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Abstract
This thesis consists of an introduction and four self-contained papers addressing aspects
that are important for how the negative societal effects of natural disasters can be
handled, using floods and landslides in the Gothenburg region in Sweden as examples. In
paper I the valuation of the benefits of reducing the negative effects of floods; property
damage, traffic disturbances and water supply security, were analysed, using a choice
experiment. To understand what motivates individuals to contribute financially, the
impact of individual differences in personality traits were also analysed. Data was
collected via a web panel, the final sample consisted of 809 responses. The results showed
that individuals’ were willing to pay to reduce the societal costs of floods, and that
personality traits helped to explain heterogeneity in preferences. People scoring high on
the personality trait including empathic and altruistic characteristics increased the
individuals’ probability to support policies financially. These results indicate that further
investments in flood risk reducing measures should be taken and that public support
might increase if policy makers emphasize the welfare gained by society as whole, when
designing flood management policies. In paper II the preferences for reducing the
negative effects of floods, elicited in paper I, were compared to the preferences of public
officials involved in flood risk management. Citizens will have to bear the consequences
in the future, of decisions made by governments today. Therefore, it can be argued that
decisions should reflect citizens’ preferences. By asking citizens and public officials to
respond to identical choice-experiment surveys, it was possible to analyse whether
priorities and monetary valuations of the negative effects of floods, namely, property
damage, traffic disturbances and water supply security, differed. The overall finding was
that public officials and citizens preferences were quite similar, and that both citizens and
public officials were willing to pay to reduce the negative effects of floods. The results
imply that decisions made within the public sector will likely not differ substantially from
citizens’ preferences. In paper III the trade-offs between availability and affordability on
the one hand, and incentives to reduce risks in their flood compensation schemes on the
other, is studied in in four selected European countries compensation schemes for
damages caused by floods, namely Sweden, England, France and the Netherlands. The
compensation schemes currently in use in the selected countries vary, both in terms of to
what extent they incentivise individuals to reduce flood risk and costs, and how
compensation is distributed. This variation may be a result of a combination of differences
in distributional value judgements, in the level of consequences of floods and in the
importance of economic arguments. Finally, in paper IV individuals’ valuation of reducing
the negative impacts of landslides, related to humans health, the environment,
infrastructure, and important societal services, were analysed, using the choice
experiment method. We also evaluated whether individuals valuations were sensitive to
the level of risk of landslides. Data was collected via a web panel, the final data sample
consisted of 504 responses. We found that reducing the risk of landslides had an overall
a positive impact on individuals’ utility. The results also showed that individuals’
valuations were sensitive to risk: individuals’ willingness to contribute financially to
policy programs aimed at reducing the risk of landslides decreased when the probability
of landslides decreased.
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Preface
1. Introduction
Climate change will increase the likelihood and magnitudes of extreme weathers in the
future and natural hazards like floods and landslides will therefore also likely become
more frequent and serious (IPCC, 2014). In terms of exposure, roughly 11 percent of the
population of the world, equivalent to approximately 800 million people, are estimated to
be exposed to flood risk 1, and this number is expected to grow (UNISDR, 2011). Although
Sweden historically has been relatively spared from serious consequences of floods
(Swedish Civil Contingencies Agency, 2011), larger floods are expected to occur with
increased frequency due to climate change, leaving in particular the south western parts
of Sweden vulnerable to significant flooding (Government of Sweden, 2007). Floods may
occur because of hydrological and geological characteristics. Precipitation can cause
urban areas and areas along rivers to flood (Bates et al., 2008), and storms can give rise
to flooding along coasts (Brakenridge et al., 2013). A landslide is another naturally
occurring phenomenon that may induce floods (Kundzewicz et al., 2012), but it may also
be caused by floods, as well as by earthquakes and soil erosion (Glade et al., 2004).
Floods and landslides may generate significant negative impacts directly on humans
(including loss of life), on properties and infrastructures, and on the environment.
Although when it comes to floods, the most extreme with large number of fatalities mainly
occur outside Europe (in particular in South Asia), the member states of the European
Union are not exempted (Kundzewicz et al., 2013). During the period 1960-2016, almost
5500 people have lost their lives due to flooding in the European Union (The International
Disaster Database, 2017).
Floods and landslides also generate significant costs in the form of e.g. damaged
property and infrastructure (Barredo, 2009). In the European Union, the annual economic
losses due to flooding are estimated to 4.6 billion euro (Jongman et al., 2014). The
economic losses of landslides are difficult to quantify, landslides often come with other
natural hazards such as floods or earthquakes, and the costs arising from landslides are
usually not considered separately (Hervás, 2003). The costs of both these extreme
weather events and natural hazards are increasing (Lugeri et al., 2010), and the average

1 The estimated risk of an extreme weather event in a specific area is determined by its probability of
occurrence and its expected consequences.
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annual economic costs in Europe are expected to have increased fivefold by 2050
(Jongman et al., 2014). These increasing costs are partly due to changes in weather- and
precipitation characteristics, another important contributing factor is the increased
number of individuals and assets exposed to floods, not least because of urbanisation and
concentration of economic activities in flood-prone areas (Bouwer, 2011; Jongman et al.,
2012).
The significance of floods and landslides varies greatly between the countries in the
European Union. In total about 250 floods has occurred during the period 1960-2016
(The International Disaster Database, 2017), however the flood events has not occurred
with the same frequency in all countries. Figure 1 gives a visual representation of the
number of floods per 10 000 km2 per country between the years 1980-2016.

Figure 1. Number of floods per 10 000 km2 per country 1980-2015
(Source:European Environment Agency, 2017)

From the figure, it is visible that the number of flood events per 10 000 km2 is
considerably lower in countries such as Sweden, Finland and Latvia, in comparison to e.g.
Bulgaria, Slovenia, Poland and Belgium. For landslides, the total number of events is
unknown. However, by analysing national databases in the European countries, some
dating back to the beginning of 1900, a rough estimate of about 600 000 landslides have
been established (Van Den Eeckhaut and Hervás, 2012).
It is not only the number of floods that varies between countries, so does also the
severity in terms of fatalities and economic losses. In Sweden the consequences are
2

moderate in the sense that they usually do not constitute a danger to the lives of a large
number of individuals (Brakenridge, 2017). Floods can still imply significant economic
damages also in Sweden, especially to property and infrastructure; insurance claims
together with deductibles amount to about 44 million euro annually (Olshammar and
Baresel, 2012). These costs are substantially higher in some other European countries, in
England for instance, the average annual damages to properties due to flooding are
estimated to about 1.2 billion pounds (1.4 billion euro) (HM Government, 2013). In the
last 30 years, 144 fatalities have also been registered in England while there are no losses
of lives due to flooding reported in Sweden during the same period (Brakenridge, 2017).
As a response to the effects of floods, many European countries have made large
investments in large-scale structural flood preventive measures such as dikes,
embankments, dams, as well as dredging, widening and straightening rivers (Andjelkovic,
2001: Kundzewicz et al., 2012). In spite of these investments, flooding still remains a
serious problem in some countries. Thus, eradicating flood risks entirely seems to be
difficult, if not impossible. The countries in the European Union have therefore turned
their attention also towards increasing their adaptive capacity; i.e. trying to manage
floods by enabling the societal capacity to cope with floods when they occur and recover
to the initial state as quickly as possible after a flood event. This desired broadening of
flood risk strategies is emphasized in the European Floods Directive (Floods Directive,
2007/60/EC), which points at the necessity for the countries to strengthen their capacity
not only to intervene before and try to avoid flooding but also during and after a flood.
This includes strengthening the capacity to reduce the consequences of a flood, and to
enable recovery after a flood to take place more quickly (Hegger et al., 2016). Examples
of non-structural measures, which are used to adapt rather than resist water, includes
restoring wetlands, sustainable drainage systems, floating houses, flood resistant
buildings and the management of urban developments via spatial planning (Howe and
Mitchell, 2011; Williams et al., 2012). During a flood, emergency management is often
handled by fire departments, police and military. In order to manage and coordinate
emergencies, flood risk emergency plans is an important tool. Measures aimed at enabling
society to recover more quickly after a flood has traditionally been handled via different
compensation mechanisms, such as direct payments from the state, private insurances or
some form of combined public-private compensation system.
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More large-scale preventative measures, such as the establishment of dikes and
sustainable urban drainage systems, aimed at making society at large cope with floods are
many times handled by the societal institutions. Measures aimed at preventing large
floods often constitute so-called public goods since they are characterized by nonexcludability and non-rivalry (Samuelson, 1954); it is not possible to exclude individuals
from enjoying reduced risk when the measure have been taken, and one individuals
reduction in flood risks does not affect the reduced flood risks enjoyed by others. The nonexcludability and non- rivalry characteristics of public goods leads to free-rider
behaviour; no individual has incentive to pay for flood protection since once the
preventive measure is produced everyone can benefit from it. Thus, large-scale
preventative measures such as dikes will be underprovided by the private market.
Managing floods also via societal institutions is therefore necessary. Some measures may
however also be handled on the individual level, e.g. insurances and small-scale
preventative measures, since such measures or goods are inherently private in their
nature as both the cost and benefit pertains to a single economic agent.
When floods are to be managed via societal institutions policy makers need to make
decisions on which projects to undertake. Policy makers therefore need to know which
measures that effectively can reduce the risk of floods and landslides. However, as the
costs of floods and landslides are rising it is becoming increasingly important for policy
makers to not only make decisions that are effective at reducing floods, but also make the
most of the resources available. Making resource efficient decisions regarding which
measures to prioritize is not a trivial task. In order for policy makers to make a resource
efficient decision on which measures to implement, they need to know how much
resources to allocate to reducing floods and landslides and which measures to prioritize
to reduce these risks. Policy makers therefore need knowledge about the costs and
benefits associated with the measure aimed at reducing floods and landslides. The costs
of investing in flood protection or adaption are generally monetary and known. The
benefits are however many times non-monetary and unknown as they depend on the
amount of utility individuals derive from avoiding different consequences associated with
floods and landslides; the utility derived from a “good” is in turn a function of the
characteristics of that “good” (Lancaster, 1966). Studying the preferences of citizens to
help aid in public decisions is therefore important. In the case of floods and landslides, the
utility derived from reducing these events can consist of an increased sense of security, as
4

well as the individual’s valuation of the protection of health and safety and material
objects. Therefore, policy makers need to know how individuals value the risks and
consequences of floods and landslides. By acquiring such knowledge, it is possible to
estimate individuals’ valuation of the benefits of reducing the negative effects of floods
and landslides.
Because the importance of these benefits are usually unknown, the research in this
thesis has to a great extent focused on trying to measure how individuals value the
benefits of reducing the negative effects of natural hazards, specifically floods and
landslides. Individuals’ valuation of measures taken to prevent these negative effects has
therefore been analysed in papers I, II and IV, while paper III focuses on measures aimed
at enabling society’s capacity to recover after an event. The benefits of reducing floods can
be measured by how much individuals are willing to give up, (usually money but could
also be measured in some other equivalence), to gain a reduction in flood- or landslide
risk, or in the individual’s willingness to accept compensation to endure an increase in the
current level of risk. The sum of the estimated individual benefits can then be compared
to the associated costs of reducing flood- and landslide risks, and if the sum of benefits
exceeds the cost of provision, the implementation of the project is said to be economically
efficient (Samuelson, 1954). By making this comparison for the different policy options,
policy makers can evaluate which alternative that is associated with the highest expected
benefit, given the resources allocated to reducing floods and landslides. It is important to
note that it is not the aim of the thesis to evaluate different policy programs aimed at
reducing natural hazards, but rather to provide some of the information needed to make
such evaluations.
2. Methodological approach and data collection
2.1 Estimating the value of reducing the negative impacts of floods and landslides
If possible, we would like to infer the value of e.g. flood risk reduction from observations
of behaviour. However many aspects of changed quality in the natural environment,
including those imposed by natural hazards, are not reflected in the regular market
setting, even though they may have a significant impact on the wellbeing of individuals.
Failing to reflect the value of environmental goods and services may imply that resources
spent on one type of flood protection measures may have come to better use spent on
other types of measures (Bateman et al., 2002). Reasons why the valuation of the flood
5

and landslide risks may not be reflected in market prices are that they possess public good
characteristics, which makes it difficult to construct market settings used to infer prices
as for private goods (Freeman, 1993). When it comes to larger preventative measures, it
is therefore unlikely that the value of preventing floods and landslides could be revealed
from markets because of the public nature of measures taken to prevent larger floods and
landslides. Inferring individuals’ valuation of goods from regular market settings may also
imply that non-use values, and use-values not reflected in the market price, are
unaccounted for.
When relevant information about the value of a good cannot be observed from
individuals’ decisions, it is possible to approximate the value by using existing data
inferred from behaviour in other markets (revealed preference techniques) or by using
hypothetical question approaches (stated preference techniques), which are intended to
simulate the behaviour of individuals in the marketplace. Revealed preference techniques
make use of observations of actual consumption decisions in the private market place
(Freeman, 1993). For example, one way of trying to infer the value of reducing flood- and
landslide risks may be to study the difference in prices between houses affected by
different levels of flood- and landslide risks (the hedonic pricing method). In the areas
where the studies were conducted, knowledge regarding the levels of flood- and landslide
risk was however low. Therefore, the valuation of flood- and landslide risks may not be
accurately reflected in property prices. In addition, using such a method could only infer
the value individual place on reducing the negative impacts of floods and landslides,
related to property damage. Floods and landslides can however come to imply negative
consequences to human health and safety, the environment and infrastructure, as well
property damage. The hedonic pricing method could therefore come to underestimate the
value of reducing floods and landslides as the value individuals’ place of reducing such
negative impacts of floods and landslides would not be included. Revealed preference
techniques may also underestimate the value of non-priced resources because it fails to
include non-use values. For these reasons revealed preference techniques was deemed
inappropriate given the purpose of this thesis.
Stated preference techniques, on the other hand, present an opportunity to capture
the both use- and non-use values of reducing the negative impacts of floods and
landslides. Stated preference techniques also make it possible to value hypothetical future
scenarios. This feature makes stated preference techniques appropriate for measuring
6

the value of reducing the negative effects of floods and landslides. Valuing the effects of
these natural hazards include taking into account the expected impact of future climate
change, that is, the effects of something that has not yet been fully experienced, which
cannot be inferred from actual behaviour.
The main choice of stated preference methods is between the contingent valuation
(CV) method and the choice experiment (CE) method (Bateman et al., 2002). The CV
method allows for estimating the value of the total environmental good or service, by
simply asking individuals to state their maximum willingness to pay, or accept, for a given
change in the environmental quality. The CE method (Louviere and Hensher, 1982;
Louviere and Woodworth, 1983) describes the environmental good or service as a bundle
of characteristics, and their corresponding associated levels. Individuals are then given a
set of alternatives, comprised of the characteristics and their associated levels, from
which the individual is asked to make a choice. Since it is not the value of the flood or
landslide per se that is the study object in the thesis, but rather their different
consequences, the CE method is a better-suited method given the purpose; it is possible
to estimate the marginal value of a change of each of the characteristics separately. By
being able to estimate the marginal value of a change in the risk of different impacts of
floods and landslides, rather than a discrete change in the risk of floods and landslides,
the CE method may also provide policy makers with more useful information, since
management decisions and project appraisals are many times concerned with changes in
different types of impacts. The CE method can thus provide policymakers with valuable
information, which can be used to help prioritize across different measures available.
Therefore, the CE method is preferred.
Stated preference methods also have disadvantages, including hypothetical bias. It
has been shown that the stated WTPs are usually higher than actual WTPs due to the
hypothetical nature of the payment commitment (Hensher, 2009). Ways of reducing the
hypothetical bias include budget reminders and cheap-talk scripts (Cummings and Taylor,
1999; List, 2001). The CE method has however been shown to reduce this bias compared
to the CV method (Murphy et al., 2004). Using willingness to pay (WTP) rather than
willingness to accept (WTA) has also been shown to reduce the magnitude of the
hypothetical bias (List and Gallet, 2001).
A disadvantage of the CE-method is that there is a risk that respondents may find
the choice tasks cognitively burdensome. This can lead to respondents using different
7

heuristic methods to ease the cognitive burden of making choices, rather than to reflect
on the alternatives and their characteristics and choose the alternative they prefer. It is
therefore important to try to describe the attributes of the good to be valued accurately,
yet not overwhelm the respondents with too much information or overly complex choice
tasks. The estimates obtained with the CE method (as with other stated preference
methods) are also sensitive to the study design i.e. the choice of attributes and levels, how
choices are communicated (text, pictures, videos), and the choice of payment mechanism.
It is therefore important to be careful when developing and framing the choice
experiment. The development of the questionnaires used in this thesis was supported by
focus groups, test trials and input from experts.
Stated preference methods, including the CE method, have thus both advantages and
disadvantages. Whilst there are ways to reduce biases in results stemming from these
disadvantages, they can never be entirely eradicated with certainty. However, this is also
true for any other revealed or stated preference method trying to measure the value and
preferences of goods. Even though all methods have flaws they may still produce useful
estimates of the environmental good or service, and thereby provide meaningful
information to the actors involved in making policy decisions.
The CE method builds on Lancaster’s (1966) theory of value and on random utility
theory (Luce, 1959; Mc Fadden, 1973). According to Lancaster (1966) individuals derive
utility from the characteristics of a good rather than from the good itself. The value of the
good is therefore defined by the individual’s preferences for these attributes. It may
however be very difficult to fully describe anything in terms of its attributes, and even
when a good can be well described, individuals’ subjective view of the good may vary
between observations. The random utility theory may account for such variation in
individuals’ choice behaviour by separating the utility function into a deterministic and
an observable part, the first includes the attributes of the good and the second part, the
error component, accounts for non-observable factors.
Another aspect of trying to estimate the value associated with reducing the negative
effects of floods and landslides is the considerable uncertainty surrounding both the
probability of the occurrence of such phenomena as well as its expected consequences.
The frequency and consequences of floods vary significantly over time and place and the
uncertainty associated with the impacts of future climate change is substantial (IPCC,
2014). It is possible that the uncertainty surrounding natural hazards affects individuals’
8

preferences for reducing the negative impacts of floods and landslides. In this thesis (in
paper I, II and IV) a limited number of alternatives with a limited number of
characteristics that often come together with floods and landslides were presented to the
respondents. They were further told that the presented consequences might occur in their
proximity in the future. Still, it is possible that the choices of some respondents were
characterized with significant uncertainty.
When sufficient knowledge exists it can be used to assign probabilities to possible
outcomes. The extent to which risk preferences influence the valuation of the negative
impacts of floods and landslides depend on how individuals perceive and weight different
levels of risk. If individuals’ utilities only depend on the expected outcomes of taking
measures against the negative effects of floods and landslides, the level of risk would not
need to be explicitly incorporated into the analysis. Instead the estimated welfare
measures could be adjusted to account for the level of uncertainty of a specific policy or
project. However, it has been shown that individuals do not always weight probabilities
of an event or outcome linearly (Kahneman and Tversky, 1979: Quiggin, 1982). Instead
individuals tend to overweight low probability events and under-weight medium to high
probability events (Twersky and Fox, 1995: Prelec, 2000). If probability weighting is
present, the values that individuals place on reducing the negative impacts of floods and
landslides are influenced not only by the expected outcome but also by the level of the
risk (i.e. the probabilities). Elicitation approaches that do not account for non-linear
probability weighting could provide biased estimates (Bleichrodt et al., 2001). In paper
IV, the consequences and the probability of a landslide were incorporated into the choice
experiment. The reason for incorporating the probability was not to capture the effect of
probability weighting explicitly, but rather to analyse if and how the level of risk was
related to the preferences over the expected damages from a landslide. Incorporating the
concept of risk into to the scenarios of the choice sets can however be somewhat
challenging, since making choices between different alternatives that includes
probabilities can be mentally cumbersome for respondents (Logar and Brouwer, 2013;
Corso et al., 2001: Veronesi et al, 2014). If the choice situation becomes too cognitively
burdensome for the respondents, it could imply that respondents turn to simple
heuristics to process the probability information, thereby reducing the quality of the
responses.

9

2.2 Collecting the data
In order to estimate the value of reducing flood- and landslide risks, data on individuals’
preferences regarding these natural hazards needs to be collected. How data is collected
has implications for the validity of the results. The data used in papers I, II and IV in this
thesis was collected via a web panel containing approximately 90,000 Swedish citizens,
from the company Norstat. For the data collected in papers I and II, a total of 3,641
respondents from the panel, residing in one of the six municipalities in the Gothenburg
region (Ale, Göteborg, Kungälv, Lilla Edet, Mölndal and Partille) were invited to respond
to the survey. For the data collected in paper IV, panel members residing in the
municipalities around the Göta River (municipalities of Ale, Gothenburg, Kungälv, Lilla
Edet, Trollhättan and Vänersborg) were selected to participate in the survey. In total 1894
panel members were invited to answer the survey.
The web panel provides a fast and relatively cost efficient way of gathering data
(Svensson, 2010). It also gives easy access to a large sample of respondents in the targeted
geographical area. Using web surveys may also, in comparison to mail surveys, increase
the quality and accuracy of data because of larger sample sizes, and fewer errors in data
entry (which may more frequently appear in mail surveys as the researcher needs to
transfer the answers from paper to computer) (Schillewaert and Meulemeester, 2005).
Web surveys can also facilitate question branching, skipping patterns, forced answer
prompts and audio-visual material.
However, it should be noted that using a web panel also has its drawbacks from a
statistical point of view. A key issue is that a web panel does not necessarily constitute a
probability sample; that is, not every individual in the population was given an equal
chance of being selected to the sample since only members of the panel can be selected to
answer the survey (Couper, 2000). Members of the panel used in the papers in this thesis
are however randomly recruited by telephone. By doing so, rather than having individuals
to simply volunteer, as in the case of a web survey, the web panel members are recruited
using a probability sampling. Other methods of data sampling that constitute a probability
sample include regular mail and telephone. In comparison to a web survey, a web panel
should therefore increase the probability of the sample being representative of the
population.
There may also arise other issues stemming from potential differences in
characteristics of those who choose to be a part of the panel compared to the rest of the
10

population (Bethlehem, 2009). Such potential problems include professional surveytakers, differences in Internet usage between the sample and population, and selfselection bias. Differences in Internet usage between the sample and the population
should however be a limited problem in Sweden as most individuals have access to
Internet and use the Internet frequently. 2 The concerns regarding professional or
frequent survey-takers are that they are more likely to rush through surveys for the
incentives given, thereby leading to less reliable data (Miller, 2007; Garland et al., 2012).
The members of the panel used in this thesis are given incentives to answer the
questionnaire; these consist of lottery tickets, or gift certificates. There is also concern
that professional survey-takers may differ systematically from other respondents in
terms of attitudes, opinions and beliefs, and thereby biasing the results (Casdas et al.,
2006; Gittelman and Trimarchi, 2009). Existing research on this topic is however
inconclusive, as evidence has been found both supporting (Nancarrow and Cartwright
2007; Toepoel et al., 2008; Walker et al., 2009) and not supporting (Chang and Krosnick,
2009; Kruse et al., 2010; Hillygus et al., 2014) problems of involving professional surveytakers. The issue of self-selection bias is a problem that most surveys are likely to suffer
from to some extent. When Shillewaert and Meulmeester (2005) compared traditional
(mail and telephone) and online data collection methods they found that online and offline
data collection methods generated similar results in terms of attitudes and interests, but
differed with regard to socio demographic characteristics. The respondents of the
questionnaires used in this thesis were on average more educated and had a higher
income, relative to the regional population averages. Shillewaert and Meulmeester (2005)
found that both online and offline data collection methods generated samples that were
different from national population data in terms socio-demographics such age, education
and profession. Thus, it is always important to be careful when interpreting and
generalising results, irrespective of sampling method.
Another issue related to the representativeness, and thereby the validity of the
results, is the response rate. In the samples collected and used in this thesis, the response
rate was 22 percent, 24 percent and 27 percent (for the samples used in paper I, II and
IV). The average response rate for other surveys in the same web panel is 23 percent. 3

Whether regular telephone interviews can constitute a probability sample has however been questioned
lately considering the growing number of households in Sweden without fixed phone lines (Svensson, 2010)
3 Personal communication with Norstat.
2
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Thus, the response rates are in line with other surveys using the same web panel.
Svensson (2010) states that a 20–30 percent response rate is common when using web
panel surveys. The issue of a high non-response rate is thus not specific to these particular
surveys, but rather a general issue when gathering data via web panels. 4 However, since
about 70 percent of the invited participants in the web panel chose to not respond to the
questionnaires may have implications for the representativeness of the results, if the
responses of those who answered the questionnaire differed from those who declined to
answer the survey. There are studies on the topic (e.g. Curtin et al., 2000; Keeter et al.,
2000; Merkle and Edelman, 2002) whose results suggest that smaller non-response rates
do not necessarily alter survey estimates. However, a high rate of non-responses does at
least increase the probability of statistical bias (Tomaskovic-Devey et al., 1994), including
non-response bias (Groves, 2006). Non-response bias is a form of selection bias that stems
from potential differences in observed and unobserved answers. Regarding the response
representativeness of the collected samples used in this thesis, the gender and age
distributions in the samples are similar to the regional averages reported by Statistics
Sweden (2015, 2016). The respondents are however, on average, more educated then the
regional population in general. Similar differences with respect to education have been
found in previous Swedish studies (e.g. Ek and Persson, 2014; Svensson, 2010). An
underrepresentation of individuals with low education, as well as low income, has been
found to be a general issue when using online data collection methods as the mode for
administrating surveys (Lindhjem and Navrud, 2011). Although the statistics for income
levels are not entirely comparable (as the sample household income is given as a span
rather than a specific number), the households in the samples have slightly higher
incomes than the corresponding regional average. The regional population average does
however lie within one standard deviation of the mean for the respondent sample. The
sample collected is thus likely to be more representative to the regional population
average in some respects than others are. These differences of course need to be borne in
4

When collecting the data for the thesis, a number of responses rather than a specific response rate, was set as
a goal the for data collections. All members of the panels in the targeted geographical areas were then invited
to answer the questionnaires. Since the panels for the targeted geographical areas of data collection had a
relatively large number of panel members, a smaller percentage of panel members needed to respond to the
reach the goal. In comparison, if the panel would have had a smaller number of panel members in the selected
municipalities, a larger percentage of the individuals included in the panel would have needed to respond to
reach the desired number of of responses, thereby the response rate would have increased. Thus, the size of the
panel, given the set target of a certain number of responses, influenced the response rates. Response
representativeness has been argued to be more important than response rates (Cook et al., 2000).
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mind when interpreting the results, because individuals with different socio demographic
attributes may value the negative impacts of floods and landslides differently.
The data collection method used in paper III was of more qualitative nature and
encompassed desk research including analysis of policy documents, legal texts and other
literature, such as articles and books. The research focused on finding information to
describe the physical conditions, the level of flood risk and the flood compensation
measures implemented in the four researched countries, namely Sweden, England, France
and the Netherlands. The qualitative data consisted of information regarding the design
of compensation system, including the policy measures used, the organisation and
responsibility of the actors involved, as well as how the compensation scheme was
financed. The quantitative data also consisted of information regarding the justifications
for the distributional impacts of the designs of compensation schemes has given rise too,
including the importance of perspectives on justice and the level of consequences. The
data was partially collected in connection with the STAR-FLOOD project, which focused
on flood risk governance in selected European countries. The project investigated
strategies for dealing with flood risks in vulnerable regions in six European countries:
England, Belgium, France, The Netherlands, Poland and Sweden.
3. Outline and summary of papers
In addition to the preface, this thesis consists of four self-contained papers. All four papers
address economic aspects of floods or landslides. Papers I and IV are focused on
estimating marginal WTPs for reducing the risk of floods and landslides, respectively. In
paper I, also the determinants of the stated WTP to reduce the negative effects of floods,
with focus on personality traits, are analysed. In paper II, (and to some extent in paper
IV), potential differences in citizens and officials valuation of reducing the negative effects
of floods and landslides are analysed. In paper III, the relation between economic
efficiency and other, potentially desirable, ethical considerations of how the costs and the
compensations after a flood event should be distributed, is analysed.
Paper I: Individuals’ preferences for reducing the societal costs of floods.
The purpose of this paper is to analyse the valuation of the benefits of reducing the
negative effects of floods. This is done by conducting a choice experiment (CE), in the flood
prone Gothenburg region in Sweden, which analyses individuals’ preferences in respect
of reducing the societal costs of floods. Employing the CE method in this regard enables
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several aspects of flooding to be researched. The negative impacts of floods singled out
for this CE were Property damage, Traffic disturbances and Water supply security. This
paper also explores potential heterogeneity in the individual’s preferences in respect of
reducing the societal costs of floods. To explain such differences and, more specifically, to
understand what motivates individuals to contribute towards reducing flood-related
problems, the impacts of more general intrinsic behavioural tendencies and preferences,
i.e. personality traits, are analysed. The individual’s personality traits were elicited via the
Big Five Inventory (BFI), which is used in surveys to measure the five different
dimensions of personality, namely Extraversion, Agreeableness, Conscientiousness,
Neuroticism, and Openness.
The analysis is based on web panel responses from 809 individuals, residing in one
of the six municipalities in the Gothenburg region (Ale, Göteborg, Kungälv, Lilla Edet,
Mölndal and Partille). The response rate was 23 percent. Although a response rate of 2030 percent is not uncommon in web panel surveys (Svensson, 2010; Elgan and Leifman,
2013), the rather low rate of participation could have implications for the
representativeness of the sample, if those who answered the questionnaire differ from
those who declined to answer the survey. So, to evaluate whether the results are
reasonably representative the socio-economic and demographic characteristics of the
respondents were compared to the regional population average. The gender and age
distributions in the sample are similar to the regional averages reported by Statistics
Sweden (2015), whereas the sample respondents are, on average, more educated than the
regional population. Similar differences with respect to education have been found in
previous Swedish studies (Ek and Persson, 2014; Ek and Söderholm, 2008). Although the
statistics for income levels are not entirely comparable (as the sample household income
is given as a span rather than a specific number), the households in the sample seem to
have somewhat higher incomes than the regional average. This may, to some extent, be
explained by the fact that the sample was more educated and had a smaller number of
single households than the national average. Since a higher household income lessens
economic constraints, these differences between the averages for the sample and the
regional population may imply that the results are not entirely representative. These
differences need to be borne in mind when interpreting the results.
One of the main conclusions that can be drawn from the results in this paper is that
individuals’ utility is negatively affected by the societal costs of floods, and that there is a
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willingness to pay for reducing the negative effects of floods in the Gothenburg region.
Furthermore, households in the region are shown to prioritise a reduction of water supply
security above property damage due to floods, while traffic disturbances caused by floods
are considered the least pressing of the three impacts. These results imply that
policymakers should focus on flood-risk-mitigating measures that aim at reducing the
negative effects of floods, and should prioritise addressing the issue of water supply
security.
Overall, although the respondents prioritise water supply security over property
damage and traffic disturbances, in that order, heterogeneity in individuals’ preferences
is found. The results show that personality traits to some extent help to explain
heterogeneity in individuals’ preferences. It is found that the empathic, altruistic nature
of the personality trait agreeableness increases the individual´s probability of supporting
policies aimed at reducing the negative impacts of floods. This indicates that public
support might increase if policy makers emphasize the welfare gained by society as whole,
and not only the welfare gained at the individual level, when designing flood management
policies.
Paper II: Valuing the reduction of floods - Public officials’ versus citizens’ preferences
The purpose of this paper is to analyse potential differences in citizens and officials
valuation of reducing the negative effects of floods. Decisions made by governments today
will affect the costs associated with floods faced by citizens tomorrow. Since citizens will
have to bear the consequences of these decisions, it is reasonable that the decisions reflect
citizens’ preferences. By having citizens and public officials respond to identical CE
surveys, it was possible to analyse whether and, if so, how priorities and monetary
valuation differed in respect of the different negative effects of floods, attributed by
Property damage, Traffic disturbances and Water supply security.
In order to conduct the analysis, a second sample consisting of 102 public officials,
was added to the previously collected sample of citizens. The officials’ data was collected
by sending out an email with a link to the same web questionnaire as the citizens
answered. The group of public officials consisted of employees at the municipalities of Ale,
Göteborg, Kungälv, Lilla Edet, Mölndal, and Partille and at the regional authority, the
County Administrative Board of Västra Götaland. The group of public officials worked
within departments responsible for urban planning, emergency management, water
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production, environmental management and transport (including maintaining and
planning for road networks and public transportation systems). Of the 421 public officials
invited to answer the questionnaire, the final sample group consisted of 102 individuals,
which corresponds to a response rate of 24%. When comparing the sample of public
officials with the sample of citizens, public officials were more likely to have a university
degree, they were younger, and they had higher income levels. There were also more
women than in the citizen sample group.
The overall finding of this paper is that public officials and citizens preferences seem
to converge. In general, the estimated marginal WTP suggests that floods have a negative
impact on the utility of both groups: both citizens and public officials were willing to pay
to reduce such impacts. This implies that both public officials and citizens would benefit
from further investments in flood-risk-reducing measures being made in order to limit
the future costs caused by floods in the Gothenburg region.
Furthermore, public officials generally seemed to make similar prioritisations as
citizens, with water supply security being considered a more important matter to address
than property damage, which was in turn considered more important that traffic
disturbances. Further, public officials and citizens’ WTP for increasing the water supply
security and decreasing property damage did not differ extensively. Given public officials’
central role in the decision-making process regarding flood risk management, and despite
the rather limited of use of CBA, decisions made within the public sector will most likely
not differ substantially from citizens’ preferences.
The current study also found a statistically significant relationship between trust in
government institutions and citizens’ WTP to reduce the negative effects of flood events.
The citizen sample’s level of trust is rather low (averaging at around 20%) when it comes
to believing that government institutions live up to their responsibility to handle the
negative effects of floods. Given this rather low level of trust, it seems important for public
officials to gain further legitimacy of their decisions relating to flood risk-management
policies, but also their ability to raise financial resources to implement measures to
reduce the negative effects of floods.
The results further suggest that respondents – whether public officials or citizens –
who reported being concerned about climate change were more likely to opt for an
alternative that implied reducing the negative impacts of floods. About 60% of the citizen
sample and 80% of the public official respondents reported that they were concerned
16

