to
expert assessment. Respondents who perceived them-
selves as living far from the areas exposed to coastal
flooding are more likely to under-assess spatial extent of
coastal flooding in areas which are exposed according to
expert assessment. Estimations of respondents who live
far from areas exposed to coastal flooding tend to be
similar to expert assessments. Estimations of respon-
dents who perceived themselves as living close to areas
exposed to coastal flooding tend to be similar to expert
assessments.

Saintes-maries-de-la-mer
Concerning Saintes-Maries-de-la-mer (Fig.15), spatial var-
iables did not significantly explain the over-assessment in-
dicator. They significantly explained (R2 = 0.06; p < 0.05)
the under-assessment indicator. This indicator was signifi-
cantly (p < 0.5) and only explained by the perceived dis-
tance to areas exposed to coastal flooding (positive
relation; 83.30%). Spatial variables significantly explained
(R2 = 0.07; p < 0.05) the indicator of similarity. It was sig-
nificantly (p < 0.5) and only explained by the perceived
distance to areas exposed to coastal flooding (negative re-
lation; 81.4%).
To summarize, in Saintes Maries de la mer, respon-

dents who perceived themselves as living far from the
areas exposed to coastal flooding are more likely to
under-assess the spatial extent of coastal flooding in
areas which are exposed according to expert assess-
ment. Estimations of coastal flood extent by respon-
dents who perceived themselves as living close to
areas exposed to coastal flooding tend to be similar to
expert assessments.

Coquet et al. Geoenvironmental Disasters  (2018) 5:15 Page 16 of 22



Châtelaillon-Plage
Regarding Châtelaillon-Plage (Fig. 15), spatial variables did
not significantly explain the over-assessment indicator.
They significantly explained (R2 = 0.17; p < 0.05) the under-
assessment indicator. It was significantly (p < 0.5) and only

explained by the perceived distance to areas exposed to
coastal flooding (positive relation; 57.90%). Spatial variables
significantly explained (R2 = 0.21; p < 0.05) the indicator of
similarity. This indicator was significantly (p < 0.5) and best
explained by the perceived distance to areas exposed to

Fig. 15 Relationships between the spatial variables and the sketch mapping indicators (over-assessment, under-assessment and similarity).
Legend: The bar charts represent the percentage of explained variance in each sketch mapping indicator for each of the four factors independently
(elevation of the home, 2: distance of the home to the sea, 3: distance of the home to exposed coastal flooding areas, 4: perceived distance of the
home exposed coastal flooding areas) as determined by the hierarchical partitioning. The R2 are coefficients of determination of multiple
linear regressions with each sketch mapping indicator as a dependent variable and the four spatial variables as factors. The black bars
represent a significant correlation with positive relationship and the gray bars a significant correlation with negative relationship. The
white bars illustrate a non-significant correlation and “N.R” (non-relevant) meaning that we didn’t use a factor
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coastal flooding (positive relation; 81.4%) and the distance
of the home to the sea (positive relation; 22.1%).
To recap, in Châtelaillon-Plage, respondents who per-

ceived themselves as living far from the areas exposed
to coastal flooding are more likely to under-assess
spatial the extent of coastal flooding in areas which are
exposed according to expert assessment. Estimations of
respondents who live far from the sea are more likely
to be similar to expert assessments. Estimations of re-
spondents who perceived themselves as living close to
areas exposed to coastal flooding tend to be similar to
expert assessments.

Sainte-Anne
Spatial variables did not significantly explain the
over-assessment indicator (Fig. 15). They significantly
explained (R2 = 0.16; p < 0.05) the under-assessment in-
dicator. This indicator was significantly (p < 0.5) and best
explained by the perceived distance to areas exposed to
coastal flooding (positive relation; 41.9%) and the dis-
tance of home to areas exposed to coastal flooding
(negative relation; 32.9%). Spatial variables did not sig-
nificantly explain the indicator of similarity.
To sum up, respondents from Sainte-Anne who live

close to the sea are more likely to under-assess the spatial
extent of coastal flooding in areas which are not exposed
according to expert assessment. Respondents who per-
ceived themselves as living far from the areas exposed to
coastal flooding are more likely to under-assess spatial ex-
tent of coastal flooding in areas which are exposed accord-
ing to expert assessment.

