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CHAPTER ONE 

Introduction 
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1.1 Flood risk in Europe and the Netherlands 

Flooding is the costliest natural disaster related risk worldwide (Miller et al., 2008), affecting on 

average 70 million individuals per year (UNISDR, 2011). The number of individuals impacted by 

flooding, as well as the frequency of flooding events, and their associated damage costs are 

expected to rise under climate change (Hirabayashi et al., 2013; Dottori et al., 2018). 

Although floods are more damaging in other less protected parts of the world, such as in Asian 

countries, Europe is not invulnerable to their impacts (Choryński et al., 2019). For instance, during 

the summer of 2007 flooding across many parts of the United Kingdom led to losses of around 6 

billion Euros (Chatterton et al., 2010). Moreover, flooding in Central Europe resulted in more than 

12 billion Euros of losses in 2013 (Munich Re, 2013). Large scale floods in France and flash 

flooding in parts of Germany accumulated losses of 5.5 billion Euros in 2016 (Munich Re, 2017). 

In the Netherlands, it is estimated that over half of the country is exposed to flood risk (Eijgenraam 

et al., 2017), but the probability of flood occurrence is quite low. The Dutch government have 

continually invested in the country’s flood protection through upgrades to primary flood defenses. 

The basis for these investments came as part of significant changes made following the North Sea 

Flood in 1953, which resulted in the deaths of 1,800 individuals and the loss of around 10% of 

gross domestic product (Kind, 2014). The event led to the appointment of a committee of experts 

to advise government on appropriate measures which need to be taken to improve flood protection 

standards (Wesselink et al., 2007). The Delta Works, which is the project that followed, closed off 

sea inlets, and elevated and reinforced river dikes along the River Rhine and Meuse (Hommes et 

al., 2009). 

Currently, the Netherlands is divided into 53 dike-ring areas, which are a system of dikes, dunes 

and high grounds that divide the river delta and the North-Western part of the country into regions 

of flood protected land. Safety levels within dike-rings are set by law, which up to recently ranged 

between a return period of 1 in 10,000 in the most populated areas and 1 in 1,250 in the Dutch 

river delta (van der Most and Wehrung, 2005). In 2016, the safety standards for Dutch flood 

defenses were updated according to maximal acceptable failure probabilities per dike segment 

(Jonkman et al., 2018), based on a nationwide flood risk assessment (see VNK, 2014). To maintain 

the flood protection standards and long term functioning of the defenses, regular inspections are 
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undertaken by regional water authorities to identify potential weak spots, and emergency measures 

are in place to repair these (Lendering et al., 2016). 

Although the Netherlands has some of the highest regarded flood defenses in the world, it is 

important to mention that these defenses are an incomplete protection, i.e., residual flood risk 

remains. Residents were reminded of this fact in 1993 and 1995, when the River Meuse overflowed 

its banks, leading to respective flood damage costs of approximately 0.1 billion Euros and 75 

million Euros, as well as the evacuation of 250,000 individuals in the latter case (Wind et al., 1999; 

van Stokkom et al., 2005). Moreover, in 2003 dikes were breached in the village of Wilnis, causing 

around 16 million Euros in flood damage (Aerts and Botzen, 2011). 

Some residents in the Netherlands also live outside the main flood protection system, where flood 

return periods can vary between 1 in 5 and 1 in 1,000 years (Ermolieva et al., 2017). Moreover, 

under realistic climate change projections flood probabilities will increase significantly within 

dike-ring areas, due to intensified snow-melt and increased winter precipitation over time, unless 

additional adaptation measures are undertaken (Middelkoop et al., 2001). 

To increase flood protection standards to a point at which flooding is no longer a threat is not 

economically viable, because the costs would outweigh the benefits (Gauderis et al., 2013). 

Moreover, while raising dikes decreases the probability of flood occurrence, potential flood 

damage amounts continue to increase due to higher maximum flood water levels in the event of a 

dike failure (Botzen et al., 2013). Raising dike levels also leaves individuals with an enhanced 

feeling of safety, which can result in more investment and development in flood-prone areas (Vis 

et al., 2003). Overall, it is arguable whether solely focusing on increasing flood protection 

standards is sufficient to manage increasing flood risks, or whether supplementary measures 

should be implemented, perhaps at the homeowner level. 

Individual homeowners can take a number of actions to mitigate potential material damages from 

flood events. Structural changes or damage mitigation measures may be implemented like wet-

proofing, dry-proofing and property elevation. Moreover, insurance may be purchased to limit 

monetary losses thereby providing financial security for homeowners. Insurance also reduces the 

uncertainty of flood loss by spreading the risk across a large number of insured individuals. Flood 

protection and insurance measures may work in tandem, if for instance homeowners receive 

premium discounts for implementing additional adaptation measures. Nevertheless, flood 
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insurance is the primary focus of this thesis. That is, I do not discuss in detail the other flood 

protection measures which might be undertaken by homeowners, even though they are relevant as 

well. Flood insurance and the possible issues involved in insuring flood risk are discussed in more 

detail in the next section. 

1.2 Insuring flood risk 

It is typically assumed that individuals decide whether or not to purchase insurance by comparing 

the cost of insurance with the expected benefits of holding insurance. The cost is a premium paid 

to cover potential damage for a predetermined time period (e.g., one year). Therefore, the expected 

benefits of holding insurance are limited to the period of time under which the insurance contract 

is valid (Kunreuther, 1996). 

Increasing worldwide economic losses as a result of flooding has intensified discussions among 

private insurers and governments about the function of flood insurance in reducing these risks 

(Surminski, 2014). There are some barriers to insuring flood risk related to the nature of the risk 

itself. Flood risk is low-probability in the Netherlands given the high protection standards of the 

country’s primary flood defenses. However, potential flood damage amounts are very large, and 

can reach well in to the billions of Euros (Paudel et al., 2015). Low-probability/high-impact (LPHI) 

natural disaster events are typically difficult to insure, and flooding was long considered to be 

uninsurable in the Netherlands (Jongejan and Barrieu, 2008). 

Despite this, in 2016 flood insurance was introduced in the Netherlands and can be purchased from 

private companies. The Dutch government is involved insofar as it provides flood risk data on the 

basis of which insurers can calculate risk-based premiums.1 Unsurprisingly, penetration rates are 

                                                           
1 It has also been suggested that the government be involved as a reinsurer (Botzen and van den Bergh, 

2008). This would involve the government covering (a share of) flood losses in exchange for a price paid 

by insurers for this coverage. However, discussions about introducing such a public-private flood insurance 

for the Netherlands were ended because it would not be feasible during times of economic crisis (Surminski 

et al., 2015). For examples of countries which have implemented government reinsurance schemes in the 

past, see Belgium, France, Italy and Spain (Crichton, 2008), as well as the newly formed Flood Re in the 

United Kingdom (Surminski, 2018). 



 

5 
 

currently very low for this new insurance (Suykens et al., 2016), which is possibly due to lack of 

awareness about flood risk and that flood insurance is available. 

Nevertheless, in order for flood insurance to be effective in the long run there should be sufficient 

demand (Seifert et al., 2013). That is, the revenue generated by insurance companies should be 

high enough to reimburse claims following a flood event. This is complex for low-probability 

disaster type events, because individuals usually demand low amounts of insurance against these 

risks (Kunreuther and Pauly, 2004). Previous studies have cited various reasons why individuals 

may have low demand, which are related to systematic decision biases and difficulties processing 

low probabilities. These reasons are in contrast to traditional theories of decision making in 

economics, such as Expected Utility Theory (EUT) which assumes that individuals process 

probabilities well. There may also be rational reasons for low demand, for example because 

individuals expect compensation for flood damage from the government (Coate, 1995). I elaborate 

on these issues in more detail in the proceeding section. 

1.3 Theory, insufficient demand for flood insurance and knowledge gaps 

Section 1.3.1 provides details on the demand for insurance under standard economic theory, as 

well as some empirical evidence related to LPHI risk. The section also describes some knowledge 

gaps addressed in the thesis. Section 1.3.2 outlines the concept of bounded rationality as an 

alternative to standard economic models of decision making, and why bounded rationality may 

provide more insight for explaining behavioural patterns related to flood risk. Section 1.3.3 

presents various explanations of insufficient demand for flood insurance, related to either standard 

economic theory or bounded rationality, and the innovation of the research in these areas. 

1.3.1 Theory and empirical evidence 

According to standard economic theory, EUT posits that individuals make decisions involving 

probabilities and money by valuing final wealth amounts under different states of nature, then 

weighting these valuations by their probabilities of occurring. Utility determines how individuals 

value money (final wealth under different states of nature). According to EUT, individuals decide 

on things involving different states of nature (e.g., which gamble to play in a horse race, whether 

or not to invest in a stock etc.) by maximizing their expected utility. 



 

6 
 

Demand for full insurance can be modelled according to EUT by examining expected utility with 

full insurance, 𝑈𝑈(𝑊𝑊− 𝑃𝑃), and without insurance, 𝑝𝑝𝑈𝑈(𝑊𝑊 − 𝐿𝐿) + (1 − 𝑝𝑝)𝑈𝑈(𝑊𝑊) (von Neumann 

and Morgenstern, 1944), where 𝑈𝑈(. ) is a utility function which is strictly increasing and represents 

an individual’s risk preferences, 𝑊𝑊 is initial wealth, 𝐿𝐿 is a potential loss with probability 𝑝𝑝, and 

full insurance can be purchased for a premium 𝑃𝑃. Under risk aversion (𝑈𝑈′(. ) > 0,𝑈𝑈′′(. ) < 0), and 

a constant insurance premium, it can be shown that insurance demand is negatively related to the 

probability of loss, holding the expected value of the loss constant (Browne et al., 2015). 

This theoretical prediction is in contrast to evidence on actual insurance take-up rates, where 

individuals do not demand insurance against disaster risks, but insure high-probability/low-impact 

(HPLI) risks for premiums which carry a high loading factor (e.g., bicycle insurance and mobile 

phone insurance) (Friedl et al., 2014). For instance in 2016, only 30% of natural disaster losses 

were insured worldwide (Swiss Re, 2017). Moreover, in the past it has been observed that 

individuals forgo insurance against flood risks, even when subsidies are present (Anderson, 1974). 

Whereas Syndor (2010) showed that individuals tend to over-insure HPLI events, and exhibit a 

level of risk aversion which is difficult to explain under EUT. The EUT prediction is also contrary 

to some experimental evidence from controlled laboratory and survey studies (Slovic et al., 1977; 

Schoemaker and Kunreuther, 1979; Ganderton et al., 2000; Shafran, 2011). 

As a starting point for the thesis I took the literature review by Jaspersen (2016), who provided an 

overview of the experimental and survey studies of insurance demand for different types of risk, 

with a focus on the topics which were studied and some design methods employed. However, a 

systematic overview of the empirical evidence on demand for insurance under LPHI risk (which 

is relevant to the flood risk context) was missing from the insurance literature. To fill this gap, I 

conducted a literature review on this topic which focusses on economic experiments, hypothetical 

surveys and market data studies of insurance demand (see Chapter 2). The additional focus on 

market data (compared to Jaspersen, 2016) is an important contribution, because such data is based 

on revealed preferences for insurance against LPHI risk. It is difficult to infer whether subjects in 

experimental or survey studies would behave similarly in the actual decision making setting due 

to the trivial stakes involved in economic experiments (Harrison and List, 2004), and the 

hypothetical nature of survey choices. 
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Controlled economic experiments, in which subjects face monetary incentives based on their 

choices, do however provide some crucial advantages over market data for studies about insurance 

demand against LPHI risk. The laboratory presents a sterile environment where the experimenter 

can change a single treatment variable, whilst keeping other factors constant to ascertain the impact 

of the change on behaviour. With market data this is complicated because extraneous variables 

may be present and difficult to control for. For example, a difficult topic to study with market data 

is the impact of insurance price on insurance demand, due to the correlation between insurance 

premiums and objective flood risks. As a result, the relationship between insurance price and 

insurance demand may be confounded by objective risk. This does not pose a problem for 

experimental studies, because confounders can be controlled for. 

Nevertheless, a challenge for studying LPHI risks in experiments is that they are difficult to 

incentivize because the size of the loss at stake will typically exceed the experimenter’s budget 

(Etchart-Vincent, 2004). This issue has been countered by implementing the random problem 

selection mechanism, which selects one task to be paid at the end of the experiment with a 

randomization device, combined with randomly selecting a small number of subjects to be paid at 

a specified exchange rate (Kunreuther and Michel-Kerjan, 2015; Ozdemir and Morone, 2014; 

Chaudhry et al., 2018). The random problem selection mechanism has been criticized because the 

experimenter cannot be sure whether subjects are treating the risks in each choice in isolation, or 

the compound risk which includes the random selection of one choice for payment (Harrison and 

Rutström, 2008). Of course, randomly selecting one subject to be paid can be criticized on similar 

grounds. It was an open question whether the random problem selection mechanism combined 

with randomly paying only a subset of subjects at a specified exchange rate can impact behaviour, 

as opposed to hypothetical payments (see chapters 4, 5 and 6). 

1.3.2 Bounded rationality 

Given the overall empirical evidence on individual behaviour under LPHI risk, it has been 

questioned whether individuals do in fact exhibit the rational behaviour of expected utility 

maximizers when facing such risk (Starmer, 2000). EUT assumes individuals perform calculations 

by combining probabilities and utilities, and make an informed trade-off between costs and 

expected benefits of alternatives. However, the calculations pertaining to the EUT insurance 

problem may seem formidable to the average individual (Arthur, 1994; Gilovich et al., 2002). 
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Decision complexity may lead individuals to not choose the most preferred option. Therefore, 

individuals may forgo insurance against LPHI risk, even though the decision may be contrary to 

underlying preferences towards risk. Bounded rationality provides an adequate description of such 

choice behaviour. 

In the context of flood risk, perhaps it is reasonable to accept that individuals are boundedly 

rational to acknowledge individuals’ cognitive limitations and limited access to information, i.e., 

individuals are rational insofar as their calculation capacities and information searches permit 

(Simon, 1955). Individuals for instance may incur significant (cognitive) barriers to accessing 

information on the likelihood of flooding (Kunreuther and Pauly, 2004), and/or any of the other 

elements which make up the expected utility formula. It has been proposed that individuals use 

mental shortcuts to deal with these limitations (Kahneman, 2003). 

Mental shortcuts or heuristics are processes that make problems less complex by (un)consciously 

ignoring some information pertaining to the decision problem. For example, individuals may judge 

the probability of an event by the ease with which similar examples come to mind (Tversky and 

Kahneman, 1974). One may assess the risk of flooding by recalling flood events which have 

occurred among friends and family, or have been previously reported in the media, and thereby 

ignore other objective information which may determine flood risk, like flood maps, property 

elevation and distance to the nearest river. 

The next section highlights some explanations of low demand for insurance against LPHI risk, of 

which some can be accommodated within decision theoretical models like EUT, as well as 

alternative explanations which are closer to bounded rationality, heuristic processing and theories 

which can reconcile boundedly rational behaviour. 

1.3.3 Explanations of insufficient demand for flood insurance 

1.3.3.1 Charity hazard 

The tendency for individuals to underinsure LPHI risk in practice has led many to offer various 

explanations of the observed behaviour. One rational reason (in the sense that it can be reconciled 

within EUT), why individuals would demand insufficient amounts of flood insurance is that 

individuals may anticipate being compensated by the government for damages suffered after a 
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flood, i.e., charity hazard (Raschky and Weck-Hannemann, 2007). That is, government 

compensation may have a crowding out effect on homeowners’ demand for flood insurance. 

Discussions of charity hazard relate to the Samaritan’s dilemma, or the idea that unconditional 

transfers from the government to individuals may incentivize individuals to not purchase insurance 

and to instead rely on charity to cover losses (Coate, 1995). The dilemma relies on the assumption 

that the government cares for its citizens and so feels compelled to provide aid.2 

Nevertheless, Coate (1995) showed that reliance on such charity has adverse efficiency effects, 

stemming from the fact that the government is deciding exactly how much of the loss individuals 

are protected against, and there is no reason to expect the government will provide an optimal level 

of protection for the individual. Importantly, the theoretical research on the Samaritan’s dilemma 

in Coate (1995), as well as other theory-based studies (Lewis and Nickerson, 1989; Kelly and 

Kleffner, 2003), predict a negative impact of unconditional government compensation on demand 

for insurance. 

However, empirical evidence on the charity hazard is mixed (Andor et al., 2020), with some studies 

finding a negative relation between government compensation and demand for insurance or risk 

mitigation (Botzen et al., 2009; Botzen and van den Bergh, 2012a; b; Brunette et al., 2013; Raschky 

et al., 2013; Deryugina and Kirwan, 2018; Kousky et al., 2018; Davlasheridze and Miao, 2019; 

Landry et al., 2019), and others contrary to the theory a positive or no effect (Browne and Hoyt, 

2000; Petrolia et al., 2013; 2015; Seifert et al., 2013; Osberghaus, 2015). 

Some authors have proposed that the positive (or no) relation may in fact be due to endogeneity, 

because results are in line with expectations once endogeneity has been controlled for (Deryugina 

and Kirwan, 2018; Kousky et al., 2018; Davlasheridze and Miao, 2019). The endogeneity in the 

charity hazard problem potentially comes from an uncontrolled confounding variable, namely 

differences in objective flood risk which can impact both demand for flood insurance and 

government compensation payments, i.e., omitted variable bias. Another possibility in the context 

of omitted variable bias is that more educated individuals are more aware of the benefits of holding 

flood insurance, so are more likely to insure, and are also more astute when navigating the level 

                                                           
2 Although it has also been suggested that in practice the government provides compensation for re-election 

purposes, which rejects a purely altruistic model (Garrett and Sobel, 2003). 
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of bureaucratic red tape required to successfully apply for government compensation (Kousky et 

al., 2018). 

A further source of endogeneity concerns reverse-causality. To elaborate, although government 

compensation can crowd out flood insurance demand, the government may also desire to assist 

uninsured households, so areas where there is low flood insurance demand will receive more 

government compensation. In this instance it is insufficient demand for insurance which leads to 

high levels of government assistance, not vice versa (Deryugina and Kirwan, 2018). 

The additional control afforded by experimental laboratory investigations offers a clear 

improvement when dealing with potentially confounding variables which are present in the field. 

That is, confounding factors can be held constant so that one can isolate the impact of a change in 

the variable of interest on flood insurance demand. To overcome the issues involving endogeneity 

in the charity hazard problem, I conducted an incentivized economic experiment (see Chapter 3), 

which is the first such study to do so according to the literature review. An additional innovation 

of the study is that I investigated whether the level of riskiness and ambiguity in government 

compensation has an impact on flood insurance demand. Previous studies have rather focused on 

risk and ambiguity related to the probability of loss (e.g., Einhorn and Hogarth, 1986; Hogarth and 

Kunreuther, 1989; Di Mauro and Maffioletti, 1996; Bajtelsmit et al., 2015). 

Risk and ambiguity may likewise relate to government compensation because individuals who 

have suffered more (less) flood events are perhaps more (less) able to accurately assign a 

probability to the likelihood of receiving compensation, i.e., government compensation becomes 

more risky (ambiguous). However, the likelihood of government compensation is also dependent 

on other factors like political variables (Garrett and Sobel, 2003) and media coverage (Thieken et 

al., 2006), among other things. The degree to which individuals are aware of these influences may 

also impact the perceived level of ambiguity or riskiness in government compensation. 

1.3.3.2 Systematic biases 

1.3.3.2.1 Six biases in judgment 

Apart from explanations which can be reconciled within theoretical models of decision making 

like EUT, systematic biases or errors in judgment may shed light on why individuals are so bad at 

dealing with disastrous risks. Drawing on a large body of research, Meyer and Kunreuther (2017) 
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conjectured that six biases in judgment, are the underlying causes of low demand for insurance 

and/or the underestimation of LPHI risks. These biases characterize “System 1” thinking processes 

and bounded rationality (Kahneman, 2011). That is, these biases are related to the potentially 

automatic and intuitive ways individuals process LPHI risk information, as opposed to difficult 

expected utility calculations. 

This thesis will examine two of the six biases highlighted by Meyer and Kunreuther (2017), 

namely: 

(1) Simplification, i.e., the tendency to selectively consider only a few of the relevant facts one 

might otherwise examine when making a decision involving risk. 

In the context of disaster risk, individuals may follow a threshold model decision heuristic 

(Slovic et al., 1977), which would predict that individuals dismiss low-probability flood 

risks if the probability is deemed as falling below a certain threshold level of concern. 

Individuals may then focus on the certain monetary loss if one were to pay for insurance 

for a risk which is judged as negligible, and decide not to take the insurance as a result. 

Besides the impact of the threshold level of concern heuristic on flood insurance demand, 

there may exist antecedents of this decision heuristic. 

It has been shown that biases in decision making, which may be due to heuristic processing, 

are associated with areas of the brain involved in emotion (de Martino et al., 2006). 

Moreover, although the threshold level of concern heuristic has been frequently cited in 

discussions of lack of flood preparedness and insurance demand (Kunreuther and Michel-

Kerjan, 2015; Botzen et al., 2015), little was known about its emotional antecedents. 

Therefore, I performed an analysis to determine whether the emotions regret (anticipated 

emotion – expected to be experienced in the future) and worry (anticipatory emotion – 

experienced at the moment of decision making) have an influence on individuals’ threshold 

levels of concern for flood risk (see Chapter 4). 

(2) Inertia bias, according to which individuals are reluctant to change from the status quo 

given uncertainty as to the likely impact of a change, coupled with the time and attention 

required to modify ones behaviour. 

Inertia bias is a robust feature of economic decision making in e.g., health insurance 

choices (Handel, 2013) and retirement saving (Madrian and Shea, 2001). It has been 
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suggested that individuals are anchored towards the status quo due to loss aversion (losses 

being weighted more heavily than gains in decisions) (Samuelson and Zeckhauser, 1988) 

and reference dependence (Dinner et al., 2011). That is, if individuals take the current 

situation as their reference point, then losses from this status quo may loom large. As a 

result, one may stick to the current state. 

With respect to flood insurance decisions, an individual may excessively focus on the cost 

of insurance (which is a loss from the status quo of having no insurance coverage) relative 

to the possible avoided flood damage costs in the future. It was yet to be examined whether 

the appropriate setting of default options (the selected choice if no decision is made) can 

overcome inertia bias when individuals are deciding whether to insure flood risk 

(Kunreuther, 2015). This lack was also briefly discussed in the literature review. I filled 

this gap by applying a survey of the effect of defaults on flood insurance demand using 

homeowners from the Netherlands and the United Kingdom (see Chapter 7). The cross-

country focus of the study was motivated by differences in actual flooding experience and 

flood insurance purchasing. As described in Section 1.2, the flood insurance market in the 

Netherlands is relatively new and penetration rates are currently very low, moreover recent 

flooding experiences has caused minor losses. Whereas in the United Kingdom the 

opposite is true. By comparing data collected on default options between the two countries, 

I add to the literature on the robustness of default effects in the presence of experience 

(Löfgren et al., 2012; List, 2003). 

The other four biases mentioned by Meyer and Kunreuther (2017), which receive less attention in 

this thesis are: myopia, i.e., the tendency to focus on short time horizons when comparing the 

immediate costs of purchasing insurance with the potential benefits in terms of avoided flood 

damage costs in the future (see e.g., Kunreuther et al., 1998; Healy and Malhotra, 2009); amnesia, 

i.e., the tendency to quickly forget the lessons of previous disaster events (see e.g., Gallagher, 

2014; Atreya et al., 2013; Lamond et al., 2010; Eves, 2002); optimism, i.e., the tendency to 

underestimate the likelihood of losses resulting from disaster risks in the future (see e.g., Viscusi 

and Zeckhauser, 2006; Svenson, 1981); and herding bias, i.e., the tendency of individuals to base 

decisions on others observed actions (see e.g., Bicchieri and Dimant, 2019; Lo, 2013). 
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1.3.3.2.2 Underweighting LPHI flood risk in decisions 

Systematic decision biases are perhaps more suited to Prospect Theory (Tversky and Kahneman, 

1992), which allows boundedly rational behaviour to be modelled, than EUT (Wakker, 2010). In 

addition to outcome sensitivity under EUT, Prospect Theory accounts for reference dependence 

and increased sensitivity to decisions framed as losses relative to gains due to loss aversion, as 

well as the tendency for low probabilities assigned to bad loss outcomes to be over‐weighted by 

incorporating probability weighting. 

Some authors have used the Prospect Theory framework, and in particular the probability 

weighting function, to explain underinsurance or the underweighting of LPHI risks. For instance, 

Fehr-Duda and Fehr (2016) and Epper and Fehr-Duda (2017) proposed that individuals assign less 

weight to tail events when uncertainty resolves further into the future. The result is that if flood 

events are perceived as potentially occurring many years from now, they will be significantly 

under-weighted in individual decision processes. This is contrary to short-term insurance contracts, 

like flight insurance, which expires immediately following the flight and for which individuals 

typically had high demand for when it was popular to sell such policies in United States airport 

vending machines (Eisner and Strotz, 1961). 

Also consistent with a probability weighting account of underinsurance is the study by Hertwig et 

al. (2004), who find that decisions made from experience (where individuals can learn probability 

distributions through repeated sampling) are more under-weighted than those made from 

description (with outcomes and probabilities provided). Individuals may not be aware of the 

precise likelihood and possible damage amount associated with a given flood, and instead rely on 

their experience to infer the likelihood, which can result in probability under-weighting. This is 

also plausible taking into account evidence that detailed flood risk maps may be based on poor 

data, widely known to be outdated (Wilson and Kousky, 2019), that may as a consequence lead 

individuals to base decisions on their own personal experience. 

Overall, few studies have examined the reasons behind why individuals over-/under-weight LPHI 

risks (Barberis, 2013a). I experimentally investigated the psychological mechanisms behind such 

behaviour (see Chapter 5). That is, I studied the impact of explanatory variables such as 

anticipated, anticipatory and incidental emotions (respectively, regret, worry and mood), as well 

as the threshold level of concern decision heuristic which is related to simplification of risks, on 
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willingness-to-pay zero for flood insurance. I use the latter as a proxy of probability neglect, which 

I assume is the rounding of very low probabilities to zero. In addition, I looked at whether the 

explanatory variables influence flood risk taking attitudes in general according to maximum 

willingness-to-pay for flood insurance, while I recognize that these values do not separate risk 

attitudes due to either probability weighting or outcome sensitivity. 

As well as the explanatory variables used in the analysis of probability neglect and maximum 

willingness-to-pay for flood insurance, I investigated the relation between the Prospect Theory 

preference parameters and locus of control (see Chapter 6), which has been shown to be 

specifically influential when dealing with higher probability disaster risks (Sattler et al., 2000; 

Sims and Baumann, 1972). Locus of control refers to the degree to which individuals judge that 

outcomes in their life are a consequence of their own actions, or fate. These judgments prompt 

actions: individuals who exhibit an internal locus of control exert control over their environment, 

e.g., by purchasing protection against increasing flood risks. Of course, flood risk is not static over 

time, and flood probabilities can rise in any given year due to increased river water levels. The 

approach of estimating Prospect Theory preference parameters was novel since probability 

weighting under Prospect Theory had not been empirically studied in the context of flood 

insurance demand for Dutch homeowners (Botzen and van den Bergh, 2009). 

1.4 Research questions 

The previous section gave a broad overview of the topics addressed in this thesis, and the relevant 

knowledge gaps within each topic. On the basis of these gaps, the thesis research questions are as 

follows: 

Q1: What lessons can we learn from previous experimental, survey and market data studies of 

insurance demand against LPHI risk, and what are useful directions for future research based on 

these studies? 

Q2: Does the availability of government compensation crowd out individual demand for flood 

insurance (charity hazard), and is the extent of crowding out related to the level of riskiness and/or 

ambiguity in government compensation? 
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Q3: Do incentives provided in accordance with the random problem selection mechanism, 

combined with randomly selecting a small number of subjects to be paid at a specified exchange 

rate impact flood insurance decision making, compared to offering hypothetical incentives? 

Q4: What are the emotional antecedents of utilization of the threshold level of concern heuristic in 

decisions about purchasing flood insurance? 

Q5: What are the psychological determinants of individual willingness-to-pay for flood insurance 

and probability neglect of flood risk, and do these factors depend on objective flood risk? 

Q6: Does underweighting of flood risk explain low demand for flood insurance, and what are the 

psychological factors related to this underweighting? 

Q7: Can demand for flood insurance be increased with the objective of improving individual 

preparedness for flooding, by offering flood insurance coverage as a default option, and is the 

impact of the default influenced by experience related to the flood insurance decision? 

1.5 Methods and outline of the thesis 

Section 1.5.1 provides an overview of the methods included in the thesis. Section 1.5.2 details the 

outline of the thesis regarding which chapters are allocated to answering the research questions. 

1.5.1 Methods 

  1.5.1.1 Literature review 

Literature reviews synthesize results of previous studies to help guide future researchers based on 

the lessons learned from the surveyed literature. I conducted a systematic review of the literature 

on 80 experimental, hypothetical survey and market data studies of insurance demand. The review 

focuses on insurance demand under LPHI risk, and provides an elaborate discussion of findings 

related to theory, behavioural biases and heuristics. 

In order to extract relevant studies, I applied a selection criteria with the aim to provide an objective 

representation of the overall literature. Firstly, carefully chosen keywords which match the topic 

under investigation were entered into academic journal databases (see Chapter 2). Potential studies 

were retained which fulfilled the requirement of being either experimental, survey or market data 

examinations of insurance demand. Secondly, I excluded experimental and survey studies which 
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were outside the scope of LPHI risk. Low-probability was defined as equal to or below 0.05 (see 

Kunreuther and Michel‐Kerjan, 2015), which is close to the highest yearly probability of suffering 

damage from typical low‐probability events like a flood, hurricane and earthquake. Thirdly, market 

data studies were excluded which were not about catastrophic risk, i.e., insurance companies 

receive regular premiums, but losses are paid out infrequently (Jaffee and Russell, 1997). Lastly, 

the papers were quality screened by only including those published in peer‐reviewed journals. 

  1.5.1.2 Economic experiments 

Economic experiments are well suited to studying flood insurance demand in the Netherlands, 

given that market data on demand is not yet available here. Moreover, experiments can study 

individual behavioural motivations regarding underinsurance and control for potential 

confounders, whereas market data investigations often cannot. Smith (1982) discusses the 

prerequisites of experiments in economics. The author emphasizes the use of salient reward 

structures, i.e., subjects are exposed to rewards which are increasing (decreasing) in the good (bad) 

outcomes of the experiment. The structure of rewards must also be sufficient to overcome any 

subjective costs associated with participation in the experiment (dominance). Following the 

convention of experimental economics, subjects in the experiments were paid a flat fee (or points 

which could be exchanged for gifts) for their participation and could earn money based on their 

choices in the experiment itself. 

The charity hazard experiment followed the same basic setup as Laury et al. (2009), who elicited 

insurance demand whilst altering the loading factor (which is an index of the insurance premium 

cost) and the probability of loss within-subjects, whilst keeping the expected value of loss constant. 

I formulated additional treatments which modified whether government compensation was 

available (between-subjects), and the level of riskiness and ambiguity in compensation (within- 

and between-subjects). 

Theoretical predictions were examined using EUT under risk, which performed well in the Laury 

et al. (2009) experiment, and the Klibanoff et al. (2005) smooth model under ambiguity. I applied 

panel data analysis methods because multiple responses were gathered from individual subjects. 
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A convenience sample of student subjects of the VU University Amsterdam were recruited for the 

study, because it is more difficult to enlist individuals from the general population to participate 

in laboratory experiments. 

Another experiment was conducted to study incentives, simplification (the threshold level of 

concern for flood insurance demand), probability weighting and outcome sensitivity according to 

Prospect Theory, as well as the psychological mechanisms of probability neglect and willingness-

to-pay for flood insurance. To elicit incentivized flood insurance demand I used the Becker et al. 

(1964) procedure. That is, the premium for which the flood insurance was sold was selected at 

random between the upper and lower bounds of the potential flood loss. If the randomly selected 

subject was willing to pay a value equal to or greater than the selected premium, then the subject 

had purchased insurance at the price of the premium, otherwise he or she faced the flood risk 

uninsured. It is transparent to the trained economists that this procedure is an incentive compatible 

one, i.e., there is a formal incentive for subjects to state their actual willingness-to-pay (Harrison 

and Rutström, 2008). This however may not be immediately clear to the subject, therefore I 

supplemented the procedure with a visual aid, and highlighted that it is in subjects best interest to 

state their true willingness-to-pay. 

I also applied panel data analysis methods to this data, given its panel structure. To separate 

probabilistic risk attitudes from outcome sensitivity I estimated structural models of decision 

making, which allows for predicting risk preference parameters related to probability weighting 

and utility curvature according to Prospect Theory. Using this procedure I could also identify 

variables relevant for explaining these preference parameters. Moreover, the threshold level of 

concern, which is a variable coded as the number of successive times subjects accepted the flood 

risk and remained uninsured as the probability of flooding increased, was examined using OLS 

regression models to explore potential relationships between regret, worry and the threshold. I 

chose to conduct this experiment online with a large sample of Dutch homeowners because the 

number of coefficients to be estimated in the structural models was relatively high. 

  1.5.1.3 Survey 

In contrast to economic experiments, where subjects are paid based on their choices in the 

experimental tasks, surveys are non-incentivized. Nevertheless, hypothetical survey studies can be 

useful for supplying preliminary evidence on the effectiveness of certain policy interventions. I 
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conducted a survey study on the effectiveness of default options in the context of flood insurance 

demand with homeowners in the Netherlands and the United Kingdom. 

I applied a binary choice model (Probit) to investigate whether the default effect exists, and to 

examine potential moderators of the default effect (e.g., experience). I used a mediation model 

specifically designed to be used with binary choice data to ascertain the percentage of the default 

effect which can be attributed to variables indicative of reference dependence and loss aversion. 

The survey examination also ensured I was able to collect sufficient data in order to test indirect 

effects of the mediation and moderation effects, because these effects may have lacked in power 

had a smaller sample been utilized (MacKinnon et al., 2002). 

 1.5.2 Outline of the thesis 

The contents of this thesis are divided over several chapters. Question 1 is analyzed in Chapter 2, 

where I conducted a systematic review of the literature on insurance demand against LPHI risks. 

I examined Question 2 in Chapter 3, which conducted an experimental analysis on 200 subjects of 

the influence on flood insurance demand of the availability of different forms of government 

compensation for disaster damage. Question 4 is investigated in Chapter 4, which performs an 

experimental analysis on 1,041 homeowners in the Netherlands on the antecedents of utilization 

of the threshold level of concern decision heuristic. Chapter 5 used the same dataset as Chapter 4 

to examine the impact of various psychological factors on willingness-to-pay for flood insurance 

and probability neglect of flood risk, in order to answer Question 5. Chapter 6 which is related to 

Question 6, determines whether the psychological factors relate to flood insurance demand through 

probability weighting or outcome processing, which is also based on the same dataset as chapters 

4 and 5. Chapters 4, 5 and 6 additionally provide insights for answering Question 3, related to the 

impact of incentives on flood insurance decisions. Question 7 is probed in Chapter 7, which is 

based on default options and the surveyed flood insurance choices of 1,187 homeowners across 

the Netherlands and the United Kingdom. Chapter 8 concludes. Figure 1.1 provides a schematic 

overview of the thesis, and the connections between each chapter. 



Figure 1.1: Overview of the chapters of the thesis 
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CHAPTER TWO 

Economic experiments, hypothetical surveys and market data studies of insurance 

demand against low-probability/high-impact risks: A systematic review of designs, 

theoretical insights and determinants of demand 

This chapter is based on: Robinson, P.J. and Botzen, W.J.W., 2019. Economic experiments, 

hypothetical surveys and market data studies of insurance demand against low‐probability/high‐

impact risks: A systematic review of designs, theoretical insights and determinants of demand. 

Journal of Economic Surveys, 33(5), pp.1493-1530. 



22 

2.1 Introduction 

This paper reviews the literature on economic experiments, hypothetical surveys and market data 

studies of insurance demand against low-probability/high-impact (LPHI) events. These events, 

which are catastrophic losses for an individual, are difficult to predict and can have a large societal 

impact (Kunreuther, 1996; Browne et al., 2015). There is an increased interest in LPHI risks by 

academic researchers and policymakers (Barberis, 2013a). The recent incidence of natural 

disasters, terrorist attacks, and financial crises are examples that LPHI events occur around the 

world. Such events are likely to become more prevalent with the impact of climate change and 

globalization (Taleb et al., 2009; Bouwer, 2013). Risk management solutions for LPHI events have 

become a societal priority in which insurance can play an important role (Kunreuther, 2015). 

Over the past few decades, there has been some progress in understanding the psychology of 

behaviour towards tail events, as summarized in Barberis (2013a). Expected Utility Theory, first 

axiomized by von Neumann and Morgenstern (1944), is used as the benchmark for analysing 

behaviour under risk. Expected Utility Theory tends to perform well under medium to high-

probability/low-impact (HPLI) risks, however, in the domain of LPHI risk the theory sometimes 

fails to give an adequate explanation of behaviour (Browne et al., 2015).  

In light of this, Kahneman and Tversky (1979) developed Prospect Theory, later modified to a 

version called Cumulative Prospect Theory (Tversky and Kahneman, 1992). Both Original 

Prospect Theory and Cumulative Prospect Theory account for increased sensitivity to decisions 

framed as losses relative to gains due to loss aversion, and the tendency for low probabilities 

assigned to the worst outcomes to be over-weighted by incorporating probability weighting. A 

variety of alternative non-Expected Utility models have also been developed to explain individual 

decision making under risk, including Dual Theory, as well as to explain decision making under 

uncertainty and ambiguity (see Section 2.4.2). Moreover, it has been well recognized that 

individuals find it difficult to process information about LPHI risk (Kunreuther et al., 2001). To 

cope with these complexities, individuals often apply intuitive thinking processes and use 

heuristics or rules of thumb (Gilovich et al., 2002; Slovic et al., 2007). Heuristics and intuitive 

thinking may explain observed deviations of subjective probabilities and losses from their 

objective counterparts (Botzen et al., 2015). Moreover, heuristics may provide a short cut to 

decision making which is easier than mental calculations based on probability estimates. 
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Theory and heuristics provide a platform for hypothesis testing in experimental studies about 

insurance decision making. An advantage of experiments is that they allow for studying 

regularities in decision making in a controlled setting, which enables rigorous testing of 

behavioural economic theories and for analysing policy solutions for increasing insurance uptake 

(Laury et al., 2009). 

Jaspersen (2016) offers some critical remarks about using insurance decisions to test theories of 

decision making in experiment tasks. Insurance decisions do not correlate strongly with the way 

individuals make other financial decisions (Einav et al., 2012). Jaspersen (2016) questions whether 

insurance decisions can offer insights for general theories other than whether or not they hold in 

the insurance domain. We conduct a review focused on insurance decisions, and do not claim that 

findings from this literature can be generalized to other contexts. We adopt Jaspersen (2016) and 

Smith’s (1982) terminology regarding the difference between experimental studies and 

hypothetical surveys. The former employs salient reward structures, where payoffs are determined 

by outcomes of the experiment. The latter may include fixed payment structures, but these do not 

constitute salient experiments according to Smith (1982). 

Our review paper builds upon Jaspersen (2016) who gave a general review of insurance demand 

studies for all kinds of risks, focusing on topics studied and some design methods employed. We 

think it is beneficial to have a focused study on LPHI risk, because decision making is markedly 

different than under high-probability/low-impact (HPLI) risk. Our study differs from Jaspersen 

(2016) in that we focus more prominently on LPHI risks, discuss findings in relation to theory and 

heuristics, and interpret prior studies relative to natural world catastrophic loss. Therefore, in 

addition to results of LPHI risk in the experimental and survey study domain, we review the 

literature on market insurance data regarding catastrophic losses. 

Relevant to our comparison of experimental studies to market data studies is Smith’s (1982) 

discussion of parallelism, which refers to the applicability of conjectures about individual 

behaviour tested in experimental settings to the field, under similar ceteris paribus conditions. 

Parallelism therefore implies that if differences between subjects in experimental studies and 

homeowners on which market data is based (or other apparent differences between the lab and the 

field) could be controlled for, insurance decision making would be the same. We take the position 

that experimental studies of LPHI risk can offer insights into the influence of important variables 
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which are present in the field, but are perhaps difficult to study with market data. In this respect, 

experimental findings can supplement market data research, and vice versa. For example, it is 

typically difficult to control for confounding variables in market data studies, but in experiments 

such control is possible. Whereas, high-impact losses are challenging to incentivize in the lab 

(Etchart-Vincent, 2004), market data examinations on LPHI risk are useful because they are based 

on revealed preferences in an actual LPHI risk context. 

We conduct a systematic review of this literature based on some selection criteria. The aim of our 

literature review is to draw lessons learned from the studies about demand for insurance, and for 

outlining an agenda for future research. This is done by inquiring: sample designs and insurance 

characteristics, as well as, results regarding certain explanatory variables, and tested theories and 

heuristics. 

The remainder of this paper is structured as follows: Section 2.2 outlines the method used to 

conduct the review, including our selection criteria. Section 2.3 examines the types of studies 

included in the review, country focus, incentives, samples, as well as insurance characteristics in 

terms of the insurance context, deductibles and loading factors. Section 2.4 presents key results in 

relation to theories tested. Section 2.5 provides main results about behavioural biases and 

heuristics. Section 2.6 discusses findings of variables of influence on insurance demand and 

Section 2.7 concludes. 

2.2 Literature review method 

In this section we outline the method and selection criteria used to review the literature. We 

conduct a systematic literature review with the aim to provide an objective representation of the 

overall literature on our topic of interest. We first elaborate upon our selection criteria regarding 

the experimental and survey papers. The following combination of keywords were used to search 

academic journal databases Google Scholar and Scopus: insurance demand; experiment; low 

probability. This resulted in 46 potential papers. The review also includes papers which compare 

behaviour under risk, where the probability of loss is known, and uncertainty or ambiguity. 

Another search was performed with the combination of keywords: insurance demand; experiment; 

risk; ambiguity; uncertainty. This resulted in 19 additional potential papers. Based on these two 

searches and 11 papers found by cross-checking references, 41 experimental study and 



 

25 
 

hypothetical survey papers are included in this review because they meet the following selection 

criteria. 

At least one study treatment must include a decision about a LPHI event. Low-probability is 

defined here as equal to or below 0.05, which is consistent with experiments framed in the context 

of catastrophic risk (Kunreuther and Michel-Kerjan, 2015). Moreover, this value is close to the 

highest yearly probability of suffering damage from typical low-probability events like, a flood, 

hurricane and earthquake. It is difficult to define a cutoff value for the loss at stake due to cross-

study differences in currencies used. Furthermore, many studies do not specify a particular 

currency in their definition of loss, and use some abstract value instead, for example, points and 

tokens. Thus, an unambiguous cutoff point cannot be defined for this review. Despite this, a 

conscious effort has been made to contain studies which present sizeable losses in LPHI 

treatments, at least in numeric form. Moreover, papers which explicitly state the context of their 

study to be LPHI risk are included, regardless of the size of losses they incorporate. Studies 

comparing the behaviour of participants facing either LPHI or HPLI risk are also included, because 

they offer relevant theoretical insights. However, studies solely focusing on HPLI events are 

excluded. In total, 10 experimental and survey papers are included in this review which were not 

reviewed by Jaspersen (2016) who also did not review studies based on market data. 

Regarding the selection of papers about real market insurance purchases against catastrophic risk 

by homeowners, we used the following combination of keywords to search the same academic 

journal databases as those used for the experimental and survey papers: insurance data; household; 

insurance demand; low probability. Using Jaffee and Russell’s (1997) characterization of 

catastrophic risk (i.e., insurance companies receive regular premiums, but losses are paid out 

infrequently), resulted in the inclusion of 14 papers for the review. 

We quality screened the papers by only including those published in international peer-reviewed 

journals. Therefore, working papers as well as papers which appear in conference proceedings are 

not included. A sizeable proportion of papers are in Journal of Risk and Insurance, and Journal of 

Risk and Uncertainty (26), but papers can also be found in other journals covering risk and 

behavioural economic studies. Moreover, a large variety of researchers and groups have collected 

the study data, which may be seen as contributing to an independent evidence base. 
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We acknowledge that some relevant studies may have been excluded because the keyword 

searches failed to retrieve them. Moreover, we do not include the large number of general 

contingent valuation survey studies, where probability distributions pertaining to insurance 

decisions are not provided. To do so would not be feasible. The included studies should however 

provide an overview of the literature regarding study and insurance characteristics as well as key 

study results. 

2.3 Study and insurance characteristics 

In this section we provide an overview of the types of studies included in the review with regards 

to country focus, samples utilized and incentives as well as insurance characteristics in terms of 

the insurance context, deductibles and loading factors used. This is based on an overview of the 

41 experimental and survey papers in Table 2.1 and information provided about the 14 market data 

studies in Table 2.2. In total, the review is based on 80 studies, because multiple experimental and 

survey papers reported several studies. 



Table 2.1: Type of study, country where the study was conducted, sample types used and insurance conditions (insurance context, deductibles and 
loading factors) 
Author Study Study typea Countryb Sample Context of insurance Deductibles 

or 
coinsurancec

Loading factorsd 

Murray, 
1971 

1 of 1 Hypothetical US 3 academics; 7 students. General. N/A N/S 

Neter and 
Williams, 
1971 

1 of 1 Hypothetical US 36 insurance employees. Commercial property and 
liability insurance. 

500; 1,000 H N/S 

Murray, 
1972 

1 of 1 Hypotheticale US 14 non-students; 16 
students. 

General. N/A 2 (others N/S) 

Slovic et al., 
1977 

1-8 of 10

9 of 10 

10 of 10 

Hypothetical 

Hypothetical 

Experiment 

US ~700 subjects divided over 
the 8 studies. 

30 subjects. 

31 subjects. 

General. 

Agriculture crop and 
natural hazard insurance. 
Agriculture crop and 
natural hazard insurance. 

N/A 1 (and 0.5; 0.8; 1.2; 
1.5 in 4th study and 
1.4625 in 8th study) 
1.01 

1.01 

Schoemaker 
and 
Kunreuther, 
1979 

2 of 5 

3 of 5 
4 of 5 
5 of 5 

Hypothetical US 202 students; 101 insurance 
clients in all studies. 

General. 100; 200; 
500 H 
500 H 
N/A 
N/A 

Undefined 
subsidized insurance 
N/A 
N/A 
0.8 

Hershey and 
Schoemaker, 
1980 

1 of 1 Hypothetical US 127 students. General. N/A 1 

Einhorn and 
Hogarth, 
1986 

2 of 3 

3 of 3 

Hypothetical US 112 students. 

136 insurance employees. 

Commercial insurance for a 
defective product. 
Individual warranty 
insurance for a personal 
computer. 

N/A N/A 



Camerer and 
Kunreuther, 
1989b 

1 of 1 Experiment US 133 students. General. N/A N/A 

Hogarth and 
Kunreuther, 
1989 

1 of 2 

2 of 2 

Hypothetical US 101 actuaries; 116 students. 

85 students; 139 insurance 
employees; 48 planners; 78 
actuaries; 186 students and 
business executives. 

Commercial insurance for a 
defective product. 
Commercial insurance for a 
defective product and flood. 

N/A N/A 

1.1; 1.5; 2.5; 3 

Shogren, 
1990 

1 of 1 Experiment; 
Hypothetical 

US 120 students. General. N/A N/A 

Irwin et al., 
1992 

1 of 1 Experiment; 
Hypothetical 

US 160 students. General. N/A N/A 

McClelland 
et al., 1993 

1 of 2 

2 of 2 

Experiment; 
Hypothetical 
Experiment 

US 64 students. 

48 students. 

General. N/A N/A 

Connor, 
1996 

1 of 1 Hypothetical US 154 students. Travel, business 
interruption and theft 
insurance. 

N/A 1 

Di Mauro 
and 
Maffioletti, 
1996 

1 of 1 Experiment UK 82 students. General. N/A N/A 

Wakker et 
al., 1997 

1 of 4 
2 of 4 
3 of 4 
4 of 4 

Hypothetical US 86 students. 
144 students. 
75 money managers. 
57 students. 

Fire insurance. 
Car insurance. 
International investment. 
Fire insurance. 

N/A 
N/A 
N/A 
1,250 H 

N/A 

Kunreuther 
et al., 1998 

1 of 2 

2 of 2 

Hypothetical US 85 students. 

252 subjects. 

Renter buying lock against 
theft. 
Renter buying lock against 
theft; buying steering-wheel 
club for a leased car; 
bracing the foundation of a 

N/A N/A 



house to protect against 
earthquake. 

Loehman, 
1998 

1 of 1 Hypothetical US 21 academics. General. N/A 1 

Shapira and 
Venezia, 
1999 

1 of 4 Hypothetical US 177 students. Fire and theft insurance. 100 H 1; 1.09 

Ganderton et 
al., 2000 

1 of 1 Experiment US 449 students. General. N/A 0.07 to 55 

Theil, 2000 1 of 1 Hypothetical Austria 118 students. General. N/A 1 (and undefined 
subsidized/commerc
ial insurance) 

Di Mauro 
and 
Maffioletti, 
2001 

1 of 1 Experiment UK 88 students. General. N/A N/A 

Loubergé 
and 
Outreville, 
2001 

1 of 1 Hypothetical Canada; 
Switzerland
; Singapore; 
Netherlands 

502 students. General. N/A 1 

Kruse and 
Thompson, 
2003 

1 of 2 

2 of 2 

Experiment 

Hypothetical 

US 93 students in all studies. General. 

Renter buying lock against 
theft. 

N/A 0.25; 0.75; 1; 2; 2.5; 
5; 10; 20 
N/A 

Laury and 
McInnes, 
2003 

1 of 1 Experiment US 88 students. General. N/A 1 

Fehr-Duda et 
al., 2006 

1 of 1 Experiment Switzerland 204 students. Computer insurance. N/A N/Sf 

Papon, 2008 1 of 1 Experiment France 64 students. General. Coinsurance 
rate: 0.5; 0.7; 
0.9 

1.5 



Kusev et al., 
2009 

1 & 2 of 
5 
3 of 5 
4 of 5 
5 of 5 

Hypothetical UK; Japan 60 students, 15 of which 
participated in both studies. 
128 students. 
90 students. 
75 students. 

Travel insurance. 

Theft insurance. 
Variety of insurance types, 
including for accident; 
theft; travel; transport and 
natural hazards. 

N/A N/Sg 

Laury et al., 
2009 

1 of 2 
2 of 2 

Hypothetical 
Experiment 

US 34 subjects. 
108 subjects. 

General. N/A 1 
0.8; 1; 1.5; 2; 3; 4 

Fehr-Duda et 
al., 2011 

1 of 1 Experiment Switzerland 107 students. Property insurance. N/A N/S 

Schram and 
Sonnemans, 
2011 

1 of 1 Experiment Netherlands 148 students. General. 20; 50 points N/S 

Shafran, 
2011 

1 of 1 Experiment US 58 students. General. N/A 0.67; 1 

Schade et al., 
2012 

1 of 1 Experiment Germany 263 students. Fire and theft insurance for 
art. 

N/A N/A 

Brunette et 
al., 2013 

1 of 1 Hypothetical France 42 forest owners; 36 
students. 

Forest fire insurance. N/A N/A 

Krieger and 
Felder, 2013 

1 of 1 Experiment Germany 89 students. Health insurance. Coinsurance 
rate: 0.5; 0.6; 
0.7; 0.8 

1.05; 1.1; 1.14375; 
1.15; 1.2; 1.25 

Ozdemir and 
Morone, 
2014 

1 of 1 Experiment Germany 96 students. General. N/A 1 

Petrova et 
al., 2014 

1 of 1 Hypothetical Netherlands 148 students. Loss and theft insurance for 
a camera. 

N/A N/A 

Bajtelsmit et 
al., 2015 

1 of 1 Experiment US 60 students. General. N/A 0.83; 1; 1.01; 3; 
3.22; 3.33 

Jindal, 2015 1 of 1 Hypothetical US 562 subjects. Washing machine warranty. N/A N/S 



Kunreuther 
and Michel-
Kerjan, 2015 

1 of 1 Experiment US 445 subjects. Homeowner hurricane 
insurance. 

N/A 1; 1.05; 1.1 

Kunreuther 
and Pauly, 
2018 

1 of 1 Hypothetical US 1,346 subjects. Homeowner hurricane 
insurance. 

N/A 0.8; 1; 1.2 

Zimmer et 
al., 2018 

1 of 1 Experiment Germany 181 students. Theft insurance. N/A N/A 

a Our paper uses a higher level of disaggregation when discussing study characteristics compared to Jaspersen (2016). For example, Jaspersen (2016) 
discusses Laury et al. (2009) and Wakker et al. (1997) as 1 study, and Slovic et al. (1977) as 3 studies. 
b Refers to the country the study took place. If this is not specified, it refers to the research institute of the primary author. 
c H: Hypothetical currency. 
d N/A: Not available; N/S: Not specified. 
e Insurance decisions are hypothetical, but separate valuation questions are rewarded based on a first-price mechanism, which is not incentive compatible. 
f Loading factors were based on sure amounts (premiums in the insurance loss context) of risky prospects, where sure amounts were linearly spaced 
between 1 Swiss franc and the highest absolute prospect outcome, as in Fehr-Duda et al. (2011). 
g See f except monetary units are British pounds and sure amounts were logarithmically spaced for the first and second study, and linearly spaced in the 
third, fourth and fifth. 



Table 2.2: Studies of insurance demand using market data 
Author Topic Results 
Browne 
and Hoyt, 
2000 

Influence of various factors on flood 
insurance demand between 1983 and 1993 
in 50 US states. 

Expenditures by Federal Emergency Management Agency on emergency planning, 
preparedness and mitigation (ns), disaster relief expenditures by Federal Emergency 
Management Agency (+*), insurance price (-*), income (+*), federally backed mortgage (-*), 
total flood damage in the previous year (+*). 

Grace et 
al., 2004 

Influence of various factors on insurance 
demand against catastrophic and non-
catastrophic risk between 1995 and 1998 
in Florida and New York. 

Insurance price (-*)a, income (m)b, above median loss costs for both catastrophic and non-
catastrophic risks (+*), less fire resistant homes (+* in Florida, m in New York), public service 
quality (-*), comprehensiveness of coverage (m), policies with wind exclusion (+* only 
applies to Florida), percent of policies with replacement cost coverage (m), percent of policies 
with ordinance or law coverage (m in Florida, +* in New York), replacement cost of home (m 
in Florida, +* in New York), wind deductible (m), fire deductible (m), percent with wind 
protection device (m only applies to Florida)c, percent off-premises theft coverage exclusion 
(m only applies to New York), regulatory price suppression (+* in Florida, m in New York), 
type of company offering coverage (m), auto insurance offered by same company (+* in 
Florida, m in New York), life insurance offered by associated company (+*), insurance 
company size (m), insurance company financial security (m). 

Kriesel 
and 
Landry, 
2004 

Influence of various factors on flood 
insurance demand between 1998 and 1999 
in 9 US counties. 

Insurance price (-*), income (+*), distance of house from erosion reference feature (-*), house 
has seawall, groin, or nourished beach protection (+*), federally backed mortgage (+*), 
interval, in years, between hurricane landfalls (-*). 

Zahran et 
al., 2009 

Influence of various factors on flood 
insurance demand between 1999 and 2005 
in Florida. 

CRSd rating (+*), home value (+*), education (+*), proportion of area in floodplain (+*), 
length of streams divided by area (ns), coastal area (+*), ten year average of flood frequency 
(+*), ten year average of flood damage (+*). 

Michel-
Kerjan 
and 
Kousky, 
2010 

Flood insurance buyer characteristics, 
deductibles and coverage levels 
purchased, as well as the influence of 
various factors on claims payments 
between 2000 and 2005 in Florida. 

- Most policyholders purchased the lowest deductible policy available.
- Severe storms led to higher flood insurance demand and lower deductibles purchased.
- Claims payments are positively affected by: being in a high risk area; and negatively affected
by: the house having more than one floor, the house being elevated, the house having a
basement and the house being in the best CRS class (p<0.05 in all cases apart from CRS class,
which depends on the dependent variable used in the regression analysis).

Athavale 
and Avila, 
2011 

Influence of various factors on earthquake 
insurance demand between 2001 and 2008 
in Missouri. 

Insurance price (ns)e, income (+*), higher risk (+*), time (-*). 



Kousky, 
2011 

Influence of various factors on flood 
insurance demand between 2000 and 2006 
in St. Louis County, Missouri. 

Income (m)f, value of homes (m)g, percentage of land in 100 year floodplain (m), percentage 
of land in 500 year floodplain (m)h, living along major river (m)i, protected by levee (m)j, filed 
a claim for 1993 flood (ns), filed claim for previous year flood (m)k, insurance price (m)l, 
percentage with higher education (ns), percentage white (m)m, percentage aged 65 and older 
(ns), percentage owner occupied (ns), percentage with a mortgage (ns). 

Landry 
and 
Jahan-
Parvar, 
2011 

Influence of various factors on flood 
insurance demand between 1998 and 1999 
in 9 US counties. 

Insurance price (-*), subsidy (+*), higher risk areas (+*), lower risk areas (m)n, higher erosion 
hazard (+*), higher shoreline accretion (+*), hurricane return interval (m), location manages 
coastal erosion through beach replenishment (+*), location employs coastal armoring (ns), 
mortgage holder (ns)o, lower education (-*), income (m), retired (ns). 

Michel-
Kerjan et 
al., 2012 

Flood insurance tenure and the influence 
of various factors on flood insurance 
demand between 2001 and 2009 in the 
US. 

- Median tenure of policies issued between 2001 and 2006 is between two and four years.
- Residents with high risks have relatively small differences in tenure compared to those with
low risks.
- A small (large) insurance claim in the first year of coverage leads to longer (shorter) policy
tenure.

Gallagher, 
2014 

Influence of a presidential disaster 
declared flood on flood insurance demand 
between 1980 and 2007 in the US. 