about climate change. The 20% difference could potentially be a result of a knowledge gap
between public officials and citizens. Thus, there may be scope for public officials to gain
further support for flood risk-management policies by increasing citizens’ knowledge of
the negative effects of climate change in the region.
Paper III: The political economy of compensation systems for floods - addressing
justice and incentives in selected European countries
The objective of this paper is to study how different European countries have addressed
the trade-offs between availability and affordability on the one hand, and incentives to
reduce risks in their flood compensation schemes on the other. As a response to the
growing negative consequences of floods, the European Commission wishes to improve
availability and affordability of flood insurance, but also to use insurance to promote risk
reduction in order to reduce costs. Distributional aspects as well as economical aspects
are thus emphasised by the EU. A compensation system where risk is born collectively
can increase both availability and affordability, however, such a system may not
necessarily encourage individuals to reduce risk. This suggests that pursuing availability
and affordability in flood compensation schemes will typically come at a cost in term of
weak incentives to promote risk-reducing behaviour. When designing compensation
systems for floods, policy makers are left with the task of handling the trade-offs between
the distributional aspects (availability, affordability), and economical aspects (incentives
to reduce flood risk and related costs). How to weigh distributional aspects against the
impact of incentives on costs may be dependent on what is considered a fair, equitable or
a just distribution of compensation in society, such as equal compensation (Rawlsian) or
equal opportunity to compensation (egalitarian), or simply whatever distribution that
might arise from the market mechanism (libertarian). The costs and benefits from
promoting availability and affordability at the expense of risk reduction is also affected by
the individuals’ ability to protect themselves against floods, which in turn is a function of
the level of consequences of floods in the particular country.
The analysis is conducted by studying compensation systems for damages caused
by floods in four selected European countries, namely Sweden, England, France and the
Netherlands.
The empirical material discussed in this paper is both of quantitative and qualitative
nature. Qualitative data collection methods applied encompasses desk research including
analysis of policy documents, legal texts and literature, including articles and books.
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Quantitative data has also been used, primarily to give a perspective on the relative
frequency of floods and the related consequences (fatalities and annual cost of flooding)
in the four selected countries.
The compensation schemes currently in use in the selected countries vary in terms
of to what extent they incentivise individuals to reduce flood risk and costs; England has
chosen to use policy instruments to incentivise individuals to reduce the flood risk they
are exposed to, whilst the other countries have not. Differences in the designs of
compensation systems have also different distributional impacts which can be described
in some countries as more egalitarian (Sweden, France), and to some extent also Rawlsian
(Netherlands), and more libertarian in others (England). These variations in the design of
compensation schemes are likely the result both of differences in distributional value
judgements, the type and level of flood risk and economic arguments.
The type of flood as well as the level of consequences influence the ability to mitigate
the flood people face. When consequences are rather moderate, as in Sweden, individuals
will have little incentives to mitigate their exposure to flood risk even if differentiated
premiums are used, because the differences in premiums would most likely be rather
moderate. Moderate levels of flood risk also implies that the transaction costs of gaining
information regarding the level of flood risk in order to differentiate premiums may not
outweigh the benefits of reduced risk and costs. Also for high levels of consequences the
benefits of incentivizing individuals to take on mitigating measures may be rather small,
because the possibilities for individual actors to reduce risk is limited. Reducing
availability and affordability for increasing incentives to reduce flood risk is therefore not
very meaningful in a country, such as the Netherlands, with high levels of fluvial and
coastal flood risk. Thus, there are circumstances where reducing availability and
affordability for the sake of reducing costs does not necessarily lead to a more resource
efficient outcome. Out of the four selected countries, England and France are perhaps the
only countries with the conditions needed for policy instruments such as differentiated
premiums and exclusions to incentivise individuals to reduce their risk to function as
intended. However, despite having more similar levels of consequences of floods, the
compensation systems are very different. In these countries normative values, and
traditions are two aspects that help to explain these differences. In France, the design of
compensation system is based on the constitutional principle of national solidarity. The
tradition of using market-based systems is more visible in England and witnesses of a
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more libertarian view on justice, which likely has influenced flood compensation in
England. Taken together, the level of consequences, the economic aspects and
distributional value judgements imply that the potential to use differentiated premiums
to incentivise individuals to reduce risk may be limited.
Paper IV: Valuing the impacts of landslides: A choice experiment approach
This paper analyses how the impact of landslides are valued. The purpose is to elicit the
risk preferences and valuations of some of the most important negative consequences of
landslides. The negative consequences of landslides include impacts on infrastructure,
humans, the environment and important societal services. We also evaluate to what
extent the stated willingness to contribute financially to reduce the impacts of landslides
is sensitive to the level of risk. Methodologically the study applies a choice experiment
approach. We implement a choice experiment where the risk of landslides is attributed
by the probability of landslide, together with the negative impacts of landslides;
individuals becoming injured, potential pollution of the environment, damaged
infrastructure and loss of societal services.
In this study the attributes are based on the same criteria’s used by public
authorities in their assessments of landslide risks (see e.g., Kiilsgaard et al., 2015). Basing
the attributes on these criteria facilitates evaluating to what extent the risk assessment
criteria used by the government corresponds to citizens’ preferences. In the model
applied by public authorities, all consequences are (implicitly) given equal weight, which,
if citizens’ do not consider different types of impacts equally important, may lead to
socially inefficient investment decisions.
The analysis is based on web panel responses from 504 individuals residing in the
municipalities around the Göta River, namely Ale, Gothenburg, Kungälv, Lilla Edet,
Trollhättan and Vänersborg. In total 1894 panel members were invited to answer the
survey, out of which 504 responded, which corresponds to a response rate of 27 percent.
As with the previous data samples used in this thesis, the number of panel members that
choose not to participate in the survey was over 50 percent. In order to evaluate whether
the results are reasonably representative, the socio-economic and demographic
characteristics of the respondents were compared to the regional population average. The
comparison shows that the gender and age distributions in the sample are similar to the
regional averages reported by Statistics Sweden (2016). The respondents are however,
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on average, more educated then the regional population in general. Although the statistics
for income levels are not entirely comparable (as the sample household income is given
as a span rather than a specific number), the households in the sample seem to have
somewhat higher incomes than the regional average. The regional population average
does however lie within one standard deviation of the mean for the respondent sample.
This overrepresentation of individuals with higher incomes and education levels should
be kept in mind when the results are interpreted.
Our main finding is that reducing the risk of landslides has overall a positive impact
on individuals’ utility. Individuals are further willing to pay to reduce the negative impacts
of landslides. The results also demonstrate that in general, individuals prioritize
preventing negative consequences for human health and safety over maintaining societal
services and environmental status. Preventing damages to infrastructure is the least
concerning area according to these results. The results imply that policymakers should
prioritize measures aimed at preventing individuals from being affected (hurt or even
killed), over maintaining societal services and environmental status, and measures
targeting infrastructural damages when they decide on which measures to implement to
prevent landslides. This ordering does however differ from the one made by the public
authorities since they do not weight different impacts of landslides of the same scale
differently, whilst our results indicate that the respondents do so. An important policy
implication of the difference in prioritization is that under the current risk assessment
made by the government, investment decisions will not correspond to the preferences of
the citizens, thus the outcome will be socially inefficient.
Finally, the results, concerning individuals risk preferences, show a tendency to
choose a less “safe” option when the probability of the event decreased, that is, they were
more inclined to choose an option which implied no financial contribution to policy
programs aimed at reducing the risk of landslides when the probability of a landslide
event was low (1 percent).
4. Main findings
In this section, the main findings of the analysis carried out in the four appended papers
will be presented. The findings from these papers include how the negative impacts of
floods and landslides affect the wellbeing of people. The results from the appended papers
also highlight the complexity of designing policies. It is important that policy decisions
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correspond to individuals’ preferences to reach a resource efficient outcome, therefore
knowledge of how different policy measures affect individuals’ wellbeing is needed.
However, what constitutes a resource efficient outcome may have distributional effects
that are considered to be more or less desirable, depending on what is considered just or
fair. The severity of the consequences of floods and landslides may further limit the policy
options available, as some policies, such as differentiated premiums, can only function
properly under certain conditions.
x In papers I, II and IV, individuals’ valuation of reducing the negative impacts of floods
and landslides have been studied. The general finding from these three papers is that
the negative impacts of floods and landslides affect the wellbeing of people; there is a
willingness to pay for reducing the expected negative effects of such natural hazards.
These results imply that policymakers should invest in flood- and landslide risk
mitigating measures that aim at reducing the negative effects of floods and landslides.
x The negative impacts of floods and landslides that were studied in paper I, II and IV,
can broadly be sorted into four categories; the impact on the health and safety of
humans, damages to infrastructure, damages to the environment, and damages to
property. In all three papers individuals were found to consider the health and safety
of humans to be the most important issue to address. Property damage and pollution
to the environment were also important, however less so than the health and safety of
humans. Finally, although individuals also value reductions in the negative impacts on
infrastructure, it is considered the least pressing matter. The implications of these
findings suggest that policy makers, when allocating resources to address the negative
impacts of floods and landslides, should prioritize measures that aim at reducing risks
towards the health and safety of humans.
x Paper II (and to some extent IV) deals with the representation of citizens’ valuation in
policy decisions; the potential differences in prioritizations made by citizens and public
officials regarding the management of the impacts of floods and landslides were
analysed. The results are not unanimous. In paper II, the preferences of citizens were
found to be similar to the preferences of public officials, whilst in paper IV the
prioritisation of the impacts made by citizens and officials were found to differ. The
implications of the difference in valuation are that studying the preferences of citizens
to help aid in public decisions is important, since investment decisions made in
accordance with the prioritisation of public officials may not necessarily correspond to
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that of citizens. Policy decisions made without information regarding individuals
preferences may therefore lead to socially inefficient outcomes. It is however possible
that, at least part of the differences in valuation, revealed in paper IV, stems from the
preferences of citizens and public officials not being measured by the same method, in
comparison to paper II. In paper II,     ƥ  preferences were
measured via identical choice-experiment surveys. In paper IV, the prioritisations
made by citizens, estimated via a CE, was compared to the prioritisations of impacts,
made by public authorities in their risk assessments of landslide risks (see Kiilsgaard
et al., 2015). Part of the explanation may also lie in the fact that the risk assessment
criteria’s used by the government does not only reflect the preferences of policy
makers, but also expert opinions, as large parts of the risk assessment was done by, or
assisted by experts. The preferences of experts have been found to differ from the
preferences of citizens (Roger, 2013).
x Studying individuals’ preferences to help guide policy decisions is important, but it is
also important to consider the distributional aspects associated with natural hazards,
especially in light of climate change, as the expected increase in costs due to natural
hazards could come to imply large costs for societies and their citizens. Policies such as
differentiated premiums that are potentially able to reduce these costs, by increasing
incentives to reduce risk for private actors, may imply low-income individuals living in
areas with a high level of flood risk will not afford insurance. A compensation scheme,
within which individuals instead bear the risks collectively, may not encourage
individuals to reduce their risk exposure but it can increase the availability and the
affordability of insurance also to high-risk and low-income individuals. These tradeoffs between distributional and economical aspects was analysed, in paper III by
studying the compensation schemes for damages caused by floods in four selected
European countries, namely Sweden, England, France and the Netherlands. The
variations in the design of compensation schemes that was found, are likely the result
both of differences in distributional value judgements, the type and level of flood risk
and economic arguments. The potential of incentive based schemes to reduce costs
depends on the type and level of flood risk; they should be high enough so that the
benefits from gaining information (about the risk) outweighs the transaction costs of
achieving such knowledge, whilst being of the type so that the individual has the ability
to reduce flood risk. Having the opportunity to use policy instruments such as
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differentiated premiums may thus not be the general case; rather it requires specific
conditions to function as intended. Further, even when the severity of consequences
and types of flooding permits the use of differentiated premiums, there may still exist
distributional value judgements that imply that using differentiated premiums may not
be considered a viable option. In reality, the potential to use differentiated premiums
to incentivise individuals to reduce risk may therefore be limited.
Handling natural hazards, such as floods and landslides, is a challenging task. The
general findings of this thesis can hopefully be of some assistance to policy makers when
designing policy and evaluating different projects aimed at reducing the negative impacts
of floods and landslides. There are however other aspects, related to how individuals
value the negative impacts of these natural hazards, which could also be of use when
designing policies. In paper II, it was found that climate change concern and trust in
government affected the self-reported willingness to contribute to projects aimed at
reducing the negative effects of floods. Participants who answered that they were
concerned about climate change were more willing to accept a cost to reduce the negative
effects of floods, than those less concerned about future climate change effects. Further,
trust in governmental institutions is important for legitimising the decisions and, by
extension, for raising the financial resources such bodies need to achieve their societal
goals. In paper II, trust in governmental institutions was found to be one of the factors
that increased individuals’ willingness to contribute towards alleviating the negative
impacts of floods. There are also other aspects related to how individuals value the
negative impacts of floods and landslides that could also be of importance, which the
thesis has not covered. One such aspect is the level of uncertainty of the predictions of the
impacts of future floods and landslides and the importance of time perspective and
different time frames. How individuals valuation of these natural hazards are affected by
the level of risk is another aspect that this thesis has addressed to some extent, but more
research is needed to fully understand how these concepts affects individuals choice
behaviour.
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Abstract
Due to climate change, damages caused by floods will increase in the future; thus, it is
important to invest further in measures aimed at reducing the negative effects of floods.
To prioritise among such measures and make resource-efficient decisions, knowledge of
individuals’ preferences is needed. In order to analyse individuals’ preferences in this
regard in the Gothenburg region, a choice experiment was conducted that related floods
to water supply security, property damage and traffic disturbances. To gain deeper
insight into how more general behavioural tendencies affect individuals’ preferences for
floods, respondents’ personality traits were elicited. The results show that individuals’
utility is negatively affected by floods, and that they are willing to pay to reduce the
societal costs of floods in the Gothenburg region. Furthermore, a reduction in the societal
costs of floods related to water supply security is given priority over negative flood
impacts on property and traffic. The results further show that personality traits help to
explain heterogeneity in individuals’ preferences. It is found that the empathic, altruistic
nature of the personality trait agreeableness increases the individual´s probability of
supporting policies aimed at reducing the negative impacts of floods. This indicates that
public support might increase if policy makers emphasize the welfare gained by society
as whole, and not only the welfare gained at the individual level, when designing flood
management policies.

1. Introduction
Climate change is predicted to increase precipitation and flood risks in many parts of the
world, including Sweden (IPCC, 2014). Thus, the societal costs of floods are therefore
expected to increase in the future (Government of Sweden, 2007). To optimize the
provision of measures aimed at reducing the negative effects of floods, knowledge of the
costs and benefits for reducing the negative impacts of floods is needed. Although the
costs of such measures are usually known, their expected benefits are generally nonmonetary and unknown. The aim of this study is therefore to analyse the valuation of the
benefits of reducing the negative effects of floods. This is done by conducting a choice
experiment (CE), in the flood prone Gothenburg region in Sweden, which analyses
individuals’ preferences in respect of reducing the societal costs of floods. Employing the
CE method in this regard enables several aspects of flooding to be researched. The
negative impacts of floods singled out for this CE were Water supply security, Property
damage, and Traffic disturbances.
Research on the valuation of reducing floods has gained in interest in recent years.
To mention a few, Crastes et al. (2014), found that substantial societal benefits could be
gained from reducing erosive run-off and flood risks in a French watershed. Similarly,
Veronesi et al. (2014) found positive societal valuations of for reducing ecological and
human health risks from sewer flooding into rivers and lakes, and wastewater flooding
in residential and commercial zones. This paper will also explore potential heterogeneity
in individual’s preferences in respect of reducing the societal costs of floods. Some of the
individual attributes that has been found to influence individuals’ valuations of flood risks
are socio-demographic attributes (Botzen and Van den Bergh, 2012a, b), climate change
concern (Veronesi et al., 2014), their perception of flood risks (Rulleau et al., 2015), their
exposure to flood risks (Crastes et al., 2014), and their previous experience of floods
(Cadavid and Ando, 2013).
In this paper, to increase the understanding of the heterogeneity found in
individuals’ preferences in respect of reducing the societal costs of floods, the
relationship between personality traits and the individual’s preferences are explored.
Researching the relation between personality traits and individuals’ preferences for
reducing the negative effects of floods is important: how we act, what we believe and,
ultimately, what we prefer depends not only on our experiences and social context, but
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also on who we are as individuals – i.e. on our personalities. If personality traits help to
explain our preferences, it improves our estimates of individuals’ willingness to
contribute towards reducing the negative impacts of floods. By producing estimates that
are more accurate it is possible to provide a more optimal provision of measures targeted
at reducing the negative effects of floods. In addition, if personality traits can help us
understand what motivates individuals to contribute towards reducing flood-related
problems, it can help policy makers in designing awareness raising campaigns about
flood risks, and thereby gain public support for new flood risk management policies. As
an example, if the empathic, altruistic nature inherent of individuals displaying the
personality trait agreeableness, increases the individual´s probability of supporting
policies aimed at reducing the negative impacts of floods, policy makers should
emphasize the welfare gained by society as whole, and not only the welfare gained at the
individual level. The elicitation was accomplished via the Big Five Inventory (BFI), which
is used in surveys to measure five different dimensions of personality, namely
Extraversion, Agreeableness, Conscientiousness, Neuroticism, and Openness (Rammstedt
and John, 2007).
Within the field of psychology, the relation between personality and risks, and
personality and risk perception, has been studied (Bouyer et al., 2001; Chauvin et al.,
2007; Eriega et al., 2014). However, only a limited number of studies have researched
how personality traits influence individuals’ valuation of non-priced environmental
goods. One example is Solino and Farizo (2014), who used the BFI to analyse how
personality traits influenced individuals’ preferences in respect of an environmental
programme on forest management in Spain; their findings indicate that personality traits
did indeed influence individuals’ preferences when it came to the environmental quality
of Spanish forests. However, to this author’s knowledge, no study to date has analysed
how personality traits affect the way in which individuals perceive and value measures
to reduce negative flood impacts. The current study will thus bring new insights into the
relationship between personality traits and preferences regarding the negative effects of
floods.
The remainder of this paper is organised as follows: section 2 defines the principal
aspects of the relevant methodology, i.e. research method employed, description of the
case study and attribute selection, focus groups, the survey questionnaire used, and the
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econometric models employed. Section 3 provides the model results. Finally, section 4
discusses the main findings and their policy implications.
2. Case study and survey design
The CE method is well established for estimating the value of changes in the
characteristics of environmental goods and qualities. This method can value hypothetical
future scenarios and allow for estimating the marginal value of change in each
characteristic the CE includes. By using the CE method, this study aims at estimating the
benefits derived from reducing the negative effects of floods. By being able to measure
the marginal value of change rather than a discrete change in the aggregate
environmental good, it is possible to estimate the relative importance of reducing the
different characteristics of negative flood impacts. This provides policymakers with
valuable information which can be used to help prioritise actions in this regard.
2.1 Description of the case study and attribute selection
The flood impacts included in the CE are (i) Water supply security, (ii) Property damage,
and (iii) Traffic disturbances. In addition, a (iv) Cost attribute, defined as a municipal
annual fee paid for ten years by all households, represents a measure to fund a reduction
of the impacts of flooding in the region.
The choice to focus on the valuation of the effects of floods – rather than the
valuation of a specific policy programme aimed at reducing floods – is based on the fact
that individuals may choose an alternative not only for its anticipated outcomes in terms
of the expected impacts of floods, but also as a result of a policy programme’s perceived
qualities, such as its effectiveness, fairness and sustainability (Glenk and Fischer, 2010).
It can be difficult, therefore, to distinguish between values and preferences for outcomes
in terms of flood impacts, on the one hand, and values and preferences for policy
programmes, on the other. For example, many policy programmes – flood risk
management included (green roofs, wetlands, floating houses, etc.) may be valued
according to their aesthetic and biological properties as well and, therefore, may capture
the valuation of something other than flood impacts.
The Gothenburg region lies in the south-western parts of Sweden. The region is
defined here by its six municipalities, namely Ale, Göteborg, Kungälv, Lilla Edet, Mölndal,
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and Partille, which have a combined population of about 760,000. Common features for
the region are a high degree of annual precipitation (900 mm/year), but also shorter
periods with heavy rainfall (Persson et al., 2011). Furthermore, strong westerly winds
can give rise to high water levels along the coast, which can cause damage to the many
residential homes and leisure activity facilities located close to rivers and shorelines
(Källerfeldt et al., 2012). In the past decade alone, the region suffered floods in 2002,
2006, 2007 and 2011, during which primarily roads, railways and buildings incurred
damage (Källerfeldt et al., 2012).
In the years ahead, flood risks in the Gothenburg region are expected to increase
beyond the national average. In addition, a preliminary assessment conducted in terms
of the European Union Floods Directive (Swedish Civil Contingencies Agency, 2011)
identified several cities in the region as being significantly vulnerable to fluvial flood
risks. Indeed, in relation to climate change in general, flood risk stands out as one of the
most significant issues that have the potential to affect society as a whole (Källerfeldt et
al., 2012). A recent climate change analysis of the region by Persson et al. (2011)
estimates that its annual precipitation will increase by between 10% and 30%. The same
study predicts more frequent heavy rainfall, and an approximately 50–60%
augmentation of the winter discharge into watercourses. Moreover, a 65–80 cm rise in
sea levels – although partly offset by land elevation – is estimated along the coast.
The selection of the aforementioned attributes, property damage, traffic
disturbances and water supply security, is motivated because they are expected to imply
significant costs to society. Furthermore, as highlighted by Källerfeldt et al. (2012) in
their analysis of the societal consequences of climate change in the region, roads,
railways, buildings and the drinking water supply are particularly vulnerable to future
flood risks. Impacts on roads and railways include roads becoming flooded or washed
away which in turn imply interruptions in traffic and potential traffic accidents. River
front properties will also suffer from increased damages as a result of higher water levels,
whilst other properties are more likely to become flooded more frequently due to surface
water and overloaded sewerage systems (Källerfeldt et al. 2012).
The drinking water supply is also expected to be affected by increased flooding
(Swedish Water & Wastewater Association, 2007; Källerfeldt et al., 2012). The Göta river
serves as the primary drinking water supply in the region, providing 700,000 individuals
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with drinking water. Increased precipitation, heavy rainfalls and higher discharge levels
in the watercourses implies risk of leakage from polluted areas and farmlands in to the
rivers. Because the drinking water supply mainly consists of surface water, it is
particularly vulnerable to microbiological contamination. In 2014, alternative drinking
water supply sources other than Göta river were used for about 90 days (divided on 75
different occasions), due to microbiological impacts on the water supply security.
However as many as 150 days per year has also occurred historically (Water Quality
Association of the Göta river, 2014). These alternative drinking water supply sources are
finite, and there have already today been occasions where these alternative sources have
been used to their full extent. If nothing is done to resolve the issue, climate change could
imply deteriorating water supply security implying drinking water shortages in the
region (Källerfeldt et al., 2012).
2.2 Experimental design
An efficient design was used to construct the choice sets. Priors for each attribute were
estimated from the pre-tests and used to create the efficient design using the Ngene
software. Unlike an orthogonal design, an efficient design does not only try minimise
correlation between attribute levels, but also aims at generating model estimates with as
small as possible standard (Rose and Bliemer, 2013). Efficient deigns also has the
advantage of requiring smaller sample sizes and enabling smaller designs in terms of the
number of choice sets. This implies that the efficient design, by using prior information,
is able to avoid dominant alternatives, and achieve an appropriate level of utility balance
among the alternatives in each choice situation. Because information (priors) is available
with some degree of uncertainty, a Bayesian D-error approach, assuming normally
distributed priors, was used. The final experimental design consisted of eight choice sets,
which were presented to each respondent. Each choice set was comprised of three
alternatives, including a Status quo alternative. The alternatives were presented to the
individuals, who were asked to choose their most preferred alternative.
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Table 1
Attribute levels for choice alternatives
Attribute

Description

Attribute levels
Alternative A and B

Alternative C
(status quo)

Water supply security

Number of days a year that the water from Göta

50, 100, 200

200

10, 40, 100

100

2, 8

8

100, 300, 500, 800, 1000

0

river cannot be used for producing drinking water
due to contamination.
Property damage

Number of flood damaged properties a year.

Traffic disturbances

Number of days a year with flooded, eroded or
washed away roads and railways.

Fee

SEK a year to be paid (for ten years).

The attributes, property damage, traffic disturbances and water supply security, and their
associated levels were established with the help of the above-mentioned public reports
(Swedish Water & Wastewater Association, 2007; Persson et al., 2011; Källerfeldt et al.,
2012; Water Quality Association of the Göta river, 2014), local data, newspaper archives
and experts from the municipalities and the county administrative board who assisted
with information but also verified that the attributes was correctly described in the
questionnaire.
For the attribute water supply security it is important to emphasise that the number
of days a year that the water from Göta river cannot be used for producing drinking water
due to contamination, does not necessarily imply that individuals living in the region are
unable to drink the tap water. When the water from the Göta river is contaminated
alternative drinking water supplies are available. However, as these alternative sources
are not unlimited, an increase in the number of days when the water from Göta river
cannot be used for producing drinking water, increases the risk of drinking water
shortages in the region. This information was also explicitly expressed in the
questionnaire.
The medium levels of water supply security, damaged property, and traffic
disturbances correspond to the prevailing impacts of floods. Because respondents are
asked to value the reduction of future negative impacts of floods (20 years from now), the
medium and lower levels correspond to an improvement, while the higher levels imply
increased negative impacts of floods. The choice of time frame of 20 years, was selected
because it constituted a long enough period for the increased damages of floods to be
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perceived as plausible, yet short enough for the respondents to be able to benefit from
measures taken to reduce the negative effects of floods, given that they are implemented.
Predictions of future states, including the impacts of floods, always carry with them
some level of uncertainty. In this choice experiment, the probability of the occurrences
of the attribute levels and alternatives were however not explicitly expressed to the
respondent. During the pre-tests, and also in the discussions in the focus group, the
concept of risk was perceived as cognitively burdensome and mathematical in concept.
In order to ease the choice task of the respondents, the risk inherent in the future
predictions were described in more general terms in the text describing the attributes.
Two of the alternatives in each choice set (A-B) correspond to a future scenario
where measures towards reducing the negative impacts of floods are undertaken. These
alternatives are associated with an increased annual fee. The third alternative (C)
corresponds to a future scenario where no actions against increased negative impacts of
floods are taken. Alternative C is not associated with any additional cost. This no-cost
option implies that the negative consequences of floods is higher than today, given the
expected impact of the changing climate. Thus, the Status quo alternative in this case
represents the future if no additional measures are taken to reduce the negative impacts
of floods, rather than the prevailing situation.
2.3 The questionnaire
A small focus group, consisting of individuals living in the region, was used in order to
evaluate the extent to which the selected attributes and their description were perceived
as relevant and meaningful. The focus group and two pre-tests were employed before the
questionnaire was finalised, in order to enhance the understanding of the survey
questionnaire and the choice task. The focus group, comprising five citizens from the
region – three women and two men, all aged between 28 and 38 – were asked to answer
questions on how the negative effects of floods were perceived. The first of the two pretests, which was conducted on four women and five men from the region who were
between the ages of 28 and 59, focused on the clarity of the questionnaire and the choice
task. The second pre-test, which was conducted on a group of 30 university students in
another part of the country, involved fine-tuning the questionnaire before it was sent out
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to the respondents. Both pre-tests resulted in small adjustments in the formulation of the
questions and the text in the questionnaire.
The questionnaire consisted of three parts. The first part was concentrated around
the respondent’s previous experiences, knowledge, and concern regarding flood events.
Respondents were for instance asked if they had been affected by a flood, if they knew of
any measures being taken to reduce the negative effects of floods, and how they thought
responsibility should be divided between local and national government agencies and
individuals, and whether they considered these institutions to live up to their
responsibilities.
The second part included the CE. Respondents were provided with information on
the consequences of floods on water supply security, property damage, and traffic
disturbances in the region today, and the expected change in the future due to climate
change. The respondents were informed that it is possible to reduce the negative
consequences of floods, by taking different measures, but that it would imply costs which
could be financed through an annual municipal fee paid (the coming ten years) by all
households in the region.

8

Figure 1
Example of a choice set
Choice set 1
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a situation in 20 years’ time. Alternative C
describes a situation where no measures against floods are taken, and implies a larger impact of floods than today. Choose one of
the alternatives by ticking one of the boxes at the bottom of the Table.

Water supply security

Alternative A –

Alternative B –

Alternative C –

Measures taken

Measures taken

No measures

100 days

100 days

200 days

10 properties

100 properties

100 properties

8 days

2 days

8 days

500 SEK

100 SEK

0 SEK

Number of days a year that the water from
Göta river cannot be used for producing
drinking water due to contamination.
Damaged property
Number of flood damaged properties a year.
Traffic disturbances
Number of days a year with flooded, eroded
or washed away roads and railways.
Fee
SEK a year to be paid for ten years.
My choice

[ ]

[ ]

[ ]

The third part of the questionnaire collected information about the respondents’ socioeconomic and demographic characteristics and personality traits. Each respondent’s
personality traits were elicited by using the ten-statement BFI (BFI-10).
2.4 Personality traits
The BFI-10 is a survey-based instrument consisting of ten statements constructed to
measure the ‘Big Five’ dimensions of personality: Extraversion, Agreeableness,
Conscientiousness, Neuroticism, and Openness (Rammstedt and John, 2007). Each
dimension is measured by two statements, as depicted in Table 2. Respondents were
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asked to rate the extent to which each of the ten statements described their personality
on a scale ranging between 1 (Disagree strongly) and 5 (Agree strongly).
The BFI was first constructed in the late 1980s by John et al. (1991), and consisted
of 44 short-phrase questions (BFI-44). The BFI-44 has been found to accurately measure
the ‘Big Five’ dimensions of personality across different cultures (McCrae and Allik, 2002;
Schmitt et al., 2007). In order to provide a BFI measure in survey contexts where the
respondent has limited time, the BFI-44 has been abbreviated to the BFI-10. The BFI-10
has been tested in several English- and German-speaking samples, and the results show
that the BFI-10, relative to the BFI-44, derives reliable and valid results (Rammstedt and
John, 2007). Thus, because the BFI-10 has been shown to accurately capture the five
dimensions of personality whilst being quick and easy to answer, this shorter version has
been used in surveys within the fields of psychology (Back et al., 2010; Erdle and Rushton,
2011) and economics e.g. Solino and Farizo (2014).
Although the BFI-10 has not yet been formally validated in the Swedish setting,
Zakrisson (2010) has validated the BFI-44 for that setting. The BFI-44 has also previously
been used in studies conducted in Sweden in the field of psychology (Ekhammar et al.,
2004; Lamb et al., 2002). Given that the BFI-10 has been shown to capture accurately the
five dimensions of personality measured by the BFI-44, it is reasonable to assume that
the BFI-10 should also be a meaningful measure of personality in the Swedish setting.
The current study used the ten statements of the original BFI-10 with some minor
revisions 1. The English translation of the BFI-10 by Claesson et al. (2001), was used by
Zakrisson (2010), in his validation of the BFI-44 mentioned above, and is presented in
Table 2, as follows.

