
1.  Introduction
The impact of flooding on mental health is being increasingly recognized. Evidence of short-term impacts on 
psychological morbidity (Paranjothy et al., 2011; Tapsell et al., 2002; Tunstall et al., 2006) as well as longer 
term impacts on wellbeing and psychological distress (S. Hu, Tan, et al., 2015) are observed. Those impacts 
spread beyond flooded households and are also experienced by those households on the floodplain, which were 
not flooded but whose activities were disrupted (Waite et al., 2017). Mental health-related impacts stem from 
psychological distress, post-traumatic stress (PTS) disorder symptoms, panic attacks and flashbacks, sleepless-
ness, lack of motivation, obsessive behavior related to flooding, depression, and anxiety (Alderman et al., 2012; 
Fernandez et al., 2015). Those symptoms may occur because of primary stressors, such as injuries or secondary 
stressors, which encompass more indirect consequences of flooding, such as dealing with insurance, living in a 
damaged house, or the loss of items of sentimental value (Tempest et al., 2017). Most individuals, however, do 
not develop a psychopathology after a disaster (Bonanno, 2004; Bonanno et al., 2010). The consequent upsetting 
of health status often results in a change of subjective wellbeing (Ngamaba et al., 2017) measured in terms of life 
satisfaction (Luechinger & Raschky, 2009; Sekulova & van den Bergh, 2016), health-related quality of life (Robin 
et al., 2020), or medical scores (Foudi et al., 2017; Tunstall et al., 2006), which can last from several months 
(Alderman et al., 2012) to some years (S. Hu, Tan, et al., 2015; Sekulova & van den Bergh, 2016) after the event.

Mental health impacts vary strongly from one individual to another as not everyone reacts similarly in the face 
of a stressor; the interplay of human resilience (Bonanno, 2004) and community resilience (Norris et al., 2008) 
affects the psychological consequences of an event. The human or individual resilience reflects the ability of 
individuals to maintain relatively stable health levels of psychological and physical functioning. Community 
resilience relates to a process, linking a set of network adaptive capacities to a positive path of functioning and 
adaptation in a population. Flood prevention measures, be they structural or nonstructural, public or private 
(Table 1), could possibly help individuals to recover an acceptable health status after flooding or prevent mental 
health degradation. Information on the demand for reducing mental health impacts from flooding will help 
to understand the interplay between community and human resilience and contribute to the understanding of 
socio-hydrological systems. These systems are described by dynamic processes between flooding and society (Di 
Baldassarre et al., 2015; Madani & Shafiee-Jood, 2020), which can explain flood risk perception and contribute 
to the understanding of the levee and the adaptation effects (Fuchs et al., 2017). In that sense, prior experience 
with flooding is expected to be an important driver of demand. The existence of a demand also informs on 

Abstract  Demand for reducing mental health impacts from flooding through collective flood defence 
is elicited using a contingent valuation method with a sequential hypothetical scenario, which accounts for 
human resilience and experience. A two-step model fits the survey data: it combines a binary sample selection 
rule to distinguish protesters and participants with a Tobit model to accommodate true zero responses among 
participants. Results show that non-symptoms-specific information on mental health risk may bias the 
willingness to pay downward. Risk-averse individuals who have taken self-insurance protection measures are 
willing to pay for additional protection through collective defence. Feelings, such as worries and anxiety related 
to flooding, drive the demand, which supports the risk-as-feelings hypothesis for mental health protection from 
flooding. Inexperience rather than experience of flooding is found to increase demand, which indicates that 
individual mental resilience to flooding may increase after an event as posited by the inoculation hypothesis.
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the appropriateness for individuals of a flood prevention measure, such as in this paper flood defence. Results 
provide relevant information on programs to prevent health consequences from flooding.

The elicitation of a hypothetical demand is made with a scenario of flood risk reduction thanks to a particular 
flood prevention program, applying a contingent valuation (CV) method. This makes it sensitive to the informa-
tion contained in the scenario because demand for mental health prevention programs is expected to be influ-
enced by experience and the ability of individuals to cope with PTS risk. A description of the scenario with no 
specific mental health symptoms can be more sensitive to individuals' resilience and experience on psychological 
distress. A description with specific symptoms reduces this sensitivity and also enables ensuring that unexperi-
enced individuals do not overestimate their capacity to cope with flooding or underestimate the risk. Both levels 
of information quality are valid and complementary for the description of mental health risk since the effect of 
human resilience should not be excluded of the demand to obtain and characterize a closer-to-the-true demand, 
and over/underestimation of some of the risk should be controlled for.

In this paper, individual demand and its determinants for reducing mental health impacts of flooding thanks to a 
collective flood defence measure are elicited in order to evaluate the extent to which a collective flood defence 
can be perceived by individuals as contributing to mental health distress prevention. The identification of the 
determinants will inform on what motivates people to accept certain measures of flood risk reduction. Several 
effects on demand are analyzed: prior experience, aging, risk perception, worries, environmental stressors but 
also income, and other prevention measures. Particular interest is given to the effect of the information describing 
the scenario and more specifically the use of PTS symptoms to describe mental health risk. Two levels of infor-
mation are considered: a generic description of psychological morbidity referring to stress and hassles (without 
specifying symptoms) and a PTS description informing about specific symptoms of psychological morbidity.

2.  Previous Research and Challenges
Instruments or policies for managing flood risk can be assessed with CV methods. The policy instruments 
assessed for flood risk reduction are often tested with CV—a method of estimating the willingness to pay (WTP) 
of an individual for a good, contingent on there being a market for it—or choice experiment (CE)—a method 
of estimating economic values for characteristics (or attributes) of a non-market good—methods (Table  1). 
The instruments for flood risk reduction are structural flood protection, representing gray or green engineering 
interventions, such as dams, dikes, or reservoirs, and softer structural measures, such as nature-based solutions; 
nonstructural systems are non-engineering interventions, such as early warning system, insurance, and prop-
erty-level flood risk adaptation measures, such as elevation, sand bags, and water pumps. Other policies are 
defined as generic, when the details of the prevention program are not presented. For most of the studies, the 
flood impacts are tangible impacts, which could include fatality and water-borne diseases. Few studies consider 
intangible impacts: they analyze the inconvenience of suffering an evacuation or more explicitly examine mental 
health problems. Information on the damage of flooding varies widely from one study to another. Some studies 
use a generic description (referring to flood damage or flood risk in general), while others describe specific 
impacts of flooding on health, properties, crop, or financial losses.