Lagged presidential disaster declared flood (+*).p 

Atreya et 
al., 2015 

Influence of various factors on flood 
insurance demand between 1978 and 2010 
in 153 counties in Georgia. 

Insurance price (-*), income (+*), recent flood (+*), flood mitigation assistance (ns), 
proportion of area in floodplain (+*), proportion of area not participating in National Flood 
Insurance Program (ns), African American (+*), white (ns), education (+*), age (+*), home 
occupancy type (ns), coastal areas (+*). 

Browne et 
al., 2015 

Preference for purchasing flood insurance 
vs. bicycle theft insurance and the 
influence of various factors on flood 
insurance and bicycle theft insurance 
demand in 2010 in Germany. 

Higher risk areas (m)q, insurance agent (m), living space (+*), GDP per capita (ns), sum 
insured per square meter (m)r, public sector employment (m)s, direct debit (m), male (m)t, age 
(-*). 
- More policyholders purchase insurance against bicycle theft than purchase insurance against
flood risk.

Kousky, 
2017 

Influence of various factors on flood 
insurance demand between 2001 and 2010 
in all states along the Atlantic and Gulf 
coasts. 

Number of storm tracks crossing area (+*), coastal area (+*), only one storm (ns), more than 
one storm (+*), hit by at least one hurricane (+*), category of strongest hurricane (+*), at least 
one coastal storm, flood, or hurricane disaster declared (+*), at least one non-flood disaster 
declared (ns), individual assistance declared for coastal storm, flooding, or hurricane (m)u, any 
damage (m), National Flood Insurance Program claims (+*), income (m)v, income squared 
(m), population (ns), annual time trend (+*).w



Kousky et 
al., 2018 

Influence of various factors on flood 
insurance demand between 2000 and 2011 
in the US. 

One-year lagged positive individual assistance (m)x, one-year lagged receipt of Small Business 
Administration loan (m), insurance price (-*), one-year lagged average claim (m), income (m), 
population (-*), higher education (m). 

* These results are significant at the 5% level. + or -: direction of impact on insurance demand. Not significant: ns. Mixed findings: m.
a Price elasticity of demand is elastic for catastrophe coverage, and inelastic for non-catastrophe coverage.
b Income elasticity is positive in Florida and inelastic for both catastrophe and non-catastrophe coverage. It is positive in New York for catastrophe
coverage and negative for non-catastrophe coverage.
c Coefficient estimates are negative for catastrophe coverage (the device is a substitute for insurance) and positive for non-catastrophe coverage.
d Community Rating System acronym. Communities that undertake mitigating activities have a better CRS classification and are rewarded with lower
premiums.
e The estimated coefficient on price suggests that the demand for earthquake insurance is almost perfectly price inelastic.
f Income does not relate to take-up rates, but has a positive impact on the level of coverage for those who do actually insure.
g The value of the home is positively related to coverage levels, but unrelated to take-up rates.
h The two floodplain variables have a positive influence on take-up rates, but are unrelated with coverage levels.
i The variable lowers take-up rates, but increases coverage amounts on one of the two rivers.
j The variable lowers take-up rates, but does not influence coverage levels.
k The variable positively affects coverage levels, but has little influence on take-up rates.
l Price has no effect on coverage levels, but a positive influence on take-up rates.
m Take-up rates decline for white homeowners, but there is no influence of ethnicity on coverage levels.
n The effect is only statistically significant at the 5% level in a low premium model (where households elect higher deductibles).
o There is a positive interaction between mortgage holder and premium, indicating that mortgage holders have lower price elasticity.
p The impact persists for between nine and fifteen years (depending on the panel data used) after the flood, after which the effect becomes insignificant.
q Risk has an insignificant effect on bicycle theft insurance demand. Moderate risk impacts flood insurance demand positively compared to low risk,
however, high risk does not impact flood insurance demand compared to low risk.
r The effect is positive for flood insurance demand, and insignificant for bicycle theft insurance demand.
s The effect is negative for flood insurance demand, and positive for bicycle theft insurance demand.
t Being male has an insignificant effect on flood insurance demand, but a positive effect on bicycle theft insurance demand.
u The impact of this variable is positive if we consider all policies, but not if we consider only voluntary purchases.
v The impact of this variable is positive if we consider only voluntary purchases.
w The study used one-year lagged variables. Using longer lags of the hurricane variable results in insignificant coefficient estimates.
x The variable has a negative impact on coverage levels (the effect persists until the third lag), but an insignificant effect on policies in force which were
not required to be purchased as a condition for disaster aid.
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It is notable that all but one study using market data, as well as most of the experimental and survey 

studies were conducted in the United States (US). In addition, the data is collected within 

developed countries and countries which are members of the Organisation for Economic Co-

operation and Development (OECD), where insurance is more commonly available. For future 

studies it may be interesting to focus on non-OECD countries.3 These are usually developing 

countries which suffer more often losses from LPHI events, like natural disasters 

(Intergovernmental Panel on Climate Change, 2012), and have growth potential for insurance 

businesses (Han et al., 2010), for example through offering micro-insurance (Hamid et al., 2011). 

Of the experimental and survey studies, the majority utilized hypothetical incentives. In this review 

we focus on discussing study results (Section 2.4, 2.5 and 2.6) based on incentive compatible 

rewards, where incentives are structured in a way that aim to reveal subjects’ true preferences. 

Results which may arise because studies have utilized hypothetical incentives or non-incentive 

compatible rewards are also discussed in order to highlight consequences of using non-incentive 

compatible rewards.4 However, results which are solely based on hypothetical incentives do not 

appear in the descriptions of main findings in the text on the basis of which our conclusions are 

based, although these results are retained in the overview tables. We believe that these restrictions 

are necessary given that incentive compatible rewards better align choices with incentives faced 

in actual market decisions, and have been shown to influence insurance choices as well as random 

decision making (Laury et al., 2009; Irwin et al., 1992). 

Some studies have implemented large incentive compatible rewards by randomly selecting one or 

a few subjects to receive payment, contingent on one or a few randomly selected choices. Of the 

reviewed studies, Schade et al. (2012), Kunreuther and Michel-Kerjan (2015) and Zimmer et al. 

(2018) incorporate such payments. Jaspersen (2016) is skeptical about this procedure due to 

evidence provided by Herrero et al. (2006), who showed that subjects prefer more complete 

insurance when everybody is paid compared to when only 2 of 54 subjects are paid. The latter used 

3 One notable exception is the insurance experiment conducted by Turner et al. (2014). Their study is not 

included in the review because the lowest loss probability they incorporate is 0.2. 
4 Strategic behaviour is possible in Camerer and Kunreuther (1989b) and Shogren (1990), therefore their 

reward structures are not incentive compatible. These are the only reviewed salient experimental papers to 

not include incentive compatible remuneration. 
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a payment mechanism which is not incentive compatible, and payment was not scaled up in the 

case where only few subjects were paid. It is therefore unclear whether paying a potentially large 

amount to a small set of randomly selected subjects affects insurance decision making, compared 

to paying everybody smaller sums of money based on more common payment methods like the 

random problem selection mechanism. 

Risk operationalization methods have been used by studies to communicate risks to subjects, to 

visualize the consequences of insurance decisions and to resolve incentivized payments. Of the 

risk operationalized studies, approximately half conducted random drawings of a ball or chip from 

a container, where the proportion of balls or chips corresponds to the potential uninsured loss 

probability. In other studies, risk is based on a computerized random mechanism, which may 

become more prevalent in future research given the increasing use of online experiments.5 To our 

knowledge, no study has compared the influence of different risk operationalization methods on 

decisions to insure against LPHI events, while this is relevant given the difficulties individuals 

have understanding LPHI risks (Kunreuther et al., 2001). 

Out of a total of ~9,608 subjects sampled in the experimental and survey studies, over half are 

students. Apart from hypothetical studies (Brunette et al., 2013; Schoemaker and Kunreuther, 

1979) there is a lack of systematic research into the generalizability of student sample results to 

non-students such as homeowners at risk of catastrophic losses. Such research is necessary given 

that there are systematic differences between students and other populations (Feltovich, 2011). 

Concerning insurance characteristics, a general context is given in the majority of experimental 

and survey studies, which implies that demand for insurance is elicited for general probability and 

loss combinations without specifying the hazard covered. Neutral framing is suitable for studies 

performing controlled theoretical tests, because specific context framing may add noise to results 

due to uncontrolled responses of subjects to certain wording (Schram and Sonnemans, 2011). 

                                                           
5 Advantages of online computerized experiments include access to a large diverse subject pool, reduced 

experimenter effects and cost savings; the disadvantages are low control and potentially selective attrition 

(Horton et al., 2011). In terms of generalizability, Paolacci et al. (2010) showed that US samples recruited 

through Amazon’s Mechanical Turk are at least as close to the US population as commonly used student 

samples. 
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Nevertheless, framing insurance in a specific context may add external validity, because 

individuals are seldom required to make insurance decisions which are neutrally framed (Elabed 

and Carter, 2015), and in the absence of a frame individuals may make up their own (Cardenas 

and Carpenter, 2008). Most of the market data papers focus on flood insurance demand, using data 

from the US National Flood Insurance Program. 

Moreover, only a minority of the experimental and survey studies incorporate fixed deductibles 

and coinsurance, while such risk sharing is common in practice. It is notable that fixed deductibles 

are small relative to loss (the highest is 2.5% of the maximum loss), suggesting that little is known 

about the impact of higher and more realistic deductibles on demand for insurance. 

Another important characteristic of the insurance product is the loading factor 𝜆𝜆, which is the 

premium surcharge on top of the expected value of risk, and reflects the insurer’s administration 

costs and profit. Actuarially fair insurance 𝜆𝜆 = 1 is offered in most experimental and survey 

studies for which we could derive 𝜆𝜆. Subsidized (𝜆𝜆 < 1) and commercial (𝜆𝜆 > 1) insurance appear 

less often, and the values are lower than the high 𝜆𝜆 for insurance against LPHI events observed in 

practice (Kunreuther and Michel-Kerjan, 2004), which can reach up to 18.9 as discussed in Pollner 

et al. (2001). Loading factors are generally higher for LPHI events than HPLI events because of a 

higher loss variance and costs of capital needed for reimbursing claims caused by disasters 

(Pakdel-Lahiji et al., 2015). The low loading factors in most of the reviewed experimental and 

survey studies are representative of historically subsidized public insurance, like the US National 

Flood Insurance Program (Browne and Hoyt, 2000). Exceptions are experiments utilizing a wide 

variety of 𝜆𝜆, for example, Ganderton et al. (2000) and Kruse and Thompson (2003). 

To summarize the findings of this section, all of the reviewed studies on LPHI risk are conducted 

in the US and other developed countries, and most of the experimental and survey data is collected 

from student samples with general context framing. There are also more hypothetical surveys than 

incentivized experimental studies in the review, and few of the experimental and survey studies 

have incorporated high fixed deductibles and loading factors, despite this being a common feature 

of LPHI risk insurance in practice. 
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2.4 Results about theories of decision making under risk, uncertainty and ambiguity 

This section describes main findings of the reviewed studies with respect to theories under risk 

(Section 2.4.1) with known loss probabilities as well as uncertainty and ambiguity (Section 2.4.2) 

with unknown loss probabilities. We aim to provide an intuitive description of such theories. For 

a more detailed exposition see Etner et al. (2012) and Wakker (2010). The section will provide 

details about results in relation to these theories based on an overview of detailed results per paper 

provided in Table 2.2 and 2.3. 



Table 2.3: Main results per study and support provided for theories, heuristics and behavioural biases 
Author Results Theory; heuristics and 

behavioural biasesa

Murray, 
1971 

- EUT predicts insurance preferences correctly 58% of the time. The theory performs very poorly
when loss probabilities are ≤0.01.

EUT (N). 

Neter and 
Williams, 
1971 

- Subjects ranked the Comparison Method most acceptable to elicit insurance preferences, the
Worry Method is second and the Expected Utility Method is third.

EUT (N). 

Murray, 
1972 

- EUT predicts insurance preferences correctly 45.3% of the time. EUT (N). 

Slovic et al., 
1977 

- Subjects are more willing to buy insurance against HPLI compared to LPHI losses with the same
expected value.
- 9% of policies for hazards which just occurred were cancelled and only 2.5% were cancelled
otherwise.

EUT (P); Gambler’s fallacy (Y), 
Threshold model (Y). 

Schoemaker 
and 
Kunreuther, 
1979 

- Low deductibles are preferred in an insurance frame compared to the equivalent context with no
reference to insurance (p<0.0001 for students and p<0.0007 for clients).
- WTP is lower for bundled insurance than the sum of each policy component offered separately
(p<0.005 for students and p<0.05 for clients).
- Risk taking preferences prevail in the loss domain.

EUT (N), PT (P); Framing effect 
(Y), Threshold model (Y). 

Hershey and 
Schoemaker, 
1980 

- Subjects prefer more insurance in the insurance frame than in the equivalent context with no
reference to insurance.
- Subjects are more willing to buy insurance against LPHI losses compared to HPLI losses with the
same expected value of loss.

EUT (N), Markowitz-type Utility 
Theory (P), PT (P); Framing effect 
(Y). 

Einhorn and 
Hogarth, 
1986 

- WTP for insurance is higher at low probabilities when the probability of loss is ambiguous
compared to non-ambiguous. As the probability of loss increases, aversion to ambiguity falls and
subjects exhibit ambiguity seeking for large probabilities.

Einhorn-Hogarth Anchoring and 
Adjustment Model (Y). 

Camerer and 
Kunreuther, 
1989b 

- Previous losses do not impact WTP for insurance in the current period (p>0.05)*.
- Uncertainty in the loss probability does not affect WTP for insurance in most cases (p>0.05)*.
- Market prices for insurance converge to expected value over experimental rounds.

EUT (P), PT (P), Segal’s 
Anticipated Utility Model (N); 
Availability heuristic (N), 
Gambler’s fallacy (N). 

Hogarth and 
Kunreuther, 
1989 

- There is a downward trend in the mean ambiguous to non-ambiguous WTP for insurance ratio
from low to high probabilities (p<0.0001).

Bayesian EUT (N), Einhorn-
Hogarth Anchoring and 
Adjustment Model (Y). 



Shogren, 
1990 

- Experienced hypothetical mean WTP for private self-protection exceeds that of self-insurance
(p<0.05).
- Subjects initially overestimate loss probability 0.01 but this effect diminishes with experience.

EUT (P); Framing effect (Y). 

Irwin et al., 
1992 

- Hypothetical treatment data is more variable than incentivized treatment data (p<0.005).
- The number of very high and zero insurance WTP bids is higher in the hypothetical than in the
incentivized condition (p<0.03 and p<0.003 respectively).
- There is no effect of experiment length on the number of very high and zero insurance WTP bids
(p>0.05).

N/A. 

McClelland 
et al., 1993 

- On average, the ratio of WTP for insurance to expected value >1 at loss probability 0.01.
However, at the disaggregated individual level, WTP for insurance is either zero, or significantly
higher than expected value.
- Prior to loss, demand for insurance declines over time. Immediately after a loss, demand does not
change very much, but thereafter subjects bid increasingly more for insurance over successive
rounds without a loss.
- On average, over-bidding for insurance is prominent in the first hypothetical round, however, this
effect diminishes with experience of the experiment mechanism, bringing insurance bids closer to
expected value.

EUT (P), PT (Y); Gambler’s 
fallacy (P). 

Connor, 
1996 

- Subjects are risk averse in insurance and investment frames (p<0.0001 and p<0.0001
respectively). Risk reduction, recovery and overcoming frames have no effect on risk preferences
(p>0.05, p>0.05 and p>0.05 respectively).b

EUT (N); Framing effect (Y). 

Di Mauro 
and 
Maffioletti, 
1996 

- Valuation of self-protection does not differ from self-insurance under most experimental
conditions (p>0.05).
- The ratio of ambiguous to non-ambiguous probability WTP for insurance bids are not
monotonically decreasing as the probability increases.
- There is ambiguity aversion at loss probability 0.03, but the results are mixed for higher loss
probabilities.
- There is no effect on WTP for insurance of the different definitions of ambiguity.

Einhorn-Hogarth Anchoring and 
Adjustment Model (N), 
Gardenfors and Sahlin’s Maximin 
Model (N); Framing effect (N). 

Wakker et 
al., 1997 

- Subjects demand a 30% premium reduction to counter 1% default risk. EUT (N), PT (Y). 

Kunreuther 
et al., 1998 

- In the first study, between 21% and 24% of subjects are consistent with Discounted EUT with a
low rate of discounting. Between 23% and 43% of subjects are myopic (high rate of discounting).
Many view their decision to invest in a lock as either a one-shot investment or a two-stage process,

Discounted EUT (N); Myopia (N). 



where WTP does not change between the five-year leasing period compared to the one-year leasing 
period (between 56% and 33%). 
- Subjects are more likely to have a lower rate of discounting when investing in an energy efficient
refrigerator with known annual savings compared to the risk reduction measures with unknown
benefits.

Loehman, 
1998 

- Risk preferences are most successfully predicted by PT and Rank Dependent Utility.
- PT and Rank Dependent Utility predict insurance purchase in all decisions (as opposed to the
actual variety of purchase decisions which prevail).

Chew Model (N), EUT (N), PT 
(N), Rank Dependent Utility (N), 
Subjective Distribution Model 
(N). 

Shapira and 
Venezia, 
1999 

- High risk subjects self-select in to buying full insurance over deductible insurance, whereas low
risk subjects are evenly split between the two, despite expectations of self-selection in to deductible
insurance.

N/A. 

Ganderton et 
al., 2000 

- Uninsured loss experience negatively affects insurance purchase (p<0.05)*.
- On average, the WTP for insurance to the expected value of loss ratio >1 at low loss probabilities.
There is no bimodality in responses.

EUT (N); Gambler’s fallacy (Y), 
Reference dependence (Y). 

Theil, 2000 - Subjects are more willing to buy insurance against LPHI compared to HPLI losses with the same
expected value.

N/A. 

Di Mauro 
and 
Maffioletti, 
2001 

- The distribution of risky to ambiguous insurance bids at the 0.5 loss probability are not different,
which represents a switching point between ambiguity aversion and ambiguity seeking. There is
mostly an effect of ambiguity at every other probability level.
- The ratio of ambiguous to risky WTP insurance bids are not different between the vague
description of ambiguous loss probability and ambiguity as a second-order probability distribution
(p>0.05).

Einhorn-Hogarth Anchoring and 
Adjustment Model (Y), 
Gardenfors and Sahlin’s Maximin 
Model (N), Segal’s Anticipated 
Utility Model (N), Subjective EUT 
(N). 

Loubergé 
and 
Outreville, 
2001 

- More subjects are willing to buy insurance against LPHI compared to HPLI losses with the same
expected value.
- Very low loss probabilities are often neglected.
- The results are robust across samples.

EUT (P). 

Kruse and 
Thompson, 
2003 

- 31% of subjects have decision processes consistent with Discounted EUT with low discounting
and 37% with Myopia.
- On average, minimum rejected insurance price in the experiment is greater than WTP for
insurance in the survey (p=0.02), and maximum accepted price in the experiment is less than WTP
in the survey (p=0.03).

Discounted EUT (N); Myopia (N). 



- The distributions of male and female insurance purchases are not different (p=0.7). The same
holds for WTP in the one year and two year lease treatments (p=0.7428 and p=0.7 respectively).

Laury and 
McInnes, 
2003 

- A lower percentage of subjects buy insurance when the posterior probability = 0.5 than when the
posterior probability shows an inclination towards one cup. So subjects buy more insurance when
the posterior probability is high (and the loss probability is low).

PT/CPT (Y).c 

Fehr-Duda 
et al., 2006 

- Females exhibit more curved probability weighting functions compared to males (p<0.01).
- Probability weighting functions do not differ between contexts in the loss domain (p>0.05).

CPT (P); Framing effect (N). 

Papon, 2008 - Average levels of coverage in the long commitment period are higher than in the short
commitment period (p<0.05).
- Subjects are either likely to choose full insurance or zero coverage. More subjects are in the upper
(lower) mode over the long (short) commitment period.
- Some subjects are more likely to choose a higher level of insurance after an uninsured loss.
- Some subjects are increasingly more likely to buy insurance over successive rounds without a loss.

Dual Theory (Y), EUT (N), 
PT/CPT (Y); Availability heuristic 
(P), Gambler’s fallacy (P), Regret 
(Y). 

Kusev et al., 
2009 

- The probability weighting function is more elevated in the high frequency insurance condition
compared to the abstract gamble condition and the low frequency insurance condition.

EUT (N), PT/CPT (P); Framing 
effect (Y). 

Laury et al., 
2009 

- More subjects are willing to buy insurance against LPHI compared to HPLI losses with the same
expected value.

Framing effect (Y), Threshold 
model (N). 

Fehr-Duda 
et al., 2011 

- Males are more likely to calculate expected values when making insurance decisions than females
(p<0.001).
- For females good mood is associated with less elevated probability weighting (p<0.05)*.
- For males good mood is associated with less elevated probability weighting but only for males
who do not calculate expected values (p<0.05). Those who use expected values as a decision
criterion have more linear probability weighting (p<0.05)*.

CPT (P). 

Schram and 
Sonnemans, 
2011 

- There are more policy switches when more policies are made available (p<0.05)*.
- There are less policy switches when there are higher switching costs (p<0.01)*.
- Gradual changes in the loss probability do not change the likelihood of switching policy
(p>0.05)*.
- Sudden changes in the loss probability increase the probability of a switch (p<0.01)*.
- Subjects sometimes switch policy even when their current policy is optimal.

Boiling frog effect (Y), Status quo 
bias (N). 

Shafran, 
2011 

- A higher proportion of subjects buy probabilistic insurance against HPLI than LPHI losses
(p<0.05).
- There is no difference in choice for the median subject between the one-shot and repeated game
without feedback (p=0.439).

EUT (P), PT (P). 



- There is no difference in the proportion of subjects buying probabilistic insurance between the low
and high cost treatments in the one-shot and repeated game (p=1.00 and p=0.79 respectively). But
subjects are more likely to protect themselves in the low cost treatments in the repeated game with
feedback (p=0.007).

Schade et 
al., 2012 

- Subjects have a WTP for insurance which is higher under uncertainty/ambiguity than risk, both for
separate policies and one bundled policy (p=0.0001 and p=0.0002 respectively).
- Some subjects have a WTP for insurance equal to zero, but more so under risk than
uncertainty/ambiguity, both for separate policies and one bundled policy (p=0.001 and p=0.04
respectively).
- Both worry and subjective probability estimates are positively related to insurance WTP under
uncertainty/ambiguity (p=0 and p=0.04 respectively), but worry has a greater influence*.

EUT (P). 

Brunette et 
al., 2013 

- Subjects have a lower WTP for insurance under fixed public support compared to no public
support under uncertainty and risk (p=0.001 and p=0.039 respectively). There is no difference in
WTP for insurance under fixed public support compared to contingent fixed public support under
uncertainty and risk (p=0.213 and p=0.121 respectively). WTP for insurance is smaller under the
subsidy as opposed to no public support under uncertainty and risk (p=0.034 and p=0.000).
- WTP is higher for insurance under uncertainty compared to no uncertainty (p=0.042).

Brunette and Couture Model of 
Decision Making Under Risk (P), 
Klibanoff et al. Smooth Model of 
Decision Making (P). 

Krieger and 
Felder, 2013 

- In the first and second period, subjects assigned to full insurance as a status quo chose less
coinsurance than those assigned to no status quo (p=0.017 and p=0.042 respectively), but this effect
diminishes over time*.

Framing effect (P), Status quo bias 
(P). 

Ozdemir and 
Morone, 
2014 

- When loss increases from half to all of the subject’s endowment with loss probability 0.01,
payment decisions differ (p=0.043).
- When losses are half of the subject’s endowment, and the loss probability decreases from 0.01 to
0.05, buying decisions differ (p=0.025).
- Threshold probabilities have no impact on either insurance payment or purchase (p=0.548 and
p=0.672)*.
- Subjects are consistent with the PT fourfold pattern of risk preferences.

PT (Y); Threshold model (N). 

Petrova et 
al., 2014 

- Probability weighting functions exhibit inverse-S shape.
- Probability weights for small loss probabilities (0.01 to 0.25) are larger in the affective condition
than in the neutral context (p=0.04).
- Probability weighting function elevation is larger in the affective context than in the loss coping
context, and discriminability is lower in the affective context compared to the loss coping context.

PT (Y). 



- In the reappraisal condition the elevation parameter falls and for more numerate participants
discriminability increases.

Bajtelsmit et 
al., 2015 

- Subjects who prefer full precaution when insurance is unavailable are more likely to buy insurance
when it is available (p<0.01)*.
- Subjects purchase more insurance under uncertain/ambiguous loss probabilities compared to
known probabilities (p<0.01)*.
- More subjects are willing to buy insurance against LPHI compared to HPLI losses with the same
expected value.

N/A. 

Jindal, 2015 - Loss aversion is more important than probability weighting and utility function curvature for
explaining warranty purchases.

EUT (N), PT/CPT (Y). 

Kunreuther 
and Michel-
Kerjan, 
2015 

- Increasing the price of two-period coverage 5% raises the likelihood of choosing one-period
coverage (p=0)*.
- Increasing the price of two-period coverage 10% raises the likelihood of choosing one-period
coverage (p=0), and decreases the likelihood of choosing two-period coverage (p=0.03)*.
- The two-period contract is favored to a one-period contract at actuarially fair premiums. The same
qualitative conclusion remains for most subjects when the two-period contract premium is increased
by 5% and 10%, with the one-period contract premium remaining actuarially fair.
- On average 27.2% of subjects bought no insurance across all treatments and rounds.

EUT (Y), PT/CPT (Y); Threshold 
model (P). 

Kunreuther 
and Pauly, 
2018 

- Ex post negative feelings following a loss have a positive effect on insurance purchase
(p<0.0001).
- Some subjects bought insurance consistently at subsidized (64.9%), actuarially fair (58.6%) and
commercial (56.7%) rates.
- Other subjects remained uninsured (7.5%, 9.8% and 9.3% respectively).

EUT (P); Regret (Y), Threshold 
model (P). 

Zimmer et 
al., 2018 

- Default risk of 1%, 2% and 3% all have a negative impact on the ratio of WTP for probabilistic
insurance to the actuarially fair premium (p<0.0001, p<0.0001 and p<0.0001 respectively) and the
effect is increasing in default risk*.

EUT (N), PT/CPT (Y). 

* These are results from regression analyses.
a We refer to papers finding no support (N) for a given theory when results violate the theory’s assumptions, or imply implausible types of behaviour.
Studies are said to provide partial support (P) when some of the paper’s results are supported, or when assumptions are not directly violated, however
results are contrary to behaviour commonly observed in applications of the theory, or may be explained by other mechanisms not accounted for within
the theory. Support for a theory (Y) is assigned to papers which do not violate assumptions and provide an adequate description of findings.
b Risk reduction: insurance decision is a standard gamble; recovery: insurance decision is a loss and equal gain; overcoming: insurance decision is a loss
and equal gain accomplished by the subject’s own effort; investment: insurance decision is an investment; insurance: insurance decision is insurance.



c The study describes several heuristics (e.g. Representative heuristic, Conservative heuristic and Bayes Rule), but the focus is on the effect of insurance 
prices on the use of heuristics, not the use of heuristics in purchasing insurance. 
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2.4.1 Theories of decision making under risk 

The benchmark Expected Utility Theory (EUT) model (von Neumann and Morgenstern, 1944) 

obtains expected utilities by weighting utility transformed outcomes by their objective 

probabilities of occurrence. Risk aversion implies a strictly increasing concave utility function 

defined on final wealth. A risk averse individual will purchase actuarially fair insurance (𝜆𝜆 = 1), 

although the decision to purchase commercial (𝜆𝜆 > 1) insurance will depend on the premium 

surcharge and their degree of risk aversion. 

Risk aversion under EUT is also implied as a result of aversion to mean-preserving spreads. A 

mean-preserving spread is obtained by increasing the variance of a given (insurance) prospect, 

while keeping its expectation constant. For example, Laury et al. (2009) compared insurance 

decisions for uninsured loss amount $60 with 0.01 probability of occurrence (LPHI risk) to $6 

uninsured loss amount with 0.1 probability of occurrence (HPLI risk).6 Higher insurance demand 

against the LPHI risk than the HPLI risk indicates aversion to mean-preserving spreads, and 

therefore risk aversion under EUT. Whereas hypothetical examinations on this matter show EUT 

inconsistent behaviour assuming the utility function is strictly concave (Slovic et al., 1977), Laury 

et al. (2009) showed in an incentive compatible experimental setting that EUT is not violated, i.e., 

individuals demand more insurance against LPHI events than HPLI events with the same expected 

value of loss. 

In contrast to Laury et al. (2009), an experiment by Shafran (2011) showed that individuals prefer 

more probabilistic insurance against HPLI events than LPHI events with the same expected value 

of loss. Whereas full indemnifying insurance, which reduces the potential loss to zero was featured 

in Laury et al. (2009), probabilistic insurance reduces the probability of loss to some lower value 

(often above zero), like investing in a lock to prevent burglary (Kahneman and Tversky, 1979). 

The results are also not comparable since the greatest loss amount included in Shafran (2011) is 

$3, which is substantially below the losses in Laury et al. (2009). 

Other counter evidence to the Laury et al. (2009) result can be found in the market data. Browne 

et al. (2015) found that more policyholders purchase add-on coverage to homeowner’s policies for 

                                                           
6 The experiment also incorporated other insurance prospects with lower loss amounts which are mean-

preserving spreads, but we use this one as an example. 
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bicycle theft (HPLI event) insurance than for flood (LPHI event) insurance. Nevertheless, a market 

data study on violations of EUT in terms of aversion to mean-preserving spreads is likely to suffer 

from the obvious problem that it is difficult to control for the expected value of insurance 

prospects. 

An example of an incentive compatible experiment showing results which contrast EUT is Zimmer 

et al. (2018). The authors find a high degree of individual aversion to probabilistic insurance (in 

the form of insurer default risk) than that which could be reasonably accommodated by EUT. 

Under expected utility, an individual who is willing to pay 𝑐𝑐 for full insurance against a potential 

loss, should be willing to pay approximately (1 − 𝑑𝑑)𝑐𝑐 for probabilistic insurance, where 𝑑𝑑 is the 

probability of insurer default (Starmer, 2000). Individuals are willing to pay a lot less for 

probabilistic insurance in their experiment, which may instead be explained by over-weighting of 

the low-probability of insurer default. 

The experiment by McClelland et al. (1993) also finds results which may suggest that individuals 

weigh probabilities. They conclude that there is a bimodal response to low-probability risks: either 

subjects significantly over-weight the probability and have a high willingness-to-pay (WTP) for 

insurance, or under-weight the likelihood and deem insurance as unnecessary. Although the 

finding does not violate EUT directly because any one observation of insurance demand can be 

reconciled with utility curvature, for the magnitude of losses incorporated in their study, WTP 

should approximately equal expected value. Empirically, utility should be linear for small 

outcomes, because if marginal utility of wealth were to diminish sufficiently to make individuals 

risk averse for small outcomes, it would imply implausible levels of risk aversion for large ones 

(Rabin, 2000). Note that we also cannot discriminate whether the bimodel response pattern of 

McClelland et al. (1993) is due to bidder fatigue in their 50 repetitions of the 5th-price sealed-bid 

Vickrey auction, or due to probability weighting, given their aggregated reporting of data. 

The probability weighting function, which is a feature of Cumulative Prospect Theory (CPT) 

(Tversky and Kahneman, 1992),7 can explain why individuals have a strong aversion to a low-

                                                           
7 Given the atheoretical properties of the original version of the model (Kahneman and Tversky, 1979), we 

focus on CPT. It is important to stress that models predicting violations of stochastic dominance like 

Original Prospect Theory (PT) are undesirable, and such violations are not often observed empirically. 
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probability of insurer default risk (Zimmer et al., 2018), and provides an alternative explanation 

of the over-/under-weighting of low-probability experimental outcomes for which individuals 

usually have linear utility (Laury and McInnes, 2003; McClelland et al., 1993). That is, rather than 

risk attitudes defined by utility curvature under EUT, probabilistic risk attitude under CPT may 

explain these results. 

Nevertheless, probability weighting is not a robust component of individual behaviour. Fehr-Duda 

et al. (2006; 2011), who apply the sign- and rank-dependent model assumed by CPT to 

experimental insurance choices, find that some of their subjects explicitly report following an 

expected value calculation decision criteria (mostly males). The latter implies risk neutrality, 

which can be accommodated by linear probability weighting and utility. Their results are perhaps 

due to many of their subjects following highly mathematical curricula. 

The Dual Theory framework (Yaari, 1987), which incorporates risk attitudes solely on the basis of 

probability weighting, has been used to explain individual choices for insurance in which a 

proportion of losses in relation to actual losses is shared between the insurer and the policyholder 

(Doherty, 1977), such as coinsurance. The Dual Theory decision rule is linear in wealth instead of 

concave/convex for risk averse/seeking persons under EUT, but incorporates non-linear 

probability weighting compared to EUT. Under risk aversion (convex probability weighting), Dual 

Theory implies that for small or zero premium loading, full insurance is preferred, but above some 

critical loading level, the individual switches to zero insurance assuming a linear coinsurance 

contract (Doherty and Eeckhoudt, 1995). In contrast, EUT allows for some level of partial 

insurance given that contract payoffs are transformed non-linearly in utility dependent on risk 

attitudes. 

Regarding the discussion of coinsurance, in an experiment by Papon (2008), subjects most 

frequently prefer either zero or full coverage to partial coverage given that those options are 

available in the menu of insurance contracts. This is in agreement with the Dual Theory implication 

that subjects either fully insure, or choose to not insure when premiums are positively loaded. 

                                                           
When they do occur they depend on the way decisions are framed (Wakker, 2010). Editing operations of 

PT have also been criticized because they do not lend well to formal analysis as their application depends 

on the way choices are elicited (Tversky and Kahneman, 1992). 
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Results in this section can be summarized into three main insights. First, the results suggest that 

aversion to mean-preserving spreads is found in incentive compatible insurance demand 

experiments where stakes are sufficiently high, consistent with EUT. Second, theories more 

general than EUT like CPT, which incorporate additional components of risk preference, like 

probability weighting, can better explain insurance purchases under insurer default risk and may 

provide an explanation of over-/under-weighting experimental outcomes for which individuals 

usually have linear utility. Third, Dual Theory performs well in explaining why individuals do not 

demand partial insurance coverage. 

In general, it is important to mention that any theory more general than EUT, which incorporates 

more than a single utility parameter, will better accommodate data. However, it is difficult to 

estimate additional parameters from data, and therefore perhaps more difficult to make meaningful 

predictions from models with more than one risk aversion parameter (Wakker, 2010). A general 

critique of theories that include probability weighting is that few studies have examined the 

specific reasons why individuals over-/under-weight LPHI insurable risks (Barberis, 2013a). This 

weighting may be explained by heuristics and behavioural biases (Section 2.5), which can be a 

fruitful topic to explore in future studies. 

2.4.2 Theories of decision making under uncertainty and ambiguity 

At this stage we would like to disentangle the terms uncertainty and ambiguity, based on the 

terminology used by Harrison (2011) and Jaspersen (2016). A decision under uncertainty is one 

where subjects have a distribution of beliefs over possible probabilities of each potential outcome. 

A decision under ambiguity considers the case where the latter information is unavailable, and 

subjects cannot form subjective belief distributions. Uncertainty is operationalized with multiple 

equiprobable probabilities of loss (Camerer and Kunreuther, 1989b; Brunette et al., 2013), and 

ambiguity is implemented by providing some incomplete information so that subjects cannot form 

a comprehensive belief distribution (Einhorn and Hogarth, 1986; Hogarth and Kunreuther, 1989; 

Di Mauro and Maffioletti, 1996; 2001). 

Therefore, theories of decision making under uncertainty and ambiguity explain decision making 

under imperfect information regarding the loss probability, as is often the case with LPHI risk in 

practice. EUT assumes that individuals have perfect information about outcome probabilities. 

Subjective EUT, postulated by Savage (1954), hypothesizes that individuals make decisions based 
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on perceived probabilities when probability information is not provided. Although under 

Subjective EUT subjective probabilities do not deviate from objective ones. Prospects are 

evaluated in the same way as EUT, except beliefs about probabilities replace known probabilities. 

In contrast to Subjective EUT, uncertainty and ambiguity may create biases in probability 

judgment. The Ellsberg paradox (1961) refers to the phenomenon that individuals prefer to bet on 

known rather than unknown probabilities, which is an anomaly termed uncertainty or ambiguity 

aversion (Camerer and Weber, 1992). The experiment by Di Mauro and Maffioletti (2001) showed 

that subjects exhibit some aversion to ambiguity for low probabilities of loss, which violates 

Subjective EUT. 

Ambiguity aversion is accounted for in Gardenfors and Sahlin’s (1982; 1983) Maximin Model. 

The model hypothesizes that individuals form subjective probabilities about the likelihood of 

events which are varying in terms of reliability. The distribution of probabilities is used for 

evaluating prospects in accordance with the maximin criterion: a prospect is preferred when its 

minimum expected utility is greater than that of another prospect. In insurance decisions, the 

individual will place more weight on the highest probability of loss (the lowest expected utility) 

when deciding her/his maximum WTP for insurance (Di Mauro and Maffioletti, 1996). Therefore, 

the theory infers that individuals exhibit universal ambiguity aversion. However, Di Mauro and 

Maffioletti (1996) find only a weak effect of ambiguity on WTP for insurance, so decision making 

may be more complex than universal ambiguity aversion. 

Einhorn and Hogarth (1986) proposed a Model of Anchoring and Adjustment, where individuals 

form a subjective estimate of the true probability according to some anchor probability. This 

anchor may be an expert guess, or a probability based on other external information. The subjective 

estimate is influenced by an adjustment factor, which is a function of the individual’s ambiguity 

perception, their attitude towards ambiguity, and the level of the anchor. For relatively low 

probabilities the adjustment will be positive (over-weighting), and for higher probabilities the 

adjustment will be negative (under-weighting). The model thus predicts that an individual will 

switch from ambiguity aversion for low probabilities, to ambiguity seeking for higher 

probabilities. The switching point is variable according to individual attitudes towards ambiguity. 

Einhorn and Hogarth (1986), Hogarth and Kunreuther (1989) and Di Mauro and Maffioletti (2001) 

all find results compatible with the switching behaviour implied by the theory. Nevertheless, Di 
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Mauro and Maffioletti (1996) do not conclude that the majority of subjects exhibit switching 

behaviour. An important difference between the two sets of findings is that Einhorn and Hogarth 

(1986) and Hogarth and Kunreuther (1989) utilized hypothetical incentives, whereas Di Mauro 

and Maffioletti (1996) conduct an incentivized experiment. Di Mauro and Maffioletti (2001) find 

a significant effect of ambiguity in an incentivized experiment as well, although they stipulate that 

the effect is weaker than that found in the earlier studies. Therefore, the saliency of the impact of 

ambiguity may decline when real incentives are used, possibly because individuals make a greater 

effort in calculating actual probabilities when there is something to be lost. 

To summarize, although there is some evidence of individuals exhibiting ambiguity preferences 

which violate Subjective EUT, the impact of ambiguity may decrease in an incentivized 

experiment. Another important clarification is that all of the reviewed experimental studies 

examining uncertainty or ambiguity aversion conducted within-subject tests, in which subjects 

face both situations with risk and uncertainty or ambiguity. This may trigger uncertainty or 

ambiguity aversion according to Fox and Tversky (1995) when individuals prefer the certainty of 

risk prospects they experience in the experiment, which may not occur in practice when such risk 

prospects are absent. Therefore, little is known about the impact of uncertainty or ambiguity 

between-subjects in experimental studies of insurance demand. 

2.5 Results about heuristics and behavioural biases 

In contrast to theories of decision making, individuals may apply heuristics which are more simple 

decision rules based on intuitive thinking, and behaviour may be associated with biases (Gilovich 

et al., 2002). A variety of heuristics and biases are examined in the reviewed studies including 

framing effects, the availability heuristic and the gambler’s fallacy. 

2.5.1 Framing effects 

The framing effects examined in the reviewed studies include: framing prospects as either 

insurance purchases or standard gambles and framing of the risk reduction mechanism as either 

one which reduces the probability of loss to zero (self-protection) or one which reduces the size of 

the loss to zero (self-insurance). We conjecture that framing effects found in the reviewed studies 

may in part be related to non-incentive compatible reward structures. 
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For example, whereas hypothetical surveys find that framing prospects in an insurance context 

results in a greater degree of risk aversion and insurance demand compared to when equivalent 

prospects are presented as general probability and loss combinations (Schoemaker and Kunreuther, 

1979; Hershey and Schoemaker, 1980; Connor, 1996; Kusev et al., 2009), an incentivized 

experiment by Fehr-Duda et al. (2006) found that such framing does not affect probabilistic risk 

attitudes in the loss domain.8 

Moreover, the non-incentive compatible experiment by Shogren (1990) presented subjects 

insurance decisions where they faced a risk of loss in an unfavorable state, and a small gain in a 

favorable state. Subjects value the mechanism which decreases the probability of loss to zero more 

(resulting in a payoff of the small gain with certainty) than another instrument that reduces the loss 

size to zero, which implies that the small gain may not occur in the unfavorable state. It is clear 

that the observed behaviour is consistent with rationality due to the difference in payoffs. When 

framing is purely based on different descriptions of the risk reduction mechanism, and an incentive 

compatible experiment is used, no divergence in behaviour has been observed (Di Mauro and 

Maffioletti, 1996). However, we cannot disentangle whether the effect found by Shogren (1990) 

is due to the non-incentive compatible nature of their study or the difference in payoffs. 

2.5.2 Availability heuristic and gambler’s fallacy 

Past experience with uninsured losses can significantly affect behavioural patterns according to 

the gambler’s fallacy and the availability heuristic, which have opposite effects on insurance 

demand. The former implies that experience without a loss for a long time triggers individuals to 

think a loss is due to occur, which may stimulate insurance purchase. Furthermore, a loss which 

has just happened may lead individuals to believe that it is now less probable, so purchases may 

decline (Clotfelter and Cook, 1993). The availability heuristic implies that individuals judge 

probabilities based on how easy they can recall events (Tversky and Kahneman, 1974). Thus the 

occurrence of a loss might remind individuals they are vulnerable, which increases their risk 

perception and insurance demand. 

                                                           
8 However, they did find a framing effect in the gain domain, where relative to males, females exhibit more 

probabilistic pessimism when gain prospects are framed as investments. 
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Market data shows that homeowners typically demand more insurance after experiencing a 

catastrophic loss (Browne and Hoyt, 2000; Kriesel and Landry, 2004; Zahran et al., 2009; Michel-

Kerjan and Kousky, 2010; Kousky, 2011; Kousky, 2017), consistent with the availability heuristic, 

however this impact appears to diminish after a few years (Atreya et al., 2015). Gallagher (2014) 

also finds that a flood increases insurance demand immediately after the event in affected areas, 

and that media market neighbours (sectors of the population receiving the same television content) 

to flooded areas have increased flood insurance demand as well. Moreover, geographically close 

neighbours to flooded areas, who do not share the same media market have little evidence of 

increased take-up of flood insurance following a flood. This evidence adds credence to an 

availability heuristic explanation, because insurance demand is increased only for subgroups for 

which information about flooding became available after the flood event. 

Counter evidence can be found in another market data study by Michel-Kerjan et al. (2012), who 

showed that a large insurance claim due to a major flood leads to shorter policy tenure, which may 

be due to the gambler’s fallacy. Nevertheless, we cannot rule out that homeowners may have 

relocated because of the trauma inflicted by the major flood, which would also reduce policy 

tenure. Because it is difficult to control for individuals relocating to other areas in large market 

data studies, it is perhaps useful to study gambler’s fallacy in a lab experiment. For example, the 

experiment by Ganderton et al. (2000) finds that subjects experiencing uninsured losses are less 

likely to purchase insurance subsequently, consistent with the gambler’s fallacy. McClelland et al. 

(1993) also find some support for the gambler’s fallacy. A contradicting observation is that prior 

to loss, insurance demand declines over time. Immediately after a loss demand does not change 

much, but thereafter subjects bid increasingly more for insurance over successive experimental 

rounds without a loss, which is consistent with the gambler’s fallacy. 

In sum, there is significant evidence in the market data studies that homeowners make insurance 

choices consistent with the availability heuristic. The mixed results in the experimental studies 

may arise because samples consist of subgroups who either follow the gambler’s fallacy or the 

availability heuristic which have opposite effects on insurance demand that may cancel for the 

total sample, or one effect may dominate depending on which subgroup is largest. For example, 

Papon (2008) finds that some participants perceive that risk is more likely over several periods 

without a loss, and purchase higher levels of coinsurance as a result (in favor of the gambler’s 
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fallacy). Others are more likely to choose higher levels of coinsurance after an uninsured loss, and 

purchase zero insurance over several experimental rounds without loss which is consistent with 

the availability heuristic. Only few subjects did not follow these behavioural patterns in Papon 

(2008). 

2.6 Variables explaining insurance demand 

The proceeding section examines information provided by Table 2.2 and 2.4 about variables of 

influence on insurance demand, such as objective risk factors, subjective risk perceptions, and 

insurance market characteristics in terms of policy prices as well as the impact of multi-year 

insurance contracts and the availability of government compensation. The potential impact of 

socio-economic characteristics is also described. 
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Table 2.4: Variables incorporated per study and their effect on insurance demand 
Author Study Variablesa 

Murray, 
1971 

1 of 1 N/A. 

Neter and 
Williams, 
1971 

1 of 1 N/A. 

Murray, 
1972 

1 of 1 N/A. 

Slovic et al., 
1977 

1-3 of 10 
4 of 10 
5 of 10 
 
6 of 10 
7 of 10 
8 of 10 
9 & 10 of 10 

Probability (+)b. 
Loading factor (-), probability (+). 
Presentation of urns [decisions considered one by one vs. decisions 
made all at once (m)], probability (+). 
Bundling insurance (+). 
Commitment period (+*). 
Bundling refundable insurance (+). 
Probability (+)c. 

Schoemaker 
and 
Kunreuther, 
1979 

2 of 5 
3 of 5 
4 of 5 
5 of 5 

Deductible (m). 
N/A. 
Bundling insurance (-*). 
Expected loss (m). 

Hershey and 
Schoemaker, 
1980 

1 of 1 Expected loss (m), probability (-). 

Einhorn and 
Hogarth, 
1986 

2 & 3 of 3 N/A. 

Camerer and 
Kunreuther, 
1989b 

1 of 1 Lagged prices (+*), probability (ns). 

Hogarth and 
Kunreuther, 
1989 

1 & 2 of 2 N/A. 

Shogren, 
1990 

1 of 1 N/A. 

Irwin et al., 
1992 

1 of 1 N/A. 

McClelland 
et al., 1993 

1 of 2 
2 of 2 

Probability (-). 
N/Ad. 

Connor, 
1996 

1 of 1 N/A. 

Di Mauro 
and 
Maffioletti, 
1996 

1 of 1 N/A. 

Wakker et 
al., 1997 

1-3 of 4 
4 of 4 

Default risk (-), expected loss (+). 
Default risk (-), whether partial insurance is offered (-). 

Kunreuther 
et al., 1998 

1 & 2 of 2 Length of time renting apartment (ns). 
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Loehman, 
1998 

1 of 1 Probability (-). 

Shapira and 
Venezia, 
1999 

1 of 4 Probability of loss distribution (ns, for purchase of full insurance 
compared to deductible insurance). 

Ganderton et 
al., 2000 

1 of 1 Accumulated wealth (-*), expected loss (m), loading factor (-*), 
probability (+*), risk preference (-*). 

Theil, 2000 1 of 1 Loading factor (-), probability (-). 
Di Mauro 
and 
Maffioletti, 
2001 

1 of 1 N/A. 

Loubergé 
and 
Outreville, 
2001 

1 of 1 Probability (-). 

Kruse and 
Thompson, 
2003 

1 of 2 
2 of 2 

Demographics [female (ns)]. 
Length of time renting apartment (+), demographics [female (ns)]e. 

Laury and 
McInnes, 
2003 

1 of 1 Posterior probability most likely cup was used (+*), demographics 
[age (ns), course of study (ns), female (ns), previously purchased 
insurance outside the lab (ns), year in school (ns)]. 

Fehr-Duda 
et al., 2006 

1 of 1 N/A. 

Papon, 2008 1 of 1 Commitment period (+*). 
Kusev et al., 
2009 

1 to 5 of 5 N/A. 
 

Laury et al., 
2009 

1 of 2 
2 of 2 

Probability (+). 
Expected loss (+*), loading factor (-*), probability (-*), quiz score 
(ns), demographics [age (+*), ethnicity (ns), female (ns), previously 
purchased insurance outside the lab (ns), US raised (ns)]. 

Fehr-Duda 
et al., 2011 

1 of 1 N/A. 

Schram and 
Sonnemans, 
2011 

1 of 1 N/A. 

Shafran, 
2011 

1 of 1 Feedback (m), loading factor (m), number of gamble repetitions (ns), 
probability (+*). 

Schade et 
al., 2012 

1 of 1 Bundling insurance (+*, under uncertainty/ambiguity), probability 
(ns, under uncertainty/ambiguity), subjective probability (+*, under 
uncertainty/ambiguity), worry (+*, under uncertainty/ambiguity). 

Brunette et 
al., 2013 

1 of 1 Expected loss (m), government assistance [fixed public support vs. no 
public support (-*), fixed public support vs. contingent fixed public 
support (ns), insurance subsidy vs. no public support (-*)]. 

Krieger and 
Felder, 2013 

1 of 1 Risk preference (m), demographics [age (ns), familiarity with 
alternative policies (ns), female (ns), insurance status (ns), previously 
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purchased health insurance outside the lab (ns), supplemental 
insurance ownership (ns)]. 

Ozdemir and 
Morone, 
2014 

1 of 1 Endowment (m), expected loss (m), probability (m), threshold 
probability (ns), demographics [age (ns), female (m), income (ns)]. 

Petrova et 
al., 2014 

1 of 1 N/A. 

Bajtelsmit et 
al., 2015 

1 of 1 Full precaution when insurance unavailable (+*), loading factor (-*), 
part precaution when insurance unavailable (m), probability (ns), 
subjective probability (+*). 

Jindal, 2015 1 of 1 Expected repair costs (-*), loading factor (-*), product characteristics 
[washing machine price (m), front loading vs. top loading (ns)]. 

Kunreuther 
and Michel-
Kerjan, 
2015 

1 of 1 Commitment period (+), loading factor (-*), risk preference (-*), 
suffer loss early in experiment (+*), demographics [age (+*), 
education (ns), income (-*)]. 

Kunreuther 
and Pauly, 
2018 

1 of 1 Ex post negative feelings (+*), loading factor (-), presentation of 
graphic hurricane images (+), tutorials on deliberative thinking (ns). 

Zimmer et 
al., 2018 

1 of 1 Competence in insurance related questions (ns), default risk (-*), 
optimism (ns), risk preference (ns), demographics [education (ns), 
female (ns), study economics (ns)]. 

* These results are significant at the 5% level. 
a + or -: direction of impact on insurance demand. Not significant: ns. Mixed findings: m. For studies 
that did not examine the influence of specific variables on insurance demand, results are N/A. Such 
studies were interested in topics like: the validity of EUT for insurance decisions (Murray, 1971; 
1972); the acceptance of various methods to elicit insurance preferences (Neter and Williams, 1971); 
the impact of framing on insurance decisions (Schoemaker and Kunreuther, 1979; Shogren, 1990; 
Connor, 1996); the influence of various factors on ambiguity preference (Einhorn and Hogarth, 
1986; Hogarth and Kunreuther, 1989; Di Mauro and Maffioletti, 1996; 2001); the influence of 
experience and incentives on insurance decisions (Shogren, 1990; Irwin et al., 1992; McClelland et 
al., 1993); the influence of various factors on probability weighting (Fehr-Duda et al., 2006; 2011; 
Kusev et al., 2009; Petrova et al., 2014) and the influence of various factors on policy switching 
behaviour (Schram and Sonnemans, 2011). 
b A different sample was used in the second study, and results were compared to the first study. A 
different order of urn presentation was used in the third study, and results were compared to the first 
study. The studies investigate the impact of altering probability on insurance demand, whilst keeping 
the expected value of loss constant. 
c Real incentives were used in the tenth study, and the results were compared to the ninth study, 
where hypothetical incentives were used. 
d Subjects faced a greater loss, lower fixed probability, a larger number of rounds and more salient 
incentives compared to the first study. 
e In the first study real incentives were used and subjects faced binary choices, and in the second 
study subjects were required to state a hypothetical WTP. Some subjects faced the experiment first 
and others faced the survey first to control for order effects. 
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Many of the market data papers exploited large geographic study areas to investigate the influence 

of risk exposure on insurance demand. It has been shown that objective flood risks and flood risk 

perceptions are correlated (Botzen et al., 2015). Therefore, one can expect that insurance demand 

is related to objective risk, which is evidenced by most of these studies finding that insurance 

demand is higher in areas with more risk exposure. Risk perceptions can be examined in studies 

by eliciting subjective loss probability estimates. These are also positively related to insurance 

demand in experimental studies (Schade et al., 2012; Bajtelsmit et al., 2015), consistent with 

expectations. Incentives may also matter for eliciting subjects’ best estimates of subjective loss 

probabilities, however this examination is missing from the literature. 

Difficulties exist when estimating the impact of insurance price on insurance demand against 

catastrophic risks using market data, due to the correlation between objective risk variables and 

insurance premiums. Without an exogenous source of variation in the price of insurance, any 

observed price effect may be confounded by risk levels (Kousky, 2011). Moreover, homeowners 

with a mortgage backed by a federally regulated lender, who live in floodplains where the annual 

probability of flooding is 1 in 100, are subject to mandatory coverage requirements in the US, 

which can lead to lower price responsiveness (Landry and Jahan-Parvar, 2011). Nevertheless, most 

of the market data studies examining price find that it has a negative impact on catastrophic risk 

insurance demand. Experimental studies which can control for the influence of confounding 

factors, like objective risk levels, also by majority find that insurance prices (loading factors) 

negatively impact insurance demand. 

Empirical evidence suggests that homeowners are reluctant to buy disaster insurance at insurance 

prices above the expected value of damage (Browne and Hoyt, 2000). Solutions to overcome low 

uptake of insurance against LPHI risks have been studied, including offering multi-year insurance 

which has fixed annual premiums each year and does not permit cancellations at the end of any 

given year. In theory, risk averse individuals should prefer the price stability of multi-year policies 

compared to annual contracts which are subject to yearly price fluctuations (Kleindorfer et al., 

2012), which is supported by the experimental studies by Papon (2008) and Kunreuther and 

Michel-Kerjan (2015). 

Browne and Hoyt (2000) and Kousky et al. (2018) studied external influences outside of the private 

insurance market, like the impact of government relief payments on the demand for flood 
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insurance. Theory suggests that anticipated government relief payments may decrease demand for 

insurance if the former is used as a substitute for insurance (charity hazard) (Kelly and Kleffner, 

2003; Raschky and Weck-Hannemann, 2007). However, Browne and Hoyt (2000) find that 

disaster relief expenditures are positively related to flood insurance purchases, which may be due 

to exposure to flooding increasing both insurance demand and receipt of relief payments. There 

may also exist a reverse causality problem, i.e., more insured areas need less government aid after 

a flood. Kousky et al. (2018) deal with this endogeneity by employing an instrumental variables 

analysis. They use an interaction term (as their instrumental variable) between timing of 

presidential elections and states considered important for the outcome of elections as an exogenous 

source of variation in government relief payments (Garrett and Sobel, 2003). Their results show 

that individual assistance grants offered by the government after flood events have a negative 

impact on flood insurance coverage levels, consistent with theory. Of the reviewed survey and 

experimental literature, only one hypothetical study incorporates the effect of potential 

government relief schemes (Brunette et al., 2013). Given the potential confounding problems 

associated with studying charity hazard with market data, future research should consider 

examining the impact of government compensation using an incentive compatible experiment 

setting. 

Apart from external forces, like the availability of government compensation, many of the 

reviewed studies have examined individual drivers, like socio-economic characteristics. Individual 

disparities in risk attitudes may relate to socio-economic characteristics, like income, gender and 

age (Donkers et al., 2001). Higher income can increase the affordability of, and hence the demand 

for insurance (Browne and Hoyt, 2000; Kriesel and Landry, 2004; Athavale and Avila, 2011; 

Atreya et al., 2015). Landry and Jahan-Parvar (2011) showed with market data that higher income 

relates to more insurance demanded, but the relation is not monotonic. Households in the highest 

income category do not have significantly higher demand compared to those in the lowest, which 

may indicate that high income individuals can pay for losses out-of-pocket. 

Other socio-economic characteristics like gender, age and education are inconsistent predictors of 

insurance demand according to the reviewed studies. In addition to the ambiguous influence of 

socio-economic characteristics, this section has provided the following insights: objective risk and 

risk perceptions impact insurance demand positively, as one might expect. Moreover, insurance 
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prices tend to negatively affect demand for insurance despite the correlation between objective 

risk and insurance prices in market data studies. Initial experimental examinations of solutions to 

underinsurance of LPHI risk, like multi-year insurance, have shown that such insurance contracts 

increase demand for insurance. Potential causes of underinsurance like the availability of 

government compensation are difficult to study with market data, but investigations suggest that 

government compensation may reduce demand for insurance once potentially confounding 

variables are controlled for. 

2.7 Conclusion 

This paper has reviewed a large evidence base of 41 experimental and survey papers of insurance 

demand under LPHI risk in which ~9,608 subjects participated, as well as 14 market data studies 

of insurance demand against catastrophic risk. Publications over time show this is a rapidly 

growing field. There is a growing concern about how to manage increasing societal impacts from 

LPHI events, like natural disasters, where insurance can play an important role. Understanding 

demand for insurance against LPHI risks is important for policy solutions for managing LPHI risks 

and increasing insurance uptake for these events, which is often low in practice. In this respect, 

our systematic review is timely by focusing on LPHI risks for which behaviour tends to differ 

relative to HPLI risk. 