1

Six out of the ten statements were identical. Three out of the ten statements had only slightly different

wording e.g. “I tend to see fault in others” instead I tend to find fault in others, or very close synonyms. The
only case where the phrasing differs slightly is for the attribute agreeable where Claesson, Persson and
Akrami (2001) phrased the question as being “generally trusting”, whereas the question in this study was
phrased as “generally trusting people”.
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Table 2
The ten-statement Big Five Inventory (BFI-10)
Personality
indicator

I see myself as someone who …

Disagre
e
strongl
y

Disagree

Neither
agree nor
disagree

Agree

Agree
strongly

Extraversion

… is reserved











Agreeableness

… generally trust people











Conscientiousness

… tends to be lazy











Neuroticism

… is relaxed, handles stress well











Openness

… has few artistic interests











Extraversion

… is outgoing, sociable











Agreeableness

… tends to find faults in others











Conscientiousness

… does a thorough job











Neuroticism

… gets nervous easily











Openness

… has an active imagination











The literature on the relationship between personality traits and preferences for
reducing societal risks per se is scarce; however, the relationship between personality
traits and risk aversion has been given more attention (Vollrath and Torgersen, 2002;
Nicholson et al., 2005; Romero et al., 2012). The perception of risk and willingness to
undertake risky behaviour may influence the individual´s preferences for floods because
of the uncertainty inherent in predictions of how often floods occur, and the extent of the
negative effects of floods. The relationship between personality traits and environmental
engagement has also received some attention (Hirsh, 2010; Hirsh and Dolderman, 2007;
Kim et al., 2014; Milfont and Sibley, 2012). If one assumes that reducing the negative
effects of floods is a form of environmental engagement, i.e. by way of climate-change
adaption policy, it seems plausible that individuals that are concerned about climate
change may also be concerned about the societal costs of floods.
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Individuals with a high score for Agreeableness are described as cooperative, kind,
warm-hearted, sympathetic, generous and affectionate (Milfont and Sibley, 2012).
Digman (1990) attributes altruism to this personality trait as well. Empirical studies
(Hirsh, 2010; Hirsh and Dolderman, 2007; Kim et al., 2014; Milfont and Sibley, 2012)
found a strong positive relationship between the variables Agreeableness and
Environmental engagement. Milfont and Sibley (2012), for example, argue that
individuals who revealed a Selflessness orientation in their study, i.e. who were able to
cooperate with others, liked to engage in social interactions, and were willing to
compromise their own interests, were more concerned with environmental issues than
other individuals. Individuals inherent of the personality trait Agreeableness has also
been found to be less willing to undertake risky behaviour. Nicholson et al. (2005)
analysed the relationship between the BFI personality traits and the individual’s selfreported willingness to undertake risky behaviour in the domains of recreation, health,
career, finance, and safety. Their analysis reveal that Agreeableness is found to be
negatively related to risky behaviour in all domains. It is plausible, therefore, that
Agreeableness should have a positive effect on individuals’ willingness to pay to reduce
the societal costs of floods as well.
Conscientiousness

is

linked

to

educational

attainment

(Digman,

1990),

responsibility, organisation and carefulness (Milfont and Sibley, 2012). Kairys (2010)
showed that this personality trait was also linked to a future time perspective, i.e.
conscientious individuals tended to engage in long-term planning to maximise outcomes
in the future. Furthermore, individuals displaying Conscientiousness as a personality trait
were inclined to follow social norms (Hirsh 2010). Like Agreeableness, high scores for
Conscientiousness have been positively related to Environmental engagement (Hirsh,
2010; Hirsh and Dolderman, 2007; Milfont and Sibley, 2012). Thus, because the full
benefits of investing in flood-reducing measures today will not be realised until the
future, and since conscientious individuals tend to take a more long-term perspective
when considering different investment alternatives, such individuals could be expected
to be more willing than those without this personality trait to contribute to a policy
programme to reduce the societal costs of floods in the future. Individuals inherent of the
trait Conscientiousness has also been found to be risk averse (Vollrath and Torgersen,
2002; Nicholson et al., 2005), Romero et al., 2012). The link to risk aversion further drives
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the expectation of a positive relationship between Conscientiousness and individuals’
willingness to contribute towards reducing the negative effects of floods.
The personality trait Openness is attributed to intelligence, imagination, an aesthetic
sense, and being receptive to new ideas and changes. Thus, individuals characterised by
Openness tend to be intellectually curious, open to new experiences, and appreciative of
art (Costa and McCrae, 1989; Milfont and Sibley, 2012). Openness has also been related to
a greater concern for others as well as higher levels of empathy and cognitive ability
(Schwarts, 1992). Moreover, Openness has, like Agreeableness and Conscientiousness,
been shown to be positively related to Environmental engagement (Hirsh 2010; Hirsh and
Dolderman 2007; Milfont and Sibley 2012). Solino and Farizo, (2014) also found a
positive relationship between high scores on Openness and the probability that a
respondent reported being willing to contribute monetarily to a new environmental
programme

on

forest

management.

However,

unlike

Agreeableness

and

Conscientiousness, the personality trait Openness has been found to be positively
correlated to individuals willingness to undertake risky behaviour (Vollrath and
Torgersen, 2002; Romero et al., 2012). Prior research does thus not give a unanimous
direction of the expected relationship between personality traits and preferences for
reducing the negative effects of floods. The relationship between environmental
engagement and Openness potentially points towards a positive effect on individuals’
willingness to pay to reduce the societal costs of floods. However, since Openness has also
been found to related to risky behaviour, it could imply that individuals inherent of this
trait underestimates the risk and the negative consequences of floods, and thereby could
be less willing to contribute towards reducing future costs of floods.
Neuroticism encompasses traits such as anxiety, irritability, vulnerability and
insecurity; individuals possessing this personality trait, therefore, tend to be nervous and
to worry (Digman, 1990; John et al., 2008). Hirsh (2010) hypothesised that Neuroticism
was associated with Environmental engagement due to neurotic individuals experiencing
anxiety over the consequences of environmental degradation. However, based on
empirical findings in previous literature, the link between Neuroticism and Environmental
engagement is ambiguous. Milfont and Sibley (2012), for example, conducted three
studies and found that Neuroticism was both positively (Study 2) and negatively (Studies
1 and 3) related to Environmental engagement. Moreover, while Hirsh (2010) and
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Wiseman and Bogner (2003) found a positive correlation between Neuroticism and
Environmental engagement, Solino and Farizo (2014) revealed that neurotic individuals
were, on average, less likely to support an environmental programme. In respect of
Neuroticism, therefore, previous findings do not unanimously support its correlation with
Environmental engagement. The focus of this paper is the issue of flooding, which is one
example of a form of societal risk. Given neurotic individuals anxious orientation it is
possible that neurotic individuals experience more anxiety than others regarding the
increased negative consequences of floods in the future. Neuroticism has also been found
to relate to a more risk averse behaviour (Nicholson, 2005) Thus, neuroticism is
hypothesised to have a positive effect on individuals’ willingness to contribute to policy
programmes aimed at reducing the societal costs of floods.
Individuals displaying high scores on the personality trait Extroversion tend to be
energetic, assertive and outgoing, and adapt easily to social circumstances (Digman,
1990; John et al., 2008). In previous literature (Inglehart and Baker, 2000), Extroversion
has been positively correlated with Self-expression, which in turn was associated with a
relatively high degree of environmental concern. However, neither Hirsh and Dolderman
(2007) nor Hirsh (2010) found any statistically significant relationship between
Extroversion and Environmental engagement. Milfont and Sibley (2012) found a positive
relationship between the two variables in one of their three studies, while Kim et al.
(2014) found that acceptability of environmental carbon taxations were positively
related to Extroversion. Empirical findings from previous studies related to
environmental engagement are not unanimous, therefore, the theoretical interpretation
of Extroversion offers no strong link either way for the current study in respect of
indicating how extroverted individuals may choose in relation to reducing the negative
effects of floods. Extraversion has however been found to have a positive effect on the
individuals willingness to take risks, and thus extroverted individuals tend not to be risk
avert. This relationship between risky behaviour and extroversion could imply that that
individuals inherent of this trait underestimates the risk and the negative consequences
of floods, thus they are less willing to contribute towards reducing future costs of floods.
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2.5 Econometric model specification
2.5.1 The Random Parameter Logit Model
The Random Parameter Logit (RPL) Model was chosen for the current study. This model
is seen as a more flexible version of the Multinomial Logit (MNL) Model, as it allows the
disturbance term to be random and to follow any distribution. A brief description of the
RPL Model is provided below (for an in-depth overview, see Train, 2003; Hensher and
Greene, 2003).
An individual n (n = 1, …, N) faces T (t = 1, …, T) number of choice situations. In each
choice situation, the individual is asked to choose among J (j = 1, …, J) alternatives. The
utility U of individual n based on choosing alternative j in choice situation t is specified
as:
= ´
where

(1)

+

is a vector of observed variables that capture the attributes of the alternatives

and characteristics of the individual. Vector ´ represents the individual’s taste, and
is the error component. Both

’s and

are unobserved by the researcher. The

individual is then assumed to choose alternative i, given that each alternative
corresponds to a specific utility level, if and only if

>

, i.e. choosing the

alternative which provides the individual with the highest expected utility. In the RPL
Model, unlike the standard MNL Model, taste is allowed to vary across individuals in the
population with distribution ( ) which depends on parameters . The parameters
represent the mean and standard deviation of the ´s in the population, thus treating
as a random instead of a fixed parameter. If ´ would be observable (and given that
is assumed to be iid extreme value type 1), then the choice probability would be the
standard logit:

where

´

(2)

(

)=

(

) is the logit probability evaluated at parameters . However, because

´

is

unknown and it follows a random distribution, the choice probability is instead defined
as the integral of
=

(
´
´

), namely:
(3)

( | )
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where

is the RPL probability evaluated at different values of . Given a specified

distributional form of ( ) (e.g. normal, lognormal or triangular), the parameters of the
distribution ( ) can be calculated via a simulated maximum likelihood estimation. Thus,
we are able to estimate the mean and standard deviation of the distribution of the
population’s taste for the attributes of the alternatives. This study will use Halton draws,
following studies such as those by Bhat (2001) and Train (2009), who found simulation
variance to be lower when using Halton instead of standard random draws, thus making
Halton draws more efficient.
2.5.2 The Latent Class Model
A Latent Class Model (LCM) is also used to analyse preference heterogeneity. The LCM
addresses preference heterogeneity across individuals by assuming a discrete
distribution ( ) of parameters (rather than a continuous distribution, as in the RPL
Model), with

taking a finite set of distinct values. The individuals are then classified into

a set of M classes/groups that remain latent to the researcher. Within each class/group,
the preferences are homogeneous (Greene, 2012). The idea is that, depending on
individual tastes , they can be ‘segmented’ into M possible classes labelled
with probability

, such that

=

,…,

,

. The choice probability for the LCM is, thus, defined

as:
=
where each class/group,

´

(4)

´

, holds a share,

, of the population. By using this model, one

can estimate not only the share of the population in each class/group, but also the specific
taste in each class/group

(see Train (2003), for a full description of the model). By

doing so, the LCM adds to the understanding of the distribution of the effects of potential
flood management policies among members of the population. Estimating the LCM in
addition to the RPL also allows seeing whether the results are robust over different model
specifications.
2.5.3 Willingness to pay
When applying logit models, it is not meaningful to compare the size of the estimated
coefficients among different model specifications. Fortunately, by transforming the
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results into marginal willingness-to-pay (WTP) measures, it is possible to analyse the
relative importance of the attributes in question. Because the rate of trade-off between
any two attributes is the ratio of their respective coefficients, the marginal WTP of each
attribute is computed as the negative of the coefficient of that attribute, divided by the
coefficient of the cost variable. Thus, the marginal WTP for a commodity is computed as:
(5)

=
where

is a vector of estimated parameters.

3. Results
3.1 Data collection and descriptive statistics
In March 2015, data was collected via a web panel containing approximately 90,000
Swedish citizens. Members of the panel were randomly recruited by telephone. The
individuals from this web panel who were invited to answer the survey questionnaire
were selected according to their geographic location and age, i.e. the individuals all
resided in one of the six municipalities in the Gothenburg region (Ale, Göteborg, Kungälv,
Lilla Edet, Mölndal and Partille), and were over 18 years old. A total of 3,641 respondents
were invited to respond to the questionnaire. The final sample consisted of 809
individuals, delivering a response rate of 22%. The average response rate for other
surveys in the same web panel was 23%. A response rate of around 20% also seems to
be in line with other surveys using web panels in Sweden. For example, Elgan and Leifman
(2013) used the same web panel as the one employed in the current study, doing so to
gather information regarding public health and alcohol problems in Sweden; they
reported a response rate of 35%. Svensson (2010) states that a 20–30% response rate is
common when using web panel surveys. The response rate of 22% registered for the
current study, therefore, does not differ significantly from what could be considered
common when using web panels. However, the fact that 77% of the web panel did not
participate could have implications for the representativeness of the sample. Indeed, the
responses of those who answered the questionnaire may differ from those who declined
to answer the survey.
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With regard to socio-economic and demographic representation, Table 3 compares
the mean derived for the collected sample with the regional population average, in
respect of a selection of descriptive statistics.
Table 3
Comparative descriptive statistics for the study sample and the regional population
average
Descriptive statistics

Respondent sample

Regional population

Variable

Mean

Mean

Women

49%

50%

University degree

58%

42%

Average age

50 years*

49 years*

Monthly income per household

40,000–60,000 SEK

38,000 SEK

Share of single households

27%

34%

Statistics Sweden (2015)
* Includes individuals over the age of 18.

Regarding the representativeness of the sample, the descriptive statistics presented in
Table 3 show that the gender and age distributions in the sample are similar to the
regional averages reported by Statistics Sweden (2015), whereas the sample
respondents are, on average, more educated then the regional population. Similar
differences with respect to education have been found in previous Swedish studies (Ek
and Persson, 2014; Ek and Söderholm, 2008). Although the statistics for income levels
are not entirely comparable (as the sample household income is given as a span rather
than a specific number), the households in the sample seem to have somewhat higher
incomes than the regional average. This may, to some extent, be explained by the fact that
the sample was more educated and had a smaller number of single households than the
national average. Since a higher household income lessens economic constraints, these
differences between the averages for the sample and the regional population may imply
that the results are not entirely representative. In the process of determining the most
appropriate final models, which is presented in section 3.2 several additional explanatory
variables were tested, among which were education and income. However, the results
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showed that none of these variables had any explanatory power. The differences visible
in table 3, is therefore considered limited.
Table 4 gives an overview of selected responses regarding respondents’ attitudes,
their previous experience of floods and their socio-demographic characteristics.
Table 4
Sample-specific statistics
Descriptive statistics
Variable

Mean

Standard
deviation

Minimum

Maximum

House

37%

0.482

0

1

Municipal water

91%

0.281

0

1

Commutes daily

53%

0.499

0

1

Commuting distance

14 km

14.837

0

99

Affected by low water quality

16%

0.361

0

1

Affected by traffic disturbances

73%

0.443

0

1

Affected by property damage

22%

0.415

0

1

Worried about climate change

61%

0.488

0

1

Worried about flooding

39%

0.448

0

1

Has been given information on flood risk in the
region

26%

0.439

0

1

Has knowledge of proposed measures

19%

0.391

0

1

The survey included questions regarding respondents’ type of accommodation, drinking
water supply and transport patterns. The results show that about 37% live in houses.
Although individuals living in apartments can also be affected by flooding, especially if
technical installations and storage units are kept in the basement, the extent of property
damage faced by house owners is expected to be greater, i.e. leaving a house owner more
exposed to the risk of property damage. About 91% of the respondents have their
drinking water supplied by the municipality; therefore, they are exposed to the risk of
water supply insecurity. The high percentage (91%) corresponds well to the regional
average (Persson et al., 2011). Furthermore, about half of the sample (53%) commutes
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an average of 14 km each day. It seems likely, therefore, that respondents in the sample
could be affected by all of the above-mentioned societal costs of floods.
A relatively large proportion of the respondents (73%) reported that they had been
affected by traffic disturbances caused by floods, while only 22% had been affected by
property damage due to floods, and only 16% had been affected by low-quality drinking
water caused by flooding. Furthermore, although the region is currently already exposed
to flooding, only 26% of the respondents had been given information on the flood risk in
the region; moreover, only 19% had prior knowledge about regional flood-mitigating
measures that had either been proposed or implemented.
Table 5
Descriptive statistics relating to concern about environmental and societal risks
Question: How worrying do you find the below-stated environmental and societal risks?
Options

Not worrying
at all

Not
particularly
worrying

Neither/nor

Quite
worrying

Very
worrying

Don’t know

Climate change

4%

12%

24%

41%

19%

1%

Flooding

4%

24%

33%

34%

4%

0%

The respondents were also asked to state how worrying they found specific
environmental and societal risks, i.e. the impacts of climate change and the risk of
flooding. The results, displayed in Table 5, show that respondents were concerned about
climate change as well as flooding. Furthermore, the respondents were more worried
about the impacts of climate change in general than about flooding in particular.
Table 6
Personality traits
Personality traits
Variable

Disagree
strongly

Disagree

Neither agree
nor disagree

Agree

Agree strongly

Extraversion

2%

14%

42%

32%

10%

Agreeableness

3%

11%

50%

34%

2%

Conscientiousness

0%

7%

39%

45%

9%

Neuroticism

22%

45%

29%

3%

1%
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Openness

6%

35%

40%

16%

3%

Finally, the results regarding the personality traits, suggest that the respondents identify
themselves with especially the personality traits Extraversion, Agreeableness and
Conscientiousness. Around 40% of the respondents, on average, either agree or agree
strongly to being characterized by these three traits. If the high BFI-10 scores for these
three traits could be related to individuals’ willingness to pay for reducing the societal
costs of floods, this information could be used for designing awareness raising campaigns
and gain public support for new flood risk management policies. With respect to Openness
and Neuroticism, the respondents’ scores were lower in comparison with the other three
traits.
3.2 Results from estimating a Random Parameters Logit Model
The results from the RPL Model were estimated using NLOGIT 5 software and 2000
Halton draws. The attributes – Property damage, Traffic disturbances and Water supply
security – are random parameters that are assumed to follow a normal distribution. All
other parameters are otherwise specified as being fixed. In order to determine what
distributional form would fit the model best, the model was run with other distributional
assumptions, including the uniform and triangular distribution. The model estimations
show that the likelihood values for the various specifications are not statistically different
from each other at the 5% level, implying that there is no difference between such
specifications. For this reason, the normal distribution was chosen.
Table 7 displays the results from the RPL Model. Before the use of the RPL Model
was established, it was compared with the Multinomial Logit (MNL) Model via a
likelihood ratio test. The results showed that the RPL specification improved the fit of the
model. For this reason, the RPL Model was preferred. In the process of determining the
most appropriate final model, several additional explanatory variables were tested, e.g.
Education, Age and Income. However, the results showed that none of these variables had
any explanatory power.
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Table 7
Results from the Random Parameter Logit Model
RPL Model
Variable

Coefficient

Standard deviation

Fee

-0.003 (0.000)***

Fixed

Water supply security

-0.024 (0.001)***

0.022***

Property damage

-0.010 (0.001)***

0.017***

Traffic disturbances

-0.034 (0.007)***

0.078***

Alternative specific constant (stq)

-0.420 (0.726)

Fixed

Extraversion*stq

0.254 (0.089)***

Fixed

Agreeableness*stq

-0.447 (0.109)***

Fixed

Conscientiousness*stq

0.024 (0.108)

Fixed

Neuroticism*stq

-0.025 (0.100)

Fixed

Openness*stq

0.112 (0.085)

Fixed

Worried about climate change*stq

-0.432 (0.072)***

Fixed

Log-likelihood value

-4893.183

McFadden

0.312

stq = status quo
Numbers in parentheses are standard errors.
***, **, * indicate statistical significance levels at 1%, 5%, and 10%, respectively.

Overall the results indicate that the respondents’ valuation concerning reducing Cost –
the societal cost of floods – was highly significant in respect of Water supply security,
Property damage and Traffic disturbances. All four attributes are statistically significant
at the 1% level. The coefficients all have negative signs, which is to be expected.
Decreasing the water supply security, i.e. increasing the number of days for which the
Göta river cannot be used to produce drinking water, should have a negative impact on
the respondents’ probability of choosing an option since this will have a negative impact
on the individual’s utility. For the same reason, increasing the number of houses that
suffer flood damage should predictably also have a negative effect on the individual’s
probability of choosing an option. Furthermore, increasing the number of days with
flood-related traffic disturbances should reduce the probability of individuals choosing
an option, i.e. the individual will prefer an option that has fewer days with flood-related
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traffic disturbances to an option with more. The Cost attribute is also negative and
statistically significant at the 1% level, implying that the higher its cost, the less likely a
specific alternative will be chosen. A negative Cost attribute thus imply that the
respondents prefer low fees to high ones.
The RPL Model also provides the standard deviation of each random parameter. The
statistically significant standard deviations for the variables Cost, Water supply security,
Property damage and Traffic disturbances imply that the coefficients vary across
respondents. In other words, preference heterogeneity exists within the sample.
The personality traits were interacted with the Status quo alternative. The
personality trait Extroversion is statistically significant at the 1% level, and has a positive
sign. A positive sign implies that the probability of choosing the Status quo alternative, i.e.
of doing nothing to reduce the societal costs of floods, is increased if the respondent is an
extrovert. Previous results (Hirsh and Dolderman, 2007; Hirsh, 2010; Milfont and Sibley,
2012; Kim et al., 2014) regarding Extroversion and its relation to environmental concern
were mixed, and lend little advice on what to expect regarding this personality trait’s
influence on preferences regarding negative flood-related effects in the current study.
The relationship between risk and extroversion may however offer an explanation to the
result. Extraversion has been positively related to individuals’ willingness to take risks
(Vollrath and Torgersen, 2002; Romero et al., 2012). Potentially, it is the link to risk taking
that drives the results, since individuals inherent of this trait may underestimate the risk
and the negative consequences of floods, and are thereby found to be less willing to
contribute towards reducing future costs of floods.
The results also show that individuals with the personality trait Agreeableness – a
result also statistically significant at the 1% level – are less likely to choose the Status quo
alternative. Therefore, such individuals are more inclined to contribute to policy
programmes that aim at reducing the negative effects of floods. This reading is supported
by earlier empirical findings (Hirsh, 2010; Hirsh and Dolderman, 2007; Kim et al., 2014;
Milfont and Sibley, 2012), who found a positive and strong relationship between
Agreeableness and Environmental engagement. Agreeable individuals are also found to be
risk averse (Nicholson et al., 2005). Because of the uncertainty inherent in predictions of
how often floods occur, and the extent of the negative effects of floods, individuals who
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are unwilling to undertake risky behaviour, should be more inclined towards
contributing to policy measures aimed at reducing the negative impacts of floods.
With respect to Openness, Conscientiousness and Neuroticism, the results showed no
statistical significance, suggesting that these personality traits did not influence the
probability that respondents would choose to contribute to a policy programme aimed at
reducing the societal costs of floods. The results are not entirely unexpected, especially
in the case of Neuroticism: in previous empirical results (Milfont and Sibley, 2012; Hirsh,
2010; Wiseman and Bogner, 2003; Solino and Farizo, 2014), it was hypothesised that
more conscientious individuals should, on average, be willing to contribute to the societal
cost of flood-impact-reducing programmes, as the benefits of investing today are only
realised in the future. Nonetheless, this hypothesis could not be confirmed.
A link between climate change concerns and the Status quo alternative could,
however, be statistically established, namely at the 1% level. This result suggests that
individuals who reported being worried about climate change were less likely to choose
the Status quo alternative, implying they would thus opt for programmes reducing the
societal costs of floods. These results are consistent with the findings of Veronesi et al.
(2014) and Botzen and Van den Bergh (2012a, b).
3.3 Results from estimating a Latent Class Model
When support for new flood risk management programs is being sought, it can be helpful
to segment different groups, and try to target information accordingly. The LCM model
provides an informative way of analysing preference heterogeneity by being able to
segment respondents into such groups. A LCM was therefore estimated to analyse and
explain preference heterogeneity further. The LCM analyses preference heterogeneity by
categorising respondents according to a predetermined number of classes. The
probability of a respondent belonging to a specific class is analysed via certain observed
individual characteristics.
When comparing the McFadden

of the LCM (0.282) to the RPL Model (0.322), it

appears as though the RPL Model offers greater explanatory power than the LCM. The
performance of the LCM in relation to the RPL Model was further tested via the BenAkiwa and Swait (1986) test for non-nested models. The null hypothesis of the LCM,
namely that it would provide a superior model fit, could not be rejected at the 5% level of
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statistical significance. Thus, there is no evidence in favour of one model to another,
according to the Ben-Akiwa and Swait test (1986). We will therefore go forward and
analyse the results from the LCM model.
According to Greene (2012), finding the appropriate number of latent classes for
the LCM can be aided by different measures of model performance. To establish the
number of latent classes, the Bayesian information criterion (BIC), the Akaike
information criterion (AIC), the McFadden

, and the log-likelihood function values

were used. Nonetheless, determining the number of latent classes is not merely a matter
of choosing the model with the lowest BIC and/or AIC. These criteria only serve as a guide
to determine the number of latent classes, and therefore judgement, by the analyst,
regarding the appropriateness of the final number of classes should also guide the
decision (Swait, 1994). In the current study, the fit of the LCM was evaluated for six
classes. If one looks at the log-likelihood function value (see Table 8), the BIC, the AIC and
the

all suggest that the higher the number of classes, the better the model fitted the

data. However, using more classes also meant that the majority of classes consisted of a
very small percentage of the sample. Some of the classes also had low statistical
significance in terms of its explanatory variables. From the results, it was also hard to find
any clear interpretation. Table 8 also shows that the greatest improvements in model fit
are seen when going from one to two classes: in this regard, consider the log-likelihood
function value (from -5931.84 to -5109.04), the BIC (from 5948.58 to 5165.65), the AIC
(from 11853.68 to 10184.08) and the McFadden
classes, the change in BIC, AIC and the McFadden

(from 0.052 to 0.282). After two
, is markedly smaller, suggesting that

adding additional classes beyond the second class may not imply much improvement of
the model fit. Thus, based on the analysis of Table 8, together with the sizes and
interpretability of the latent classes beyond two classes, suggests that the model
containing two classes provides the best fit.
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Table 8
Criteria for selecting the number of latent classes
No. of classes

Log-likelihood

Bayesian
Information
Criterion

Akaike
Information
Criterion

McFadden

Parameter (P)

1

-5931.84

5948.58

11853.68

0.052

5

2

-5109.04

5165.95

10184.08

0.282

17

3

-4759.44

4856.53

9460.88

0.331

29

4

-4640.56

4777.82

9199.12

0.347

41

5

-4593.34

4770.78

9080.68

0.354

53

6

-4580.45

4798.06

9030.90

0.356

65

Akaike Information Criterion = -2(LogL-P)
Bayesian Information Criterion = -LogL+(P/2)*Ln(N)
N = 809 (6,472 observations in total)

26

Estimating the LCM (see Table 9) results in two groups of respondents.
Table 9
Results from the Latent Class Model
LCM – Class utility function
Variable

Group 1 (81%)

Group 2 (19%)

Fee

-0.001 (0.000)***

-0.003 (0.000)***

Water supply security

-0.014 (0.001)***

-0.003 (0.001)**

Property damage

-0.006 (0.002)***

0.002 (0.002)

Traffic disturbances

-0.022 (0.005)***

-0.049 (0.016)***

Alternative specific constant (status
quo)

-2.417 (0.167)***

-0.014 (0.198)

Variable

Group 1

Group 2

Extraversion

-0.275 (0.124)**

__

Agreeableness

0.438 (0.135***

__

Conscientiousness

-0.042 (0.135)

__

Neuroticism

-0.111 (0.120)

__

Openness

0.041 (0.116)

__

Worried about climate change

0.408 (0.098)***

__

LCM – Class membership function

Group 1, consisting of approximately 81% of the respondents, values an increase in
water supply security, which is statistically significant at the 1% level. This implies that
Group 1’s probability of choosing an option is influenced by the number of days for which
the Göta river cannot be used to produce drinking water. As the number of days increase,
the probability of choosing the respective option is reduced. Similarly, increasing the
number of properties that suffer flood damage and increasing the number of days with
flood-related traffic disturbances reduces these individuals’ probability of choosing an
option. Group 1 is also less likely to choose the Status quo alternative of doing nothing to
reduce the negative effects of floods. Thus, individuals in Group 1 gain utility by having
all three negative aspects of flood-related impacts reduced.
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Group 2 consisted of 19% of the respondents. This group valued increasing the
security of the drinking water supply and decreasing the number of days of flood-related
traffic disturbances. Group 2’s preferences differ somewhat from Group 1’s in that the
former do not value any reduction of flood-related property damage.
It is pertinent to mention here that the relevant attributes in the current study –
Water supply security, Property damage, and Traffic disturbances – exhibit different
degrees of public-/private-good characteristics. If issues such as congestion are
disregarded, the reduction in Traffic disturbances could potentially be described as nonrivalrous in that one individual’s consumption of fewer days with traffic disturbances
does not reduce the amount available to be consumed by another individual. It is,
however, possible to exclude an individual from driving on the road, e.g. by imposing tolls.
In addition, according to the Planning and Building Act (2010:90, ch.6, s.21), a
municipality is responsible for building and maintaining the road network within
detailed planned areas. Water supply security is similarly non-rivalrous, since one
individual’s consumption of an increased water supply security does not affect another
individual’s consumption of that good. However, since it is possible for a municipality to
cut off the water supply to individuals, the water supply is excludable. Moreover,
according to the Public Water Services Act (2006:412, s.6), a municipality is responsible
for providing water supply and sewerage. Neither water supply security nor traffic
disturbances can be described as a pure public good, therefore; nonetheless, both exhibit
at least some public-good qualities. On the other hand, Property damage cannot be
described as non-excludable or non-rivalrous, i.e. the protection of one property cannot
be used for the protection of another. Of course, when more large-scale protection
measures such as embankments are undertaken, they usually protect many properties.
However, given that resources are assumed to be scarce, the protection of properties in
one area is usually at the expense of protecting those in another area. Moreover, at least
in theory, one could exclude some individuals, e.g. remove parts of an embankment.
However, in reality, the exclusion of some individuals may be infeasible.
Given that the Cost attribute is described as an annual municipal fee paid by all
households in the region for ten years, it is possible that respondents in Group 2 believed
that private goods should not be funded with public means, i.e. protecting private
property from floods should not be financed via the municipal budget. Group 2 seems to
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place greater value on public goods than private ones, therefore, at least when it comes
to what flood-related issues they value.
The variable “worried about climate change” and the personality dimensions are
included as variables to try to explain the heterogeneity in the sample. Thus, these
explanatory variables refer to respondent characteristics that may increase or decrease
the probability of an individual belonging to a certain group.
In the process of determining the most appropriate final model, several additional
explanatory variables were tested, among which were Gender, Education, Age and Income.
However, the results showed that none of these variables had any explanatory power.
Similarly, testing for Experience, i.e. whether respondents had been affected by any of the
three flood-related negative effects – Water supply security, Property damage or Traffic
disturbances – could not explain the respondents’ preference heterogeneity. Finally, the
individuals’ perception of their knowledge regarding the flood-related problems in the
region was tested, but using the Knowledge variable did not help to explain the LCM group
segmentation either.
The class membership function shows that, in relation to Group 2, Group 1 is less
extroverted, being statistically significant at the 5% level. Thus, individuals belonging to
the group with a positive valuation of reducing the negative effects of floods are less
extroverted, i.e. Group 1. The results of previous empirical research on the relationship
between Extraversion and Environmental engagement have been ambiguous, but no
earlier study has found the negative relationship indicated here. An explanation for this
result may be found in the relationship between extroversion and risky behaviour, and
the inherent uncertainty that surrounds natural hazards, such as floods. Extroversion has
been linked to risk taking behaviour. Since individuals inherent of this trait
underestimate the risk and the negative consequences of floods, and would thereby be
less willing to contribute towards reducing future costs of floods, it is not unreasonable
that individuals belong to the group who want to reduce these impacts should be less
extroverted.
Furthermore, respondents who scored high on Agreeableness were more likely to
belong to Group 1, whose members valued reductions in all three attributes – Water
supply security, Property damage, and Traffic disturbances – in comparison with Group 2,
which did not value such reductions. This result was expected, and it builds on the
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characteristics of individuals who score high on Agreeableness as being cooperative,
sympathetic, generous and willing to compromise their own interests. Given that current
and future generations are likely to benefit from reducing negative flood impacts, it is
plausible that individuals displaying the personality trait Agreeableness should belong to
the group characterised as wanting to reduce all negative impacts of floods, although they
might not be able to benefit from such reductions directly (Group 1). This reasoning is
also borne out by empirical studies (Hirsh, 2010; Hirsh and Dolderman, 2007; Kim et al.,
2014; Milfont and Sibley 2012), which have found a positive and strong relationship
between Agreeableness and Environmental engagement. Agreeable individuals has also
been found to be risk averse (Vollrath and Torgersen, 2002; Romero et al., 2012). Risk
averse individuals should be more inclined towards contributing to policy measures
aimed at reducing the negative impacts of floods. The results of agreeable individuals
explaining the class membership of the group of individuals who wants to contribute to
reducing the negative impacts of floods, are therefore reasonable.
Moreover, respondents who declared themselves concerned about climate change
were more likely to belong to Group 1 than Group 2, i.e. exhibiting a positive valuation of
reducing the negative impacts of floods. Further, support of this claim is presented by
Veronesi et al. (2014), who found that being aware of climate change had a positive
influence on the marginal WTP to reduce flood risks.
3.4 Marginal willingness-to-pay
Since the estimates from the various model specifications, explicated above, are not
directly comparable, one could use the parameter estimates from the RPL Model and the
LCM to calculate the marginal WTP for the whole sample and for the two groups. In this
way, one can assess respondents’ valuation of reducing the negative effects of future
flooding in the Gothenburg region.
As stated previously, the variables Water supply security, Property damage and
Traffic disturbances are random parameters with a normal distribution. 2 All other

