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Abstract

In this paper, we investigate the determinants of private flood mitigation in
France. We conducted a survey among 331 inhabitants of two flood-prone ar-
eas and collected data on several topics, including individual flood mitigation,
risk perception, risk experience, and sociodemographic characteristics. We es-
timate discrete choice models to explain either the presence of precautionary
measures implemented by the household, or the intention to take such mea-
sures. We test the robustness of the Protection Motivation Theory in France,
discuss its scope and investigate the existence of feedback effects from past
investments on people’s protection intentions. Our results confirm that the
Protection Motivation Theory is a relevant framework to describe the mech-
anisms of private flood mitigation in France, highlighting in particular the
importance of threat appraisal, threat experience appraisal, and coping ap-
praisal. Some sociodemographic features are also significant to explain private
flood mitigation. Our results also give evidence for feedback effects as they
suggest that implementing precautionary measures reduces perceptions of the
risk of flooding. The existence of these feedback effects implies that intended
measures, rather than implemented ones, should be examined to explore fur-
ther the determinants of private flood mitigation.

JEL Classification: Q54; D81; R22
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1 Introduction

In 2014, floods accounted for more than a third of the total estimated damage caused
by natural disasters worldwide, which amounted to 100 billion US dollar.! Thus,
they already represent a major source of concern. In addition, the frequency and
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magnitude of extreme events such as floods are expected to be modified due to cli-
mate change (Patwardhan et al., 2007). As a result, adaptation to natural disasters,
and to floods in particular, is one of the key challenges humans will have to face
to build and maintain sustainable societies. France is largely affected by floods.
Indeed, these phenomena generate over one billion Euros of annual costs in this
country (OECD, 2014) and one in four inhabitants is exposed to this risk (DGPR,
2011). Yet very few studies have so far investigated flood prevention measures in
France (Poussin et al., 2014, 2015).

The measures aimed at protecting people from flood risks or mitigating their neg-
ative consequences can be classified into public and private actions. Among public
responses are zoning policies, solidarity and compensation schemes, and collective
protection measures, like dykes or flood retention basins (Erdlenbruch et al., 2009,
Picard, 2008). On the other hand, individuals themselves can take actions. In
many countries, they can subscribe to private insurances aimed at compensating
monetary losses after a natural disaster. In France, since there is a compulsory na-
tional compensation system (Catnat), individuals do not take the decision to buy
an insurance or not, but they can decide to set up precautionary measures aimed
at mitigating the consequences of floods in their home, such as pumps or open-
ings on the roof to facilitate evacuation. This can be seen as an auto-insurance
(Carson et al., 2013). One interesting question is thus to understand why people
adopt precautionary measures and how public actions could support these decisions.

Several points can be raised to underline the paramount importance of private pre-
cautionary measures for the sustainability of socio-ecological systems. First, large
structural flood defences such as dams, storage reservoirs and embankments lack
reversibility and can provide a misleading feeling of complete safety among popula-
tions exposed to floods (Kundzewicz, 1999). Thus, they may hinder the adaptation
to changing risks of flooding and are poorly suited within the context of climate
change. Moreover, they can harm ecosystems (Werritty, 2006). On the contrary,
since private precautionary measures are more localised and can be designed for
specific household’s situation and exposure, they may be more flexible and may
have less impact on the environment than public flood defences. Moreover, by im-
plementing precautionary measures, individuals take responsibility for their own
safety. Hence, the use of such measures can help maintain a certain awareness of
the risk of flooding among exposed populations. Finally, several studies suggest that
individual precautionary measures have great potential to reduce the consequences
of natural disasters. For instance, Poussin et al. (2015) showed that elevating build-
ings could reduce the ratio of total damage to total building values by 48% in three
different areas in France. Similar results were found in Germany (Kreibich et al.,
2005) and in the Netherlands (Botzen et al., 2009).

This paper recognizes the importance of private initiatives and investigates the mech-
anisms at stake when people decide whether to implement precautionary measures
or not. We combine economic approaches, stressing the importance of individual
decision making in terms of self-insurance on their properties (Carson et al., 2013)
and psychological approaches, highlighting the importance of perceptions and emo-
tions to explain people’s motivations to take actions in order to reduce their risk



vulnerability (Rogers, 1975).

Several studies on individual flood preparedness have identified the Protection Mo-
tivation Theory as a relevant framework to explain the implementation of precau-
tionary measures (Grothmann and Reusswig, 2006, Poussin et al., 2014, Reynaud
et al., 2013). However, in spite of the overall adequacy of this framework, and as
highlighted by Bubeck et al. (2012), most studies are cross-sectional and may thus
neglect possible feedback effects from already adopted precautionary measures on
explanatory factors.

The main objective of this article is twofold: i) to test the relevance of the Protection
Motivation Theory in France, and to expand its framework, if necessary, by includ-
ing the effects of local social interactions and other socio-demographic variables, ii)
to investigate whether past decisions have an impact on people’s perceptions and
intentions, and how these feedback effects in turn affect the robustness of the Pro-
tection Motivation Theory.

To examine these questions, we conducted a survey among households living in
flood prone areas in the South of France, which were hit by major floods at different
points in time during the last 20 years. We collected data on exposure, attitudes,
risk perception, experience of floods, characteristics of housing, social interactions,
and socio-demographic features from 331 households. We explored possible feedback
effects by asking the respondents not only to indicate which precautionary measures
they took, but also which ones they considered implementing at the time of the
survey. We used discrete choice decisions models (Train, 2009) to compare the ad-
equacy of the Protection Motivation Theory to explain implemented and planned
measures and compared the perceptions and emotions of people who had already
implemented measures with those of respondents who still considered taking actions.