Implementing and analyzing a stated preferences method for flood risk reduction pose several methodologi-
cal challenges related to, among others, the information bias and the treatment of zero responses. Information 
bias results from the quantity and quality of the information that describes the hypothetical market (Cummings 
et  al.,  1986). If there are substitute or complementary-related goods, which are not described, the valuation 
may be biased (Whitehead & Blomquist, 1991). Information on goods, payment mechanisms, and context also 
condition WTP. The quality of information provided in the description of the hypothetical market can bias the 
estimation of the willingness to pay (Bergstrom et al., 1990; Blomquist & Whitehead, 1998; Whitehead & Blom-
quist, 1991) to a point where the description of the market can be viewed as a persuasive communication to 
change intention to pay and attitudes (Ajzen et al., 1996). The effect of information on demand is however not 
always observed in studies. Some do find no effect on WTP values (Cummings et al., 1986; Loomis et al., 1994), 
while others reveal a bias (Bergstrom et al., 1990; Whitehead & Blomquist, 1991). There are several reasons that 
could explain the effect of information on valuation: the novelty of the information (Hoehn & Randall, 2002), 
knowledge (Needham et al., 2018; Tkac, 1998), the personal relevance and altruism dimension of the informa-
tion (Ajzen et  al.,  1996), and education (Alberini et  al.,  2005). Prior experience is another reason (Cameron Ta
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& Englin, 1997; Whitehead et al., 1995). Indeed, the incompleteness of information may reinforce the effect of 
prior experience or familiarity with the environmental good. Thus, more complete information on the quality of 
the hypothetical market can reduce the bias between the quality perceived by a non-experienced user and the clos-
er-to-the-true quality perceived by a more experienced user. In the case of intangible impacts of flooding, such 
as mental health symptoms, an incomplete description of the symptoms is likely to influence the way in which 
individuals without experience perceive the mental health impacts of flooding. Chanel et al. (2007) in an analysis 
of the WTP to reduce health risk owing to air pollution exposure find that providing specific information about 
morbidity and mortality increases the WTP. The information effect is often tested with an informed versus  a 
non-informed scenario. In this paper, two levels of information are considered: in one, information on mental 
health is generic with no specific symptoms and refers to stress and hassle as consequences of direct impacts of 
a flood and in the other, the information specifies symptoms of psychological morbidity of the kind described 
in health and PTS scores, such as the General Health Questionnaire—GHQ-12 (Goldberg, 1978; Goodchild & 
Duncan-Jones, 1985) and PTSD (American Psychiatric Association, 2000). The sequential approach makes it 
possible to account for human resilience and experience effects in the valuation.

Another challenge of the CV method is how to interpret a zero WTP. The literature makes a difference between 
true zero and protest zero. A zero WTP is considered as a true zero when it is the consequence of an economic 
decision, often budget related or indicating indifference as to the provision of the amenity. When the reason 
reveals rather that the good is not desired for noneconomic reasons, which may be ideological or emotional, it is 
considered as a protest zero (Havet et al., 2012; Strazzera, Scarpa, et al., 2003). Wide heterogeneity is observed 
between different populations regarding these zeros and a large proportion of non-responses is often observed: 
53.1% non-participation in the UK with 80% classed as protesters (Jones et al., 2015) and 60% non-participation 
in Bangladesh with 80% of them classed as true zeros (Brouwer et al., 2009). Other studies have a high rate of 
zero responses: Kriström (1997) has 77% of zero WTP, Saz-Salazar and Rausell-Köster (2008) have 79% of zero 
WTP. Although these values are outside the range of 20%–40% of Carson (1991), protest responses vary with 
the method and the nature of good (Jorgensen & Syme, 2000). The public good dimension of the intervention 
also influences responses (Johnson & Whitehead, 2000). The distinction between true zeros and protest zeros in 
CV models related to flood risk reduction is rarely modeled. Protest responses are often eliminated or different 
models are estimated with or without protests to test the sensitivity of the model to the inclusion of protests. 
Including protests as true zeros would bias the WTP downward, but eliminating them could generate a sample 
selectivity bias if protest respondents are correlated with the remaining sample (Strazzera, Genius, et al., 2003). 
Other models set out to deal with the sample selection bias due to protesting and the censored nature of WTP 
amounts (Cho et al., 2008; Strazzera, Scarpa, et al., 2003).

3.  Method
3.1.  Information Quality and Sequential Scenarios

Respondents to the survey are asked to value a collective flood defence program, which mitigates the impacts 
on primary (physical health) and secondary stressors (disruption of normal life and loss of items of sentimental 
values) of mental health. Two levels of information quality about mental health risk are combined in a sequential 
scenario—the answer to one scenario is conditional on having been asked for an initial scenario. This scenario is 
adapted and redesigned from DEFRA (2005). The change in regard to the DEFRA scenario lies in the redesign 
of the split-sampling to test a starting point bias, a modification of the symptoms described in the scenario and 
the use of a single level for the frequency of symptoms. It is assumed that the scenario with the more complete 
information will increase the WTP as expected from Blomquist and Whitehead (1998) and Chanel et al. (2007) 
and hence, the more complete information is in the second scenario of the sequence. All interviewees are asked 
to answer regarding the two scenarios.

The quality of the information in each scenario varies with the different measures of post-traumatic stress disor-
ders (PTSD) (Table  2). An initial scenario—Symptom-free—describes general consequences of a flood on 
primary and secondary stressors of mental health and asks respondents to focus on the stress and hassle associated 
with those consequences without description of the intensity of the stress. A second scenario—PTS—describes 
some precise post-traumatic symptoms and their frequency as measured in PTSD scores (American Psychiatric 
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Association, 2000) or GHQ scores (Goldberg, 1978; Goodchild & Duncan-Jones, 1985) independently of the 
impacts on primary or secondary stressors.