2

The RPL Model allows the distribution to take any form, e.g. normal, lognormal or triangular. In order to

determine what distributional form would fit the model best, the model was run with other distributional
assumptions, including the uniform and triangular distribution. The results show that the log-likelihood
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parameters are otherwise specified as being fixed. For the Cost attribute, this implies that
the models assume the cost parameter to be homogeneous, i.e. the marginal utility of
money is assumed to be constant over the population. The marginal WTPs are estimated
in Swedish krona (SEK). To ease the comprehension of the results, the marginal WTPs
are also given, in euros (€). For the same reason, the following discussion regarding the
marginal WTPs will use €. The marginal WTP results are displayed in Table 10.
Table 10
Marginal willingness-to-pay in SEK (Euros in parentheses)
RPL Model

LCM
Group 1

Group 2

Aggregate

Variables

Coefficient

Standard
error

Coefficient

Standard
error

Coefficient

Standard
error

Water supply
security

7 (0.7)***

0.343

10 (1)***

1.028

1 (0.1)***

0.396

8 (0.8)

Property
damage

3 (0.3)***

0.288

4 (0.4)***

0.430

1 (0.1)

0.588

3 (0.3)

Traffic
disturbances

12 1.2)***

2.112

15 1,5)***

4.003

17 1.7)***

6.346

15 (1.5)

The magnitude of the marginal WTP results displayed in Table 10 may at first glance
seem quite small. This is, however, due to the unit of measurement, i.e. the marginal WTP
for Water supply security is interpreted as the value of decreasing, by one day, the number
of days for which the Göta river cannot be used for producing drinking water. For
Property damage, the interpretation of the marginal WTP is the value of reducing, by one
house, the number of houses suffering property damage caused by floods. The marginal
WTP for Traffic disturbances relates to the value of reducing, by one day, the number of
days with traffic disturbances caused by floods.

values for the various specifications are not statistically different from each other at the 5% level, implying
that the various specifications do not differ from each other. For this reason, the normal distribution was
chosen.
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3.4.1 Marginal WTP estimates for the RPL Model and the LCM
The marginal WTP estimates from the RPL Model are all statistically significant at the 1%
level. The WTP for decreasing, by one day, the number of days a year during which the
Göta river cannot be used to produce drinking water, is estimated at €0.7. The WTP for
reducing, by one house, the number of houses with property damage caused by floods
each year, is estimated to €0.3. Finally, reducing, by one day, the number of days with
traffic disturbances caused by floods, is estimated to €1.2. Thus, the results from the RPL
Model show that, overall, individuals are willing to pay to reduce the negative effects of
floods with respect to all three attributes – Water supply security, Property damage and
Traffic disturbances. Furthermore, Traffic disturbances are prioritised over Water supply
security, which in turn trumps Property damage in priority in respect of marginal WTP to
reduce negative flood-related impacts.
Group 1 of the LCM also displays highly statistically significant WTPs for the three
attributes in question. The WTPs range between €1.5 for reducing the costs of floodrelated traffic disturbances to €0.4 for reducing the costs of flood-related property
damage. Thus, as regards being willing to pay to reduce the negative impact of floods in
respect of the three attributes in question, Group 1 of the LCM displays the same
prioritisation order as in the RPL Model, but the group’s valuation of the attributes seems
to be higher overall.
Group 2 of the LCM has a statistically significant marginal WTP for the attributes
Water supply security and Traffic disturbances, but not for Property damage. Group 2 has
a marginal WTP of €0.1 for increasing water supply security, €1.7 for reducing traffic
disturbances, and €0 for reducing property damage caused by floods. Furthermore,
Group 2 prioritised Traffic disturbances over Water supply security, while Property
damage received the lowest priority from this group. Thus, not only do the results for
Groups 1 and 2 differ from each other and from those of the RPL Model, but Group 2 also
has a higher marginal WTP for Traffic disturbances than Group 1, as well as having a
higher marginal WTP than the estimate of the RPL Model. The opposite is true for Water
supply security and Property damage, where Group 2 has the lowest valuation of the three
marginal WTP estimates. Thus, the marginal WTP estimates from the LCM show
differences of a statistical significance and magnitude compared not only with the WTPs
from Groups 1 and 2, but also with the WTPs from the RPL Model. Finally, the WTP of the
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LCM were aggregated by simple summation of the price coefficients’ of Groups 1 and 2,
times the expected percentage of individuals belonging to Group 1 and 2, respectively.
By comparing the aggregate WTP of the LCM, to that of the RPL, it is visible that the LCM
produces slightly higher estimates of the WTP for Water supply security and Traffic
disturbances. For Water supply security the RPL model produces a marginal WTP of €0.7,
whilst the aggregate LCM produces a WTP of €0.8. In the case of Traffic disturbances the
RPL model produces a marginal WTP of €1.2, whilst the aggregate LCM produces a WTP
of €1.5. For Property damage no difference in marginal WTP is found between the two
models. The RPL model and the LCM thus seem to produce WTP that are relatively close
to each other. Also, the relative order of marginal WTPs are the same for both models, in
respect to the attributes.
3.4.2 Scenario-related WTPs for the RPL Model and the LCM
According to the results in table 10, the marginal WTP estimates for reducing traffic
disturbances is considerably higher than for reducing water supply security and property
damage. The differences between the three attributes in question may first appear as
large, but it is important to remember that the end-points, i.e. the levels used in the status
quo and the change in attribute levels for the different scenarios vary considerably for
each attribute in question. In order to relate the marginal WTP from Table 10 to the
scenario attribute levels used in the CE, an overview is provided of the levels of change
for each attribute from its respective end-point (see Table 11). The marginal WTP for
reducing traffic disturbances refers to reducing, from eight to two, the number of days a
year with flooded, eroded or washed-away roads and railways. The corresponding
change regarding water supply security corresponds with reducing, from 200 to 100
(medium security) and from 200 to 50 (high security), the number of days a year that the
Göta river cannot be used to produce drinking water. In respect of the attribute Property
damage, the change refers to reducing, from 100 to 40 (medium damage and from 100 to
10 (high damage), the number of properties damaged by floods each year.
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Table 11
Marginal willingness-to-pay related to various attribute levels, in SEK (Euros in
parentheses)
RPL Model

LCM

Variables

Group 1

Group 2

Coefficient

Coefficient

Coefficient

Water supply security – High (200–>50
days/year)

1,050 (108)

1,500 (153)

150 (15)

Water supply security – Medium (200–
>100 days/year)

700 (72)

1,000 (102)

100 (10)

Property damage – Low (100–>10
properties/year)

270 (28)

360 (37)

0 (0)

Property damage – Medium (100–>40
properties/year)

180 (19)

240 (25)

0 (0)

Traffic disturbances – Low (8–>2
days/year)

72 (7)

90 (9)

102 (10)

As can be seen in Table 11, the scenario-related marginal WTP from the RPL Model is
€108 for high water supply security and €72 for medium water supply security. The
scenario-related WTPs for the LCM are €153 (Group 1) and €15 (Group 2) for high water
supply security, and €102 (Group 1) and €10 (Group 2) for medium water supply
security.
The scenario-related WTPs from the RPL Model are €28 and €19, respectively, for
low to medium levels of property damage. For Group 1 of the LCM, the scenario-related
WTPs are instead €37 and €25, respectively, for low to medium levels of property
damage. Group 2, on the other hand, places no value on property damage. Traffic
disturbances have a scenario-related WTP ranging between €72 (RPL Model) and €102
(Group 2). The scenario-related WTPs 3 from the two models suggest that, in relation to
taking no action against the societal costs of floods, the level of water supply security has
the greatest impact on individuals’ utility, followed by property damage and then traffic
disturbances.

3

The marginal WTP estimates assume a constant marginal utility.
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3.4.3 Prioritisation of flood-related attributes
Furthermore, besides the rather large differences in magnitude of marginal WTP also
visible in Table 11, Groups 1 and 2 prioritise the relevant attributes quite differently. The
results from Table 9 suggest that, although Group 2 did not value property damage, the
groups still had similar priorities. The results from Table 10 indicate that, besides high
water supply security, their preferences diverge in respect of each attribute. For example,
Group 2 valued medium water supply security (€10) and a reduction in traffic
disturbances (€10) equally, whilst Group 1 clearly favoured medium water supply
security (€72) before reducing traffic disturbances (€7). Group 2 prioritised dealing with
traffic disturbances before property damage, whilst Group 1 did not prioritise these two
attributes in that way. With the scenario-related WTPs, the two groups’ preferences seem
to be further apart, therefore.
The scenario-related WTPs thus differ not only in terms of the flood-related
attributes’ relative importance, but also in respect of differences within the sample. As
described above, the marginal WTP estimates and the scenario-related WTPs have
different units of measure. Nonetheless, the scenario-related marginal WTPs offer a more
realistic view of change in comparison with the marginal WTP estimates: if policymakers
are to make new investments, for example, it is unlikely that they would spend money to
make small incremental changes such as reducing, by one house, the number of houses
that suffer property damage caused by floods. From a policy perspective, therefore, the
interpretation from the scenario-related WTPs is more informative.
4. Conclusions
In this paper, public preferences for reducing the societal costs of floods in the
Gothenburg region have been analysed via a CE characterised by the following negative
impacts of floods: Water supply security, Property damage, and Traffic disturbances. To
explain preference heterogeneity, but also to offer deeper insight into the relationship
between personality traits and preferences for reducing the negative effects of floods, the
CE respondents’ personality traits were elicited via the BFI-10.
One of the main conclusions from this paper is that individuals’ utility is negatively
affected by the societal costs of floods, and that there is a willingness to pay for reducing
the negative effects of floods in the Gothenburg region. These marginal WTPs can be used
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in CB analysis, to evaluate the resource efficiency of different projects aimed at reducing
the negative effects of floods. Furthermore, the scenario-related WTPs show that
households in the region are shown to prioritise a reduction of water supply security
above property damage due to floods, while traffic disturbances caused by floods are
considered the least pressing of the three impacts. The scenario related WTPs differs
from the marginal WTPs. However, from a policy perspective, the scenario related WTPs
are considered more relevant, since investments and policy decisions are often made to
protect e.g. a neighbourhood from flooding rather than a single household. The scenario
related results imply that policymakers should take measures that aim at reducing the
negative effects of floods, and should prioritise addressing the issue of water supply
security.
Overall, although the respondents prioritise water supply security over property
damage and traffic disturbances, in that order, the sample is heterogeneous: the
magnitude of the valuations differed in that respondents in Group 2 valued water supply
security at only 1/7 of the valuation for the overall WTP. Furthermore, Group 2 did not
value reductions in property damage, unlike Group 1.
The Cost attribute in this study was described as an annual municipal fee paid by all
households in the region for ten years. Since property can be defined as a private good, it
is possible that Group 2’s unwillingness to pay for measures aimed at reducing the
negative effects of floods is a result of the belief that private goods should not be financed
with public funds. Perhaps for this reason, unlike Group 1, Group 2 prioritises traffic
disturbances over property damage.
These differences in preferences imply that flood management programmes can
come to affect individuals in society quite differently. If broad public support and
legitimacy are to be garnered for flood management programmes aimed not only at
reducing property damage, but also at reducing potential distributional income effects in
society, public investments should be complemented by individual investments. A
suitable solution would be a combination of measures aimed at reducing floods – some
handled by the individual, while a municipality could handle larger-scale projects. A
potentially useful policy tool to make individuals involved in reducing property damage
caused by floods could be to use the insurance system. For example, offering discounts
on home insurance if flood-risk-reducing measures are installed on a property could
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incentivise individuals to bear their share of the responsibility for minimising flood
damage.
To offer more insight into the relationship between personality traits and
preferences for reducing floods, the BFI-10 was used to elicit respondents’ personality
traits in terms of Extraversion, Agreeableness, Conscientiousness, Neuroticism and
Openness. Agreeableness was found to increase individuals’ willingness to pay to reduce
the negative effects of floods. As an explanatory variable for heterogeneity, Agreeableness
had the highest explanatory power. Agreeable individuals are altruistic at nature, and
willing to compromise their own interests for others. So, even though the negative effects
of floods may not affect the agreeable individual personally, he/she may still want to
contribute to reduction of floods for the sake of others, and society at large.
The information gained from researching the relation between personality traits
and floods could be used to design information, and thereby increase public support for
flood management policies. Since the empathic, altruistic nature of the personality trait
agreeableness increases the individual´s probability of supporting policies aimed at
reducing the negative impacts of floods, policy makers should emphasize the welfare
gained by society as whole, and not only the welfare gained at the individual level, when
designing flood management policies.
Now, although the results of this study have showed that the personality traits help
to explain preference heterogeneity, the importance of personality traits as an
explanatory attribute may still be moderate. Only two out of five personality traits were
found to be statistically significant at the five percent level. A part of the explanation to
the relationship found between the personality traits and individuals’ preferences for
floods has also been attributed to the relationship found between the personality traits
and environmental engagement and risk. Having said that, research on how personality
traits influence individuals’ valuation of non-priced environmental goods has only been
given limited attention. To gain a deeper understanding of the relation between
personality traits and non-priced environmental goods more research is needed. In the
specific case of flooding it would be interesting to study if the effect from personality
traits persists when the individual’s risk preference is accounted for.
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This paper analyses the preferences of public oﬃcials and citizens related to the impacts of ﬂoods
in the Gothenburg region in Sweden. Citizens and public oﬃcials in the ﬂood-prone region answered identical choice-experiment surveys characterized by the negative impacts of ﬂoods:
property damage, traﬃc disturbances, and water supply security. By having citizens and public
oﬃcials respond to identical surveys, it was possible to analyse whether and, if so, how priorities
and monetary valuation diﬀered in respect of the diﬀerent negative eﬀects of ﬂoods. The overall
ﬁnding is that public oﬃcials’ and citizens’ preferences seem to converge, and that both citizens
and public oﬃcials are willing to pay to reduce ﬂood-related costs. Public oﬃcials have similar
priorities to citizens, in that security of drinking water provision was given priority over property
damage, while traﬃc disturbances were ranked lowest. In terms of their respective willingness to
pay to avoid the negative impact of ﬂoods, public oﬃcials were willing to pay more than citizens
to pay for securing the drinking water supply and for restoring damaged property, though these
diﬀerences were not substantial. There are, however, some diﬀerences in preference between
citizens and public oﬃcials: the latter preferred not to spend anything to reduce traﬃc disturbances caused by ﬂoods, whilst citizens were willing to do so. These results imply that decisions made within the public sector will not come to diﬀer substantially from citizens’ preferences.

1. Introduction
In the light of climate change, with predicted increases in precipitation and ﬂood risk in many parts of the world – including
Sweden (IPCC, 2014), decisions made by governments today will aﬀect the costs associated with ﬂoods faced by citizens tomorrow.
Since citizens will have to bear the consequences of these decisions, it is reasonable that the decisions reﬂect citizens’ preferences.
The aim of this paper is to analyse the preferences of public oﬃcials and citizens with regard to the impacts of ﬂoods. The methodology employed is the choice experiment (CE), which enables several aspects of ﬂooding to be researched. By letting citizens and
public oﬃcials in the ﬂood-prone region of Gothenburg, Sweden, face identical CEs regarding the negative impacts of ﬂoods, possible
diﬀerences in prioritisation of these negative eﬀects can be analysed. In this CE, the negative impacts of ﬂoods are attributed to
property damage, traﬃc disturbances and water supply security.
Addressing the issue of ﬂood risk in the Gothenburg region is important in order to limit the future costs caused by ﬂoods. Flood
risks are expected to increase more than the national average (Swedish Civil Contingencies Agency, 2011), which implies that further
investments in ﬂood-risk-reducing measures need to be made. Although such measures have already been taken in the region,

E-mail address: Elin.Spegel@ltu.se.
http://dx.doi.org/10.1016/j.crm.2017.08.003
Received 6 February 2017; Received in revised form 23 August 2017; Accepted 25 August 2017
$YDLODEOHRQOLQH$XJXVW
7KH$XWKRU3XEOLVKHGE\(OVHYLHU%97KLVLVDQRSHQDFFHVVDUWLFOHXQGHUWKH&&%<OLFHQVH KWWSFUHDWLYHFRPPRQVRUJOLFHQVHV%< 

&OLPDWH5LVN0DQDJHPHQW  ²

E. Spegel

including the regulation of rivers, the Municipality of Gothenburg is now also considering constructing a large-scale movable barrier
oﬀ the coast of Gothenburg (SWECO, 2015).
When decisions are taken by public oﬃcials on investments made with public funds, it is important that such decisions correspond
with the preferences of the citizens. If social choice aims at maximising welfare, policymakers should choose policies that generate
the maximum net beneﬁts for society as a whole. To distinguish between the welfare oﬀered by diﬀerent options and reach eﬃcient
decisions, a prerequisite is having knowledge about the costs and beneﬁts associated with measures aimed at, for example, reducing
the negative impacts of ﬂooding. This measure of beneﬁts (together with the costs) underlies the concept of economic eﬃciency. The
costs are usually known, although with some degree of uncertainty; however, the expected beneﬁts are generally non-monetary and
are unknown. By estimating the valuation of the beneﬁts of reducing the negative eﬀects of ﬂoods, which is the focus of this paper, it
is possible to compare the beneﬁts with their associated costs. The non-priced beneﬁts are deﬁned by individuals’ preferences, and
even though the measurement of beneﬁts is operationalized through money, its conceptual basis is utility. Thus, at the very heart of
the concept of economic value lies the human well-being that goods and services provide to individuals. Thus, if the aim is to maximise
social welfare as deﬁned above, the aggregation of individuals’ preferences for the goods and services in question should be taken into
account when oﬃcials take decisions.
Furthermore, the notion of the responsiveness of administration in relation to citizens’ preferences is central to most concepts of
democracy (Arrow, 1963; Dahl, 1967; Lijphart, 1984; Sen, 1970). Due to the threat of electoral sanction, politicians are generally
assumed to respond to public preferences. Flood risk management in Sweden can be described as a less developed and decentralised
policy area, meaning that it is not a policy area that has been given that much attention nationally, and it is handled primarily by
public servants at the local level (Ek et al., 2016). Although decisions regarding larger investments, i.e. those that go beyond municipal departments’ budgets, are made by the politically elected municipal assemblies (Ch. 6, s. 7, Local Government Act, 1990:900),
public oﬃcials hold signiﬁcant inﬂuence since they are responsible for gathering the information on which the assemblies base their
decisions. Since public servants do not answer to the general public directly, one cannot necessarily assume that the implementation
of ﬂood risk-management measures corresponds with citizens’ preferences.
It is important to make a distinction about the role(s) of decision makers. The Swedish ﬂood risk management decision-making
process resembles a problem-solving task administered by public oﬃcials, with inﬂuences from expert recommendations about
feasibility/technical judgements, but also from public oﬃcials using their own set of preferences in trying to devise the best course of
action. Public oﬃcials also need information about citizens’ preferences, since public oﬃcials’ preferences do not necessarily align
with citizens preferences. One tool that can be used to gain information on the citizens’ preferences is Cost-Beneﬁt-Analysis (CBA). In
Sweden, however, the use of CBA as a decision-making tool has been limited to date (Rosén et al., 2008). Thus, public oﬃcials’
central role in the decision-making process and the limited use of CBAs mean that such oﬃcials are likely to have a signiﬁcant
inﬂuence on public investments aimed at reducing ﬂood risks. In order for citizen’s preferences to be accounted for in this kind of
decision-making process, there needs to be evidence that their preferences align with those of public oﬃcials, or otherwise there
needs to be a place in the decision making process where citizen’s preferences are explicitly evaluated and considered. It should be
noted that consideration of citizen’s preferences does not always mean they will be adopted, as preferences may reﬂect options that
are not feasible.
Previous literature has further found that public oﬃcials’ private preferences play an important role in decisions made within the
public sector. There is evidence from the ﬁeld of psychology (Nilsson et al., 2004), as well as political science (Lipsky 1980, Wilson
1989) that decisions made by oﬃcials within the public sector are greatly inﬂuenced by their private norms. Knowledge regarding the
diﬀerences between the environmental values held by individuals and experts/public oﬃcials in the economics literature is limited.
Carlsson et al. (2012), studied how public administrators and the general public prioritised risk reduction in relation to diﬀerent
public safety projects. Other research has focused on the diﬀerences in preferences regarding improvements in environmental quality
(Carlsson et al., 2011), protection of the forest landscape (Nordén et al., 2015), and urban regeneration (Alberini et al., 2006). To the
best of this author’s knowledge, however, there are no similar studies focusing on preferences regarding ﬂooding.
This paper contributes to the literature not only by analysing the potential diﬀerences between how citizens and public oﬃcials
value ﬂood risk management, but also by making a direct comparison of the preferences of the citizens and oﬃcials. The direct
comparison is achieved by asking both citizens and public oﬃcials to answer the CE questionnaire as private individuals, which
implies that both groups would be subject to equivalent budget constraints, thus enabling a direct comparison of preferences of the
groups.1 Previous studies such as those by Carlsson et al. (2011), Nordén et al. (2015) and Alberini et al. (2006) have used identical
elicitation techniques and questionnaires for the diﬀerent groups, but administrators/public oﬃcials were asked to answer as if they
were decision-makers. This implies that the administrators/public oﬃcials were not asked to spend their own money and any differences in valuation may at least partly stem from an incentive compatibility issue (see Carson and Groves, 2007), for a more
elaborate discussion on incentive compatibility). The only previous paper that, to the author’s knowledge, has used a direct comparison
is Rogers (2013), who performs a CE focusing on marine reserves in Australia, where both citizens and scientiﬁc experts were asked to
answer the questionnaire as private individuals. Rogers’ results show that there are diﬀerences in the two groups’ preferences and
valuations. Public oﬃcials’ preferences have to my knowledge never been compared to the preferences of the public via a direct

1
The measuring of oﬃcials and citizens preferences is not to be confused with the concept of preference orderings, which implies distinguishing between an
individual’s ‘public’ and ‘private’ preferences. Understandably, the public nature of the costs associated with ﬂoods may trigger the issue of respondents using their
public rather than private preferences. Individuals may be choosing according to moral values about what individuals, in their role as citizens, think is right for the
society as a whole, rather than how the environmental good aﬀects their personal utility as a consumer. However, as argued by Sagoﬀ (1988), such behaviour may be
present in the sample of public oﬃcials as well as in the sample of citizens. Analysing preference orderings is, however, beyond the scope of the study reported here.
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comparison. This paper contributes to the existing literature by directly comparing private preferences of public oﬃcials to the
private preferences of citizens, by asking both the general public and public oﬃcials to answer the CE questionnaire as private
individuals.
The remainder of this paper is organised as follows: Section 2 describes the case study and survey design, including the methodology and econometric model employed; Section 3 provides the model results; and Section 4 discusses the main ﬁndings and their
policy implications.
2. Choice experiment development and model speciﬁcation
The CE method is well established for estimating the value of changes in the characteristics of environmental goods and qualities
(Hanley et al. 2001, Hoyos 2010). The adoption of the CE method for this research, namely to estimate the beneﬁts of reducing the
negative eﬀects of ﬂoods, is motivated because it can value hypothetical future scenarios and allow for estimating the marginal value
of change in each characteristic included in the CE. By being able to measure the marginal value of change rather than a discrete
change in the aggregate environmental good, one is able to estimate the relative importance of reducing the diﬀerent characteristics
of ﬂoods. This provides policymakers with valuable information that can be used to help prioritise the various types of action to be
taken.
2.1. Case study description and attribute selection
The CE included the following ﬂood impacts that were selected as attributes: (i) property damage, (ii) traﬃc disturbances and (iii)
water supply security. A cost attribute was deﬁned as an annual municipal fee paid by all households for ten years in order to fund
measures to reduce the impacts of ﬂooding in the region.
The decision to focus on the valuation of the eﬀects of ﬂoods rather than the valuation of a speciﬁc policy programme aimed at
reducing ﬂoods is based on the fact that individuals may choose an alternative not only for its anticipated outcomes in terms of the
expected impacts of ﬂoods. They may also choose an alternative because of the perceived qualities of the policy programme itself,
such as its eﬀectiveness, fairness and sustainability (Glenk and Fischer, 2010). Many policy programmes – including those on ﬂood
risk management (e.g. green roofs, wetlands, ﬂoating houses) – may be valued also on their aesthetic and biological properties, thus
capturing the valuation of something other than the impacts of ﬂoods. Thus, it can be diﬃcult to distinguish between the value of and
preferences for outcomes in terms of the impacts of ﬂoods and the value of and preferences for a policy programme.
The Gothenburg region (here deﬁned by six municipalities, namely Ale, Göteborg, Kungälv, Lilla Edet, Mölndal and Partille) lies
in southwestern Sweden and has a population of about 760,000. Common features for the region are a high degree of annual
precipitation (900 mm/year), as well as shorter periods with heavy rainfall (Persson et al., 2011). Furthermore, strong westerly winds
can raise the water levels along the coast, which can cause damage to the many residential homes and locales for business and leisure
along the shoreline and rivers in the region (Källerfeldt et al., 2012). In the last decade alone, the region suﬀered ﬂooding in 2002,
2006, 2007 and 2011, which caused damage primarily to roads, railways and buildings (Källerfeldt et al., 2012).
According to the Swedish Civil Contingencies Agency (2011), ﬂood risks in the Gothenburg region are expected to surpass the
national average, and several cities in the region have been pointed out as signiﬁcantly vulnerable to ﬂuvial ﬂood risks in the
preliminary assessment performed under the European Union (EU) Floods Directive. In terms of climate change, ﬂood risk stands out
as one of the most signiﬁcant issues that can come to aﬀect society as a whole (Källerfeldt et al., 2012). According to a climate change
analysis of the region (Persson et al., 2011), the annual precipitation is expected to increase by 10–30%. The frequency of heavy
rainfall is also predicted to rise. Discharges into watercourses during winter are anticipated to surge by 50–60%. A rise in sea levels –
although partly oﬀset by land elevation – will amount to 65–80 cm along the regional coastline.
In this CE, the change in environmental quality caused by ﬂoods is characterised by property damage, traﬃc disturbances and
water supply security. The selection of these attributes is motivated by the signiﬁcant costs they are expected to imply to society.
Källerfeldt et al. (2012), who analysed the societal consequences of climate change in the region, also highlighted that roads, railways, buildings and the drinking water supply were particularly vulnerable to future ﬂood risk.
Impacts on roads and railways include roads becoming ﬂooded or washed away. These impacts, in turn, imply interruptions in
traﬃc and, potentially, traﬃc accidents. Riverfront properties will also suﬀer from increased ﬂood risk because of higher water levels,
whilst other properties are likely to become ﬂooded more frequently due to excess surface water and overloaded sewerage systems
(Källerfeldt et al., 2012).
The drinking water supply is also expected to be aﬀected by increased ﬂooding (Källerfeldt et al., 2012; Swedish Water and
Wastewater Association, 2007). The Göta River serves as the primary supply of drinking water for around 700,000 inhabitants of the
region. Increased precipitation, heavy rainfalls and higher levels of discharge into watercourses imply an additional risk of rivers
being polluted, e.g. by run-oﬀ from farmlands. Because the drinking water supply consists mainly of surface water, it is particularly
vulnerable to microbiological contamination. In 2014, sources of drinking water supply other than the Göta River were used for about
90 days (divided into 75 diﬀerent occasions), due to microbiological impacts on the water (Water Quality Association of the Göta älv,
2014). These alternative sources of drinking water are ﬁnite, and there have already been occasions where such sources have been
fully exploited. If nothing is done to resolve the issue, climate change could compromise the security of the drinking water supply –
even triggering regional supply shortages (Källerfeldt et al., 2012).
The attributes – Property damage, Traﬃc disturbances and Water supply security – and their associated levels were established with
the help of the above-mentioned public reports, local data, newspaper archives and experts from the municipalities concerned and
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Table 1
Attribute levels for choice alternatives.
Attribute

Property damage
Traﬃc disturbances
Water supply security
Cost

Description

Attribute levels

Number of ﬂood-damaged properties a year
Number of days a year with ﬂooded, eroded or washed-away roads and
railways
Number of days a year that the Göta River cannot be used to produce
drinking water due to contamination
Municipal fee in SEK to be paid each year for ten years

Alternatives A and B

Alternative C (Status quo)

10, 40, 100
2, 8

100
8

50, 100, 200

200

100; 300; 500; 800; 1000

0

the County Administrative Board of Västra Götaland. The experts assisted with information and veriﬁed that the attributes were
correctly described in the questionnaire. The experts consulted did not form part of the sample of public oﬃcials who were asked to
answer the questionnaire.
2.2. Experiment design
An eﬃcient design, employing Ngene software, was used to construct the choice sets. Eﬃcient designs make use of prior information to improve the level of utility balance among the alternatives in each choice situation, relative orthogonal designs. This in
turn reduces the sample size required to estimate a model. Because information (priors) is available with some degree of uncertainty,
a Bayesian D-error approach, assuming normally distributed priors, was used. The ﬁnal experimental design presented to each
respondent consisted of eight choice sets. Each choice set comprised three alternatives (A, B and C), one of which – Alternative C –
was a status quo option. Both respondent groups, i.e. citizens and public oﬃcials, were asked to choose, as individuals, which one of
the three alternatives they preferred the most.
The cost attribute consists of six levels. The attributes property damage and water supply security consists of three levels, and the
attribute traﬃc disturbances consists of two levels (See Table 1).
The choice of letting the traﬃc disturbances attribute only have two levels is motivated by the fact that respondents, during
testing of the questionnaire, had diﬃculty making distinctions between more than two levels because of the magnitude of the
attribute levels being rather small. Rather than increasing the distance between the attribute levels to unrealistic proportions, the
choice was made to reduce the number of attribute levels to two levels. The medium levels of property damage, traﬃc disturbances
and water supply security correspond to the prevailing impacts of ﬂoods. Because respondents were asked to value the reduction of
future ﬂood risk (20 years from the time of the survey), the medium and lower levels correspond to an improvement (i.e. decreased
ﬂood risks), while the higher levels imply the projected future ﬂood risk with no intervention.
Two of the alternatives in each choice set, i.e. A and B, correspond to a future scenario where measures are undertaken to decrease
ﬂood risk. These alternatives are associated with an increased annual cost. The third alternative, C, corresponds to a future scenario
where no action is taken to decrease ﬂood risk; hence, Alternative C is not associated with any additional cost. This non-cost option
implies a higher ﬂood risk than today. Thus, the Status quo alternative in this case represents the future if no additional measures
against ﬂood risk are taken, given the expected impact of the changing climate, rather than the presently prevailing situation.
2.3. The questionnaire
A small focus group, consisting of individuals living in the region, was also used in order to evaluate the extent to which the
selected attributes and their description were perceived as relevant and meaningful. The focus group and two pre-tests were employed before the questionnaire was ﬁnalised in order to enhance the understanding of the survey questionnaire and the choice task.
The focus group, comprising ﬁve citizens from the region – three women and two men, all aged between 28 and 38 – were asked to
answer questions on how the negative eﬀects of ﬂoods were perceived. The ﬁrst of the two pre-tests, which was conducted on four
women and ﬁve men from the region who were between the ages of 28 and 59, focused on the clarity of the questionnaire and the
choice task. The second pre-test, which was conducted on a group of 30 university students in another part of the country, involved
ﬁne-tuning the questionnaire before it was sent out to the respondents. Both pre-tests resulted in small adjustments in the formulation
of the questions and the text in the questionnaire.
The ﬁnal questionnaire consisted of three sections. The ﬁrst was concentrated around the respondent’s previous experiences,
knowledge, and concerns regarding ﬂood risks and the expected impacts of ﬂooding. For example, in this ﬁrst section, both respondent groups were asked if they had been aﬀected by a ﬂood; if they knew of any measures being taken to reduce ﬂood risks; how
they thought the responsibility for taking measures to reduce the risks and consequences of ﬂoods should be divided between local
and national governments, and between the public and private sectors; and to what extent they believed these institutions were living
up to their responsibilities.
The second section of the questionnaire included the CE. Both respondent groups were provided with current information on how
ﬂood risks negatively impacted on property, traﬃc and water provision, and the expected change in the future due to climate change.
The respondents were informed that it was possible to reduce the negative consequences of ﬂoods by taking various mitigating
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Choice Set 1
Which of the following alternatives, A, B or C, do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures against
floods are taken, and implies a larger flood risk than today. Choose one of the
alternatives by ticking one of the boxes at the bottom of the table.