Discussion
Disagreement between individuals’ perceptions and
expert estimates of areas exposed to coastal flooding
We aimed to assess the disagreement between expert as-
sessments of the extent of areas exposed to coastal
flooding with individuals ‘sketch maps of areas exposed
to coastal flooding. We determined that, on average, re-
spondents across the four study sites are more likely to
under-assess (78% on average) than over assess (44% on
average) the spatial extent of areas exposed to coastal
flooding according to expert assessments. This trend has
been confirmed in several studies which compared indi-
viduals’ assessment and expert assessment of the spatial
extent of risk. In their study about perception of ice-jam
floods in Iceland, Pagneux et al. (2011) compared indi-
viduals’ sketch maps of boundaries of the flood area with
an experts’ flood hazard map. They determined that a
majority of respondents ignored areas which were actu-
ally flooded in the past. In this case individuals were
more likely to under-estimate the spatial extent of a
flood area. Ruin et al. (2007) analyzed motorists’ percep-
tion of flood risk on roads in Southern France. Using a

road map, they asked respondents to localize the areas
of the road network they estimated as dangerous or safe
in terms of flood hazard. Respondents’ sketch maps were
compared with a map of road sections reported as being
regularly flooded by the department of transportation.
The authors concluded that motorists tend to under-es-
timate the risk on secondary roads and over-estimate
the risk in other areas. Brennan et al. (2016) compared
the lay perception of flood risk with expert assessment
of flood risk by analyzing a residential population’s per-
ception of flood risk in the city of Bray (near Dublin). In
the survey, respondents were asked to delineate areas
they estimated to be exposed by severe flood event.
Density maps were created by aggregating the sketch
maps of the entire sample of respondents or subgroups
of respondents. These density maps were then com-
pared with expert assessment of the spatial extent of a
past flood using a spatial statistical tool (Fuzzy Kappa
comparison). Our results are comparable with the au-
thors’ findings regarding on the entire sample of re-
spondents. Thus, they determined that 43% of the
expert assessment of flood spatial extent was similar to
the average surface area of individuals’ estimates. So,
we could deduce that individuals under-assessed on
average 57% of the expert assessment of the flood
spatial extent. Brennan et al. (2016) assessed that 35%
of the average surface area of individuals ‘estimates did
not cover the expert assessment of the flood spatial
extent. This percentage is almost similar to the
over-assessment indicator that we used. Cheung et al.
(2016) conducted a study on individuals’ sketch maps
of flood risk in Newport Beach, California. They aimed
to assess the agreement between individuals’ sketch
maps and two modeled distributions of areas exposed
to flood risk. They determined that, on average, be-
tween 40% and 42% (depending on the modeled distri-
bution) of all areas estimated to be hazardous by the
models were also identified as hazardous by individuals.
So, in order to make a comparison with our findings,
we could determine that, on average, between 60% and
58% of areas estimated to be hazardous by the models
were under-estimated by the respondents. Cheung et al.
(2016) also assessed that, on average, between 31% and
39% of all areas estimated to be hazardous by individ-
uals sketches were also identified as hazardous by the
models. Thus, on average 69% and 61% of individuals’
assessment of the spatial extent of flood risk is over-es-
timated. Contrary to our results, the authors found that
respondents are more likely to overestimate than under
estimate. In order to compare individual’s flood risk
perception with an objective measure of flood risk in
the city of Bray (near Dublin), O’Neill et al. (2015) used
area based indicators some of which are comparable to
the indicators we used in this present study. The
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authors showed similar findings to ours. They deter-
mined that respondents’ sketch maps identified on aver-
age 43% of the objective spatial extent of a past flood.
Thus, respondents may under-estimated on average
57% of the objective spatial extent. O’Neill et al. (2015)
also assessed that, on average, 65% of the respondents’
sketch maps overlapped with the objective flood extent.
Thus, we can infer that on average, 35% of the respon-
dents ‘sketch maps are over-estimated. Furthermore, we
assessed an average indicator of similarity of 0.15 be-
tween expert assessments of the extent of areas exposed
to coastal flooding with individuals ‘sketch maps of
areas exposed to coastal flooding. O’Neill et al. (2015)
used a LSI indicator that was similar as our similarity
indicator. They determined that, on average, the simi-
larity indicator between respondents’ sketch maps and
the objective spatial extent of flooding was 0.29.

The relationship between individuals’ perceptions of
areas exposed to coastal flooding and the characteristics
of their living environment
We confirmed our hypothesis that there are relation-
ships between individuals’ living environment and the
way they perceive the spatial extent of coastal flooding.
We performed multiple regression analysis using hier-
archical partitioning to assess the relationship between
each sketch mapping indicator and the spatial variables
of individuals’ living environments for each study site.
To our knowledge, there has been no study about the
relationship between individuals’ sketch maps of coastal
flood risk areas and the characteristics of their living en-
vironment. Nevertheless it was possible to compare our
results with studies which determined relationships be-
tween risk perception and spatial variables.

The elevation of the home
In this present research, we found no significant rela-
tionship between the elevation of the home and the indi-
cators of sketch mapping. Some studies determined a
relation between the elevation of individuals’ homes and
their perceptions of risk. Thus, in their study about flood
risk perceptions in the Netherlands, Botzen et al. (2009)
determined a negative relationship between the elevation
of the home and individuals’ risk perception. O’Neill et
al. (2016) confirmed this trend in their study about flood
risk perceptions near Dublin by determining that re-
spondents who live further from the sea are likely to
have a lower risk perception.