In line with the existing literature, we confirm the relevance of the Protection Mo-
tivation Theory to explain private flood mitigation. Our results highlight in par-
ticular the importance of threat appraisal, coping appraisal, and threat experience
appraisal. In addition, they are compatible with the assumption of a feedback ef-
fect of the implementation of precautionary measures on risk perceptions. Finally,
we provide some evidence on the positive role of social interactions in private flood
mitigation.

In the remainder of the paper, we first describe the Protection Motivation Theory
and highlight its strengths and weaknesses in section 2. In section 3, we present the
survey designed to investigate the drivers of private flood mitigation and the data
collected. Then, we explain how we statistically analysed the gathered information.
Results are exposed in section 4 before being discussed in section 5. Finally, section
6 is devoted to the conclusion.

2 Literature on Protection Motivation Theory

The Protection Motivation Theory has first been proposed by Rogers (1975) and ap-
plied in the health domain. It has been further developed by Milne et al. (2000) and



adapted to the context of floods by Grothmann and Reusswig (2006). According to
this framework and as presented in Figure 1, the higher an individual’s appraisal of
the threat caused by floods, the more likely he will respond to this risk by adopting
either non protective responses, such as a fatalist position, or precautionary mea-
sures. The individual’s coping appraisal will influence the type of response: the
more a person thinks that she is able to protect herself against the consequences of
floods, the more she will tend to implement a precautionary measure rather than
a non protective response. Moreover, people who have already experienced a flood
should be all the more likely to take precautionary actions that the event that af-
fected them was severe. On the other hand, the reliance on public flood protection
and actual barriers, such as a lack of monetary resources, are expected to negatively
affect the implementation of precautionary measures.

Threat appraisal

Perceived probability

Perceived consequences
Fear or Worry l l
Non protective .
P Protection
responses ..
motivation

Coping appraisal

(denial, fatalism)

Perceived measure efficacy

Perceived self-efficacy

Perceived measure cost

Implementation
———> of a precautionary
measure

—> Positive effect

—— Negative effect

Figure 1: The Protection Motivation Theory.
Source: adapted from Grothmann and Reusswig (2006)

The Protection Motivation Theory has been successfully applied to explain pri-
vate flood mitigation in several countries (Grothmann and Reusswig, 2006, Poussin
et al., 2014, Reynaud et al., 2013). Thus, it appears to be quite robust and flexi-
ble. However, since most studies are cross-sectional, they examine the links between
perceptions, emotions, and flood mitigation at one point in time. As a result, they
may neglect possible feedback effects from already adopted precautionary measures
(Bubeck et al., 2012). Moreover, unlike health risks which can affect isolated in-
dividuals, natural hazards, such as floods, result necessarily from the interaction
between natural phenomena and social systems settled in specific geographic areas
(Burton et al., 1993). Consequently, members of communities facing the same risks
can communicate about solutions to mitigate them. Indeed, good social interactions
have already been identified as a factor of private mitigation in the context of vol-



canic hazards (Paton et al., 2008). Thus, it seems relevant to explore the effects of
local social interactions on private flood mitigation.

3 Method

3.1 Sample

Figure 2 presents the geographical location of the two departments surveyed: the
Aude department and the Var department. They are both subject to flash floods.
The Aude department was severely impacted by such a phenomenon in November
1999. Thirty-five people died during this event and it caused an estimated loss of
€771 million (Vinet, 2008). As for the Var department, it was hit by a major flash
flood in June 2010 that killed 26 people. The estimated damage due to this disaster
lies between 1,000 and 1,500 million euros (Vinet et al., 2012). The respondents
were selected so that approximately 80% of the sample had already experienced at
least one flood. This sampling decision insures that the survey targets a majority
of people concerned by the risk of flooding while still allowing to examine the effect
of flood experience on private mitigation.

Figure 2: Geographical location of the French departments surveyed.



In total, 331 people participated in the survey during face-to-face interviews con-
ducted in summer 2015. Among them, 272 respondents completed all the questions
used in the analyses exposed here. As presented in Table 1, approximately half
of this final sample is composed of women and half of men. Moreover, half of the
respondents lived in the Aude department and half in the Var at the time of the
survey. Similarly, half of the respondents lived in cities of more than 10,000 in-
habitants and half in municipalities where the population size is lower than 10,000
inhabitants. Half of the sample has less than a high school diploma and two third
are home owners. Finally, all age categories are represented. Since only 58% of
the respondents indicated their revenue, this variable was not taken into account to
describe the sample and for subsequent analyses.

Table 1: Sociodemographic variables distribution of the sample

. Sample
Variable Category distribution
Aude 49.3%
Department Var 50.7%
Male 46.7%
Gender Female 53.3%
<30 17.6%
30-44 21.3%
Age 45-59 25.0%
60-74 26.5%
=74 9.6%
Bducation level Less than a high school diploma 51.1%
High school diploma or higher diploma 48.9%
. Home owners 63.2
Ownership of the home Others 36.8
. T Resident of a municipality of less than
Size of the mum(;lpahty 10,000 inhabitants 52.6%
of residence . C e
Resident of a municipality of more
47.4%

than 10,000 inhabitants

N=272

3.2 Questionnaire design

The design of the closed questionnaire used for the survey was inspired from the lit-
erature on Protection Motivation Theory (Grothmann and Reusswig (2006), Poussin
et al. (2014), Reynaud et al. (2013)) and from an exploratory phase during which
semi-directive interviews were conducted with 11 inhabitants of the Aude depart-
ment. Main types of precautionary measures and potential drivers of private flood
mitigation were identified during the literature review and the exploratory phase.
The questionnaire was reviewed by 5 experts in the field of floods before being com-
pleted by the respondents. It is aimed at investigating individual flood mitigation



and its rel tionships with perc ptions emotions, exper en e, a d so ode og aphi
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