Water supply security
Number of days a year that
the water from the Göta
River cannot be used for
producing drinking water
due to contamination
Damaged property
Number of flood-damaged
properties a year
Traffic disturbances
Number of days a year with
flooded, eroded or washedaway roads and railways
Fee
SEK a year to be paid for
ten years

Alternative A –
Measures taken

Alternative B –
Measures taken

Alternative C –
No measures
taken

100 days

100 days

200 days

10 properties

100 properties

100 properties

8 days

2 days

8 days

500 SEK

100 SEK

0 SEK

My choice

[

]

[

]

[

]

Fig. 1. Example of choice set.

measures, but that it would imply costs which could be ﬁnanced through an annual municipal fee paid by all households in the region
(during the coming ten years). Fig. 1 shows an example of an actual choice set used in the study.
The third part of the questionnaire focused on the respondent’s socio-economic and demographic characteristics.
2.4. Data collection
In March 2015, data was collected on both citizens and public oﬃcials. The citizens’ data was collected via a web panel containing
approximately 90,000 individuals in Sweden. The members of the panel itself are randomly recruited by telephone, while individuals
invited to answer the questionnaire were selected according to their geographic location and age. All individuals in the citizens group
resided in one of the six municipalities in the Gothenburg region (Ale, Göteborg, Kungälv, Lilla Edet, Mölndal, and Partille), and were
over 18 years old. 3,641 respondents were invited to answer the questionnaire. The ﬁnal citizen sample consisted of 800 individuals,
meaning that the response rate was 22%.
The oﬃcials’ data was collected by sending out an email with a link to the same web questionnaire as the citizens answered. The
group of public oﬃcials consisted of employees at the municipalities of Ale, Göteborg, Kungälv, Lilla Edet, Mölndal, and Partille and
at the regional authority, the County Administrative Board of Västra Götaland. The group of public oﬃcials worked within departments responsible for urban planning, emergency management, water production, environmental management and transport
(including maintaining and planning for road networks and public transportation systems). Public oﬃcials from these departments
were considered a relevant group to target because, in their undertakings to prevent ﬂoods in relation to their speciﬁc policy area,
they inﬂuence and shape ﬂood risk management. Of the 421 public oﬃcials invited to answer the questionnaire, the ﬁnal sample
group consisted of 102 individuals, which corresponds to a response rate of 24%.
For both respondent groups, therefore, the response rate was slightly above 20%. The average response rate for other surveys
using the same web panel is 23%. A response rate of slightly above 20% also seems to be in line with other surveys using web panels
in Sweden. Elgan and Leifman (2013) used the same web panel as in this paper to gather information regarding public health and
alcohol problems in Sweden and reported a response rate of 35%. Svensson (2010) states that a 20–30% response rate, when using
web panel surveys, is common. The response rate reported for the current study, therefore, does not diﬀer signiﬁcantly from what can
be considered a common response rate when using web panels. Nonetheless, although the response rate is in line with what can be
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expected from using web panel surveys, the fact that 77% of the panel did not participate could have implications for the representativeness of the sample. For example, the responses of those who answered the questionnaire may diﬀer from those who
declined to answer the survey.
2.5. Model speciﬁcation
In the survey, each choice set involved making a discrete choice among three options: Alternatives A and B corresponded to an
improved future scenario, while Alternative C corresponded to a future scenario where no action was taken to mitigate ﬂood risk.
Each respondent was assumed to have chosen the alternative that provided him/her with the highest expected utility.
2.5.1. The Random Parameter Logit Model
The Random Parameter Logit (RPL) Model can model choice as a function of the attributes of the alternatives, together with the
respondents’ characteristics. The RPL Model is seen as a more ﬂexible version of the Multinomial Logit (MNL) Model, as it allows
unobserved factors to be random and follow any distribution. A general description of the RPL Model is provided below (for an indepth description, see Train, 2009, and Hensher and Greene, 2003).
An individual n (n = 1,…, N) faces t (t = 1,…, T) number of choice situations. In each choice situation t the individual faces a
choice among j (j = 1,…, J) alternatives. Thus, the utility of individual n from choosing alternative j in choice situation t is speciﬁed
as –

Ujtn = βn′ x jtn

(1)

where x jtn is a vector of observed variables that capture the attributes of the alternative j in choice situation t, faced by individual n.

βn = β + Δz n + Γvn

(2)

Vector βn represents the individual’s taste; z n represents observed heterogeneity, i.e. characteristics of individual n that inﬂuence
the mean of the taste parameter, and vn captures unobserved heterogeneity, and is a vector of random variables with zero means and
known variance. The matrix of the non-zero elements of the lower triangular Cholesky matrix is represented by Γ. The individual is
then assumed to choose alternative i, given that each alternative corresponds to a speciﬁc utility level, if and only if Uin > Ujn ∀ j ≠ i ,
i.e. choosing the alternative which provides him/her with the highest expected utility. In the RPL Model, unlike the Standard Logit
Model, two types of variation in preferences are accounted for: the variation associated with individual speciﬁc characteristics (e.g.
income), and a random unobservable preference heterogeneity captured by the standard deviation (θ) of the distribution f (β ) of the β
’s in the population. If the standard deviation is statistically signiﬁcant, the coeﬃcient varies across individuals. In the MNL Model,
preferences are able to vary according to individual speciﬁc characteristics but are otherwise assumed to be homogenous across
individuals.
Because βn is unknown and follows a random distribution, the simulated choice probability is deﬁned as the integral of Lin (βn ) :

Pin =

⎧

R

T

J

⎩

r=1

t=1

j=1

∫ Lin ⎨ R1 ∑ ∏ ∏

⎛ e (β + zn + Γvn) xin ⎞ ⎫
( | )
⎜ ∑ e (β + zn + Γvn) xjn ⎟ ⎬ f β θ dβ
⎠⎭
⎝ j

(3)

where Pin is the simulated choice RPL probability evaluated at diﬀerent values of β . Given a speciﬁed distributional form of f (β ) (such
as normal, lognormal or triangular), the parameters θ of the distribution f (β ) can be estimated via a simulated maximum-likelihood
estimation. We are, therefore, able to estimate the mean and standard deviation of the distribution of the populations’ taste for the
attributes of the alternatives. Given R draws, one obtains simulated choice probabilities by averaging the logit expression over these
draws. In this study Halton draws is used, as previous literature (see e.g. Bhat, 2001; Train, 2009) has found simulation variance to be
lower when using Halton draws instead of standard random draws, thus making Halton draws more eﬃcient. Furthermore, since each
respondent faces t (t = 1,…,T) number of choice situations, in which individual faces a choice among j (j = 1,…,J) alternatives, the
simulated choice probabilities are obtained by taking the products of the logit expressions over the T number of choice situations and
J alternatives.
3. Results
3.1. Descriptive statistics
With regard to socio-economic and demographic representation, Table 2 below compares the two groups in the sample with each
other as well as with the regional average in respect of a selection of descriptive statistics.
Regarding the representativeness of the citizen sample, the descriptive statistics show that, in comparison with the regional
average reported by Statistics Sweden (2015), the gender and age distributions are similar. In respect of education, both sample
groups are more educated, on average, in comparison with the regional population. Similar diﬀerences with respect to education
have been found in previous Swedish studies (Ek and Persson, 2014; Ek and Söderholm, 2008). Although the income levels of the two
sample groups and the regional population are not entirely comparable (as the sample groups’ household income is given as a span
rather than a speciﬁc number), the households in the citizen sample seem to have somewhat higher incomes than the regional
population average. Since a higher household income lessens economic constraints, these diﬀerences between the samples and the
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Table 2
Comparative descriptive statistics for the sample groups and the regional population average.
Descriptive statistics

Public oﬃcials

Variable

Mean

Standard deviation

Citizens
Mean

Standard deviation

Regional population average
Mean

Female
University education
Age
Monthly income per household

58%
92%
43 years
60,000–80,000 SEK

0.492
0.274
11
10,000–20,000

49%
58%
50 years
40,000–60,000 SEK

0.499
0.498
18
10,000–20,000

50%
42%
49 years
38,000 SEK

Statistics Sweden (2015).

Table 3
Sample-speciﬁc statistics.
Descriptive statistics

Citizens

Public oﬃcials

Minimum/
Maximum

Test statistics of equal means

Variable

Mean (%)

Std dev.

Mean (%)

Std dev.

Min.

Max.

z

Prob. |z| > Z*

Aﬀected by low water supply security
Aﬀected by traﬃc disturbances
Aﬀected by property damage
Knowledge

16
73
22
19

0.36
0.44
0.41
0.39

11
81
22
76

0.30
0.39
0.32
0.42

0
0
0
0

1
1
1
1

−5.86
7.84
0.11
−18.95

0.0000
0.0000
0.9151
0.0000

Table 4
Descriptive statistics: Concern regarding environmental and societal risks.
Question: How worrying do you ﬁnd the below stated environmental- and societal risks?
Options

Not worrying at all

Not particularly worrying

Neither nor

Quite worrying

Very worrying

Don’t know

Climate change
Flooding

4|2
4|2

12|8
24|15

24|12
33|29

41|35
34|43

19|41
4|8

1|1
0|1

The numbers represent the percentages of citizens| oﬃcials, for each of the given answering options.

regional population average may imply that the results are not entirely representative. These diﬀerences need to be borne in mind
when interpreting the results.
When comparing the sample of public oﬃcials with the sample of citizens, public oﬃcials were more likely to have a university
degree, they were younger, and they had higher income levels. There were also more women than in the citizen sample group. These
diﬀerences are statistically signiﬁcant, see Appendix, Table A1.
Table 3 gives an overview of selected answers to questions relating to the respondents’ experiences and knowledge regarding
ﬂoods. Both respondent groups were asked if they had been aﬀected by the negative impacts of ﬂoods in relation to property damage,
traﬃc disturbances and water supply security. 22% of both sample groups had been aﬀected by property damage caused by ﬂooding;
a relatively large proportion – 73% of the citizen group, and 81% of the public oﬃcial group – had been negatively aﬀected by ﬂood
impacts in respect of traﬃc disturbances; while 16% of the citizen sample and 11% of the public oﬃcial sample had been aﬀected by
interruptions in water provision caused by ﬂooding. According to the result of the test of equal means between the two sample
groups, the mean of the groups diﬀer for all the descriptive variables, except for the variable Aﬀected by property damage.
The respondents were also asked whether they perceived themselves as having more knowledge about ﬂood-related issues than
people have in general. Some 76% of public oﬃcials aﬃrmed this was the case, whilst only 19% of the citizen sample considered
themselves as being more knowledgeable about ﬂooding than the average person.
The respondents were further asked how worrying they found the impacts of climate change and the risk of ﬂooding. The results
displayed in Table 4 show that both respondent groups were more worried about the impacts of climate change in general than about
ﬂooding in particular. Public oﬃcials were also more worried about the consequences of climate change and ﬂoods than citizens
were.
Other questions posed to the respondents were which actors they perceived as bearing the main responsibility for reducing the
negative eﬀects of ﬂoods. The responses, as presented in Table 5, show that both sample groups considered the municipality to bear
the largest overall responsibility, followed by state (regional and national government) actors and lastly citizens.
The trust in the capacity of the public authorities to live up to their responsibility was, however, overall relatively low amongst
citizens. The public oﬃcials in the study, on the other hand, showed more trust that municipalities were doing a good job with respect
to reducing ﬂooding. The opposite was true for the public oﬃcials group when it came to their reported level of trust in individuals:
only 1% of public oﬃcials believed that individuals assumed the required responsibility to reduce the negative impacts of ﬂoods.
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Table 5
Descriptive statistics: Responsibility of, and trust in, actors (%).
Options

Very little

Little

Neither nor

Large

Very large

Don’t know

Question: How much responsibility do you believe the diﬀerent actors in Sweden have to prevent negative eﬀects of ﬂoods with regards to water supply security?
State (Government, National authorities)
2|0
7|15
11|9
46|37
30|37
4|2
Municipalities
1|1
1|2.5
3|2.5
35|31
57|61
3|2
Citizens
10|20
24|26
31|21
26|26
5|2
4|5
Question: How much responsibility do you believe the diﬀerent actors in Sweden have to prevent negative eﬀects of ﬂoods with regards property damage?
State (Government, National authorities)
8|11
14|22
26|22
33|26
14|14
5|5
Municipalities
2|2
4|6
11|9
44|45
35|34
4|4
Citizens
3|0
9|8
20|8
44|55
20|26
4|3
Question: How much responsibility do you believe the diﬀerent actors in Sweden have to prevent negative eﬀects of ﬂoods with regards traﬃc disturbances?
State (Government, National authorities)
2|0
5|1
11|5
37|38
41|54
4|2
Municipalities
1|0
2|4
6|1
33|34
54|59
4|2
Citizens
23|32
28|27
27|22
14|11
4|6
4|2
Question: How conﬁdent are you that the diﬀerent actors in Sweden live up to their responsibility regarding preventing the negative eﬀects of ﬂoods with regards to
water supply security, property damage, and traﬃc disturbances?
State (Government, National authorities)
7|8
25|21
42|41
24|26
2|4
n.a
Municipalities
9|1
25|13
37|33
28|45
1|8
n.a
Citizens
9|14
27|33
54|52
9|1
1|0
n.a

The numbers represent the percentages of citizens| oﬃcials, for each of the given answering options.

Table 6
Estimated Random Parameter Logit (RPL) estimations (standard errors in parentheses).
RPL

Citizens

Variable

Coeﬃcient

Property damage
Traﬃc disturbances
Water supply security
Fee
Status quo(n
o change)
Log likelihood value

−0.010
−0.040
−0.022
−0.003
−2.589

Mc Fadden R2

Oﬃcials
Standard deviation
***

(0.001)
(0.006)***
(0.001)***
(0.000)***
(0.237)***

***

0.012
0.047***
0.018***
Fixed
3.112***

−4924.402
0.307

Numbers in parentheses are standard errors.

*** ** *

,

,

Coeﬃcient
−0.018
−0.006
−0.040
−0.005
−2.431

Standard deviation
***

(0.005)
(0.019)
(0.006)***
(0.001)***
(0.641)***

0.015***
0.023
0.026***
Fixed
2.016***

−427.288
0.428
indicate signiﬁcance level at 1%, 5% and 10%.

3.2. Estimation results
The RPL Model, which allows accounting for heterogeneity in taste, was used. Two separate estimations were estimated, one for
each respondent group2. The ﬂood descriptive attributes – Property damage, Traﬃc disturbances, Water supply security and the Status
quo – are random parameters that are assumed to follow a normal distribution. It is assumed that the Cost parameter is ﬁxed. A ﬁxed
cost parameter implies that the gain in marginal utility and marginal income is equally valued across all individuals. In order to test
the two separate RPL estimations’ explanatory power, the null hypothesis of all estimated coeﬃcients except for the constant term
being equal to zero was tested via a log-likelihood ratio test. The hypothesis could be rejected at the 5% signiﬁcance level.
In order to determine what distributional form would best ﬁt the model, other distributional assumptions, including the uniform
and triangular distribution were also tested for. The results show that the likelihood values for the diﬀerent speciﬁcations are not
statistically diﬀerent from each other at the 5% level, implying that there is no diﬀerence between the various speciﬁcations. Thus,
the normal distribution was chosen. Table 6 reports the results of the RPL Model. These results were estimated via the statistical
software program NLOGIT 5, using 2000 Halton draws.

2
Other speciﬁcations were examined before choosing to estimate the two respondent groups separately using the RPL model. The possibility of combining the
datasets were explored by the test procedure suggested in Louviere et al. (2000), which tests the hypothesis that the model parameters are equal in the two respondent
groups, while controlling for scale diﬀerences. The test indicated that the model parameters are homogenous and a combined model is therefore possible. In order to
account for potential scale heterogeneity, the GMXL Model was run using a combined data set including both respondent groups; public oﬃcials and citizens. The
results from estimating the GMXL Model show that the coeﬃcient of the unobserved scale heterogeneity is not statistically signiﬁcant, i.e. no evidence of heterogeneity
in scale was found. A latent class model was also run, however broke down even with few classes, suggesting that using the model may be inappropriate for the data
set. Details of these models and tests can be obtained from the author upon request. Although combining the data samples are possible, estimating the two respondent
groups separately were considered more informative and illustrative, given that the objective of this paper is to examine possible diﬀerences in prioritisation of the
negative eﬀects of ﬂoods by the two groups.
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Table 7
Marginal willingness-to-pay to avoid negative impacts of ﬂoods.
Marginal willingness-to-pay

Citizens

Variable

Coeﬃcient

Property damage in SEK(Euros)/property)
Traﬃc disturbances in SEK(Euros)/day
Drinking water provision insecurity in SEK(Euros)/day
*** ** *

,

,

Public oﬃcials
Standard error

***

3 (0.3)
14 (1.4)***
8 (0.8)***

0.275
2.187
0.366

Coeﬃcient
***

4 (0.4)
1 (0.1)
8 (0.8)***

Standard error
0.543
3.850
0.892

indicate signiﬁcance level at 1%, 5%, and 10%

All respondents were given eight choice sets, each of which consisted of three alternatives. Each respondent answered all choice
sets; thus, there are no missing observations. In the citizen sample, there were 809 respondents, who generated 6472 observations.
For the group of public oﬃcials the ﬁnal number of respondents was 102; thus, the sample constituted 816 observations. In the citizen
sample, the Status quo alternative was chosen in 11% of the choice sets; in the public oﬃcial sample, the Status quo alternative was
chosen in 7% of these sets.
The cost attribute Fee and the attributes Water supply security and Property damage are statistically signiﬁcant for both groups. The
coeﬃcients all have negative signs, which is to be expected. Decreasing the water supply security, i.e. increasing the number of days
for which the Göta River cannot be used to produce drinking water, should have a negative impact on the respondents’ utility and the
probability of choosing an alternative. In addition, increasing the number of houses that suﬀer ﬂood damage should also have a
negative eﬀect on the individual’s probability of choosing an alternative. Results for the Status quo option, which corresponds to
doing nothing to reduce the negative eﬀects of ﬂoods, are also statistically signiﬁcant and negative, for both citizens and public
oﬃcials, which implies a negative status quo bias. This entails that respondents in both groups refrain from choosing the Status quo.
With regard to the Traﬃc disturbances attribute, increasing the number of days on which ﬂoods cause traﬃc disturbances has a
statistically signiﬁcant negative eﬀect on the probability of citizens choosing a speciﬁc alternative. However, no such relationship is
found for the sample of public oﬃcials.
The estimated standard deviations of the random parameters of the RPL Model are statistically signiﬁcant at the 1% level, except
for traﬃc disturbances in public oﬃcials’ sample. Thus, heterogeneity among the respondents is found in both sample groups.
The results of the RPL Model suggest that citizens and public oﬃcials do not diﬀer substantially in their preferences if one looks at
the signs and statistical signiﬁcance of the estimated parameters. The only attribute for which the results of the two respondent
groups diﬀer signiﬁcantly is Traﬃc disturbances.
Although the results presented in Table 6 are informative in terms of diﬀerences in statistical signiﬁcance, signs and heterogeneity, they do not oﬀer the opportunity to compare the relative importance of the various attributes and their respective levels. In
order not only to make such relative comparisons, but also to be able to say something about the monetary valuation of reducing the
negative eﬀects of ﬂoods, the respondents’ marginal willingness-to-pay (WTP) for alleviating the negative impacts of ﬂoods has been
calculated and analysed. These results are displayed in Table 7.
The values evident in Table 7 may seem quite low at ﬁrst glance, but this is due to the unit of measurement used. Thus, for
Property damage, the interpretation of the marginal WTP is the value of reducing, by one house, the number of houses with property
damage caused by ﬂoods, while the marginal WTP for Traﬃc disturbances relates to the value of reducing, by one day, the number of
days with traﬃc disturbances caused by ﬂoods. The marginal WTP for Drinking water provision insecurity is interpreted as the value
of decreasing, by one day, the number of days for which the Göta River cannot be used to produce drinking water.
The WTP estimates show that, overall, both citizens and public oﬃcials are willing to pay to reduce the negative eﬀects of ﬂoods;
however, some diﬀerences also exist between citizens and public oﬃcials in respect of the valuation of the various attributes. For the
citizen sample, the WTP for all three attributes is statistically signiﬁcant at the 1% level: the WTP ranges from €0.3 for Property
damage to €1.4 for Traﬃc disturbances. The sample of public oﬃcials, however, was only prepared to pay to reduce ﬂood-related
negative eﬀects associated with water supply security and property damage. Both WTPs for Property damage and Water supply security
are statistically signiﬁcant at the 1% level. Apart from Traﬃc disturbances, therefore, the valuations by citizens and public oﬃcials
seem rather similar, with both public oﬃcials and citizens willing to pay €0.8, for increasing the water supply security. For property
damage, citizens were willing to pay €0.3 and oﬃcials €0.4.
For citizens, the WTP estimate for reducing traﬃc disturbances is considerably higher than for improving water supply security
and property damage. The diﬀerences between the attributes may ﬁrst appear as large, but it is important to remember that the endpoints – i.e. the levels used in the status quo and the change in the respective attribute levels for the diﬀerent scenarios vary
considerably for the attributes. In order to relate the marginal WTP from Table 7 to the scenario attribute levels used in the experiment, Table 8 gives the marginal WTP for each attribute, from their respective end-points. The marginal WTPs shown in Table 8
has been calculated by running the RPL models again using dummy coded variables for the attribute levels, and thereby calculating
the marginal WTP of each attribute level. All variables except the cost attribute was normally distributed. See Appendix 1; Table B1
for the statistical models.
The WTP for reducing traﬃc disturbances refers to reducing, from eight to two, the number of days a year with ﬂooded, eroded or
washed-away roads and railways. The corresponding change regarding water supply security corresponds to reducing, from 200 to
100 and from 200 to 50, the number of days a year that the water from the Göta river cannot be used for producing drinking water
from 200 days to 100 days, and from 200 days to 50 days, a year respectively. For the attribute property damage the change refers to
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Table 8
Marginal willingness to pay related to the attribute levels (in SEK, Euros in parentheses).
Variable

Marginal willingness-to-pay
Citizens
Coeﬃcient

Property damage – Low (100 → 10 properties/year)
Property damage – Medium (100 → 40 properties/year)
Traﬃc disturbances – Low (8 → 2 days/year)
Water supply security – High (200 → 50 days/year)
Water supply security – Medium (200 → 100 days/year)
*** ** *

,

,

***

307 (31)
298*** (30)
81*** (8)
1064*** (109)
691*** (71)

Public oﬃcials
St. error
27.471
50.354
18.767
57.027
43.584

Coeﬃcient

St. error

***

52.185
95.698
32.387
122.613
85.186

317 (33)
316*** (32)
−5 (0.5)
1043*** (107)
671***(69)

indicate signiﬁcance level at 1%, 5%, and 10%

reducing the number of damaged properties from 100 to 40 properties, and from 100 to 10 properties, a year.
The scenario-related WTPs3 from the RPL Model show that, compared with taking no action to reduce future ﬂood risk, i.e.
maintaining the status quo, Water supply security has the greatest impact on both the citizens’ and public oﬃcials’ utility, with a WTP
of €109 for citizens and €107 for public oﬃcials in respect of a highly secure provision of drinking water. For a medium waterprovision security scenario, citizens are willing to pay €71, and public oﬃcials €69, in comparison with taking no action and
maintaining the status quo.
The scenario-related WTPs for Property damage are smaller than those for Water supply security. For the scenario where property
damage is low, citizens are willing to pay €30 and public oﬃcials €31; for property damage on a medium scale, the WTPs are €31 for
citizens and €33 for public oﬃcials, respectively.
Finally, although citizens awarded Traﬃc disturbances the lowest priority, this attribute had a scenario-related WTP of €8.
Apparent in Table 8 is that public oﬃcials, on the other hand, did not have a statistically signiﬁcant WTP.
The WTP estimates of Table 7 and the scenario-related WTPs from Table 8 suggest that both citizens and public oﬃcials are
willing to pay to reduce ﬂood-related costs. With regard to reducing water supply security and property damage, public oﬃcials’ and
citizens’ WTPs do not diﬀer extensively. Traﬃc disturbance is the only attribute where the two sample groups’ preferences diﬀered
substantially.
From the scenario-related WTPs in Table 8, it is visible that citizens’ prioritisations were the same as those adopted by public
oﬃcials, with top priority being given to reducing water supply security before addressing property damage, followed by dealing
with traﬃc disturbances. As described above, the WTP estimates and the scenario-related WTPs clearly have diﬀerent units of
measure. Nonetheless, in relation to the WTP estimates, the scenario-related WTPs give a more realistic view of change. If policymakers are to make new investments, it is unlikely that they would spend money making small incremental changes such as reducing
the number of houses, with property damage caused by ﬂoods, by one house. Thus, from a policy perspective, the interpretation from
the scenario-related WTPs is more informative. This result suggests that citizens and public oﬃcials make similar prioritisations
regarding the negative eﬀects of ﬂoods.
As stated above, most citizens (89%) and public oﬃcials (93%) seem to choose an option that implies reducing the negative
eﬀects of ﬂoods. Although the individuals choosing the status quo compose a smaller portion of both samples, it is still interesting to
further investigate citizens’ and oﬃcials’ probability of choosing the Status quo alternative. If it is possible to identify variables that
can explain why individuals do not want to reduce the negative eﬀects of ﬂoods, this information could be used to gain further public
support for new investments aimed at reducing ﬂood-related damage. In addition, although public oﬃcials and citizens seem to have
quite similar preferences, there are still some smaller diﬀerences in magnitude and statistical signiﬁcance. Potentially, variables
explaining the probability of choosing the status quo could be indicators of variables that could make citizens and public oﬃcials’
preferences converge or diverge. In order to investigate the probability that citizens and public oﬃcials would choose the status quo,
several explanatory variables were interacted with the Status quo alternative (i.e. the alternative speciﬁc constant); the RPL Model,
with the attributes coded as continuous, was once again run with two separate models, one for each respondent group.4
The results in Table 9 notably reveal that the coeﬃcients for Water supply security, Property damage, Traﬃc disturbances and Cost,
after the inclusion of more explanatory variables, still display the same signs and statistical signiﬁcance. The preferences over the
attribute levels seem to be stable across speciﬁcations.
For the citizen sample, gender inﬂuences the respondents’ probability of choosing the status quo: women were less likely than
men to choose the alternative of not contributing towards reducing the negative eﬀects of ﬂoods. This result is in line with ﬁndings
from previous studies (Cameron, 2005; Devkota et al., 2014). No such eﬀect is found in the sample of public oﬃcials.

3

The marginal WTP estimates assume a constant marginal utility.
Notably, in the process of ﬁnding the ﬁnal model, several explanatory variables were interacted with the Status quo variable. For citizens as well as public oﬃcials,
neither a university degree nor knowledge of ﬂoods had any explanatory power. The eﬀect of the respondents’ income, which was also tested, was not statistically
signiﬁcant for either sample group’s probability of choosing the status quo; testing for the eﬀect of age produced similar results. Earlier studies, such as those by Ågren
et al. (2006) and Johansson-Stenman (2008), have found that these more socio demographic and knowledge-related variables provide explanations for discrepancies
between the decisions taken by oﬃcials and the preferences of the general public. This study can conclude that neither of these categories of variables were found to
have any statistically signiﬁcant eﬀect on either citizens’ or oﬃcials’ probability of choosing the status quo of doing nothing to reduce the negative eﬀects of ﬂoods.
4
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Table 9
Estimated Random Parameter Logit Model including explanatory variables6 (standard errors in parentheses).
RPL

Citizens

Variable

Coeﬃcient

Water provision security
Property damage
Traﬃc disturbances
Fee
Status quo (stq)
Woman*stq
Climate change*stq
Trust in state*stq
Trust in municipality*stq
Trust in citizens*stq
Aﬀected by water provision
Aﬀected by property damage
Aﬀected by traﬃc disturbances
Log likelihood value

−0.176 (0.001)
−0.004 0.001)***
−0.033 (0.007)***
0.002 (0.000)***
−0.154 (0.467)
−0.595 (0.166)***
−0.361 (0.074)***
−0.548 (0.132)***
0.084 (0.128)
0.248 (0.100)**
0.248 (0.133)*
−0.028 (0.143)
0.119 (0.119)
−4774.309
0.329

Mc Fadden R2
*** ** *

,

,

Oﬃcials
Standard deviation
***

***

0.019
0.012***
0.096***
0.004***
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Coeﬃcient

Standard deviation

−0.035 (0.006)
−0.013 (0.005)***
−0.003 (0.020)
−0.004 (0.001)***
−3.602 (2.849)
0.019 (0.697)
−0.71532 (0.294)**
−0.131 (0.351)
0.741 (0.490)
0.514 (0.527)
0.088 (0.824)
1.069 (0.662)
−0.429 (0.515)
−421.535
0.436
***

0.024***
0.012***
0.046
0.003***
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

indicate signiﬁcance level at 1% 5% and 10%.