Objective distances of the home to hazard sources
We found significant positive relationship between
the distance of the home to the sea and the indica-
tors of over-assessment and similarity and negative
relationship between this spatial metric and

under-assessment indicator among study sites. We
also determined significant negative relationship be-
tween the distance of the home to exposed coastal
flooding areas and under-assessment indicator and
significant positive relationship between this spatial
metric and the indicator of similarity. The analysis of
the relationship between the proximity to hazard
source and the perception have been applied to sev-
eral natural hazards such as hurricanes (Peacock et al.
2005; Trumbo et al. 2011), volcanoes (Haynes et al.
2007; Perry et al. 1982), floods and coastal floods.
Thus, Botzen et al. (2009) showed that “the further
the individual is situated from a river, the lower is
the perceived flood probability”. Miceli et al. (2008)
investigated disaster preparedness and flood risk per-
ception in an alpine valley in the north of Italy. They
determined that disaster preparedness was positively
associated with the distance of respondents’ homes to
hazard sources. In their study about the perception of
inhabitants and tourists of flood risk on Belgian coast,
Kellens et al. (2011) determined that respondents who
lived in highly exposed areas displayed higher levels
of perceived risk than respondents who lived in low
exposure areas. Arias et al. (2017) analyzed the rela-
tionship between risk perception of tsunami and the
proximity of respondents’ homes in a coastal city of
Chile. The authors determined that respondents who
lived in a tsunami flood zone had a significantly
higher risk perception compared to respondents who
lived in the safe zone.
The main difference between the results of these stud-

ies and our results is that we determined that individuals
who lived closer to hazard sources are more likely to
under-assess the spatial extent of coastal flooding and
that individuals who lived further away from hazard
sources are more likely to have a similar perception to
expert estimates. To explain these differences, we argued
that objective distances are less important factors in
assessing respondents’ sketch maps of the spatial extent
of coastal flooding than the individuals’ perceived dis-
tances. In fact, as we saw in the results, perceived dis-
tances better explain sketch mapping indicators than
objective distances.

Perceived distance to areas exposed to coastal flooding
In fact, we determined a significant positive relation be-
tween perceived distance to areas exposed to coastal
flooding and the under-assessment indicator across the
study sites. We also show significant negative relation-
ship between perceived distance and the indicator of
similarity. When a significant relationship between the
perceived distance to areas exposed to coastal flooding
and sketch mapping indicators was found, sketch map-
ping indicators were best explained by the perceived
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distance. Our results are supported by the study of
O’Neill et al. (2016). To our knowledge, their study was
the first to show the negative relationship between per-
ceived distance to hazard zone and flood risk perception.
Thus, as the perceived distance to hazard zone increased,
flood risk perception decreased. In our study, we deter-
mined that the perceived distance to areas exposed to
coastal flooding is an important factor in assessing respon-
dents’ sketch maps of the spatial extent of coastal flooding.
In fact, as the perceived distance to areas exposed to
coastal flooding increased, respondents’ under-assessment
of the spatial extent of coastal flooding increased. More-
over, as the perceived distance to areas exposed to coastal
flooding increased, the similarity between individuals’ per-
ceptions of coastal flooding extent and expert estimations
decreased.

Conclusion
In conclusion, we demonstrated the interest of using
sketch maps in quantifying individuals’ perceptions of
coastal flooding by analyzing the disagreement between
individuals’ perceptions of the spatial extent of coastal
flooding with expert estimations such as hazard maps at
a local scale. We determined a general indicator of simi-
larity between the two spatial extents of 15% (from 12%
to 20% depending on the study site) across the four
study sites. Moreover, we found respondents were more
likely to under-assess the exposure of areas that are ac-
tually exposed according to expert hazard maps (78% on
average) than to over-assess the exposure of areas that
are not actually exposed according to expert hazard
maps (44% on average).
Secondly, we confirmed the hypothesis of relations be-

tween individuals’ perceptions of the spatial extent of
coastal flooding with their living environment deter-
mined by spatial metrics. The main result was the deter-
mination of the perceived distance to areas exposed to
coastal flooding as an important factor in assessing re-
spondents’ sketch maps of the spatial extent of coastal
flooding across the four study sites. In fact, the perceived
distance to areas exposed to coastal flooding more ex-
plained the indicators of under-assessment and similarity
than the objective distances. Thus, individuals who per-
ceived themselves as living far from exposed areas are
more likely to under-assess the spatial extent of coastal
flooding. On the contrary, individuals who perceived
themselves as living close to exposed areas are more
likely to have a perception of the spatial extent of coastal
flooding similar to expert estimates.
These results contribute to the analysis of individuals

‘local knowledge about the spatial extent of coastal
flooding in four different communities. Thus local pre-
ventive actions could take into account the individuals’
tendency to under-estimate the areas exposed to coastal

flooding. Individual perception of the spatial extent of
coastal flooding appeared to be more influenced by the
perceived distance of the home to exposed areas than
the objective distance. It is a result that raises the ques-
tion about the individuals’ understanding of hazard
maps and regulatory maps. This may necessitate the im-
provement of the appropriation of these documents by
the inhabitants by involving them more closely in the
application and decision process that directly concerns.
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