Financial impacts are assumed offset in order to focus on psychological impacts resulting from non-monetary 
impacts. Physical and intangible damages have been shown to be a higher source of distress than material finan-
cial damage (Foudi et al., 2017).

The payment vehicle is based on taxation since the flood protection service provided by flood defences is a public 
good. The impact of flooding on related goods is acknowledged together with compensation for damage to those 
goods. It is emphasized that the flood defence will provide full protection, so no probabilistic flood protection 
level is used. Interviewees are asked their willingness to participate and to pay for flood defence in order to avoid 
the psychological impacts described in these scenarios.

The sequential approach could however be marked down by a sequencing bias (Cummings et al., 1986) or a 
question-order bias (Mitchell & Carson, 1989): the WTP could be biased by the order of the sequence. This 
bias is likely to occur for non-experienced individuals (Boyle et al., 1993) though Kartman et al.  (1996) find 
no question-order effect for health-related risk reduction. Testing the sequencing bias lies outside the scope of 
this research. It is assumed that the sequencing bias would be a more significant issue for nested amenities. This 
paper does not consider an embedding effect or nested amenities: the same amenity—prevention of mental health 
problems with flood defence—is valued.

3.2.  Eliciting WTP

CV methods elicit the individual reservation price for the provision of a non-market-valued good or amenity. 
Different methods are used to elicit this price (see Venkatachalam, 2004, for a review). An iterative dichotomous 
choice with three ascending bids followed by open-ended (OE) questions (Bateman et al., 1995) is used here 
with an initial question to learn whether interviewees are in principle willing to pay to reduce risk. After being 
informed of the Symptom-free scenario, they are asked about their willingness to participate in principle in the 
program. Those who decline to participate are asked to answer in regard to the PTS scenario. The preliminary 
questions of willingness to participate in principles are used to reduce strategic behaviors in the answers to the 
WTP questions. Those willing to participate are then asked the ascending iterative choice questions and a final 
OE question to elicit their maximum WTP (Figure 1). Respondents who answer “No” to a dichotomous choice 
question stop the series of choice questions are asked the OE question and then the PTS scenario. An abbreviated 
iteration format has been selected to make the process shorter than a double-bound format where descending 
iterative choice questions would have been asked. A limited number of bids (three) has been selected in order to 

Symptom-free scenario: For the purpose of the following questions, please assume that all damage to the buildings and contents of your home will be offset and that 
this will not result in increased insurance premiums for you. Here, we are considering the stress and hassle, which may result from other impacts of flooding, such as

•	 �impacts on physical health: headaches, colds, injuries, etc.

•	 �disruption to normal life

•	 �loss of irreplaceable items: photographs, personal letters, etc.

Post-traumatic stress (PTS) scenario: Now assume that in the event of flooding, you experience the stress effects shown below. These may or may not match your 
experience to date but please think about how you would feel if you experienced the effects shown:

•	 �You often feel nervous, have palpitations, or feel tense when reminded of the flood.

•	 �You often have difficulty concentrating on tasks.

•	 �You are often overtly alert or watchful for no reason.

•	 �You are always reminded of the flood by triggers (such as TV programs, news, and heavy rainfall).

•	 �You often have difficulty sleeping.

•	 �These symptoms may cause you a lot of distress.

Flood defence is currently financed through taxation. Any money you may pay toward this improvement would not be available for your other household spending or 
for other public spending.

Table 2 
The Two Sequencing Scenarios
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reduce the length of the sequential elicitation of WTP, avoid yea-saying behaviors (answer regardless of true pref-
erences and motivated by expressive motivations, such as social pressure or desirability conditions) and because 
the model of interest is a continuous model. After participating in the Symptom-free scenario, respondents are 
asked to participate in the PTS scenario. If participants declare a WTP in the Symptom-free scenario, they are 
not asked again the iterative dichotomous choice questions in the PTS scenario but directly an OE questions 
since  they are valuing the same intervention program in the two scenarios. Otherwise, they are asked the partici-
pation question and the iterative dichotomous choice questions ending with the OE format (Figure 1).

An iterative dichotomous choice question can lead to a starting point bias (Herriges & Shogren, 1996). That bias 
is generated by the amount chosen for the first dichotomous choice question, which determines an upper or lower 
iteration path. A split-sampling method is used here to check for this starting point bias. In the three ascending 
dichotomous questions, the amount of the bids was increased from €A to €B and €C with A < B < C and two 
different sets of WTP values, high and low, were used for A, B, and C: {35; 220; 875} for the low path and {70; 
440; 1750} for the high path. The sample was divided up equally and each subsample received one of these sets.

A benefit transfer method from the DEFRA study (2005) is used for the values of the iterative dichotomous choice 
questions. It is considered that building the scenario on a scenario tested in a previous study by DEFRA (2005) 
means that there is no need to implement focus groups to discuss the programme and bid values. Bid values are 
converted to Euro units and adjusted for the evolution of the consumer price index for the period 2005–2014 in 
Spain. The proportions between bid values and between the low and high paths is maintained as in the DEFRA 
study.

3.3.  Econometric Approaches for Contingent Valuation Models

The distinction between protest responses and true zeros is addressed with a prior question on individual will-
ingness to participate in the hypothetical market and debriefing questions to clarify the reasons behind refusal to 
participate. True zero (also genuine zero) responses occur when an individual gives zero but has a preferred reser-
vation price, which is close to zero and very small. These zeros are generated by an economic decision, such as a 
budget constraint, unlike protest zeros. Those individuals can also be indifferent to an increase in the provision of 
the good. Other respondents may refuse to participate in reaction to certain components of the hypothetical ques-
tions: the payment vehicle, the level of the tax, and the amenity itself. Distrust in institutions and government also 
produces protest responses or reduces the WTP; it reveals how citizens judge the capabilities of institutions in 
taking appropriate protection measures (Jones et al., 2015). They are classified as protests. The reason for refusal 

Figure 1.  Pathways of the sequential elicitation of willingness to pay.
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may be emotional, ethical, or may reflect ideological positions, fairness, and trust judgment (Havet et al., 2012; 
Strazzera, Scarpa, et al., 2003). This suggests that respondents are not willing to pay for the good or would be 
willing to pay but under circumstances other than those of the scenario proposed (Carson & Hanemann, 2005). 
Both the predefined and open text reasons are analyzed in Table A1 in Appendix A.