The aim of the literature review was to draw lessons learned from the studies about demand for 

insurance, and for outlining an agenda for future research. Our discussions are based on studies 

that utilize salient incentive compatible rewards, however we also highlight results which may 

arise as a consequence of non-incentive compatible rewards. In this respect, we find that certain 

theoretical examinations such as ambiguity models predicting ambiguity aversion and EUT which 

predicts aversion to mean-preserving spreads, as well as framing effects may be influenced by 

whether studies use incentives. Given that hypothetical incentives may confound results in 

theoretical studies of insurance demand, we advise that such studies use salient incentive 

compatible rewards. 

A general challenge is how to best operationalize LPHI risk in experimental studies, which are 

used to resolve incentivized payments, and to communicate risks to subjects. This depends on the 

method of experiment implementation, such as online via computer, or a laboratory setting with 
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random drawings from an urn. It is well known that individuals have difficulties understanding 

LPHI risk so the kind of risk operationalization method may matter, but this topic has received 

insufficient research. It would also be useful to examine whether incentives are needed for eliciting 

subjects’ best estimates of subjective loss probabilities, which proxy risk perceptions in 

experimental studies. 

We supplement insights from the experimental research with results based on market data, given 

their complementary properties. The confounding problems involved in certain market data 

examinations, such as the impact of government compensation on insurance demand, suggests that 

an incentive compatible experiment on the topic of charity hazard is needed. Theoretical 

investigations unanimously find a charity hazard effect, therefore it is worth examining which type 

of government assistance crowds out demand for insurance the least, i.e., individual assistance 

grants or loans. 

Many of the market data studies find effects consistent with the availability heuristic, so future 

research could provide a better understanding of subgroups prone to the availability heuristic. We 

find that risk perceptions influence demand for insurance, so information campaigns that focus on 

risk awareness may overcome availability effects and low demand in periods when a disaster did 

not occur for a long time. Probability weighting may also explain low demand for insurance, for 

example in the presence of insurer default risk. However, few studies have examined the specific 

reasons why individuals over-/under-weight low probabilities. Policy makers focused on risk 

communication could use insights into why individuals are sensitive to probability information 

when developing their information campaigns. 

Moreover, demand for insurance can be increased by offering multi-year insurance, although other 

measures could provide a better alternative to overcome systematic biases in judgment, like use of 

the availability heuristic. Another way forward may be to nudge individuals using choice 

architecture (Thaler and Sunstein, 2003), for example by framing catastrophic insurance coverage 

as a default option (Johnson and Goldstein, 2003). However note that more research is needed to 

determine whether default options can encourage insurance against LPHI risks (Kunreuther, 2015), 

and the ethical dimension of nudging has been debated in the literature regarding its effect on 

consumer autonomy and welfare (Smith et al., 2013). 
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In a world of increasing losses from LPHI risks, it is important to keep prices low since high prices 

are consistently related to low insurance demand. Affordable insurance is especially important for 

low income households because high income households may pay for losses out-of-pocket. Low-

cost insurance can be achieved by for instance offering premium discounts to those who undertake 

other measures of risk reduction. 

Our examination of samples, study designs and insurance context also revealed a variety of gaps 

in the existing literature, which can be addressed by future experiments. The reviewed 

experimental and survey studies are conducted in developed countries, most of which are in the 

OECD, and the large majority of participants are students. Future research should focus on how 

results from student samples can be generalized to insurance demand for LPHI risks by more 

common customers, like homeowners. Moreover, regarding the characteristics of insurance 

products, experiments usually incorporate relatively low deductibles, implying that little is known 

about the impact of realistic market deductibles on demand for insurance in the experimental 

literature. 
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CHAPTER THREE 

An experimental study of charity hazard: The effect of risky and ambiguous 

government compensation on flood insurance demand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is based on: Robinson, P.J., Botzen, W.J.W. and Zhou, F., 2019. An experimental 

study of charity hazard: The effect of risky and ambiguous government compensation on flood 

insurance demand. Submitted to Journal of Risk and Uncertainty. 
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3.1 Introduction 

Individuals typically underinsure low-probability/high-impact natural disaster risks (Kunreuther 

and Pauly, 2004). These risks tend to be underestimated by individuals (Viscusi and Zeckhauser, 

2006). Systematic behavioural biases and heuristics can explain lack of demand for insurance and 

protective measures, as well as low risk perceptions (Slovic et al., 1977; Meyer and Kunreuther, 

2017). However, underinsurance by individuals may also result from rational expectations that 

governments provide compensation after disaster strikes. The “Samaritan’s dilemma” describes a 

situation whereby the receipt of unconditional financial assistance from the government 

incentivizes individuals not to take protective measures (Buchanan, 1975). Crowding out of private 

insurance by government compensation for disaster damage has also been termed the “charity 

hazard” (Browne and Hoyt, 2000). Reliance on government compensation can have negative 

efficiency effects (Coate, 1995). This is partly due to weak incentives by governments to manage 

resources carefully, and to examine where disaster relief is most needed (Raschky and Weck-

Hannemann, 2007). Another source of inefficiency relates to politically motivated government 

compensation payments. For example, Garrett and Sobel (2003) find that disaster expenditures 

made by the Federal Emergency Management Agency (FEMA) as well as US presidential disaster 

declarations are politically motivated, and in particular depend on election years and states 

considered important to the outcome of elections. 

This study focusses on insurance against flood risk, which is the most costly natural disaster risk 

worldwide (Miller et al., 2008). During the 2017 Atlantic hurricane season, which ranked as one 

of the most destructive in US history (Chew et al., 2018), National Flood Insurance Program 

(NFIP) policyholders filed approximately 133,000 claims. Moreover, FEMA paid more than $2 

billion in federal disaster assistance, which is a form of ad hoc government compensation for 

uninsured losses.9 The co-existence of the NFIP and disaster compensation by FEMA means that 

the charity hazard is a potential issue for the flood insurance market in the US, like is also the case 

in many European countries (Porrini and Schwarze, 2014). 

                                                           
9 These data are available on the FEMA website. 
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In the Netherlands (our policy context) the government may provide partial compensation for flood 

damage via the Calamities and Compensation Act (WTS10) (Botzen and van den Bergh, 2008). 

However, the WTS has no established funds and no clear rules outlining under what circumstances 

flood damage will be compensated and by how much. Moreover, there is no legal obligation for 

the Dutch government to compensate damages. Therefore, it is currently ambiguous whether 

households will receive compensation for flood damages in the Netherlands (Surminski et al., 

2015). Efforts have been made in recent years to make private flood insurance more widely 

available, but this insurance is purchased by only a small fraction of the Dutch population (Suykens 

et al., 2016). In addition to the high costs of offering flood insurance in the Netherlands, the 

potential for charity hazard may slow the uptake of this insurance by homeowners. Given 

increasing flood risks from climate change and socio-economic developments (IPCC, 2012), 

having adequate flood insurance coverage becomes more important for offering financial 

protection against residual flood risk, which implies that the charity hazard is especially 

problematic. Therefore, it is relevant to understand under which conditions charity hazard occurs, 

which is the focus of this paper. 

Other forms of government compensation for natural disaster damages exist across Europe. 

Contrary to the ad hoc Dutch compensation scheme, Austria accumulates funds through mandatory 

taxation, to be used for financing relief payments to cover flood damages (Schwarze et al., 2011). 

Although individuals have no legal entitlement to government compensation, the well-functioning 

nature of the Austrian catastrophe fund generates certainty about compensation receipt according 

to Raschky et al. (2013). In other countries like Germany, relief is not controlled by formal 

legislation, and payout can depend on factors like media coverage and election years (Thieken et 

al., 2006). Nevertheless, high levels of compensation have typically been granted in Germany 

following flood events in the past (Surminski and Thieken, 2017). Other examples of high levels 

of government relief to homeowners can be found in Hungary, where extensive compensation was 

provided after the 2001 Tisza flood (Vari et al., 2003). Similar to the US but in contrast to the other 

European examples, France requires an official natural disaster declaration before individuals can 

receive compensation. However, this is not based on pre-defined levels of flood damage, so 

compensation is also ambiguous in France (Paudel et al., 2012). Given the apparent differences in 

                                                           
10 Acronym in Dutch. 
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the extent and degree of riskiness and/or ambiguity in government compensation across different 

countries, it is relevant to examine which forms of compensation crowd out private demand for 

insurance the least. 

According to Jaspersen (2016) and Robinson and Botzen (2019a), we define a decision under risk 

as a situation where the probability of each possible outcome is known. If the probabilities are not 

known, and a distribution of probabilities over possible probabilities is not known either, the 

decision is considered one under ambiguity. Ambiguity and/or riskiness in government 

compensation is perhaps also relative to the number of times individuals have received flood-

related compensation in the past. If individuals have been flooded many times in the past, it may 

be easier for them to accurately assign a probability to the likelihood of receiving compensation 

(it becomes  riskier vs. more ambiguous). On the contrary, if somebody has never been flooded in 

the past it may be very difficult to assign a precise probability to the likelihood of receiving 

government compensation. The latter is more relevant to the Dutch context where experience with 

flooding is scarce due to high levels of flood protection. 

So far empirical evidence on the charity hazard is rather mixed (Andor et al., 2020). Contrary to 

expectations, Browne and Hoyt (2000) showed with NFIP policies-in-force data, that disaster relief 

expenditures by FEMA positively relate to flood insurance demand. The authors proposed that 

their positive result can arise because their analysis insufficiently controls for risk exposure which 

affects both demand for insurance and the receipt of government relief. Another potential source 

of endogeneity in their dataset concerns reverse causality, i.e., the more insured an area is, the less 

government compensation may be required after a flood. Kousky et al. (2018) control for 

endogeneity by employing a two-stage least squares analysis.11 Their instrumental variable is an 

interaction term between timing of presidential elections and states considered important for the 

outcome of elections. According to Garrett and Sobel (2003), the variable provides a useful 

exogenous source of variation in relief payments. Kousky et al. (2018) showed that individual 

assistance grants have a negative impact on flood insurance demand once endogeneity has been 

controlled for. 

                                                           
11 See also Deryugina and Kirwan (2018). 
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Survey research conducted in coastal regions by Petrolia et al. (2013) in the US find that perceived 

eligibility for post-disaster relief has a positive effect on the probability of holding flood insurance, 

in contrast to the charity hazard. In light of these findings, the authors suggested that their measure 

of disaster assistance expectations may be biased if individuals relying on this assistance are 

ashamed to admit it. In a follow-up study using the same survey data, Landry et al. (2019) 

instrumented for post-disaster relief expectations using data on congressional members that served 

on subcommittees which have direct oversight of FEMA spending, as well as payment history of 

the FEMA public assistance grant program. They found that perceived eligibility for post-disaster 

relief has a negative effect on flood insurance demand in the follow-up analysis. In another survey 

study by Botzen et al. (2019), the purchase of flood insurance in the US is negatively related to 

previous receipt of federal disaster assistance. Moreover, Botzen and van den Bergh (2012b) 

reported in a stated preference study in the Netherlands that when hypothetical flood insurance 

demand is elicited in a survey version which may grant government compensation, demand is less 

than a version in which compensation is not available. 

Raschky et al. (2013) conducted a survey about flood insurance demand in Austria where partial 

certain government compensation is provided, and in Germany which has granted full ambiguous 

government compensation in the past. Their survey results show that expectations about disaster 

relief crowd out insurance demand more in Austria than in Germany. We aim to re-examine this 

finding in an experimental setting, allowing for better control over extraneous factors, which are 

typically challenging to control for in the field. For example, other factors of influence on flood 

insurance demand, like objective risk levels, may differ between Germany and Austria and partly 

drive the results by Raschky et al. (2013), while our experimental setting controls for such factors. 

In general, experimental studies which have an explicit environmental context can be useful to 

study the impact of certain types of variables (Gsottbauer and van den Bergh, 2011), like the 

influence of government compensation on insurance demand. 

Despite the relatively large literature on insurance demand in experimental research (Jaspersen, 

2016), to our knowledge Brunette et al. (2013) are the only ones to have directly incorporated 

government compensation into their design. They also find that partial certain government 
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compensation crowds out demand for insurance.12 However, their evidence is based on a 

hypothetically incentivized experiment, even though incentives have been shown to significantly 

reduce insurance demand choice anomalies (Laury et al., 2009; Jaspersen, 2016). Moreover, 

Brunette et al. (2013) implement uncertainty in the probability of loss, whereas we investigate how 

ambiguity in government compensation affects insurance decisions. This is relevant because in 

practice government compensation for disaster damage is often ambiguous, albeit to different 

degrees. 

We employ an incentivized experiment to study several theoretical predictions related to the 

charity hazard hypothesis, risk preferences, ambiguity preferences and insurance pricing. Our 

theory analysis is informed by previous studies by Kelly and Kleffner (2003) and Raschky and 

Weck-Hannemann (2007), who investigated the effect of government compensation on insurance 

demand in an expected utility framework. However, our analysis also examines the charity hazard 

under imprecise knowledge about government compensation, for which we utilize the Klibanoff 

et al. (2005) smooth model of decision making under ambiguity. Some examples of ambiguity 

preference elicitation under this model are Chakravarty and Roy (2009) and Attanasi et al. 

(2014).13 An examination such as ours highlights the usefulness of an experiment to disentangle 

the effect of different schemes of government compensation (certain, risky and ambiguous 

compensation), which is a challenge when using data for actual insurance purchases as well as 

hypothetical survey methods. 

Our experimental findings show that flood insurance demand is negatively impacted by anticipated 

government compensation, except when the compensation is ambiguous. We also find that 

ambiguity averse subjects have higher demand for insurance when government compensation is 

ambiguous relative to risky, according to ambiguity preferences elicited using multiple price list 

tasks. Furthermore, ambiguity preferences elicited in the gain domain predict a unique effect on 

insurance demand better under ambiguous government compensation, relative to those elicited in 

the loss domain. Regarding risk preferences, a stated risk aversion measure which has been shown 

                                                           
12 Their examination of the charity hazard was conducted within-subjects, so contrast effects cannot be 

ruled out (Greenwald, 1976). 
13 The Klibanoff et al. (2005) smooth model has also been applied in various empirical and theoretical 

papers, such as Bajtelsmit et al. (2015), Snow (2011), Conte and Hey (2013) and Qiu and Weitzel (2016). 
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to correlate well with risk taking behaviour in practice better predicts flood insurance demand and 

aversion to mean-preserving spreads than risk preferences elicited in multiple price list tasks. 

Moreover, we do not find that risk averse subjects demand more insurance when the compensation 

provided is risky as opposed to certain. Lastly, the insurance loading factor has a negative impact 

on flood insurance demand, as expected. 

The paper is structured as follows: Section 3.2 outlines the theoretical framework and hypotheses. 

Section 3.3 describes our experimental design and implementation. Section 3.4 reports the 

experimental findings based on a non-parametric and parametric analysis. Section 3.5 discusses 

these findings in relation to the hypotheses, and suggests several recommendations for policy. 

Section 3.6 concludes the paper. 

3.2 Theory and hypotheses 

An individual with initial wealth, 𝑊𝑊, faces a loss, 𝐿𝐿 ∈ (0,𝑊𝑊), with probability 𝑝𝑝 (0 < 𝑝𝑝 < 1) and 

no loss with probability 1 − 𝑝𝑝 (we assume that the probability of loss is objectively known, as it 

is in our experiment). The individual has a strictly increasing utility function 𝑈𝑈(∙), defined on final 

wealth. Insurance coverage, 𝑉𝑉 = 𝐿𝐿𝛼𝛼, may be purchased to protect against potential loss, where 

𝛼𝛼 ∈ (0,1) is the extent of coverage. The insurance premium is 𝑃𝑃 = 𝐿𝐿𝛼𝛼𝑝𝑝𝜆𝜆, and the loading factor 

is 𝜆𝜆, where 𝜆𝜆 = 1 for actuarially fair insurance, 0 ≤ 𝜆𝜆 < 1 for subsidized insurance and 𝜆𝜆 > 1 for 

commercial (positively loaded) insurance. Without government compensation the individual will 

choose a level of 𝛼𝛼 to maximize his/her Expected Utility (𝐸𝐸𝑈𝑈): 

𝐸𝐸𝑈𝑈 = 𝑝𝑝𝑈𝑈�𝑊𝑊 − 𝑃𝑃(𝛼𝛼) − �𝐿𝐿 − 𝑉𝑉(𝛼𝛼)�� + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊 −𝑃𝑃(𝛼𝛼)]    (3.1) 

Assuming the individual anticipates the government will provide compensation, 𝜃𝜃 (0 < 𝜃𝜃 < 1), 

to pay for a proportion of the uninsured damage, equation 3.1 is modified to: 

𝐸𝐸𝑈𝑈 = 𝑝𝑝𝑈𝑈�𝑊𝑊 − 𝑃𝑃(𝛼𝛼) − (1 − 𝜃𝜃)�𝐿𝐿 − 𝑉𝑉(𝛼𝛼)�� + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊 − 𝑃𝑃(𝛼𝛼)]   (3.2) 

If the individual decides not to purchase insurance, her/his 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 (𝐸𝐸𝑈𝑈 with no insurance) is: 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 = 𝑝𝑝𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]      (3.3) 

We denote willingness-to-pay for full insurance (𝛼𝛼 = 1) as 𝑊𝑊𝑊𝑊𝑃𝑃, defined by: 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃]         (3.4) 
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We assume that the individual is willing-to-purchase full insurance if and only if 𝑊𝑊𝑊𝑊𝑃𝑃 ≥ 𝑃𝑃(1), 

otherwise the individual will choose not to insure. Under linear 𝑈𝑈(∙) (risk neutrality), 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 is equal 

to the utility of the expected value: 

𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁] = 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 = 𝑈𝑈[𝑝𝑝[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿] + (1 − 𝑝𝑝)[𝑊𝑊]]    (3.5) 

Under concave 𝑈𝑈(∙) (risk aversion), 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 is less than the utility of the expected value: 

𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅] = 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 < 𝑈𝑈[𝑝𝑝[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿] + (1 − 𝑝𝑝)[𝑊𝑊]] = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁] (3.6) 

Under convex 𝑈𝑈(∙) (risk seeking), 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 is greater than the utility of the expected value: 

𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅] = 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 > 𝑈𝑈[𝑝𝑝[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿] + (1 − 𝑝𝑝)[𝑊𝑊]] = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁] (3.7) 

Assuming 𝑝𝑝, 𝜃𝜃, 𝛼𝛼 and 𝜆𝜆 remain constant across levels of risk aversion, we can infer from equations 

3.5, 3.6 and 3.7 that 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅] < 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁] < 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅], hence 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅 <

𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁 < 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅. That is, willingness-to-pay for full insurance increases with the degree of risk 

aversion.14 

H1: Willingness-to-pay for full insurance is positively related to the degree of risk aversion. 

We assume that the individual will purchase full insurance if her/his 𝐸𝐸𝑈𝑈 with full insurance is 

greater than 𝐸𝐸𝑈𝑈 without insurance, therefore 𝑊𝑊𝑊𝑊𝑃𝑃 > 𝑃𝑃(1): 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁 = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃] < 𝑈𝑈[𝑊𝑊 − 𝑃𝑃(1)]        (3.8) 

More insurance premium loading reduces 𝐸𝐸𝑈𝑈 with full insurance because 𝑃𝑃(1) = 𝐿𝐿𝑝𝑝𝜆𝜆 is 

increasing in 𝜆𝜆.15 Consequently, the gap between 𝐸𝐸𝑈𝑈 with full insurance and 𝐸𝐸𝑈𝑈 without insurance 

becomes smaller. There is a critical value of 𝜆𝜆 where 𝐸𝐸𝑈𝑈 without insurance becomes greater than 

the 𝐸𝐸𝑈𝑈 with full insurance, and so the individual chooses not to insure, i.e., 𝑊𝑊𝑊𝑊𝑃𝑃 < 𝑃𝑃(1). 

                                                           
14 This is true for any insurance coverage level 𝛼𝛼 ∈ (0,1). We consider full insurance is a pure 

simplification. 
15 An increase in the loading factor (𝜆𝜆) increases the insurance premium of full insurance (𝑃𝑃(1)) and hence 

reduces the utility of buying full insurance (𝑈𝑈[𝑊𝑊 −𝑃𝑃(1)]). 



 

 
71 

 

H2: Willingness-to-purchase full insurance is negatively related to the loading factor.16 

Consider two risks of loss, 𝑅𝑅1(𝑝𝑝1,𝐿𝐿1) and 𝑅𝑅2(𝑝𝑝2,𝐿𝐿2), i.e., a loss 𝐿𝐿1 (𝐿𝐿2) occurs with probability 

𝑝𝑝1 (𝑝𝑝2). The two risks have the same expected value, but 𝐿𝐿2 > 𝐿𝐿1 and 𝑝𝑝2 < 𝑝𝑝1. That is, 𝑅𝑅1 and 𝑅𝑅2 

have equal mean but 𝑅𝑅2 has higher variance than 𝑅𝑅1. Under concave 𝑈𝑈(∙) (risk aversion), without 

insurance 𝐸𝐸𝑈𝑈 across the two scenarios are: 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁1 = 𝑝𝑝1𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿1] + (1 − 𝑝𝑝1)𝑈𝑈[𝑊𝑊] = 𝑈𝑈(𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅1 )   (3.9) 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁2 = 𝑝𝑝2𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿2] + (1 − 𝑝𝑝2)𝑈𝑈[𝑊𝑊] = 𝑈𝑈(𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅2 )   (3.10) 

When loss occurs, since 𝐿𝐿2 > 𝐿𝐿1: 

𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿1] > 𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿2]       (3.11) 

For both 𝑅𝑅1 and 𝑅𝑅2, the alternative utility without loss is the same (𝑈𝑈[𝑊𝑊]). Also, 𝑈𝑈[𝑊𝑊] >

𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿1] > 𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿2]. Under concave 𝑈𝑈(∙) (risk aversion), 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁1 > 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁2 , 

hence 𝑈𝑈(𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅1 ) > 𝑈𝑈(𝑊𝑊−𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅2 ) and 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅1 < 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅2 . 

H3: Willingness-to-pay for full insurance is negatively related to the probability of loss for risk 

averse individuals, holding the expected value of loss constant. 

Consider again equation 3.4. Higher levels of government compensation increases the 𝐸𝐸𝑈𝑈 without 

insurance because the share of uninsured loss 𝐿𝐿 becomes lower.17 Consequently, 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃] 

increases, leading to a decrease in 𝑊𝑊𝑊𝑊𝑃𝑃. This result follows from the charity hazard highlighted 

in the introduction section. 

H4: Willingness-to-pay for full insurance is negatively related to government compensation. 

Assume now that there is an objective probability of receiving government compensation equal to 

𝜋𝜋. When ambiguity is present, there is a second-order probability distribution, 𝐹𝐹(𝜋𝜋�), where 𝜋𝜋� is a 

                                                           
16 Mossin (1968) and Smith (1968) showed that risk averse 𝐸𝐸𝑈𝑈 maximizers should demand full insurance 

when 𝜆𝜆 = 1, although partial coverage is optimal when 𝜆𝜆 > 1. However, in our experiment we observe 

only full insurance and zero insurance. 
17 An increase in government compensation (𝜃𝜃) leads to an increase in final wealth in the loss state (𝑊𝑊 −

(1 − 𝜃𝜃)𝐿𝐿), and the corresponding 𝐸𝐸𝑈𝑈 without insurance. 
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possible value of 𝜋𝜋.18 For now assume that the individual faces a decision under risk, with the 

likelihood of receiving government compensation known, in which case 𝐸𝐸𝑈𝑈 is: 

𝐸𝐸𝑈𝑈 = 𝜋𝜋{𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]} + (1 − 𝜋𝜋){𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]} (3.12) 

We define 𝑊𝑊𝐿𝐿𝐿𝐿 = 𝑊𝑊 − 𝑃𝑃(𝛼𝛼) − (1 − 𝜃𝜃)�𝐿𝐿 − 𝑉𝑉(𝛼𝛼)� as final wealth in the loss with government 

compensation state. Similarly, let 𝑊𝑊𝐿𝐿 = 𝑊𝑊 − 𝑃𝑃(𝛼𝛼) − �𝐿𝐿 − 𝑉𝑉(𝛼𝛼)� be final wealth in the loss state 

without government compensation, and 𝑊𝑊𝑁𝑁𝐿𝐿 = 𝑊𝑊 − 𝑃𝑃(𝛼𝛼) be final wealth in the no loss state. Note 

that 𝑊𝑊𝐿𝐿𝐿𝐿 > 𝑊𝑊𝐿𝐿 when 𝜃𝜃 > 0.19 There is a risk of government compensation 𝐺𝐺(𝜋𝜋, 𝜃𝜃) in equation 

3.12, i.e., the individual receives government compensation 𝜃𝜃 with probability 𝜋𝜋 in the event of a 

loss. Assume two risks of government compensation, 𝐺𝐺1(𝜋𝜋1,𝜃𝜃1) and 𝐺𝐺2(𝜋𝜋2,𝜃𝜃2) with the same 

expected value, but 𝜃𝜃2 > 𝜃𝜃1 and 𝜋𝜋2 < 𝜋𝜋1. Under concave 𝑈𝑈(∙) (risk aversion), without insurance 

𝐸𝐸𝑈𝑈 across the two scenarios are: 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,1 = 𝜋𝜋1{𝑝𝑝𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} + (1 − 𝜋𝜋1){𝑝𝑝𝑈𝑈[𝑊𝑊 − 𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} 

= 𝑝𝑝{𝜋𝜋1𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿] + (1 − 𝜋𝜋1)𝑈𝑈[𝑊𝑊 − 𝐿𝐿]} + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊] = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅,1] (3.13) 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,2 = 𝜋𝜋2{𝑝𝑝𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃2)𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} + (1 − 𝜋𝜋2){𝑝𝑝𝑈𝑈[𝑊𝑊 − 𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} 

= 𝑝𝑝{𝜋𝜋2𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃2)𝐿𝐿] + (1 − 𝜋𝜋2)𝑈𝑈[𝑊𝑊 − 𝐿𝐿]} + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊] = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅,2] (3.14) 

Comparing 𝜋𝜋1𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿] + (1 − 𝜋𝜋1)𝑈𝑈[𝑊𝑊 − 𝐿𝐿] with 𝜋𝜋2𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃2)𝐿𝐿] + (1 −

𝜋𝜋2)𝑈𝑈[𝑊𝑊 − 𝐿𝐿], because 𝜃𝜃2 > 𝜃𝜃1, we can infer that 𝑊𝑊 − (1 − 𝜃𝜃2)𝐿𝐿 > 𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿 and 

𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃2)𝐿𝐿] > 𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿]. Moreover, 𝑊𝑊 − 𝐿𝐿 < 𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿 < 𝑊𝑊 − (1 −

𝜃𝜃2)𝐿𝐿, therefore 𝑈𝑈[𝑊𝑊 − 𝐿𝐿] < 𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿] < 𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃2)𝐿𝐿]. Similar to H3, the 

18 For simplicity, the extent of relief, 𝜃𝜃, is assumed to be objectively known to the individual, as it is in our 

experiment. 
19 In our experiment we consider equation 3.12 evaluated at 𝜋𝜋 = 0.5 and 𝜃𝜃 = 1 (risky full government 

compensation), as well as equation 3.12 evaluated at 𝜋𝜋 = 1 and 𝜃𝜃 = 0.5 (certain half government 

compensation). 
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concavity of 𝑈𝑈(∙) implies that 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,1 > 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,2, or equivalently 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅,1] > 𝑈𝑈[𝑊𝑊 −

𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅,2], hence 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅,1 < 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅,2.20 

H5: Willingness-to-pay for full insurance is negatively related to the probability of government 

compensation for risk averse individuals, holding the expected value of government compensation 

constant. 

Next we follow the Klibanoff et al. (2005) smooth model, and assume an individual with ambiguity 

preference, represented by the strictly increasing function, 𝜑𝜑(∙) defined over 𝐸𝐸𝑈𝑈.21 Under 

ambiguous government compensation, decisions can be made in accordance with the second order 

𝐸𝐸𝑈𝑈 function, which we shall call the Klibanoff et al. smooth model value (𝐾𝐾𝐾𝐾𝐾𝐾): 

𝐾𝐾𝐾𝐾𝐾𝐾 = 𝐸𝐸 �𝜑𝜑�𝜋𝜋�{𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]} + (1 − 𝜋𝜋�){𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]}�� (3.15) 

𝐸𝐸(∙) is the expectation with respect to 𝐹𝐹(𝜋𝜋�). In our experiment, under ambiguous government 

compensation, there are two possible objective probability distributions regarding 𝜋𝜋�, either 

probability 1 is assigned to {𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]}, or probability 1 is assigned to 

{𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]}. That is, either an individual is compensated by the government fully 

in case of a loss with certainty, or she/he is not compensated by the government. There are 

subjective probability beliefs represented by 𝜎𝜎 = (𝜎𝜎1,𝜎𝜎0), where 𝜎𝜎1 is the belief that the 

probability of government compensation is certain and 𝜎𝜎0 is the belief that the probability of no 

government compensation is certain, and 𝜎𝜎1 + 𝜎𝜎0 = 1. Evaluation of the insurance decision is then 

given by: 

𝐾𝐾𝐾𝐾𝐾𝐾 = 𝜎𝜎1𝜑𝜑{𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]} + 𝜎𝜎0𝜑𝜑{𝑝𝑝𝑈𝑈[𝑊𝑊𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊𝑁𝑁𝐿𝐿]}  (3.16) 

If the individual decides not to purchase insurance: 

𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 = 𝜎𝜎1𝜑𝜑{𝑈𝑈[𝑊𝑊]} + 𝜎𝜎0𝜑𝜑{𝑝𝑝𝑈𝑈[𝑊𝑊 − 𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} = 𝐸𝐸�𝜑𝜑{𝐸𝐸𝑈𝑈(𝜋𝜋�)}�  (3.17) 

                                                           
20 This holds so long as 𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃1)𝐿𝐿] > 𝜋𝜋2𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃2)𝐿𝐿] + (1 − 𝜋𝜋2)𝑈𝑈[𝑊𝑊 − 𝐿𝐿], which always 

holds in our experiment under risk aversion where we compare 𝜋𝜋1 = 1 and 𝜃𝜃1 = 0.5 to 𝜋𝜋2 = 0.5 and 𝜃𝜃2 =

1. 
21 In our experiment, we examine attitude towards ambiguity due to the existence of multiple non-

excludable priors. 
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Under linear 𝜑𝜑(∙) (ambiguity neutrality): 

𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁]} = 𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 = 𝜑𝜑�𝐸𝐸�𝐸𝐸𝑈𝑈(𝜋𝜋�)��      (3.18) 

Under concave 𝜑𝜑(∙) (ambiguity aversion): 

𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]} = 𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 < 𝜑𝜑�𝐸𝐸�𝐸𝐸𝑈𝑈(𝜋𝜋�)�� = 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁]}   (3.19) 

Under convex 𝜑𝜑(∙) (ambiguity seeking): 

𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]} = 𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 > 𝜑𝜑�𝐸𝐸�𝐸𝐸𝑈𝑈(𝜋𝜋�)�� = 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁]}   (3.20) 

We can infer from equations 3.18, 3.19 and 3.20 that 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]} < 𝜑𝜑{𝑈𝑈[𝑊𝑊 −

𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁]} < 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]}, therefore 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅 < 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁 < 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅. That is, willingness-to-

pay for full insurance increases with the degree of ambiguity aversion under ambiguous 

government compensation. 

H6: Willingness-to-pay for full insurance is positively related to the degree of ambiguity aversion 

when government compensation is ambiguous. 

Under risky full government compensation (equation 3.12 evaluated at 𝜋𝜋 = 0.5 and 𝜃𝜃 = 1), and 

without insurance 𝐸𝐸𝑈𝑈 becomes: 

𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,𝑅𝑅𝑅𝑅 = 0.5𝑈𝑈[𝑊𝑊] + 0.5{𝑝𝑝𝑈𝑈[𝑊𝑊 − 𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]  (3.21) 

Assuming 𝜎𝜎 = (0.5,0.5),22 under ambiguous full government compensation, without insurance 

𝐾𝐾𝐾𝐾𝐾𝐾 becomes: 

𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 = 0.5𝜑𝜑{𝑈𝑈[𝑊𝑊]} + 0.5𝜑𝜑{𝑝𝑝𝑈𝑈[𝑊𝑊 − 𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} = 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃]} (3.22) 

Under linear 𝜑𝜑(∙) (ambiguity neutrality), the individual is a (subjective) 𝐸𝐸𝑈𝑈 maximizer: 

𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅] = 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,𝑅𝑅𝑅𝑅 = 𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 = 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁]}    (3.23) 

                                                           
22 See Chakravarty and Roy (2009, pp.215-216) for a discussion of this assumption. More specifically, the 

assumption has the potential to confound ambiguity preference parameters. Indeed, values of 𝜎𝜎 may be 

impacted by factors like fear and hope (Viscusi and Chesson, 1999). We acknowledge, as do Chakravarty 

and Roy (2009), that the assumption is a limitation of our study. 
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Under concave 𝜑𝜑(∙) (ambiguity aversion): 

𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅] = 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,𝑅𝑅𝑅𝑅 > 𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 = 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]}    (3.24) 

Under convex 𝜑𝜑(∙) (ambiguity seeking): 

𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅] = 𝐸𝐸𝑈𝑈𝑁𝑁𝑁𝑁,𝑅𝑅𝑅𝑅 < 𝐾𝐾𝐾𝐾𝐾𝐾𝑁𝑁𝑁𝑁 = 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]}    (3.25) 

We can infer from equations 3.23, 3.24 and 3.25 that 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]} < 𝜑𝜑{𝑈𝑈[𝑊𝑊 −

𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁]} = 𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅] < 𝜑𝜑{𝑈𝑈[𝑊𝑊 −𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅]}, therefore 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅 > 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑁𝑁 = 𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅 >

𝑊𝑊𝑊𝑊𝑃𝑃𝑅𝑅𝑅𝑅. 22F

23 

H7: Willingness-to-pay for full insurance is higher under ambiguous full government 

compensation vs. risky full government compensation for ambiguity averse individuals. 

H6 and H7 are robust to other ambiguity theories like Maxmin 𝐸𝐸𝑈𝑈 (Gilboa and Schmeidler, 1989), 

because an ambiguity averse individual following Maxmin 𝐸𝐸𝑈𝑈 will consider the minimal 𝐸𝐸𝑈𝑈 under 

ambiguous full compensation, which is 𝐸𝐸𝑈𝑈 under no government compensation. Note that Maxmin 

𝐸𝐸𝑈𝑈 is a special case of the Klibanoff et al. (2005) smooth model, where 𝜑𝜑 places all of the weight 

on the worst 𝐸𝐸𝑈𝑈. Appendix A provides a welfare evaluation of the insurance decision over the 

experimental parameters involved in our study using simulations that illustrate our hypotheses 

numerically. 

3.3 Experiment 

A sample of 200 subjects were recruited to participate in this study from the student population of 

VU University Amsterdam. Prior to the experiment implementation, we conducted several pre-

tests to refine the experiment instructions. We did not have sufficient study data on every condition 

to conduct a power analysis to choose our sample sizes. Instead we used observations per condition 

in Laury et al. (2009) to inform our overall sample size. Moreover, an advantage of our panel data 

setup (compared to cross-section data) is multiple observations per individual, which allows us to 

control for unobserved heterogeneity and increases the precision and efficiency of estimators 

(Cameron and Trivedi, 2005). 

                                                           
23 Note that this also holds under the more general condition: 𝜎𝜎 = 𝜋𝜋. 
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55.5% of subjects were male, 62% were Dutch and the average age was 22.3 years. Subjects were 

also from a wide range of disciplines. The experiment consisted of two phases, the first of which 

elicited risk and ambiguity preferences (Section 3.3.1). In the second phase, subjects faced a series 

of flood insurance purchase decisions with different types of government compensation available 

to cover uninsured flood damages (Section 3.3.2).24 Section 3.3.3 describes how the subjects in 

the experiment were paid (see Appendix A for a detailed overview of the experiment instructions). 

3.3.1 Phase one 

  3.3.1.1 Earnings task 

At the beginning of phase one, subjects were told that they would be paid a participation fee of 

€15, and that this payment would not be at risk during the experiment. Subjects were then informed 

that there would be four decision making tasks in the first phase, and that the first two tasks would 

involve losses. To make sure subjects could not make a net loss and owe money to the 

experimenters, they were given the opportunity to earn an endowment. The endowment was earned 

by opening boxes on their computer screen (for each box that contained money subjects received 

2,000 CU – currency units). Once thirty boxes containing money had been opened, subjects could 

proceed with the first decision making task with their endowment of 60,000 CU to be used in both 

the first and second tasks.25 

 

 

                                                           
24 It was a design choice to elicit risk and ambiguity attitudes first, then insurance choices. One could argue 

that subjects have some subconscious motivation to restate their risk and ambiguity preferences in their 

insurance decisions for some desire to be consistent. We could have studied order effects, although Harrison 

and Ng (2016) mention that it is likely to be empirically unimportant whether insurance choices or 

preferences are elicited first. Moreover, we randomly select one decision from either phase one or phase 

two to be paid, so it was in subjects’ best interest to treat all decisions independently as the only one that 

they were facing (Papon, 2008). We acknowledge that there are also possible disadvantages of only paying 

one choice (see e.g., Cubitt et al., 1998). 
25 The rationale for this earnings task was to eliminate the potential for a “house money effect”, where 

subjects are more risk taking when endowed with a prior monetary gain (Thaler and Johnson, 1990). 
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  3.3.1.2 Risk preference elicitation 

To elicit risk preferences we developed a modified version of the multiple price list (MPL) task of 

Drichoutis and Lusk (2016), as well as eliciting a stated measure of risk preference according to 

Dohmen et al. (2011). An advantage of the MPL measure over the stated measure is that it is an 

incentivized measure which can be used to elicit (bounds of) risk preference parameters under 𝐸𝐸𝑈𝑈. 

It can be argued that in order to associate actual risky behaviour with risk preferences their 

elicitation should be incentivized so that they reflect true preferences towards risk (Charness et al., 

2013). However, MPL measures have been criticized because they are complex which may result 

in a high incidence of decision making errors (Dave et al., 2010). A stated measure of risk 

preference may overcome the latter concern. Moreover, Dohmen et al. (2011) showed that a stated 

general measure of risk preference is a good all-round predictor of risky behaviour across a number 

of real-life domains of risk taking. 

The MPL task involves a series of ten decisions between two prospects with constant probabilities, 

but modifying outcomes.26 We favored their format over the MPL developed by Holt and Laury 

(2002) which varies probabilities instead of outcomes, because the measure used by Drichoutis 

and Lusk (2016) has been shown to have greater consistency and more predictive power (Csermely 

and Rabas, 2016). Csermely and Rabas (2016) advise using this task over all other commonly used 

MPL tasks to derive risk preferences. 

In Drichoutis and Lusk’s (2016) MPL, the probability of all outcomes are held constant at 0.5. 

Using this framework we developed the MPL in Table 3.1 for the first decision making task. We 

set the highest absolute outcome in this task equal to the greatest loss subjects could face in the 

second phase. Subjects could switch between preferring Option A to preferring Option B only once 

(similar to other tasks in this phase). If a subject chose to switch at either decision line 5 or 6, they 

were presented with a follow-up question asking whether they are indifferent between prospects 

(0.5: -480 CU, 0.5: -720 CU) and (0.5: -1,200 CU, 0.5: 0 CU), yes or no.27 That way we could 

                                                           
26 For an earlier risk preference elicitation where probabilities are held constant see also Wakker and 

Deneffe (1996). 
27 The prospects are written: (probability: monetary outcome in currency units, probability: monetary 

outcome in currency units). 
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determine whether subjects had risk neutral preferences which is consistent with being indifferent 

between these prospects. 

Risk preferences were derived in both the gain and loss domains. Assuming outcomes are 

processed in the gain domain, under constant relative risk aversion the utility function equals 

𝑈𝑈[𝑥𝑥] = 𝑥𝑥𝑟𝑟, and when outcomes are processed as losses, the utility function is 𝑈𝑈[𝑥𝑥] = −(−𝑥𝑥)𝑏𝑏. In 

addition to the MPL utilized in Table 3.1, we presented subjects an analogous MPL in the gain 

domain in the third decision making task, with all outcomes converted into gains and the left hand 

outcomes of Option A and B presented in reverse order. More risk averse subjects chose the left 

hand option, with less variable potential outcomes, a greater number of times in the first and third 

tasks. It is an open question whether subjects in our experiment integrated their endowment and 

(possible) government compensation into potential losses, or viewed flood losses in isolation in 

deciding whether or not to insure (e.g., Read et al., 1999). Risk preferences elicited in the gain 

(loss) domain would better predict the former (latter) type of mental accounting. 

The stated measure of risk preference was elicited at the end of the experiment (after phase one 

and two) with the question: “How do you see yourself: are you generally a person who is willing 

to take risks or do you try to avoid taking risks? Please use a scale from 1 to 10, where a 1 means 

you are “completely unwilling to take risks”, and a 10 means you are “very willing to take risks”. 

You can also answer values in-between to indicate where you fall on the scale.” Note that we 

reverse-coded the data for the analysis so that higher values represent more risk aversion. 
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Table 3.1: Multiple price list used to elicit risk preferences in the loss domain, with the 
probability (Pr.) of outcomes in currency units (CU) and expected value (EV) differences 
as well as loss domain risk preference parameters (𝒃𝒃) 

 Option A Option B   
# Pr. CU Pr. CU Pr. CU Pr. CU EV 

difference 
𝒃𝒃 implied by 
indifference 

1 0.5 -560 0.5 -720 0.5 -60,000 0.5 0 29,360 0.15 
2 0.5 -540 0.5 -720 0.5 -5,600 0.5 0 2,170 0.32 
3 0.5 -520 0.5 -720 0.5 -2,400 0.5 0 580 0.51 
4 0.5 -500 0.5 -720 0.5 -1,560 0.5 0 170 0.73 
5 0.5 -480 0.5 -720 0.5 -1,200 0.5 0 0 1 
6 0.5 -460 0.5 -720 0.5 -1,000 0.5 0 -90 1.33 
7 0.5 -440 0.5 -720 0.5 -876 0.5 0 -142 1.78 
8 0.5 -420 0.5 -720 0.5 -795 0.5 0 -172.5 2.42 
9 0.5 -400 0.5 -720 0.5 -744 0.5 0 -188 3.56 
10 0.5 -380 0.5 -720 0.5 -720 0.5 0 -190 No solution 

 

  3.3.1.3 Ambiguity preference elicitation 

In the second decision making task we used another type of MPL to elicit ambiguity preferences 

in the loss domain according to procedures in Chakravarty and Roy (2009). Their MPL 

experiments allow for the derivation of ambiguity preferences given the Klibanoff et al. (2005) 

smooth model framework. Subjects were told that there exists two bingo cages, bingo cage X and 

bingo cage Y. Bingo cage X contains 5 black balls and 5 white balls, and bingo cage Y contains 

10 balls which are either all black or all white. Subjects were then asked to bet on one colour (black 

or white). They were also asked to imagine that a ball will be drawn from bingo cage X if Option 

X is chosen, or bingo cage Y if Option Y is chosen on a given decision line. Subjects expressed 

their preferences between the two options in the MPL in Table 3.2. 

Bingo cage X induces a risky prospect which we assume subjects evaluate in terms of its 𝐸𝐸𝑈𝑈. 

Chakravarty and Roy (2009) showed that bingo cage Y induces two potential degenerate prospects, 

which are two prospects yielding one fixed outcome with probability 1, i.e., (1: 0 CU, 0: -28,000 

CU) and (0: 0 CU, 1: -28,000 CU). Assuming the subjective probability belief over the set: {B: 

all-black, W: all-white}, which is represented by 𝜎𝜎 = (𝜎𝜎𝐵𝐵,𝜎𝜎𝑊𝑊), and 𝜎𝜎𝐵𝐵 + 𝜎𝜎𝑊𝑊 = 1, for a subject 

betting on black, Option Y is evaluated as follows: 

𝐾𝐾𝐾𝐾𝐾𝐾 = 𝜎𝜎𝐵𝐵𝜑𝜑{𝑈𝑈[0]} + 𝜎𝜎𝑊𝑊𝜑𝜑{𝑈𝑈[−28,000]}        (3.26) 
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If 𝜑𝜑 also takes the power form, such that 𝜑𝜑(𝑧𝑧) = −(−𝑧𝑧)𝑐𝑐, for losses we have: 

𝐾𝐾𝐾𝐾𝐾𝐾 = −(1 − 𝜎𝜎𝐵𝐵)[28,000]𝑏𝑏𝑐𝑐        (3.27) 

Equation 3.27 can be used to derive 𝑐𝑐 given that we assume, similar to Chakravarty and Roy 

(2009), that 𝜎𝜎 = (0.5,0.5) and 𝐸𝐸𝑈𝑈 when subjects evaluate bingo cage X. In the gain domain, 

preferences towards ambiguity can be elicited in a similar way. More ambiguity averse subjects 

preferred the risky Option X more times than the ambiguous Option Y. The fourth decision making 

task elicited ambiguity preferences in the gain domain. Analogous to the second task, subjects 

were invited to bet on either one of two coloured balls (blue or red), and then made a series of 

decisions between two options (Option V and Option W). Ambiguity preferences may differ in the 

gain and loss domains in addition to risk preferences (Trautmann and van de Kuilen, 2016), which 

provides sufficient reasoning to elicit them in both decision domains to test their relative predictive 

power. To the best of our knowledge there exists no widely used stated measure of ambiguity 

preferences, therefore we did not elicit stated ambiguity aversion. 

Table 3.2: Multiple price list used to elicit ambiguity preferences in the loss domain, with 
outcomes in currency units (CU) and loss domain ambiguity preference parameters (𝒄𝒄) 

 Option X (Cage X: 5 black, 5 
white) 

Option Y (Cage Y: either all 
black or all white) 

 

# Colour 
match 

CU Colour 
match 

CU Colour 
match 

CU Colour 
match 

CU 𝒄𝒄 implied by 
indifference 

1 Yes 0 No -800 Yes 0 No -28,000 0.65 
2 Yes 0 No -3,700 Yes 0 No -28,000 0.8 
3 Yes 0 No -12,000 Yes 0 No -28,000 0.92 
4 Yes 0 No -17,000 Yes 0 No -28,000 0.95 
5 Yes 0 No -22,000 Yes 0 No -28,000 0.98 
6 Yes 0 No -28,000 Yes 0 No -28,000 1 
7 Yes 0 No -35,000 Yes 0 No -28,000 1.02 
8 Yes 0 No -43,000 Yes 0 No -28,000 1.04 
9 Yes 0 No -50,000 Yes 0 No -28,000 1.06 
10 Yes 0 No -60,000 Yes 0 No -28,000 1.07 

 

3.3.2 Phase two 

The setup of phase two of the experiment was close to Laury et al. (2009), who examined whether 

individuals insure low-probability/high-impact risks more often than high-probability/low-impact 

risks with the same expected value of loss. Their design provided a useful setup for our experiment 
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because homeowners in the Netherlands who face low-probability flood risks can experience very 

costly flood damages, whereas homeowners located in high-probability areas typically experience 

lower flood water levels and damages due to property elevation (de Moel et al., 2014). We adapt 

the basic features of the Laury et al. (2009) experiment to our study, i.e., subjects first faced an 

earnings task, and then insurance decisions from an endowed bank balance involving different 

loading factors and loss probabilities (holding expected values of loss constant). 

3.3.2.1 Earnings task 

Subjects completed fifteen general knowledge multiple choice questions to earn their endowment 

in the second phase. If eight or more questions were answered correctly, subjects were endowed a 

bank balance of 60,000 CU, and otherwise they were paid 30,000 CU.28 The endowments were 

equal to the highest flood loss subjects could face in the insurance decisions to avoid bankruptcy 

concerns. Subjects could either pay for flood insurance or flood damages from their endowment 

within a given insurance decision. We chose a relatively easy knowledge task to avoid confounding 

the endowment with knowledge (Laury et al., 2009), and to ensure the task required approximately 

the same level of effort as the phase one earnings task. Requiring subjects to complete the phase 

one earnings task again may have been perceived as monotonous and confusing. 

  3.3.2.2 Flood insurance purchase decisions 

Upon completion of the earnings task, subjects were randomly assigned to face one of several 

versions of phase two, based on the following written information:

                                                           
28 60,000 CU was endowed to all subjects since every subject answered eight or more questions correctly. 
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Insurance purchase decision instructions 

A current insurance policy for house and contents in the Netherlands does not cover damage 

caused by flooding from dike failure. The government can provide compensation for flood 

damage, however, this compensation may be influenced by political decision making. 

Suppose that it is now possible to buy flood insurance [text about government compensation 

that differs between versions.] 

You will now make a series of decisions about purchasing flood insurance in situations with 

different levels of flood risk. 

 

Our experiment is a framed one (i.e., in the context of flood risk), therefore some context was 

warranted regarding the source of certain, risky and ambiguous government compensation. There 

are advantages to framing an insurance experiment in a specific context as summarized in a recent 

literature review by Robinson and Botzen (2019a), such as external validity and in the absence of 

contextual framing individuals may make up their own. We tried to keep the source of certain, 

risky and ambiguous government compensation as neutral as possible, because offering more 

contextual richness (e.g., political factors and flooding experience), may have led subjects to base 

their priors about government compensation more on contextual elements rather than the riskiness 

and ambiguity by and of itself. 

In one version, (52) subjects read the following text about government compensation: “… it is no 

longer possible to receive compensation for flood damage via the government.” This serves as our 

baseline condition, from which we will evaluate the influence of several government compensation 

schemes.29 In total there were three government compensation schemes, certain half government 

                                                           
29 More subjects were randomly assigned to the baseline condition to increase statistical power, given that 

subjects in this condition faced half as many insurance decisions as in the other conditions. Subjects were 

1.5 times more likely to face the baseline condition than either of the other conditions. Otherwise, there was 

an equal chance subjects would face the other government compensation conditions according to the 

random assignment. 
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compensation, risky full government compensation, and ambiguous full government 

compensation. Each scheme had the following respective texts about government compensation: 

“There are two political commentators, who both agree that you will be compensated by the 

government for flood damages for certain. You will be compensated for 50% of damages in the 

event you are flooded and don’t hold insurance.” (certain half); “There are two political 

commentators, who both agree that your chances of being compensated by the government for 

flood damages are 1 in 2. You will be compensated for 100% of damages in the event you are 

flooded, don’t hold insurance and compensation is approved by the government.” (risky full); 

“There are two political commentators, who disagree about whether you will be compensated by 

the government for flood damages. The first commentator believes that you will be compensated 

for 100% of damages in the event you are flooded and don’t hold insurance for certain. The second 

commentator believes that you will not receive any compensation. It is uncertain which 

commentator is the most trustworthy.” (ambiguous full).30 Immediately prior to the insurance 

decisions, we asked subjects to complete four questions to ensure that they fully understood the 

procedures. 

For subjects assigned to face the government compensation versions, midway through the flood 

insurance decisions subjects were informed that given a change in political circumstances, the type 

of government compensation would change. One follow-up question was then asked to ensure 

subjects understood the policy change. 36 subjects faced risky full government compensation first, 

then certain half. A further 39 subjects faced the schemes in the opposite order. This enables us to 

examine whether subjects’ risk preferences influenced their flood insurance decisions, given the 

mean-preserving spread in government compensation. Moreover, 32 subjects were exposed to 

risky full government compensation first, then ambiguous full. The remaining 41 subjects faced 

the latter schemes in the opposite order. This allows us to investigate whether subjects’ ambiguity 

preferences influenced their flood insurance decisions, given the varying degrees of ambiguity in 

government compensation. Table 3.3 displays the distribution of subjects over the experiment 

                                                           
30 We acknowledge that there are potential confounding variables, given our flood risk context. We do not 

claim our results are transferrable to other contexts. 
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versions. Given that subjects did not face certain half government compensation, then ambiguous 

full or vice versa, we cannot compare these conditions at the individual level. 

In a given decision period, subjects faced one of three flooding probabilities, 0.001, 0.01 and 0.1. 

These probabilities represent realistic flood risks for the Netherlands. For example, in dike-ring 

areas in the River Rhine delta, the likelihood of river dike failure is 1 in 1,250, although 1 in 1,000 

may be less cognitively challenging for individuals to imagine. For homeowners located in less 

protected areas, the annual probability of flooding can exceed 1 in 100, and reach as high as 1 in 

10, although flood damages are likely to be less severe due to both low flood water velocity and 

depth (Ermolieva et al., 2017). Higher probabilities like 0.1 are also useful to incorporate, because 

previous experiments report a large change in the proportion of subjects purchasing insurance 

when the likelihood reaches this level (Slovic et al., 1977). This allows for sufficient variation in 

our data to estimate the effect of flood probability on insurance demand. 

The loading factor, 𝜆𝜆, was fixed at either 0.5, 0.75, 1 or 4. We include 0.5 because Appendix A 

reports that this level of loading is the threshold by which risk averse (seeking) subjects insure (do 

not insure) when government compensation is present. The latter two loading factors are included 

in the study by Laury et al. (2009), who showed a significant negative effect of insurance loading 

on insurance demand. 

Combining the three flooding probabilities with the four loading factors provides the twelve flood 

insurance purchase decisions displayed in Table 3.4 for subjects who earned 60,000 CU (every 

subject). Subjects faced these decisions in a random order. In the government compensation 

conditions subjects faced twenty four insurance decisions in total (twelve under each scheme).
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Table 3.3: Distribution of subjects over the experiment versions 
Subjects Government compensation scheme 

52 Baseline no government compensation 
36 Risky full then certain half government compensation 
39 Certain half then risky full government compensation 
32 Risky full then ambiguous full government compensation 
41 Ambiguous full then risky full government compensation 

 
 
Table 3.4: Flood insurance purchase decisions 
# Loading 

Factor 
Flood loss 

(CU) 
Flooding 

probability 
Premium 

(CU) 
1 0.5 60,000 0.001 30 
2 0.75 60,000 0.001 45 
3 1 60,000 0.001 60 
4 4 60,000 0.001 240 
5 0.5 6,000 0.01 30 
6 0.75 6,000 0.01 45 
7 1 6,000 0.01 60 
8 4 6,000 0.01 240 
9 0.5 600 0.1 30 
10 0.75 600 0.1 45 
11 1 600 0.1 60 
12 4 600 0.1 240 

 

3.3.3 Payment 

Below we describe the mechanisms by which subjects could earn money in the experiment. These 

mechanisms were explained to subjects in detail throughout the experiment instructions. We used 

a variety of visualizations to explain how payments would be calculated based on bingo cage 

drawings, for example. We favored manual operationalization methods like bingo cage drawings 

to less transparent computerized randomizations. 

In addition to the participation fee of €15, a randomly selected group of subjects were paid 

according to one of their decisions selected at random from either phase one or phase two. That is, 

subjects were informed that sealed envelopes would be distributed at random after the experiment, 

which would contain either a green, an orange or a red card. 151 subjects received an envelope 

containing a red card, and were not paid based on their experiment decisions. 1 subject received a 

green card, and was paid at an exchange rate of 1% (10,000 CU = €100), therefore they could earn 
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up to €600. 48 subjects received an orange card and the exchange rate was 0.1%, so they could 

earn up to €60.31 In some previous experimental studies, high-impact losses are implemented 

without performance-based payment (Etchart-Vincent, 2004; 2009; Brunette et al., 2013; 

Kunreuther and Pauly, 2018). Our mechanism of paying only a subgroup of subjects according to 

an exchange rate is consistent with Kunreuther and Michel-Kerjan (2015) who also implemented 

high numerical losses. According to Charness et al. (2016), there is little difference empirically 

between paying a subgroup of subjects vs. paying everybody in terms of decisions made. Given 

budget constraints we could only pay a subgroup. 

One of the two phases was selected at random using a two-sided coin flip. In phase one, a decision 

making task was selected by rolling a four-sided die. According to the selected task, we made 

random bingo cage drawings to determine payment.32 Given the second phase was selected to be 

paid, one insurance choice was selected according to a randomly drawn lottery ticket. Drawings 

of balls from a bingo cage decided whether or not subjects were flooded in the chosen decision, as 

well as whether government compensation covered uninsured flood damages in the risky full and 

ambiguous full versions. 

3.4 Experiment results 

Section 3.4.1 conducts non-parametric tests to examine whether insurance demand differs under 

the alternate probabilities of flooding and different versions of government compensation. Section 

3.4.2 uses a parametric regression analysis, to investigate the impact of government compensation, 

flooding probability, loading factor, risk preferences and ambiguity preferences on insurance 

demand. 

                                                           
31 In a recruitment flyer individuals were told that in addition to the participation fee, they have ~ 25% 

chance of earning up to €60 based on their decisions, and a small chance of earning up to €600 based on 

the one randomly selected subject. In addition to the €15 participation fee, the green card subject earned 

€599.70. On average the orange card subjects earned €53.73 (min: €0, max: €60). 
32 If subjects were risk neutral, i.e., indifferent between the risky prospects with the same expected value in 

the risk preference tasks, we flipped a coin to decide which option would decide payment (in the case that 

the decision line was selected for payment). 
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An overview of descriptive statistics and coding of the dependent and independent variables is 

included in Table A3-1 in Appendix A. Figure A3-1 displays the distribution of risk and ambiguity 

preferences in the gain and loss domains according to the MPL tasks. On average, subjects are 

slightly risk seeking in the loss domain and slightly risk averse in the gain domain. Subjects are 

also on average more ambiguity averse in the gain domain than in the loss domain, where they are 

closer to ambiguity neutral. These results are broadly in line with previous studies (Wakker, 2010; 

Trautmann and van de Kuilen, 2016). Figure A3-2 displays the distribution of risk preferences 

according to the stated measure of risk preference. Subjects appear to be slightly risk averse on 

average according to the stated measure. 

3.4.1 Non-parametric analysis 

In Figure 3.1 we display the mean of flood insurance purchase under probabilities 0.001, 0.01 and 

0.1, per government compensation version and loading factor. McNemar tests are conducted to 

investigate whether significant differences exist between insurance purchase under flood 

probability 0.1 vs. 0.01 and 0.001, because the comparisons are within-subjects. 