The only explanatory variable that has a similar impact on both groups is climate change: concerns about climate change reduce
the probability of choosing the Status quo alternative in both samples. Moreover, if one includes individual diﬀerences in perceptions
about climate change as an explanatory variable in the model, the Status quo variable becomes statistically insigniﬁcant. Thus, it
seems that climate change concerns are an important driver for the negative status quo bias. These results are consistent with
previous ﬁndings (Botzen and Van den Bergh, 2012a,b).
Citizens’ probability of choosing the Status quo alternative is further statistically reduced if they have trust in the state. In other
words, citizens are more likely to choose a costly option – which implies doing something to reduce the social costs of ﬂoods – if they
are conﬁdent that state actors (government, national authorities) live up to their responsibility to prevent the negative eﬀects of
ﬂoods in respect of property damage, traﬃc disturbances and water supply security. For the sample of public oﬃcials in the current
study, no such statistically signiﬁcant relationship between trust in government institutions and the probability of choosing the status
quo was found.
Both sample groups were also asked about the extent to which they trusted that citizens would fulﬁl their responsibility to prevent
the negative eﬀects of ﬂoods with regard to property damage, traﬃc disturbances and water supply security. For the citizen sample,
trusting the individual to live up to his/her responsibility increases the probability that citizens would choose the Status quo alternative. This result is statistically signiﬁcant at the 5% level. This outcome seems reasonable: if citizens trust that private individuals
live up to their responsibility to reduce the negative eﬀects of ﬂoods, less needs to be done in this regard by public institutions. For the
sample of public oﬃcials, no statistically signiﬁcant relationship was found between trust in the individual and the probability of
choosing the Status quo alternative.
Finally, the three variables concerning the citizens’ and public oﬃcials’ previous experience of the relevant ﬂood-related events –
namely property damage, traﬃc disturbances and water supply security – were included in the RPL Model. It was hypothesised that
respondents’ willingness to accept higher costs to reduce the negative impacts of ﬂoods would be inﬂuenced if they had been aﬀected
by such impacts. For the sample of public oﬃcials, the results show no such statistically signiﬁcant relationship. For the citizen
sample, however, individuals that had experienced low water quality and drinking water shortages were more likely to choose the
status quo than those who had not. This result seems somewhat surprising at ﬁrst, given that experiencing a shortage in drinking
water is expected to have a negative eﬀect on an individual’s well-being. However, it is possible that an individual’s actual experience
of an interrupted drinking water supply was regarded as being less of a problem than an imagined interruption. The coeﬃcient is only
statistically signiﬁcant at the 10% level.
4. Conclusion
This paper has analysed the preferences of public oﬃcials and citizens regarding the negative impacts of ﬂoods. Citizens and
public oﬃcials in the ﬂood-prone Gothenburg region answered identical CE surveys characterised by the following negative impacts
of ﬂoods, namely property damage, traﬃc disturbances and water supply security. By having citizens and public oﬃcials respond to
identical surveys, diﬀerences in prioritisation amongst the negative eﬀects of ﬂoods and their monetary valuation were analysed.
In general, the estimated marginal WTP suggests that ﬂoods have a negative impact on the utility of both groups: both citizens and
public oﬃcials were willing to pay to reduce such impacts. This implies that both public oﬃcials and citizens would beneﬁt from
further investments in ﬂood-risk-reducing measures being made in order to limit the future costs caused by ﬂoods in the Gothenburg
region.
Furthermore, public oﬃcials generally seemed to make similar prioritisations to those that citizens did, with water supply security
being considered a more important matter to address than property damage, which was in turn considered more important that traﬃc
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disturbances. Further, public oﬃcials’ and citizens’ WTP for increasing the water supply security and decreasing property damage did
not diﬀer extensively. Given public oﬃcials’ central role in the decision-making process regarding ﬂood risk management, and
despite the rather limited of use of CBA, decisions made within the public sector will not come to diﬀer substantially from citizens’
preferences.
There are, however, some diﬀerences in the preferences expressed by citizens and public oﬃcials. For example, public oﬃcials
were not willing to spend anything on reducing traﬃc disturbances caused by ﬂoods, whilst citizens were prepared to do so. The
result regarding the public oﬃcials’ preferences in respect of ﬂood-related traﬃc disturbances is somewhat surprising: given that
most public oﬃcial’s report that they commute daily and have personally been aﬀected by ﬂood-related traﬃc disturbances, these
oﬃcials were anticipated to be more willing to accept a higher fee to reduce such disturbances. On the other hand, public oﬃcials’
frequent commuting and their actual experience with ﬂood-related traﬃc disturbances may have desensitised them to such disruptions. In addition, since Gothenburg is the second largest city in Sweden, traﬃc disturbances are not uncommon – whether or not
they are caused by ﬂoods. Given that the scale for the number of days with ﬂood-related traﬃc disturbances is quite small, i.e. it
ranges between two and eight days, to a respondent that commutes daily this may seem like less of a problem than having to deal
with disturbances caused by congestion and car accidents, for example. In the case of traﬃc disturbances, public oﬃcials who take
only their own and not citizens’ preferences into account when making investment decisions will cause such investments to be
socially suboptimal.
Decisions made by oﬃcials within the public sector have been found to be greatly inﬂuenced by their private norms (Nilsson
et al., 2004; Wilson, 1989). Public oﬃcials in this study were therefore asked to answer the questionnaire as private individuals
rather than as decision-makers. Thus, unlike the earlier studies, public oﬃcials’ private preferences were compared with citizens’
preferences. The overall ﬁnding in the current study, i.e. that public oﬃcials’ and citizens’ preferences were quite similar, diﬀers to
some extent from ﬁndings in previous studies. Although several other studies seemed to ﬁnd at least some similarities between
citizens’ and public oﬃcials’ preferences, the diﬀerences between them were more noticeable (Ågren et al., 2006; Carlsson et al.,
2011, 2012; Terwel and Ter Mors, 2015). The diﬀerence in results between the current study and others could at least partly be
explained by the point of view public oﬃcials were asked to hold when answering the questionnaire. This implies that, given that
public oﬃcials in the current study used their private preferences when making public decisions, the diﬀerences between public
decisions and private preferences are potentially smaller than indicated by earlier research.
Rogers (2013), which is the only study to the author’s knowledge, who also used a direct comparison, did in contrast to this study,
ﬁnd diﬀerences in the two studied groups’ preferences and valuations. Rogers (2013) did however study scientiﬁc experts’ preferences in comparison to citizens’ preferences, instead of public oﬃcials. Scientiﬁc experts having more knowledge and awareness
about the issue at hand was given as the explanation for the divergence found between the groups. Although there are also diﬀerences
found between public oﬃcials and citizens in terms of education, and perceived knowledge of ﬂoods, the level of diﬀerence in
education and awareness is most likely larger between scientiﬁc experts and citizens, than between public oﬃcials and citizens. Thus,
the contrasting ﬁndings in this study, compared to Rogers (2013), could potentially be attributed to the knowledge- and awareness
gap between scientiﬁc experts and citizens being larger than the gap between public oﬃcials and citizens.
The current study also found a statistically signiﬁcant relationship between trust in government institutions and citizens’ WTP to
reduce the negative eﬀects of ﬂood events. According to Pharr et al. (2000), perceived trust may inﬂuence individuals’ perceptions
about the eﬀectiveness of diﬀerent measures targeted towards reducing the negative eﬀects of ﬂoods, for example. Thus, individuals
may place high values on reducing the negative impacts of ﬂoods, but their willingness to contribute towards paying for such
measures may be limited as a result of lack of trust in government institutions’ ability to actually produce such reductions. Other
studies also have shown, trust in government institutions is important for legitimising the decisions made by these bodies (Levi, 1997;
Scholz and Lubell, 1998) and, by extension, for raising the ﬁnancial resources such bodies need to achieve their societal goals
(Gamson, 1968). The importance of legitimacy for policy implementation is also visible in research by Chen and Hua (2015), Oh and
Hong (2012) and Kountouris et al. (2015), whose ﬁndings suggest that public projects can be hindered by a lack of trust in the
government. The current study’s ﬁndings also show that trust in the state seems to be one of two principal variables (the other being
climate change concerns) when it comes to individuals’ willingness to contribute towards alleviating the negative impacts of ﬂoods.
The citizen sample’s level of trust is rather low (averaging at around 20%) when it comes to believing that government institutions
live up to their responsibility to handle the negative eﬀects of ﬂoods. Given this rather low level of trust it seems important for public
oﬃcials to gain further legitimacy of their decisions relating to ﬂood risk-management policies, but also their ability to raise ﬁnancial
resources to implement measures to reduce the negative eﬀects of ﬂoods.
The results further suggest that respondents – whether public oﬃcials or citizens – who reported being concerned about climate
change were less likely to choose the Status quo alternative, instead opting for an alternative that implied reducing the negative
impacts of ﬂoods. These results are consistent with previous ﬁndings (Botzen and Van den Bergh, 2012a,b; Veronesi et al. 2014).
About 60% of the citizen sample and 80% of the public oﬃcial respondents reported that they were concerned about climate change.
The 20% diﬀerence could potentially be a result of a knowledge gap between public oﬃcials and citizens. Almost 80% of public
oﬃcials surveyed – compared with only 19% of citizens – perceived themselves as having more knowledge about ﬂood-related issues
than people in general. Also, although the Gothenburg region is already currently exposed to ﬂood risk, only 26% of all citizen sample
respondents had been given information on regional ﬂood risk, and only 19% of the respondents had prior knowledge about ﬂoodmitigating measures proposed or implemented in the region. There is great scope, therefore, for public oﬃcials to gain further
support for ﬂood risk-management policies by increasing citizens’ knowledge of the negative eﬀects of ﬂoods in the region.
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Appendix A.

Table A1
Test statistics of equal means for the two groups.
Variable

z

Prob. |z| > Z*

Female
University education
Age
Monthly income per household

8.71
29.73
−16.23
37.37

0.0000
0.0000
0.0000
0.0000

A t-test of equal means is used to determine if the means of the two sample populations, public oﬃcials and citizens, are
equal. The null hypothesis of equal means is rejected if the critical value of the standard normal distribution is smaller
than the test statistic. The test follows the procedure described by Greene (2008) in the LIMDEP NLOGIT Forum, i.e. “TTest for comparing means of two groups”. The test was performed in LIMDEP by combining the two sample groups and
creating a dummy variable for the public oﬃcial sample. The t-test was performed by regressing the variable in
question (e.g. monthly income) on a constant and a dummy variable. The reported t-statistic for the dummy variable
constitutes the test statistic for the hypothesis of equal means for the two sample groups. The results of these tests, as
presented in Table 3, show that the null hypothesis of equal means for the two samples could be rejected for the various
socio-demographic variables.

Table B1
Estimated Random Parameter Logit Model with dummy coded attribute levels (standard errors in parentheses).
RPL

Citizens

Oﬃcials

Variable

Coeﬃcient

St.deviation

Coeﬃcient

St.deviation

Traﬃc disturbances – Low (8 → 2 days/year)
Water supply security – High (200 → 50 days/year)
Water supply security – Medium (200 → 100 days/year)
Property damage – Low (100 → 10 properties/year)
Property damage – Medium (100 → 40 properties/year)
Status quo
Fee
Log likelihood value

0.185(0.042)***
2.439(0.164)***
1.584(0.123)***
0.704(0.106)***
0.684(0.137)***
−3.102(0.272)***
−0.002(0.000)***
−4852.006
0.318

0.009
1.462***
0.006
0.502***
0.001
3.677***
Fixed

−0.003(0.020)
−0.004(0.001)***
−3.602(2.849)
0.019(0.697)
−0.71532(0.294)**
−0.131(0.351)
0.741(0.490)
−421.535
0.436

0.046
0.003***
Fixed
Fixed
Fixed
Fixed
Fixed

Mc Fadden R2
*** ** *

,

,

indicate signiﬁcance level at 1% 5% and 10%.
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Abstract
The objective of this paper is to study how different European countries have addressed
the trade-offs between availability and affordability on the one hand, and incentives to
reduce risks in their flood compensation schemes on the other. The analysis is conducted
by studying the relationships between what may constitute a just distribution of
compensation after a flood and the contribution of the compensation schemes to reduce
risk and costs, in four selected European countries, namely Sweden, England, France and
the Netherlands. The compensation schemes currently in use in the selected countries
vary, both in terms of to what extent they incentivise individuals to reduce flood risk and
costs, and how compensation is distributed. This variation may be a result of a
combination of differences in distributional value judgements, in the level of
consequences of floods and in the importance of economic arguments.
For differentiated premiums to incentivise individuals to reduce risk requires
specific conditions (not too high or low levels of flood risk). Further, even when the
severity of consequences and types of flooding permits the use of differentiated
premiums, there may still be distributional aspects that imply that using differentiated
premiums may not be considered a viable option. In reality, the, the potential to use
differentiated premiums to incentives individuals to reduce risk may therefore be limited.

1. Introduction
Floods already today imply significant negative consequences for human welfare,
including both loss of life and significant economic costs in terms of material damages
(UNISDR, 2011). The annual economic losses in Europe due to flooding are estimated to
about 4.6 billion euro (Jongman et al., 2014). Climate change in combination with
increased urbanisation and concentration of economic activity to coasts and shorelines
will likely lead to increased negative consequences in the future (e.g. IPCC, 2014; Muis et
al., 2015), and the average annual economic costs of flooding in Europe are therefore
expected to increase fivefold by 2050 (Jongman et al., 2014). As a response to these
consequences of climate change, the European Commission (2013a) has launched a Green
Paper on the insurance of natural and man-made disasters. This document stresses the
importance of the availability and affordability of flood insurance, but also the potential
for using insurances to promote risk reduction and disaster mitigation. In addition, in the
European Union (EU) strategy on climate change (European Commission 2013b) it is
stated that “the Commission's aim is to improve the market penetration of natural
disaster insurance and to unleash the full potential of insurance pricing and other
financial products for risk awareness, prevention and mitigation,” (p. 9) Both
distributional aspects and economic aspects are thus emphasised by the EU.
Distributional aspects and economical aspects have come to be increasingly
discussed in relation to the impacts of climate change (Johnson et al., 2007, 2008; Walker
and Burningham, 2011). Decisions on how to share responsibilities and costs have
implications not only for who will carry the financial burden and who will be compensated
in case of flood events; they also affect the incentives of the individual to undertake riskreducing measures and can thus affect the total societal costs associated with flooding.
Compensation schemes within which the beneficiaries pay in accordance with their level
of risk can reduce the costs of flooding by encouraging individuals to invest in flood risk
reducing measures in return for e.g. a reduction in the premium paid to the compensation
scheme. A compensation scheme within which individuals instead bear the risks
collectively, thereby redistributing the costs of floods between high- and low risk
individuals, may not encourage individuals to reduce their risk exposure but it can
increase the availability and the affordability of insurance also to high-risk and lowincome individuals. This suggests that pursuing availability and affordability in flood
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compensation schemes will typically come at a cost in term of weak incentives to promote
risk-reducing behaviour.
How to weigh distributional aspects against the impact of incentives on costs is
dependent on what is considered a fair, equitable or a just distribution of compensation
in society, such as equal compensation (Rawlsian) or equal opportunity to compensation
(egalitarian), or simply whatever distribution that might arise from the market
mechanism (libertarian). Depending on the adoption of such standpoints of justice, what
is considered a just distribution may differ considerably. This suggests in turn that the
perceived gain; i.e. the difference between the benefits from reducing costs and
reductions on availability and affordability may also differ depending on how justice is
defined in the first place. The costs and benefits from promoting availability and
affordability at the expense of risk reduction is also affected by the individuals’ ability to
protect themselves against floods, which in turn is a function of the level of consequences
of floods in the particular country.
When designing compensation schemes for floods, policy makers are left with the
task of handling the trade-offs between the distributional aspects (availability,
affordability) and the aspects related to incentives of these schemes. The objective of this
paper is to analyse how different European countries have addressed the trade-offs
between availability and affordability on the one hand and incentives on the other, in their
design of flood compensation schemes. The analysis is conducted by studying the
compensation schemes for damages caused by floods 1 in four selected European
countries, namely Sweden, England, France and the Netherlands. These countries have
been selected to display the great variety of flood risk and compensation schemes for
floods persisting in Europe today. They differ in terms of physical risks of flooding as well
as in terms of distributional value judgments, some adopting more of a solidarity
approach where compensation for damages caused by flooding is financed collectively
while others have taken a more individualistic approach where the beneficiary pays.

1 The analysis encompasses compensations schemes for pluvial, fluvial and coastal flooding. Coastal
flooding typically occurs as the result of extreme tidal conditions caused by severe weather. The water from
the sea then overflows low-lying land and can cause devastating loss of life and property. Fluvial flooding
occurs when excessive rainfall, heavy snowmelt or ice causes a river to exceed its capacity. The damage
from a river flood can be widespread as the overflow spreads downstream. A pluvial- or surface water flood
occurs when heavy rainfall saturates the grounds and urban drainage schemes become overwhelmed.
Water then flows out into streets and may damage properties.
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Previous literature has analysed compensation schemes for flooding both from an
economical point of view (e.g. Bin et al., 2012; Botzen and van den Bergh, 2008; Botzen
and van den Bergh, 2012; Dlugolecki, 2008; Filatova, 2004; Paudel, 2015; Hudson et al.,
2015) and from the point of view of different notions of fairness, equity and justice (e.g.
Johnson et al., 2007; Doorn, 2015; Kaufmann et al., 2016; Thaler and Hartmann, 2016).
This paper will add to the existing literature primarily by combining these two
perspectives. Only by jointly addressing these two perspectives is it possible to study the
trade-offs that policy makers face when designing flood compensation schemes. The aim
of this paper is not to identify the ideal compensation scheme, and thereby pass
judgement on how to design the compensation scheme for floods. The contribution is
rather to highlight that different perspectives of what may constitute a just distribution
together with the level of consequences and the type of flood (which may affect the room
for risk reduction) will affect the cost for availability and affordability in terms of the loss
in incentives; i.e. the ability to reduce the costs of flooding. What is considered ideal in one
setting may not necessarily be considered ideal in another.
The remainder of the paper is organised as follows. The second section presents the
theoretical framework and discusses the concepts of justice and the relationship between
the organisation of the compensation schemes and the costs caused by flooding. The third
section presents the methodological approach, including a brief introduction to the
empirical material. The fourth section describes important aspects of the physical and
institutional characteristics in the selected countries with regard to flood risk and flood
compensation schemes. Section five analyses how the combination of physical conditions,
economic aspects, and guiding principles of justice has affected the trade-off between
availability/affordability and establishing incentives to promote risk-reducing behaviour.
Section sixth and seven concludes and discusses the implications for national and EU
policies.
2. Theoretical framework – economical and philosophical perspectives of justice
related to flood compensation schemes
2.1 The conditions for a functioning insurance market
Economic aspects in the context of flood compensation schemes are emphasised by the
EU. In the EU strategy on adaption to climate change, one of the objectives is to promote
insurance and other financial products as a tool for incentivizing mitigation (European
commission, 2013b). By allowing the insurance premiums to reflect the actual risks,
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insurers’ assign a cost on risk-taking. Individuals are thereby encouraged to manage their
risk exposure by pursuing various mitigating measures (e.g. Arrow, 1970). As a result,
individuals would strive to reduce the flood risks they pose by living in flood prone areas.
However, for such differentiated premiums to function as intended, the risk of flooding
must be known to both the insurance buyer and the seller. Furthermore, both the
insurance buyers and the insurance companies are assumed to maximize their expected
wealth. In such a setting, a perfectly competitive market for insurance can be established
and lead to insurances being distributed in accordance with individuals’ preferences so
that no one can be made better off without making someone else worse off, i.e. a Pareto
optimal distribution.
There are however circumstances when differentiated premiums may be unable to
provide incentives for reduced risk exposure. In instances where the level of
consequences imply that individuals have less control and ability to influence the
consequences of a flood event (Jaffe and Russel 1997), differentiated premiums may fail
to incentivize individuals to reduce their flood risk because some flood risks are just too
great to be reduced by any individual alone. The individual’s ability to influence the
consequences of a flood event varies with the physical conditions, i.e., the size of the risk,
and the type of flooding (i.e., coastal, pluvial or fluvial) due to the differences in volume of
water involved in different kinds of flooding events. The amount of water involved in
pluvial flooding is typically lower than in the case of coastal and fluvial flooding. As a
result, the possibility to mitigate the flood risks from an individual’s perspective may be
greater in the case of pluvial flooding (e.g. caused by heavy rains) compared to fluvial or
coastal flooding.
Incomplete or asymmetric information can also make differentiated premiums fail
to incentivise individuals to mitigate their exposure to floods, it can also lead to decreased
availability and affordability. Market failures related to asymmetric information in
insurance markets are adverse selection and moral hazard, which arise when insurers lack
sufficient information of the level of flood risks that individuals face. If insurers are unable
to separate high-risk individuals from low-risk individuals (Akerlof, 1970), this will lead
to an adverse selection of insurance takers, where high-risk individuals will dominate the
insurance market. As a result, premiums will increase and too little insurance will be
bought (Arrow, 1963; Pauly, 1974). These effects stand in contrast to the EU
Commission’s aims of affordability, availability and a high market penetration.
4

Decreasing availability and affordability may arise in the insurance market for
floods, not only because of asymmetric information but also as a result of the shortage of
information. Information on flood risk is many times not available, or is available with
uncertainty (Henriet and Michel-Kerjan, 2006). Furthermore, assessing flood risk
probabilities and impacts are difficult and costly, for individuals as well as for insurance
companies, since the occurrence and consequences of floods vary significantly over time
and space and since there is uncertainty associated with the future climate change effects
(Botzen and van den Bergh, 2008). Kunreuther et al. (1995) showed that as the
uncertainty of the probability of an event and related damages increase, so will the
insurance premium. Higher insurance premiums will make insurances less attractive and
less affordable, and as a result, too little insurance will be bought.
Another issue related to information shortages and information asymmetry is moral
hazard, which arises when the insurance company is unable to observe the insurance
buyer´s behaviour. The buyer´s behaviour may change since the insurance coverage
lowers the cost of engaging in a risky action (Arrow, 1963). Moral hazard could therefore
increase the costs of flood events. As a result, insurance companies may need to increase
insurance premiums with the effect of making flood insurance less affordable to buy, and
as a result, a less amount of insurance is bought than if the insurance company was able
to observe the insurance buyer´s behaviour. Jaffe and Russel (1997) argue that concerning
the insurance market for flood risk, the problem of moral hazard may however be less
severe because individuals have less control and ability to influence the probability of the
occurrence of a flood event and its consequences.
A special case of moral hazard, which can arise when governments provide disaster
relief after floods, is referred to as charity hazard (Browne and Hoyt, 2000). The
uninsured individual is better off than the insured individual, since the uninsured enjoy
financial relief for free. By providing “premium-free” assistance after flood events, the
government reduces the individuals’ incentives to insure themselves against financial
damages caused by floods, which will undermine the market for flood insurances
(Raschky and Weck-Hannemann, 2007). Although charity hazard may not be a market
failure per se, but rather a “policy failure”, it may lead to a non-functioning insurance
market. If individuals are provided with compensation “premium-free”, it gives little
incentives for individuals to mitigate flood risks.
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2.2 Perspectives of justice
Although encouraging individuals to reduce flood risk by taking on various risk mitigating
measures is an important component to managing flood risks, there may exist
distributional value judgements for not wanting to differentiate premiums fully according
to level of risk. When insurance premiums are set in accordance with the actual risk level,
it implies that high-risk individuals pay more than low-risk individuals. For low-income
individuals living in areas with a high level of flood risk, differentiated premiums can
imply that they will not afford insurance; thereby low-income households exposed to high
levels of risk would be left with less protection.
The perspective of economic efficiency does not encompass any moral judgements
on distributional issues affecting the availability or affordability of flood risk insurance. It
can however be argued that high-risk and low-income individuals should have the same
opportunity to insure themselves against flood risks as any other societal group (the
egalitarian view of justice). Someone holding a Rawlsian perspective on justice would
even argue that because high-risk, low-income individuals would constitute the worse off
societal group in the event of a flood, the compensation scheme should be designed to
benefit them the most (Rawlsian view of justice). It could however also be argued that the
redistribution between high- and low-risk individuals, in consistency with the egalitarian
and Rawlsian perspectives, represents a violation of individuals’ freedom of choice (the
Libertarian view of justice). According to this view goods and services should be
distributed in accordance with individuals’ preferences, even though it may result in some
individuals having more limited opportunities to insure themselves against damages
caused by floods. Depending on the philosophical standpoint on justice, what is
considered a fair distribution may thus differ considerably. This implies in turn that the
value placed on the loss (in risk and cost reductions) for maintaining fairness may also
differ depending on how justice is defined.
From a Rawlsian (Rawls, 1973; Davy, 1997) or welfare egalitarian (Dworkin,
1981b) view, the focus lies on an equal distribution, which could imply compensation to
individuals with poor resource endowments. In the case of distributing funds after a flood
it would imply that individuals would be compensated up to the point where they would
all be equally as well of as before the flood. According to the Rawlsian view of justice, an
unequal distribution could be considered only if it benefits the least-advantaged members
of society. Funds would thus be redistributed from those with a low risk of flooding to
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those with a high risk of flooding. Whilst a Rawlsian compensation scheme would provide
all individuals with insurance coverage, thus making insurance both available and
affordable, such a compensation scheme would provide few incentives for the individuals
to undertake risk reducing measures because the individual cost of being a part of the
compensation does not reflect the risks faced (Harrington, 2000; Zweifel and Eisen, 2012
p.14).
A libertarian compensation scheme on the other hand could leave individuals
without compensation, depending on whether they have taken any measures to ensure
themselves of compensation after a flood or not. Libertarians, influenced by Adam Smith
(1776), Jean-Baptiste Say (1803), John Stuart Mill (1859) and David Ricardo (1817),
advocate freedom of choice, and have a strong belief in economic markets as the best way
to distribute goods and services in accordance with individuals’ preferences. Justice has
in the libertarian tradition primarily signified an equality of individual rights (Locke,
1672), and has therefore been more focused on whether the procedure for distribution is
just or not, rather than the outcome of the procedure (Nozick, 1974). 2 In a libertarian
scheme, where individuals would pay in accordance to the risks they face and which puts
a price on risk-taking, individuals would be incentivized to take on mitigating measures
to reduce the flood risks they are exposed to. The libertarian view of justice does not
encompass any value judgement on the distribution of insurance, such as availability and
affordability, in society per se. Any distribution, stemming from the competitive market
setting would be considered just; trying to change the distribution of compensation by
redistributing between high- and low-risk individuals would stand in stark contrast to the
libertarian view of justice, as it would imply that individuals’ freedom of choice would be
reduced. A redistributive system implies that low risk individuals have to pay for the costs
incurred by high risk individuals, thereby the individuals freedom to dispose of their
financial means, in accordance with their preferences, are reduced.
A compensation scheme applying a resource egalitarian view of justice would see
to that all individuals have equal opportunities in the distribution of compensations after
Analytically, there is a distinction between distributive justice and procedural justice, i.e. whether we want
to achieve a just distribution (distributional justice) or a just decision making process (procedural justice)
(Johnson et al., 2007). The concepts of procedural- and distributional justice are however not entirely
disconnected; in order to accomplish a just distribution, a just procedure must be in place (Nelson, 1980).
Likewise, any distribution stemming from a just procedure is also considered just (Nozick, 1974). The point
being made here is that, irrespectively whether you start with trying to create a just outcome or a just
process, the concept of justice will spill over to the one or the other. Therefore, the distribution that arises
from both procedural and distributional concepts of justice will be analyzed.

2
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a flood (Sen, 1980; 1992). Individuals should be compensated for initially poor resource
endowments, e.g. living in areas vulnerable to flooding or low incomes. Any inequalities
arising as a result of e.g. efforts and decisions taken by the individuals (such as buying
insurance or not) after equal division of resources has been accomplished should
however not be considered unjust (Dworkin, 1981a). If all have the same opportunity to
buy insurance (irrespective of flood risk and income), this should also affect the
distribution of compensation. A compensation scheme in which all individuals have the
same opportunity to buy insurance should imply a more even distribution of
compensation than if individuals had to pay for the flood risk they face. Compensating
individuals for poor resource endowments should also increase the affordability of flood
risk insurance. The egalitarian view of justice therefore corresponds well to the
distributional goals brought forward in the Green paper by the European Commission
(2013a), which, if implemented, would imply an increase in the opportunities for
individuals living in areas with a high risk of flooding to be able to afford insurance.
However, by compensating individuals for living in areas with high levels of flood risk, the
individuals’ incentive to undertake risk-reducing measures may decrease if the cost of
being a part of the compensation scheme would not reflect the risks.
To sum up this section; under the right conditions differentiated premiums will give
incentives to mitigate flood risk. The incentives do however come at a cost; not all
individuals will have the same opportunity to buy insurance and receive compensation
after a flood. Depending on the view of what constitutes a just allocation, some allocations
may be preferred over others, although incentives for encouraging individuals to manage
their exposure to floods may be reduced. The Rawlsian and egalitarian perspectives of
justice constitutes two such views, where an equal distribution of compensation, and even
favouring those at greatest flood risk, is given priority. Thereby, according to the Rawlsian
and egalitarian views, the benefits from increasing availability and affordability are given
higher weights than the losses in terms of reductions in costs from using differentiated
premiums to incentivize individuals to mitigate flood risk. According to the libertarian
view of justice however, the distribution that differentiated premiums gives rise to should
not be considered unjust, rather the opposite. The redistributive effect between high- and
low-risk individuals that flat premiums have stands in contrast to the libertarian view of
justice, as it would imply that the individuals freedom of choice would be reduced. Using
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differentiated premiums would thereby not only reduce the costs following a flood, from
a libertarian view it would also give rise to a just distribution of compensation.
3. Method and data
The empirical material in this paper is both of a quantitative and qualitative nature. The
qualitative and quantitative data are used to study the compensation schemes for
damages caused by floods in four selected European countries, namely Sweden, England,
France and the Netherlands. The variety in the designs of the various compensation
schemes gives an opportunity to study the trade-offs made between availability,
affordability and incentives to mitigate exposure to flooding. The quantitative data,
primarily used to provide a relative perspective of the extent of flood risk in the selected
countries, includes information on the frequency of floods and their related consequences
(fatalities and annual cost of flooding). The qualitative data consists of information
regarding the design of compensation system, including the policy measures used and the
responsibilities of the actors involved, as well as how the compensation scheme is
financed. The qualitative data also consists of information regarding the justifications for
the distributional impacts the compensation schemes give rise to, including the
importance of perspectives on justice and the level of consequences.
The qualitative data collection methods applied encompass desk research such as
analysis of policy documents, legal texts and previous scholarly literature, including
articles and books. The data was, partially, collected during the implementation of the
STAR-FLOOD project, which focused on flood risk governance; the project investigated
strategies for dealing with flood risks in vulnerable urban regions in six European
countries: England, Belgium, France, The Netherlands, Poland and Sweden.
The quantitative data regarding the number of fatalities presented was collected
from the active global archive of large flood events (Brakenridge, 2017). Statistics on the
number of events were also predominantly taken from the same archive. There are some
differences between the national accounts of flood events and those reported by
Brakenridge (2017) The choice to mainly use Brakenridge (2017) instead of national
databases is motivated as the number of events is measured by one identical
criterion/standard in Brakenridge (2017). In the case of the Netherlands however, the
national account of the number of events (three reported events) (Kok and Barendget,
2014), was used instead of the number of events (zero reported events) that was reported
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by Brakenridge (2017). In this particular case, the difference between the national
accounts and the events reported by the active global archive of large flood events was so
extensive in relative terms that it was considered a misrepresentation of the level of flood
risk in the country. Despite these differences in the number of flood events between
different sources, the relative order of the significance of flooding in the different
countries remains intact.
The data regarding the estimated annual costs of flooding was collected from
national reports. There are however some differences between the countries regarding
what types of costs are included in the reported figures. For Sweden and England, the
reported figures include total costs of damages to property and content. For France, the
total costs also include damages to motor vehicles, industrial and commercial
installations. The reported costs for the Netherlands only include the paid insurance
claims from the insurance sector for damages to property and content. The statistics
regarding the costs are therefore not directly comparable across countries; however, they
are included as they still give an indication about the relative magnitudes.
In the next sub-section each country is described in terms of their physical
conditions, and level of flood risk, which is followed by a description of their respective
compensation scheme, and the factors that may have affected the design of the
compensation scheme.
4. Flood risk and compensation in selected European countries
4.1 Physical conditions and historical data regarding flood risk
In order to understand why compensation schemes may differ, some background
information regarding the physical conditions and level of flood risk in the countries is
given below. Table 1 provides an overview of some selected statistics, including the
population density, the distribution of flood risk, the number of flood events and fatalities,
and the level of probability and consequences of floods in each country. The countries are
presented in order of their level of consequences following a flood, starting from the
lowest risk to the largest.
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Table 1
Flood risks and country characteristics in Sweden, England, France and the Netherlands
Country

Population

Distribution

Nr. of events 1985-

Annual cost in

Fatalities

density

of flood risk

2016

millions of euros

1985-2016

Low

Dispersed

2

44

0

England

High

Dispersed

41

1400

144

France

Medium

Dispersed

41

1600

358

High

Concentrated

3

90

0

Sweden

Netherlands

Sources: Statistics Sweden (2017), Ek et al. (2016), Brakenridge (2017), Olshammar and Baresel (2012), Office for National
Statistics (2016), Ramsbottom (2012), HM Government (2013), Eurostat (2016), CGDD (2010), Eurostat (2016), Klijn et al.
(2012), Kok and Barendget (2004), and Van Heezik (2006).