Treating protest bidders as true zero bidders would bias WTP downward. For this reason, protest responses are 
often removed from the sample. However, this is not a fully satisfactory solution as many observations may be 
lost from the analysis and it is not satisfactory when the group of protesters is significantly different from the rest 
of the sample (Strazzera, Genius, et al., 2003). When these responses are non-random and correlated (in terms 
of the covariates) with the remaining subsample, a sample selection bias occurs. Sample selection methods have 
been developed to correct for the bias that protesters can generate. Strazzera, Scarpa, et al. (2003) model both 
true zeros and protest responses in a mixed model for dichotomous choices of WTP. Other approaches consider 
two-step models with different selection rules. Cho et al. (2008) use an ordered probit selection rule to distinguish 
between protest zeros, true zeros, and positive bids and assume that protest bids are undetermined bids in-be-
tween the true zero bids and the positive bids. Söderberg and Barton (2014) relax this ordering hypothesis and 
use a multinomial logit model as a selection rule. Alternatively, Cho et al. (2008) also combine a binary sample 
selection rule for protesters with a Tobit model to accommodate true zero bids among participants. This last 
approach is used in this paper: it considers true zeros and positive bids as decisions driven by economic rationality 
so the same set of variables explains the WTP values in a Tobit model and the bias generated by self-selectivity 
(protesting vs. participating) is corrected for, possibly with a different set of variables more closely related to 
protest motives. This Tobit model with a binary sample selection rule is presented below. WTP (wtp) is treated 
as a censored variable subject to a binary sample selection rule to distinguish protesters (d = 0) from true zeros 
and positive bidders (d = 1):

𝑑𝑑 = 1 𝑖𝑖f 𝑍𝑍 ′𝛾𝛾 + 𝑢𝑢 𝑢 0

𝑑𝑑 = 0 if𝑍𝑍 ′𝛾𝛾 + 𝑢𝑢 ≤ 0

� (1)

and

wtp = 0 if� ′� + � > 0 and �′� + � ≤ 0

= �′� + � if� ′� + � > 0 and�′� + � > 0

= unobserved if� ′� + � ≤ 0

� (2)

where Z is a set of exogenous explanatory variables, X a set of explanatory variables possibly different from Z, 
and γ and β the vector of associated coefficients. The error terms of the two equations, u and ϑ, are distributed as 
bivariate normal with zero means and a finite covariance matrix:
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where σ is the standard deviation of ϑ and ρ is the correlation between u and ϑ.

The WTP can be true zero or positive when the respondent is not a protester (d = 1) and is treated as unobserved 
when the respondent is a protester (d = 0). The true zero responses are considered as a censoring point in the 
Tobit model. The two equations have a common set of explanatory variables contained in Z and X. They differ in 
critical variables that distinguish between protests and economically rational behavior. Z for the self-selectivity 
equation contains variables related to feelings, ethics, and ideology, such as worries, mental health status, will-
ingness to reveal income, and some sociodemographic variables. X differs from Z in that it includes financial 
variables, such as the level of income and WTP-specific variables (scenario and starting point bias).

Mental health status is measured with the General Health Questionnaire GHQ-12 (Goldberg, 1978; Goodchild 
& Duncan-Jones, 1985), calculating the chronic-General Health Questionnaire score (C-GHQ) for the few weeks 
before the interview. It reflects problems of anxiety, social dysfunction, and loss of confidence that respondents 
may have suffered in the few weeks before the interview.
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3.4.  Survey Implementation and Sampling

A survey was conducted in Spring 2015 in the Basque Country, Spain. Data were collected in face-to-face inter-
views with self-administrated sections. The sample is split into two subsamples: one with individuals who had 
had prior experience of flooding (referred to below as the Flooded group) and another with individuals at risk 
of being flooded (the At risk group). In total, 450 individuals were interviewed, of which 300 had experienced 
flooding and 150 were at risk of being exposed to flood waters with recurrence intervals varying between the 
500- and 10-year storm. Flood maps from the Basque Water Agency were consulted to select areas to survey. For 
this population living on floodplains, stratified random sampling was used with age and gender as strata.

A natural pre-test of the survey with 40 interviews was performed to ensure the clarity of the questionnaire and 
the validity of the values used to elicit the WTP. The iterative dichotomous choice questions with an OE follow-up 
structure were considered appropriate for the survey.

The sample is distributed accordingly between male (48%) and female (52%), the youngest individual being 18 
and the oldest 92. The average age is 51. The sample is nearly equally distributed between towns with fewer than 
10,000 inhabitants with between 10,000 and 20,000 inhabitants and with over 20,000, located in 16 different 
municipalities. Few respondents live in detached houses (Table 4). The final sample comprises 441 observations 
after cleaning up data. Missing values in the WTP question are ruled out, and the maximum WTP value reported 
(€2,000) is not included as it strongly influenced the results. This is the case of only one respondent.

There were flooding and sea storms in the winter preceding the survey. Floods in the Basque Country, Spain, 
occur mostly after long, heavy rainfall, possibly combined with high tides, and can also occur after sudden snow 
melt. A plan of early warning and emergency for flood risk is in place in the Basque Country since 1999. The 
population targeted is located in the north of the Basque Country. Different flood events have been experienced 
by interviewees. In the Flooded group (292 valid observations), 37.7% experienced their latest flood in 2015, 
17.2% between 2010 and 2014, 14.4% between 2000 and 2009, and 30.6% before 2000. This survey is part of a 
wider study on human-related intangible impacts from flooding. Mental health impacts from flooding based on 
GHQ-12 and self-reported scores are analyzed in Foudi et al. (2017).