Under the two lowest loading factors (0.5 and 0.75), there are no significant differences in flood 

insurance demand under probability 0.1 compared to lower probabilities (p-values > 0.05). For 

actuarially fair insurance, only in the no government compensation (baseline) condition is there a 

significant positive difference in demand under flood probability 0.001 relative to 0.1 (p-value < 

0.05). With respect to loading factor 4, positive significant differences exist in seven of the eight 

comparisons under flood probabilities 0.001 and 0.01 compared to 0.1 (p-values < 0.05). These 

findings of higher insurance demand under probabilities lower than 0.1 are consistent with Laury 

et al. (2009, Figure 2), who showed that the impact of probability on insurance demand is the 

greatest when loading factor is 4. Moreover, for the greatest expected loss in Laury et al. (2009), 

which may remove subjects’ entire endowment when the probability is low, there is an 

insignificant effect of loss probability on insurance demand when insurance is subsidized or 

actuarially fair.33 

                                                           
33 This finding is comparable to ours because in our experiment there is one expected loss, which may 

remove subjects’ entire endowment when flooding probability = 0.001. 
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Additionally, in most cases subjects insure slightly less when the flood probability is 0.001 relative 

to 0.01 despite theoretical predictions. It is sometimes hypothesized that risks are ignored when 

the perceived probability of that risk is below a threshold level of concern (Slovic et al., 1977; 

Kunreuther and Pauly, 2004; Robinson and Botzen, 2018). We speculate that a sub-group of 

subjects find flood probability 0.001 to be below their threshold level of concern. 

There is a general trend of lower flood insurance demand under higher loading factors. Between 

loading factors 0.5 and 0.75 as well as 0.75 and 1, there is a lower incremental reduction in demand, 

compared to 1 and 4. This is unsurprising given that the relative flood insurance premium increases 

more in the latter case. In only three of the possible thirty six loading factor comparisons the impact 

of loading factor is not in the predicted direction. 

 

Figure 3.1: Mean insurance purchases under flooding probabilities (𝒑𝒑) 0.001, 0.01 

and 0.1, per government compensation version and loading factor (𝝀𝝀) 0.5, 0.75, 1 and 4 

Notes: ** indicates a significant difference at the 5% level with respect to flooding 

probability = 0.1 according to McNemar’s test. 
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In Table 3.5 we investigate the difference in the percentage of subjects insuring in the versions of 

government compensation (certain half, risky full and ambiguous full), relative to the baseline no 

government compensation condition. Chi-square tests are conducted to examine whether 

significant differences exist, because the comparisons are between-subjects. 

The table shows that subjects were less likely to purchase insurance under the versions of 

government compensation relative to the no government compensation condition in nearly all 

cases, which is consistent with the charity hazard. This effect appears to be strongest and most 

significant when comparing the no government compensation condition to the certain half and 

risky full versions of compensation. Only in one case (under flood probability 0.001 and loading 

factor 4), there is a significantly negative effect of the ambiguous full government compensation 

version relative to no government compensation (p-value < 0.05). The results imply that flood 

insurance demand is highest when no government compensation is present, and that certain half 

as well as risky full compensation have a significantly negative impact on demand. Ambiguous 

full compensation reduces demand marginally compared to no government compensation, but this 

effect has little significance. This may suggest that subjects were on average ambiguity averse 

when facing ambiguous government compensation, and insured more often because of this. 

There is no clear evidence to suggest that differences in charity hazard are responsive to the loading 

factor. Regarding the flood probability, in many cases differences are larger for probability 0.001 

except for when the loading factor is 0.75.



 

 
90 

 

Table 3.5: Percentage difference in insurance purchase under the different 
conditions of government compensation relative to the baseline (no government 
compensation condition) 
Loading 
factor 

Flooding 
probability 

Certain half Risky full Ambiguous full 

 
0.5 

0.001 
0.01 
0.1 

-20.6% (0.011) 
1.3% (0.845) 
-7.3% (0.310) 

-13% (0.063) 
-5% (0.447) 

-9.6% (0.153) 

-10.6% (0.154) 
-1.9% (0.790) 
1.7% (0.791) 

 
0.75 

0.001 
0.01 
0.1 

-5.7% (0.486) 
-13.9% (0.069) 
-17.5% (0.037) 

-11.5% (0.131) 
-21.8% (0.004) 
-13.3% (0.074) 

-5.1% (0.528) 
-12% (0.112) 
-6.8% (0.426) 

 
1 

0.001 
0.01 
0.1 

-28% (0.001) 
-7.9% (0.360) 
-8.8% (0.323) 

-26.6% (0.001) 
-9.8% (0.212) 
-12.1% (0.131) 

-15.6% (0.052) 
-4.8% (0.572) 

0% (0.959) 
 
4 

0.001 
0.01 
0.1 

-16.4% (0.070) 
-6.2% (0.490) 
-8.1% (0.306) 

-17.8% (0.026) 
-13% (0.093) 
-8.5% (0.222) 

-18% (0.047) 
-5.1% (0.574) 
-10.2% (0.192) 

Notes: Percentage differences are: % insuring in government compensation versions 
- % insuring in baseline. The values in parentheses are p-values of Chi-square tests. 
 

3.4.2 Parametric analysis 

Table 3.6 displays results of a random effects Probit regression analysis, to examine the influence 

of our variables of interest on flood insurance purchase. The random effects model is used because 

we have panel data with multiple responses from individual subjects, and we estimate coefficients 

of time-invariant regressors.34 We cluster standard errors by subject to account for potential non-

independence within subject responses, although our qualitative results do not depend on 

clustering standard errors. 

We will first investigate pooled regression results in models 1, 2, 3 and 4. Model 1 examines the 

influence of the flood probability (flooding probability = 0.1 is the reference category), loading 

factor (loading factor = 4 is the reference category), government compensation versions (no 

government compensation is the reference category), risk aversion and ambiguity aversion 

(elicited in the gain domain with the MPL measures) on insurance purchase for the entire sample. 

                                                           
34 It can also be assumed that unobserved subject-specific effects are uncorrelated with government 

compensation versions, because the versions were randomly assigned across subjects. Our qualitative 

results are robust to pooled Probit and pooled OLS estimates with clustered standard errors by subject. 
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This model can be used to test H1, H2 and H4. Model 2 takes into account the potential interaction 

between the flood probability and risk aversion to test H3. An order variable is also included in 

models 1 and 2 to control for the effect of being presented with either the risky full, certain half or 

ambiguous full version of government compensation first. Models 3 and 4 carry out the same 

analysis as models 1 and 2 respectively, except the stated measure of risk aversion is used instead 

of the MPL measure. 

The models show that there is a negative relation between the loading factor and flood insurance 

demand. That is, subjects were less likely to purchase flood insurance as the insurance premium 

increased. Moreover, relative to no government compensation, compensation in the form of risky 

full or certain half reduces the probability of insurance purchase, although this is not the case for 

ambiguous full compensation. Regarding ambiguity and risk preferences, more ambiguity averse 

subjects are more likely to purchase flood insurance, whereas there is no impact of risk aversion 

measured according to the MPL task on insurance purchase. However, we do find a positive impact 

of risk aversion on insurance purchase with the stated measure. Lastly, models 1 and 3 show that 

a decrease in the flood probability from 0.1 to 0.01 increases the probability of flood insurance 

purchase, consistent with the findings of Laury et al. (2009). However, lowering the flood 

probability to 0.001 does not significantly influence the likelihood of insurance purchase relative 

to probability 0.1. This may be due to a sub-group of subjects perceiving probability 0.001 to be 

below their threshold level of concern. There are also no interaction effects between the flood 

probability and risk aversion according to the MPL measure. Whereas, there is an interaction effect 

between flood probability 0.01 and stated risk aversion. 

Now consider the results from models 5, 6, 7 and 8. Model 5 examines observations from subjects 

who faced both risky full government compensation and certain half, and the effect of the former 

relative to the latter on insurance purchase. Model 6 accounts for the potential interactions included 

in model 2, as well as the possible interaction between the riskiness of government compensation 

and risk aversion measured according to the MPL task to test H5. An order variable is also included 

in models 5 and 6 to control for the effect of being presented with either the risky full or certain 

half version of government compensation first. Models 7 and 8 perform the same respective 

analysis as models 5 and 6, except the stated measure of risk aversion is used instead of the MPL 

measure. 
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Consistent with models 1, 2, 3 and 4, the loading factor is negatively related to flood insurance 

demand. In addition, relative to certain half government compensation, compensation in the form 

of risky full does not impact the probability of insurance purchase, and there is no interaction 

between the riskiness of government compensation and risk aversion either measured with the 

MPL task or stated. There is also no unique effect of risk aversion measured with the MPL task or 

ambiguity aversion on the likelihood of insurance purchase, but there is a unique effect of stated 

risk aversion. The non-significance of ambiguity aversion is unsurprising, because there is no 

ambiguity in the risky full and certain half government compensation versions. Despite the positive 

effect of a lower flood probability (from 0.1 to 0.01) on the probability of insurance purchase in 

models 5 and 7, including interactions between the flood probability and risk aversion results in 

insignificant coefficient estimates, using both the MPL measure and stated. Lastly, there are no 

order effects between the risky full and certain half government compensation versions of the 

experiment. 

Moving on to the results of regression models 9, 10, 11 and 12, model 9 considers observations 

from subjects who faced both risky full government compensation and ambiguous full, and the 

effect of the risky version relative to the ambiguous version on insurance purchase. Model 10 

accounts for the potential interactions included in model 2, as well as the interaction between the 

degree of ambiguity in government compensation and ambiguity aversion. In model 10, the 

coefficient estimate on the ambiguity aversion gain domain variable can be used to test H6. The 

interaction between the risky full government compensation and ambiguity aversion gain domain 

variables can be used to test H7. An order variable is also included in models 9 and 10 to control 

for the effect of being presented with either the risky full or ambiguous full version of government 

compensation first. Models 11 and 12 provide the same analysis as models 9 and 10, except the 

stated measure of risk aversion is used instead of the MPL measure (which is utilized in models 9 

and 10). 

The loading factor negatively affects the probability of insurance purchase, consistent with the 

other regression results. Moreover, relative to ambiguous full government compensation, 

compensation in the form of risky full has a negative impact on the probability of insurance 

purchase in models 9 and 11. Interpreting models 10 and 12, there is a negative interaction between 

risky full government compensation and ambiguity aversion, as well as a positive coefficient 
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estimate on the ambiguity aversion variable. This implies that ambiguity aversion positively affects 

insurance demand under ambiguous full government compensation. In addition, more ambiguity 

averse subjects demanded less insurance in the risky full relative to the ambiguous full version of 

the experiment. In other words, ambiguity averse subjects have lower insurance demand when 

government compensation is less ambiguous. Consistent with the prior results, we also find no 

effect of risk aversion measured with the MPL task on the likelihood of insurance purchase. 

Furthermore, although there are positive coefficient estimates on the 0.01 flood probability 

variable in models 9 and 11, we find no significant probability effect in models 9 and 11, nor in 

model 10 which considers potential interactions between the flood probability and risk aversion 

according to the MPL measure. Nevertheless, there is an interaction between flood probability 0.01 

and stated risk aversion in model 12. Finally, we do find order effects between the risky full and 

ambiguous full government compensation versions. Importantly, the effect we find, regarding the 

impact of risky vs. ambiguous government compensation on flood insurance demand, is not due 

to order of government compensation, because order has been controlled for in our regression 

results. 

Table A4-1 in Appendix A displays results of a random effects Probit regression analysis, with 

risk and ambiguity preferences elicited in the loss domain. The qualitative conclusions remain the 

same, except we find no unique effect of ambiguity aversion elicited in the loss domain on 

insurance demand. Nevertheless, there is still a negative interaction between risky government 

compensation and ambiguity aversion elicited in the loss domain in Table A4-1. Ambiguity 

preferences elicited in the gain domain may better predict the unique effect on insurance demand 

under ambiguous government compensation if the compensation and the endowment were often 

integrated by subjects into potential losses, so the insurance decisions were viewed in the gain 

domain. 

 



Table 3.6: Random effects Probit regression of variables of influence on flood insurance purchases with risk and ambiguity preferences elicited in the gain domain 
Pooled Risky full vs. certain half Risky full vs. ambiguous full 

MPL Stated MPL Stated MPL Stated 
Variable M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 
Flooding probability=0.001 0.17 

(0.12) 
0.26 

(0.35) 
0.17 

(0.12) 
-0.17
(0.33)

0.13 
(0.16) 

0.58 
(0.43) 

0.13 
(0.16) 

0.42 
(0.41) 

0.14 
(0.20) 

0.20 
(0.69) 

0.14 
(0.20) 

-0.76
(0.65)

Flooding probability=0.01 0.24*** 
(0.09) 

0.10 
(0.27) 

0.24*** 
(0.09) 

-0.28
(0.25)

0.29** 
(0.13) 

0.29 
(0.35) 

0.29** 
(0.13) 

0.09 
(0.31) 

0.17 
(0.15) 

0.18 
(0.51) 

0.17 
(0.15) 

-0.71
(0.47)

Loading factor=0.5 1.52*** 
(0.09) 

1.52*** 
(0.09) 

1.52*** 
(0.09) 

1.53*** 
(0.09) 

1.40*** 
(0.15) 

1.41*** 
(0.15) 

1.40*** 
(0.15) 

1.41*** 
(0.15) 

1.67*** 
(0.14) 

1.68*** 
(0.14) 

1.67*** 
(0.14) 

1.70*** 
(0.15) 

Loading factor=0.75 1.18*** 
(0.08) 

1.18*** 
(0.08) 

1.18*** 
(0.08) 

1.19*** 
(0.08) 

1.09*** 
(0.11) 

1.10*** 
(0.11) 

1.09*** 
(0.11) 

1.10*** 
(0.11) 

1.27*** 
(0.12) 

1.27*** 
(0.12) 

1.27*** 
(0.12) 

1.29*** 
(0.13) 

Loading factor=1 0.88*** 
(0.07) 

0.88*** 
(0.07) 

0.88*** 
(0.07) 

0.88*** 
(0.07) 

0.68*** 
(0.10) 

0.69*** 
(0.10) 

0.68*** 
(0.10) 

0.68*** 
(0.10) 

1.08*** 
(0.11) 

1.09*** 
(0.11) 

1.08*** 
(0.11) 

1.10*** 
(0.11) 

Certain half -0.39**
(0.16)

-0.39**
(0.16)

-0.32**
(0.16)

-0.32**
(0.16)

Risky full -0.39**
(0.16)

-0.39**
(0.16)

-0.32**
(0.16)

-0.32**
(0.16)

0.01 
(0.09) 

-0.13
(0.27)

0.01 
(0.09) 

-0.11
(0.22)

-0.29***
(0.09)

0.46 
(0.36) 

-0.29***
(0.09)

0.47 
(0.36) 

Ambiguous full -0.11
(0.17)

-0.11
(0.17)

-0.05
(0.16)

-0.05
(0.16)

Risk aversion gain domain 0.01 
(0.03) 

0.01 
(0.03) 

0.03 
(0.04) 

0.04 
(0.05) 

-0.04
(0.04)

-0.04
(0.05)

Stated risk aversion 0.14*** 
(0.04) 

0.09* 
(0.05) 

0.15** 
(0.07) 

0.15* 
(0.08) 

0.12* 
(0.06) 

0.02 
(0.07) 

Ambiguity aversion gain 
domain 

0.08** 
(0.04) 

0.08** 
(0.04) 

0.06* 
(0.04) 

0.06 
(0.04) 

0.10 
(0.06) 

0.10 
(0.07) 

0.07 
(0.06) 

0.07 
(0.06) 

0.09 
(0.08) 

0.16** 
(0.08) 

0.07 
(0.08) 

0.14* 
(0.08) 

Flooding probability=0.001 
X risk aversion gain domain 

-0.01
(0.05)

-0.06
(0.06)

-0.01
(0.09)

Flooding probability=0.01 X 
risk aversion gain domain 

0.02 
(0.04) 

0.00 
(0.05) 

-0.00
(0.07)

Flooding probability=0.001 
X stated risk aversion 

0.06 
(0.06) 

-0.06
(0.07)

0.16 
(0.11) 

Flooding probability=0.01 X 
stated risk aversion 

0.10** 
(0.04) 

0.04 
(0.06) 

0.16** 
(0.08) 

Risky full X risk aversion 
gain domain 

0.02 
(0.04) 

Risky full X stated risk 
aversion 

0.02 
(0.05) 



Risky full X ambiguity 
aversion gain domain 

-0.13**
(0.06)

-0.13**
(0.06)

Order 0.11* 
(0.06) 

0.11* 
(0.07) 

0.11* 
(0.06) 

0.11* 
(0.07) 

0.01 
(0.09) 

-0.00
(0.10)

0.01 
(0.09) 

0.00 
(0.09) 

0.22** 
(0.09) 

0.25*** 
(0.09) 

0.22** 
(0.09) 

0.25*** 
(0.09) 

Constant -1.40**
(0.64)

-1.38**
(0.63)

-2.12***
(0.61)

-1.85***
(0.61)

-3.19**
(1.27)

-3.28**
(1.32)

-3.77***
(1.28)

-3.76***
(1.29)

-0.84
(0.97)

-1.30
(0.95)

-1.55*
(0.87)

-1.42
(0.93)

Observations 4,176 4,176 4,176 4,176 1,800 1,800 1,800 1,800 1,752 1,752 1,752 1,752 
Subjects 200 200 200 200 75 75 75 75 73 73 73 73 
Notes: Dependent variable: insurance purchase. Model coefficients are shown and standard errors are reported in parentheses clustered by subject. ***Significant at 1%; **Significant 
at 5%; *Significant at 10%. Regressions control for gender, age, being Dutch, flood risk perceptions and perceptions about government compensation. 
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3.5 Discussion 

3.5.1 Hypotheses 

Table 3.7 describes how the hypotheses fared. Experimentally revealed risk preferences according 

to the MPL measure were not a significant predictor of flood insurance decisions. This result is 

consistent with some other experimental studies finding that risk preferences elicited 

experimentally do not explain insurance demand (e.g., Aseervatham et al., 2015; Harrison and Ng, 

2016; Sauter et al., 2016). We cannot rule out that risk preferences may be different in insurance 

decisions compared to those elicited in standard gamble tasks due to a framing effect (Hershey and 

Schoemaker, 1980). We find that risk aversion according to a stated measure of risk preference in 

Dohmen et al. (2011) is positively related to insurance demand. Dohmen et al. (2011) showed that 

the stated measure is a good all-round predictor of risk taking behaviour in practice, and may better 

capture risk aversion in relation to flood insurance demand in our experiment. Overall, we find 

partial support for H1. 

Our results also suggest that a decrease in the flood probability from 0.1 to 0.01 increases flood 

insurance demand, consistent with Laury et al. (2009). Interestingly, the regression results find 

that a further reduction in the flood probability to 0.001, has no significant impact on flood 

insurance demand relative to 0.1. It may be that a sub-group of subjects find that flood probability 

0.001 falls below their threshold level of concern. This sub-group may treat this very low-

probability of flooding as negligible. This type of behaviour is typical of individuals facing low-

probability risks in practice (Camerer and Kunreuther, 1989a), and has been observed in another 

experiment of flood insurance demand among Dutch homeowners by Robinson and Botzen (2018). 

We find a positive interaction effect between flood probability 0.01 (relative to flood probability 

0.1) and stated risk aversion on insurance demand. But we do not find the expected interaction 

effect with flood probability 0.001, which may fall below subjects’ threshold level of concern, nor 

with the MPL measure of risk aversion. Therefore, we find partial support for H3. 

Concerning the loading factor, our results show that there is an inverse relationship between flood 

insurance demand and the price of insurance, in support of H2. 

In addition, certain half and risky full government compensation negatively impacts flood 

insurance demand relative to the baseline, in support of H4 and the charity hazard hypothesis. 
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However, the ambiguous full government compensation does not significantly influence flood 

insurance demand. This result is consistent with the field survey results of Raschky et al. (2013), 

who find that partial certain government compensation drives a stronger crowding out of flood 

insurance demand, than ambiguous full government relief which is subject to political influences. 

We reject H5 given that flood insurance demand is approximately the same under risky full vs. 

certain half government compensation, and more risk averse subjects demand no more or less 

insurance under either version. Overall, insurance demand is highest under no government 

compensation and ambiguous full government compensation and lowest under certain half and 

risky full government compensation. 

Based on the Klibanoff et al. (2005) smooth model of decision making under ambiguity, we expand 

upon the analysis in Kelly and Kleffner (2003) and Raschky and Weck-Hannemann (2007), to 

examine insurance demand under ambiguous government compensation.35 We find that there is a 

significant positive unique effect of ambiguity aversion on the likelihood of flood insurance 

purchase under ambiguous full government compensation, according to ambiguity preferences 

elicited in the gain domain, supporting H6. Whereas, this is not the case with ambiguity 

preferences elicited in the loss domain. Perhaps gain domain ambiguity preferences were a better 

predictor of this unique effect because compensation and the endowment were often integrated 

into potential losses by subjects, so the insurance decisions were viewed as a gain. That is, subjects 

may have kept the endowment in mind when making insurance choices. Klibanoff et al. (2015) 

also assume 𝐸𝐸𝑈𝑈 under risk, and therefore that individuals process outcomes in terms of final 

wealth. 

For our final hypothesis H7 we find that insurance demand is significantly higher under ambiguous 

full government compensation vs. risky full government compensation for more ambiguity averse 

individuals, which is consistent with H7. This is regardless of whether preferences are elicited in 

the gain or loss domain. 

                                                           
35 The smooth model is commonly used in theoretical examinations of insurance demand under ambiguity 

or uncertainty of the loss probability (e.g., Snow, 2011; Alary et al., 2013; Brunette et al., 2013; Bajtelsmit 

et al., 2015; Berger, 2016). Ambiguity aversion increases insurance demand when the probability of loss is 

more ambiguous according to these studies. 
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Table 3.7: Summary of hypotheses results 
Hypothesis Explanation Result 

H1 There is a positive unique effect of stated risk aversion on 
insurance demand, but not with the MPL measure of risk 
aversion. 

Partial 
support 

H2 There is a negative effect of the loading factor on insurance 
demand. 

Support 

H3 There is a positive interaction effect between flood probability 
0.01 and stated risk aversion on insurance demand, but not with 
flood probability 0.001, nor with the MPL measure of risk 
aversion. 

Partial 
support 

H4 There is a negative effect of certain half and risky full 
government compensation on insurance demand, but not with 
ambiguous full government compensation. 

Partial 
support 

H5 There is not an interaction effect between risky full government 
compensation and risk aversion on insurance demand. 

Not 
supported 

H6 There is a positive unique effect of ambiguity aversion in the 
gain domain on insurance demand, but not with ambiguity 
aversion in the loss domain. 

Partial 
support 

H7 There is a negative interaction effect between risky full 
government compensation and ambiguity aversion on insurance 
demand. 

Support 

 

3.5.2 Policy recommendations 

Our between-subjects analysis of the charity hazard shows that certain half and risky full 

government compensation crowd out flood insurance demand. Findings also suggest that 

ambiguous government compensation does not significantly reduce flood insurance demand after 

taking into account the impact of loading factor, flood probability, as well as risk and ambiguity 

preferences. Therefore, if eliminating government compensation completely is infeasible, perhaps 

it should be made ambiguous because crowding out of insurance demand appears to be less 

persistent. However, this is practically difficult given the high political incentives to offer 

compensation for uninsured losses after a disaster (Dari-Mattiacci and Faure, 2015). Broad media 

coverage which often accompanies disaster assistance can lead households to expect that uninsured 

flood losses will be compensated in the future (Seifert et al., 2013). Finding solutions to lessen 

reliance on government support schemes is a necessity, given that flood risks are likely to increase 

with socio-economic developments and climate change (IPCC, 2012). We propose that increasing 

flood insurance demand, so that uninsured losses are hardly present is the best way forward. 
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Raschky and Weck-Hannemann (2007) suggest that redirecting the funds used for government 

relief to insurance subsidies, may be an economically attractive solution to overcoming the charity 

hazard. This would also reduce homeowners’ ambiguity about whether their flood losses will be 

covered, assuming that flood insurance demand increases and there is no risk of insurer default. 

Our results show that the price of flood insurance is a strong determinant of demand, therefore 

subsidies may work well. An exception is if an individual perceives the subjective likelihood of 

flood risk to fall below their threshold level of concern. Empirical evidence from the US suggests 

that demand for subsidized flood insurance is quite low (Dixon et al., 2006), perhaps due to 

individuals dismissing flood risks. A disadvantage of subsidizing flood insurance is that it reduces 

the price signal of flood risk, thereby encouraging individuals to settle into high-risk areas at the 

potential expense of the tax-payer (Young, 2008). Moreover, subsidies may reduce incentives for 

risk mitigation (Kousky, 2018), i.e., premium discounts for risk mitigation are less effective if 

flood insurance premiums are subsidized rather than risk-based. 

Another solution to the charity hazard is strengthening/introducing flood insurance purchase 

requirements in high-risk areas, so that individuals who are incognizant of their flood risk or those 

who have a tendency to dismiss it, would be automatically covered. However, other types of 

regulatory intervention which overcome insurance demand choice anomalies while preserving an 

individual’s freedom of choice may provide a better solution (Schwarcz, 2010). An example of 

such a choice anomaly in our experiment is that despite predictions of 𝐸𝐸𝑈𝑈 Theory, there is no 

significant difference in the rate of flood insurance purchase when the probability attached to flood 

risk is 0.001, compared to when the probability is 0.1 with the same expected value. We conjecture 

that this may be due to a sub-group of subjects finding that flood probability 0.001 falls below 

their threshold level of concern. Overcoming systematic biases in judgment may require re-

framing information about flood risks. Schwarcz (2010) discusses how the latter could be used to 

overcome threshold probabilities, by framing flood risks over periods in excess of a single year. 

Empirical findings suggest that flood risk perceptions are higher when the probability of one flood 

is described as 1 in 3 over 40 years, relative to 1 in 100 every year (Keller et al., 2006). 

Alternatively, bundling flood risk with other low-probability risks into a single insurance policy 

may raise perceived loss probabilities above individual threshold levels (Kunreuther and Pauly, 

2004). The empirical evidence on bundling so far is mixed (Slovic et al., 1977; Schoemaker and 

Kunreuther, 1979), and more research may be needed to confirm whether it is a feasible solution. 
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3.6 Conclusion 

In this paper we examine the charity hazard hypothesis in relation to various degrees of ambiguity 

in government compensation, as well as the influence of risk preferences, ambiguity preferences 

and insurance pricing on flood insurance demand. We compare several theoretical predictions to 

our results, according to 𝐸𝐸𝑈𝑈 Theory and the Klibanoff et al. (2005) smooth model of decision 

making under ambiguity. 

Our results are based on an incentivized economic experiment, conducted with 200 subjects. We 

conclude that flood insurance demand is negatively related to certain and risky government 

compensation, although ambiguous compensation does not significantly crowd out demand. We 

also find that ambiguity averse subjects have higher demand for insurance when government 

compensation is ambiguous relative to risky, according to experimentally elicited ambiguity 

preferences. Ambiguity preferences elicited in the gain domain also better predicted the unique 

effect on insurance demand under ambiguous government compensation, relative to those elicited 

in the loss domain. 

Stated risk aversion better predicts flood insurance demand and aversion to mean-preserving 

spreads than risk preferences elicited in MPL tasks. Moreover, premium loading is inversely 

related to flood insurance demand regardless of the type of government compensation granted. 

In addition to whether or not compensation is provided, the extent of relief is influenced by 

political factors in practice. Future research may consider examining whether ambiguity in the 

extent of government compensation affects flood insurance decision making. Another useful next 

step may be to investigate ambiguity in the probability of flooding as well as ambiguity in 

government compensation simultaneously, since in some countries the flood probability may be 

not well studied and unknown. 

We suggest several recommendations for policy to improve flood risk preparedness, including 

mandatory insurance, re-framing probability information and bundling. The effectiveness of these 

policies can also be useful topics for future research. 
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CHAPTER FOUR 

The impact of regret and worry on the threshold level of concern for flood insurance 

demand: Evidence from Dutch homeowners 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is based on: Robinson, P.J. and Botzen, W.J.W., 2018. The impact of regret and worry 

on the threshold level of concern for flood insurance demand: Evidence from Dutch homeowners. 

Judgment and Decision Making, 13(3), pp.237-245. 



 

 
102 

 

4.1 Introduction 

Natural disaster risks, like flood risks, are increasing as a result of climate change and socio-

economic development in hazard prone areas (IPCC, 2012). One method by which individuals can 

protect themselves against the risk of flooding is by purchasing insurance. However individuals 

may ignore flood risks, thus creating difficulties for policymakers who aim to increase protection 

measures (Camerer and Kunreuther, 1989a). Studies from the US have shown that many 

homeowners in flood prone areas tend to forgo purchasing flood insurance (Kriesel and Landry, 

2004; Dixon et al., 2006) even when premiums are subsidized (Kunreuther et al., 1978). In addition 

to studies of insurance purchases by homeowners in practice, experimental and survey papers 

report that a substantial proportion of individuals are either willing to pay nothing to protect against 

low-probability risks or do not purchase insurance priced at actuarially fair levels (Slovic et al., 

1977; McClelland et al., 1993; Schade et al., 2012; Kunreuther and Michel-Kerjan, 2015). Despite 

this neglect of risk in some, others have a very high demand for insurance against low-probability 

risks (Botzen and van den Bergh, 2012b; Brouwer et al., 2014). 

Individuals may be unwilling to purchase insurance because they perceive the probability of the 

insurable risk to be below a subjective threshold level of concern (Slovic et al., 1977). To elaborate, 

Kunreuther (1996) defines the threshold level as p*, which is unconsciously set by the individual. 

If the subjective probability of the risk, p, does not exceed p*, the likelihood of the risk is treated 

as zero. Kunreuther and Pauly (2004) also proposed that insurance consumers maximize expected 

utility, although there are search costs associated with the collecting of accurate information about 

insurance. Furthermore, individuals need to be convinced that the likelihood of the insurable event 

exceeds their threshold level of concern before they will even incur such search costs. 

In an empirical examination, Botzen et al. (2015) classified individuals as threshold level of 

concern types if they answered yes to the following question: “Some people think that the flood 

probability is too low to be concerned about it. These people find that the flood probability is 

below their threshold level of concern. Does this apply to you?”. The authors found that awareness 

of flood risks as well as probability and damage perceptions are lower in individuals who reported 

using the threshold decision rule. This result suggests that low demand for flood insurance can be 

expected for individuals using threshold models for decision making, in particular if they believe 

that the flood probability they face is below their threshold level of concern. 
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It is well known that individuals have difficulties comprehending low-probability risks 

(Kunreuther et al., 2001) and seem likely to neglect these risks (Sunstein, 2003). Moreover, 

feelings about specific risks, like anticipated emotion (e.g., regret), may have an important role to 

play in individual probability distortions (Walther, 2003). Furthermore, Baron et al. (2000) find 

that anticipatory emotion (e.g., worry) also affects individual risk judgments. Loewenstein and 

Lerner (2003) defined anticipated emotion as emotion expected to be experienced in the future, 

while anticipatory emotion is experienced at the moment of decision making and related to the 

decision in hand. Anticipated emtion may concern regret for having not purchased insurance in the 

event of a large loss (Braun and Muermann, 2004). Anticipated regret may be an important factor 

behind an individual’s insurance purchase decision under low-probability/high-impact risks 

(Kunreuther and Pauly, 2017). Schade et al. (2012) found that the anticipatory emotion of worry 

is a good predictor of an individual’s demand for theft and fire insurance. In addition, Botzen et 

al. (2015) showed that individuals who worry more about flooding perceive higher flood 

probabilities and damage amounts. 

In the present paper, we experimentally analyze the probability at which homeowners in the 

Netherlands are willing to pay for flood insurance, and therefore treat the probability of flooding 

to be above their threshold level of concern, as well as whether this threshold is related to 

anticipated and anticipatory influences. 

We report that individuals who anticipate regret for not purchasing insurance in the event of a 

flood, as well as those who worry about flooding, tend to have lower threshold levels of concern. 

Note that the results of this study are based on the same data used for chapters 5 and 6. 

The paper is structured as follows: Section 4.2 describes the experiment implementation and gives 

an overview of the variable elicitation and description. Section 4.3 provides results regarding 

determinants of the threshold level of concern. Section 4.4 discusses these results and concludes 

the paper. 

4.2 Experiment implementation and variable elicitation and description 

4.2.1 Experiment implementation 

An online experiment was conducted with a sample of 1,041 Dutch homeowners. In the 

Netherlands flood insurance is currently unavailable, although the government may partly 
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compensate damages caused by large floods (Botzen and van den Bergh, 2012b). The homeowners 

were drawn from the consumer panel of Multiscope, who contacted respondents via email 

(http://www.multiscope.nl). All respondents were rewarded “Social Points” for participating, 

which can be exchanged into gifts via the Multiscope website. 48.2% of the sample live in dike-

ring areas designed at standards 1/1,250, implying that dikes can withstand a 1 in 1,250 years flood 

event. A further 3.8% of the sample live in 1/2,000 areas, 7.8% live in 1/4,000 areas, and 18.3% 

reside in dike-rings with the highest protection standard (1/10,000). Moreover, 19.4% live outside 

dike-ring areas in land that cannot be flooded by rivers, therefore the probability of river flooding 

is zero. 0.8% live outside dike-ring areas in a river bed, therefore the probability of flooding is 

high although there is no official safety standard. The remaining 1.7% could not be classified 

because they provided invalid postcodes. 

Individuals were first asked to imagine purchasing a property worth €240,000 in a flood prone 

area.36 Additional text stated that government compensation will not be granted for uninsured flood 

damages. We obtained maximum willingness-to-pay (WTP) for insurance valuations for nine two-

outcome prospects of probability and loss combinations framed as €60,000 flood risks (Table 

4.1).37 The flood risks were presented in ascending order of flood probability. Changes to these 

risks were attributed to different water levels in rivers in a year, and the flood insurance decisions 

took place from an endowed bank balance of €60,000. Therefore, potential flood losses were never 

greater than the bank balance available. 

Of the 1,041 sampled, 624 were randomly assigned to face real incentives, where one individual 

was paid according to one flood insurance decision (both selected at random). We then applied the 

Becker, De Groot and Marschak (1964) mechanism: a premium for which flood insurance is sold 

36 €240,000 = approximate average purchase price for a home in the Netherlands in year 2016 (Statistics 

Netherlands, 2017). 
37 In total we obtained fourteen WTP for flood insurance valuations. Two of these were presented between 

decisions 5 and 6: 0.33 probability of a flood causing €15,000 and €30,000 property damages respectively. 

The other three were scenarios where individuals were flooded for certain after decision 9: 0.33 probability 

of a flood causing €30,000 (respectively €45,000, €60,000) property damages, and 0.67 probability of a 

flood causing €15,000 (respectively €15,000, €30,000) property damages. However, these decisions are 

purposely left out of the analysis because they contain flood damage amounts other than €60,000. 
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is selected at random in the chosen decision. If the selected individual is willing to pay a value 

equal to or greater than the premium, then they have purchased insurance at the price of the 

premium, otherwise they face the flood risk uninsured. The individual’s earnings from the selected 

decision were paid at a specified exchange rate of 1%. This individual was contacted in private 

about the outcome of the computerized flood risk for their chosen decision after data collection 

through Multiscope. The remaining 417 individuals did not face any performance based payment. 

Appendix B provides details of the incentive mechanism and the experiment instructions in 

English, which were presented in Dutch to the respondents. 

Table 4.1: Probability and loss combinations presented for the 
flood insurance decisions 
Decision Probability of 

flooding 
Potential property damage 

caused by flooding 
1 0.0001 €60,000 
2 0.001 €60,000 
3 0.01 €60,000 
4 0.05 €60,000 
5 0.25 €60,000 
6 0.33 €60,000 
7 0.5 €60,000 
8 0.75 €60,000 
9 0.95 €60,000 

 

 4.2.2 Dependent variable 

To elicit the dependent variable which shall be called “threshold”, individuals faced a series of two 

stage decisions consisting of a payment card task and then a WTP task. First, individuals were 

presented with a yearly risk of flooding as well as sixteen ascending logarithmically spaced values 

with an additional option to accept the flood risk and remain uninsured. According to these values, 

individuals were asked to choose the value that represented their maximum WTP for flood 

insurance to fully cover the cost of property damages. Second, to obtain a more refined WTP 

estimate, individuals were asked what they were at most willing to pay for flood insurance between 

the value chosen previously and the next highest value. 

The threshold variable is constructed by first eliminating 59 individuals who accepted the flood 

risk and remained uninsured for all nine insurance decisions. These individuals are not informative 

with regards to threshold models, because they are likely willing to pay for insurance only if they 



 

 
106 

 

are flooded for certain. The threshold is then coded as the number of successive times that 

individuals accepted the flood risk and remained uninsured as the risk increased over the nine 

decisions. For example, if the individual is willing to pay for flood insurance only when the flood 

probability reaches 0.001, then their threshold is coded 1, and if the individual is willing to pay for 

flood insurance only when the flood probability reaches 0.01, the respective value is 2, etc. Table 

4.2 provides information about the threshold variable for 982 individuals on which the proceeding 

analysis is based. Interestingly, for individuals who do not remain uninsured throughout the entire 

experiment, the majority indicate threshold levels of concern below flood probability 0.0001. This 

is shown by the 79.7% of individuals willing to pay for insurance for flood probabilities ≥ 0.0001. 

Table 4.2: Coding of the dependent variable (threshold): the number 
of successive times individuals accepted the flood risk and remained 
uninsured 

Coding Frequency Percentage 
threshold = 0 783 79.7% 
threshold = 1 131 13.3% 
threshold = 2 37 3.8% 
threshold = 3 18 1.8% 
threshold = 4 7 0.7% 
threshold = 5 4 0.4% 
threshold = 6 1 0.1% 
threshold = 7 1 0.1% 

Total 982 100% 
 

 4.2.3 Independent variables 

A series of Likert scale survey questions were presented following the flood insurance decisions. 

To derive anticipated regret, we asked individuals to indicate to what extent they agree with the 

following statement: “I would feel regret about not purchasing flood insurance if a flood occurs” 

on a scale ranging from “Strongly disagree” (1) to “Strongly agree” (5). Moreover, anticipatory 

worry was elicited using the same response format, with the statement: “I am worried about the 

danger of flooding at my current residence”.38 Figure 4.1 displays histograms of the response 

patterns to these statements. The figure shows that most individuals are in the neutral category 

with regards to feeling regret about not purchasing flood insurance, however, the majority also 

                                                           
38 The items were presented in Dutch. 
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have very low worry about flooding. The latter is not surprising given that flood protection 

standards in the Netherlands are high. In particular, the Dutch government has invested heavily in 

flood protection in a series of projects called The Delta Works, which consists of dikes, dams, 

sluices and storm surge barriers that protect large parts of the country (Bubeck et al., 2015). 

Moreover, flood risk management is widely esteemed by the Dutch population (Terpstra, 2011). 

We will also assess the role of monthly household income and education levels, the former of 

which was measured on the following scale: income < €1,000 (1), €1,000 ≤ income < €1,500 (2), 

€1,500 ≤ income < €2,000 (3), €2,000 ≤ income < €2,500 (4), €2,500 ≤ income < €3,000 (5), 

€3,000 ≤ income < €3,500 (6), €3,500 ≤ income < €4,000 (7), €4,000 ≤ income ≤ €5,500 (8), 

income > €5,500 (9). Education is coded as follows: elementary school (1), middle level applied 

education (2), higher general continued education (3), bachelor (4), master (5), PhD (6). 

Given that stated maximum WTP for flood insurance values may be affected by worry about 

flooding and regret about not purchasing insurance, as well as having a direct relationship with our 

threshold variable, this introduces a potential for confounding. Specifically, worry and regret have 

been shown to influence risk aversion (Loewenstein and Lerner, 2003), and it is reasonable to 

assume that risk aversion relates to maximum WTP for flood insurance, which in turn could affect 

the WTP a positive amount for flood insurance, and therefore the threshold level of concern. There 

is not a single best measure for this potential confounding variable, although the maximum of all 

WTP values across the nine flood insurance decisions is one such measure, and will be used to 

examine whether the potentially problematic relationships exist in a correlation analysis in Section 

4.3.1.39 

                                                           
39 Mean WTP could also be used. Nevertheless, our conclusions remain the same regardless of which 

variable is used. 



 

 
108 

 

 

Figure 4.1: Distribution of Likert scale responses for anticipated regret and anticipatory 

worry 

4.3 Results 

Section 4.3.1 reports correlations among the threshold, worry, regret, monthly household income, 

education and maximum WTP. Section 4.3.2 reports a regression analysis to investigate the impact 

of worry and regret on the threshold measure once other variables are included in the model. 

 4.3.1 Correlations 

In this section we examine correlation coefficients between the threshold, worry, regret, monthly 

household income, education levels and the maximum WTP for flood insurance. Table 4.3 displays 

these results. The table illustrates the negative correlation between our variables of interest and the 

threshold measure. That is, individuals who worry more about flooding and exhibit more 

anticipated regret about not purchasing flood insurance should a flood occur are more likely to 

have a lower threshold level of concern.40 There is also a positive relation between the measures 

                                                           
40 With the data used in Botzen et al. (2015), we checked the correlation coefficient between their dummy 

variable threshold level of concern measure (based on individuals who stated yes to the question: “Some 

people think that the flood probability is too low to be concerned about it. These people find that the flood 

probability is below their threshold level of concern. Does this apply to you?”), and the scale response of 

individuals with respect to their worry about flooding (which was elicited in the same way that we elicit the 

variable in our experiment). The correlation coefficient is negative and significant -0.261 (p-value < 0.001), 

therefore, individuals who have low (high) worry about flooding levels are more (less) likely to indicate 
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of worry and regret, however, we will show in Section 4.3.2 that they both significantly influence 

the threshold level of concern once they are both included in a regression model. 

In addition, although monthly household income and education levels correlate positively and 

quite strongly with each other, as one might expect, neither variable affects the threshold level of 

concern. Thus, these variables cannot account for the observed negative correlations of worry and 

regret with threshold. However, monthly income levels and education are correlated positively 

with the maximum that individuals were willing to pay for flood insurance across the nine 

decisions. 

Interestingly, concerns regarding the potential confounding between maximum WTP for flood 

insurance and the threshold level of concern appear to be unjustified. That is, the correlation 

between these two variables is extremely low and even in the opposite direction from what would 

be predicted by the confounding. In sum, it appears that the determinants of threshold and of 

maximum WTP are different. 

Table 4.3: Correlation coefficients between variables 
   threshold regret  worry  income education

  
maximum 

WTP 
threshold 1      
regret -0.12* 1     
worry -0.124* 0.132* 1    
income 0.02 -0.026 -0.059 1   
education 0.035  0.009 -0.08  0.33* 1  
maximum WTP 0.016 0.046 -0.031 0.151*  0.173* 1 
Notes: Significance levels are: *p-value < 0.001. 

 

 4.3.2 Regression 

This section provides OLS regression results to further investigate the relationship between regret, 

worry and the threshold level of concern.41 Table 4.4 presents an overview of the regression results. 

                                                           
yes to the threshold level of concern question. This finding provides supportive evidence for our paper’s 

results. 
41 We did not dichotomize the independent variables because that would throw away potentially useful data. 

Nevertheless, the results in this section are robust to dummy variable coding of regret and worry, as well 

as ordered Logit and ordered Probit specifications. 
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Interpreting Model I, consistent with the results from Section 4.3.1, anticipated regret of not 

purchasing flood insurance and worry about flooding are negatively related to the threshold level 

of concern.42 Moreover, once socio-economic variables have been included in Model II, maximum 

WTP values in Model III, and performance based incentives in Model IV, the coefficient estimates 

for worry and regret remain stable and highly significant. Nevertheless, explanatory power for the 

regressions is quite low, and model fit decreases between Model I and Model IV according to the 

adjusted-R2. 

Strict violations of stochastic dominance may be high in online experiments where individuals are 

unsupervised, due to lower respondent motivation relative to what would be expected with an 

experimenter present. Such violations occurred in our experiment when an individual was willing 

to pay more for flood insurance under a given flood risk than another flood risk with a higher 

flooding probability. Upon inspection of the data, it is apparent that some of the sample violated 

stochastic dominance in their decisions. Notably, of the 982 individuals analyzed, stochastic 

dominance was violated 0.66 times on average. In addition, 46.4% of individuals violated at least 

once, although the majority of violators (69.5%) did so only once. Table 4.5 runs the Table 4.4 

regression results again excluding all individuals who violated stochastic dominance. This is a 

check to see whether the results are robust to individuals that breach the stochastic dominance 

rationality requirement. The results show that the directional effects of regret and worry on the 

threshold level of concern become stronger. This may be the case if stochastic dominance violators 

displayed less attention in their responses to the survey questions in general. 

42 Given the positive correlation we find between regret and worry in Table 4.3, one may suspect that regret 

and worry are not completely independent predictors of the threshold level of concern. For example, it may 

be the case that individuals exhibit more worry about flooding precisely because they anticipate more regret 

about not purchasing flood insurance if a flood occurs. The impact of worry on threshold level of concern 

may be sensitive to the regret level, however, we find that including an interaction between regret and worry 

results in an insignificant coefficient estimate on the interacting term (OLS p-value > 0.1). Our measure for 

the threshold level of concern is higher when worry and regret are low, but this is true of either regret or 

worry considered by itself. Note that a lot more statistical power is needed to detect interaction effects than 

to detect main effects. 
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Table 4.4: OLS regression results 
 Model I: 

Anticipated and 
anticipatory 

emotion 

Model II: 
Including socio-

economic 
variables 

Model III: 
Including 

maximum WTP 

Model IV: 
Including 
incentives 

regret -0.079* (0.024) -0.079* (0.024) -0.080* (0.024) -0.079* (0.024) 
worry -0.098* (0.028) -0.099* (0.029) -0.098* (0.029) -0.098* (0.029) 
income  -0.00003 (0.013) -0.0004 (0.013) -0.0005 (0.013) 
education  0.018 (0.023) 0.017 (0.023) 0.017 (0.023) 
maximum WTP   < 0.001 (< 0.001) < 0.001 (< 0.001) 
hypothetical    0.029 (0.053) 
constant 0.751* (0.089) 0.688* (0.132) 0.689* (0.132) 0.674* (0.135) 
adjusted-R2 0.024 0.023 0.022 0.022 
N 982 969 969 969 
Notes: Significance levels are: *p-value < 0.01 and standard errors are reported in parentheses. 
Dependent variable: threshold. The dummy variable, hypothetical, takes the value 1 for individuals 
who did not receive any performance based payment in the experiment. The number of 
observations decreases between Model I and Models II, III, IV due to individuals listing their 
education as “Other”. 

 

Table 4.5: OLS regression results excluding stochastic dominance violators 
 Model I: 

Anticipated and 
anticipatory 

emotion 

Model II: 
Including socio-

economic 
variables 

Model III: 
Including 

maximum WTP 

Model IV: 
Including 
incentives 

regret -0.118* (0.031) -0.120* (0.031) -0.120* (0.032) -0.119* (0.032) 
worry -0.116* (0.042) -0.113* (0.042) -0.114* (0.043) -0.112* (0.043) 
income  -0.020 (0.017) -0.020 (0.017) -0.020 (0.017) 
education  0.049 (0.03) 0.049 (0.031) 0.049 (0.031) 
maximum WTP   > -0.001 (< 0.001) > -0.001 (< 0.001) 
hypothetical    0.025 (0.071) 
constant 0.908* (0.12) 0.849* (0.175) 0.848* (0.176) 0.834* (0.180) 
adjusted-R2 0.041 0.043 0.042 0.040 
N 526 520 520 520 
Notes: Significance levels are: *p-value < 0.01 and standard errors are reported in parentheses. 
Dependent variable: threshold. The dummy variable, hypothetical, takes the value 1 for individuals 
who did not receive any performance based payment in the experiment. The number of observations 
decreases between Model I and Models II, III, IV due to individuals listing their education as 
“Other”. 
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4.4 Discussion 

Using data collected from an online experiment involving 1,041 Dutch homeowners, we have 

shown that once individuals with no discernible threshold level of concern (those who chose to 

accept the flood risk and remain uninsured for each of their nine insurance decisions) are removed 

from the sample, threshold probabilities are < 0.0001 for the majority (79.7%) of individuals.43 

Nevertheless, there is still a subsample of individuals using the threshold model, and anticipated 

and anticipatory emotions are significantly related to the associated thresholds. More specifically, 

our results suggest that on average, individuals who expect to feel regret about not purchasing 

insurance if a flood occurs, and individuals who worry about flood risk have decreased threshold 

levels of concern with respect to flooding. These effects cannot be accounted for by education, 

income, or maximum WTP. 

It is also remarkable that education levels do not affect threshold levels on average. This result 

dispels reasonable suspicion that higher education drives thresholds down due to an increased 

understanding of risk and insurance demand. In addition, the failure of education to correlate with 

threshold does not seem to be due to poor measurement, as it did correlate with maximum WTP. 

Incentives provided in the experiment according to the Becker, De Groot and Marschak (1964) 

mechanism do not relate to the threshold level of concern according to the analysis in Section 

4.3.2. Therefore, this payment mechanism may not be needed in a study that is interested in 

examining whether individuals have a zero or non-zero WTP for insurance. 

For individuals who utilize threshold models for their decision making, it is a challenge to design 

insurance products for risks that may fall below their thresholds. However, it has been suggested 

that risk perceptions can be increased by reframing yearly probability information about low 

likelihood events over a longer time frame. As an example, Slovic et al. (1978) found that 

                                                           
43 Overall, if we include those who chose to accept the flood risk and remain uninsured for each of their 

nine insurance decisions, a significant percentage of the sample are willing to pay zero for flood insurance, 

e.g., 25%, 13% and 10% under flood probabilities 0.0001, 0.001 and 0.01 respectively. Moreover, many 

individuals with a positive WTP for flood insurance, have very high demand, and are willing to pay more 

than an actuarially fair premium. Therefore, our results are not inconsistent with the statements made in the 

introduction. 
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intentions to use automobile seatbelts are larger when accident probability information is presented 

for 40,000 trips (a lifetime), compared to a single trip. In addition, Keller et al. (2006) showed that 

on average, individuals rate flood risks higher for a 33% probability of flood within 40 years, 

compared to a 1% probability of flood in a single year.44 Both studies serve to show that individuals 

may undertake better flood preparedness measures when flood risk information is reframed. 

Kunreuther and Pauly (2004) suggest another strategy for raising perceived loss probabilities 

above individual threshold levels, namely bundling, which consists of combining low-probability 

risks with other risks into a single insurance policy. That way, the combined probability of loss 

may exceed an individual’s threshold to incentivize insurance purchase. Nevertheless, the 

empirical evidence base is mixed and rather small, with Slovic et al. (1977) finding that bundling 

positively influences insurance demand, and Schoemaker and Kunreuther (1979) displaying the 

opposite effect. The topic would benefit from more research in the future. 

 

                                                           
44 Botzen et al. (2016) find that such a framing can have different effects for subgroups of individuals, and 

in particular depends on political ideology in the US. They show that Democratic voters are more likely to 

invest in flood proofing measures than Republican voters when both types of voters are presented with 

flood probabilities over a 30 year time frame compared to a 1 year time frame. 
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CHAPTER FIVE 

Determinants of probability neglect and risk attitudes for disaster risk: An online 

experimental study of flood insurance demand among homeowners 
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5.1 Introduction 

Low-probability/high-impact (LPHI) risks, like floods, are increasing due to socio-economic 

developments like population and economic growth in disaster prone areas, as well as climate 

change (IPCC, 2012). Individuals possess cognitive limitations when making protection decisions 

against these risks (Meyer et al., 2014; Browne et al., 2015). They often have difficulties assessing 

their likelihoods and fail to insure against them, even when premiums are subsidized (Kunreuther 

and Pauly, 2004; Petrolia et al., 2013; Dixon et al., 2006). One explanation for this behaviour is 

that individuals are boundedly rational and have difficulties assessing costs and benefits of 

insurance in a rational expected utility maximization (Conlisk, 1996). This can be the case for 

LPHI risks, with which individuals have little experience and opportunities for learning, such as 

learning about the benefits of insurance. 

Regarding low probabilities and probability weighting in Prospect Theory, Tversky and Kahneman 

(1992, p.303) remark that: “the (probability weighting) function is not well-behaved near the 

endpoints, and very small probabilities can be either greatly over-weighted or neglected”. Barberis 

(2013a) reviews the literature about LPHI risks, and highlights the absence of research in 

understanding why individuals either place a high or an extremely low weight on these types of 

events, which may be consistent with individual differences in probability weighting. 

A number of emotion-based models have been proposed to govern risk judgments (Tversky and 

Kahneman, 1974; Samuelson and Zeckhauser, 1988). Loewenstein and Lerner (2003) suggest that 

anticipated emotion (regret) and immediate emotion (worry and mood) impact decisions. 

Moreover, Slovic et al. (1977) proposed that risks are ignored when the perceived probability of 

that risk is below a threshold of concern. It has to our knowledge not been examined yet how flood 

insurance demand relates to these factors in an experiment with stated flood probabilities that 

resemble realistic flood risks for homeowners. This research aims to explain risk taking behaviour 

under low-probability flood risks to improve risk management policy by suggesting ways to 

overcome the components of individual emotion that hinder flood protection efforts. 

An economic experiment was conducted with 1,041 Dutch homeowners. The experiment elicited 

maximum willingness-to-pay for insurance for prospects of probability and loss combinations 

framed in the flooding context. We included survey questions to elicit psychological variables, as 
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well as socio-economic factors. A secondary objective of this paper is to compare risky behaviour 

under real incentives based on the random problem selection mechanism and the Becker, DeGroot, 

and Marschak (1964) method, to a hypothetical condition. Based on the data we estimate panel 

data models of probability neglect of flood risk (a willingness-to-pay of zero for flood insurance), 

and of willingness-to-pay for flood insurance. Note that the results of this study are based on the 

same data used for chapters 4 and 6. 

The paper is structured as follows: Section 5.2 provides motivation for variables included in the 

analysis and hypotheses of their expected effects. Section 5.3 describes the experiment 

implementation and design. Section 5.4 presents the method and main results related to the panel 

data models to establish determinants of probability neglect of flood risk and willingness-to-pay 

for flood insurance. This is followed by a discussion and policy recommendations in Section 5.5. 

Section 5.6 concludes the paper. 

5.2 Motivation and hypotheses 

5.2.1 Psychological factors 

The objective of this paper is to explain risk taking behaviour under low-probability flood risks. A 

bimodal pattern of risk attitudes has been shown to prevail in previous insurance experiments that 

simulate LPHI risk (e.g., McClelland et al., 1993; Papon, 2008; Schade et al., 2012). On the one 

hand, individuals may perceive the probability of loss to be below their threshold of concern and 

remain uninsured. In practice, this behaviour has been documented by the refusal to purchase 

subsidized insurance policies against natural disasters (Kunreuther et al., 1978; Kunreuther and 

Pauly, 2004). While on the other hand, individuals may attach a subjective probability to the loss 

which is far in excess of the objective one. This subgroup will have very high demand for insurance 

against low-probability risks (e.g., Brouwer et al., 2014). 

One might come up with a suitable metric for probability neglect analogous to Tversky and 

Kahneman’s (1992) quotation in Section 5.1. A possible candidate in the context of flood insurance 

demand is a willingness-to-pay of zero for insurance. Probability neglect, which we assume is the 

rounding of very low probabilities to zero, is difficult to explain by Expected Utility Theory (von 

Neumann and Morgenstern, 1944) due to its linear processing of probabilities. Under Expected 

Utility Theory, zero willingness-to-pay for flood insurance is explained by extreme convexity of 
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the utility function. It seems unlikely that individuals would process losses which are large in 

magnitude as close to zero. Our conjecture is similar to Rabin (2000), who provides evidence that 

utility curvature as a sole determinant of risk attitudes can imply implausible risk preferences over 

large stakes. Moreover, individuals placing either a large or a small value on mitigating LPHI risks 

is difficult to explain with utility curvature alone (Botzen and van den Bergh, 2012b). Therefore, 

we define zero willingness-to-pay for flood insurance as probability neglect of flood risk. 

Probability neglect has also been cited as a standard explanation for the refusal to protect oneself 

against disaster risks (e.g., Kunreuther and Michel-Kerjan, 2015). In addition, we will investigate 

factors influencing individuals’ risk preferences according to their maximum willingness-to-pay 

for flood insurance values, while we recognize that these values do not separate risk attitudes due 

to either probability weighting or outcome sensitivity. 

Loewenstein and Lerner (2003) suggested two ways emotion can impact decisions. The first is 

anticipated emotion, which relates to how individuals expect to feel under different outcomes. This 

could materialize as regret if individuals feel that they did not make an ex-ante optimal decision 

(Loomes and Sugden, 1982).48 Individuals may purchase insurance against potential large losses 

to avoid feeling regret (Braun and Muermann, 2004). Insured individuals may also view insurance 

as an investment and expect financial return on their policy (Krantz and Kunreuther, 2007). If 

losses do not occur, then they may regret paying for insurance. 

H1: Individuals with more anticipated regret about uninsured flood losses will have higher flood 

insurance demand. 

                                                           
48 Loomes and Sugden’s (1982) Regret Theory captures risk preferences due to regret and rejoicing, 

however, the theory allows equal probability distributions over outcomes to not be equivalent, leading to 

violations of the equivalence axiom (Loomes and Sugden, 1982, Table 6). Regret Theory also abandons the 

transitivity axiom. However, the aim of our study is to investigate whether anticipated regret elicited on an 

attitudinal response scale relates to risk preferences (measured according to flood insurance demand) for 

the low probabilities that typify flood risks. The objective of our paper is therefore unrelated to examining 

the predictive power of Regret Theory, and measuring risk preferences according to the Regret Theory 

model. 
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H2: Individuals with more anticipated regret about insurance payments in the event of no flood 

will have lower flood insurance demand. 