Although Sweden is a relatively large country in terms of geographical area (third
largest in the EU), the population only amounts to 10 million inhabitants (Statistics
Sweden, 2017). The probability and consequences of floods vary substantially across the
country due to variations in land use, population density, and differences in hydrological
and geological conditions (Swedish Civil Contingencies Agency, 2011). Whilst coastal
floods seldom occur, fluvial floods are instead the most common cause of flooding in the
country. The consequences are generally moderate in the sense that they typically do not
constitute a danger to the lives of individuals and rescue operations are rare; no fatalities,
and only two large flood events have been recorded during the last 30 years (Brakenridge,
2017). Floods can however imply significant economic damages, especially to property
and infrastructure; insurance claims together with deductibles paid by individuals’
amount to about 44 million euro annually (Olshammar and Baresel, 2012). Pluvial
flooding has become more common in Sweden during recent decades, and although they
normally affect rather limited geographical areas the economic damages caused by pluvial
floods are increasing (Swedish Government, 2007). Because of the low number of events
together with the rather moderate levels of consequences, the flood risk in Sweden is
described as being low.
England is one of the most densely populated countries in the EU, with 55 million
inhabitants (Office for National Statistics, 2016). The main causes of floods in England are
fluvial and coastal flooding (Environmental Agency, 2011). Increased urbanisation and
aging drainage infrastructure in combination with heavy rainfall have also led to pluvial
flooding becoming an increasing problem in the country (Pitt, 2008). One of six properties
and 9 million people are at risk of flooding, and flood risk is thus considered a nationwide
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problem (Ramsbottom, 2012). Over the last 30 years, 41 larger floods have been recorded
(Brakenridge, 2017). The consequences of floods in England can become severe, with
large economic costs and even fatalities. Average annual damages to properties due to
flooding are 1.4 billion euro (1.2 billion pounds) (HM Government, 2013). In the last 30
years, 144 fatalities have been recorded (Brakenridge, 2017). Both the level of
consequences from floods and the number of events are considerably higher than in
Sweden. In line with the valuation made by Green et al., (2014) the risk of flooding in
England is considered medium to high.
France is the largest country in the EU, and its population is the second largest with
67 million inhabitants (Eurostat, 2016). Hydrological and geological conditions vary
within the country, giving rise to coastal, fluvial and pluvial flooding. Many areas in France
are vulnerable to flood risk; almost 17 million people are located in flood-prone areas and
one in four inhabitants is exposed to flood risks (General Directorate for Risk Prevention
et al., 2014). The insurance industry is estimated to pay 800 million euro per annum in
insurance claims from damage to property, motor vehicle, industrial and commercial
installations, caused by flooding. Including deductibles and non-insured property, the
total economic costs of floods are expected to be twice this amount (CGDD, 2010). The
consequences of floods in France also encompass fatalities, with 358 fatalities recorded
over the last 30 years (Brakenridge, 2017). As in the case of England, the level of both the
level of consequences from floods and the number of events are considerably higher than
in Sweden. In line with the valuation made by Green et al., (2014) the risk of flooding is
considered medium to high.
The Netherlands is one of the smallest countries within the EU, and with a
population of 17 million (Eurostat, 2016) the Netherlands is one of the most densely
populated countries in Europe. With its geographical location, situated in the delta of four
major rivers, and a landscape consisting of mostly coastal lowlands and reclaimed land
areas, more than half of the country is susceptible to flooding (Van Heezik, 2006). Still, the
risk of flooding varies geographically and is most concentrated to the coastal areas and
areas along the rivers Rhine and Meuse (Klijn et al., 2012). Coastal and fluvial floods have
the largest potential negative impacts on society in terms of damages and fatalities.
However, pluvial flooding is increasingly becoming an issue as well, which is indicated by
increasing costs for property damages caused by heavy rains (Kok and Barendregt, 2004).
Flood risks in the Netherlands differ from those in the other three countries since the
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probability of flooding is low, due to the extensive flood defences that have been
constructed; however the consequences if a flood would occur could take catastrophic
proportions. The weighted assessment, in line with Green et al., (2014) is that the level of
flood risk is medium to high. About 35 percent of the population is located in areas
susceptible to flooding (De Moel et al., 2011). Larger floods are fortunately uncommon
and only three events, due to high river discharge and precipitation, have been recorded
over the last 30 years (Kok and Barendget, 2004). These events implied large damages
and the evacuation of 250 000 people, but no fatalities (Van Heezik, 2006). The annual
compensation paid from the insurance industry for property damage caused by floods
amounts to 90 million euros (De Moel et al., 2011).
4.2 Compensation schemes in the selected countries
The selected countries have mixed flood compensation schemes, combining the private
insurance market and some form of public compensation mechanism. Still, the emphasis
in most countries lies on the private insurance sector as the primary provider of flood
compensation. In most of the countries insurance coverage for flooding is not bought
separately, instead it is combined (bundled) with home insurance, which also covers
other damages to the property itself and its contents. The schemes differ with respect to
whether premiums are risk-based or not, that is, if the premium of insurance is
differentiated according to the risk of flooding, and with regard to who can be eligible for
compensation. For example, in Sweden there are no exemptions to the general coverage
of flood insurance, whilst in England properties built in floodplains after January 1st 2009
are not eligible for compensation following a flood, in order to deter from property
development in flood plains and encourage adaptive designs (DEFRA, 2011). Selected key
features of the selected compensation schemes are given in table 2.
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Table 2
Key features of flood compensation schemes
Country

Primary

Bundling of

Differentiated

Governmental

Reinsurance

provider of

insurance

premiums

compensation

fund

Yes

No

No

No

General

Yes

Yes

No

Yes

Properties built in

compensation
Sweden

Private

Coverage

ex post

insurance
England

Private
insurance

flood plains after
the January 1st
2009 and
companies
excluded

France

Shared

Yes

No

No

Yes

General

The

No (only

No

Yes

No

government

for heavy

citizens living in

rains),

unbanked areas

responsibility,
private
insurance and
The
government
Netherlands

Coastal flooding,

excluded

In Sweden, compensation after flood events is almost exclusively handled via the
private insurance sector, damages to households caused by floods are covered via the
home insurance (buildings and contents) (Swedish Government, 2007). No premium
differentiation is made with regard to flood risk, which implies that the cost is shared by
the collective. Buying insurance is voluntary, and it is thus the individual that bears the
responsibility to protect themselves against losses after flood events. Although home
insurance is not mandatory, almost all Swedish households (95 percent) insure their
homes (Insurance Sweden, 2015). Compensation from the government is possible but is
very rarely given. State compensation is not formalised; a governmental disaster fund for
extreme weather has been debated (Riksdagens protokoll, 2005/06:116), but was turned
down; the main argument was the importance of safeguarding incentives to take on
private insurance (Swedish Government, 2007).
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In England, private insurance is the primary compensation mechanism for damages
caused by flooding. Flood insurance in England is provided as part of the general home
insurance (buildings and contents), and high proportions of British households are
insured against floods. 3 Insurance premiums are adjusted according to risk, and insurers
can exclude high-risk properties (DEFRA, 2005). State compensation for flood damages is
not given. However, since 2015 the government has taken a stronger lead in flood risk
management by instating a non-profit reinsurance company for floods, called Flood Re
(ABI, 2016b), which is owned and managed by the insurance industry. The non-profit
reinsurance company for floods enables insurance companies to insure themselves
against losses caused by flooding. By doing so, private insurance companies are able to
provide insurances to those living in properties also in high-risk areas without raising
premiums to what is considered unaffordable rates. The premiums will thus be capped so
that high-risk homeowners pay premiums lower than their actual risk. In order to fund
this subsidisation of premiums and associated claims, an annual levy of 210 million euros
(180 million pounds) is put on UK home insurers and transferred into the non-profit
reinsurance company. Additional financing comes from charges to insurance companies
to reinsure sold insurance policies with the non-profit reinsurance company. Insurance
companies are not able to reinsure sold insurance policies for properties built in
floodplains after 2009 via the non-profit reinsurance company for floods.
The French scheme for flood compensation is a mixed scheme, relying on both the
private insurance industry and the state (Erdlenbruch et al., 2009). Buying insurance
against damage to properties, motor vehicles, industrial and commercial installations, is
voluntary. However when someone buys insurance, he/she is automatically enrolled into
a non-optional natural disaster compensations scheme called the CAT-NAT, at a
supplemental flat premium of 12 percent based on the initial insurance premium. Private
insurers collect and manage the additional premiums. To claim compensation, all
damages must be covered by a basic insurance policy, and a state of a natural disaster
must be declared by the state. The automatic bundling of basic insurance and insurance
coverage for natural catastrophes has implied a high penetration rate: 97 percent of the
population has coverage against flood damages (Larrue et al., 2016). In France, the state
stands as the ultimate and unlimited guarantor of natural catastrophe risks, thus
Out of the 26.7 million homes in the UK in 2015, 20.4 million have contents insurance and 17.3 have
buildings insurance (ABI, 2016a).
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providing insurance companies with a cap on the maximum costs to which they are
exposed (Larrue et al., 2016). The French state also provides a reinsurance company
(Caisse Centrale de Reassurance), which offers unlimited reinsurance coverage against
natural catastrophes (Larrue et al., 2016).
In the Netherlands the state holds the primary responsibility regarding
compensation for flood damages. The state compensates the citizens living in embanked
areas (i.e. inside the dike rings) for damages arising from fluvial floods (Calamities
Compensation act, 1998). Individuals living in unbanked areas (i.e. outside the dike rings)
are not eligible for compensation from the state, and thus lack the same opportunities to
recover from floods as citizens living in embanked areas (Kaufmann et al., 2016). Damages
caused by coastal flooding are excluded from governmental compensation. However, the
government is known to provide compensation at a more ad hoc basis, both to citizens
living inside and outside the embankments (Van Vliet and Aerts, 2014). Since 2012, it is
also possible to buy an insurance against damages caused by fluvial and coastal flooding
via the private insurance market. Such insurance coverage is however not generally
available to all due to either very high premiums or un-insurability due to high flood risk
(Filatova, 2013). Compensation for pluvial floods is however handled via the private
insurance market. Obtaining compensation for pluvial flooding is thus the responsibility
of the individual. Coverage for damages caused by precipitation is included in the home
insurance (buildings and contents); however, damages due to rainwater entering the
ground floor require a supplement. Market penetration for coverage for precipitation is
considered high in the Netherlands as a result of the bundling with home insurance
(Spekkers et al., 2013), although regarding the supplement insurance market penetration
is unknown (Kaufmann et al., 2016). Neither home insurance premiums, nor the premium
for supplement coverage for pluvial flooding is risk-based (Kaufmann et al., 2016).
5. Analysing the trade-offs between justice and the compensation schemes’
ability to reduce costs
This section analyses the differences in the compensation schemes across the selected
countries, the trade-offs made between (perceptions about) justice and incentives and the
possibilities of the compensation schemes to reduce flood risks. There is variation
between the four countries regarding the design of the compensation schemes. Incentives
for the individual to reduce flood risks and costs are greatest in England where premiums
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are risk based, and smallest in the Netherlands where insurance coverage is provided by
the state, premium free. The compensation schemes also generate different distributions
of compensation for damages caused by floods. The distribution of compensation in
England is more consistent with the libertarian view of justice, where compensation is
distributed in accordance with individuals’ preferences and ability to purchase insurance
via the private market. The distribution of the compensation system in the Netherlands is
at the other end of the scale, it can be described as more egalitarian, and to some extent
even Rawlsian. The responsibility held by the state implies an equal distribution of
compensation in line with the egalitarian view, the state also tends to compensates the
worst of in society (even when no legal obligation exists) is in line with the Rawlsian view
of justice. The Swedish and French system is found in between these two extremes.
England, has a long-standing tradition with a market-based compensation scheme
for flooding (Arnell et al., 1984). The privately handled compensation scheme with
voluntary insurances, differentiated premiums, and a state that does not offer
compensation, builds on a more libertarian view of justice. The individual is given the
choice, and responsibility, to buy some level of protection towards damage in accordance
with the individual preferences (and budget). The choice to differentiate premiums has
been driven by economic arguments, but is also viewed as a way of increasing justice or
“equitability” as an insurance company that establishes premiums in accordance with the
individual’s risk of flooding is seen as treating their customers fairly (DEFRA, 2011).
Another important factor has been that insurance companies have become increasingly
aware of the level of flood risk due to advances in flood risk modelling, which has lead to
increasing concerns for the impacts of climate change (Penning-Rowsell et al., 2014). The
English scheme excludes properties built in flood plains after 2009 from the state-funded
non-for-profit reinsurance fund, in order to reduce incentives for property development
in flood prone areas. These more libertarian traits of individual responsibility and choice
and the use of differentiated premiums are expected to generate incentives for individuals
to manage and reduce the risk they are exposed to by taking preventative measures.
Although the English compensation scheme provides individuals with incentives to
reduce flood risk, it does imply that compensation may not be available to all individuals
since high risk- low-income individuals may not be able to afford insurance. In the
libertarian perspective, distributional aspects such as availability and affordability is not
valued, therefore the cost in terms of availability and affordability, for introducing
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incentives is small or none. In England, although the compensation scheme for floods has
increasingly focused on differentiated premiums during the last decade, it has also taken
steps towards increased involvement from the government, with the aim of increasing
availability and affordability (DEFRA, 2013). The English government has declared goals
such as “insurance cover should be widely available” and that flood insurances should be
affordable in order to encourage take-up, especially for low-income households (DEFRA,
2013). These policy goals are more in line with a more egalitarian view of justice. These
policy goals arose when large-scale flood events made it evident that the differentiated
premiums made it difficult for individuals living in flood prone areas to find affordable
home insurance (Chatterton et al., 2010; Penning-Rowsell et al., 2014). These two goals
have been envisioned via the (partially) state funded non-for-profit reinsurance fund. By
taxing all home insurance holders, high-risk homes are provided with premiums below
market prices. By offering high-risk homeowners premiums lower than their actual risk,
the incentives to mitigate flood risk are thus reduced to some extent. This cap on
premiums does however help individuals who live in areas of high flood risk to afford
home insurance, thereby such insurance is made available also to low-income households
living in flood risk areas.
The design of the compensation system in Sweden has traits adhering to both
egalitarian and libertarian perspectives. The design with flat premiums and bundling of
insurance increases both the availability and the affordability of flood risk insurance. By
using flat premiums, the cost of insurance for living in areas with a high level of flood risk
is born by the collective. This risk sharing is more in line with the egalitarian perspective
of justice, as it implies a lower premium for individuals exposed to high risks of flooding,
compared to a situation where the premiums would be differentiated. Insurance is
thereby made affordable also to high-risk individuals, something that in turn increases
the availability to individuals who would otherwise be unable to afford insurance.
Insurance is however considered an individual responsibility, rather than a collective one,
and the Swedish government has taken a clear stance against providing state
compensation (Swedish Government, 2007). This would point towards a more libertarian
perspective of justice. From an economic point of view, the flat premiums in the Swedish
compensation scheme imply that individuals have little incentives to mitigate flood risk.
However, because of the low levels of consequences in Sweden, most individuals would
have little incentives to mitigate their exposure to flood risk even if differentiated
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premiums were used, because the differences in premiums would be moderate. Whilst
there are traits of the Swedish compensation scheme that fits with both the egalitarian
and libertarian perspectives of justice, the Swedish system is perhaps more driven by the
level of consequences of floods and transaction costs. The relatively limited flood risk in
Sweden implies that the costly effort of producing more detailed knowledge of the
geographical risks of flooding that is necessary to differentiate premiums would likely not
outweigh the benefits (Swedish Government, 2007). The distributional effect that flat
premiums imply is therefore likely motivated by a desire to lower transaction costs rather
than any notion of justice. Until now, it has thus not been considered resource efficient to
differentiate premiums. However, the increase in insurance claims due to flooding in
recent years together with concerns about the expected effects of climate change, implies
that it may become difficult for the insurance industry to provide the same level of
coverage in the future without having to increase premiums, unless individuals start to
mitigate flood risk (Moberg, 2012).
In France, the compensation scheme for flood damages is based on the
constitutional principle of national solidarity (General Directorate for Risk Prevention,
2014). The approach of flat premiums, unlimited state guarantee and the inclusion of all
individuals and companies, irrespective of flood risk, make the scheme fit well with the
egalitarian view. The risk sharing that flat premiums imply lowers the cost of insurance
for individuals living in areas with a high level of flood risk in comparison to a scheme
with risk-reflective premiums. Individuals are given an equal opportunity to buy
insurance; which is available and affordable also to high risk- low income individuals.
However, making insurance more affordable and available also reduce incentives to
mitigate flood risk. There have been attempts to encourage the insured to take preventive
action by giving the insurance companies the opportunity to increase the deductible if a
property receives flood compensation multiple times, or exclude owners to newly built
properties if the building is constructed in areas that are designated as unsuitable
(Poussin et al., 2013). However, in reality insurers do not use these opportunities of
exclusion and deductible modulation, because punishing individuals for their neglect is
not considered the responsibility of the insurance company (Suykens et al., 2016).
The compensation scheme for floods in the Netherlands where the state bear the
primary responsibility for fluvial floods, with individuals being compensated by the state
(given that they live inside the embankments) and voluntary insurances with flat
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premiums for damages caused by precipitation, display a more egalitarian view of justice.
The state tend to compensate, at least to those worst off, even in cases were no legal
obligation exists. Caring for those who are worst of is in line with the Rawlsian view of
justice. The existential threat that fluvial and coastal flooding constitutes in the
Netherlands has played a fundamental role in the design of flood risk management in the
country; protection against coastal and fluvial flooding is viewed a basic human right, and
a collective rather than an individual responsibility (Van Rijswick and Havekes, 2012). As
a result, the state has been given the statutory responsibility for handling floods to ensure
the safety and habitability of the country, and the equal right to safety from floods have
become an important objective in the design of the flood risk management (Delta
Commission, 2008; Kaufmann et al., 2016). The scheme for compensation being more
egalitarian, and to some extent also Rawlsian, oriented seems to be an consequence of the
scheme for flood prevention, where the responsibility for prevention, held by the state, is
also a responsibility to compensate if preventative measures fail. This implies an equal
distribution of compensation in the event of a fluvial flood, and compensation is thereby
widely available and highly affordable. It does however come at the expense of no
incentives to reduce risk.
The right of all citizens in the Netherlands to be protected from fluvial flooding is
however reserved to people living inside the embankments. The compensation scheme
for fluvial flooding for people living outside the embankment is more libertarian, with risk
differentiated premiums and voluntary participation. Individuals living outside the
embankments are seen as “choosing” to reside in unprotected areas (Kaufmann et al.,
2016). Having the individuals to bear the responsibility and costs of such a choice is
therefore considered just (Koks et al., 2015). The flood risk is generally lower in unbanked
areas.
The level of risk of flooding has also affected the design of the compensation system
for pluvial flooding in the Netherlands; the government views the consequences of pluvial
flooding as a minor problem, and individuals are therefore considered to have the
capability to manage damages resulting from this kind of flooding on their own
(Rijksoverheid et al., 2003). Therefore, the individual has been given the responsibility to
buy insurance via the private market, albeit at a flat premium.
Although differentiated premiums are used for fluvial flooding (outside the
embankements) and individuals living in unbanked areas are excluded from state
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compensation limits availability and affordability for some people, it should, imply
incentives for individuals living outside the embankments to mitigate the flood risk they
face or relocate to embanked areas. The state does however tend to compensate at least
those worst off after a flood, even in cases were no such legal obligation exists. Thereby
the incentives to mitigate flood risk are reduced. This could also in the long run affect the
availability and affordability of insurances since the state compensation provides little
incentive for individuals to buy insurance (Raschky and Weck-Hannemann, 2007). When
the demand for insurance declines insurance companies may retreat from the market. If
they stay on the market they may need to raise premiums to cover their costs, which will
lead to even fewer insurance takers. In the long run it could lead to very few, or in the
worst case no providers of insurance for flooding, i.e. adverse selection. State
compensation for fluvial flooding, which is still available to the majority of citizens in the
Netherlands, does not give incentives to reduce flood risk and related costs, neither do the
flat premiums related to pluvial flooding. It does however imply that compensation for
flooding is available and affordable to most. The limited space for incentivizing
mechanisms needs however to be set against the background of the extreme level of
consequences of floods in the Netherlands and the limited possibilities for individual
actors to reduce the pluvial flood risk, with the larger part of the whole country
susceptible to fluvial flood risk, and the consequences from fluvial and coastal flooding
could take detrimental proportions. When the level of consequences is high, as in the
Netherlands, individuals have less control and ability to influence the consequences of a
flood event (Jaffe and Russel 1997). As a result, policy instruments such as differentiated
premiums may fail to incentivize individuals to reduce risk because some flood risks are
not possible to reduce for individual actors (large scale defence structures may be
necessary). The benefits from introducing risk based premiums in the Netherlands may
therefore be small, while the costs in terms of reduced availability and affordability may
be substantial.
6. Discussion
The objective of this paper has been to study how different European countries have
addressed the trade-off between availability, affordability and incentives to mitigate
exposure to flooding in their design of flood compensation schemes. The compensation
schemes currently in use in the selected countries vary in terms of to what extent they
21

incentivise individuals to reduce flood risk and costs; England has chosen to use policy
instruments to incentivise individuals to reduce the flood risk they are exposed to, whilst
the other countries have not. Differences in the designs of compensation systems have
also different distributional impacts which can be described in some countries as more
egalitarian (Sweden, France), and to some extent also Rawlsian (Netherlands), and more
libertarian in others (England). These variations in the design of compensation schemes
are likely the result both of differences in distributional value judgements, the type and
level of flood risk and economic arguments. These aspects have influenced the design of
the compensation schemes by setting the conditions for the trade-offs made between
availability and affordability and using differentiated premiums to incentivize individuals
to mitigate flood risk.
The design of the compensation schemes is affected by the expected severity of the
consequences of flooding. The type of flood as well as the level of consequences influence
the ability to mitigate the flood people face. When consequences are rather moderate, as
in Sweden, individuals will have little incentives to mitigate their exposure to flood risk
even if differentiated premiums are used, because the differences in premiums would
most likely be rather moderate. Moderate levels of flood risk also implies that the
transaction costs of gaining information regarding the level of flood risk in order to
differentiate premiums may not outweigh the benefits of reduced risk and costs. Also for
high levels of consequences the benefits of incentivizing individuals to take on mitigating
measures may be rather small, because the possibilities for individual actors to reduce
risk is limited. Reducing availability and affordability for increasing incentives to reduce
flood risk is therefore not very meaningful in a country, such as the Netherlands, with high
levels of fluvial and coastal flood risk. Thus, there are circumstances where reducing
availability and affordability for the sake of reducing costs does not necessarily lead to a
more resource efficient outcome. Although risk based compensation schemes in countries
where consequences are high and difficult to avoid may not have a strong incentivizing
effect, they may still have the effect in the long run that developments in flood prone areas
are avoided. However, for densely populated countries, such as the Netherlands, locating
to avoid flood risk is easier said than done.
For differentiated premiums to function as intended the consequences need to be
high enough and possible to avoid. Out of the four selected countries, England and France
are perhaps the only countries with the conditions needed for policy instruments such as
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differentiated premiums and exclusions to incentivise individuals to reduce their risk to
function as intended. However, despite having more similar levels of consequences of
floods, the compensation systems are very different. In these countries normative values,
and traditions are two aspects that help to explain these differences. The philosophical
perspective of what constitutes a just distribution of compensation for damages caused
by floods may influence the design of compensation scheme since it influences the value
place also on the benefits of introducing differentiated premiums, as well as on the costs
in terms of reduced availability and affordability. In France, the design of compensation
system is based on the constitutional principle of national solidarity. The tradition of
using market-based systems is more visible in England and witnesses a more libertarian
view on justice, which likely has influenced flood compensation in England.
7. Policy implications
In the EU strategy on climate change (European Commission 2013b) both the
availability and affordability of insurance, as well as using risk based premiums to
promote prevention and mitigation are emphasized. The results of this paper however
indicates that differentiating premiums may neither lead to prevention or mitigation, nor
aims such as increasing the availability and affordability of insurance, depending on the
level of potential consequences of floods. Having said that, some levels of flood risk, or at
least the level of flood risk related to certain sources of flooding, such as pluvial flooding,
may imply that some countries are able to incentivise individuals to reduce risk by using
differentiated premiums. It is for instance possible for private actors to reduce flood risk
caused by heavy rains by implementing small-scale property measures while it is not
possible for private households to protect themselves from larger floods in rivers or along
coasts. Having the opportunity to use policy instruments such as differentiated premiums
may thus not be the general case, rather it requires specific conditions (not too high or
low levels of flood risk) to function as intended. Further, even when the severity of
consequences and types of flooding permits the use of differentiated premiums, there may
still exist distributional value judgements that imply that using differentiated premiums
may not be considered a viable option. In reality, the potential to use differentiated
premiums to incentivise individuals to reduce risk may therefore be limited.
There thus needs to room for individual countries to tailor the design of
compensation scheme to the country specific context. A too strict EU policy could not only
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fail to reach the set goals of increased market penetration and mitigation, it may also come
into conflict with national values and traditions.
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Abstract
In this paper, the individual’s preferences and valuation of reducing the negative
impacts of landslides are analysed. Negative consequences of landslides include
impacts on infrastructure, humans, the environment and important societal
services. Methodologically we have used a choice experiment approach, and data
was collected through a web panel. The overall finding is that reducing the risk of
landslides would have a positive impact on individuals’ utility, and that individuals
prioritize preventing negative consequences on human health and safety over
maintaining societal services, environmental status, and preventing damages to
infrastructure which is considered the least pressing matter. The prioritization
made by individuals was also compared to the prioritization made by public
officials. The results indicate that the prioritization made by the citizens differ
from the prioritizing of the public authorities, whose model for evaluating the
consequences of landslides does not weigh different impacts of landslides
differently, whilst our results indicate that the respondents do so. The
implications of these possible differences in valuation is that investments made in
accordance with the risk assessments of the public authorities may lead to socially
inefficient outcomes.

1. Background
Climate change will increase the likelihood and magnitudes of extreme weathers
in the future and natural hazards like landslides and floods are therefore also
likely to become more frequent and severe (IPCC, 2014). Landslides generate
significant costs in the form of damaged property and infrastructure but may also
have negative impacts on humans and the environment
This paper focuses on how the negative impacts of landslides are valued. The
purpose is to elicit the preferences and valuations for some of the different types
of consequences of landslides. Methodologically we apply a choice experiment
approach, and we also evaluate to what extent the stated willingness to contribute
financially to reduce the impacts of landslides is sensitive to the probability of
occurrence of landslides. Results from previous research about the impact of risk
on environmental preferences are not unambiguous; Veronesi et al. (2014) did not
find preferences to be sensitive to the level of probability of occurrence, but there
are other studies, such as Drake et al. (2011), Bartczak and Meyerhoff (2013) and
Rolfe and Windle (2015) who found that preferences over changes in
environmental quality are sensitive to the probability of occurrence.
The models used to evaluate natural hazard risks are generally determined
by the probabilities and expected consequences if a natural hazard occurs. In
Sweden, the public authorities use a model that takes the following negative
effects of landslides into account; a) impacts on life, b) impacts on the
environment, c) impacts on infrastructure, and d) impacts on important societal
services. The estimated risk of a landslide in a specific area is determined by its
probability and expected consequences in terms of these impacts (e.g. Kiilsgaard
et al., 2015). In the model applied by the public authorities all consequences are
(implicitly) given equal weight. If citizens do not consider different types of
consequences equally important, decisions about what measure to implement to
reduce landslide risks based on such analyses may lead to resource inefficient
decisions. The assumption of equal weights of different impacts is challenged in
this paper. Since policy makers and officials involved in mitigating or adapting
society to the consequences of climate change often need to prioritize between a
number of different policies and measures, knowledge about how different types
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of impacts are valued in relative terms is highly relevant for the implementation
of resource efficient risk reducing policies.
Due to geological and hydrological characteristics, the Gothenburg region in
the south-western part of Sweden is vulnerable to landslides and flooding. Most
of previous landslides in the country have occurred in proximity to the Göta River.
As a result of expected changes in precipitation together with continued
urbanization this region is expected to be even more severely affected by
landslides and flooding in the future (e.g. Kiilsgaard et al., 2015; SGI, 2016; SOU,
2007:60). For this reason, the choice experiment is implemented in the
Gothenburg area.
Although the literature on the social costs of climate change is substantial,
studies on the costs caused by extreme weather, and in particular landslides, are
scarcer (see e.g. Alimohammadlou et al., 2013; Flügel et al., 2015; Mattea et al.,
2016; Vranken et al., 2013). This study adds to the literature by its approach to
use existing criteria for landslide risks, used by the public authorities, as
attributes. Although we use the Göta River area as our case study the aim is to
evaluate how different impacts are valued in a somewhat generic context, i.e.
participants are asked to choose between alternatives describing different
impacts of landslides in their municipality without specifying the context in detail
for each municipality, instead the attributes and levels are aimed to be reasonable
realistic in each municipality in the region. Consequently, the results will reveal
how different types of consequences/impacts are valued relatively rather than
values for impacts in a specific context. This facilitates to empirically challenge
whether the different impacts are equally weighed as (implicitly) assumed in the
assessments implemented by the public authorities.
The paper proceeds as follows. Next section describes the Gothenburg
region as study object, motivates the selection of attributes and levels and
describes the survey development. Section 3 includes model specification while
results are presented in section 4. Finally, the last 5th section concludes and
discusses the policy implications of the results.
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2. The survey
2.1 The Göta River area
Landslides, caused by heavy precipitation, floods, earthquakes and erosion, and
by anthropogenic actions, are among the most common natural disasters. The
casualties after heavy rains, floods and earthquakes, are often a result of the
landslides caused by these events. With regard to loss of lives, developing
countries in Asia are most severely affected by landslides, while material damage
is high in industrialised countries (e.g. Kirschbaum et al, 2010). Although the
problem with landslides is more severe in other parts of the world than in Sweden,
there are examples of serious landslides also here. The areas close to the Göta
river, located to the southwest, is the region most vulnerable to landslides and
flooding in Sweden. This is also the area where the most severe landslide in the
country until now, occurred in 1977, where 9 persons were killed, 62 more were
injured and 62 houses were destroyed (SCCA, 2017). As a result of the impacts of
climate change together with ongoing urbanization, the Gothenburg region is
expected to be even more severely affected by landslides and flooding in the
future. Mitigation measures and adapting policies are therefore high on the
political agenda (e.g. Kiilsgaard et al., 2015; SGI, 2012; SGI, 2016; SOU, 2007:60).
For these reasons we use this region as our case study; the choice experiment is
implemented in five municipalities located close to the Göta River (Ale,
Gothenburg, Kungälv, Lilla Edet, Vänersborg and Trollhättan).
The survey consisted of three parts. The first part included questions about
previous experience, knowledge and concerns regarding landslides, together with
questions about attitudes towards different societal and environmental hazards.
The second part included the choice experiment. The choice tasks were preceded
with brief information about possible impacts on society from landslides
(selection of attributes and levels are described below). The last part of the
questionnaire collected socio-demographic information. Experts from the
Swedish Geotechnical Institute, which is the national authority responsible for
preventing landslide risk in Sweden, supported the development of the survey.
The survey development was also supported by a number of smaller pre-tests; 6
local residents living close to the Göta River participated in individual pre-tests,
and one pilot was conducted with a group of 8 Ph.D. students. The number of levels
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of the attributes was reduced after the pre-tests, and some minor clarifications
and changes in formulations were also made after these pre-tests. The main lesson
from the pre-tests was however that after the number of levels had been reduced,
the choice task seemed to be understandable and manageable.
2.2 The choice experiment
Defining the attributes to be included in the choice experiment and their
corresponding levels is crucial; selected attributes must be relevant from a policy
perspective and understandable from the individual participant’s perspective. In
this study the attributes are based on the same criteria as used by public
authorities in their assessments of landslide risks (see e.g., Kiilsgaard et al., 2015).
Basing the attributes on these criteria facilitates evaluating to what extent the risk
assessment criteria used by the government corresponds to the citizens’
preferences. These are; a) impacts on life (number of people affected); b) impacts
on the environment (e.g. water pollution); c) impacts on infrastructure (type of
road/railway that is affected); and d) impacts on important societal services (e.g.
hospitals, drinking water production). Each criterion in the risk assessment made
by the Swedish Geotechnical Institute range from 1 to 5, where 1 corresponds to
no or very small damages and 5 corresponds to what is called catastrophic impacts
(e.g. buildings like sports arenas with thousands of people severely damaged). In
order to make the choice task more realistic, comprehensive and feasible for
participants, the description of the attributes and their corresponding levels were
however modified and somewhat simplified compared to the criteria used by
public officials.
For the attribute “impacts on life” (number of people affected, i.e. injured or
even killed) the number of levels was reduced from five to three, in order to make
the outcome possible in each municipality. The remaining levels, one, two and
three, were similar to the corresponding levels in the risk assessment made by the
public authority. Levels four and five were left out in the survey as they were
considered to be such extremes cases that they may be considered unrealistic. For
the attribute, “impacts on the environment”, the number of levels was reduced
from five to two because it was considered difficult for non-professionals to
properly distinguish between the differences in impacts between the levels as
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they were described in the risk assessment. In the survey, participants were told
that a landslide could have a negative impact on the environment (as a result of
hazardous substances contaminating water and soil after a landslide) or not. For
similar reasons the levels for the attribute, “impacts on important societal
services” were reduced to two; participants were told that societal services were
either affected or unaffected. Finally, the attribute “impact on infrastructure” had
three levels. Also in this case, some of the initial levels as defined in the risk
assessment were fairly similar and perceived hard to distinguish from each other.
Each choice set comprised three alternatives (A, B and C). Alternative C was
a business as usual alternative (i.e. with no measures implemented to reduce
landslide risk). Table 1 summarizes the selected attributes and their levels.
Table 1.
Descriptions of the attributes and levels
Attribute

Description

Attribute levels
Alternative A and B

Impacts on…
life
the environment

Number of people injured/diseased

societal services

Damages to societal services such as
hospitals, schools or public drinking water
systems

infrastructure

Damages to infrastructure that imply that
traffic is rerouted and new roads/railways
need to be constructed

Fee

Municipal fee in SEK to be paid each year
for ten years

Harmful substances spreading to the
environment via the water, air and/or soil

0, 10, 50
Pollution/
no pollution
Loss of societal services for
30 days/
no loss of societal services
Motorway/highway/railroa
d disabled for 30 days
Public road/avenue
disabled for 30 days
No damage to
infrastructure
250; 600; 1,000; 1,500 SEK

Alternative C
(status quo)
50
Pollution of the
environment
Loss of societal
services for 30 days
Motorway/highway
/railroad disabled
for 30 days

0 SEK

The attribute levels in alternative C correspond to the more severe consequences,
scoring relatively high in the risk assessments made by the Swedish Geotechnical
Institute (e.g. Kiilsgaard et al., 2015; SGI, 2016). The attribute levels in Alternative
C were described to participants as the consequences that may arise from a
landslide if no actions are taken to reduce risks. Alternative C did therefore not
include any cost. The other two alternatives (A, B) correspond to scenarios where
measures towards reducing the risk of landslides have been undertaken.
Respondents were therefore told that these alternatives could be financed though
an annual fee that, if implemented, would be paid by all households in their
municipality for the coming ten years. The motive for setting the time frame to ten
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years was that it would take considerable time and financial resources (about 5-6
billion SEK) to implement measures aimed at reducing the risk of landslides in the
Göta River valley as it stretches alongside 186 km of riversides (Swedish
Geotechnical Institute, 2012). The timeframe of ten years was therefore
considered long enough to be perceived as reasonable.
As the evaluation of the landslide risk includes accounting for the probability
of an occurrence, as well as the consequences, it was considered important to
analyse to what extent preferences are sensitive to changes in probabilities. This
was operationalized by allowing the level of risk to vary in the choice experiment
scenarios. In the first choice set, the respondent was asked to make a choice
between the three alternatives A, B or C given that the probability that a landslide
would occur was 10 percent. After choosing the preferred alternative in the initial
choice set the respondent faced a follow-up question, in which she/he was asked
whether she/he would change the choice in the previous question if the
probability of a landslide would either increase to 50 percent or decrease to 1
percent. The respondent could answer yes, and change to another alternative (the
alternatives then appeared again), no (or I don’t know). 1 The motive for varying
the level of risk in the scenarios rather than including risk as one of the attributes,
like in Veronesi et al. (2014), Drake et al. (2011), and Cadavid and Ando (2013),
was that making choices between different alternatives that includes probabilities
can be mentally cumbersome for respondents (Logar and Brouwer, 2013; Corso
et al., 2001). By altering the probability of an event between the choice sets, rather
than between the alternatives within a choice set, the participant is given time to
reflect on the differences of the impacts of a landslide and the probability of an
event separately, the aim was to facilitate the choice tasks.
The final design of the choice experiment was constructed using Ngene
software. We use an efficient design; by using prior information achieved from the
two pilot tests, the efficient design avoids dominant alternatives and minimizes
the correlation between attributes levels. By doing so, the efficient design can

The second choice task thus introduced two possible choices to the respondents; i.e. to reflect
over whether they would like to change their choice when the level of risk changed and, if so, to
evaluate the attributes and levels once again. As probabilities may be considered an abstract
concept, we introduced the “I don´t know” alternative in the follow-up question to allow uncertain
respondents to “opt out” from the choice whether to change their preferred alternative or not.