4.  Results
4.1.  Willingness to Pay and Characteristics of Respondents

About 74% of the respondents answer no in the WTP participation question. Given the answers to the debriefing 
question (Table A1), about 54% of the sample is considered as protest responses and 20.4% as true zero responses. 
Most of the protest respondents (63.1%) object to pay higher taxes, while most of the true zero respondents cannot 
afford to pay (Table A1). Distrust in institutions is the second main reason to protest (18.2% of cases). Twenty-six 
percent of the sample report a positive WTP value (115 of the 441 observations; Table 4). For about two-thirds 
of them (79 cases over 115), the WTP is obtained from the symptom-free scenario, while the other 36 answered 
for the PTS scenario (Table 3). Of these 36 cases, 31 have also reported a WTP in the first scenario. The average 
WTP in the PTS scenario (€180.3) is higher than in the symptom-free scenario (€71.9) and the distributions differ 

WTP

WTP>0 WTP>0 and true zeros

Symptom free scenario PTS scenario Final WTP Final WTP

Cases (n individuals) 79 36 115 205

Cases (percent over total population) 17.91% 8.16% 26.07% 46.48%

Average (Euros) 71.9 180.3 105.9 59.4

Stand. Dev. 102.9 202.1 149.4 123.5

Median 50 100 70 30

IQR 35 125 65 70

Max 875 1,000 1,000 1,000

Table 3 
Willingness to Pay and Elicitation Scenario
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significantly (Wilcoxon test: Prob >|z| = 0.00): individuals who answer for the PTS scenario are more heteroge-
neous and widely distributed as regards WTP.

Protesters are more reluctant to report their income than participants (Table 4). Those of them who report their 
income are more likely to belong to the intermediate income category (1,200–2,500€). They are more likely to 
have home insurance and to have implemented preventive measures. They are found more frequently when the 
interview took place on a sunny day. They are slightly older than the positive bidders and are also those with the 
lowest C-GHQ score.

True zero respondents are slightly older than positive respondents and face more current mental health issues than 
protesters (Table 4). They are much less reluctant to report their income than the rest and most frequently belong 
to the lowest income category. They engage much less in prevention measures. Such respondents are found more 
often on rainy days.

Positive respondents are younger than the rest and face greater mental health issues than protesters (Table 4). 
They tend to be more reluctant than the rest to provide information on their income and those who do report 

WTP>0
d = 1

True zero
d = 1

Protest
d = 0

Total
d = {0,1}

Quantitative variables a Mean (std) Mean (std) Mean (std) Mean (std) Cases

Age A 45.8 (17.2) 54.7 (19.9) 53.3 (16.6) 51.6 (17.7) 441

C-GHQ B 4.7 (2.5) 4.9 (2.2) 4.1 (2.7) 4.4 (2.5) 438

Qualitative variables b Percent Percent Percent Percent Cases

Selectivity 26.1% 20.4% 53.5% 100% 441

Flooded group 60.9% 64.4% 69.5% 66.2% 292

At risk group 39.1% 35.6% 30.5% 33.8% 149

Weather A

  Sunny 30.4% 23.3% 47.9% 38.3% 169

  Rainy 39.1% 46.7% 25.4% 33.3% 147

  Cloudy-Dry 30.4% 30.0% 26.7% 28.3% 125

Income information reported A 60% 80.0% 65.7% 67.1% 296

Income category A

  <1,200€ 33.3% 63.9% 25.8% 36.8% 109

  1,200–2,500€ 50.7% 31.9% 61.3% 51.7% 153

  >2,500€ 15.9% 4.2% 12.9% 11.5% 34

Home owner 56.5% 60.0% 64% 61.2% 270

Live in a detached house 7% 4.4% 3.8% 4.8% 21

With children (under 18 years.o) 39.1% 27.8% 28.8% 31.3% 138

Female 50.4% 61.1% 48.7% 51.7% 228

Worried about future flooding 50.4% 42.2% 39.8% 43.1% 190

With home insurance C 42.6% 44.4% 53.8% 49% 216

Flood prevention measures implemented C 44.3% 33.3% 48.3% 44.2% 195

Note. The significance of these tests is indicated by the A, B, and C superscripts: A for a significant relation at 99% confidence level, B for a significant relation at 
95% confidence level, and C for a significant relation at 90% confidence level. A Dunn test is performed for quantitative variables to compare the types of participants 
according to the quantitative variables. Results are not reported for readability of the table but the interpretation of the table in the text accounts for the results of the 
tests. Std stands for standard deviation.
 aA Kruskal-Wallis test is performed to test the hypothesis of a different population between the quantitative variables and the three types of participants.  bA Chi square 
test is performed to test the independence of the qualitative variables and the type of participants.

Table 4 
Descriptive Statistics
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it are in the low and intermediate income categories in proportions similar to the average for the sample. Such 
respondents are found more frequently on rainy days than sunny days compared to the average for the sample.

4.2.  Factors Explaining Willingness to Pay

The estimation of the system as per Equations 1 and 2 is reported in Table 5. The statistical significance of ρ 
confirms the nonindependence of the self-selection and WTP equations. An alternative treatment of the protest 
responses consisting of excluding them from the analysis would therefore have resulted in a sample selection 
bias in estimating the effect of covariates. This confirms that a correlated stochastic decision-making process by 
individuals cannot be rejected: individuals value the good with a given choice model (Equation 2) and decide 
whether to disclose their reservation price (Equation 1) according to another choice model (Strazzera, Genius, 
et al., 2003). A unique choice model for true zero and positive WTP values (Equation 2) is assumed as they are 
at minima driven by economic rationality (more specifically income in this case), while protest attitudes (Equa-
tion 1) are related more closely to emotional factors. No significant starting point bias from the values of the 
iterative dichotomous choice questions is observed (Table 5).

4.2.1.  Quality of Information

Some individuals (17.5% of participants, 31% of positive WTP values, as per Table  3) report an additional 
WTP when they are informed of the PTS scenario. The PTS scenario is observed to have a significant effect in 
the model estimated (Table 5), regardless of prior experience: more complete information in the description of 
mental health symptoms increases WTP. The symptom-free description of mental health risk thus seems to bias 
WTP downward.