The second type of emotion discussed by Loewenstein and Lerner (2003) is immediate emotion, 

present at the moment of the decision. Immediate emotion can be subcategorized into incidental 

emotions induced by factors unrelated to the decision, and anticipatory emotions arising from 

consequences of the decision itself. A number of studies have explored incidental emotion and 

probability weighting (Fehr-Duda et al., 2011; Traczyk and Fulawka, 2016; Schulreich et al., 

2014). These studies find that a better mood increases risk seeking behaviour. 

H3: Individuals in a better mood will have lower flood insurance demand. 

Anticipatory emotion may relate to worry about flooding. For example, there is often a significant 

relation between worry about flood risk and demand for flood risk mitigation measures (Bubeck 

et al., 2012). Furthermore, Botzen et al. (2015) showed that worry about flooding is associated 

with greater anticipated flood damage and higher perceived flood probabilities. 

H4: Individuals with more worry about flooding will have higher flood insurance demand. 

Individuals may also dismiss low-probability events judged to be below a subjective threshold of 

concern (Slovic et al., 1977). Kunreuther and Pauly (2004) hypothesized that people are reluctant 

to purchase flood insurance because of search costs regarding the collection of accurate 

information on the value of insurance. If the perceived flood probability is not high enough (to 

surpass the threshold of concern), individuals will not account for the probability, and make 

minimal effort to gather insurance information. Botzen et al. (2015) showed that flood risk 

awareness, as well as perceived probability and damage amounts are lower for individuals who 

believe flood risks are below their threshold of concern. 

H5: Individuals who are more likely to believe flood probabilities are below their threshold of 

concern will have lower flood insurance demand. 

5.2.2 Incentives 

Our investigation of incentives is secondary to the psychological and subjective factors highlighted 

in Section 5.2.1, although we find it an important topic due to the growing number of insurance 

demand studies using similar experiment procedures to ours (e.g., Kunreuther and Michel-Kerjan, 
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2015; Schade et al., 2012; Zimmer et al., 2018). Common practice in experimental economics is 

to provide incentives which align experimental choices with incentives faced in actual market 

decisions (Camerer and Hogarth, 1999). Without incentives individuals may become risk seeking 

due to a hypothetical bias. 

A general challenge for high loss experiments is finding a way to incentivize decisions, because 

individuals require significant endowments (Etchart-Vincent, 2009). One method that mitigates 

this complication somewhat is the random problem selection mechanism (RPSM). The RPSM 

selects one experiment task at the end of the experiment with a randomization device, and 

individuals are paid according to the outcome of the selected task. The procedure is attractive if 

individuals treat tasks independently (Cubitt et al., 1998). Kunreuther and Michel-Kerjan (2015) 

incorporated the RPSM in an experiment involving sizeable experimental losses. Their payoffs 

were exchanged into lower amounts paid to a small number of individuals. However, the study did 

not aim to explore the impact this procedure has on decision making. Nevertheless, Bolle (1990) 

recommends paying one randomly selected subject the sum of the experimenter’s budget under 

low decision costs and anonymous choices, based on a theoretical and empirical investigation in 

ultimatum bargaining experiments. 

Etchart-Vincent and l’Haridon (2011) compared the effect of three payment schemes on risk 

preferences: hypothetical losses, losses from an endowment, and real losses based on the RPSM. 

They found no significant differences between the three conditions regarding probability 

weighting. We investigate how the RPSM with larger experimental outcomes exchanged into 

lower amounts affects decision making compared to hypothetical losses. 

H6: Individuals are more willing to take risks under hypothetical incentives, which will be 

reflected in their lower flood insurance demand. 

Table 5.1 summarizes the hypothesized effects of our variables of interest on flood insurance 

demand. Note that it is unclear from the previous literature whether the variables of interest will 

influence flood insurance demand through levels of willingness-to-pay for insurance or through 

probability neglect of flood risk. Therefore, we state the hypothesized effect of each variable on 

flood insurance demand in general.
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Table 5.1: Hypotheses 
Hypothesis Topic Hypothesized effect 

H1 More regret about uninsured flood losses Higher flood insurance demand 
H2 More regret about flood insurance payment Lower flood insurance demand 
H3 Better mood Lower flood insurance demand 
H4 More worry about flooding Higher flood insurance demand 
H5 Flood risk is judged below the threshold of concern Lower flood insurance demand 
H6 Hypothetical incentives Lower flood insurance demand 

 

5.3 Implementation and experiment design 

5.3.1 Implementation 

An online experiment was conducted with a sample of Dutch homeowners, primarily located 

within dike-ring areas that face flood risk, which may be important for eliciting feelings related to 

flood risk. Online experiments obtain a large and diverse sample at low cost. Moreover, the method 

prevents participant communication, competitive behaviour and experimenter effects (Horton et 

al., 2011). We acknowledge that individuals participating in online experiments may be less 

attentive and motivated than individuals in a laboratory in the presence of an experimenter 

(Oppenheimer et al., 2009). We try to minimize these concerns by omitting individuals from the 

analysis who commit violations of stochastic dominance.49 

All individuals were initially contacted via email, and were rewarded “Social Points” for 

participating which can be exchanged into gifts via the survey company’s website 

(http://www.multiscope.nl).50 Respondents are distributed over dike-ring areas with a low and 

relatively high flood risk.51 

                                                           
49 These are individuals who were willing to pay more for flood insurance under a given flood risk than 

under another flood risk with a higher flooding probability. 
50 The email did not state the nature of the experiment to prevent selection bias. 
51 48.2% of the sample live in dike-ring areas designed at standards 1/1,250, implying that dikes can 

withstand a 1 in 1,250 years flood event. 3.8% of the sample live in 1/2,000 areas, 7.8% live in 1/4,000 

areas, and 18.3% reside in 1/10,000 areas. Moreover, 19.4% live outside dike-ring areas in land that cannot 

be flooded by rivers, therefore the probability of river flooding is zero. 0.8% live outside dike-ring areas in 

a river bed, therefore the probability of flooding is high although there is no official safety standard. The 

remaining 1.7% could not be classified because they provided invalid postcodes. 
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From the total sample of 1,041 individuals, 624 were randomly assigned to face real incentives 

(see Section 5.3.2), whilst no performance-based payment was provided to 417. 52.4% are male 

and median income is between €3,000 and €3,499. 61.7% had completed higher education, 13.1% 

are aged less than 35, 36.6% between 35 and 49 and 50.3% are 50 years and older. Older 

individuals were perhaps more likely to participate because we targeted homeowners. Renters do 

not pay for structural flood damage to their home, so this subgroup was excluded from the study. 

5.3.2 Insurance decision tasks and variable elicitation 

Individuals were asked to imagine purchasing a property worth €240,000 in a flood prone area.52 

Additional text stated that government compensation will not be granted for uninsured flood 

damages. We obtained maximum willingness-to-pay for insurance values for prospects of 

probability and loss combinations framed as flood risks. This paper will focus on flood insurance 

demand for four realistic flooding probabilities in the Netherlands. Cities of high economic 

importance, like Amsterdam and The Hague, are protected by dikes with an annual exceedance 

probability of 1 in 10,000. For dike-ring areas in the River Rhine delta, this likelihood is 1 in 1,250, 

although 1 in 1,000 may be less cognitively challenging for individuals to imagine. For 

homeowners located in less protected areas, the annual probability of flooding can exceed 1 in 100 

(Ermolieva et al., 2017). Overall, we elicited insurance demand under flood probabilities 1 in 

10,000, 1 in 1,000, 1 in 100 and 1 in 20.53 

Changes to flood risks were attributed to different water levels in rivers. Flood insurance decisions 

took place from an endowed bank balance of €60,000, and flood losses were also fixed at this 

value. This can bias behaviour towards risk seeking if the individual views the endowment as a 

windfall gain (Thaler and Johnson, 1990), or risk aversion if the individual integrates the 

endowment into potential losses. However, Etchart-Vincent and l’Haridon (2011) found no such 

effects in an experiment similar to ours. 

                                                           
52 €240,000 = approximate average purchase price for a home in the Netherlands in year 2016 (Statistics 

Netherlands, 2017). 
53 We also elicited demand under a number of other higher flooding probabilities, but the present paper will 

focus on these four flooding probabilities presented first to individuals. 



 

 
123 

 

To elicit willingness-to-pay values, we used a two stage procedure where individuals faced a 

payment card task and then a willingness-to-pay task. First, individuals were presented a yearly 

flood risk as well as sixteen ascending insurance premium values between €1 and €60,000, with 

an additional option to remain uninsured. The values were logarithmically spaced to include risk 

seeking/neutral/averse options into the elicitation task, which is not possible with equal spacing 

for large outcomes. According to these values, individuals were asked their maximum willingness-

to-pay for flood insurance to fully cover the cost of property damages. Second, to obtain a more 

refined valuation, individuals were asked what they were at most willing to pay for flood insurance 

between the value chosen previously and the next highest value.54 

Decisions were ordered ascending in the probability of flood loss. This method may induce order 

effects, but individuals should find this procedure cognitively easier than if decisions were to be 

randomized. We see this as an issue of counterbalancing the drawback of more random decision 

making and higher incidence of stochastic dominance violations, if individuals were to be given 

the decisions in a randomized order. Although randomizing the order would prevent order effects, 

evidence from our pre-test and other studies (Etchart-Vincent and l’Haridon, 2011), suggested that 

individuals find it easy to deal with increasing probabilities, so this is why we adopted this method. 

This is particularly relevant because respondents were unsupervised in our experiment, and 

therefore may have been prone to stochastic dominance violations. 

                                                           
54 Given the online nature of our experiment there is a risk that individuals would be tempted to give up on 

the experiment after a short time if they perceived the tasks as too difficult. Therefore, we favor the two 

stage procedure over more complex methods for determining risk preferences like the price list format, 

where participants make a series of discrete choices. The latter would require a sizeable number of decisions 

which may lower response rates. While more theoretically appealing risk preference elicitation procedures 

exist, collecting valuations directly has advantages (see Zeisberger et al., 2012, pp. 364-365 for a 

discussion). However, it can be argued that the two stage procedure may be cognitively demanding for 

individuals with high valuations because they were asked to provide their valuation between a wide interval. 

We opt to include these individuals in the analysis (apart from those who stated they would be willing to 

pay €60,000), but reduce the impact of these potential outliers by applying ln-transformations to the 

valuations. 
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We paid one individual according to one flood insurance decision (selected at random) under real 

incentives. A 1% exchange rate was applied to these earnings, so the selected individual could earn 

€600 should they not experience a loss in the chosen decision. For payment we applied the Becker 

et al. (1964) mechanism: a premium for which flood insurance is sold is selected at random 

between the upper and lower bounds of the potential flood loss.55 If the individual is willing to pay 

a value equal to or greater than the premium, then they have purchased insurance at the price of 

the premium, otherwise they face the flood risk uninsured. Individuals should make decisions 

consistent with true preferences according to the BDM procedure, and this was explicitly stated. 

The randomly selected player could not lose money from her/his own pocket in the experiment 

given that flood insurance decisions took place from an endowed bank balance of €60,000, and 

flood losses did not exceed this value. We note that respondents were unaware of whether or not 

a flood would occur during the experiment itself and did not know the randomly determined 

insurance premium selling price, therefore it is in their best interest to reveal their maximum 

willingness-to-pay for flood insurance. In theory the payment mechanism satisfies the conditions 

of being salient because incentives are proportional to the good and bad outcomes of the 

experiment (Smith, 1982), and incentive compatibility because incentives are structured in a way 

that aims to reveal respondents’ true preferences (Jaspersen, 2016). Due to the potentially complex 

nature of the BDM mechanism for some individuals, we illustrated the method graphically 

alongside written instructions.56 

A series of Likert scale survey questions were presented following the flood insurance decisions. 

We measured anticipated regret using similar single item measures to Robinson and Botzen (2018) 

and Keller et al. (2011). Moreover, we adapted the incidental immediate emotion variable 

according to a question in Fehr-Duda et al. (2011). The question was asked prior to flood insurance 

decisions to minimize the impact of the insurance decisions on individual mood. Worry and 

threshold of concern was elicited using similar items to Botzen et al. (2015). 

 

                                                           
55 We left the bounds unspecified because respondents may anchor on the bounds, which can bias outcomes 

(Bohm et al., 1997). 
56 See Appendix B for the experiment instructions in English. 



 

 
125 

 

5.4 Method and main results 

5.4.1 Method 

We will perform two types of panel data regression analysis to explore the determinants of a 

willingness-to-pay of zero for flood insurance (probability neglect of flood risk), as well as 

variables which impact levels of willingness-to-pay for individuals who are willing to pay a 

positive amount. First, probability neglect is regressed on variables of interest and socio-economic 

controls in random-effects Probit models. Second, we perform ln-level random-effects generalized 

least-squares (GLS) regressions using ln-transformed maximum willingness-to-pay for flood 

insurance values.57 Random-effects models are used to account for between-respondent individual 

characteristics and the within-respondent variation in flood risks. Fixed-effects would not allow 

us to observe individual specific characteristics because these are differenced out in the estimation 

procedure. 

Results are displayed for flood probabilities, 1 in 10,000, 1 in 1,000, 1 in 100 and 1 in 20, because 

they span the annual probabilities of flooding for all dike-ring areas and some unprotected areas 

in the Netherlands. We control for gender, education, income, age and individual location58. We 

control for income, not wealth because there is a lot of missing data with regards to respondents’ 

stated home values which is an important determinant of wealth in the Netherlands. Respondents 

are perhaps less likely to know the value of their homes than their monthly incomes. 

We omit 99 respondents who violated stochastic dominance in at least one of the four questions 

relating to their flood insurance decisions. These responses may confound our results either due to 

a lack of attentiveness, or because these individuals were still coming to grips with the format of 

questions. We omit an additional 2, 3, 6 and 10 responses for flood probabilities 1 in 10,000, 1 in 

                                                           
57 Qualitative conclusions are also robust to random-effects Logit and Tobit model specifications. 
58 It is important to note that individuals who live in higher flood risk areas display more worry about 

flooding (Spearman’s rho = 0.122, p-value ≤ 0.0001), so it appears that subjective and objective risks 

correlate to some extent. The impact of worry on flood insurance demand may be sensitive to individual 

location, however, we find that including interactions between the risk and worry variables results in 

insignificant coefficient estimates on the interacting terms in the regression models (p-values > 0.05). 



 

 
126 

 

1,000, 1 in 100 and 1 in 20 respectively, where maximum willingness-to-pay for flood insurance 

was €60,000. 

Table 5.2 provides an overview of the variables included in the analysis in the next section, 

including the way in which they were measured and how they are coded as well as their mean and 

standard deviation values. Although we do not transform variables of interest into dummy 

variables, which ensures we do not throw away potentially useful data, the acceptance/rejection of 

hypotheses is not influenced by whether we dichotomize these variables. 
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Table 5.2: Variables included in the analysis 
Dependent 
variables 

Measurement Coding Mean Std. 
dev. 

N 

Probability neglect 
of flood risk 

Willingness-to-pay of zero for flood 
insurance 

Willing to pay zero for 
flood insurance = 1 and 0 
otherwise 

0.14 3,747 

Willingness-to-pay Maximum willingness-to-pay for flood 
insurance 

Ln(maximum 
willingness-to-pay for 
flood insurance) 

5.23 1.83 3,211 

Independent 
variables 

Measurement Coding Mean Std. 
dev. 

N 

Regret uninsured 
loss 

I would feel regret about not purchasing 
flood insurance if a flood occurs 

Strongly disagree = 1 to 
Strongly agree = 5 

3.15 1.12 3,747 

Regret insurance I would feel regret about paying an 
insurance premium if no flood occurs 

Strongly disagree = 1 to 
Strongly agree = 5 

2.90 1.21 3,747 

Better mood How has your day been going? Badly = 1 to Promising = 
5 

3.18 0.65 3,747 

Worry I am worried about the danger of 
flooding at my current residence 

Strongly disagree = 1 to 
Strongly agree = 5 

1.70 0.87 3,747 

Threshold of 
concern 

The probability of flooding is too low to 
be concerned about 

Strongly disagree = 1 to 
Strongly agree = 5 

3.62 1.07 3,747 

Hypothetical Dummy variable measure of incentives Hypothetical = 1 and 
incentivized = 0 

0.40 3,747 

P = 1 in 1,000 Dummy variable measure of 1 in 1,000 
flood probability 

Flood probability 1 in 
1,000 = 1 and 0 
otherwise 

0.25 3,747 

P = 1 in 100 Dummy variable measure of 1 in 100 
flood probability 

Flood probability 1 in 
100 = 1 and 0 otherwise 

0.25 3,747 

P = 1 in 20 Dummy variable measure of 1 in 20 
flood probability 

Flood probability 1 in 20 
= 1 and 0 otherwise 

0.25 3,747 

Male Dummy variable measure of gender Male = 1 and female = 0 0.52 3,647 
Education Ordinal variable measure of education Primary school = 1 to 

PhD = 6 
3.67 1.18 3,647 

Income Ordinal variable measure of net monthly 
household income 

Less than €1,000 = 1 to 
€5,500 or more = 9 

5.67 2.15 3,647 

Age Ordinal variable measure of age Less than 35 years = 1 to 
50 years or older = 3 

2.37 0.70 3,647 

Risk Ordinal variable measure of individual 
location 

Zero river flooding risk = 
1 to outside dike-ring in 
river bed = 6 

3.44 1.69 3,647 

Notes: 
The statements and questions are translated from Dutch. 
Willingness-to-pay is only measured for individuals who are willing to pay a positive amount. 
P = 1 in 10,000 is used as a reference category in the regression analysis. 
Interior education categories are: High school - lower secondary education = 2 and higher secondary education = 3, 
Bachelor’s degree = 4 and Master’s degree = 5. 
Interior income categories are: Between €1,000 and €1,499 = 2, between €1,500 and €1,999 = 3, between €2,000 and 
€2,499 = 4, between €2,500 and €2,999 = 5, between €3,000 and €3,499 = 6, between €3,500 and €3,999 = 7 and 
between €4,000 and €5,499 = 8. 
The interior age category is between 35 and 49 years = 2. 
Interior risk categories are: river flooding risk 1 in 10,000 = 2, river flooding risk 1 in 4,000 = 3, river flooding risk 1 
in 2,000 = 4 and river flooding risk 1 in 1,250 = 5. 
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5.4.2 Results 

Table 5.3 displays regression results for the random-effects Probit models of probability neglect 

(model I and II) and the random-effects GLS models of willingness-to-pay for flood insurance for 

individuals who are willing to pay a positive amount (model III and IV).56 Model I and II shows 

that individuals who anticipate more regret for uninsured losses have a lower likelihood of 

probability neglect of flood risks. There is also an interaction effect between this type of regret and 

the flood probability. That is, for higher flooding probabilities, individuals with more anticipated 

regret for uninsured losses are even less likely to neglect flood risks (random-effects Probit model 

p-values ≤ 0.05). We conjecture that this may be due to an increase in the saliency of this type of 

regret for higher probabilities, because uninsured losses are more likely. According to model IV, 

this regret has only a level effect on levels of flood insurance individuals are willing to pay once 

socio-economic characteristics have been controlled for (random-effects GLS model p-value ≤ 

0.05). 

In addition, model I and II show that there is also a level effect of more anticipated regret about 

paying for insurance in the event of no flood, which relates to an increased likelihood of probability 

neglect of flood risk (random-effects Probit model p-values ≤ 0.01). According to model III and 

IV, there is an interaction effect as well between regret about paying for insurance and the flood 

probability regarding levels of willingness-to-pay. Only for flood probabilities greater than 1 in 

10,000 are individuals who have more anticipated regret about paying for insurance willing to pay 

less for flood insurance (random-effects GLS model p-value ≤ 0.01). There is no obvious 

explanation for this interaction effect with probability, although it suggests that individuals may 

simply neglect flood risk at the lowest flood probability if they are prone to this type of regret 

instead of thinking about how much less they are willing to pay. 

                                                           
56 The analysis assumes there is a discontinuity between probability neglect of flood risk, and individuals 

who exhibit strong risk seeking. Nevertheless, our results are robust to considering probability neglect of 

flood risk as a boundary expression of extreme risk seeking rather than as a discontinuous phenomenon. 

That is, adding individuals who were willing to pay at most €1 and €2 to the category of individuals 

neglecting the probability of flood risk does not qualitatively change our results. 
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More worry about flooding decreases the likelihood of probability neglect of flood risk in model I 

and II as expected (random-effects Probit model p-values ≤ 0.001). Moreover, whereas, there is a 

relatively large positive effect of worry on levels of willingness-to-pay at flood probability 1 in 

10,000 and 1 in 1,000, this positive relation becomes lower in magnitude at probability 1 in 100 

and 1 in 20 in model III and IV (random-effects GLS model p-values ≤ 0.05). From our point of 

view, it is logical that individuals would employ risk perceptions (like worry) to a greater extent 

for lower probabilities that most individuals in our sample also face in practice. 

The influence of incidental better mood is insignificant across all model specifications. Overall 

our results suggest that context specific anticipated and anticipatory emotion are more important 

determinants of probability neglect of flood risk and levels of overall willingness-to-pay than 

incidental emotion. 

Moreover, model II shows that individuals who are more likely to believe the probability of 

flooding is below their threshold of concern are more likely to neglect the probability of flood risk 

(random-effects Probit model p-values ≤ 0.001). However, there is no significant relation between 

threshold of concern and levels of willingness-to-pay once socio-economic factors have been 

controlled for (see model IV). This result demonstrates that individuals may simply round flood 

probabilities to zero if they are not concerned about them. 

We find some evidence in favor of a hypothetical bias in the results in that hypothetical incentives 

are related to lower flood insurance demand, and the influence is apparent through levels of 

willingness-to-pay (see model III and IV) (random-effects GLS model p-values ≤ 0.05). 

Apart from the variables of interest, we find a positive effect of higher education levels and 

incomes on willingness-to-pay for flood insurance in model IV. One might be concerned that the 

influence of the psychological variables may in part be explained by respondents’ home value. For 

example, an individual with a higher home value may worry more about flooding or be less likely 

to judge flood probabilities as falling below their threshold of concern, and the influence of these 

variables on flood insurance demand could be partly explained by these relations. Nevertheless, 

we find that worry and threshold of concern are unrelated to property value (Spearman’s rho p-

values > 0.05). We do find a rather weak negative relationship between the two regret variables 

and property value (Spearman’s rho = -0.076 for regret uninsured loss and -0.107 for regret 

insurance, p-values < 0.05). The former relation is quite difficult to explain given that one might 
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imagine more expensive property values to be positively related to the degree individuals 

anticipate regret about uninsured flood losses. In any case, as a robustness check we estimated the 

regressions with property value instead of income and find that the influence of regret across model 

I, II, III and IV is robust to this change (detailed results not shown here). 
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Table 5.3: Regression results of the influence of variables of interest on flood insurance demand 
 Random-effects Probit model results Random-effects GLS model results 
Variable Model I Model II Model III Model IV 
P = 1 in 1,000 0.063 (2.44) -0.960 (2.79) 0.963** (0.31) 1.014** (0.32) 
P = 1 in 100 -1.900 (2.56) -3.489 (3.13) 1.691*** (0.31) 1.809*** (0.32) 
P = 1 in 20 0.116 (2.58) -1.503 (3.35) 2.256*** (0.31) 2.417*** (0.32) 
Regret uninsured loss -0.998*** (0.16) -0.816*** (0.17) 0.139* (0.06) 0.134* (0.06) 
Regret uninsured loss X P = 1 in 1,000 -0.844** (0.28) -0.902** (0.32) 0.020 (0.04) 0.010 (0.04) 
Regret uninsured loss X P = 1 in 100 -0.840** (0.31) -0.889* (0.38) 0.030 (0.04) 0.016 (0.04) 
Regret uninsured loss X P = 1 in 20 -1.020** (0.32) -1.065** (0.40) 0.081* (0.04) 0.065 (0.04) 
Regret insurance 0.606*** (0.14) 0.520** (0.16) 0.006 (0.05) 0.022 (0.05) 
Regret insurance X P = 1 in 1,000 0.017 (0.25) 0.061 (0.29) -0.109** (0.04) -0.105** (0.04) 
Regret insurance X P = 1 in 100 0.020 (0.26) 0.076 (0.35) -0.125*** (0.04) -0.121*** (0.04) 
Regret insurance X P = 1 in 20 -0.083 (0.26) -0.046 (0.37) -0.163*** (0.04) -0.159*** (0.04) 
Better mood -0.059 (0.25) -0.044 (0.27) 0.136 (0.09) 0.097 (0.09) 
Better mood X P = 1 in 1,000 -0.394 (0.51) -0.219 (0.58) -0.014 (0.06) -0.013 (0.06) 
Better mood X P = 1 in 100 -0.184 (0.58) 0.049 (0.69) -0.026 (0.06) -0.038 (0.06) 
Better mood X P = 1 in 20 -0.725 (0.59) -0.505 (0.77) -0.052 (0.06) -0.071 (0.06) 
Worry -0.868*** (0.23) -0.885*** (0.24) 0.153* (0.07) 0.163* (0.07) 
Worry X P = 1 in 1,000 0.400 (0.43) 0.419 (0.49) -0.050 (0.05) -0.048 (0.05) 
Worry X P = 1 in 100 -0.225 (0.46) -0.230 (0.60) -0.103* (0.05) -0.102* (0.05) 
Worry X P = 1 in 20 0.360 (0.47) 0.397 (0.61) -0.138** (0.05) -0.138** (0.05) 
Threshold of concern 0.599*** (0.16) 0.580*** (0.17) -0.106 (0.06) -0.114 (0.06) 
Threshold of concern X P = 1 in 1,000 -0.252 (0.29) -0.183 (0.35) 0.006 (0.04) -0.001 (0.04) 
Threshold of concern X P = 1 in 100 -0.324 (0.30) -0.212 (0.40) 0.059 (0.04) 0.051 (0.04) 
Threshold of concern X P = 1 in 20 -0.702* (0.30) -0.603 (0.42) 0.093* (0.04) 0.081 (0.04) 
Hypothetical -0.046 (0.32) 0.277 (0.37) -0.311* (0.12) -0.330* (0.13) 
Hypothetical X P = 1 in 1,000 -0.503 (0.61) -0.368 (0.72) -0.000 (0.08) -0.018 (0.09) 
Hypothetical X P = 1 in 100 0.717 (0.67) 0.978 (0.88) -0.006 (0.08) -0.015 (0.09)  
Hypothetical X P = 1 in 20 0.585 (0.68) 0.859 (0.94) 0.094 (0.08) 0.089 (0.09) 
Male  -0.643 (0.34)  -0.108 (0.11) 
Education  -0.038 (0.15)  0.108* (0.05) 
Income  -0.031 (0.08)  0.062* (0.03) 
Age  0.317 (0.26)  -0.086 (0.08) 
Risk  -0.069 (0.10)  0.004 (0.03) 
Constant -5.163*** (1.24) -5.235** (1.68) 3.476*** (0.46) 3.082*** (0.55) 
N 3,747 3,647 3,211 3,129 
Number of respondents 940 915 866 845 
Log likelihood -768.011 -754.492   
Pseudo-R2 0.306 0.318   
R2   0.181 0.196 
Notes: 
Dependent variables are probability neglect of flood risk in model I and II, and willingness-to-pay in model III and IV. Only 
individuals who were willing to pay a positive flood insurance amount are retained in model III and IV. 
P = 1 in 10,000 is used as a reference category. 
Unstandardized coefficients are reported with standard errors in parentheses. 
***Significant at .1%; **Significant at 1%; *Significant at 5%. 
Observations are lower for regression results with control variables because some individuals provided invalid postcode 
addresses and/or listed their education attainment as “Other”. 
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5.5 Discussion 

5.5.1 Discussion of main results 

The first objective of this research was to explain risk taking behaviour under low-probability flood 

risks. Climate change will increase the probability of flood risks in many areas around the world, 

so the latter is important for defining subgroups who are less able to prepare for these events. The 

second goal was to compare decisions between a real incentives condition based on the RPSM and 

BDM mechanism to a hypothetical condition. Concerning the first objective, we find that emotions 

specific to flood risk (anticipated regret and anticipatory worry) better explain flood insurance 

demand than incidental emotion. Namely, an individual who is more likely to anticipate regret for 

uninsured flood losses has higher flood insurance demand, and an individual who is more likely 

to feel anticipated regret about paying for insurance in the event of no flood will demand less 

insurance. Moreover, worry about flooding relates to higher flood insurance demand. These 

outcomes support H1, H2 and H4. We reject H3 because no systematic mood influences were 

found regarding flood insurance demand. 

Kunreuther and Pauly (2018) showed in a dynamic experiment involving a sequence of hurricane 

risks, that individuals who state high levels of unhappiness after experiencing a hurricane related 

loss, are more likely to purchase insurance against the next hurricane risk. Our results relating to 

anticipated negative emotion if a flood occurs, are consistent with Kunreuther and Pauly (2018), 

who examined emotions at the moment a loss is experienced, rather than anticipated emotions 

before an event. 

Our study adds to the previous literature regarding the affect heuristic, according to which 

individuals make judgments and perceive risks based on their affective response to a given risk 

(Slovic et al., 2007). In a review study of flood risk perceptions by Kellens et al. (2013), it was 

found that affect is an important ingredient for successful risk communication and in formulating 

flood risk perceptions. 

In a hypothetically incentivized willingness-to-pay study by Botzen and van den Bergh (2012b) as 

well as in a choice experiment by Botzen and van den Bergh (2012a) it was found that a range of 

risk perception measures, like a homeowner’s perceived risk of suffering flood damages and 

expected damage amounts, relate to demand for flood insurance in the Netherlands. Our paper 
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focusses on risk perceptions elicited through stated levels of anticipatory worry about flooding, 

which provides the same qualitative conclusions to that of the latter two studies. A novel element 

of our findings here is that we show that risk perceptions in terms of worry or potential utilization 

of the affect heuristic influence flood insurance demand, at least for probabilities that individuals 

face in practice and can perhaps better imagine. Hence communicating about actual flood risk in 

a way that includes affect, can be effective in increasing demand for flood insurance among people 

who currently lack flood coverage, like in the Netherlands. 

Individuals who believe the probability of flooding is below their threshold of concern are less 

likely to demand flood insurance, supporting H5, and the influence is through probability neglect. 

This supports Kunreuther’s (1996) conjecture that individuals who use a threshold model treat 

probabilities which fall below threshold levels as having a zero chance of occurrence. 

Concerning the second goal, individuals exposed to hypothetical incentives are willing to pay less 

for flood insurance, providing support for H6 and the hypothetical bias. Contrary to the results 

about psychological factors, hypothetical incentives impacted the levels of flood insurance 

individuals were willing to pay, rather than whether or not they were willing to pay a positive 

amount. 

5.5.2 Policy recommendations 

Home and contents insurance does not cover flood damage from river-dike failure nor by sea water 

in the Netherlands. The government can provide compensation for flood damage, but the decision 

to grant as well as the extent of relief relies on political decision making (Botzen and van den 

Bergh, 2008). Developing a workable flood insurance system is a challenge given the potential for 

extreme losses, and the private sector is reluctant to offer coverage because of this. There also 

exists considerable uncertainty with regards to predicting floods which tends to increase the cost 

of insurance (Kunreuther, 1996). Nevertheless, a profitable flood insurance market might be a 

feasible way to tackle flood risks in the Netherlands according to estimates in Botzen and van den 

Bergh (2012b). Although due to capital constraints, government involvement as a reinsurer may 

also be necessary (Botzen and van den Bergh, 2008). An important precondition for a well-

functioning flood insurance arrangement is sufficient demand. 
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Comparing maximum willingness-to-pay for flood insurance, 𝑊𝑊𝑊𝑊𝑃𝑃(𝑋𝑋), to expected flood damage, 

𝐸𝐸𝑉𝑉(𝑋𝑋), we can obtain risk premiums that individuals are willing to pay for flood insurance: 

𝑅𝑅𝑃𝑃(𝑋𝑋) = 𝑊𝑊𝑊𝑊𝑃𝑃(𝑋𝑋) − 𝐸𝐸𝑉𝑉(𝑋𝑋), where 𝑅𝑅𝑃𝑃 > 0 ↔ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎𝑎𝑎, 𝑅𝑅𝑃𝑃 = 0 ↔ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑛𝑛𝑛𝑛𝑟𝑟𝑎𝑎𝑛𝑛𝑟𝑟𝑛𝑛𝑛𝑛, 

𝑅𝑅𝑃𝑃 < 0 ↔ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑟𝑟𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎𝑠𝑠. Mean risk premiums for individuals who are willing to pay for flood 

insurance are: €207, €398, €437 and €-948 under flood probabilities 1 in 10,000, 1 in 1,000, 1 in 

100 and 1 in 20, respectively. Therefore, for the low flood probabilities that cover most of the 

sample area, individuals who are willing to pay for flood insurance, are willing to pay a significant 

mark-up over expected damages. The percentage of the sample willing to pay zero for flood 

insurance, corresponds to 26%, 13%, 10% and 8%, respectively. Overall these results show that 

there is a sub-group of the Dutch population for which the willingness-to-pay is sufficient to cover 

insurance costs, while there is also an important share of people among which demand is 

insufficient. Therefore, the results are broadly in line with the bimodal pattern of risk attitudes 

which has been shown to prevail in previous insurance experiments involving low probabilities. 

Additional policies can aid in the development of an efficient flood insurance arrangement to 

decrease reliance on ad hoc government compensation. The policies can be separated into those 

that aid in risk communication, those that educate and provide information as well as those related 

to the design of flood insurance. 

Individuals who are unwilling to insure regardless of the flood probability may benefit from better 

risk communication. Botzen and van den Bergh (2012b) find that risk ladders showing flood risks 

with more common risks, like fire or theft, increase risk comprehension, as well as the level of 

demand for flood insurance and its sensitivity to probability changes. Individuals typically have a 

difficult time understanding probability information (Kunreuther et al., 2001), and risk ladders 

provide a practical way of signaling flood risks. Moreover, Keller et al. (2006) found that flood 

risks described for one year, are perceived as lower than the same risk reframed for a longer time 

period. Individuals may be less likely to judge flood risks as below a threshold of concern if the 

risk is described in a multi-year context (Botzen et al., 2015). Schwarcz (2010) describes possible 

risk communication strategies for disaster type risks consistent with what Thaler and Sunstein 

(2003) defined as “libertarian-paternalism” or nudge strategies, such as framing the risk for more 

than one time period, like the period during which someone on average lives in a flood-prone area 

(e.g., 25 years). Such a strategy is attractive in the short run given its low implementation costs. 
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Homeowners may regret paying for flood insurance when flood losses are not experienced, and 

finding ways to convince policyholders that “no return on an insurance policy is the best return” 

poses challenges (Krantz and Kunreuther, 2007). Information campaigns about the importance of 

insurance against flood risks may overcome these difficulties. For instance, the German Insurance 

Association has implemented risk awareness campaigns to increase flood insurance penetration, 

the first of which was launched in Bavaria in 2009 following the destructive flood that hit the 

region in 2005 (Surminski and Thieken, 2017). 

With respect to the design of flood insurance, individuals may prefer policies that cover risks for 

a longer period of time (Kunreuther and Michel-Kerjan, 2015). Multi-year insurance with penalty 

costs applied to early cancellation may prevent short-sighted behaviour in subgroups of individuals 

that regret paying for insurance should they not suffer losses. Moreover, LPHI risk insurance 

bundled with other more likely potential losses has been also shown to increase insurance demand 

(Slovic et al., 1977). In this setting, the combined probability of loss from all (bundled) insurable 

events may exceed subjective thresholds of concern (Kunreuther and Pauly, 2004). 

5.6 Conclusion 

Given the absence of research in understanding why individuals either place a high or an extremely 

low weight on LPHI risks, in this paper we examine the psychological factors affecting probability 

neglect of flood risk and willingness-to-pay for flood insurance. We suggest several policies to 

overcome psychological factors related to the potential low demand for flood insurance to improve 

flood preparations, of which the effectiveness can be examined by further research. These include 

policies that promote better risk communication to enhance insurance decisions for individuals 

with a high threshold of concern, and education and information provision to change the behaviour 

of people who see insurance as an investment. Moreover, future research could study multi-year 

flood insurance which may prevent short-sighted behaviour of people who have a tendency to 

regret paying for insurance, as well as bundling LPHI risks with more immediate risks which may 

achieve an overall covered risk which is less likely to be judged as falling below thresholds of 

concern. These policy measures could aid the development of a flood insurance market in the 

Netherlands for which we find there to be demand. 
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CHAPTER SIX 

Flood insurance demand and probability weighting: The influences of regret, worry, 

locus of control and the threshold of concern heuristic 

This chapter is based on: Robinson, P.J. and Botzen, W.J.W., 2019. Flood insurance demand and 

probability weighting: The influences of regret, worry, locus of control and the threshold of 

concern heuristic. Water Resources and Economics, In press. 
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6.1 Introduction 

Flooding is the most costly type of natural hazard worldwide (Miller et al., 2008; Kousky and 

Michel-Kerjan, 2017). The estimated average damage costs from river floods alone are €110 

billion per year globally (Dottori et al., 2018). Climate change and socio-economic developments, 

such as increasing population levels in river deltas, are projected to increase flood risks even 

further (IPCC, 2012). The Netherlands is particularly prone to climate change induced flooding, 

because most areas in the country are located below sea level or in a zone at risk of river flooding 

(Seifert et al., 2013). Expected increases in flood risk require improved flood risk management 

strategies to adapt to changing risks, like flood protection and financial coverage through 

insurance. 

Insurance can be used by homeowners as a tool to spread flood risks and to obtain financial 

protection against the potentially high costs from flood events. However, previous research in the 

US flood insurance market has shown that individuals often do not purchase insurance even when 

premiums are subsidized (Kunreuther and Pauly, 2004). This behaviour cannot be explained within 

an Expected Utility Theory (EUT) framework under sensible levels of individual risk aversion 

(Krantz and Kunreuther, 2007). 

Cumulative Prospect Theory (CPT) (Tversky and Kahneman, 1992) is a popular framework 

employed to model decision making under risk, as an alternative to EUT (Barberis, 2013b). While 

EUT evaluates outcomes with a utility function over final wealth, CPT evaluates utility over gains 

and losses relative to a reference point. This way CPT allows for incorporating loss aversion, which 

reflects the commonly observed notion that losses loom larger than gains in decisions. Moreover, 

while EUT assumes a linear processing of probabilities, CPT introduces non-linear sensitivity to 

probabilities through a probability weighting function. Previous research on CPT has shown that 

individuals are less responsive to probability changes as one moves away from the endpoints of 

the probability scale at 0 and 1 (Gonzalez and Wu, 1999), which is reflected by an inverse-S 

probability weighting function (Prelec, 1998). Individual risk attitudes are determined by the 

combination of utility curvature, loss aversion and probability weighting under CPT, which allows 

for describing a wider diversity of observed individual behaviour than EUT. 
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Empirical evidence about factors related to the probability weighting function and/or utility 

curvature include, among others, the influence of the size and spacing of outcomes (Etchart-

Vincent, 2004; 2009; Fehr-Duda et al., 2010), gender (Fehr-Duda et al., 2006), age (Harbaugh et 

al., 2002; Booij et al., 2010), mood (Kliger and Levy, 2008; Schulreich et al., 2014), time pressure 

(Young et al., 2012), as well as induced affect and numerical skill (Rottenstreich and Hsee, 2001; 

Petrova et al., 2014; Krawczyk, 2015; Suter et al., 2016; Traczyk and Fulawka, 2016). Many of 

these studies elicited preference parameters under neutrally framed decisions, which is useful if 

the aim is to perform controlled theoretical tests, because specific context framing can add noise 

to results (Schram and Sonnemans, 2011). However, in the end we are also interested in how 

individuals make decisions about real risks, such as flood disaster events, which is the focus of the 

current paper. 

CPT has been used frequently to explain results in the previous literature in applications related to 

natural disasters and water research, e.g., on topics like flood risk (Wiener et al., 1986; Botzen and 

van den Bergh, 2012b; Page et al., 2014; Koetse and Brouwer, 2016), drought risk (Ranjan and 

Athalye, 2009; McIntosh et al., 2019) and climate change policy (Osberghaus, 2017). Botzen and 

van den Bergh (2009) utilized CPT risk preference parameters estimated in previous studies under 

neutrally framed decisions (e.g., Etchart-Vincent, 2004; Abdellaoui, 2000) to estimate willingness-

to-pay for flood insurance under different climate change scenarios for the Netherlands. But to our 

knowledge, no studies have elicited CPT risk preference parameters based on these decisions 

directly, i.e., using flood insurance choices. 

In this paper we focus on flood risk insurance in the Netherlands. Dikes and levee systems provide 

a cost-effective solution to prevent flooding in the Netherlands (Jongman, 2018), however this 

protection is incomplete and residual flood risks remain for low-lying densely populated areas. 

Efforts have been made in recent years to make flood insurance more widely available, but to date 

this insurance is purchased by only a small fraction of the Dutch population (Suykens et al., 2016). 

As a result there are currently no revealed preference measures of flood insurance demand 

available on a large scale in the Netherlands, like for example exist in the US (e.g., Browne and 

Hoyt, 2000; Atreya et al., 2015; Michel-Kerjan et al., 2012). An alternative to obtain insights into 

flood insurance demand and its determinants based on actual flood insurance decisions is to elicit 



 

 
140 

 

stated preferences for insurance.57 The topic of the current paper is to examine how these 

preferences relate to heuristic processes, emotions and personality characteristics of the Dutch 

population. 

Decision heuristics are simple rules-of-thumb which can be employed when individuals are 

presented complex tasks involving probability assessment (Tversky and Kahneman, 1974). An 

example is the threshold of concern model, which predicts that individuals ignore risks when the 

perceived probability of that risk is below a subjective threshold level of concern (Slovic et al., 

1977). Anticipated and immediate emotions like regret, worry and mood have also been shown to 

relate to individual risk judgments and protective decisions (Braun and Muermann, 2004; Bubeck 

et al., 2012; Baron et al., 2000; Fehr-Duda et al., 2011). Other factors like personality traits, and 

in particular locus of control can also relate to flood insurance demand (Baumann and Sims, 1978). 

Locus of control reflects beliefs about whether individuals have control over outcomes in their life 

(Rotter, 1966). Individuals assigned as internal locus of control types attribute outcomes to their 

own efforts, whereas externals believe that outcomes more often arise due to fate. 

It has to our knowledge not been examined yet how CPT risk preference parameters relate to 

emotions regarding specific risk and insurance products, like worry and regret as well as 

personality traits like locus of control.58 This research aims to fill this gap in the context of flood 

risk and flood insurance. The research is also relevant from a policy perspective because if we 

have a good understanding of psychological factors which may lead to the under-/over-weighting 

of flood risks, policymakers can employ tailored strategies to improve individual flood 

preparedness decisions. A better understanding of why individuals under-/over-weight events like 

flooding was also suggested as a direction for future research by Barberis (2013a). 

An economic experiment was conducted with a sample of 1,041 homeowners in the Netherlands. 

The experiment elicited certainty equivalents (maximum willingness-to-pay for insurance) for 

fourteen prospects of probability and loss combinations framed in the context of flooding. We 

                                                           
57 Although stated preference methods are not used very often in flood risk valuation, some studies have 

adopted this method recently (e.g., Botzen and van den Bergh, 2012b; Brouwer et al., 2014). 
58 However, a paper by Fehr-Duda et al. (2011) examined the relationship between mood and probability 

weighting in an insurance context. 
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included survey questions to elicit our variables of interest. Based on the experiment data we 

conduct non-parametric statistical tests of risk attitudes to test our hypotheses, and conduct an 

exploratory structural model analysis of the CPT preference functionals to examine whether the 

relationships found are due to probability weighting, utility curvature or random decision making. 

We find that internal locus of control and anticipated uninsured flood loss regret are related to 

more flood insurance demanded. Other factors like the use of the threshold of concern model are 

related to risk preferences when probabilities of flooding are low. Note that the results of this study 

are based on the same data used for chapters 4 and 5. 

The paper is structured as follows: Section 6.2 describes the experiment implementation, design 

and hypotheses. Section 6.3 discusses the methods used to test the hypotheses and to conduct an 

analysis of the relationship between our variables of interest and the CPT preference functionals. 

Section 6.4 presents the results of a non-parametric testing of our hypotheses and a parametric 

exploratory analysis of the flood insurance choices. This is followed by a discussion in Section 6.5 

and conclusion in Section 6.6. 

6.2 Implementation and experiment design 

In Section 6.2.1 we provide an overview of the way in which the experiment was implemented, as 

well as some sample descriptive statistics. Our methods for eliciting flood insurance demand are 

explained in Section 6.2.2, and the elicitation of as well as hypotheses related to our variables of 

interest are given in Section 6.2.3. 

6.2.1 Implementation 

The first version of our experiment was pretested using thirty face-to-face household interviews 

during March 2017 with one trained and supervised interviewer. Adjustments were made to 

improve the clarity of introduction text and questions based on the pretest, after which we launched 

a final online pretest resulting in a few small adjustments to the instructions. 

An online experiment was then conducted with a sample of Dutch homeowners. We opted for an 

online experiment because given our study topic, the benefits of higher external validity and better 

statistical power offered by more respondents, outweighed the disadvantages of potentially lower 

attentiveness and motivation for individuals participating in online relative to lab experiments. We 
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take measures explained in the next section to avoid responses which display an overall lack of 

attentiveness. 

Our sample consists of 1,041 homeowners drawn at random from the consumer panel of 

Multiscope (http://www.multiscope.nl). Renters do not pay for structural flood damage to their 

home, so this sub-group was excluded from participation in the study. All individuals were 

rewarded “Social Points” for participating, which can be exchanged into gifts via the Multiscope 

website, and the link to the experiment could no longer be used by the same individual once they 

had entered their unique information. 

Sample descriptive statistics are provided in Table 6.1. 48% of the sample live in dike-ring areas 

designed at standards 1/1,250, implying that dikes can withstand a 1 in 1,250 years flood event. A 

further 4% of the sample live in 1/2,000 areas, 8% live in 1/4,000 areas, and 18% reside in dike-

rings with the highest protection standard (1/10,000). Moreover, 19% live outside dike-ring areas 

in land that cannot be flooded by rivers, therefore the probability of river flooding is zero. 1% live 

outside dike-ring areas in a river bed, therefore the probability of flooding is high although there 

is no official safety standard. The remaining 2% could not be classified because they provided 

invalid postcodes. With respect to socio-economic factors, 52% are male, median monthly after 

tax household income is between €3,000 and €3,499 and 62% had completed higher education, 

i.e., they possess either a Bachelor’s degree, higher professional education diploma (HBO), 

Master’s degree or PhD.
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Table 6.1: Descriptive statistics 
Variable Percentage Frequency 
Reside outside dike-ring area in river bed 0.8% 8 
Reside in 1/1,250 area 48.2% 502 
Reside in 1/2,000 area 3.8% 40 
Reside in 1/4,000 area 7.8% 81 
Reside in 1/10,000 area 18.3% 190 
Reside outside dike-ring area in low risk zone 19.4% 202 
Male 52.4% 546 
Income less than €1,000 4.5% 47 
Income is between €1,000 and €1,499 3.7% 39 
Income is between €1,500 and €1,999 9.5% 99 
Income is between €2,000 and €2,499 14.5% 151 
Income is between €2,500 and €2,999 13.4% 139 
Income is between €3,000 and €3,499 17% 177 
Income is between €3,500 and €3,999 11.6% 121 
Income is between €4,000 and €5,499 16.8% 175 
Income is more than €5,500 8.9% 93 
Higher education 61.7% 642 

 

Due to budget constraints, it is challenging to offer financial incentives for decisions about high-

impact losses in economic experiments. A recent review of insurance demand studies by Jaspersen 

(2016) showed that experimenters frequently implement large losses by only paying one or a few 

respondents (e.g., Papon, 2008; Schade et al., 2012; Kunreuther and Michel-Kerjan, 2015; Zimmer 

et al., 2018). The review concluded that it is unclear whether this method can be used without 

distorting choices. We aim to examine whether preferences elicited under this procedure are 

different to those elicited from hypothetical decisions. From the sample of 1,041 individuals, 624 

were randomly assigned to face real incentives, where one respondent was randomly selected for 

a large payment (see Section 6.2.2), whilst no performance-based payment was provided to 417 

respondents. 

6.2.2 Eliciting flood insurance demand 

Respondents were asked to imagine that they purchased a property worth €240,000 in an area at 

risk of flooding.59 Additional text stated that flood insurance is available, and government 

                                                           
59 €240,000 = approximate average purchase price for a home in the Netherlands in the year 2016 (Statistics 

Netherlands, 2017). 
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compensation will not be granted for uninsured flood damages. We obtained certainty equivalents 

(maximum willingness-to-pay for insurance) for fourteen two-outcome prospects of probability 

and loss combinations framed as flood risks, as is a common approach for estimating CPT 

functionals. Two-outcome prospects were chosen with sufficiently varying outcomes and 

probabilities to separate attitudes towards outcomes and attitudes towards probabilities (see Fehr-

Duda et al., 2006; Bruhin et al., 2010; Vieider et al., 2016 for a similar procedure). Prospects that 

included one non-zero outcome were ordered ascending in the probability of their worst outcome. 

Although this method may induce order effects, an advantage is that individuals may find the 

procedure easier than if prospects were to be randomized (Etchart-Vincent and l’Haridon, 2011). 

This is important because violations of stochastic dominance may be high in experiments where 

individuals are unsupervised. Such violations occurred in our experiment when an individual was 

willing to pay more for flood insurance under a given flood risk than under another flood risk with 

a higher flooding probability. Table 6.2 displays the included prospects in their order of 

presentation. 

Changes in flood risk between prospects were attributed to the property being exposed to rising 

water levels. For instance, in year 1, which was the first flood risk faced by respondents, 

individuals were asked to “imagine that this year the chance of a flood is 1 in 10,000 causing 

€60,000 damage to your property”. In year 2, individuals read that “due to higher water levels in 

this year than the previous one, the chance of a flood is now 1 in 1,000 causing €60,000 damage 

to your property”. Note that cities of high economic importance in the Netherlands, like 

Amsterdam and The Hague, are protected by dikes with an average annual dike exceedance 

probability of 1 in 10,000 which is the lowest flood probability in our experiment. For homeowners 

located on the wrong side of dikes, the annual probability of flooding can reach as high as 1 in 5 

(Ermolieva et al., 2017). However, flood probabilities are not static, and can be very high at a 

particular point in time under certain circumstances, for example because of extreme storm 

conditions, extreme rainfall or extreme peak river discharges. In 1993 and 1995 river floods in 

some parts of the Netherlands were very likely to occur due to extreme river discharges, which is 

why the government decided to evacuate around 250,000 people during this event. Hence, we used 

a storyline of changes in water level conditions to explain why flood probabilities increased at a 

certain point in time. This approach allowed us to elicit flood insurance demand at various flood 

probability levels. To our knowledge, the only previous study eliciting demand for flood insurance 
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in the Netherlands under high probabilities of flooding is Brouwer and Schaafsma (2013). 

According to the authors, these flood risks are not perceived as completely unrealistic by Dutch 

residents because previous flood experiences were covered extensively in the media, and may play 

a greater role in formulating public flood risk perceptions than the official safety levels of dikes. 

The most recent flood event in the Netherlands occurred in 2003 due to a canal dike breach in 

Wilnis. Rising river water levels are one of the most urgent consequences of climate change facing 

the Netherlands (Middelkoop et al., 2001). 

Table 6.2: Prospects 
Decision Probability of 

worst outcome
Worst 

outcome
Best 

outcome
1 1 in 10,000 -€60,000 €0 
2 1 in 1,000 -€60,000 €0 
3 1 in 100 -€60,000 €0 
4 1 in 20 -€60,000 €0 
5 1 in 4 -€60,000 €0 
6 1 in 3 -€15,000 €0 
7 1 in 3 -€30,000 €0 
8 1 in 3 -€60,000 €0 
9 1 in 2 -€60,000 €0 
10 3 in 4 -€60,000 €0 
11 19 in 20 -€60,000 €0 
12 1 in 3 -€30,000 -€15,000 
13 1 in 3 -€45,000 -€15,000 
14 1 in 3 -€60,000 -€45,000 

Flood insurance decisions took place from an endowed bank balance of €60,000. We assume that 

individuals incorporated prior endowments into their reference point, isolated from potential losses 

and willingness-to-pay for insurance, so the latter should be viewed as losses. To elicit certainty 

equivalents for flood risk, we used a two stage procedure where individuals faced a payment card 

task and then a willingness-to-pay task.60 In stage one, individuals were presented a yearly risk of 

60 Given the online nature of our experiment there is a risk that individuals would be tempted to give up on 

the experiment after a short time if they perceived the tasks as too difficult. Therefore, we favor the two 

stage procedure over more complex methods for determining risk preferences like the price list format, 

where participants make a series of discrete choices. The latter would require a sizeable number of decisions 

which may have lowered response rates or led to lower attentiveness. While more theoretically appealing 
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flood damage as well as sixteen ascending values between the extreme values of the prospect, with 

an additional option to accept the flood risk and remain uninsured. The sixteen values were 

logarithmically spaced (see Tversky and Kahneman, 1992) to include risk seeking/neutral/averse 

options into the elicitation task, which is not possible with equal spacing for large outcomes. 

According to the values, individuals were asked their maximum willingness-to-pay for flood 

insurance to fully cover the cost of property damages. To obtain a more refined certainty 

equivalent, in stage two individuals were again asked what they were at most willing to pay for 

flood insurance between the value chosen in stage one and the next highest value. Sample decision 

screens corresponding to the first flood insurance decision are displayed in Figure 6.1 (stage 1) 

and Figure 6.2 (stage 2). 

Figure 6.1: Flood insurance decision stage 1 screenshot 

Figure 6.2: Flood insurance decision stage 2 screenshot 

risk preference elicitation procedures exist, collecting valuations directly has advantages (see Zeisberger et 

al. (2012, pp. 364-365) for a discussion). 
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We paid one respondent according to one flood insurance decision (both selected at random) under 

real incentives. A 1% exchange rate was applied to these earnings, so the selected individual could 

earn €600 should they not experience a loss in the chosen decision. For payment we applied the 

Becker, DeGroot and Marschak (1964) (BDM) mechanism: a premium for which flood insurance 

is to be sold is selected at random between the extreme values of the prospect in the chosen 

decision.61 That is, the selling price varied between the lowest and highest option of the payment 

card. If the individual is willing to pay an amount equal to or greater than the premium, then they 

have purchased insurance at the price of the premium, and otherwise they face the flood risk 

uninsured. Respondents should make decisions consistent with true preferences according to the 

BDM procedure, and this was explicitly mentioned in the instructions. For example, insurance 

valuations lower than true valuations run the risk of not qualifying for insurance. Valuations made 

greater than true valuations, may end up with insurance and regret making the excessive offer 

(Schade et al., 2012). Due to the potentially complex nature of the BDM mechanism for some 

individuals, we illustrated the method graphically alongside written instructions.62 

We omit 57 respondents from the proceeding analysis who chose a maximum willingness-to-pay 

for flood insurance equivalent to either the highest or lowest prospect values for every decision 

presented to them. These may be protest responses (Rowe et al., 1996), or reflect an overall lack 

of attentiveness by individuals. 

6.2.3 Hypotheses of variables related to flood insurance demand and variable elicitation 

A series of five-point Likert scale survey questions were presented following the flood insurance 

decisions in order to elicit the explanatory variables that may be related to flood insurance demand 

(see Appendix B). The selection of variables to elicit in the experiment was based on a review of 

the literature on psychological determinants of insurance demand under catastrophic risk. We 

examine the influence of factors related to anticipated and immediate emotions like regret, mood 

and worry, personality characteristics like locus of control, as well as heuristic processes like 

individual utilization of the threshold of concern model. Loewenstein and Lerner (2003) defined 

61 We left the bounds unspecified because individuals may anchor on the bounds of the random selling price 

(Bohm et al., 1997). 
62 See Appendix B for a full overview of the experiment. 
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anticipated emotion as emotion expected to be experienced in the future, while immediate emotion 

is experienced at the moment of decision making. Immediate emotion can be further sub-divided 

into incidental influences, like mood which is unrelated to a given decision, and anticipatory 

emotions, like worry which arises when an individual is considering the consequences of a 

decision. The potential relation of these factors to flood insurance demand is explained in more 

detail below. 

Our literature review also identified some variables that have been found to influence flood 

insurance demand and risk perception in other countries that we consider less relevant for the 

Netherlands, and are hence not used here. In particular, homeowners’ trust of flood protection, 

social norms, and personal experience with flooding have been identified by other studies as 

important factors of influence on flood insurance demand and risk perceptions (Siegrist and 

Cvetkovich, 2000; Lo, 2013; Shao et al., 2017). We think these variables are less relevant for the 

Netherlands where overall trust is high, and there is hardly any experience with flooding nor with 

purchasing flood insurance, so we do not include these variables in our analysis.63 

According to Braun and Muermann’s (2004) definition of anticipated regret of insurance choices, 

we elicited regret by considering an individual who predicts how she/he would feel after making 

an ex-post incorrect flood insurance decision, as well as the disutility that this may bring about for 

the individual. It has been shown that anticipated regret can lead to both risk averse and risk 

seeking tendencies (Zeelenberg, 1999). To our knowledge there is no theoretical consensus as to 

whether regret is related to risk preferences through probability weighting or utility curvature. 

Consider first an individual who may anticipate regret about not purchasing flood insurance if a 

flood were to occur (regret uninsured). The individual may take extra precaution by purchasing 

more insurance before a flood to avoid feeling regret. An experimental study by Kunreuther and 

Pauly (2018) found that individuals who experienced an uninsured loss as a result of hurricane 

damage were more likely to purchase insurance subsequently if the prior choice to be uninsured 

made them unhappy. These unhappy individuals may have regretted their previous decision to not 

purchase coverage. After omitting protest responses, 41% of respondents were inclined to believe 

                                                           
63 < 5% of individuals sampled had experienced flood related evacuation in the past. Only 9% sampled do 

not believe the Dutch river dikes are well maintained. 
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that they would feel regret about not purchasing flood insurance if a flood were to occur. These 

individuals answered higher than the neutral response category regarding this type of regret, and 

are assigned a dummy variable called regret uninsured. 