The quality of the information reported to describe mental health symptoms must be consistent with what indi-
viduals are likely to experience during a flood event if it is to represent symptoms objectively. The most frequent 
symptoms reported by flooded individuals in this study relate to reexperiencing the flood, hyperarousal, and 
unhappiness. Being reminded of the flood by triggers that resemble or symbolize an aspect of it is the most 
frequently experienced symptom. Those triggers lead individuals to feel nervous, have palpitations, or feel tense. 
Flashbacks, hypervigilance, difficulties in sleeping, and difficulties in concentrating and in coping with problems 
are other impacts. Flooded individuals feel unhappy and unable to enjoy their day-to-day life activities. These 
symptoms closely correspond to those of the PTS scenario (Table 2).

4.2.2.  Prior Experience of Flooding

Results from the sample selection equation highlight the importance of controlling for prior experience of flood-
ing. Individuals who have not experienced flooding but are at risk are more likely to reveal their reservation price 
than individuals who have already experienced a flood (Selection equation in Table 5): the lack of experience of 
flooding generates a demand for protection against mental health impacts of flooding. However, when associated 
with the quality of information on the scenario, the effect of experience on WTP is not conclusive (WTP scenario 
variables in Table 5): no statistically significant differences in scenario coefficients between the At risk and the 
Flooded group are observed among respondents for the PTS scenario (Wald test: Prob > chi2(1) = 0.6966). This 
is likely to be due to the sequencing treatment: all respondents were informed of the symptoms, so prior experi-
ence did not play such a great role as it would have with a generic description of risk.

The positive effect of lack of experience on demand for flood protection against mental health risks from flood-
ing contrasts with the literature analyzing WTP for flood risk reduction, where a positive effect of experience 
rather than of lack of experience on WTP for infrastructure or non-infrastructure-based prevention programs is 
often reported (Navrud et al., 2012; Reynaud & Nguyen, 2016; Roder et al., 2019; Zhai et al., 2006). The positive 
effect of experience may be due to the fact that flood victims are indeed likely to experience more post-traumatic 
fear and a reduced feeling of safety (Quan et al., 2020) and that experience is necessary for accurate appraisal of 
flood threat in order to take preventive measures (Grothmann & Reusswig, 2006; Richert et al., 2016). This result 
suggests rather that the prior experience effect may not be confirmed for intangible impacts of flooding, such as 
mental distress, and may indeed be supported by the “inoculation” hypothesis: exposure to stress increases indi-
vidual mental resilience to subsequent stress (Davydov et al., 2010; Seery et al., 2010). This hypothesis considers 
that a successful adaptation response to adversity is retained in individual memory and generates behavioral 
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Sample selection equation
Equation 1

WTP equation
Equation 2

WTP scenario

  Symptom-free scenario x Flooded group Reference

  Symptom-free scenario x At risk group 0.874

(33.573)

  PTS scenario x Flooded group 199.461 a

(54.809)

  PTS scenario x At risk group 220.512 a

(44.980)

Starting point bias

  High WTP starting point 9.564

(28.599)

Subjectivity-Experience

  At risk group, with no experience  
of flooding (=1 if yes)

0.276 b

(0.140)

Mental health and worries

  C-GHQ score 0.092 a

(0.027)

  Worried about future flooding (=1 if yes) 0.233 c

(0.135)

Environmental stressor

  Sunny day Reference Reference

  Rainy day 0.680 a −11.750

(0.153) (32.898)

  Cloudy day 0.380 b −25.788

(0.158) (34.505)

Risk aversion related

  Home insurance (=1 if yes) −0.331 b 3.544

(0.134) (28.388)

  Flood prevention measures (=1 if yes) −0.342 b 79.570 b

(0.134) (39.385)

Income

  Income <€1,200 Reference

  Income €1,200–€2,500 63.191 b

(27.871)

  Income > €2,500 126.111 b

(75.612)

  Income information reported (=1 if yes) 0.134

(0.141)

Sociodemographics

  With children (under 18 years.o.) (=1 if yes) −1.349

(28.045)

Table 5 
Tobit Model With Sample Selection
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immunization (Davydov et al., 2010). Hence, Norris and Murrell (1988) find that flood survivors show lower 
anxiety levels than individuals who have not experienced flooding when exposed to another flood disaster.

4.2.3.  Aging

Age is a relevant factor in determining ability to cope with adverse events. Two hypotheses are often advanced 
to explain the effect of aging: the vulnerability and inoculation hypotheses. The vulnerability hypothesis argues 
that older adults are at greater risk (Chung et al., 2017; Telles et al., 2009) and are exposed to comorbidity effects 
(Andrews et al., 2002), which may correspond to a certain willingness to be protected. The inoculation hypothesis, 
by contrast, may explain why older individuals suffer less distress as reported in other studies (Ginexi et al., 2000; 
Tunstall et al., 2006), because the life experience of older individuals increases their resilience to negative events 
(T. Hu, Tan, et al., 2015) and this may reduce their demand for protection. Here, older adults are found to be less 
likely to be willing to pay to reduce mental health risk from flooding (Selection equation in Table 5). Another 
reason could be socioeconomic: older individuals are less likely to demand this protection because they are also 
most financially vulnerable; in the sample, the older individuals belong to the lowest income category, which 
could also explain why they are more often true zero or protest bidders (cf. Table 4).

4.2.4.  Environmental Stressors

PTSD is an anxiety disorder whose symptoms entail reexperiencing, avoidance, and hyperarousal (American 
Psychiatric Association, 2000). Environmental stressors such as weather can be reminders of past negative events 
as described in the PTS scenario with the effect of heavy rainfall. A weather-specific distress index tapping feel-
ings of apprehension during mildly threatening weather has, for example, been used to capture the mental health 
effects of flooding, and the effects of covariates on this index are observed which are similar to those of anxiety 
indices (Norris & Murrell, 1988). The weather conditions of the day of the interview are used here and it is 
found that rainy or cloudy days can act as reminders that trigger individual willingness to avoid suffering anxiety. 