H1: Individuals with anticipated regret about not purchasing flood insurance in the event of a flood 

have a higher flood insurance demand. 

Now consider an individual who would feel regret about paying an insurance premium if no flood 

were to occur (regret insurance). In anticipation of this emotion, the individual may prefer not to 

insure to avoid incurring ex-post potentially unnecessary out-of-pocket expenses. Individuals who 

anticipate this type of regret may view insurance as an investment, from which they expect a return 

on their policy (Krantz and Kunreuther, 2007). Evidence from the US suggests that certain 

subgroups purchase flood insurance after a catastrophic loss, but begin to feel that insurance 

payments have been wasted after a few years without a loss (Kunreuther, 2015). 32% of our sample 

answered higher than the neutral response category about feeling regret about paying an insurance 

premium if no flood were to occur. 

H2: Individuals with anticipated regret about purchasing flood insurance in the event of no flood 

have a lower flood insurance demand. 

We adapted our incidental immediate emotion variable according to a question in Fehr-Duda et al. 

(2011). Specifically, we asked individuals to rate how their day had been going, and we assume 

that individuals who answered the question positively were in a good mood. The question was 

asked prior to flood insurance decisions to eliminate the potential impact of the insurance decisions 

on individuals’ mood. Good mood can result in more risk seeking/less risk aversion behaviour 

according to studies on probability weighting (e.g., Schulreich et al., 2014; Fehr-Duda et al., 2011). 

Fehr-Duda et al. (2011, p.15) conjectures that mood impacts risk preferences through probability 

weighting (not utility), because probability weights are a more malleable component of risk taking 

attitudes. However, note that it is theoretically unclear whether mood relates to risk preferences 

through utility or probability weighting. In total, 22% rated their day so far as better than usual or 

promising, which implies that they were in a good mood. 

H3: Individuals in a better mood have a lower flood insurance demand. 
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Anticipatory worry was elicited using a question in Botzen et al. (2015). A review article of flood 

risk perceptions shows that many studies find worry is a significant determinant of flood mitigation 

behaviour (Bubeck et al., 2012). Botzen et al. (2015) showed that anticipatory factors, like high 

worry about flooding, are positively related to flood risk perceptions. Schade et al. (2012) find that 

worry is a primary determinant of insurance decisions against low-probability disaster type risks. 

Intuitively, low levels of flood insurance demand can be expected from those who have low worry 

about flooding. 

Note that, in our experiment probabilities of flooding are provided explicitly, so individuals’ 

perceived flood probability (which is another indicator of flood risk perception) should not play a 

role in the analysis. As a result of providing probabilities directly, we can examine the relationship 

between psychological factors like worry, on components of risk attitude like probability 

weighting (Section 6.4.2). Although we are not aware of a firm theoretical underpinning for this 

matter, it seems reasonable to suspect that individuals who have low worry about flooding may 

attach lower decision weights to flood events (worst outcomes), and thus display more 

probabilistic optimism/less probabilistic pessimism. In total, 50% of individuals strongly disagreed 

that they were worried about the danger of flooding at their current residence. 

H4: Individuals with low worry about flooding have a lower flood insurance demand. 

It is our assertion that an individual’s belief about whether they have control over outcomes in 

their life is the most relevant personality trait to the question of how individuals respond to the risk 

of flooding. Although there has been some research on other personality traits like the big five and 

their relation to risky behaviour in other domains (e.g., in risky sexual behaviour (Schmitt, 2004), 

unsafe driving (Dahlen and White, 2006) and smoking (Terracciano and Costa, 2004)), locus of 

control appears to be the most dominant personality component in relation to mitigation and 

protection against catastrophic risk and risk perceptions (McClure et al., 1999; Sims and Baumann, 

1972; Sattler et al., 2000; Mileti and Peek, 2000; Botzen et al., 2019). Riechard and Peterson (1998) 

found that locus of control is a significant predictor of various risk perceptions related to 

environmental matters. In addition, Baumann and Sims (1978) showed that a higher percentage of 

internals hold flood insurance in floodplain communities in the US, compared to individuals who 

have an external locus of control. Individuals who believe that they have the capability to control 

unfavorable events and their outcomes may pay more attention to the potential danger of flooding, 
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compared to those who take a fatalistic approach to flood insurance decisions. However, we have 

no theoretical guidance as to whether locus of control is related to flood insurance demand through 

probability weighting or utility curvature. 

Four statements were used to measure internal locus of control types, i.e., individuals who tend to 

believe that they have control over events and their outcomes in life. These were the same items 

used by Sattler et al. (2000), which were modified from an extended list of statements in Rotter 

(1966). Our internal locus of control variable was created by summing the Likert scale responses 

for individuals who are inclined to believe people can take measures to reduce their risks, and 

believe they have the power to control what happens in their lives. Then summing responses for 

individuals who do not find it necessary to plan ahead because outcomes tend to be based on 

fortune, and believe that getting what you want in life is down to luck. A dummy category was 

assigned to 47% of the respondents who had combined scores of 7 or higher on the former (internal 

statements) and 5 or less on the latter (external statements). 

H5: Individuals with an internal locus of control have a higher flood insurance demand. 

We conjecture that individuals prioritize their attention to matters which are worth assessing the 

probability of each outcome in a calculated manner, i.e., those which exceed their threshold of 

concern. The finding that individuals tend to purchase an inadequate amount of flood insurance on 

average may be consistent with them dismissing low-probability risks which fall below subjective 

threshold levels of concern (Kunreuther, 1996; Kunreuther and Pauly, 2004). We suspect that 

threshold of concern may relate to demand for insurance through probability weighting in light of 

the fact that threshold of concern is about probability neglect. The threshold of concern variable 

was adapted from Botzen et al. (2015), and represents individuals who think the flood probability 

is too low to be concerned about. 55% of respondents answered higher than the neutral response 

category regarding the flood probability being too low to be concerned about, and we expect that 

these individuals do not find it necessary to take precautionary measures like purchasing flood 

insurance. 

H6: Individuals who feel that the flood probability is too low to be concerned about have a lower 

flood insurance demand under low-probability flood risks. 
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Appendix B contains information about the questions and variables of interest. We generate 

dummy variables according to the percentage of individuals identifying with the explanatory 

variables of interest to use in the analysis of flood insurance demand. 

6.3 Methods 

This section provides information about the methods by which the hypotheses are tested, and 

methods used to conduct an exploratory analysis of the relationship between our variables of 

interest and the CPT preference functionals, namely probability weighting and utility curvature. A 

non-parametric analysis (Section 6.3.1) is used for hypothesis testing, which involves the least 

tampering with the data (Vieider et al., 2018). A parametric analysis (Section 6.3.2) is used to 

examine through which component of risk preference variables may relate to flood insurance 

demand, i.e., probability weighting and/or utility curvature. The parametric analysis also allows 

us to filter out behavioural noise, which has been shown to systematically interfere with risk 

preferences (Andersson et al., 2016). Note that the parametric analysis should be treated as 

exploratory because there is not a very strong theoretical underpinning with regards to whether the 

variables impact risk preferences through probability weighting and/or utility curvature. Moreover, 

a relationship to probability weighting and/or utility curvature does not necessarily imply a 

relationship to flood insurance demand. For example, a given variable may be related to probability 

weighting and utility curvature in such a way that results in a null effect on flood insurance 

demand, under a given flooding probability. 

6.3.1 Methods of non-parametric analysis 

Prior to presenting the analysis of flood insurance demand based on the hypothesis dummy 

variables described in Section 6.2.3, we will display histograms of the overall response patterns 

for these variables. We will then provide a non-parametric examination of the relative risk premia 

(RRP) across the probabilities of flooding in our experiment. RRP is the difference between the 

expected value of a prospect and it’s certainty equivalent divided by the absolute expected value 

of the prospect: 𝑅𝑅𝑅𝑅𝑃𝑃(𝑋𝑋) = [𝐸𝐸𝑉𝑉(𝑋𝑋) − 𝐶𝐶𝐸𝐸(𝑋𝑋)]/|𝐸𝐸𝑉𝑉(𝑋𝑋)|. A positive (negative) RRP indicates risk 

aversion (seeking), and when RRP = 0 preferences are risk neutral. It follows that individuals are 

willing to pay flood insurance amounts above (below) the actuarially fair insurance price when 

RRP values are positive (negative). 
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We calculate a series of Wilcoxon rank-sum tests across probabilities relevant to decisions with 

flood losses of either €60,000 or zero, to examine whether there is a relationship between RRP and 

our variables to interest. To avoid the multiple testing problem we apply Bonferroni adjustments 

to ensure that the cumulative probability of Type I error is low (Abdi, 2007). The Bonferroni 

adjusted critical values are calculated by dividing the unadjusted critical values (1%, 5% and 10%) 

by the number of comparisons. 

6.3.2 Methods of parametric analysis 

Under CPT, the utility function, 𝑎𝑎, and the probability weighting function, 𝑤𝑤, are subjective 

parameters, and in addition to loss aversion they define risk preferences.64 𝑤𝑤 is applied to loss 

ranks, where a loss rank is the probability of obtaining an outcome ranked worse in a prospect. 

Since the prospects in our experiment contained two outcomes, 𝑥𝑥1 and 𝑥𝑥2 (where: 𝑥𝑥2 < 𝑥𝑥1 < 0), 

the CPT value of a prospect is as follows: 

𝐶𝐶𝑃𝑃𝑊𝑊(𝑋𝑋𝑗𝑗) = 𝑤𝑤(𝑝𝑝2)𝑎𝑎(𝑥𝑥2) + �1 − 𝑤𝑤(𝑝𝑝2)�𝑎𝑎(𝑥𝑥1)      (6.1) 

For 𝑤𝑤 we use the two-parameter Goldstein and Einhorn (1987) specification: 

𝑤𝑤(𝑝𝑝) = 𝛿𝛿𝑝𝑝𝛾𝛾

𝛿𝛿𝑝𝑝𝛾𝛾+(1−𝑝𝑝)𝛾𝛾
          (6.2) 

𝛿𝛿 captures elevation of the probability weighting function while 𝛾𝛾 controls curvature. Elevation 

measures optimism/pessimism, i.e., the higher the probability weighting function, the more 

pessimistic/less optimistic the individual (in the loss domain). Curvature captures discriminability, 

which is the ability of the individual to discriminate between probabilities, i.e., the more linear the 

curve, the better this ability. 

For utility we adopt the power specification: 

𝑎𝑎(𝑥𝑥) = −(−𝑥𝑥)𝛽𝛽          (6.3) 

𝛽𝛽 indexes the concavity/convexity of the utility function. Certainty equivalents are sure amounts 

(maximum willingness-to-pay values) where the individual is indifferent between these amounts 

                                                           
64 The experiment involved no mixed prospects, therefore loss aversion cannot be estimated. 
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and the respective prospects. Predicted certainty equivalents 𝐶𝐶𝐸𝐸�  are inverse utilities of the CPT 

prospect values: 

𝐶𝐶𝐸𝐸��𝑋𝑋𝑗𝑗� = 𝑎𝑎−1 �𝐶𝐶𝑃𝑃𝑊𝑊�𝑋𝑋𝑗𝑗��         (6.4) 

Equation 6.4 can deviate from actual 𝐶𝐶𝐸𝐸𝑟𝑟, because of imprecise maximum willingness-to-pay 

valuations, therefore, actual 𝐶𝐶𝐸𝐸𝑟𝑟 are specified as: 

𝐶𝐶𝐸𝐸(𝑋𝑋) = 𝐶𝐶𝐸𝐸� (𝑋𝑋) + 𝜀𝜀           (6.5) 

with ε~N(0,𝜎𝜎2) 

We assume that prospects with widely-spaced outcomes will increase random errors, by 

incorporating a dependency between the size of the error term and the standard deviation of 

prospect 𝑗𝑗 (Zeisberger et al., 2012). Following Bruhin et al. (2010), the following stochastic error 

specification is used: 

𝜎𝜎 = 𝜔𝜔|(𝑥𝑥1 − 𝑥𝑥2)|          (6.6) 

We model parameters with respect to individual characteristics, and estimate coefficients of 

interest by maximum likelihood estimation. Moreover, we cluster errors at the individual level. 

Given that behavioural noise can bias estimates of risk preferences (Andersson et al., 2016), we 

also allow the variables of interest to depend on 𝜔𝜔. 

Upon initial inspection of the data, we found that our variables of interest are related to 𝛽𝛽 and 𝛿𝛿 in 

opposite directions in terms of their relationship with risk preferences. This is likely due to 

collinearity between utility and probability weighting. Therefore, we eliminate the collinearity by 

only modelling either the utility or the probability weighting parameters as a function of variables 

of interest in the proceeding section.65 Note, given no standard exists in the literature on choosing 

the utility function, the probability weighting function and the stochastic component, we chose a 

combination which resulted in a best fitting model according to the AIC and BIC criteria. The use 

of other functional forms does not influence the collinearity between 𝛽𝛽 and 𝛿𝛿. 

                                                           
65 The correlation between 𝛽𝛽 and 𝛿𝛿 is large on aggregate (ρ = -0.685). Vieider et al. (2016) described this 

correlation as unavoidable in structural estimations of CPT. 
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6.4 Results 

Section 6.4.1 outlines the results of the non-parametric analysis in relation to the hypothesis 

variables of interest. The exploratory analysis of the relationship between our variables of interest 

and the CPT preference functionals is given in Section 6.4.2. 

6.4.1 Non-parametric analysis 

Respondents answered the regret uninsured, regret insurance, worry, locus of control and threshold 

of concern questions based on the extent to which they agree with the associated statements on a 

scale ranging between: “Strongly disagree” (1) and “Strongly agree” (5). Respondents answered 

the good mood question based on a scale ranging between: “Badly” (1) and “Promising” (5). 

Figure 6.3 shows that most individuals are in the neutral category with regards to feeling regret 

about not purchasing flood insurance, and about feeling regret if the individual were to pay an 

insurance premium if no flood were to occur. Individuals are also mostly in the neutral category 

regarding good mood and there is less variation from this category compared to the two regret 

variables. Moreover, most respondents appear to have very low worry about flooding and are 

inclined to believe that the flood probability is too low to be concerned about, which is no surprise 

because individuals think highly of Dutch flood risk management in general, which may lower 

flood risk perceptions (Terpstra, 2011). The histogram of the internal locus of control response 

pattern represents the summed Likert scale responses for individuals who are inclined to believe 

people can take measures to reduce their risks, and believe they have the power to control what 

happens in their lives, and subtracting responses for individuals who do not find it necessary to 

plan ahead because outcomes tend to be based on fortune, and believe that getting what you want 

in life is down to luck. The combined responses are predominantly positive, which indicates that 

respondents agreed more with the internal locus of control statements than with the external 

statements. 
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Figure 6.3: Distribution of Likert scale responses for the hypothesis variables 

Although we dichotomize the independent variables, qualitative conclusions in the following 

analysis are robust to calculating Spearman’s rank correlation coefficients between RRP and 

untransformed ordinal variables based on the Likert scale responses. Table 6.3 shows that 

individuals who anticipated regret about paying for insurance in the event of no flood, those who 
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have low worry about flooding and those who believe the flood probability is below their threshold 

of concern are more risk seeking/less risk averse. However, these relations are only significant at 

low flooding probabilities. From our point of view, it is logical that individuals would only employ 

emotions and decision rules related to risk perceptions and flood probabilities (like worry and 

threshold of concern) for the low probabilities that most of these individuals also face in practice. 

Previous studies have shown that low probabilities tend to induce a bimodal behaviour 

(McClelland et al., 1990; McClelland et al., 1993), with either strong probability over-weighting 

or probability neglect (strong probability under-weighting). The aggregated data hides that some 

individuals consider the risk as negligible and refuse to get insured, and other individuals feel 

highly worried and concerned by the risk and could purchase even too costly insurance.66 

Regarding anticipated regret about paying for insurance in the event of no flood, for larger 

probabilities this emotion may be less influential given that a flood event is more likely to occur. 

Note that median RRP levels for individuals who have low worry about flooding, who anticipated 

regret about paying for insurance in the event of no flood and who believe the flood probability is 

below their threshold of concern, are positive under flood probabilities 1 in 10,000 and 1 in 1,000. 

Therefore, demand for insurance is still higher than actuarially fair insurance prices for a large 

proportion of individuals who identify with these variables under low probabilities of flooding. 

Anticipated regret about uninsured flood loss is associated with more risk aversion/less risk 

seeking across the flooding probabilities. Furthermore, good mood is not significantly related to 

RRP. We can conclude that anticipated and anticipatory emotions have a more meaningful relation 

to risk preferences than incidental good mood. 

                                                           
66 Upon closer inspection of the data, we find that of the 984 respondents under investigation, 20.5%, 7.6% 

and 4.6% are willing to pay zero for flood insurance under probabilities 1 in 10,000, 1 in 1,000 and 1 in 

100 respectively, which may imply that they neglected these flood risks. Of those willing to pay zero, the 

majority have low worry about flooding or believe the flood probability is below their threshold of concern. 

That is, 64.9%, 66.7% and 68.9% of those willing to pay zero have low worry about flooding under 

probabilities 1 in 10,000, 1 in 1,000 and 1 in 100, and 66.8%, 66.7% and 68.9% believe the flood probability 

is below their threshold of concern, respectively. 
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Regarding personality traits, internal locus of control is related to more risk aversion/less risk 

seeking for higher flooding probabilities (> 1 in 1,000). 

Lastly, we tested for the effect of the hypothetical incentives in our experiment separate to the 

results reported in Table 6.3, which are related to our hypothesis variables. Individuals are more 

risk seeking/less risk averse under hypothetical incentives, but the relation is only significant when 

the flooding probabilities are 1 in 1,000 and 1 in 100 (p-values < 0.1 according to a two-sample 

Wilcoxon rank-sum test with Bonferroni corrections). This finding lends support to a hypothetical 

bias for these low probabilities in our dataset. 

 



Table 6.3: Relative risk premia (RRP) difference per variable of interest 
Variable Flood probability 1 in 10,000 1 in 1,000 1 in 100 1 in 20 1 in 4 1 in 3 1 in 2 3 in 4 19 in 20 
Regret 
uninsured 

Median RRP regret uninsured = 1 
RRP differencea

9 
3.333* 

1.5 
0.833*** 

-0.417
0.25***

-0.833
0.05***

-0.933
0.039*** 

-0.949
0.03***

-0.947
0.033*** 

-0.96
0.028*** 

-0.963
0.026*** 

Regret 
insurance 

Median RRP regret insurance = 1 
RRP differenceb

3.167 
-5.833**

0.5 
-0.167

-0.667
-0.067

-0.883
-0.017

-0.967
-0.007

-0.97
0.005

-0.967
0.003

-0.978
0

-0.975
0.008

Good mood Median RRP good mood = 1 
RRP differencec

7.333 
0 

0.667 
0 

-0.658
-0.033

-0.867
0.012

-0.965
-0.005

-0.966
0.009

-0.955
0.015

-0.976
0.002

-0.968
0.014

Low worry Median RRP low worry = 1 
RRP differenced

4 
-8.333***

0.667 
-0.333*

-0.667
-0.067

-0.883
-0.016

-0.967
-0.016

-0.975
-0.005

-0.967
0

-0.98
-0.002

-0.979
0.004

Internal locus 
of control 

Median RRP internal locus of control = 1 
RRP differencee

7.333 
0 

0.667 
0 

-0.5
0.167** 

-0.833
0.067*** 

-0.933
0.037*** 

-0.949
0.03***

-0.95
0.025** 

-0.967
0.017**

-0.974
0.012*

Threshold of 
concern 

Median RRP threshold of concern = 1 
RRP differencef

5 
-7.333***

0.667 
-0.333

-0.667
-0.083

-0.877
-0.01

-0.96
0.007

-0.965
0.01

-0.967
0.007

-0.978
0

-0.977
0.005

***Significant at 1%; **Significant at 5%; *Significant at 10% according to a two-sample Wilcoxon rank-sum test with Bonferroni corrections. 
a Median RRP difference for regret uninsured = 1 vs. regret uninsured = 0. 
b Median RRP difference for regret insurance = 1 vs. regret insurance = 0. 
c Median RRP difference for good mood = 1 vs. good mood = 0. 
d Median RRP difference for low worry = 1 vs. low worry = 0. 
e Median RRP difference for internal locus of control = 1 vs. internal locus of control = 0. 
f Median RRP difference for threshold of concern = 1 vs. threshold of concern = 0. 
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6.4.2 Parametric analysis 

Table 6.4 displays the maximum likelihood estimation results, where probability weighting 

parameters are modelled as a function of the variables of interest.67 Table 6.4 shows that regret 

about uninsured flood losses and internal locus of control is associated with more over-

weighting/less under-weighting of flood probabilities, because both variables have a positive 

relation to parameter 𝛿𝛿 after controlling for socio-economic variables (p-values < 0.05). This 

implies that bad outcomes (large floods) are assigned larger decision weights by individuals who 

anticipate regret about uninsured flood losses and internal locus of control types. We also find that 

if we drop the variables for the probability weighting parameters and allow a relation between the 

variables and utility, regret uninsured and internal locus of control show up as significant and 

related to more risk aversion/less risk seeking (Table 6.5). Therefore, we cannot distinguish 

whether these variables are related to flood insurance demand through probability weighting or 

outcome valuation. Regardless, the effects are consistent with the non-parametric results, and are 

not due to behavioural noise. 

There is no significant relation to probability weighting or utility parameters for those who would 

regret paying for insurance premium payments in the event of no flood, nor for individuals who 

were in a good mood (p-values > 0.1). The non-parametric estimates in Section 6.4.1 showed that 

67 Relative to previous studies, the values of 𝛿𝛿 and 𝛾𝛾 are considerably lower, and probable flood events are 

heavily under-weighted. However, these values are not completely unrealistic given our flooding context. 

For example, a real-time survey of hurricane risk perceptions found that despite the limitless information 

available about the severity of flood risks posed by Hurricane Isaac and Sandy, residents underestimated 

their highly likely flooding risks considerably, even those located in waterfront properties (Meyer et al., 

2014). Moreover, it has been shown that individuals tend to weight decisions based on the frequency at 

which they occur outside experiments differently. For example, Kusev et al. (2009) found that probability 

weighting for insurance decisions involving low-frequency events like flooding display more probabilistic 

optimism/less probabilistic pessimism, compared to high-frequency events like laptop theft and home 

burglary. The authors conclude that the probability weighting function is impacted by the accessibility of 

events in memory, suggesting that individual experiences leak into risky decisions despite specified 

probability and loss information. 
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the latter variables either have no correlation with risk preferences (good mood), or only have a 

relatively minor relation with preferences when flood probabilities are very low. 

In Table 6.4, threshold of concern has a positive relation to 𝛾𝛾 after controlling for socio-economic 

factors (p-value < 0.05). We conjecture that this is driven by the relatively large negative relation 

between threshold of concern and RRP when the flood probability is very low, i.e., more under-

weighting/less over-weighting of very low probabilities. Therefore, large flood events are given 

lower decision weights for individuals who employ the threshold level of concern decision rule. 

The threshold of concern variable is not significantly related to utility curvature, so the effect on 

insurance demand appears to go through probability weighting. 

Individuals who have low worry about flooding have more noisy responses because the variable 

is positively related to parameter 𝜔𝜔 (p-value < 0.05). This implies that the significant result found 

in Section 6.4.1 may be due to behavioural noise. 

Hypothetical incentives also have a marginally significant positive relation with 𝛾𝛾 after controlling 

for socio-economic factors (p-value < 0.1). However, this marginally significant relation is not 

robust to alternative specifications of the probability weighting function, namely, neo-additive 

weighting. 
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Table 6.4: Maximum likelihood estimation results (probability weighting parameters are a function 
of variables of interest) 
 Model I: including variables of interest Model II: including variables of 

interest and socio-economic controls 
 𝛽𝛽 𝛿𝛿 𝛾𝛾 𝜔𝜔 𝛽𝛽 𝛿𝛿 𝛾𝛾 𝜔𝜔 
Regret 
uninsured 

 0.022** 
(0.01) 

0.048** 
(0.022) 

0.007 
(0.015) 

 0.02** 
(0.01) 

0.038 
(0.024) 

0.005 
(0.015) 

Regret 
insurance 

 0.012 
(0.012) 

0.004 
(0.026) 

0.025 
(0.018) 

 0.011 
(0.011) 

0.015 
(0.027) 

0.016 
(0.017) 

Good mood  0.013 
(0.014) 

0.001 
(0.034) 

0.027 
(0.022) 

 0.011 
(0.014) 

-0.023 
(0.039) 

0.026 
(0.021) 

Low worry  0.009 
(0.01) 

-0.029 
(0.026) 

0.026* 
(0.016) 

 0.009 
(0.01) 

-0.032 
(0.026) 

0.031** 
(0.015) 

Internal locus 
of control 

 0.023** 
(0.01) 

0.048** 
(0.024) 

0.011 
(0.015) 

 0.023** 
(0.011) 

0.028 
(0.026) 

0.017 
(0.016) 

Threshold of 
concern 

 0.006 
(0.01) 

0.053** 
(0.024) 

-0.009 
(0.015) 

 0.004 
(0.01) 

0.057** 
(0.025) 

-0.011 
(0.017) 

Hypothetical  -0.004 
(0.009) 

.05** 
(0.025) 

-0.014 
(0.015) 

 0.000 
(0.01) 

0.056* 
(0.029) 

-0.009 
(0.015) 

Constant 1.142*** 
(0.031) 

0.042*** 
(0.01) 

0.179*** 
(0.029) 

0.148*** 
(0.017) 

1.142*** 
(0.032) 

0.035** 
(0.015) 

0.119** 
(0.05) 

0.156*** 
(0.024) 

LL -141,298.58 -136,969.6 
N 984 955 
Notes: ***Significant at 1%, **Significant at 5%, *Significant at 10%. Model standard errors are in 
parentheses. Model II includes control variables for the 𝛿𝛿, 𝛾𝛾 and 𝜔𝜔 parameters. Control variables are as 
follows: male is a dummy variable which equals 1 for males and 0 for females; higher education equals 1 
if an individual possesses either a Bachelor’s degree, higher professional education diploma (HBO), 
Master’s degree or PhD, and 0 otherwise; low income equals 1 for individuals with household monthly 
income lower than the median income category, and 0 otherwise and high risk equals 1 for individuals who 
live in areas with flood risks of 1 in 1,250 or higher, and 0 otherwise. 
Observations are lower in model II due to individuals listing their education as “Other” and providing 
invalid postcode addresses. 
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Table 6.5: Maximum likelihood estimation results (utility parameter is a function of variables of 
interest) 
 Model I: including variables of interest Model II: including variables of interest 

and socio-economic controls 
 𝛽𝛽 𝛿𝛿 𝛾𝛾 𝜔𝜔 𝛽𝛽 𝛿𝛿 𝛾𝛾 𝜔𝜔 
Regret 
uninsured 

0.135** 
(0.058) 

  0.007 
(0.015) 

0.123** 
(0.061) 

  0.005 
(0.015) 

Regret 
insurance 

0.077 
(0.064) 

  0.026 
(0.018) 

0.074 
(0.065) 

  0.017 
(0.017) 

Good mood 0.051 
(0.074) 

  0.027 
(0.022) 

0.022 
(0.077) 

  0.026 
(0.022) 

Low worry 0.048 
(0.058) 

  0.026 
(0.016) 

0.056 
(0.06) 

  0.03** 
(0.015) 

Internal locus 
of control 

0.151*** 
(0.058) 

  0.011 
(0.015) 

0.145** 
(0.062) 

  0.017 
(0.015) 

Threshold of 
concern 

0.048 
(0.059) 

  -0.009 
(0.015) 

0.043 
(0.062) 

  -0.011 
(0.017) 

Hypothetical -0.012 
(0.056) 

  -0.013 
(0.015) 

0.018 
(0.061) 

  -0.008 
(0.015) 

Constant 0.939*** 
(0.059) 

0.072*** 
(0.007) 

0.271*** 
(0.011) 

0.148*** 
(0.017) 

0.87*** 
(0.097) 

0.073*** 
(0.007) 

0.284*** 
(0.012) 

0.157*** 
(0.024) 

LL -141,315.92 -137,008.35 
N 984 955 
Notes: ***Significant at 1%, **Significant at 5%, *Significant at 10%. Model standard errors are in 
parentheses. Model II includes control variables for the 𝛽𝛽 and 𝜔𝜔 parameters. Control variables are as 
follows: male is a dummy variable which equals 1 for males and 0 for females; higher education equals 1 if 
an individual possesses either a Bachelor’s degree, higher professional education diploma (HBO), Master’s 
degree or PhD, and 0 otherwise; low income equals 1 for individuals with household monthly income lower 
than the median income category, and 0 otherwise and high risk equals 1 for individuals who live in areas 
with flood risks of 1 in 1,250 or higher, and 0 otherwise. 
Observations are lower in model II due to individuals listing their education as “Other” and providing invalid 
postcode addresses. 
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6.5 Discussion 

This section is organized as follows: Section 6.5.1 discusses the results in relation to our 

hypotheses, and Section 6.5.2 outlines several recommendations for policy which are based on 

these results. 

6.5.1 Discussion of main results 

We find that internal locus of control and anticipated uninsured flood loss regret are related to 

higher flood insurance demand, in support of H1 and H5. The non-parametric results showed that 

internal locus of control leads to more risk aversion/less risk seeking for higher flooding 

probabilities (> 1 in 1,000). This may imply that internal types better prepare for higher probability 

flood risks, consistent with research conducted by Sattler et al. (2000), who find that locus of 

control predicts hurricane preparation in communities under the immediate threat of a hurricane. 

In general, individuals with an internal locus of control are more likely to protect themselves 

against impending hazard events (Sims and Baumann, 1972; Mileti and Peek, 2000), e.g., flooding 

caused by increased water levels. The fact that locus of control does not correlate with RRP at very 

low probabilities may suggest that internals do not deem it necessary to exercise control over 

potential flood events when probabilities are sufficiently low. 

Of the variables related to RRP when flood probabilities are low, like low worry about flooding, 

regret about paying for flood insurance if no flood were to occur, threshold of concern and 

hypothetical incentives, only threshold of concern is related to more probability under-

weighting/less probability over-weighting for low flood probabilities according to the structural 

estimation. Some insurance demand studies have implemented high-impact losses by randomly 

selecting one or a few respondents to receive experimental payments (e.g., Papon, 2008; Schade 

et al., 2012; Kunreuther and Michel-Kerjan, 2015; Zimmer et al., 2018). Our finding of more risk 

seeking/less risk aversion for low flood probabilities under hypothetical incentives (indicative of 

hypothetical bias), suggests that real incentives implemented according to this random selection 

may matter for eliciting risk preferences under low-probability risks. Note however, that the result 

regarding hypothetical incentives being related to more probability under-weighting/less 

probability over-weighting under low flood probabilities, is not robust to alternative specifications 

of the probability weighting function. The threshold of concern result is consistent with H6. In 



 

 
165 

 

particular, the finding confirms suggestions made by Kunreuther (1996), that individuals who 

utilize a threshold model may have lower demand for loss mitigation measures, because they view 

the probabilities of risks which fall below threshold levels as having a zero chance of occurrence. 

With regards to H2 and H4, the variables regret insurance and low worry have a significant 

relationship with flood insurance demand only for low flooding probabilities. In contrast to our 

single measure of subjective flood risk perception according to levels of stated worry about 

flooding, Botzen and van den Bergh (2012b) utilized several variables in their study of flood 

insurance demand in the Netherlands, such as perceptions about climate change induced flood risk, 

perceived risk of experiencing flood damages, as well as expected flood damage amounts and 

expected return period. They found a positive significant influence of risk perception on flood 

insurance demand. Brouwer and Schaafsma (2013) also showed that flood insurance demand under 

several hypothetical climate change scenarios is significantly related to a higher perception of 

future flood risk for a sample of Dutch house-dwellers. The significant result in our study found 

in Section 6.4.1 with regards to low worry relating to increased levels of risk seeking/lower levels 

of risk aversion at low probabilities of flooding, may have been due to behavioural noise. One 

might suspect that low worry about flooding may be related to random decision making in our 

experiment, because low worry individuals may have taken the flood insurance decisions less 

seriously on average. 

We also find that good mood has no relationship with risk preferences, so H3 can be rejected. This 

is in contrast to Schulreich et al. (2014), who found that a music-induced positive emotional state 

is related to more risk seeking/less risk aversion behaviour due to differences in probability 

weighting. Moreover, Fehr-Duda et al. (2011) showed that good mood is related to more risk 

seeking/less risk aversion due to lower probability weights in insurance decisions involving the 

risk of portable computer repair costs. Jaspersen and Aseervatham (2017) showed in an 

incentivized lab experiment that positive incidental emotion, elicited by playing subjects a joy-

inducing movie clip, increases individual proneness to the gambler’s fallacy in demand for bicycle 

loss insurance. That is, a loss in a prior round coupled with positive incidental emotion has a 

negative impact on insurance demand. This result suggests that the impact of positive incidental 

emotion on risk seeking behaviour may be more apparent immediately after a loss. Our study 

differs from these examinations in several respects. Our experiment has more contextual richness 
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than the first study, where individuals chose between pairs of neutrally framed prospects to elicit 

probability weighting. In addition, the maximum loss in the latter two studies is considerably lower 

than the high-impact flood losses of our study. Lastly, we do not examine the impact of loss 

experience and it’s interaction with good mood on insurance demand, in contrast to the third study. 

Nevertheless, from our perspective mood should not be related to long term decisions such as flood 

insurance purchase. However, we cannot rule out that the stated mood measure used in our study 

is neither specific or intense enough to induce changes in risk preferences with regards to flood 

risk. One might conclude that induced mood has a greater correlation with risk preferences than 

when it is stated. However, the significant Fehr-Duda et al. (2011) result comes from a stated mood 

study. Moreover, Yuen and Lee (2003) find that while sad movie-induced mood has an effect 

(toward less risk seeking) on behaviour, happy movie-induced mood does not, compared to a 

neutral mood baseline. Overall, risk specific emotions like anticipated regret have a more 

meaningful relationship with flood risk attitudes and insurance choices than emotion unrelated to 

flood risk in our experiment. 

6.5.2 Policy recommendations 

Our results have practical implications for policymakers who aim to increase flood insurance 

demand and protective efforts. External locus of control types, who deem that potential flood 

events and their consequences are out of their control, may benefit from education policies which 

emphasize the importance of undertaking preparations to mitigate potentially catastrophic 

damages (McClure et al., 1999). In general, asserting the view that individuals have the propensity 

to control the extent of potential damages from flooding is likely to benefit future preparation 

efforts. 

Individuals who adopt the threshold level of concern decision rule are less likely to neglect flood 

risk if perceived probabilities exceed their threshold levels. This can be achieved through bundling 

flood insurance with several other risks into one insurance policy, to create a combined probability 

of any event occurring which overcomes threshold levels (Kunreuther and Pauly, 2004). Another 

solution is to reframe probability information over longer time periods, e.g., an equivalent way of 

framing a 1 in 100 year annual flood probability is that within 40 years, there is a 1 in 3 chance of 

a flood occurring (Keller et al., 2006). It has been shown that risk perceptions and intentions to 

undertake damage mitigation measures are higher when probabilities are reframed in this way 
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(Slovic et al., 1978; Chaudhry et al., 2018). This policy measure falls under the “nudges” category 

of policy tools, because it does not alter material incentives or limit freedom of choice (Thaler and 

Sunstein, 2008). This nudge could also be justified from an ethical point of view, because we know 

that a significant proportion of homeowners in high risk areas may feel regret about not purchasing 

flood insurance if a flood were to occur. However, note that the ethical dimension of nudging has 

been debated in the literature regarding its effect on consumer autonomy and welfare (Smith et al., 

2013). 

Another policy related to risk framing is to communicate risk so that individuals are given a worst-

case scenario (Kunreuther, 2015). Highlighting potential uninsured flood losses to homeowners in 

hazard prone areas may incentivize individuals to purchase insurance, because the expected regret 

they might feel upon experiencing an uninsured flood may become more salient. 

6.6 Conclusion 

An economic experiment was conducted with 1,041 homeowners in the Netherlands. We elicited 

flood insurance demand under the low probabilities of flooding which homeowners face presently, 

as well as higher probabilities which are more imminent dangers of flooding due to extremely high 

water levels at a certain point in time. We focus on insurance specific risk to examine 

psychological mechanisms related to flood insurance demand. A better understanding of flood risk 

preferences is important for risk management and policymaking. 

We find that individuals who anticipate regret about uninsured flood losses, as well as internal 

locus of control personality types have higher flood insurance demand. Furthermore, individuals 

who follow the threshold level of concern decision rule have lower flood insurance demand under 

low probabilities of flooding. Our exploratory analysis suggests that this effect on insurance 

demand goes through more probability under-weighting/less probability over-weighting. 

Climate change is projected to intensify flood risk in many regions around the world due to sea-

level rise and increased levels of precipitation. Because many homeowners underestimate probable 

flooding risks and underweight these risks like our study shows, there is a role for policy makers 

to continually manage water levels and to maintain flood barriers to mitigate the potential increase 

in the frequency and severity of flooding in the future as a result of climate change. Despite 

possibilities to improve public flood protection, a residual flood risk will remain since complete 
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protection is often infeasible or not cost-effective. This implies there is a need for individuals in 

flood-prone areas to adequately prepare for flooding, including purchasing insurance for residual 

flood risk. However, in practice we observe that many people do not purchase flood insurance, 

and regret this decision after a flood event has occurred, while a sub-group of people are well 

prepared and do insure. Our study delivers insights into reasons that explain this behaviour, on the 

basis of which recommendations can be given for policies that aim to improve flood preparedness. 

We suggest several policy recommendations to overcome psychological factors related to more 

risk seeking/less risk aversion to improve flood preparations, the effectiveness of which can be 

examined by further research. These include policies that promote better risk communication to 

enhance insurance decisions for individuals adopting the threshold of concern decision rule, and 

education and information provision to change the behaviour of external locus of control types. 

Moreover, bundling low-probability risks with more immediate risks may achieve an overall 

covered risk which is less likely to be judged as falling below threshold levels of concern. These 

measures could aid the development of the flood insurance market in the Netherlands. 
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CHAPTER SEVEN 

Default options and insurance demand 

This chapter is based on: Robinson, P.J., Botzen, W.J.W., Kunreuther, H. and Chaudhry, S.J., 

2019. Default options and insurance demand. Submitted. 
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7.1 Introduction 

Whereas rational economic approaches assume individuals are fully informed and maximize their 

expected utility, behavioural economics recognizes individuals’ cognitive limitations that may 

lead them to fail to act in their own self-interest (Bhargava and Loewenstein, 2015). Individuals 

are more likely to act in accordance with rational economic theory if they have experience related 

to the decision, because there are opportunities for learning (List, 2003). Within behavioural 

economics, choice architecture uses subtle changes in decision framing to promote socially and 

individually beneficial decisions (Johnson and Goldstein, 2003; Cohen et al., 2015; Ungemach et 

al., 2017). However, it has been noted that choice architecture may work better when individuals 

are less knowledgable decision makers (Löfgren et al., 2012), because they have not had an 

opportunity to learn from previous decisions. 

Defaults are a type of choice architecture which has received limited attention with respect to 

insurance against low-probability/high-impact (LPHI) risk, like floods, which is the focus of this 

study (Kunreuther, 2015; Kunreuther and Pauly, 2018).68 Floods are the most frequent and costly 

natural hazards worldwide and homeowners often underinvest in measures that mitigate these risks 

(Kunreuther and Pauly, 2004; Browne et al., 2015; Wallemacq, 2018; Kousky, 2018), so there is 

a rationale for using defaults to encourage individuals to protect themselves against future losses 

by purchasing insurance. Meyer and Kunreuther (2017) suggest developing strategies for 

improving preparedness for disasters by recognizing decision biases that lead to underinvestment 

in protective behaviours. 

We conducted a survey using hypothetical scenarios to assess how defaults influenced the way 

1,187 homeowners made their flood insurance choices. We study homeowners because they are 

more likely to make flood insurance decisions and be responsible for structural damage to their 

home if a flood occurs, compared to other subgroups like renters. In one condition, flood insurance 

coverage was included in an insurance policy and individuals had to opt-out to cancel their 

                                                           
68 Other types of choice architecture has been proposed to increase flood insurance demand, by stretching 

the time horizon with respect to the likelihood of a future flood occurring (Chaudhry et al., 2018) and by 

providing information on the severity of flood risk (Bradt, 2019). 
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coverage. This was compared to an opt-in condition where individuals had to pay additional 

insurance premiums to include flood coverage in their insurance policy. 

Given the limited attention defaults have received for insurance against LPHI risk, it is also an 

open question of whether variables related to learning like experience moderate the default effect 

in this domain. To assess the potential influence of experience on the effectiveness of defaults, we 

collected data on the impact of opt-in and opt-out policies from two populations that differ in 

experience: the Netherlands and the United Kingdom (UK). Private flood insurance is purchased 

by a small fraction of the population in the Netherlands and recent flooding has caused only minor 

losses, while in the UK flood insurance penetration rates are currently very high and the country 

has recently experienced a number of damaging flood events. 

We also control for and test the impact of several features which may influence individuals’ 

response to defaults that serve as a reference point (Dinner et al., 2011). The status quo often serves 

as a reference point, and losses are weighted more heavily than gains from the reference point due 

to loss aversion (Samuelson and Zeckhauser, 1988). Reference-dependent Subjective Expected 

Utility proposed by Sugden (2003) conjectures that if one deviates from the status quo and learns 

that a better result would have been achieved by maintaining the status quo, she/he will experience 

regret for not having chosen the ex-post optimal alternative. If an individual anticipates this regret 

and is regret-averse then he/she will prefer to stay with the status quo ex-ante (Keller et al., 2011; 

Zhang and Fishbach, 2005; Sautua, 2017). 

In keeping with the loss aversion argument of default effects, the perceived cost of opting out of 

the default may be influential (Sunstein, 2013). In our setting, individuals may examine the certain 

cost of purchasing flood insurance relative to the uncertain benefits in terms of reduced flood 

damages resulting from an unlikely future flood event. If the cost of flood insurance is perceived 

as high, individuals may decide to stick with the status quo of no flood insurance coverage. Risk 

preferences (which are influenced by loss aversion) may also impact behaviour with respect to 

defaults. For example, if the default option is having insurance and individuals are risk seeking, 

they might want to opt-out of this coverage, while more risk averse types may want to maintain 

this coverage. 

Based on the data we collected, we show that subjects demand more flood insurance in the 

Netherlands if they are assigned to an opt-out rather than an opt-in condition, but we find no overall 
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impact of defaults in the UK. Indeed, the contrasting influence of default assignment on flood 

insurance demand in the Netherlands and the UK is explained by past experience with flooding 

and previous purchasing of flood insurance. We do find that in the UK there are subgroups for 

which defaults are effective, i.e., highly risk averse individuals, and those with no reported 

previous flood experience who have never purchased flood insurance. 

The default effect we find in the Netherlands is partially mediated by regret about not purchasing 

flood insurance coverage in the event of a flood and perceptions about the flood insurance cost. 

That is, subjects in the opt-out condition are more likely to focus on flood damages and regret 

associated with not insuring, and less likely to focus on the cost of insurance than those assigned 

to the opt-in condition. This in turn influences whether subjects purchase flood insurance. The 

mediators of regret and perceived insurance cost may be an indicator of loss aversion in relation 

to their reference point, which is determined by the default. 

The remainder of this paper is structured as follows: Section 7.2 provides an overview of the flood 

insurance markets in the Netherlands and the UK. Section 7.3 describes hypotheses to be tested 

with motivation from the literature. Section 7.4 presents the survey design and descriptive 

statistics. Section 7.5 details the method used to test the hypotheses and results related to the impact 

of default options on flood insurance demand. Section 7.6 discusses these results and provides 

directions for future research. Section 7.7 concludes by highlighting the policy implications of the 

analysis. 

7.2 Institutional design and comparison 

This section provides an overview of institutional differences between the Netherlands and the UK 

regarding their flood insurance markets. The two countries have been described as being at 

opposite ends of the spectrum of flood insurance penetration (Surminski et al., 2015), i.e., 

penetration rates are currently low in the Netherlands and high in the UK. 

Floods very rarely occur in the Netherlands with the last large-scale flood occurring in 1953 when 

total damage amounted to around 5% of Dutch national income (Bos and Zwaneveld, 2017). The 

most recent flood in the country occurred in 2003 when a dike breach in the village of Wilnis 

caused €16 million damage to residential property (Aerts and Botzen, 2011). In contrast, the UK 

has recently experienced a number of highly publicized flood events, such as those during the 
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winter storms of 2013/2014, which resulted in around £290 million flood damages (Penning-

Rowsell, 2014; Muchan et al., 2015) and 2015/2016, when insured flood damages amounted to 

approximately £1.3 billion (McCarthy et al., 2016). 

Flood insurance is not included in homeowners policies in the Netherlands but this coverage has 

been offered by a private insurer, Neerlandse, since 2016 on a voluntary basis by more than 1,500 

insurance agents.69 Premium costs are determined on the basis of objective flood risk information 

provided by Dutch governmental institutions. Today only a very small percentage of homeowners 

have purchased a flood insurance policy that may be partially explained by unawareness of their 

flood risk (Suykens et al., 2016). Based on our survey data, only 2% of Dutch homeowners report 

that they currently have flood insurance and < 0.5% have purchased this coverage in the past.70 

The insured homeowners are also more likely to have suffered flood damage in the past than those 

who have never purchased a flood insurance policy.71 

The Dutch scheme is distinct from the UK, which has for a long time promoted homeowner 

responsibility for flood recovery with an emphasis on insurance (Penning-Rowsell and Priest, 

2015). Private flood insurance in the UK was established in 1961, and is purchased as part of 

standard home insurance policies (Paudel et al., 2012). Since the 1970s, penetration rates have 

been quite high in part due to an agreement between government and the insurance industry that 

mortgage holders are required by financial institutions to carry flood insurance, although those at 

the very high risk were excluded from the agreement (Huber, 2004; Penning-Rowsell et al., 2014). 

The UK has also made efforts over the years to enhance flood insurance availability for high risk 

homeowners. For example, in the past insurers agreed to provide flood insurance to homeowners 

up to a 1 in 75 years return period (Surminski and Eldridge, 2017), and a recently established 

                                                           
69 These figures are provided on the Neerlandse website (http://www.neerlandse.co.uk).  
70 The exact percentage of homeowners who have actually purchased flood insurance is not available in the 

Netherlands according to the publicly available information. 
71 Only 1% of homeowners who report to have never purchased flood insurance report to have suffered 

flood damage to their property in the past, compared to 58% for those who currently have or previously had 

flood insurance. 
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reinsurance pool (Flood Re) is used to subsidize the premiums paid by high risk households 

(Surminski, 2018). 

According to our sample data, 39% of homeowners in the UK report that they currently have flood 

insurance and 6% had flood insurance in the past. This is consistent with expectations that a much 

higher percentage of homeowners will have purchased flood insurance in the UK than the 

Netherlands. In practice, the percentage of homeowners who actually carry flood insurance is 

much higher (~95%) (HM Government, 2016). Therefore it is likely that many homeowners in our 

UK sample carry flood insurance but are not aware of it. Indeed it is not uncommon for 

homeowners to misreport their insurance status in surveys (Andor et al., 2020). As in the 

Netherlands, homeowners who know they currently have flood insurance, or held it in the past are 

also more likely to have been flooded in the past.72 

7.3 Hypotheses 

A few studies have tested the impact of default assignment on insurance decisions. Johnson et al. 

(1993) examined changes in legislature in two states in the US regarding whether auto insurance 

policies retained a right to sue for pain and suffering resulting from a car accident. A higher 

percentage of motorists in Pennsylvania, where the default policy included the right to sue, have 

purchased the right to sue compared to motorists in New Jersey, where the default policy did not 

include this right. Johnson et al. (2013) also found that individuals are more likely to choose cost-

effective health insurance policies if they are preselected. Coe et al. (2016) find that compared to 

active choice, providing life insurance as a default option increased the rate of coverage. Krieger 

and Felder (2013) showed that default assignment to a health insurance policy where the individual 

pays 0% of medical treatment costs positively impacted coverage levels, compared to active 

choice. Overall it seems that providing insurance as the default increases demand for coverage. 

                                                           
72 1% of homeowners in the UK who report to have never held flood insurance, also report to have been 

flooded in the past. Whereas, 19% of homeowners who report to hold flood insurance or held it in the past, 

report to have been flooded in the past. 
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H1: More individuals will purchase flood insurance if it is included in an insurance policy by 

default and individuals must opt-out to cancel their coverage, than in an opt-in condition where 

individuals must pay additional insurance premiums to include flood coverage. 

Individual sensitivity to defaults may also be a function of the degree of experience an individual 

has in a given decision domain. The impact of health insurance default policies on coverage rates 

found by Krieger and Felder (2013) dissipated over later periods of their repeated decision making 

experiment. Löfgren et al. (2012) found that experienced individuals (environmental economists 

attending a conference), who are more knowledgable about the decision at hand, are not influenced 

by carbon offsetting default assignments. In an earlier study, List (2003) showed that anomalies 

like the endowment effect do not occur among experienced consumers who have high levels of 

expertise in the decision domain, compared to those who have no market experience.73 Apparently, 

unexperienced consumer behaviour is better explained by theories that incorporate psychological 

aspects like reference dependence and loss aversion, such as Prospect Theory (Kahneman and 

Tversky, 1979) and Reference-dependent Subjective Expected Utility (Sugden, 2003), whereas 

experienced consumer behaviour can be explained by conventional (rational) economic theory 

(List, 2004).74 

We do not hypothesize that all homeowners who are insured against flooding will choose to 

purchase flood insurance in the survey. Homeowners may be required to carry flood insurance as 

part of their mortgage requirements (as in the UK), but given the option would rather face their 

flood risk uninsured. We conjecture that UK homeowners are more likely to have focused on their 

flood insurance preferences than Dutch homeowners, because nearly every homeowner in the UK 

has this coverage whereas the penetration rate in the Netherlands is close to zero. In this regard, 

we include a variable indicating whether the homeowner resides in the Netherlands or the UK as 

an indicator of whether or not the individual has actually purchased flood insurance. Overall, we 

expect that homeowners who have purchased flood insurance previously know more about the 

                                                           
73 The endowment effect refers to an increase in the value of a good when it is part of an individual’s 

endowment (Thaler, 1980). 
74 Plott and Zeiler (2005) find in a related study that once subjects are given adequate training and practice 

with experimental procedures, and incentive compatible remuneration is provided, that the endowment 

effect is eliminated. 
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benefits (or costs) of having insurance (e.g., peace of mind), and this type of learning would make 

them less susceptible to defaults. 

H2: Individuals who have experience with purchasing private flood insurance are less susceptible 

to defaults. 

When testing for H2 one needs to control for previous flooding experience (which also differs 

between the UK and the Netherlands), and its potential interaction with the default condition. We 

conjecture that homeowners who have experienced flood damage have learned about the 

advantages and disadvantages of (not) having flood insurance, and hence are likely to have strong 

preferences as to whether or not to purchase coverage, which would make them less susceptible to 

defaults. 

H3: Individuals who have experience with flood damage are less susceptible to defaults. 

Risk preferences are another potential moderator of the effect of the default on flood insurance 

demand. Given that we believe that those who choose to opt-out or opt-in are impacted by their 

risk preferences, we will examine whether this variable plays a significant role in the insurance 

purchase decision and its interaction with the individual’s default assignment (i.e., not having flood 

insurance or having a policy). According to Expected Utility Theory, flood insurance demand is 

positively related to the degree of risk aversion. It is however difficult to determine a priori whether 

this relation may depend on other aspects like default assignment and past experience. 

In our analysis we also examine variables which can (partially) account for the relation between 

the nature of the default and flood insurance demand. It has been hypothesized that default options 

represent a reference point from which individuals judge gains and losses (Dinner et al., 2011). 

Because losses are weighted more heavily than gains in decisions (loss aversion) (Kahneman et 

al., 1991), a change in the default option can lead to a change in one’s decision. Because loss 

aversion has already been suggested by a number of authors to be the root cause of default effects 

(Smith et al., 2013; Johnson et al., 2002; Jachimowicz et al., 2019),75 we view this analysis of 

                                                           
75 Loss aversion may be especially applicable to our context, over alternative explanations of default effects, 

like whether defaults are perceived as an implicit endorsement (McKenzie et al., 2006), or whether deciding 

between alternatives requires significant effort, whereas sticking with the default is perceived as relatively 



 

 
177 

 

secondary importance in terms of novelty, compared to our examination of the role of past 

experience. As an aside, our investigation of flood insurance purchasing experience is more in line 

with previous studies on the moderating effect of buying (and selling) experience on the default 

effect, than the moderating effect of flood damage experience which we view as a unique insight 

in our study. 

What is perceived as a loss depends on the reference point, which is influenced by the nature of 

the default (Sunstein, 2013). Consider an opt-in insurance condition, where individuals must pay 

an extra premium to add a flood insurance component to some insurance policy. These additional 

costs may loom large, and so individuals may stick with the default (no flood insurance coverage). 

To assess this, we use perceived insurance premium as a proxy for how individuals feel about the 

certain cost of purchasing flood insurance, which is a loss from a no flood insurance coverage 

default. In contrast, in an opt-out condition, individuals may instead focus on the disadvantages of 

removing the flood insurance component in terms of potential flood losses, and the regret one 

might feel in the event of an uninsured loss. For this reason, regret is used as a proxy for how 

individuals feel about potential uninsured flood losses if individuals were to opt-out of a flood 

insurance coverage default. We predict the following based on loss aversion and reference 

dependence: 

H4: The perceived cost of flood insurance and anticipated regret about not purchasing flood 

insurance coverage should a flood occur mediate the impact of the default assignment on flood 

insurance demand. 

H4a: Compared to the opt-in condition, individuals in the opt-out condition are less likely 

to perceive the flood insurance cost as too expensive, and more likely to feel regret about 

not purchasing flood insurance coverage in the event of a flood. 

                                                           
effortless (Johnson and Goldstein, 2003). In our setting there is little indication of the default insurance 

policy being implicitly recommended, and we provided insurance costs with and without the flooding 

component so the mental burden involved in making a choice is low. 
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H4b: Individuals who perceive the flood insurance cost as too expensive demand less flood 

insurance, and those who feel regret about not purchasing flood insurance coverage in the 

event of a flood demand more flood insurance. 

H4c: Once one controls for the perceived cost of flood insurance and regret about not 

purchasing coverage should a flood occur, there is a significant reduction in the impact of 

the default on demand for insurance. 

7.4 Survey design and descriptive statistics 

We sampled 599 homeowners in the Netherlands and 588 homeowners in the UK through the 

survey company Multiscope (http://www.multiscope.nl) during February 2019.76 We employed a 

non-incentivized survey given that incentivizing large losses is complicated (Etchart-Vincent, 

2009), and it is not clear if it results in large biases (Robinson and Botzen, 2019b) since individuals 

have a low incentive to lie. An advantage of our sample over student samples often used in lab 

experiments is that we examine homeowners facing flood risk and making insurance purchase 

choices in real life which ensures higher external validity. 

After some initial socio-economic questions, subjects were asked to: “Imagine that you have just 

moved in to a new home in the Netherlands (United Kingdom) which you purchased for €260,000 

(£227,500).77 Your new home is at risk of flooding. The government will not reimburse you for 

any flood damage you suffer if you do not insure your home.” 

Homeowners in the Netherlands and UK were randomly assigned to face either an opt-in condition 

(300 and 297 subjects, respectively) or an opt-out condition (299 and 291 subjects, respectively). 

The conditions used the following wording to describe the flood probability: “Every year there is 

a 1 in 1,250 chance that your new home will be flooded.” The opt-in condition asked subjects 

whether they would like to add flood coverage to a pre-purchased insurance policy which covers 

fire and burglary related losses. The opt-out condition asked subjects whether they would like to 

                                                           
76 A pre-test was conducted initially to refine the survey instructions. 
77 €260,000 is the approximate average purchase price for a property in the Netherlands (Statistics 

Netherlands, 2018). For the UK version of the survey, €260,000 is replaced by £227,500, which is equal to 

the Dutch average based on purchasing power parity figures. 
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remove flood coverage from a pre-purchased insurance policy which covers flood, fire and 

burglary related losses. Figure 7.1 presents the way in which flood insurance demand was elicited 

over the opt-in and opt-out conditions. Table 7.1 provides an overview of the conditions.
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Every year there is a 1 in 1,250 chance that your new home will be flooded. The estimated 

damage from a flood to your new home is €80,000 (£70,000). 

 

You have purchased an insurance policy from your insurance agent. 

 

Opt-in 

 

This standard policy covers fire and burglary related losses for the price of €128 (£112) per year. 

 

You may add flood coverage to your insurance policy and it will increase your annual insurance 

premiums by €64 (£56) (resulting in a total insurance cost of €192 (£168)). 

 

Do you choose to add flood coverage to your insurance policy? Yes/No 

 

Opt-out 

 

This standard policy covers flood, fire and burglary related losses for the price of €192 (£168) 

per year. 

 

You may remove flood coverage from your insurance policy and it will decrease your annual 

insurance premiums by €64 (£56) (resulting in a total insurance cost of €128 (£112)). 

 

Do you choose to remove flood coverage from your insurance policy? Yes/No 

 

 

Figure 7.1: Flood insurance demand elicitation over the opt-in and opt-out conditions 
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Table 7.1: Summary of survey conditions 
Country Netherlands UK 
Conditions opt-in opt-out opt-in opt-out 
Subjects 300 299 297 291 

 

The survey flood risks are calibrated based on typical values in the Netherlands. Probability 1 in 

1,250 reflects the flood probability for homes situated in the river delta of the Netherlands, based 

on river-dike safety norms. The average damage from flooding per residence for homes facing the 

1 in 1,250 probability was calculated in Botzen and van den Bergh (2009; 2012b) based on the 

flood damage model of Wouters (2005). In today’s price levels this is €80,000 (rounded). 