Table 5 
Continued

Sample selection equation
Equation 1

WTP equation
Equation 2

  Live in a detached house (=1 if yes) 0.445

(0.308)

  Landlord (=1 if yes) 0.138

(0.139)

  Age −0.013 a

(0.004)

  Woman (=1 if yes) 0.133

(0.130)

Constant −0.348 −60.819

(0.269) (43.715)

𝐴𝐴 𝐴𝐴  5.073 a

(0.231)

𝐴𝐴 𝐴𝐴  −0.499 a

(0.183)

Log likelihood −751.898

LR (23) 103.57

Prob < chi2 0.000

Observations 441

Note. Robust standard errors in parentheses. The sample selection coefficients (Equation 1) are not marginal effects.
 aSignificant at the 99% confidence level.  bSignificant at the 95% confidence level.  cSignificant at the 90% confidence level.
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On non-sunny days, respondents are more likely to demand mental health prevention program as per the results 
of Equation 1 shown in Table 5.

4.2.5.  Worries, Prior Mental Health, and Risk Perception

Fear and worries are feelings induced by risky situations. The expected utility type of risk prevention decisions 
posits that individuals base their decisions on cognitive elements and assess the severity and likelihood of the 
possible outcomes of the alternatives. Feelings are not integrated into the decision process but are rather a conse-
quence of it. Alternatively, the risk-as-feelings hypothesis (Loewenstein et al., 2001) postulates that responses 
to risky situations result also from direct emotional influences and feelings, such as fear, worries, or anxiety. 
Appraisal of cognitive drivers is then affected by emotional factors. Hence, in the Protection Motivation Theory 
(Grothmann & Reusswig, 2006), fear and worries influence cognitive factors, precisely in the assessment of the 
perceived consequences of a potential flood. The role of worries and anxiety in deciding whether to protest or 
participate in the demand for mental health risk protection (Equation 1) is tested and worries about the possibil-
ity of experiencing a flood in the near future are found to increase the likelihood of participating in a flood risk 
prevention program. Prior mental health status, measured by the C-GHQ score, reflects current psychological 
morbidity, which relates to anxiety, social dysfunction, and loss of confidence. Results indicate that individuals 
with higher C-GHQ scores are more likely to demand flood risk protection. Feelings are thus an element of the 
decision to seek protection against flooding, which seems to confirm the applicability of the risk-as-feelings 
hypothesis to prevention of mental health risks arising from flooding.

4.2.6.  Complementarity With Self-Insurance

Self-insurance is found to reduce the demand for prevention of mental health risks arising from flooding obtained 
with collective flood defence measures: those individuals who have home insurance or have implemented preven-
tion measures (keep sand and bags on the property, keep ditches and drains around the property clean, build walls 
around the property, purchase water pumps, keep alert for flood warnings during high-risk months, avoid buying 
expensive downstairs furnishings, and avoid keeping irreplaceable items or goods of sentimental value on the 
ground floor of the home) are less likely to participate and reveal their reservation price (Selection equation in 
Table 5). However, the prior implementation of flood prevention measures increases the WTP of participants 
(WTP equation in Table 5). This demand for additional protection could be explained by the Protection Moti-
vation Theory. The perceived self-efficacy of individual measures (Reynaud et al., 2013; Richert et al., 2016), 
that is, the belief that individual flood protection measures will be effective in protecting an individual, and the 
presence of collective flood prevention measures (Richert et al., 2019) influence the decision whether to imple-
ment individual prevention measures. These factors may well make risk-averse individuals who have already 
implemented self-prevention measures willing to pay for collective flood prevention if they judge the latter more 
effective in protecting them.

4.2.7.  Income

Demand for reducing mental health impacts from flooding is sensitive to individual income: the middle-class 
income group and the high-class income group are more willing to pay than the lower class income group (WTP 
equation in Table 5). As expected, respondents from the high-class income group are willing to pay more than 
the rest of respondents. No effect of refusing to report income-level information on the probability of being a 
protester is observed (Selection equation in Table 5).

5.  Discussion
Making respondents focus only on mental health impacts remains challenging as floods have multiple impacts 
and mental health status is a consequence of those impacts. Some respondents focus not only on mental health but 
also report reasons for participating based on the effects of secondary stressors (property and content damage) 
or more general effects from flooding (Table A2): The reason “To avoid damage from flooding” is the most 
frequently stated to justify participation. It is more inclusive in terms of damage type than the specific motive 
of avoiding stress. The presence of a more inclusive reason to participate could help determine whether there is 
an embedding effect—the tendency to assign equal values to a good and to a subset of that good (Kahneman & 
Knetsch,  1992). A significant difference in WTP (Mann-Whitney test: Prob > |z|  =  0.0039) between these 
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two types of reason is found: respondents who refer to the specific stress motive value flood risk prevention 
more highly than respondents who value flood damage in general, which may not indicate the presence of an 
embedding effect. However, a rigorous conclusion on the embedding effect and size of these WTPs would 
have required the experiment to be set up for that purpose and an ordering effect to be controlled for (Carson & 
Mitchell, 1995).

The nature of the good and the payment vehicle may have influenced participation. Low participation should not 
be viewed as a low demand for prevention of mental health risk from flooding but rather as the preference for 
other types of prevention and other payment vehicles to prevent such risk. This may be motivated by the fact that 
mental health has not just a community resilience component (Norris et al., 2008) but also a human resilience 
component (Bonanno, 2004), which can make people less willing to contribute to the mental health of others 
through taxes as mental health has a personal component, which makes the effect of wellbeing of other uncertain 
for taxpayers.

The paper assumes some underlying values in the choice to participate in the program. Not only rational motives 
such as income and risk preferences but also motives related to feelings (risk-as-feelings hypothesis) are consid-
ered. Other values and nonrational behaviors are also likely to influence WTP. Contribution to public goods 
depends on altruistic behaviors. Jones-Lee  (1991,  1992) shows that the optimal contribution is higher in the 
exclusive presence of safety-focused altruism (caring only for others' health and safety and not for their wealth) 
and lower when altruism is exclusively wealth-focused (caring only for others' wealth). Flood risk prevention 
through collective flood defences has a public dimension and may induce an altruistic component in the valuation 
of the good. The presence of altruistic behavior is checked for with follow-up questions to elicit the main reasons 
for participating (Table A2). Altruistic motives captured by the statement “I am concerned about others in this 
area” and the open text motive “To save people” are reported by 19.1% of participants and moral satisfaction 
motives captured by the statement “It's a good cause” are reported by 9.1% of participants. Participants who refer 
to these reasons show a WTP, which is not significantly different from that of the others (Mann-Whitney test: 
Prob > |z| = 0.609), which indicates that altruism is not likely to have significantly influenced the results in this 
study.