Moreover, the flood insurance premium was set at the actuarially fair (€64) level (equal to 

probability multiplied by damage) though individuals were not told this explicitly. We provide the 

insurance costs with and without flood insurance, so that potential default effects cannot be due to 

subjects’ calculation capacities. 

Immediately following the flood insurance decision, subjects were asked a number of questions 

based on how they made their choices, flood insurance purchasing and flooding experience, trust 

in flood defenses as well as to elicit socio-economic variables and risk preferences (see Table 7.2). 

We asked subjects “For the following questions please think about how you made your choice 

about whether or not to add (remove) flood coverage to (from) your insurance policy”, then 

consistent with studies by Robinson and Botzen (2019b) and Keller et al. (2011), anticipated regret 

was elicited by asking subjects their extent of agreement (on a 7-point scale) with the statement: 

“I would feel regret about not purchasing flood insurance coverage if a flood were to occur next 

year.” To determine the degree to which subjects found the survey flood insurance costs expensive, 

we included the item: “The annual flood insurance cost €64 (£56) is too expensive.” 

Regarding the experiential variables, in the Netherlands we included the following: “Currently 

flood insurance is not part of home insurance or home contents insurance policies in the 

Netherlands. However, homeowners can purchase a separate insurance policy that covers their 

flood risk. Have you ever purchased this insurance policy that covers flood risk?”. Response 

options: “Yes, I currently hold this separate insurance policy that covers flood risk”; “Yes, I held 

this separate insurance policy that covers flood risk in the past, but I decided to cancel my policy”; 

“No, I never held this separate insurance policy that covers flood risk”. In the UK we asked 
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subjects a slightly modified version: “Currently flood insurance is often included in home 

insurance policies in the United Kingdom. So homeowners can purchase a home insurance policy 

that covers their flood risk. Have you ever purchased this home insurance policy that covers flood 

risk?” Response options: “Yes, I currently hold this home insurance policy that covers flood risk”; 

“Yes, I held this home insurance policy that covers flood risk in the past, but I decided to cancel 

my policy”; “No, I never held this home insurance policy that covers flood risk”. The two versions 

of this question are in line with the way in which flood insurance is currently being sold in the 

Netherlands and the UK, respectively. To determine whether subjects had experienced flooding in 

the past (yes/no), we asked: “Has your home been flooded in the past when you were living in it?” 

To examine subjects’ extent of trust in flood defenses, we included the item: “I am confident that 

the dikes (flood defenses) in the Netherlands (United Kingdom) are well maintained.” The item is 

similar to the way in which trust in flood defenses was measured among Dutch residents in Terpstra 

(2011). We use trust to proxy for flood risk perceptions among homeowners. Other measures of 

flood risk perception, like the perceived likelihood of flooding at one’s current home, may not 

apply to the new home we ask subjects to imagine in the survey. We assume that subjects who 

have higher trust in their country’s flood defenses have lower general flood risk perceptions, 

consistent with Terpstra (2011). 

Risk preferences were elicited following Dohmen et al. (2011), who asked respondents to rate their 

willingness to take risks in general: “How do you see yourself: are you generally a person who is 

willing to take risks or do you try to avoid taking risks? Please use a scale from 0 to 10, where a 0 

means you are ‘completely unwilling to take risks’, and a 10 means you are ‘very willing to take 

risks’. You can also answer values in-between to indicate where you fall on the scale.” Their 

survey-based measure is validated in the sense that it is strongly correlated with the way in which 

individuals make choices in paid lottery experimental decisions. Moreover, the authors showed 

that the measure is a good all-round predictor of a range of risky behaviours in practice. 

It is notable that flood insurance demand is significantly higher in the UK than in the Netherlands 

(Chi-squared test statistic = 71.97, p-value = 0.00). Compared to the Netherlands, UK respondents 

are also more likely to feel regret about not purchasing flood insurance coverage if a flood were to 

occur next year (Wilcoxon rank-sum test statistic = -6.10, p-value = 0.00), and less likely to deem 

the flood insurance cost as too expensive (Wilcoxon rank-sum test statistic = 4.68, p-value = 0.00). 
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They also trust less that their flood defenses are well maintained (Wilcoxon rank-sum test statistic 

= 16.96, p-value = 0.00). 

The increased willingness of UK respondents to purchase flood insurance may be due to potential 

regret should they experience flood damage in the future given that the country has experienced 

flood events in recent years that has been given significant media coverage (Cologna et al., 2017). 

Moreover, it is reasonable to assume that homeowners are more aware that flood insurance can be 

purchased in the UK than the Netherlands. Overall the percentage of respondents whose home is 

reported to have been flooded in the past is 2% in the Netherlands, whereas the corresponding 

figure for the UK is 9%. The differences in trust in flood defenses and perceptions about the flood 

insurance cost between the Netherlands and the UK are also unsurprising given the differences in 

flooding experience and media attention given to flooding events. 
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Table 7.2: Summary of variables by country 
Dependent variable Measurement Coding Netherlands 

M (SD)a 
UK               

M (SD) 
Flood insurance 
demand 

Dummy variable measure of 
flood insurance demand. 

Insure = 1 and do not 
insure = 0 

0.61 0.83 

Condition Measurement Coding Netherlands 
M (SD) 

UK               
M (SD) 

Opt-out Dummy variable measure of 
default assignment. 

Opt-out = 1 and opt-in = 
0 

0.50 0.49 

Questions related to 
flood insurance choice 

Measurement Coding Netherlands 
M (SD) 

UK               
M (SD) 

Regret I would feel regret about not 
purchasing flood insurance 
coverage if a flood were to 
occur next year. 

Strongly disagree = 1 to 
strongly agree = 7b 

5.55 (1.58) 6.00 (1.44) 

Insurance cost The annual flood insurance cost 
€64 (£56) is too expensive. 

Strongly disagree = 1 to 
strongly agree = 7 

4.08 (1.72) 3.62 (1.63) 

Flood experience Measurement Coding Netherlands 
M (SD) 

UK               
M (SD) 

Flooding experience Dummy variable measure of 
previous flood. 

Flooded in the past = 1 
and not flooded in the 
past = 0 

0.02 0.09 

Insurance purchasing 
experience 

Measurement Coding Netherlands 
M (SD) 

UK               
M (SD) 

Hold insurance Dummy variable measure of 
holding flood insurance. 

Hold flood insurance = 1 
and do not hold flood 
insurance  = 0 

0.02 0.39 

Held insurance Dummy variable measure of 
held flood insurance in the past. 

Held flood insurance in 
the past = 1 and did not 
hold flood insurance in 
the past = 0 

0.00 0.06 

Trust in flood 
defenses 

Measurement Coding Netherlands 
M (SD) 

UK               
M (SD) 

Trust I am confident that the dikes 
(flood defenses) in the 
Netherlands (United Kingdom) 
are well maintained. 

Strongly disagree = 1 to 
strongly agree = 7 

5.30 (1.26) 3.89 (1.37) 

Socio-economic 
variables and 
preferences 

Measurement Coding Netherlands 
M (SD) 

UK               
M (SD) 

Age Age in years Age in years 54.47 (13.59) 50.35 (14.76) 
Male Dummy variable measure of 

gender. 
Male = 1 and female = 0 0.53 0.53 

Higher educationc Dummy variable measure of 
higher education. 

Higher education = 1 and 
no higher education = 0 

0.52 0.51 

Risk preference General willingness to take 
risks. 

Completely unwilling to 
take risks = 1 to very 
willing to take risks = 11 

5.72 (2.07) 5.44 (2.41) 

Notes: 
a The mean or proportion (M) is provided with the standard deviation (SD) in parentheses. 
b Interior agreement categories are: disagree = 2; somewhat disagree = 3; neither disagree nor agree = 4; somewhat agree = 
5; agree = 6. 
c Higher education refers to the respondent holding a Bachelor’s degree, Master’s degree or PhD. 
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7.5 Results 

Section 7.5.1 examines the impact of default assignment on flood insurance demand via a simple 

graphical analysis. Section 7.5.2 provides a regression analysis of the impact of default assignment 

that enables one to control other observable characteristics such as the moderating roles of flooding 

experience, reported insurance purchasing experience and risk preference on the influence of 

default assignment and the role of variables regret and insurance cost in mediating the influence 

of default assignment. We consider flooding experience, reported insurance purchasing experience 

and risk preference as moderators because we expect these variables may influence the strength of 

the relation between default assignment and flood insurance demand. In contrast, we expect regret 

and insurance cost to (partially) account for the relation between default assignment and flood 

insurance demand, therefore we consider them as mediators. 

7.5.1 Graphical analysis 

Figure 7.2 displays the default effect i.e., the difference in the proportion of flood insurance 

purchase between the opt-out and opt-in conditions, by country. The figure is based on a Probit 

model analysis of the likelihood of flood insurance purchase with independent dummy variables 

opt-out, UK and an interaction between the two. According to the analysis, there is a significant 

default effect (a positive difference in the proportion of insurance purchase between opt-out and 

opt-in) in the Netherlands, but an insignificant default effect in the UK. Therefore, the results are 

consistent with our expectations that defaults are more influential in the Netherlands, where flood 

insurance penetration rates and flooding experiences are lower in practice than the UK. Moreover, 

flood insurance demand in the survey is higher overall in the UK than in the Netherlands. 

Figure 7.3 shows the default effect in the UK over the variables hold insurance, held insurance 

and flooding experience. The figure is based on a Probit model analysis of the likelihood of flood 

insurance purchase within the UK with independent dummy variables opt-out, hold insurance, 

held insurance and flooding experience, as well as interactions between the latter three variables 

and opt-out. The analysis shows that the reported holding of flood insurance is positively related 

to flood insurance demand in the survey. This relation is significant within the opt-in condition. 

Furthermore, there is an insignificant difference in flood insurance purchase between subjects who 

report to have held flood insurance and not. The confidence intervals are large when held insurance 
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= 1, because the subgroup of subjects who report to have held insurance in the past (and do not 

hold it now) is rather small (6% of subjects in the UK). Lastly, there is a negative impact of flooding 

experience on flood insurance demand in the UK. This relation is significant within the opt-out 

condition. We conjecture that subjects who have been flooded in the past are more likely to opt-

out because they are more inclined to view the insurance cost in the survey as expensive due to 

premium increases which have followed flood events in the past in the UK (Institute and Faculty 

of Actuaries, 2016).78 More specifically, previously flooded homeowners may have developed a 

“bad taste” for insurance, and may reflect this aversion by stating that the insurance is too 

expensive. Indeed, there is a positive significant coefficient estimate on the variable flooding 

experience in an Ordered Probit model analysis of the likelihood of finding the flood insurance 

cost too expensive in the UK (coefficient estimate = 0.72, p-value = 0.00). Another explanation is 

that homeowners who have already been flooded exhibit more risk seeking preferences (Eckel et 

al., 2009; Islam et al., 2018). Our data also support this account, because there is a positive 

significant coefficient estimate on the variable flooding experience in an Ordered Probit model 

                                                           
78 According to a report written after the 2007 floods in England, some premiums in one area were 

quadrupled and excess levels were raised by up to £30,000 (Pitt, 2008). 
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analysis of the likelihood of more risk seeking preferences in the UK (coefficient estimate = 0.78, 

p-value = 0.00). 7980 

Figure 7.4 displays the marginal effect of opt-out on the likelihood of flood insurance purchase 

across levels of risk preference within the Netherlands and the UK. The figure is based on a Probit 

model analysis of the likelihood of flood insurance purchase within the Netherlands and the UK 

separately, with independent dummy variable opt-out and risk preference, as well as an interaction 

between the two. There is no evidence of an interaction effect in the Netherlands because the 

marginal effect of opt-out on the likelihood of flood insurance purchase remains fairly constant 

across levels of risk preference. In the UK there is a significant default effect for more risk averse 

subjects, i.e., compared to opt-in, the opt-out condition leads to higher flood insurance demand. 

However, the more comfortable a subject is with risk, the lower the impact of the default, and for 

those with the highest tolerance for risk, the opt-out condition actually “backfires” and decreases 

flood insurance demand relative to opt-in. That is, more risk seeking subjects are less likely to 

purchase insurance coverage in the opt-out condition (more likely to opt-out) (Probit model 

interaction term coefficient estimate = -0.26, p-value = 0.00). 

                                                           
79 According to two-way tables all five subjects in the opt-in condition and four of six subjects in the opt-

out condition who reported having flood insurance currently in the Netherlands bought insurance in the 

survey. These results are consistent with those in the UK, where those reporting having flood insurance had 

a larger effect on insurance demand in the opt-in than in the opt-out condition. There is only one subject in 

the Netherlands who reported having flood insurance in the past, and chose to purchase insurance; this 

subject was assigned to the opt-in condition, Six of seven subjects and four of five subjects in the opt-in 

and opt-out conditions respectively, who reported having been flooded in the past chose to buy the insurance 

in the survey. Flood insurance premiums in the Netherlands are risk-based, and have not previously been 

impacted by flood events (unlike the UK). The relatively large proportion of previously flooded Dutch 

homeowners who purchased insurance in the survey may be due to flooding being more available in their 

minds (Tversky and Kahneman, 1974). 
80 Together, the variables insurance cost and risk preference explain 30% of the relationship between 

flooding experience and insurance demand in the opt-out condition for the UK sample (18% via insurance 

cost and 12% via risk preference), according to a mediation analysis (p-values < 0.05). 
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One possible reason why we find that risk preference moderates the impact of the default in the 

UK, but not the Netherlands is that in the UK flood insurance demand is overall higher, so subjects 

who choose not to have it are perhaps making a more deliberate decision which should be identified 

by strong risk preferences. Fewer subjects in the Netherlands demand insurance, so there is in 

general a relative disinterest in it. Another potential explanation could be related to differences in 

flood risk perceptions. According to the analysis in Section 7.4, trust in flood defenses is much 

lower in the UK than the Netherlands. This may indicate that UK subjects have elevated flood risk 

perceptions, and risk preferences matter more for these subjects for which the risk of flooding is 

more salient. A subgroup of Dutch subjects who have low trust in flood defenses (using the median 

cut-off value we define these subjects as trust < 6) are more likely to opt-out of flood coverage if 

they are more risk seeking, although this effect is only of marginal significance (Probit model 

coefficient estimate = -0.11, p-value = 0.07) probably because the subgroup is rather small, i.e., 

most Dutch subjects have high levels of trust in flood defenses. 
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Figure 7.2: Default effect between the Netherlands (UK = 0) and the UK (UK = 1) 
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Figure 7.3: Default effect within the UK over whether subjects report to currently hold 

flood insurance (hold insurance = 1) and not (hold insurance = 0), whether subjects report 

to have held flood insurance in the past (held insurance = 1) and not (held insurance = 0), 

and whether subjects report to have been flooded in the past (flooding experience = 1) and 

not (flooding experience = 0) 
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Figure 7.4: Marginal effect of opt-out on the likelihood of flood insurance purchase across 

levels of risk preference within the Netherlands and the UK; higher (lower) values 

represent more risk seeking (aversion) 

7.5.2 Regression analysis 

7.5.2.1 Default effect in the Netherlands and the UK 

Table 7.3 provides a Probit model analysis of the likelihood of flood insurance purchase. Model I 

contains a dummy variable for UK subjects and opt-out as well as their interaction. Being a UK 

subject has overall a positive effect on flood insurance demand. The significant coefficient 

estimates on the opt-out dummy variable and its interaction with the UK dummy variable shows 

that on aggregate default assignment is only a predictor of flood insurance demand in the 

Netherlands. This shows the analysis in Section 7.5.1 numerically, that opt-out leads to a higher 

proportion of flood insurance purchase in the Netherlands where flood insurance demand and 

flooding experiences are low in practice, compared to opt-in, but opt-out has an insignificant 
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influence on flood insurance purchase in the UK where penetration rates and flooding experiences 

are higher in practice. 

Note that model I cannot shed light on whether country level differences in default effects are due 

to current or previous purchase of flood insurance or flooding experience. By controlling for 

flooding experience and its interaction with opt-out we can filter out whether there is a difference 

due to actual insurance purchasing decisions in accordance with H2 (model II). There is a 

significant coefficient estimate on the opt-out and UK interaction term after controlling for 

flooding experience, but the estimate is lower in magnitude and significance compared to model I. 

This implies that flooding experience explains some of the difference in default effects between 

the Netherlands and the UK. Moreover, the variable decreases the effectiveness of opt-out in 

increasing flood insurance demand, consistent with H3. However, there is still some variation left 

to explain regarding the impact of opt-out on insurance demand between the Netherlands and the 

UK, which we suspect is due to current or previous purchase of flood insurance. To add credence 

to this conjecture we control for this variable and its interaction with opt-out in model III. The 

interaction between the opt-out dummy variable and the UK dummy variable becomes 

insignificant once flooding experience and current or previous purchase of flood insurance as well 

as their interaction with the opt-out dummy variable have been controlled for. In other words, once 

we control for these two variables that moderate the influence of the default on flood insurance 

demand, there is also a statistically significant default effect in the UK, meaning the default 

assignment to opt-out increases flood insurance demand. 

Flooding experience has a negative impact on flood insurance demand in the opt-out condition. 

That is, subjects who have experienced at least one flood in the past at their home are more likely 

to opt-out of flood insurance coverage. We suspect that this effect is driven by UK homeowners 

who experienced significantly higher premium costs and excesses following flood events in the 

past and changes in risk preferences. Unfortunately we do not have data on whether homeowners 

actually dropped their policies after they were flooded, or would rather face flood risk uninsured 

despite possible mortgage requirements. 

Moreover, homeowners who report to currently hold flood insurance in practice are more likely to 

purchase flood insurance in the survey (particularly in the opt-in condition). These subjects may 

be more inclined to rely on their experience than the default, according to which opting in is more 
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attractive than the default of no flood insurance coverage. We do not find any influence as to 

whether subjects held insurance in the past but then cancelled their policy. 

We also find that more risk seeking subjects are more likely to opt-out of flood insurance coverage 

(model IV). This effect is presumably due to the interaction effect between risk preference and 

opt-out we find in the UK in Figure 7.4. 

Model V controls for regret, insurance cost, trust and socio-economic variables.81 Note that 

responses to the regret question are skewed to the left (more so in the UK), indicating that a large 

proportion of subjects would regret uninsured flood losses (Appendix C, Figure C2), whereas 

responses to the insurance cost item are more normally distributed (Figure C3). Responses to the 

trust item are more skewed to the left in the Netherlands than in the UK, indicating that a larger 

proportion of subjects have high levels of trust in flood defenses in the Netherlands, compared to 

the UK (Figure C4). As expected, subjects who would feel regret about not purchasing flood 

insurance coverage if a flood were to occur next year are more likely to purchase flood insurance. 

Whereas, subjects who viewed the annual flood insurance cost as too expensive and have higher 

trust in flood defenses are less likely to purchase flood insurance. 

                                                           
81 In separate regression models we find no interaction between regret, insurance cost, trust and opt-out (p-

values > 0.05), therefore we choose to only include their main effects in Table 7.3. 
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Table 7.3: Probit model of the likelihood of flood insurance purchase 
 Model I: 

Condition 
and country 

variables 

Model II: 
Including 
flooding 

experience 

Model III: 
Including 
insurance 

purchasing 
experience 

Model IV: 
Including 

risk 
preference 

Model V: 
Including 

regret, 
insurance cost, 
trust and socio-

economic 
variables 

UK dummy 0.93*** (0.11) 0.91*** (0.11) 0.72*** (0.12) 0.74*** (0.13) 0.42** (0.16) 
Opt-out 0.51*** (0.11) 0.54*** (0.11) 0.54*** (0.11) 1.15*** (0.24) 1.16*** (0.28) 
UK dummy X opt-out -0.52** (0.16) -0.39* (0.17) -0.28 (0.19) -0.31 (0.19) -0.19 (0.22) 
Flooding experience  0.36 (0.27) -0.13 (0.32) -0.14 (0.32) 0.57 (0.37) 
Flooding experience X opt-out  -1.48*** (0.37) -1.08** (0.41) -1.05* (0.42) -1.69*** (0.49) 
Hold insurance   0.83*** (0.23) 0.82*** (0.23) 0.97*** (0.28) 
Hold insurance X opt-out   -0.61* (0.30) -0.55 (0.30) -0.86* (0.37) 
Held insurance   0.53 (0.42) 0.50 (0.42) 0.46 (0.46) 
Held insurance X opt-out   -0.67 (0.56) -0.51 (0.56) -0.07 (0.61) 
Risk preference    0.03 (0.03) 0.06 (0.03) 
Risk preference X opt-out    -0.11** (0.04) -0.13** (0.04) 
Regret     0.36*** (0.03) 
Insurance cost     -0.32*** (0.03) 
Trust     -0.11** (0.04) 
Age     0.00 (0.00) 
Male     -0.06 (0.10) 
Higher education     -0.14 (0.10) 
Constant 0.04 (0.07) 0.03 (0.07) 0.03 (0.07) -0.13 (0.17) -0.15 (0.41) 
Observations 1,187 1,187 1,187 1,186 1,132 
Pseudo-R2 0.07 0.09 0.10 0.10 0.31 
Log-likelihood -653 -642 -634 -628 -466 
Notes: 
***Significant at 0.1%; **Significant at 1%; *Significant at 5%. 
Coefficient estimates are provided with standard errors in parentheses. 
Observations are lower in model IV and V due to one subject not providing his/her risk preference and subjects providing 
their education level as “Other”. 

 

7.5.2.2 Mediation analysis 

We now examine mediators of the default effect we find in the Netherlands. Subjects in the opt-

out condition were significantly more likely to feel regret about not purchasing flood insurance 

coverage if a flood were to occur next year (Ordered Probit model coefficient estimate = 0.22, p-

value = 0.01), and less likely to find the annual flood insurance cost too expensive (Ordered Probit 

model coefficient estimate = -0.16, p-value = 0.05). Regret and insurance cost are also 
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significantly related to the likelihood of flood insurance purchase in the Netherlands (Probit model 

coefficient estimates = 0.35 and -0.27, p-values = 0.00).82 

Following Kohler et al. (2011), we examine the degree to which regret and insurance cost mediate 

the default effect. Their method provides unbiased decompositions of total effects into direct and 

indirect effects for nonlinear binary probability models, such as Probit. It has been shown to 

perform as well as, or better than other available methods (Breen et al., 2013). 

Table 7.4 displays the total effect of opt-out on insurance demand divided into direct effect and 

indirect effect via regret and insurance cost using the Probit model. Overall, the opt-out condition 

increases the likelihood of insuring in the Netherlands by between 17% and 18%. Controlling for 

regret and insurance cost leaves a direct effect of between 11% and 12%. Therefore the indirect 

effect, which is the share of the relationship between opt-out and insurance demand which is due 

to regret and insurance cost is 6%. Approximately one-third (between 34% and 37%) of the 

relationship between opt-out and insurance demand is due to regret and insurance cost.83 

Moreover, regret explains a larger proportion of this relationship than insurance cost. Insurance 

cost mediation becomes only marginally significant (p-value < 0.1) after including control 

                                                           
82 In the UK, the influence of opt-out on regret is insignificant (Ordered Probit model coefficient estimate 

= 0.02, p-value = 0.81), although regret is a positive predictor of flood insurance demand (Probit model 

coefficient estimate = 0.28, p-value = 0.00). Perhaps opt-out does not impact regret in the UK because the 

average value is very high overall. There is also lower variation in the variable regret in the UK compared 

to in the Netherlands, and so less variation in regret to explain. Consistent with the Netherlands, UK 

subjects in the opt-out condition are less likely to find the annual flood insurance cost too expensive 

(Ordered Probit model coefficient estimate = -0.23, p-value = 0.01), and the variable insurance cost is 

negatively related to flood insurance demand (Probit model coefficient estimate = -0.34, p-value = 0.00). 
83 In a separate mediation analysis for the UK, we find that after omitting subjects with previous flooding 

experience and those who report to currently hold flood insurance, as well as risk seeking subjects (defined 

as subjects who responded to the right of the central response category), the opt-out condition increases the 

likelihood of insuring in the UK by between 10% and 12% (Probit model p-values < 0.05). Between 19% 

and 23% of the relationship is due to insurance cost, however this mediation is not significant (p-values > 

0.05) which may be due to the low number of observations (254) within this subgroup. Detecting mediated 

effects is typically challenging in small subgroups due to issues of statistical power (Fairchild and 

MacKinnon, 2009). 
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variables, although this may be due to lower observations once control variables are included (see 

Table 7.4). The partial mediation we find is consistent with other default effects studies (Keller et 

al., 2011; Dinner et al., 2011). Partial mediation means that regret and insurance cost account for 

only some of the relationship between opt-out and flood insurance demand. It may also either 

indicate that our variables are a noisy measure of loss aversion, or that there are other mediating 

factors which are not accounted for in the analysis (Johnson et al., 2007). 
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Table 7.4: Decomposition of total effect of opt-out on flood insurance demand into 
direct effect and indirect effect via regret and insurance cost in the Netherlands 
using the Probit model 
 Without control variables Including control variables 
Total effect 0.18*** (0.03) 0.17*** (0.03) 
Direct effect 0.12*** (0.03) 0.11*** (0.03) 
Indirect effect 0.06 0.06 
    via regret 0.04** (0.01) 0.04** (0.01) 
    via insurance cost 0.02* (0.01) 0.02 (0.01) 
Mediation percentage 34 37 
    via regret 21 23 
    via insurance cost 13 14 
Observations 599 586 
Notes: 
***Significant at 0.1%; **Significant at 1%; *Significant at 5%. 
Marginal effects are provided with standard errors in parentheses. 
Standard errors of difference are not known. 
Observations are lower with control variables due to one subject not providing his/her 
risk preference and subjects providing their education level as “Other”. 
Control variables are flooding experience, hold insurance, risk preference, trust, age, male 
and higher education. We do not control for held insurance due to insufficient 
observations. 

 

7.6 Discussion 

Section 7.6.1 provides a discussion of our results related to the hypotheses presented in Section 

7.3, and Section 7.6.2 outlines some directions for future research. 

7.6.1 Hypotheses 

The present research demonstrates how default assignment can impact flood insurance demand. 

We find clear evidence that the opt-out condition increases the likelihood of insuring (H1) by 

between 17% and 18% in the Netherlands, where flood insurance penetration rates are currently 

low and flooding experiences are minor. However, there is no impact of the default on aggregate 

in the UK, where flood insurance purchasing and actual flooding experience are considerably 

higher than in the Netherlands. After controlling for these factors, the difference between the two 

countries becomes insignificant. Given that we show flood insurance purchasing decisions and 

flooding experience lower the effectiveness of opt-out in increasing flood insurance demand, H2 

and H3 are supported. 
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The effects we find are consistent with List (2003), who showed that a greater level of expertise 

makes one less prone to the endowment effect, and Löfgren et al. (2012) who found that individuals 

who have more knowledge about their alternative choices are not impacted by defaults. In 

particular, one is likely to better understand the impacts of flooding if they have experienced a 

disaster. They know about the costs and benefits of having insurance (psychological or monetary) 

if they have purchased coverage. 

Another result from the survey is that risk preferences moderate the default effect in the UK, where 

more risk seeking subjects are less likely to purchase flood insurance coverage in the opt-out 

condition, but there is no moderation effect in the Netherlands. We suspect that this may be because 

risk preferences are a more powerful explainer of flood insurance demand in countries where 

individuals have higher flood risk perceptions and a more general interest in flood insurance, which 

is the case in the UK. 

We additionally show that subjects in the Netherlands in the opt-out condition were more likely to 

feel regret about not purchasing flood insurance coverage if a flood were to occur, and less likely 

to deem the annual flood insurance cost as too expensive. Subjects in the opt-out condition are 

likely to be more focused on the potential uninsured flood losses and the regret associated with not 

insuring, and place lower weight on the cost of insurance than those in the opt-in condition. 

Subjects may also be less likely to deem the flood insurance cost as expensive in opt-out compared 

to opt-in because of mental accounting, according to which individuals use cognitive operations 

to organize, evaluate, and keep track of financial activities (Thaler, 1999). In opt-out, individuals 

may have explicitly designated the spent money as “insurance purchases”, and perceive flood 

insurance coverage as a small portion of the total cost of the insurance policy, whereas individuals 

in opt-in may have labelled the money required to add flood coverage to the insurance policy 

differently e.g., “cash on hand”. The unequal treatment of money, and in particular different 

marginal propensities for spending between mental accounts entails a violation of standard 

economic theory which assumes fungibility (Thaler, 1990). 

Together, the variables regret and insurance cost explain around one-third of the relationship 

between opt-out and flood insurance demand in the Netherlands, so H4 is supported here. These 

findings are consistent with the reference dependence and loss aversion account of the default 

effect found in some previous studies (Dinner et al., 2011; Johnson et al., 2007), as well as the 
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influence of anticipated emotions in explaining anomalies like the endowment effect (Zhang and 

Fishbach, 2005; Kogler et al., 2013). 

7.6.2 Directions for future research 

Some researchers have encouraged the use of “smart defaults” to overcome the ethical issues 

involved in nudging (Goldstein et al., 2008; Smith et al., 2013). Smart defaults collect consumer 

information (like socio-economic and geographic factors) to set default options in a way that is 

more likely to benefit individual consumers. For example, defaults may be set according to 

objective risk information like property elevation, distance to the nearest river and whether or not 

additional protection measures are in place. The use of smart defaults in the flood insurance market 

may provide a fruitful avenue for future research in order to achieve that those who need insurance 

coverage the most are likely to carry it. 

The results from this study should be replicated in a field experiment so that the data would be 

based on actual insurance purchases, rather than choices over a virtual insurance product. Even 

though a recent meta-analysis by Jachimowicz et al. (2019) found no difference in default effect 

sizes between field experiments and lab experiments, it is worthwhile to rule out that artificiality 

could be influencing behaviour (Harrison and List, 2004), and to examine how the effect sizes 

might change when it comes to choices in actual markets. 

7.7 Conclusion 

Default assignment has been well researched in certain areas of decision making, like stimulating 

retirement saving, organ donation, pro-environmental choices and healthy eating. To the best of 

our knowledge there have been no studies on the impact of default options in the context of the 

insurance purchase decision for LPHI impacts such as damage to ones property from floods. 

Another novelty of our study is that we focus on whether past experience with respect to flood 

insurance purchase and past flood damage to one’s property may moderate the impact of the 

default. 

Our results reveal that providing flood insurance as a default option can be an effective way of 

increasing the insurance penetration rate in relatively new markets like the Netherlands. Moreover, 

in more established markets like the UK, there may exist subgroups of the population for which 
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defaults are most effective if they are risk averse, and have no reported previous experience of 

flooding and purchasing flood insurance. 

Our analysis suggests that defaults are effective in part due to the anticipated regret one might feel 

about not purchasing flood insurance coverage if a flood were to occur. Policymakers may design 

default flood insurance policies in a way that fosters this type of regret. That is, in addition to 

implementing flood insurance coverage as the default option, framing flood risk so that individuals 

pay attention to the worst-case scenario may be one such way. In particular, one might highlight 

the possible impact (monetary and/or psychologically) of experiencing a catastrophic flood event 

uninsured to increase anticipated regret saliency. 
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8.1 Background and research questions 

Floods are the costliest of all the natural disasters, and their impacts are increasing as a result of 

higher economic activity and population growth in flood-prone areas, as well as climate change. 

Despite large investments in protection measures, flooding remains a serious risk for many 

individuals living across Europe. In fact, they are the most frequently occurring natural disaster 

here. Over the past decade there have been multiple reports of material flood damage costs 

reaching well into the billions of Euros. 

In view of increasing flood impacts, there is a rationale for encouraging individuals who are 

vulnerable to future flood-related losses to mitigate these by purchasing insurance. Understanding 

the potential causes of underinsurance against low-probability/high-impact (LPHI) flood risk is 

important in this respect. Typical explanations of low demand for flood insurance are that 

individuals exhibit bounded rationality due to cognitive limitations and low access to information 

on flood risk, and charity hazard, according to which the availability of government compensation 

to cover flood damages can crowd-out individual demand for insurance. This thesis examined the 

possible origins of insufficient demand for flood insurance related to these factors. 

The analysis also explored theoretical concepts that may cause low demand for insurance, such as 

probability weighting and probability neglect according to Prospect Theory. Moreover, formal 

tests of Expected Utility Theory and the Klibanoff et al. (2005) smooth model of decision making 

under ambiguity are included. Typical heuristic explanations of underinsurance were investigated 

as well, like the threshold level of concern heuristic which is related to bounded rationality. 

Insights into low flood insurance demand can be used by governments to either develop new flood 

insurance markets, or to reform existing insurance schemes. That is, an appreciation of the 

individual decision processes which may lead LPHI risks to be underestimated is needed for 

developing policies aimed at providing affordable widespread coverage. This thesis also 

investigated a novel policy informed by previous findings in the field of behavioural economics, 

which contrary to traditional theories of decision making in economics can account for systematic 

decision biases innate to bounded rationality. More specifically, the use of default options as a way 

to increase flood insurance coverage was studied. Default options fall under the category of 
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“nudges”, which are low-cost alternatives to traditional economic policies. They have been shown 

to influence individual choices without modifying material incentives and restricting choices. 

As an aside, finding ways to adequately incentivize LPHI risks in controlled experimental studies, 

which provide an ideal testbed for policy solutions to underinsurance, is often challenging due to 

the high stakes involved. A secondary examination of this thesis was to explore whether the 

incentives used by some previous studies to motivate choices with LPHI risks influences decision 

making, compared to hypothetical choices. 

The introductory chapter developed several research questions informed by knowledge gaps in the 

literature: 

Q1: What lessons can we learn from previous experimental, survey and market data studies of 

insurance demand against LPHI risk, and what are useful directions for future research based on 

these studies? 

Q2: Does the availability of government compensation crowd out individual demand for flood 

insurance (charity hazard), and is the extent of crowding out related to the level of riskiness and/or 

ambiguity in government compensation? 

Q3: Do incentives provided in accordance with the random problem selection mechanism, 

combined with randomly selecting a small number of subjects to be paid at a specified exchange 

rate impact flood insurance decision making, compared to offering hypothetical incentives? 

Q4: What are the emotional antecedents of utilization of the threshold level of concern heuristic in 

decisions about purchasing flood insurance? 

Q5: What are the psychological determinants of individual willingness-to-pay for flood insurance 

and probability neglect of flood risk, and do these factors depend on objective flood risk? 

Q6: Does underweighting of flood risk explain low demand for flood insurance, and what are the 

psychological factors related to this underweighting? 

Q7: Can demand for flood insurance be increased with the objective of improving individual 

preparedness for flooding, by offering flood insurance coverage as a default option, and is the 

impact of the default influenced by experience related to the flood insurance decision? 
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Chapter 1 highlighted the problem of insufficient demand for flood insurance often observed 

empirically. Together with Chapter 2, it provided the relevant background and motivation for the 

research reported in later chapters of the thesis. Chapter 2 presented a systematic overview of the 

literature on 80 experimental, hypothetical survey and market data studies of insurance demand 

against LPHI risks, in order to obtain lessons from these studies and to outline a future research 

agenda (Question 1). 

The literature review extracted several important lessons for researchers looking to implement 

future studies on insurance demand under LPHI risk. These were also utilized in order to develop 

the experimental and survey studies in later chapters. For instance, explicit contextual framing can 

add external validity to study findings given that individuals are never required to make insurance 

decisions without a frame. Therefore, the experimental and survey studies were conducted in the 

domain of flood risk to better ensure the conclusions can be applied to actual flood insurance 

choices. 

Furthermore, the necessity of conducting experimental studies using salient, incentive compatible 

reward structures aimed at revealing subjects’ true preferences for theoretical examinations was 

highlighted. The review showed that in the absence of such incentives, investigations related to 

Expected Utility Theory, as well as explorations of ambiguity preferences may yield erroneous 

conclusions. Given the importance of incentives for testing theory, Chapter 3 employed large 

incentive compatible reward structures to motivate subjects’ choices. The results were used to test 

the decision making models Expected Utility Theory and the Klibanoff et al. (2005) smooth model 

of decision making under ambiguity. 

The review described some advantages of using online computerized experiments, which include 

the ability to access a large and diverse pool of respondents, reduced experimenter effects and cost 

savings. Chapters 4, 5, 6 and 7 collected data online from a large sample of homeowners, which is 

the population of interest. Of course, one needs to weigh the advantages of data collected in this 

way against the possible disadvantages in terms of low control, compared to incentivized 

laboratory experimental examinations. 

The additional market data focus of the review revealed certain topics which are more suited to 

such methods of data collection. For example, market data is useful for measuring actual demand 

for insurance against LPHI risk, because it is based on revealed preferences. However, a difficult 
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topic to study with market data is the impact of insurance price on insurance demand. This is 

because in practice, insurance premiums and objective risks tend to be correlated. Unless these 

studies can exploit an exogenous source of variation in the price of insurance, the influence of 

insurance price on insurance demand will be confounded by objective risk. This is not a concern 

for experimental studies which can control for confounders (Chapter 3). 

Some of the knowledge gaps identified in the review also motivated the focus of some later 

chapters. Given that previous studies of charity hazard have also been subjected to problems of 

confounding, e.g., due to the correlation between objective risk and government compensation, the 

review outlined the necessity of conducting an incentive compatible experiment on the topic 

(Chapter 3). Moreover, the apparent systematic biases which influence individual judgments of 

LPHI risk motivated the idea of using choice architecture to overcome these biases (Chapter 7). 

Another knowledge gap featured in the review, on which I based chapters 5 and 6 is the lack of 

research on reasons why individuals over-/under-weight LPHI risks under Prospect Theory. Such 

an investigation is necessary for identifying specific psychological variables and subgroups 

inclined to probability underweighting, which is a potential origin of low demand for flood 

insurance. Policymakers are better positioned to tackle the causes of underinsurance if they 

understand the relation between individual psychology and probability weighting. 

The use of incentives was a common theme throughout the review, and some other directions for 

future research were found in this area. For instance, incentives may matter for eliciting risk 

perceptions because thinking about expected loss probabilities under ambiguity may require 

significant effort, however, it appeared that an examination of incentives for eliciting risk 

perceptions is missing. It is also yet to be studied whether incentivizing decisions based on large 

stakes faced by a small number of randomly selected subjects, can impact insurance choices, 

relative to a situation in which all subjects face smaller stakes based on the random problem 

selection mechanism. Although the thesis did not address these gaps directly, chapters 4, 5 and 6 

provide insights into whether the random problem selection mechanism combined with randomly 

paying only a subset of subjects at a specified exchange rate can impact behaviour, and offer an 

improvement, over hypothetical payments. 

Relevant to the determination of payoffs is the way in which risks are operationalized in 

experimental tasks, e.g., random drawings of a ball or chip from a container and computerized 
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risk. However, the review found that no research has compared the influence of different risk 

operationalization methods on insurance demand. In the experiment conducted in Chapter 3 I 

communicated risks to subjects through the use of random drawings from a bingo cage, the 

advantage of which is its transparency. Computerized risk was used in the experiment for chapters 

4, 5 and 6, which was more easy to scale to the large sample of homeowners utilized. 

In addition, a few other useful directions for future research were revealed, which were not 

addressed or related to analysis in the thesis. For example, there is a lack of research into whether 

results obtained using students samples, which was usually the case for the reviewed experimental 

studies, can be generalized to homeowners, who are the population of interest as far as insurance 

against catastrophic losses is concerned. Moreover, the impact on insurance demand of high 

deductibles is unknown, despite these being a common feature of insurance contracts for LPHI 

risk. More studies may consider focusing on countries outside the Organisation for Economic Co-

operation and Development, given that these countries tend to be particularly susceptible to LPHI 

risks and their insurance markets may be in their infancy stage. Therefore, it is questionable 

whether findings from more developed countries can be generalized to these markets. 

8.2 Conclusions with respect to underinsurance against flood risk 

This section provides conclusions related to low demand for flood insurance, which are relevant 

for answering questions 2, 4, 5 and 6. Section 8.2.1 outlines some of these conclusions associated 

with the charity hazard problem. Section 8.2.2 describes additional conclusions with regards to a 

decision rule (threshold level of concern heuristic) often conjectured to cause underinsurance 

against disaster risks. Sections 8.2.3 as well as 8.2.4 discuss conclusions of variables relevant for 

explaining flood insurance demand through both willingness-to-pay and probability neglect, as 

well as probability weighting and utility curvature, respectively. 

8.2.1 Charity hazard 

Chapter 3 studied the effect of government compensation on demand for flood insurance (charity 

hazard), and whether the effect is influenced by the level of riskiness and/or ambiguity in 

government compensation (Question 2) using an experimental study of 200 subjects. The 

experiment investigated three different types of government compensation, namely: certain partial 

compensation, where in the event of an uninsured loss subjects were compensated for half of their 
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losses for sure; risky full compensation, where the compensation fully covered potential losses but 

was attached with a known probability of occurring; and ambiguous full compensation, where the 

probability of being fully covered for potential losses was unknown. 

It was found that the availability of government compensation in the form of certain partial and 

risky full, have a significantly negative impact on flood insurance demand, compared to a baseline 

of no compensation. However, ambiguous full compensation did not significantly crowd out 

demand, relative to the baseline on aggregate. 

Interestingly, it was also found that there exists an interaction effect between the level of ambiguity 

aversion and the degree of ambiguity in government compensation. That is, consistent with 

expectations, more ambiguity averse subjects were more likely to insure under ambiguous full 

government compensation relative to risky full government compensation. On the contrary, I did 

not find flood insurance demand to be influenced by the level of riskiness in government 

compensation. Furthermore, more risk averse subjects were no more or less likely to insure under 

certain partial government compensation, compared to risky full government compensation. 

Apart from the interaction effects between ambiguity/risk preferences and the type of government 

compensation, positive unique effects on flood insurance demand of ambiguity aversion elicited 

experimentally in the gain domain and stated risk aversion were found. The gain domain ambiguity 

preferences would account for subjects who may have integrated the endowed bank balance from 

which insurance was paid and the compensation into potential losses, so that decisions would be 

viewed as a gain. The stated measure of risk aversion has been shown to predict risky behaviour 

well in real life domains of decision making. The measure also explains the negative impact on 

insurance demand of a flood probability increase from 1 in 100 to 1 in 10 (holding expected losses 

constant), better than experimental risk preferences, of which the method used to elicit them can 

sometimes be perceived as complex by subjects. 

Lastly as one might expect, more expensive flood insurance (higher insurance premium loading) 

consistently resulted in lower demand for insurance. 
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8.2.2 Threshold level of concern 

Chapter 4 conducted an experimental analysis on emotional antecedents of utilization of the 

threshold level of concern decision heuristic (Question 4), based on data collected from 1,041 

homeowners in the Netherlands. The heuristic implies that the likelihood of a given risk is treated 

as zero if the (perceived) probability of the risk is judged as falling below a threshold determining 

whether the risk is devoted an individual’s concern. As a consequence, flood insurance would be 

regarded as unnecessary if the likelihood of flooding were to fall below an individual’s threshold 

level of concern. The number of consecutive times subjects were willing to pay nothing to cover 

flood risk as the probability of flooding increased was used to proxy for the threshold, once those 

who chose not to insure for every decision were omitted from the analysis. The latter have no 

discernible threshold. 

Two risk specific emotional antecedents were examined, namely: whether subjects would feel 

regret about not purchasing flood insurance if a flood were to occur, as well as worry about 

flooding at one’s home. According to the analysis, higher levels of both regret and worry led to a 

lower threshold under which subjects were prepared to pay for insurance against flooding. These 

effects are also robust to controlling for maximum willingness-to-pay for flood insurance, which 

was identified as a potential confounder given the correlation it may have with the variables of 

interest and the threshold. 

8.2.3 Willingness-to-pay for flood insurance and probability neglect of flood risk 

Chapter 5 used the same data as Chapter 4 to investigate whether the regret and worry variables 

influence willingness-to-pay for flood insurance and probability neglect of flood risk, as well as 

whether these potential influences depend on objective flood risk (Question 5). Other variables 

also included in the examination are: a secondary regret variable which measured whether subjects 

would feel regret about paying for insurance if no flood were to occur; threshold level of concern 

elicited using a survey measure of whether subjects think the probability of flooding is too low to 

be concerned about; and subjects’ mood which was obtained by asking how their day had been 

going. The mood measure was used in a previous study of the relationship between incidental 

emotion and probability weighting. Zero willingness-to-pay for flood insurance was used as a 

metric for probability neglect, given that this is likely caused by subjects rounding low flood 

probabilities to zero. Willingness-to-pay for flood insurance was analyzed after omitting zero 
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willingness-to-pay values and retaining positive values, so that the variable is indicative of positive 

levels of flood insurance demand. 

The results showed that subjects who were more likely to anticipate regret for uninsured flood 

losses were less likely to neglect the probability of flooding, and the effect is most prominent for 

more likely flood risks, perhaps because uninsured losses and so this type of regret are more 

probable. This regret is also related to higher willingness-to-pay for flood insurance values, and 

this effect is not dependent on the flood probability. Note that the significant effect I found here is 

contrary to the insignificant effect I found in the threshold level of concern antecedents analysis. 

This may be due to the panel data setup of this data which ensures higher precision of the 

estimators. 

There is also a level positive effect of anticipated regret about paying for insurance if no flood 

were to occur on probability neglect of flood risk. Whereas this variable negatively impacted 

willingness-to-pay for flood insurance only once the flood probability exceeded 1 in 10,000. 

Overall, this suggests individuals who anticipate this regret may simply neglect flood risks which 

are attached with very low probabilities. But there are subgroups of individuals prone to this regret 

who either neglect the risk, or think about levels of insurance they are willing to pay under higher 

flood probabilities. 

With respect to worry about flooding at one’s home, which may be interpreted as an index of flood 

risk perception, more worry is related to a lower likelihood of probability neglect and to increased 

willingness-to-pay for flood insurance. The latter relation is higher in magnitude and significance 

under low flood probabilities. The increased significance of worry for low probabilities may be 

due to risk perceptions having more explanatory power for the very low flood probabilities most 

of the sample also face in reality. 

In contrast to the risk specific emotions regret and worry, incidental mood which is unrelated to 

flood risk, had no impact on flood insurance demand. It is perhaps unsurprising that emotions 

specific to flood risk have more explanatory power than emotion which is unrelated to the risk. 

The survey measure of the threshold level of concern decision heuristic is related to more 

probability neglect of flood risk. However, the variable had no influence regarding levels of flood 

insurance demand. This indicates that individuals who have no concern for the flood probability 
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round the probability to zero, which is consistent with the mechanisms underlying this decision 

heuristic. 

8.2.4 Probability weighting 

To further examine whether the psychological determinants of flood insurance demand are related 

to demand through probability weighting (Question 6), in an exploratory analysis structural models 

of decision making were estimated in Chapter 6, which allows for this separation based on Prospect 

Theory. An advantage of this analysis is that one is able to filter out behavioural noise, which has 

been shown to obstruct the estimation of risk preferences. 

Another variable included in this analysis, which was omitted from the examination in Chapter 5 

where only low flood probabilities are studied, is locus of control which has been shown to be 

influential for protection against higher probability disaster risks. Individuals with an internal locus 

of control ascribe events in life to their own efforts, whereas externals believe such events are due 

to fate. 

The structural models exhibited a high degree of collinearity between the utility and probability 

weighting parameters, therefore only either utility or probability weighting was modelled as a 

function of the variables of interest to eliminate the collinearity. It was found that subjects who 

were more likely to anticipate regret for uninsured flood losses and internal locus of control types 

were more risk averse/less risk seeking when facing flood risk. Because there was no strong 

theoretical reason for why regret and locus of control may influence risk preferences through 

probability weighting or outcome sensitivity, both analyses were performed and the variables were 

related to both components of risk preference. 

On the other hand, utilization of the threshold level of concern decision heuristic (which is 

specifically related to the processing of probabilities), was associated with more under-

weighting/less over-weighting of low probabilities. That is, the relationship between use of the 

heuristic and flood insurance demand appeared to be as a consequence of probability weighting, 

not outcome processing. 

Other variables for which I did not find any significant coefficient estimates within the structural 

models are incidental mood, which was shown to have no effect on flood risk preferences, and 
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anticipated regret about paying for flood insurance in the event of no flood, which had a minor 

effect on flood risk preferences relative to the other variables of interest. 

Low worry about flooding was related to more noisy decision making, perhaps because subjects 

with low worry took the experiment less seriously. It is therefore questionable whether the 

significant relationship between worry and flood insurance demand found in Chapter 5 is due to 

genuine preferences towards risk, or behavioural noise based on this analysis. 

8.3 Conclusions with respect to improving individual preparedness for flooding 

Chapter 7 implemented a survey study of whether offering flood insurance coverage as a default 

option can be used by choice architects to nudge homeowners towards higher demand for flood 

insurance (Question 7). The data is based on 1,187 homeowners across the Netherlands and the 

United Kingdom, which are two countries differing in their respective levels of flooding and flood 

insurance purchasing experience. The study investigated whether experienced individuals are less 

susceptible to defaults. 

Two defaults were compared: an opt-out condition where individuals had to remove flood 

insurance coverage from a pre-purchased insurance policy to cancel their coverage, and an opt-in 

condition where individuals had to pay an extra insurance premium to include flood coverage in 

the insurance policy. 

Regarding the impact of experience, it was conjectured that individuals who have been flooded in 

the past may better understand the advantages and disadvantages of (not) purchasing flood 

insurance, and so may have strong preferences regarding whether to purchase it in the survey. 

Furthermore, I expected that individuals have learned about the psychological or monetary costs 

and benefits of being insured if they have purchased coverage in practice. Based on the influence 

of learning in forming preferences, I hypothesized that more experienced individuals are less 

impacted by the setting of defaults. 

The findings supported this hypothesis, i.e., in the Netherlands, where demand for flood insurance 

and flooding experience is very low, setting an opt-out default resulted in significantly higher flood 

insurance demand (71% purchased actuarially fair insurance against a 1 in 1,250 yearly likelihood 

of experiencing €80,000 flood damage), compared to opt-in (52% purchased the insurance). 
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Whereas in the United Kingdom, where demand for flood insurance and flooding experience is a 

lot higher there was no overall effect of the default (83% purchased the insurance). 

Using statistical control I was able to directly attribute some of the contrasting influence of the 

default on flood insurance demand between the Netherlands and the United Kingdom, to whether 

or not individuals reported to have been flooded at their home in the past and to have purchased 

flood insurance in practice. The reported purchasing of flood insurance led to more opting into 

flood insurance coverage in the survey, and individuals who had been flooded were more likely to 

opt-out of flood insurance. The latter effect may have been due to the significant premium rises 

which have followed recent floods in the United Kingdom, or to changes in risk preferences after 

the flooding occurred. 

As well as the experiential variables, I found that risk preferences moderate the impact of the 

default in the United Kingdom. That is, I found that individuals who are more risk seeking are less 

prone to the default, and more likely to opt-out of flood coverage. I did not find that risk 

preferences matter in this regard for the Netherlands, which I suspected may have been a result of 

differences in flood risk perceptions. In the Netherlands, flood risk perceptions are low and 

individuals may simply dismiss risks for which they have low risk perceptions. In the United 

Kingdom, flood risk perceptions are higher and risk preferences may matter more for individuals 

if the risk of flooding is more salient. 

As a secondary analysis, I examined the degree to which anticipated regret for uninsured flood 

losses and perceptions about the flood insurance cost mediate the default effect found in the 

Netherlands. I used these two variables to proxy for how individuals feel about losses from their 

reference point, which is determined by the default or status quo. In line with expectations, I found 

that regret and perceived cost mediate the default effect in the Netherlands. 

8.4 Conclusions with respect to incentivizing experimental insurance decisions against LPHI 

risk 

Chapters 4, 5 and 6 examined whether the random problem selection mechanism combined with 

randomly paying only a subset of subjects at a specified exchange rate can impact behaviour, as 

opposed to hypothetical payments (Question 3). In the study I used an exchange rate of 1%, 
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therefore subjects could earn 600 Euros if they avoided the maximum experimental flood loss 

amount, which was 60,000 Euros. 

Each chapter focused on a different indicator of flood insurance demand. Concerning the flood 

probability at which individuals demand positive levels of flood insurance (Chapter 4) and 

probability neglect of flood risk (Chapter 5), the payment procedure had no significant influence. 

These findings suggest that the payment mechanism offers no improvement over hypothetical 

incentives in studies interested in examining whether individuals have a zero or non-zero 

willingness-to-pay for insurance against LPHI risk. 

Whereas the payment procedure did not impact whether individuals were willing to pay positive 

levels of flood insurance, the procedure did influence the levels of flood insurance individuals 

were willing to pay (chapters 5 and 6). More specifically, the incentivized payments led to higher 

levels of risk aversion/lower levels of risk seeking, consistent with the hypothetical bias. Maximum 

willingness-to-pay for flood insurance minus expected flood damage obtains risk premiums that 

individuals are willing to pay for flood insurance. The mean risk premiums across the low flooding 

probabilities presented to respondents are €233, €471, €611 and €-704 for incentivized payments, 

and €167, €285, €164 and €-1,325 under hypothetical payments, for flood probability 1 in 10,000, 

1 in 1,000, 1 in 100 and 1 in 20 respectively, after omitting those who are not willing to pay 

anything. Risk premiums greater than zero indicate risk aversion, equal to zero indicate risk 

neutrality, and less than zero indicate risk seeking. The differences in risk premiums between 

incentivized and hypothetical payments are always positive when the flood probability is low. Note 

that a subgroup of the sample who had zero willingness-to-pay for flood insurance corresponds to 

26%, 13%, 10%, and 8%, respectively. Therefore, there are subgroups of homeowners in the 

Netherlands for which the demand for flood insurance is sufficient and insufficient, consistent with 

the bimodal pattern of risk attitudes found in previous studies. 

The structural models of decision making estimated in Chapter 6 found that the impact of the 

payment procedure on risk preferences is due to probability weighting (of low flooding 

probabilities), according to the combination of probability weighting function and utility function 

which resulted in a best overall fitting structural model. However, this finding was not robust to 

alternative specifications of the probability weighting function. 
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In sum, the conservative test (in the sense that I only paid one subject) of whether the random 

problem selection mechanism combined with randomly paying a subset of subjects at a specified 

exchange rate can impact behaviour, the mechanism may offer an improvement over hypothetical 

incentives in studies interested in levels of willingness-to-pay for insurance against LPHI risk. 

8.5 Policy recommendations and limitations of the research 

Chapters 3 to 7 outlined several recommendations for policymakers aiming to improve individual 

preparedness for flooding. Firstly, the analysis of the thesis suggests that there are subgroups of 

individuals who utilize the threshold level of concern decision heuristic. Bundling several risks 

into one insurance policy may overcome the threshold probability determining whether flood risk 

is devoted concern. That is, the combined probability of at least one of the bundled risky events 

occurring may be more likely to exceed the threshold than each risk considered in isolation. 

Another way in which policymakers can potentially reduce use of the threshold level of concern 

heuristic is through carefully designed choice architecture, like framing the flood probability over 

a longer time horizon. More specifically, a flood probability communicated to individuals as a 

yearly likelihood (e.g., 1 in 100 probability of flooding per year) may be devoted less concern than 

the same yearly likelihood framed over the expected time homeowners may reside at a given 

property (e.g., 1 in 4 probability of flooding at least once over thirty years). 

Individuals may also be less likely to utilize heuristic processes if they better understand the 

components of risk. Such understanding can be facilitated with the use of risk communication aids, 

like risk ladders and grids, education policies, or through information campaigns on flood risks. 

Education policies which emphasize flood preparedness and show individuals’ propensity to exert 

control over potential flood impacts may benefit external locus of control types, who deem that 

potential flood events and their consequences are out of their control. Moreover, information 

campaigns which highlight to individuals that the “best return on an insurance policy is no return” 

may avoid that they anticipate regret for paying flood insurance premiums if no flood has occurred. 

Individuals who are prone to this type of regret may also benefit from multi-year flood insurance 

policies, with penalties applied to early cancelation, because the regret is likely to be associated 

with short-sighted decision making. 
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Anticipated regret about not purchasing flood insurance if a flood were to occur was found to play 

a significant role in the demand for flood insurance, and explaining the influence of setting the 

default option (Chapter 7). Worst-case scenario framing may be used to increase the focus of 

potential flood damages if individuals were to face these uninsured, thereby raising the saliency of 

anticipated regret. 

Lastly, choice architecture such as default options have been criticized, because it may influence 

behaviour in a way judged as welfare enhancing on aggregate, but suboptimal for certain 

consumers due to individual heterogeneity. Policymakers can perhaps improve individual choice 

behaviour in this respect through the setting of smart defaults. Smart defaults gather consumer 

specific information to apply default options in a manner that would increase consumer welfare at 

the individual level. 

It is important to mention that the analysis on which I base the policy recommendations is not 

without limitations. The data were collected through the implementation of economic experiments 

and a survey. These are inherently artificial environments, and it is an open question to what extent 

this artificiality influenced behaviour. Another limitation of the thesis is the use of survey 

responses to elicit psychological factors. One might suspect that individuals have an underlying 

desire to exhibit consistent preferences, then responses to a specific question may be less an 

indicator of an actual psychological characteristic, and more a restatement of earlier preferences. 

8.6 Directions for future research 

In addition to the directions for future research highlighted in the literature review (Chapter 2), the 

subsequent chapters uncovered other knowledge gaps with respect to studying insurance demand 

against LPHI risk. Some of these can be tied to the policy recommendations outlined in the 

previous section. For instance, the evidence base on the impact of bundling is outdated, rather 

small and exhibits mixed results. Therefore, studying whether bundling can be used to lessen use 

of the threshold level of concern heuristic is worthy of further investigation. Furthermore, a study 

which examines the influence of risk communication aids on insurance demand against LPHI risk, 

combined with assessing whether the aids assist in the comprehension of risk is needed. In general, 

it is important for policymakers to adopt solutions to underinsurance which also lead to better 

decisions. In this respect, the setting of insurance smart defaults according to individual risk 
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preferences, objective risk information etc., may provide another beneficial avenue for future 

research. 

Concerning limitations of the thesis, such as the artificial nature of the economic experiments and 

surveying, a field experiment on the topic of nudging, for example, in the context of insurance 

demand against LPHI risk would possibly rule out that artificiality is impacting the results. 

Moreover, the advent of neuroeconomics allows researchers to study the brain while subjects 

complete controlled experimental tasks, and could overcome the disadvantages of the self-reported 

survey responses. Neuroeconomics allows for the examination of neural functioning at the base of 

observable behaviour, so that one can precisely ascertain behavioural motivations. Accordingly, 

this facilitates researchers to form better theories of psychological determinants of observed 

decisions, than if standard survey responses to elicit psychological factors were used. 
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Appendix A 

Supplement to Chapter 3. 

A.1. Welfare evaluation of the insurance decision

Consumer surplus (CS) of the insurance decision is the difference between the certainty equivalent 

of 𝐸𝐸𝑈𝑈 with full insurance and the certainty equivalent of 𝐸𝐸𝑈𝑈 with zero insurance (Harrison and 

Ng, 2016). Under 𝐸𝐸𝑈𝑈, risk aversion (𝑈𝑈′(∙) > 0 and 𝑈𝑈′′(∙) < 0), as well as actuarially fair or 

subsidized insurance, CS is positive: 

𝑈𝑈−1{𝑈𝑈[𝑊𝑊 − 𝑃𝑃(1)]} − 𝑈𝑈−1{𝑝𝑝𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]} > 0 (A1) 

That is, the certainty equivalent of 𝐸𝐸𝑈𝑈 with full insurance is greater than the certainty equivalent 

of 𝐸𝐸𝑈𝑈 with zero insurance. Consider constant relative risk averse (CRRA) utility, 𝑈𝑈[𝑥𝑥] = 𝑥𝑥𝑟𝑟, 

where 𝑟𝑟 = 1 for risk neutrality, 0 ≤ 𝑟𝑟 < 1 for risk aversion, 𝑟𝑟 > 1 for risk seeking and 𝑥𝑥 denotes 

final wealth states. Figure A1-1 shows the CS of full insurance across loading factors and risk 

preference parameters, assuming  𝜃𝜃 = 0 (no government compensation), and 𝑊𝑊 = 𝐿𝐿 = 60,000 

currency units (CU) with 𝑝𝑝 = 0.001.
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Figure A1-1: Welfare gain of full insurance in currency units (CU) across constant 

relative risk aversion coefficients (𝒓𝒓) and loading factors (𝝀𝝀) under no government 

compensation and low probability of loss 

Figure A1-1 shows that CS is positively related to levels of risk aversion (H1) and negatively 

related to the loading factor (H2). For actuarially fair insurance, only risk averse individuals are 

willing to pay for insurance. We now consider a new risk level, where the risk in Figure A1-1 is a 

mean-preserving spread of this new risk level. Figure A1-2 shows the CS of full insurance across 

loading factors and risk preference parameters, assuming  𝜃𝜃 = 0 (no government compensation), 

𝑊𝑊 = 60,000 CU, 𝐿𝐿 = 6,000 CU and 𝑝𝑝 = 0.01. 



219 

Figure A1-2: Welfare gain of full insurance in currency units (CU) across constant 

relative risk aversion coefficients (𝒓𝒓) and loading factors (𝝀𝝀) under no government 

compensation and high probability of loss 

Given that risk averse individuals dislike mean-preserving spreads, increasing the probability of 

loss while keeping the expected value of loss and loading factor constant, will result in less demand 

for insurance because the welfare gain of insuring will be lower (H3) (see also Laury et al. (2009), 

Browne et al. (2015) and Slovic et al. (1977)). 

When there is an objective probability of receiving government compensation equal to 𝜋𝜋 CS can 

be modified to: 

𝑈𝑈−1{𝑈𝑈[𝑊𝑊 − 𝑃𝑃(1)]} − 𝑈𝑈−1{𝜋𝜋�𝑝𝑝𝑈𝑈[𝑊𝑊 − (1 − 𝜃𝜃)𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]� + (1 − 𝜋𝜋)�𝑝𝑝𝑈𝑈[𝑊𝑊 − 𝐿𝐿] +

(1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]�} (A2) 

Figure A1-3 shows the CS of full insurance with certain half government compensation across 

loading factors and risk preference parameters, assuming 𝑊𝑊 = 𝐿𝐿 = 60,000 CU with 𝑝𝑝 = 0.001. 
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Figure A1-3: Welfare gain of full insurance in currency units (CU) across constant relative 

risk aversion coefficients (𝒓𝒓) and loading factors (𝝀𝝀) under certain half government 

compensation and low probability of loss 

Figure A1-4 displays the same analysis as Figure A1-3 under risky full government compensation, 

with otherwise identical parameters. 

 



221 

Figure A1-4: Welfare gain of full insurance in currency units (CU) across constant relative 

risk aversion coefficients (𝒓𝒓) and loading factors (𝝀𝝀) under risky full government 

compensation and low probability of loss 

Comparing Figures A1-3 and A1-4 with Figure A1-1, the availability of (potential) government 

compensation reduces the CS of purchasing full insurance (H4). Moreover, comparing Figure A1-

3 with Figure A1-4, risk aversion increases the CS of purchasing full insurance under risky full 

government compensation relative to certain half government compensation (H5). 

Under ambiguous full government compensation, CS is evaluated by: 

𝜑𝜑−1{𝜑𝜑[𝑈𝑈[𝑊𝑊 − 𝑃𝑃(1)]]} − 𝜑𝜑−1{𝜎𝜎1𝜑𝜑{𝑈𝑈[𝑊𝑊]} + 𝜎𝜎0𝜑𝜑{𝑝𝑝𝑈𝑈[𝑊𝑊 − 𝐿𝐿] + (1 − 𝑝𝑝)𝑈𝑈[𝑊𝑊]}}  (A3) 

Assume constant relative ambiguity aversion (CRAA), 𝜑𝜑(𝑧𝑧) = 𝑧𝑧𝑎𝑎, where 𝑎𝑎 = 1 for ambiguity 

neutrality, 0 ≤ 𝑎𝑎 < 1 for ambiguity aversion, 𝑎𝑎 > 1 for ambiguity seeking and 𝑧𝑧 denotes expected 

utilities. Figure A1-5 displays the CS of full insurance with ambiguous full government 
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compensation across CRAA coefficients assuming 𝑟𝑟 = 1, 𝜆𝜆 = 0.5, and 𝑊𝑊 = 𝐿𝐿 = 60,000 CU with 

𝑝𝑝 = 0.001.84 

Figure A1-5: Welfare gain of full insurance in currency units (CU) across constant 

relative ambiguity aversion coefficients (𝒂𝒂) under ambiguous full government 

compensation, low probability of loss, loading factor 0.5 and risk neutral preferences 

Ambiguity aversion (𝜑𝜑′(∙) > 0 and 𝜑𝜑′′(∙) < 0) increases the CS of insuring under ambiguous full 

government compensation (H6). Comparing figures A1-4 and A1-5, ambiguity aversion also 

increases the expected welfare gain of insuring under ambiguous full government compensation 

relative to risky full government compensation for the levels of ambiguity preference elicited in 

our study, assuming 𝜎𝜎 = (0.5,0.5) (H7). 

84 For other risk preference parameters, the impact of risk aversion/seeking overcomes the influence of 

ambiguity preferences in deciding whether or not to insure, although conclusions regarding relative 

differences in CS remain the same. 
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A.2. Experiment instructions (screen shots)

First page instructions of phase one 
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Description of payment mechanism 

Description of payment mechanism if phase one is selected for payment 
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Phase one earnings task 

Outcome of phase one earnings task 
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First task of phase one 
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Indifference question if subject switched on decision line 5 or 6 in the first task of phase one 

 

Second task of phase one 

 



228 

Third task of phase one 
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Indifference question if subject switched on decision line 6 or 7 in the first task of phase one 



230 

Fourth task of phase one 
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First page instructions of phase two 

Description of phase two earnings task 

Phase two earnings task 
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Information about government compensation 

No government compensation 
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Certain half government compensation 

Risky full government compensation 

Ambiguous full government compensation 
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Description of the probability of flooding 

Description of government compensation (when available) 

Certain half government compensation 

Risky full government compensation 
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Ambiguous full government compensation 

Description of payment mechanism if phase two is selected for payment 

No government compensation 
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Certain half government compensation 
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Risky full and ambiguous full government compensation 

 

 

 

Comprehension questions 
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Extra question in no government compensation condition 

 

Extra question in certain half government compensation and risky full government compensation 

condition 

 

Extra question in risky full government compensation and ambiguous full government 

compensation condition 

 

Flood insurance decisions 

No government compensation 

 

Certain half government compensation 

 

Risky full government compensation 
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Ambiguous full government compensation 

 

Subsequent questions were presented analogously 

Policy change 

Policy change to certain half government compensation 

 

Policy change to risky full government compensation 

 

Policy change to ambiguous full government compensation 
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Comprehension question for policy change 

Policy change to certain half government compensation from risky full government 

compensation or vice versa 

 

Policy change to ambiguous full government compensation from risky full government 

compensation or vice versa 

 

Survey questions used to elicit other variables 
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A.3. Descriptive statistics and coding of variables

Table A3-1: Descriptive statistics and coding of the dependent and independent variables 
Variable Coding Mean Std 

dev 
Insurance purchase 1 = purchased insurance, 0 = insurance not purchased 0.602 
Flooding 
probability = 0.001 

1 = flooding probability is 0.001, 0 = otherwise 0.333 

Flooding 
probability = 0.01 

1 = flooding probability is 0.01, 0 = otherwise 0.333 

Loading factor = 
0.5 

1 = loading factor is 0.5, 0 = otherwise 0.250 

Loading factor = 
0.75 

1 = loading factor is 0.75, 0 = otherwise 0.250 

Loading factor = 1 1 = loading factor is 1, 0 = otherwise 0.250 
Certain half 1 = compensation scheme is certain half government 

compensation, 0 = otherwise 
0.216 

Risky full 1 = compensation scheme is risky full government 
compensation, 0 = otherwise 

0.425 

Ambiguous full 1 = compensation scheme is ambiguous full government 
compensation, 0 = otherwise 

0.210 

Risk aversion gain 
domain 

Switching point in the gain domain risk aversion task 
(higher values represent more risk aversion) 

7.425 2.354 

Risk aversion loss 
domain 

Switching point in the loss domain risk aversion task 
(higher values represent more risk aversion) 

5.825 2.446 

Stated risk aversion Stated risk preference (higher values represent more risk 
aversion) 

5.545 1.928 

Ambiguity aversion 
gain domain 

Switching point in the gain domain ambiguity aversion 
task (higher values represent more ambiguity aversion) 

6.190 1.806 

Ambiguity aversion 
loss domain 

Switching point in the loss domain ambiguity aversion 
task (higher values represent more ambiguity aversion) 

6.170 1.614 

Order 1 = first twelve insurance decisions, 0 = last twelve 
insurance decisions 

0.575 

Male 1 = male, 0 = female 0.555 
Age Age in years 22.265 3.406 
Dutch 1 = Dutch national, 0 = non-Dutch national 0.620 
Flood risk 
perceptions 

Best estimate of how often a flood would occur at 
subject’s residence (1 = once every 10 years, 2 = once 
every 100 years, …, 6 = less than once every 100,000 
years) 

2.855 1.132 

Government 
compensation 
perceptions 

Perceptions about the likelihood the government would 
compensate any flood damage to a homeowner in the 
Netherlands (1 = very likely, …, 5 = very unlikely) 

2.930 1.039 
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Figure A3-1: Distributions of risk and ambiguity preferences in the gain and loss domain 

with the MPL tasks 

Notes: higher values represent more risk and ambiguity aversion; 1 means a switch from 

left to right in the first row (very risk or ambiguity seeking) and 11 or 10 means a subject 

never switches (very risk or ambiguity averse, respectively); risk neutral = 6 for risk 

aversion loss domain, and = 7 for risk aversion gain domain; the ambiguity neutral 

switching point is on decision line 6 in the loss domain, and decision line 5 in the gain 

domain. 
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Figure A3-2: Distribution of stated risk preference 

Notes: higher values represent more risk aversion. 
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A.4. Results from additional analyses

Table A4-1: Random effects Probit regression of variables of influence on flood insurance purchases with risk and ambiguity preferences elicited in the loss domain 
Pooled Risky full vs. certain half Risky full vs. ambiguous full 

MPL Stated MPL Stated MPL Stated 
Variable M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 
Flooding probability=0.001 0.17 

(0.12) 
0.09 

(0.31) 
0.17 

(0.12) 
-0.18
(0.33)

0.13 
(0.16) 

0.01 
(0.40) 

0.13 
(0.16) 

0.42 
(0.41) 

0.14 
(0.20) 

-0.25
(0.66)

0.14 
(0.20) 

-0.76
(0.65)

Flooding probability=0.01 0.24*** 
(0.09) 

0.06 
(0.23) 

0.24*** 
(0.09) 

-0.28
(0.25)

0.29** 
(0.13) 

0.04 
(0.29) 

0.29** 
(0.13) 

0.09 
(0.31) 

0.17 
(0.15) 

-0.13
(0.52)

0.17 
(0.15) 

-0.71
(0.48)

Loading factor=0.5 1.52*** 
(0.09) 

1.52*** 
(0.09) 

1.52*** 
(0.09) 

1.53*** 
(0.09) 

1.40*** 
(0.15) 

1.40*** 
(0.15) 

1.40*** 
(0.15) 

1.41*** 
(0.15) 

1.67*** 
(0.14) 

1.68*** 
(0.14) 

1.67*** 
(0.14) 

1.70*** 
(0.14) 

Loading factor=0.75 1.18*** 
(0.08) 

1.18*** 
(0.08) 

1.18*** 
(0.08) 

1.19*** 
(0.08) 

1.09*** 
(0.11) 

1.09*** 
(0.11) 

1.09*** 
(0.11) 

1.10*** 
(0.11) 

1.27*** 
(0.12) 

1.28*** 
(0.12) 

1.27*** 
(0.12) 

1.29*** 
(0.13) 

Loading factor=1 0.88*** 
(0.07) 

0.88*** 
(0.07) 

0.88*** 
(0.07) 

0.88*** 
(0.07) 

0.68*** 
(0.10) 

0.68*** 
(0.10) 

0.68*** 
(0.10) 

0.68*** 
(0.10) 

1.08*** 
(0.11) 

1.09*** 
(0.11) 

1.08*** 
(0.11) 

1.10*** 
(0.11) 

Certain half -0.42**
(0.17)

-0.42**
(0.17)

-0.34**
(0.16)

-0.34**
(0.16)

Risky full -0.42***
(0.16)

-0.42***
(0.16)

-0.35**
(0.15)

-0.35**
(0.16)

0.01 
(0.09) 

-0.06
(0.19)

0.01 
(0.09) 

-0.11
(0.22)

-0.29***
(0.09)

0.48 
(0.35) 

-0.29***
(0.09)

0.50 
(0.35) 

Ambiguous full -0.15
(0.17)

-0.15
(0.17)

-0.08
(0.16)

-0.08
(0.16)

Risk aversion loss domain 0.00 
(0.03) 

-0.01
(0.03)

0.06 
(0.04) 

0.03 
(0.04) 

-0.04
(0.05)

-0.08
(0.07)

Stated risk aversion 0.15*** 
(0.04) 

0.09** 
(0.05) 

0.16** 
(0.07) 

0.15* 
(0.08) 

0.13** 
(0.06) 

0.03 
(0.07) 

Ambiguity aversion loss 
domain 

0.01 
(0.04) 

0.01 
(0.04) 

-0.01
(0.04)

-0.01
(0.04)

0.06 
(0.06) 

0.06 
(0.06) 

0.06 
(0.06) 

0.06 
(0.06) 

-0.09
(0.07)

-0.02
(0.08)

-0.11
(0.08)

-0.04
(0.08)

Flooding probability=0.001 
X risk aversion loss domain 

0.01 
(0.05) 

0.02 
(0.07) 

0.07 
(0.10) 

Flooding probability=0.01 X 
risk aversion loss domain 

0.03 
(0.04) 

0.05 
(0.05) 

0.05 
(0.08) 

Flooding probability=0.001 
X stated risk aversion 

0.06 
(0.06) 

-0.06
(0.08)

0.16 
(0.11) 

Flooding probability=0.01 X 
stated risk aversion 

0.10** 
(0.04) 

0.04 
(0.06) 

0.16** 
(0.08) 

Risky full X risk aversion 
loss domain 

0.01 
(0.03) 



Risky full X stated risk 
aversion 

0.02 
(0.05) 

Risky full X ambiguity 
aversion loss domain 

-0.12**
(0.05)

-0.13**
(0.05)

Order 0.11* 
(0.06) 

0.11* 
(0.06) 

0.11* 
(0.06) 

0.11* 
(0.07) 

0.01 
(0.09) 

0.01 
(0.09) 

0.01 
(0.09) 

0.00 
(0.09) 

0.22** 
(0.09) 

0.24*** 
(0.09) 

0.22** 
(0.09) 

0.24*** 
(0.09) 

Constant -0.78
(0.57)

-0.70
(0.58)

-1.66***
(0.59)

-1.39**
(0.59)

-2.62**
(1.22)

-2.46**
(1.24)

-3.57***
(1.24)

-3.56***
(1.24)

0.13 
(1.00) 

-0.05
(1.02)

-0.47
(0.99)

-0.31
(1.05)

Observations 4,176 4,176 4,176 4,176 1,800 1,800 1,800 1,800 1,752 1,752 1,752 1,752 
Subjects 200 200 200 200 75 75 75 75 73 73 73 73 
Notes: Dependent variable: insurance purchase. Model coefficients are shown and standard errors are reported in parentheses clustered by subject. ***Significant at 1%; **Significant 
at 5%; *Significant at 10%. Regressions control for gender, age, being Dutch, flood risk perceptions and perceptions about government compensation. 
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Appendix B 

Supplement to chapters 4, 5 and 6. 

B.1. Experiment instructions 

Real incentives flood insurance experiment screenshots (Dutch): 

Flood insurance experiment screenshot 1 

 

 

If respondent answers “nee (ik huur de woning)”, she/he is directed to the following screenshot, 

and the experiment closes: 

Flood insurance experiment screenshot 1b 
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Flood insurance experiment screenshot 2 

 

 

Flood insurance experiment screenshot 3 

 

 

Flood insurance experiment screenshot 4 
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Flood insurance experiment screenshot 5 

 

 

Flood insurance experiment screenshot 6 

 

 

 

 

 

 

 

 

 

 

 

 

Flood insurance experiment screenshot 7 
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Flood insurance experiment screenshot 8 

 

 

If respondent answers between “Ik accepter dit risco en zou me niet verzekeren” and “€60,000”, 

she/he is directed to the following screenshot: 

Flood insurance experiment screenshot 8b 
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Flood insurance experiment screenshot 9 

 

 

If respondent answers between “Ik accepter dit risco en zou me niet verzekeren” and “€60,000”, 

she/he is directed to the following screenshot: 

Flood insurance experiment screenshot 9b 

 

 

Subsequent flood insurance decisions were presented analogously. 
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Flood insurance experiment screenshot 10 

 

 

Flood insurance experiment screenshot 11 

 

 

Flood insurance experiment screenshot 12 

 

 

If the respondent answers “Ja, ik ben ooit geëvacueerd”, the following screenshot is presented: 

Flood insurance experiment screenshot 12b 
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Flood insurance experiment screenshot 13 

 

 

Flood insurance experiment screenshot 14 

 

 

Flood insurance experiment screenshot 15 
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Flood insurance experiment screenshot 16 

Flood insurance experiment screenshot 17 

Flood insurance experiment screenshot 18 
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Flood insurance experiment screenshot 19 

 

 

If the respondent answers “HBO/Bachelor; Master; PhD”, the following screenshot is 

presented: 

Flood insurance experiment screenshot 19b 

 

 

Flood insurance experiment screenshot 20 

 

 

Flood insurance experiment screenshot 21 
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Flood insurance experiment screenshot 22 

 

 

Flood insurance experiment screenshot 23 

 

 

The hypothetical condition is identical to the incentivized version above with “Flood insurance 

experiment screenshot 7” omitted. 
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Real incentives flood insurance experiment translation (English): 

Flood insurance experiment translation 1 

 

Welcome to this questionnaire. This is an investigation that is part of a research project 

undertaken by the Institute for Environmental Issues (IVM), Vrije Universiteit (VU) 

Amsterdam and funded by the Netherlands Organization for Scientific Research (NWO). 

The questionnaire is about your views about flood safety and flood insurance. 

First of all, we would like to ask 3 questions to confirm that you are in the right audience. 

Are you the owner of the house or apartment in which you live? 

Yes (bought 

property) 

 No (I rent the 

property) 

 

 

I am a: 

Male  Female  

 

My age: 

Up to 34 years  Between 35 and 49 

years 

 50 years or older  

 

 

Flood insurance experiment translation 1b 

Unfortunately, you are not in the target audience for this research. 

We look forward to next time! 
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Flood insurance experiment translation 2 

We start with some questions about yourself. 

How has your day been going? 

Badly  Worse 

than usual 

 As 

usual 

 Better 

than usual 

 Promising  

 

 

Flood insurance experiment translation 3 

How do you assess your character? Which attributes apply to you? 

 Not true Rather not 

true 

Rather true True 

Optimistic     

Pessimistic     

Content     

Cheerful     

Anxious     
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Flood insurance experiment translation 4 

To what extent do you agree with the following statements: 

 Strongly 

disagree 

   
Strongly 

agree  

I believe that there are a number of 

measures that people can take to 

reduce their risk 

     

I can pretty much determine what 

will happen in my life 

     

When I get what I want, it is 

usually because I’m lucky 

     

It is not always wise for me to plan 

too far ahead because many things 

turn out to be a matter of good or 

bad fortune 

     

 

 

Flood insurance experiment translation 5 

Do you live in a flood-prone area? 

Yes, I am certain that I live in a flood-prone area  

I think that I live in a flood-prone area, but I am not 

sure 

 

No, I am certain that I do not live in a flood-prone area  

Don’t know  
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Flood insurance experiment translation 6 

Here is a brief explanation of the next questions. Read this carefully. 

Your current insurance policy for your house and contents does not cover damage caused by 

flooding. Imagine you recently purchased a property worth €240,000 in an area that can flood 

and that it is possible to buy flood insurance. 

You will get 14 questions about how much you are willing to pay for flood insurance for this 

property. With each question: The government will not reimburse your flood damage if you 

are not insured. Every question is about another year with a different risk due to different 

water levels. Each year you have €60,000 in your bank account from which insurance 

premiums or flood damage can be paid. 

There are no correct or incorrect answers. We are only interested in your opinion! 

 

Flood insurance experiment translation 7 

We randomly choose one respondent to be paid. 

The picture below explains a lottery that will be used to determine whether you will be 

paid based on your answers in the insurance questions. 
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It is therefore in your best interest to answer your real willingness to pay. For example, if you 

state a willingness to pay higher than your real willingness, you may pay too much, while if 

you state a willingness to pay lower than your real willingness, you may end up without 

insurance and regret not stating a higher willingness. 

Again, the prize winner of this research is randomly chosen by the computer. 

Each participant has an equal chance of winning! 

Click on ‘next’ to start. 
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Flood insurance experiment translation 8 

Year 1. 

Imagine that this year the chance of a flood is 1 in 10,000 causing €60,000 damage to your 

property. 

What is the maximum premium this year that you would be willing to pay for flood 

insurance to fully cover the cost of damages? 

I accept this risk and I won’t insure 

myself 

€1 €2 €4 €9 €20 €40 €80 €170 

€350 €740 €1,500 €3,200 €6,600 €13,800 €28,800 €60,000 

Flood insurance experiment translation 8b 

You indicated that you would be willing to purchase flood insurance for XXX85. What is 

the maximum premium you are willing to pay this year in this interval? 

Please enter an amount within the interval, so between the two amounts mentioned above. 

85 €X but not for €Y. 
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Flood insurance experiment translation 9 

Year 2. 

Due to higher water levels than last year, this year the chance of a flood is 1 in 1,000 causing 

€60,000 damage to your property. 

What is the maximum premium this year that you would be willing to pay for flood 

insurance to fully cover the cost of damages? 

I accept this risk and I won’t insure 

myself 

 

€1 €2 €4 €9 €20 €40 €80 €170 

€350 €740 €1,500 €3,200 €6,600 €13,800 €28,800 €60,000 
 

 

Flood insurance experiment translation 9b 

You indicated that you would be willing to purchase flood insurance for XXX. What is 

the maximum premium you are willing to pay this year in this interval? 

Please enter an amount within the interval, so between the two amounts mentioned above. 
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Flood insurance experiment translation 10 

These were the scenarios, thank you for filling the questionnaire so far. Finally, we have a few 

other questions for you. 

How easy or difficult did you find it to make a choice in the flood insurance situations 

presented to you? 

Very easy  

Easy  

Not easy/not 

difficult 

 

Difficult  

Very difficult  

 

Could you briefly explain how you made your decisions in the flood insurance decision 

making task? 

You can use up to 350 characters. 
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Flood insurance experiment translation 11 

How do you estimate the consequences of climate change for flood risk at your current 

residence? 

Flood risk will increase  

Flood risk will remain the same  

Floods risk will decrease  

Don’t know  

 

 

Flood insurance experiment translation 12 

Have you ever been evacuated because of a threat of flooding? 

Yes, I have been evacuated  No, I have never been evacuated  

 

 

Flood insurance experiment translation 12b 

Do you think that being evacuated made it easier to imagine a flood occurring in the near 

future? 

Yes, I can now imagine that a flood is very likely  

No, I cannot now imagine that a flood is very likely  

I don’t think the experience has changed my perception of the likelihood of 

flooding 
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Flood insurance experiment translation 13 

Do you recall any situations of exceptionally high water levels in rivers close to your 

residence? 

Yes, I can recall high water 

levels 

 No, I cannot recall high water 

levels 

 

 

 

Flood insurance experiment translation 14 

Have you ever watched the television program Als de dijken breken86? 

I have watched every episode  

I have watched some episodes  

I haven’t watched any episodes  

 

 

 

 

 

 

 

 

 

 

 

                                                           
86 In English: “When the dikes break”. 
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Flood insurance experiment translation 15 

To what extent do you agree with the following statements: 

 Strongly 

disagree 

   
Strongly 

agree  

I am worried about the danger of 

flooding at my current residence 

     

I would sleep a lot more securely 

with insurance against flood risk 

     

I expect that I will never experience 

a flood 

     

I am confident that the river dikes 

in the Netherlands are maintained 

well 

     

I have confidence in the 

technological skills of flood risk 

managers 

     

The probability of flooding is too 

low to be concerned about 

     

I would be reluctant to search for 

information about flood insurance 

because it takes a lot of effort for 

something that probably won’t 

happen anyway 
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Flood insurance experiment translation 16 

And to what extent do you agree with the following statements: 

Strongly 

disagree 

Strongly 

agree 

I would feel regret about not 

purchasing flood insurance if a 

flood occurs 

I would feel regret about  paying an 

insurance premium if no flood 

occurs 

Other people in my community 

would be upset if they noticed that 

someone who got flooded was 

insufficiently prepared 

I would be upset if I noticed that 

someone who got flooded was 

insufficiently prepared 
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Flood insurance experiment translation 17 

Then the last three: To what extent do you agree with the following statements? 

 Strongly 

disagree 

   Strongly 

agree 

I expect that the government will 

compensate my damage in case I 

am flooded 

     

I trust my general homeowners 

insurance to have my best interests 

at heart  

     

I trust my general homeowners 

insurance to do what it says it will 

do 

     

 

 

Flood insurance experiment translation 18 

What is your approximate household monthly income (after taxes)? 

Less than 

€1,000 

 Between 

€2,000 and 

€2,499 

 Between 

€3,500 and 

€3,999 

 

Between €1,000 

and €1,499 

 Between 

€2,500 and 

€2,999 

 Between 

€4,000 and 

€5,499 

 

Between €1,500 

and €1,999 

 Between 

€3,000 and 

€3,499 

 €5,500 or more  
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Flood insurance experiment translation 19 

What is the highest level of education you have completed? 

Primary school  Master’s 

degree 

 

High school87  PhD  

Bachelor’s 

degree 

 Other  

 

 

Flood insurance experiment translation 19b 

In what subject did you major? 

 
 

 

Flood insurance experiment translation 20 

What is your postcode in numbers and letters? 

Write it as 1234AB 

 
 

 

 

 

 

                                                           
87 This option is split into: Lower secondary education (middle-level applied education (VMBO/MBO) and 

higher general continued education (HAVO)) and higher secondary education (higher commoner’s school 

(HBS), preparatory scholarly education (VWO) and Gymnasium). 
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Flood insurance experiment translation 21 

What is approximately the market value of your home? 

€ 

I do not want to 

say 

 

 

I live in a: 

House  

Flat/Apartment on the ground floor  

Flat/Apartment on the 1st floor or 

above 

 

Other, namely:  
 

 

Flood insurance experiment translation 22 

That was all the questions! 

Click here to add your reward to your balance. 

Social 

points 

 

 

 

Flood insurance experiment translation 23 

Thank you for your cooperation, also on behalf of our clients. 
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Appendix C 

Supplement to Chapter 7. 

 

Figure C1: Distribution of risk preference in the Netherlands and the UK 

Notes: higher values represent more risk seeking. 
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Figure C2: Distribution of regret in the Netherlands and the UK 

Notes: higher values represent more regret. 
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Figure C3: Distribution of insurance cost in the Netherlands and the UK 

Notes: higher values represent higher perceived insurance cost. 
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Figure C4: Distribution of trust in the Netherlands and the UK 

 Notes: higher values represent more trust in flood defenses. 
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Summary in English 

Flooding occurs every year in many regions around the world. The causes of floods are diverse, 

and can range from extreme rainfall to intense snowmelt over an extended period of time which 

may lead rivers to overflow their banks. Or they may arise due to other weather dynamics like 

hurricanes, which can generate storm surge and flooding in coastal areas. General consensus is 

that flood impacts will increase in the future because of population growth and economic 

development in flood-prone regions, as well as climate change. 

A range of structural flood protection measures are in place across Europe such as embankments 

to protect against high water levels, and dams which are used to control water flow. However, 

structural flood protection does not completely mitigate flood risk because there is a probability of 

protection failure. Nevertheless, government compensation arrangements often exist to cover 

(some of) homeowners’ property damage costs in the event of flooding. But, this compensation is 

subject to political will and is considered to be uncertain. Moreover, it is questionable whether 

government compensation is sufficient to cover the projected increase in future flood impacts. 

In light of the residual flood risk which exists despite structural flood protection and uncertain 

compensation, there is room for homeowner-level measures for limiting risk, such as flood 

insurance. In order to develop flood insurance arrangements that offer sufficient coverage, it is 

necessary to form a good understanding of the potential causes of underinsurance. For example, 

government compensation may crowd out insurance demand (charity hazard), and the limited 

cognitive ability of individuals and insufficient information on flood risk for individuals to access, 

may result in boundedly rational flood insurance choices. In general, many individuals tend to 

forgo insurance against low-probability/high-impact (LPHI) risks, like flooding, because of these 

factors. Nonetheless, successful insurance arrangements hinge on a sufficient level of demand for 

insurance, so that the revenue generated from premium payments is enough to cover insurance 

claims. 

This thesis examines the possible origins of underinsurance related to charity hazard and bounded 

rationality, as well as ways in which underinsurance may be overcome through a novel behavioural 

economic intervention. For these purposes a range of tools were employed, such as a literature 
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review, economic experiments and a field survey. Large samples of homeowners were utilized for 

the latter, which are the population of interest regarding insurance demand against LPHI risks. 

A natural starting point for the thesis was to review the previous experimental, survey and market 

data studies on insurance demand against LPHI risks (Chapter 2). Overall, 80 studies were 

reviewed with some focus on the design methods employed, like the country focus, incentives and 

samples, as well as insurance characteristics in terms of the insurance context, deductibles and 

loading factors used. A number of theories featured, of which some are closer to rational economic 

decision making models (Expected Utility Theory), as well as alternative theories which are often 

utilized to reconcile boundedly rational behaviour (Prospect Theory) and choices under ambiguity. 

In contrast to the cognitive procedures assumed by theoretical models, the review also examined 

some heuristics individuals may use in choices about LPHI risk (availability heuristic and 

gambler’s fallacy) and behavioural biases (framing effects). The aim of the review was to extract 

lessons from the previous studies and to provide a future research agenda. The review provided a 

basis for the design of the experimental studies in later chapters of the thesis, and highlighted some 

knowledge gaps which were also addressed in some of the later chapters. 

One research gap highlighted by the literature review was the absence of a controlled economic 

experiment on the charity hazard problem, despite the potential for factors which can confound the 

relationship between government compensation and flood insurance demand in market data 

studies, like objective risk levels. I performed an experimental study of charity hazard related to 

the impact of various degrees of ambiguity and risk in government compensation on flood 

insurance demand (Chapter 3). Additionally, Expected Utility Theory and the Klibanoff et al. 

(2005) smooth model of decision making under ambiguity were used to formulate theoretical 

predictions. It was found that risky government compensation, where individuals know the 

probability of being fully compensated by the government, and certain compensation, where in the 

event of a flood individuals are partially compensated for sure, crowd out demand for flood 

insurance in line with theory. However, ambiguous government compensation, where the 

probability of receiving full government compensation is not known, does not crowd out demand. 

Moreover, individuals who were more ambiguity averse according to an incentivized measure of 

ambiguity aversion, were more likely to demand flood insurance when government compensation 

was ambiguous relative to risky which is also in line with the theoretical predictions. Whereas, 
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risk preferences do not play a role in whether individuals are more or less likely to demand 

insurance under risky vs. certain compensation. 

A further possible cause of underinsurance against flood risk which is closer to bounded 

rationality, namely the individual usage of the threshold level of concern decision heuristic, was 

examined in another experimental study (Chapter 4). The heuristic implies a threshold probability 

is unconsciously set by individuals. If the (subjective) probability of the risk falls below the 

threshold, then the likelihood of the risk is treated as having a zero chance of occurring. The 

threshold was defined as the number of consecutive times individuals were willing to pay zero to 

cover flood risk as the probability of flooding increased, after those who remained uninsured for 

all insurance decisions were omitted. I found that individuals who worry about flooding and 

anticipate regret about not purchasing insurance in the event of a flood, have lower threshold levels 

of concern. 

Using the same dataset as Chapter 4, the determinants of maximum willingness-to-pay for flood 

insurance and probability neglect of flood risk were analyzed (Chapter 5). Zero willingness-to-pay 

for flood insurance was used as a proxy for probability neglect, given that this is likely caused by 

the rounding of very low probabilities to zero. The risk specific emotions of worry and regret were 

related to flood insurance demand through both probability neglect and willingness-to-pay for 

flood insurance. Whereas, incidental emotion (mood) had no relationship to flood insurance 

demand. Moreover, a survey measure of the threshold level of concern variable was related to 

flood insurance demand through probability neglect, not willingness-to-pay, which is consistent 

with the mechanisms underlying usage of the heuristic. It is important to mention that at this stage 

I could not separate whether the psychological determinants of flood insurance demand, are related 

to demand through probability weighting and/or outcome processing, which are two components 

of risk preference according to Prospect Theory. 

In order to separate the relation between the variables of interest on flood insurance demand 

through probability weighting and outcome processing (utility curvature), structural models of 

decision making were estimated (Chapter 6). In addition to the risk specific and incidental 

emotions, as well as threshold level of concern, locus of control was investigated. Locus of control 

measures the degree to which individuals believe they can exert control over outcomes in their 

own life (have an internal locus of control), in contrast to external influences like fate. The variable 



 

 
312 

 

has been shown to explain decision making with respect to higher probability disaster risks. In 

addition to anticipated regret about not purchasing insurance in the event of a flood, internal locus 

of control was related to higher flood insurance demand. Due to high collinearity between the 

probability weighting and utility curvature parameters, I examined each as a function of the 

variables of interest separately. Regret and locus of control were related to both components of 

risk preference in the separate analysis. Whereas, adoption of the threshold level of concern 

heuristic was related to risk preferences (flood insurance demand) through probability weighting, 

which is unsurprising given that the heuristic is associated with the way in which individuals 

process probabilities. 

Policy recommendations were discussed in chapters 3, 4, 5 and 6 to avoid charity hazard, 

utilization of the threshold level of concern decision heuristic and regret, for instance. The 

recommendations can be broadly categorized as those intended to increase demand for flood 

insurance by bundling flood risk with other risks into one policy or multiyear insurance; 

implementing education policies on the importance of preparing for disaster risks; developing risk 

communication strategies so that individuals appreciate the gravity of risk they are facing; and 

policies that nudge homeowners towards better flood insurance decisions through worst-case 

scenario framing, and extending the time horizon over which the probability of flooding is framed. 

Another knowledge gap highlighted in the literature review and some other previous research, was 

the absence of a study on the impact of setting flood insurance coverage default options to nudge 

individuals towards more insurance uptake (Chapter 7). I investigated in a field survey whether 

setting an opt-out default, where individuals had to remove flood insurance coverage from an 

insurance policy to face flood risk uninsured, impacted flood insurance demand, compared to an 

opt-in default, where individuals had to pay additional insurance premiums to include flood 

coverage in the insurance policy. The nudge was studied in the Netherlands, where flood insurance 

penetration rates are currently very low, and recent flood events have caused only minor damages, 

and the United Kingdom, where the converse is true. It was found that the opt-out default leads to 

significantly higher flood insurance demand (71% purchased actuarially fair insurance against a 1 

in 1,250 yearly likelihood of experiencing €80,000 flood damage), compared to the opt-in default 

(52% purchased the insurance). However, there was an insignificant impact of the default on flood 

insurance demand on aggregate in the United Kingdom (83% purchased the insurance). Moreover, 
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using statistical control I was able to ascribe the difference in default effects between the 

Netherlands and the United Kingdom to reported flood insurance purchasing and previous flooding 

experience. Furthermore, risk preferences moderated the influence of the default on flood 

insurance demand in the United Kingdom. That is, higher levels of risk seeking makes one less 

prone to the default here, and leads to more opting out of flood coverage. Lastly, the regret 

individuals might expect for not purchasing flood insurance in the event of a flood loss and 

perceived flood insurance cost, partially mediated the impact of the default on flood insurance 

demand in the Netherlands. 

Given the difficulties experimenters have with incentivizing LPHI risks, I was also interested in 

whether incentives in accordance with the random problem selection mechanism combined with 

randomly paying only a subset of subjects at a specified exchange rate can offer improvements 

with respect to choice behaviour, over hypothetical payments. Given the high-impact nature of 

flood risks, the method offers an affordable alternative to only implementing the random problem 

selection mechanism. However, like the random problem selection mechanism, the payment of 

only a subset of subjects and applying an exchange rate can be criticized because it is uncertain 

whether subjects are treating risks in each decision in isolation, or the compound risk which 

includes the random selections of choices and subjects. I found that incentives in line with the 

procedure, in which only one subject is paid, do not impact on whether individuals are willing to 

pay zero or non-zero amounts for insurance against LPHI risk. In contrast, the procedure did 

influence levels of insurance that individuals were willing to pay, and the influence is through 

probability weighting according to a best fitting structural model of decision making. 

As well as, factors of influence on demand for flood insurance, chapters 4, 5 and 6 were indicative 

of levels of demand. The mean risk premiums (maximum willingness-to-pay for flood insurance 

minus expected flood damage) for flood probability 1 in 10,000, 1 in 1,000, 1 in 100 and 1 in 20, 

are €233, €471, €611 and €-704 under incentivized payments, and €167, €285, €164 and €-1,325 

under hypothetical payments, respectively, once those who are not willing to pay anything are 

omitted. Moreover, the subgroup of the sample who had zero willingness-to-pay for flood 

insurance corresponds to 26%, 13%, 10%, and 8%, respectively. Overall, there are subgroups of 

Dutch homeowners for which the demand for flood insurance is sufficient and insufficient, which 

is in line with the bimodal pattern of risk attitudes found in some previous studies. 
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To summarize, the thesis demonstrates how insights into how individuals perceive and act upon 

LPHI risks, can be used to create effective flood insurance arrangements, and to advance our 

scientific understanding of the influence of such risks on individual behaviour. The different 

chapters focus on the potential causes of underinsurance, and policy solutions for underinsurance. 

The thesis concludes with directions for further research. First, I suggest that some of the policy 

recommendations are worth testing empirically, such as the impact of bundling and risk 

communication aids on flood insurance demand and comprehension of risk. Second, the usage of 

smart defaults which gather consumer specific information in the context of flood risk and 

preferences, would be a valuable exploration in order to achieve a solution to underinsurance 

which would also result in better choice behaviour. Third, the testing of defaults and other nudges 

in a field experiment would provide more clarity about whether they can be used in practice. Lastly, 

further experiments which follow the procedures of neuroeconomics may allow researchers to 

more precisely establish behavioural motivations of flood insurance demand, than standard survey-

based response formats. 
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Summary in Dutch 

Grote delen van de wereld worden ieder jaar geconfronteerd met overstromingen. De oorzaken 

van overstromingen zijn divers, en lopen uiteen van extreme neerslag tot het smelten van ijs over 

een langere periode, wat ervoor kan zorgen dat rivieren uit hun oevers treden. Overstromingen 

kunnen ook ontstaan door andere weersverschijnselen, zoals orkanen, die kunnen leiden tot 

stormen en overstromingen in kustgebieden. De algemene consensus is dat de impact van 

overstromingen zal toenemen in de toekomst, door bevolkingsgroei en economische 

ontwikkelingen in overstromingsgevoelige gebieden, maar ook door klimaatverandering. 

In Europa is een heel scala aan structurele maatregelen geïmplementeerd om het land te 

beschermen tegen overstromingen, zoals dijken die beschermen tegen hoge waterstanden en 

dammen om waterstromen te controleren. Toch kunnen structurele maatregelen het 

overstromingsrisico niet tot nul beperken, omdat er altijd een kans bestaat op technische fouten. 

Er bestaan verschillende overheidshulpprogramma’s om (een deel van) de schade aan huizen in 

het geval van een overstroming te compenseren, maar deze compensatie is afhankelijk van 

politieke invloeden en is daarom vaak onzeker. Verder is het twijfelachtig of de compensatie van 

de overheid genoeg zal zijn om alle kosten van toekomstige toenemende overstromingsschade te 

dekken. 

In het licht van het restrisico dat overblijft na structurele maatregelen en onzekere financiële 

compensatie is extra bescherming op individueel niveau van belang, zoals 

overstromingsverzekeringen. Om overstromingsverzekeringen te kunnen ontwikkelen die genoeg 

dekking bieden, is het belangrijk om een goed beeld te krijgen van de potentiele oorzaken van 

onderverzekeren. Compensatie vanuit de overheid kan bijvoorbeeld de vraag naar verzekeringen 

doen afnemen (charity hazard), en het beperkte menselijke cognitieve vermogen en ontoereikende 

informatie over overstromingsrisico’s kunnen leiden tot beperkt rationele verzekeringskeuzes. 

Over het algemeen verzekeren veel burgers zich niet tegen kleine-kans/hoge-impact risico’s, zoals 

overstromingen, door bovengenoemde factoren. Desalniettemin gaan succesvolle verzekeringen 

uit van een toereikende vraag naar verzekeringen, zodat er genoeg omzet wordt gegenereerd uit de 

premies om de verzekeringsclaims te kunnen uitbetalen. 
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Dit proefschrift onderzoekt de mogelijke oorzaken van onderverzekering met betrekking tot 

charity hazard en beperkte rationaliteit, maar ook op welke wijze onderverzekeren kan worden 

voorkomen door nieuwe gedragseconomische interventies. Om dit doel te bereiken zijn 

verschillende methodes gebruikt, zoals literatuuronderzoek, economische experimenten en een 

veldvragenlijst. Voor deelname aan de vragenlijst zijn grote steekproeven van huiseigenaren 

benaderd: dit is de doelpopulatie als het gaat om de vraag naar verzekeringen voor kleine-

kans/hoge-impact risico’s. 

Een natuurlijk startpunt voor dit proefschrift was om een overzichtsartikel te schrijven over de 

bestaande experimentele, vragenlijst- en marktdatastudies over de vraag naar kleine-kans/hoge-

impact risicoverzekeringen (Hoofdstuk 2). In totaal werden 80 artikelen onderzocht, waarbij is 

gekeken naar de gebruikte onderzoeksmethoden, maar ook naar verzekeringskenmerken zoals 

eigen risico en premies. Verschillende theorieën kwamen aan bod, waarbij sommige uitgingen van 

rationele economische beslismodellen (verwachte nutstheorie) maar ook alternatieven die vaak 

gebruikt worden om beperkt rationeel gedrag te voorspellen (prospecttheorie) en keuzes onder 

ambiguïteit van het risico. In contrast met de cognitieve procedures die verondersteld worden door 

theoretische modellen, werd in het overzichtsartikel ook gekeken naar bepaalde heuristieken die 

mensen gebruiken wanneer zij geconfronteerd worden met kleine-kans/hoge-impact risico’s (o.a. 

beschikbaarheidsheuristiek) en gedragsvooroordelen (framing effecten). Het doel van het 

overzichtsartikel was om lessen te leren uit bestaand onderzoek en om een onderzoeksagenda op 

te stellen voor de toekomst. Het overzichtsartikel was de basis voor het ontwerp van de 

experimentele studies in de latere hoofdstukken uit dit proefschrift, en toonde enkele 

kennistekorten aan die in de latere hoofdstukken aan bod zullen komen. 

Een van de kennistekorten die door het literatuuronderzoek aan het licht kwam, was het gebrek 

aan gecontroleerde economische experimenten met betrekking tot het charity hazard probleem. Ik 

verrichtte een experimenteel onderzoek naar charity hazard met betrekking tot de impact van 

ambiguïteit en kans op overheidscompensatie versus de vraag naar overstromingsverzekeringen 

(Hoofdstuk 3). Bovendien werden de verwachte nutstheorie en het Klibanoff et al. (2005) smooth 

model van beslissingen onder ambiguïteit gebruikt om theoretische voorspellingen te formuleren. 

De resultaten lieten zien dat riskante overheidscompensatie, waarbij men weet hoe groot de kans 

is op volledige overheidscompensatie, en zekere compensatie, waarbij men in het geval van een 
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overstroming zeker, maar deels, wordt gecompenseerd, de vraag naar overstromingsverzekeringen 

verdringen, zoals voorspeld door de theorie. Echter, ambigue overheidscompensatie, waarbij de 

kans op volledige overheidscompensatie onduidelijk is, verdrong de vraag naar 

overstromingsverzekeringen niet. Bovendien was de vraag naar overstromingsverzekeringen 

groter onder degenen die meer ambigu-avers waren, getest met een methode gebaseerd op 

financiële prikkels, wanneer overheidscompensatie ambigu was, vergeleken met riskant. Dit was 

ook in lijn met de theoretische verwachtingen. Dit terwijl risicovoorkeuren geen rol speelden in 

het bepalen van de verzekeringsvraag onder riskante versus zekere compensatie. 

Een andere mogelijke oorzaak van het onderverzekeren van overstromingsrisico’s heeft meer te 

maken met beperkte rationaliteit, namelijk het gebruik van een heuristiek met betrekking tot een 

bepaalde minimumwaarde van bezorgdheid over overstromingen. Deze heuristiek werd 

onderzocht in een andere experimentele studie (Hoofdstuk 4) en gaat er vanuit dat mensen in hun 

hoofd een minimumwaarde hebben voor de kans op een overstroming voordat ze bezorgd zijn over 

een overstroming. Wanneer de (subjectieve) kans onder deze minimumwaarde valt, wordt de kans 

op een overstroming volledig genegeerd. Ik kwam erachter dat mensen die zich zorgen maken over 

overstromingen en die zich alvast voorbereiden op spijt dat zij geen overstromingsverzekering 

hebben aangeschaft, lagere grenswaardes hebben van bezorgdheid, en dus een hogere vraag 

hebben naar overstromingsverzekeringen. 

In Hoofdstuk 5 werd dezelfde dataset gebruikt als in Hoofdstuk 4 om de achterliggende oorzaken 

van betalingsbereidheid voor overstromingsverzekeringen en kansonderschatting van 

overstromingskansen tot in detail te analyseren. Het verwaarlozen van de overstromingskans werd 

gemeten wanneer de betalingsbereidheid nihil was, aangezien dit vaak wordt veroorzaakt door het 

afronden van zeer kleine kansen naar nul. De risicospecifieke emoties bezorgdheid en spijt waren 

gecorreleerd met de vraag naar overstromingsverzekeringen, zowel via het verwaarlozen van de 

overstromingskans als via de betalingsbereidheid. Dit in tegenstelling tot incidentele emotie 

(humeur), wat niet gerelateerd bleek te zijn aan de vraag naar overstromingsverzekeringen.  

Bovendien was een enquêtevraag over de grenswaarde tot bezorgdheid gerelateerd aan de 

verzekeringsvraag door het verwaarlozen van de overstromingskans, maar niet door 

betalingsbereidheid, wat ook voorspeld kon worden vanuit het gebruik van heuristieken. Het is 

belangrijk om te vermelden dat op dit moment nog niet duidelijk is of de psychologische 
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achtergronden van de overstromingsvraag beter in verband kunnen worden gebracht met het 

wegen van kansen (probability weighting) of met de verwerking van uitkomsten, welke beide 

onderdeel zijn van risicovoorkeuren volgens prospecttheorie. 

Om de verbanden tussen de betreffende variabelen te isoleren, werden structurele modellen van 

de beslissingen geschat (Hoofdstuk 6). Als toevoeging op de risico-specifieke en incidentele 

emoties, maar ook de grenswaarde van bezorgdheid, werd locus of control onderzocht. Locus of 

control bepaalt de mate waarin mensen geloven dat zij controle kunnen uitoefenen over de 

gebeurtenissen in hun leven (interne locus of control) in tegenstelling tot externe factoren zoals 

het lot. Deze variabele bleek in eerdere studies al van invloed te zijn op beslissingen met betrekking 

tot rampen. Zowel interne locus of control als geanticipeerde spijt over het niet aanschaffen van 

een verzekering, waren bepalend in de vraag naar overstromingsverzekeringen. Om te controleren 

voor de hoge mate van collineariteit tussen het wegen van kansen en de vorm van de 

nutsparameters, heb ik beide apart onderzocht als een functie van de betreffende variabelen. Spijt 

en locus of control waren gerelateerd aan beide componenten van risicovoorkeuren in deze 

geïsoleerde analyse. Dit in tegenstelling tot het gebruik van de grenswaarde van het bezorgdheid 

heuristiek, die enkel bepalend was voor risicovoorkeuren via het wegen van kansen. Deze 

bevinding is niet heel verrassend gezien de heuristiek wordt geassocieerd met de manier waarop 

mensen kansen verwerken. 

Beleidsadviezen worden besproken in hoofdstukken 3, 4, 5 en 6; onder meer hoe men charity 

hazard zou kunnen voorkomen en hoe de andere heuristieken gebruikt zouden kunnen worden om 

de vraag naar overstromingsverzekeringen te vergroten. Enkele voorbeelden van aanbevelingen 

zijn het bundelen van overstromingsverzekeringen met andere verzekeringen of het aanbieden van 

de verzekering over meerdere jaren, het verbeteren van voorlichting over hoe men zich kan 

voorbereiden op een overstroming, het ontwikkelen van risicocommunicatie strategieën om ervoor 

te zorgen dat huiseigenaren zich bewust zijn van het risico dat zij lopen en beleid dat erop gericht 

is om huiseigenaren betere beslissingen te laten nemen met betrekking tot 

overstromingsverzekeringen, bijvoorbeeld door framing of door de kansen te beschrijven over een 

langere tijdsperiode. 

Een ander gebrek in de literatuur dat naar voren kwam uit het overzichtsartikel was een studie over 

de impact van standaardopties om huiseigenaren te bewegen om zich beter te verzekeren 
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(Hoofdstuk 7). Ik heb vervolgens onderzocht in een veldenquête wat het verschil is in de vraag 

naar overstromingsverzekeringen tussen een opt-out situatie, waarbij mensen bewust 

overstromingsdekking moesten verwijderen wanneer ze dit liever niet wilden, in vergelijking met 

een opt-in situatie waarbij er standaard geen overstromingsdekking was. Deze zogenaamde nudge 

werd onderzocht in Nederland, waar de dekkingsgraad van overstromingsrisicoverzekeringen 

momenteel betrekkelijk laag is, en recente overstromingen tot betrekkelijk kleine schades hebben 

geleid. De nudge werd ook onderzocht in het Verenigd Koninkrijk, waar de omgekeerde situatie 

aan de hand is (dus: betrekkelijk hoge dekkingsgraad en recente overstromingen die hebben geleid 

tot substantiële schade). Uit dit onderzoek bleek dat de opt-out omgeving tot een significant hogere 

vraag naar overstromingsverzekeringen leidde (71% van de deelnemers koos voor een actuarieel 

redelijke verzekering voor een jaarlijkse kans van 1:1250 op €80,000 overstromingsschade) in 

vergelijking met de opt-in omgeving (waar 52% de verzekering aanschafte). Toch was er geen 

significante invloed van de default op de gemiddelde keuzes in het Verenigd Koninkrijk (waar 

83% de verzekering aanschafte). Bovendien was het mogelijk om met statistische analyses het 

verschil in verzekeringsvraag toe te schrijven aan ervaring met de aanschaf van huidige 

verzekeringspolissen en ervaring met overstromingen. Verder waren risicovoorkeuren een 

belangrijke extra factor bij het verband tussen verzekeringsvraag en de verschillende 

standaardopties in het Verenigd Koninkrijk. Dat wil zeggen, risicozoekende individuen zijn 

minder vatbaar voor het standaardoptie-effect, wat leidt tot een lagere vraag naar 

overstromingsrisicoverzekeringen. Tot slot bleek dat mensen die verwachten spijt te krijgen van 

hun beslissing, anders reageren op de standaardopties dan mensen die geen spijt verwachten, in 

elk geval onder de Nederlandse respondenten. 

Gezien het feit dat het lastig is om de juiste prikkels aan te bieden in experimenten met betrekking 

tot kleine-kans/hoge impact risico’s, was ik ook geïnteresseerd in het verschil tussen het 

willekeurig uitbetalen van een subset van respondenten, versus het gebruik van hypothetische 

betalingen. Het domein van overstromingsrisico’s kenmerkt zich door grote gevolgen, en het 

gebruik van hypothetische betalingen zou een goedkoop alternatief kunnen zijn voor het 

willekeurig uitbetalen van een van de beslissingen. Echter, het betalen van een subset van 

respondenten kan worden bekritiseerd, omdat het onzeker is of respondenten iedere beslissing in 

isolatie nemen, of dat zij rekening houden met het samengestelde risico van alle beslissingen bij 

elkaar. De resultaten tonen aan dat prikkels waarbij maar één respondent wordt betaald, geen 
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gevolgen hebben voor de keuzes die zij maken met betrekking tot geen of een positieve 

betalingsbereidheid voor verzekeringen in de context van kleine-kans/grote-impact risico’s. Wat 

wel veranderde, was de hoogte van de premie die men bereid was te betalen. 

Hoofdstukken 4, 5 en 6 beschrijven belangrijke factoren in de vraag naar 

overstromingsverzekeringen in Nederland, maar ook in de grootte van deze vraag. De gemiddelde 

risicopremies (maximale betalingsbereidheid om te betalen voor overstromingsverzekering minus 

de verwachte overstromingsschade) voor een overstromingskans van 1:10.000, 1:1000, 1:100 en 

1:20 waren respectievelijk €233, €471, €611 en €704 in de situatie waar financiële prikkels 

aanwezig waren, en €167, €285, €164 en €1.325 voor hypothetische betalingen, na het verwijderen 

van alle respondenten uit de dataset die niet willen betalen voor een overstromingsverzekering. De 

subgroep met een betalingsbereidheid van nul correspondeerde met respectievelijk 26%, 13%, 

10%, en 8% van de steekproef. Globaal zou men kunnen stellen dat er de volgende subgroepen 

zijn van Nederlandse huiseigenaren: één voor wie de vraag naar overstromingsverzekeringen 

toereikend is en een ander voor wie de vraag juist niet toereikend is. Deze bevinding komt overeen 

met het bimodale patroon van risicovoorkeuren dat door eerder onderzoek is aangetoond. 

Samengevat toont dit proefschrift aan hoe inzichten in hoe mensen kleine-kans/grote-impact 

risico’s waarnemen en hoe zij hierop reageren, gebruikt kunnen worden om effectieve 

verzekeringen te ontwikkelen, maar ook om het wetenschappelijke inzicht te vergroten in de 

effecten van zulke risico’s op individueel gedrag. De verschillende hoofdstukken belichten de 

potentiele oorzaken van onderverzekeren, en beleidsoplossingen voor onderverzekeren. Het 

proefschrift wordt afgesloten met aanbevelingen voor verder onderzoek. Ten eerste zou ik willen 

voorstellen dat het waardevol is om enkele beleidsadviezen in de praktijk te testen, zoals de invloed 

van het bundelen van verzekeringen en risicocommunicatie hulpmiddelen om het begrip van de 

risico’s te vergroten. Ten tweede zou het de moeite waard zijn om te onderzoeken of het gebruik 

van standaardopties gebaseerd op consumenten-specifieke informatie met betrekking tot het 

overstromingsrisico en individuele voorkeuren kan leiden tot betere beslissingen, waaronder het 

voorkomen van onderverzekeren. Ten derde zou het nuttig zijn om deze standaardsituaties en 

andere nudges te testen in een veldexperiment, om meer te weten te komen over de praktische 

haalbaarheid van deze oplossingen. Tenslotte kunnen toekomstige experimenten neuro-
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economische methodes gebruiken om nog preciezer in te gaan op de gedragsmotieven van de vraag 

naar overstromingsverzekeringen, dan de huidige vragenlijstaanpak. 
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