Individual behaviors beyond economic rationality are also relevant elements in understanding individuals' 
decisions, regarding flood risk management measures (Aerts et al., 2018; Botzen, Kunreuther, Czajkowski, & 
Moel, 2019; Kuhlicke et al., 2020). Two behavioral biases (Botzen et al., 2021) are particularly relevant to this 
study: the availability bias and myopia. The availability bias (Tversky & Kahneman, 1973) leads individuals to 
bias their estimation of the consequences of a flood and their lack of experience or threat appraisal (Protection 
Motivation Theory) can explain that bias (Botzen et al., 2019, 2021). In this study, it is inexperience rather than 
experience that motivates the decision to participate in the collective prevention program. It has been argued that 
the inoculation hypothesis can explain this attitude (Section 4.2.2). The availability bias may be another reason: 
non-experienced individuals may overestimate both the probability of suffering psychological distress after flood-
ing and the intensity of the symptoms. Providing more detailed information on risk, as with the posttraumatic 
stress scenario, have reduced this bias in the WTP value. Even so, a heuristic bias persists as it is difficult to fully 
control for heuristics made by individuals when informed about symptoms. An example of this is the number 
of individuals who participate for motives not exclusively related to mental health (Table A2). Another relates 
to the remainder effect of the weather of the day of the interview on the demand. This effect and possibly the 
occurrence of a flood in the year of the survey can also interact with how individuals manage the information 
received on flood risk.

Myopia and discounting are other behavioral biases. Botzen et al. (2019) find that individuals with high discount 
rates for the future are less likely to undertake flood risk prevention measures, particularly those measures 
that present immediate benefits during a flood, such as dry flood-proofing measures. Psychological effects of 
flooding may be long lasting (Foudi et al., 2017) and individuals (particularly non-experienced individuals) 
may fail to perceive them as long-term consequences of a flood. Thus, heavy discounting on the future bene-
fits of preventing mental health problems from flooding may explain the low level of participation. It is found 
here that when associated with worries (see Section 4.2.5), the long-term dimension of the decision increases 
participation.
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6.  Conclusion
This paper analyzes demand for a reduction in mental health risks arising from flooding. A hypothetical infra-
structural flood defence instrument is tested as collective prevention measure. A CV method is used to elicit WTP 
to avoid mental health problems from flooding. Two levels of information are combined in a sequential scenario: 
one symptom-free and the other with PTS symptoms to deal with human resilience and experience effects. A 
two-step model fits the data to account on the one hand for the self-selectivity bias resulting from protesting or 
participating and on the other hand for the censored nature of the data on participants, where true zeros and posi-
tive respondents are observed. The model is applied to a sample of individuals who have been flooded and who 
are at risk of flooding in the Basque Country, northern Spain.

The results confirm that there is a correlated stochastic decision-making process: individuals value the prevention 
of mental health risks arising from flooding with a given choice model driven by economic rationality, regardless 
of whether they are true zeros or positive respondents, and decide whether to participate (or to protest) according 
to another choice model driven by feelings and experience, among other factors.

The description of the risk on mental health is the most important factor that makes the demand sensitive. A 
precise description of the risk, with explicit PTS symptoms, makes individual willing to pay more for a collec-
tive flood defence program than a symptom-free or generic description of the risk, whatever their prior experi-
ence with floods. Human resilience can explain the reasons why a nonspecific description of mental health risk 
results in a lower demand. Demand is also driven by economic rationality: higher income increases demand and 
previous self-insurance measures reduce it. Moreover, self-insurance increases the WTP for individuals who 
demand protection, which might indicate that risk-averse individuals want to rely on the collective protection 
system, which they may assess as more effective or as a complement to self-insurance measures. Participation 
is also driven by feelings: worries about future floods and general anxiety contribute to participation and high-
light the importance of the risk-as-feelings hypothesis in programs against mental health impacts from flooding. 
Prior experience with flooding is also a driver of participation: it reveals a certain behavioral immunization and 
enhancement of individual mental resilience after a flood.

Isolating willingness to prevent mental health effects of flooding from other flood damage is challenging. The 
high rate of refusal to participate because of the payment vehicle denotes a preference for other systems of 
payment and possibly other types of measure for mental health risk prevention. Such a program should also 
consider the level of altruism in mental health risk prevention and the interdependencies between collective or 
individual measures.

Appendix A:  Protest, True Zero, and Participation Motives
Table A1 describes the main reasons motivating true zero and protest responses.

True zero Protest

I cannot afford to pay 55.6%

I do not believe I am at risk of being flooded 21.1%

I have already taken flood protection measures and hence do not need improvements to flood defence 11.1%

I do not believe I will suffer from stress in the event of a flood 7.8%

Indifferent 4.4%

I do not believe flood defence will be improved/Do not trust 18.2%

I do not believe flood defence improvements can help me avoid stress effects 3.8%

I object to paying higher taxes 63.1%

Others should pay 14.8%

Total cases 90 236

Table A1 
Debriefing Questions Distinguishing Between True and Protest Zero Responses
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Table A2 describes the main reasons for participating in the program.

Reason Percent

I would like to avoid the stress effects described 16.4%

I would like to avoid the impacts on my physical health 1.8%

I would like to avoid loss of my irreplaceable items 0.0%

I would like to avoid damage to my property and contents 20.9%

I would like to avoid my property losing its value 0.9%

I would like to avoid stress to my pets 0.0%

I am concerned about others in this area 12.7%

It is a good cause 9.1%

Others (from open text responses)

  To save people and improve their well-being 6.4%

  To avoid damage from flooding 24.5%

  Other 7.3%

Total cases 110

Table A2 
Main Reasons for Participating
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