1
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generate model estimates with small standard errors (Rose and Bliemer, 2013).
Because information (priors) is available with some degree of uncertainty, a
Bayesian D-error 2 approach, assuming normally distributed priors, was used. The
final experimental design consisted of 12 choice sets, divided in two blocks. Each
individual answered 12 choice sets, 6 “initial” choice sets (with a 10 percent
probability of a landslide) and 6 “follow-up” choice sets (with either a 1 percent
or a 50 percent probability of a landslide). Hence, only the probability of a
landslide changed between the initial choice questions and the follow-ups, while
all attributes and levels were equal. The increase/decrease of probabilities in the
follow up questions was randomly assigned; there were two versions of each
block, where the first version of each block contained the randomized assignment
of probabilities to the follow-up questions, and in the second version the
assignment of probabilities was inverted.
In each choice task, the respondents were asked to select their most
preferred alternative. Table 2 gives an example of a choice set and follow-up
question, and in our example the respondent chose alternative A in question 1,
and alternative B in the follow-up question.

2 Other efficiency measures are available besides the D-error, such as the A-error and S-error. The
A-error is unsuitable for this design because not all parameter values are of equal scale and the Serror because of the use of Multinomial Logit (MNL) Model.
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Table 2.
Choice set example
Question 1.
Imagine a 10 percent risk of a landslide occurring in your municipality sometime over the next 10 years. Which of the following
alternatives, A, B or C do you prefer?
Alternative A

Alternative B

Alternative C – no
measures taken

Impact on societal services,

Loss of societal services for

No loss of societal services

Loss of societal services for

e.g. a hospital, water facility,

30 days

for 30 days

30 days

Impacts on the environment,

No pollution of the

Pollution of the environment

e.g. spreading of

environment

or a school becoming
unusable for 30 days
Pollution of the
environment

contaminants
50 people

0 people

50 people

Impacts on infrastructure,

Motorway/highway/railroa

No damage to infrastructure

Motorway/highway/railro

kind of road being unusable

d

Impacts on humans, the
number of people injured or,
in the worst case, killed

ad

for 30 days
Annual fee

250 SEK

1500 SEK

0 SEK

SEK a year to be paid for ten
years
MY CHOICE

[X]

[ ]

[ ]

Question 2.
In the previous question, we asked you to imagine a 10 percent risk of a landslide occurring.
If the risk increased to 50 percent, would you like to change your choice?
[X] Yes, I want to change my choice to alternative B
[ ] Yes, I want to change my choice to alternative C
[ ] No
[ ] I don´t know

3. Model specification
Traditional microeconomic theory, expected utility theory, in combination with
the characteristics theory of value (Lancaster, 1966), constitutes the theoretical
foundation of choice experiments. The basic assumption is that individuals derive
utility from the characteristics of a good rather than from the good per se; i.e. that
8

it is the different consequences of landslides that affect wellbeing. Participants in
a choice experiment are asked to choose between a limited number of alternatives,
each associated with different levels of characteristics, or attributes (i.e. impacts
of landslides), and costs (Louviere et al., 2000). Individual choices will reveal
individuals’ willingness to make trade-offs between the characteristics included.
Since one of the characteristics included is a cost attribute, marginal willingness
to pay for reducing the risk of different impacts can be estimated.
3.1 The Random Parameter Logit model
We use the Random Parameter Logit (RPL) model specification. This model is
more flexible than the Multinomial Logit (MNL) model, as it allows for the
disturbance term to be random and to follow any distribution, thereby accounting
for preference heterogeneity. The Generalised Mixed Logit model was also
considered as it, in comparison to the MNL and RPL models, also account for scale
heterogeneity (Train and Weeks, 2005; Louviere and Eagle, 2006; Greene and
Hensher, 2010). If variance (i.e. scale) heterogeneity exists it can produce serious
bias in welfare measures (Adamowicz et al., 2008), if not accounted for. No scale
heterogeneity was however identified, implying that the GMXL model reverts back
to the RPL model. A brief overview of the RPL model is provided below (for an indepth description, see Train, 2003; Hensher and Greene, 2003).
An individual n (n = 1, …, N) faces T (t = 1, …, T) number of choices. In each
choice the individual is asked to choose among J (j = 1, …, J) alternatives. The utility
U of individual n based on choosing alternative j in choice situation t is specified
as:
= ´
where

(1)

+

is a vector of observed variables that capture the attributes of the

alternatives and characteristics of the individual. Vector
individual’s taste, and

is the error component. Both

´ represents the
´ s and

are

unobserved by the researcher. The individual is then assumed to choose
alternative i, given that each alternative corresponds to a specific utility level, if
and only if

>

, i.e. the individual is choosing the alternative which

provides the highest expected utility. In the RPL model, unlike the standard MNL
model, taste is allowed to vary across individuals in the population with
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distribution ( ) which depends on parameters . The parameters

represent

the mean and standard deviation of the ´s in the population, thus treating

as a

random instead of a fixed parameter.
If ´ would be observable (and given that

is assumed to be iid extreme

value type 1), then the choice probability would be the standard logit:
(
where

´

)=

(

because

(2)

´

) is the logit probability evaluated at parameters

is unknown and it follows a random distribution, the choice

probability is instead defined as the integral of
´

=
where

. However,

´

(

), namely:
(3)

( | )

is the RPL probability evaluated at different values of

. Given a

specified distributional form of ( ) (e.g. normal, lognormal or triangular), the
parameters

of the distribution ( ) can be calculated via a simulated maximum

likelihood estimation. Thus, we are able to estimate the mean and standard
deviation of the distribution of the population’s taste for the attributes of the
alternatives. This study will use Halton draws, following studies such as those by
Bhat (2001) and Train (2009), who found simulation variance to be lower when
using Halton instead of standard random draws, thus Halton draws are more
efficient.
3.2 Marginal willingness to pay
When logit models are estimated, it is not meaningful to compare the size of the
estimated coefficients between different model specifications. Fortunately, by
transforming the results into marginal willingness-to-pay (WTP) measures, the
relative importance of the attributes in question can be analysed. Because the rate
of trade-off between any two attributes is the ratio of their respective coefficients,
the marginal WTP of each attribute is computed as the negative of the coefficient
of that attribute, divided by the coefficient of the cost variable. Thus, the marginal
WTP is computed as:
(5)

=
where

is a vector of estimated parameters.
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4. Results
4.1 Data collection and descriptive statistics
Data was collected in June 2017, via a web panel. The web panel provides a fast
and relatively cost efficient way of gathering data (Svensson, 2010). It also gives
easy access to a large enough sample of respondents in the targeted geographical
area. Having said that, it should be noted that using a web panel also has its
drawbacks, from a statistical point of view. A key issue is that a web panel does
not constitute a probability sample, i.e., not every individual in the population was
given an equal chance of being selected to the sample, since only members of the
panel can be selected to answer the survey (Couper, 2000). Members of the panel,
from which the sample used in this survey was drawn, are however randomly
recruited by telephone. By doing so, rather than having individuals to simply
volunteer, the panel members can be considered to have been recruited using a
probability sampling (Couper, 2000). There are also other potential issues
stemming from potential differences in characteristics of those who choose to be
a part of the panel and the rest of the population (Bethlehem, 2009). Such
potential problems include professional survey-takers, self-selection bias and
under-coverage of individuals without Internet access. The latter may however be
a limited problem in Sweden as most individuals have access to Internet and use
the Internet frequently.
The web panel used in this survey contains approximately 90,000 Swedish
citizens. The sample consist of selected panel members residing in the
municipalities around the Göta River, namely Ale, Gothenburg, Kungälv, Lilla Edet,
Trollhättan and Vänersborg. In total 1894 panel members were invited to answer
the survey, out of which 504 responded (126 respondents per block), which
corresponds to a response rate of 27 percent. A potential issue with 73 percent
choosing not to answer the survey is that if the responses of those who answered
the questionnaire differ from those who declined to answer the survey it could
have implications for the representativeness of the sample. The non-response rate
should therefore be considered when interpreting the results. A response rate of
20-30 percent is however not uncommon in surveys using web panels (Elgan and
Leifman, 2013; Svensson, 2010). The problem with high non-response rates is
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thus not specific to this particular survey, but rather a general concern when
gathering survey data.
The socio-demographic characteristics of the sample are presented in Table
3. These statistics show that the gender and age distributions in the sample are
similar to the corresponding regional averages reported by Statistics Sweden
(2016). The respondents are however, on average, more educated then the
regional population in general. Although the statistics for income levels are not
entirely comparable (as the sample household income is given as a span rather
than a specific number), the households in the sample seem to have somewhat
higher incomes than the regional average. The regional population average does
however lie within one standard deviation of the mean for the respondent sample.
This overrepresentation of individuals with higher incomes and education levels
may introduce selection bias and should be kept in mind when the results are
interpreted.
Table 3.
Socio-economic and demographic characteristics of the sample

Descriptive
statistics

Respondent sample

Regional population

Variable

Mean

Standard deviation

Mean

Female

52%

0.499

50%

University
education

52%

0.498

43%

Age

53 years

17

50 years

Monthly income per
household

40,000–60,000 SEK

10,000–20,000

38,000 SEK

The survey also included questions with regard to the respondents’ previous
experiences of, and knowledge about, landslides. Table 4 presents selected
responses to these questions.
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Table 4.
Knowledge and previous experience of landslides
Variable

Mean

Minimum

Maximum

Affected by landslides

18%

0

1

Received information

6%

0

1

12%

0

1

Knowledgeable (self reported)

The respondents were asked if they, or someone they know, have any previous
experience of landslides. The results in Table 4 show that 18 percent of the
respondents report that they, or someone they know, have been affected by
landslides. The respondents were also asked if they had received any information
on the risk of landslides by the municipality. According to the responses, only six
percent of the respondents report that they had received such information. The
respondents were also asked whether they perceived themselves as having more
knowledge about landslides and their consequences than people in general. 12
percent of the respondents claimed that this was the case. We conclude thus that
although about one fifth of the respondents report that they, or someone they
know, have some experience of landslides the majority of the participants do not
have any personal experience or much knowledge about landslide risks.
How the landslide risks are valued may not only be affected by the impacts
of floods, but also the probability of an event, and individuals’ attitudes towards
uncertain outcomes. In the survey, the risk introduced to participants varied
between the scenarios, where the probability of the occurrence of a landslide was
alternated to either increase or decrease every other question. The respondents
were also asked about their self-perceived willingness to take risks in general, and
in relation to different domains, i.e. health, the environment, finances and safety.
The results suggest that respondents are in general quite uncertain with regard to
this question, responses indicate that individuals report that they are more willing
to take risks in general than in relation to a specific area. Furthermore, the
responses indicate that participants are less willing to accept risks with others
health and safety than with their own health and safety.
13

4.2 Estimation results and discussion
The data set contains 6048 observations; each of the 504 respondents answered
12 choice sets (each respondent answered all choice sets, there are no missing
observations). In half of the choice sets, i.e. the follow-up questions, only the
probability of a landslide changed, while the alternatives, including attributes and
levels, were identical as in the first choice question. The respondents were asked
whether they would like to change their choice from the previous question given
the increase/reduction in the probability of a landslide. Although the changes in
probabilities were quite large, from ten to either one or fifty percent probability
that a landslide would occur in the municipality during the coming ten years, most
participants chose to stick with their original choice. In 618 cases, (or about 20
percent of the follow-up questions), the respondents chose to change their choice
in response to the changed probability while in 2047 (about 70 percent) cases the
respondents answered that they did not want to change their alternative or that
they did not know (in the remaining 359 choices the respondents stated that they
did not know).
The status quo alternative was, on average, chosen in 13 percent of the
choice sets. The probability that the status quo alternative was chosen was, to
some extent, related to the stated probability of a landslide. When the probability
of a landslide was increased to 50 percent the probability that the status quo
alternative was chosen was 10 percent, which actually is the same proportion as
in the base case (the 10 percent probability). When the probability of a landslide
was set to one percent the proportion of the respondents that chose the status quo
increased however to 22 percent.
The choice data was analysed by estimating a RPL model, which accounts for
heterogeneity in taste (Train, 2003; Hensher and Green, 2003). This model
specification is preferred (over the Multinomial Logit model) since the dataset
displays heterogeneity in taste, indicated by the statistically significant standard
deviations of the estimated parameters, see Table 5. The results from estimating
the RPL model presented in Table 5 were estimated using Nlogit 5 software and
2000 Halton draws.
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In addition to the variables included in the model results presented here,
several alternative model specifications have been tested for; additional variables
have been interacted with the status quo parameter as well as with the attributes
(including income, university education, age, gender, previous experience and
knowledge of landslides). None of these had however any statistically significant
explanatory power and they are therefore omitted from the model results
presented here. Remembering the overrepresentation of individuals with higher
incomes and education levels in the sample, it can be noted that the statistical
insignificance of these variables implies that the preferences of those with higher
income levels and/or education levels are not statistically different from those
with lower income levels and/or education levels.
The attribute levels were also interacted with the level of risk in order to
examine whether the valuation of some attributes were more sensitive to changes
in risk level than others. Since the statistical significance of these interactions was
limited they were omitted from the model presented here. The parameter
estimates for the attributes related to the impacts of landslides proved to be stable
across model specifications, i.e. they did not change substantially with respect to
signs, sizes or statistical significance.
The cost attribute Fee and the constant (equal to one for Alternative C, status
quo) together with the attributes – impacts on societal services, humans, the
environment and infrastructure – are random parameters (for variable definitions,
see appendix A, table A1). In order to determine what distributional form that
would fit the data best, the model was estimated under different distributional
assumptions, including the normal, uniform and triangular distribution. By
comparing the simulated log-likelihood values, Mc Fadden pseudo R-square and
the Akaike information criteria, the model assuming a normally distributed cost
attribute, whilst letting all other attributes and the status quo parameter follow a
uniform distribution, fitted the data best.
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Table 5.
Results from estimating the RPL model
RPL Model
Variable

Coefficient (s.e.)

Standard deviation

Fee

-0.0002 (0.000)***

Fixed

No impact on infrastructure

0.153 (0.054)***

0.557***

Limited impact on infrastructure (public roads)

0.100 (0.154)

0.867

No impact on humans

1.864 (0.119)***

3.207***

Limited impact on humans (10 individuals affected)

0.796 (0.146)***

0.183

No impact on the environment

0.866 (0.070)***

1.927***

No impact on societal services

0.870 (0.068)***

1.571***

Status quo

-1.994 (0.295)***

5.819***

Probability of occurrence low *status quo

1.930(0.140)***

Fixed

Probability of occurrence high *status quo

-0.201(0.141)

Fixed

Model fit
Log-likelihood value

-4153.174

Pseudo

0.375

BIC

8340.3

Number of parameters
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Number of observation

6048

***, **, * indicate statistical significance levels at 1%, 5%, and 10%, respectively.

The results of estimating the RPL model reveal that overall the respondents’
valuation of reducing the risk of negative impacts from landslides are positive and
statistically significant. All attribute coefficients except for limited impact on
infrastructure (public roads) are statistically significant at the one percent level.
Furthermore, all random coefficients except fee and status quo have positive signs,
which is to be expected. A positive parameter estimate indicates that the
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probability of choosing an alternative is increased when the attribute appears in
the alternative, compared to the status-quo alternative. The status-quo refers to
Alternative C, which constitutes the reference level for the attributes. The
reference levels are; large impacts on infrastructure (damages to a motorway,
highway and/or railway for 30 days), large impacts on humans (50 individuals
affected by landslides), negative impact on the environment and on societal
services (reduced for 30 days). The interpretation of a positive sign for the
attributes, one by one, is that respondents prefer no damages to infrastructure, no
impact on humans or limited impact on humans (only ten individuals affected),
over 50 individuals affected by a landslide. The respondents also prefer the
environment not to be polluted by a landslide. In addition, maintaining important
societal services is, not surprisingly, preferred over having important societal
services reduced for 30 days. Finally, the cost attribute fee is negative implying
that the respondents prefer low fees to high fees. The results also indicate that the
respondents have tendencies to avoid choosing the status quo alternative of doing
nothing to reduce the risk of landslides.
The RPL model estimates the standard deviation of each random parameter.
The statistically significant standard deviations for the variables pertaining
infrastructure (except for no damages to public roads), impacts on humans (except
for limited impact on humans), the environment and societal services, imply that
the coefficients vary between respondents, thus there exists preference
heterogeneity within the sample.
To facilitate analysing whether the level of risk is related to the willingness
to pay a cost to reduce the expected damage from a landslide, the level of
probability was interacted with the status quo alternative. The estimated low-risk
coefficient is positive and statistically significant which suggests that the
probability of choosing the status quo alternative increases as the stated
probability of landslides decreases. There is however no statistically significant
evidence that a higher risk would increase the willingness to pay to avoid the
negative impacts of landslides, the estimated high-risk coefficient is not
statistically significant. In order to facilitate analysing the extent to which
preferences over the attributes and their corresponding levels are sensitive to the
level of risk, we also estimated the model for each level of risk separately. The full
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results from these estimations are presented in the appendix (Table A2, A3 and
A4). The results from estimating the one percent probability model are fairly
similar to the ten percent probability model (i.e. for the initial choices). The main
difference is that none of the parameters for infrastructure were statistically
significant for the one percent model, while the no impact on infrastructure
parameter was statistically significant in the model based on the sample of ten
percent risk . The 50 percent probability model differed from the other two with
regards to the lack of the statistical significance of the fee and the status quo
parameters. The tendency to stick to the status quo alternative that was identified
in the other models was not statistically significant for the model based only on
the answers from the questions including 50 percent probability of a landslide
occurring, nor did we find statistically significant evidence that the level of costs
affect the choices for the 50 percent model.
4.3 Willingness to pay estimates
The parameter estimates in the section above indicate whether the average
participant tends to choose or avoid alternatives when the attributes appear. To
be able to analyse also differences with respect to the relative importance of the
different attributes on the utility of the average participant, the marginal
willingness to pay estimates were calculated, these are presented in table 6. 3
The WTPs are estimated in Swedish crowns (SEK), to facilitate a comparison
the WTPs are also presented in Euros (in the parentheses in Table 6). 4 The
marginal WTPs are calculated for each of the models presented above, i.e. one for
each level of the probability of occurrence, 1 percent, 10 percent and 50 percent,
respectively, to evaluate if and how the level of risk affects individuals’ marginal
WTP. The RPL model estimations on which these WTP calculations are based are
presented in full in the appendix (tables A2, A3 and A4). Since we did not find any
statistically significant support for the notion that the cost affects the choices for

The model was also estimated in willingness to pay space, as it has been found to produce more
reasonable estimates of the marginal WTPs (Train and Weeks, 2005; Hensher and Greene, 2009;
Greene and Hensher, 2010). However, for the models for each level of risk (presented in section
4.3 below) these estimations broke down. For this reason, all WTPs presented are estimated in
utility space, in accordance with equation 5.
4 The WTPs was calculated using an exchange rate of 9.5 SEK/€
3
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the 50 percent probability model, we did not estimate the marginal WTPs for the
50 percent probability model.
Table 6.
WTP estimates (Euros in parenthesis)
Marginal willingness to pay in SEK (Euros in parenthesis)
WTP 1% probability of

WTP 10% probability of

WTP 50% probability

occurrence

occurrence

of occurrence

Attributes

Coefficient

s.e.

Coefficient

s.e.

Coefficient

s.e.

No impact on
infrastructure

87 (9)

195

695** (73)

276.1

---

---

Limited impact
on infrastructure
(public roads)

-268 (28)

411

701 (74)

647.8

---

---

No impact on
humans

2245*** (236)

469

4694*** (494)

1196.7

---

---

Limited impact
on humans

1197*** (126)

454

1763** (186)

750.8

---

---

No impact on the
environment

1676*** (176)

352

2437*** (257)

606.9

---

---

No impact on
societal services

1607*** (169)

325

2451*** (258)

594.9

---

---

***, **, * indicate statistical significance levels at 1%, 5%, and 10%, respectively

The results reveal that when the probability of occurrence is 1 percent, all the
attribute parameters, except those pertaining to infrastructure, are statistically
significant at the 1 percent level. When the probability of occurrence is 10 percent,
also the parameter for avoiding any impact on infrastructure is statistically
significant at the 5 percent level. Participants are thus reporting that they are,
overall, willing to contribute financially to reduce the risk of landslides. Although
our results should be interpreted with care, given the relatively large fraction of
non-respondents, citizens in the Göta River valley would most likely benefit from
investments in measures aimed at reducing landslide risks.
The results display considerable differences in marginal WTPs between the
attributes, with a WTP ranging between 0 SEK (€0) for avoiding or limiting,
negative impacts on infrastructure, to 2245 SEK (€236) for avoiding negative
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impacts on humans, in the 1 percent model. When the probability of occurrence is
10 percent, the marginal WTPs range between 0 SEK (€0) for avoiding negative
impacts on infrastructure, to 4694 SEK (€494) for avoiding negative impacts on
humans. The marginal WTP estimates suggest that compared to taking no action
against avoiding negative impacts on humans, making sure that individuals does
not become injured or, in the worst case, killed, has the greatest impact on
individuals’ utility. These results are consistent with the findings of Flügel et al.
(2015) who studied the valuation of land slide risk reductions in the setting of car
accidents, and found that individuals were willing to pay to reduce the risk of
being, in their case deceased. Their WTP of €98 5 (909 NOK/SEK) was however
lower than the one estimated in this study. The individuals also report a relatively
high marginal WTP for avoiding negative impacts on the environment, i.e. pay for
reducing the risk that a landslide would cause harmful substances to be spread to
the environment via the water, air and/or soil. When the probability of occurrence
is 1 percent, the marginal WTP for avoiding negative impacts on the environment
is 1676 SEK (€176), and when the probability of occurrence is 10 percent the
marginal WTP is 2437 SEK (€257). The respondents are also willing to pay 1607
SEK (€169) and 2451 SEK (€258) (at the 1 respectively 10 percent probability) to
avoid negative impacts on societal services. Finally, although individuals awarded
infrastructure the lowest priority, the attribute no damages to infrastructure had
a marginal WTP of 695 SEK (€73), relative to the status quo of having
interruptions in the use of a motorway, highway and/or railway for 30 days, when
the probability of occurrence was 10 percent. When the probability of occurrence
was 1 percent, no statistically significant marginal WTP was found for this
attribute. Damages to infrastructure is thus considered the least important issue
to address, which is in line with the results of the findings of Spegel (2017),
analysing the preferences for the impacts of floods in the same region. The limited
valuation of the impacts on infrastructure may be a result of individuals in the
Göta River valley not considering traffic interruptions as particularly
troublesome. However, it is also possible that traffic interruptions is considered a
less serious problem in comparison with the risk of negative impacts on humans,

5

The value of NOK corresponds to the value of SEK.
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the environment and important societal services, such as hospitals, fire stations
and schools.
The results showing that participants prioritize preventing negative impacts
on humans over maintaining important societal services and environmental
status consistent with previous studies (US Environmental Protection Agency,
1999; Birol et al., 2009; Veronesi et al., 2014). Although these studies are not
entirely comparable since the attributes and settings differ, the general indication
from the economic literature measuring the value of fatal risks (Wang and
Mullahy, 2006; Alberini et al., 2006) and from the literature on environmental
valuation (Roberts et al., 2008; Lew et al., 2010) is that fatal risks are usually
valued higher than environmental risks.
The differences between how different impacts are valued imply that there
are differences between the relative valuations of impacts expressed by the
respondents and the Swedish Geotechnical Institute. In the risk assessment made
by the Swedish Geotechnical Institute, each criterion was scored on 5 levels but
there is nothing that helps to evaluate different impacts of the same level against
each other (these are implicitly given the same weight). This implies that the
Swedish Geotechnical Institute, in their risk assessment, made no differentiation
between e.g. no impacts on humans and no impacts on the environment, however,
as indicated by the WTP estimates, the respondents did. As the citizens’ did not
consider different types of impacts equally important, investment decisions made
in accordance with the risk assessment used by the authorities may thus lead to
socially inefficient outcomes.
Finally, we also find that the self-reported WTPs are, sensitive to the level of
risk, and when the probability of occurrence increases from 1 to 10 percent, all
marginal WTPs increase as well.
5. Conclusions and policy implications
This paper has analysed the preferences and valuations of negative impacts of
landslides. The negative consequences of landslides include negative impacts on
infrastructure, humans, the environment and important societal services. By
analysing the preferences of individuals living in the landslide prone valley
surrounding the Göta River we evaluate the relative importance of different
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impacts and how these are related to different levels of risk. Methodologically we
have used a choice experiment approach, and data was collected through a web
panel.
The overall finding is that reducing the risk of landslides would have a
positive impact on individuals’ utility; the participants’ responses indicate that
they are willing to pay an additional annual fee to reduce the negative impacts of
landslides. Policy makers in the Göta River valley should therefor invest in
measures aimed at reducing the risk of landslides.
The results also demonstrate that in general, individuals prioritize
preventing negative consequences for human health and safety over maintaining
societal services and environmental status. Preventing damages to infrastructure
is the least concerning area according to these results. The results imply that
policymakers should prioritize measures aimed at preventing individuals from
being affected (hurt or even killed), over maintaining societal services and
environmental status, and measures targeting infrastructural damages when they
decide on which measures to implement to prevent landslides. Having said that,
the analysis made in this paper should be seen as a general indicator of the relative
importance of the different impacts of landslides.
Moreover, the results indicate that the prioritizing made by the citizens
differ from the prioritizing made by public authorities, whose model for
evaluating the consequences of landslides does not weight different impacts of
landslides of the same scale differently, whilst our results indicate that the
respondents do so. The implications of these possible differences in valuation is
that investments made in accordance with the risk assessments of the public
authorities may lead to socially inefficient outcomes. Public authorities should
therefore adjust their risk assessment to reflect the preferences of the citizens.
Still, it is important to remember the relative valuation of different impacts
on landslides is of course also highly case dependent. Case studies specifying more
in detail which buildings, infrastructures or services that would be affected by a
landslide, are of course desirable. Still, policymakers need to make decisions in a
world of scarce resources and to make a case study for each and every decision
that need to be made would be very costly. By complementing with case studies it
would however be possible to study to what extent and under which
22

circumstances the general ordering of impacts found in this study may hold for
specific cases.
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Appendix
Table A1.
Definition of variables
Variable

Definition

Min

Max

Fee

Municipal fee in SEK to be paid each year for ten years

0

1500

No impact on

No damage to infrastructure

0

1

0

1

0

1

0

1

0

1

0

1

0

1

infrastructure
Reference level: Damages to infrastructure that disables
Motorway/highway/railroad disabled for 30 days
Limited impact on

Public road/avenue disabled for 30 days

infrastructure
Reference level: Damages to infrastructure that disables
Motorway/highway/railroad disabled for 30 days
No impact on life

No individuals injured or diseased
Reference level: 50 individuals injured or diseased

Limited impact on

Ten individuals injured or diseased

humans (10 individuals
affected)

Reference level: 50 individuals injured or diseased

No impact on the

No pollution of the environment

environment
Reference level: Pollution of the environment by harmful
substances spreading to the environment via the water, air
and/or soil
No impact on societal

No loss of societal services

services
Reference level: Loss of societal services including hospital,
fire station/police station/school, which reduces the society´s
ability to function for 30 days
Status quo

Refers to alternative C.
Reference alternatives: A,B
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Table A2
RPL model estimation –1 percent probability of occurrence
RPL Model
Variable

Coefficient (s.e.)

Standard deviation

Fee

-0.0005 (0.000)***

Fixed

No impact on infrastructure

-0.002 (0.089)

0.001

Limited impact on infrastructure (public roads)

-0.277 (0.289)

0.121

No impact on humans

1.099 (0.143)***

2.347***

Limited impact on humans (10 individuals affected)

0.870 (0.265)***

0.032

No impact on the environment

0.707 (0.097)***

0.789

No impact on societal services

0.723 (0.102)***

0.667

Status quo

-2.599 (0.591)***

8.084***

Model fit
Log-likelihood value

-1296.955

Pseudo

0.219

BIC

2623.9

Number of parameters

15

Number of observation

1512

***, **, * statistical significance levels at 1%, 5%, and 10%, respectively.
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Table A3
RPL model estimation –10 percent probability of occurrence
RPL Model
Variable

Coefficient

Standard deviation

Fee

-0.0003 (0.000)***

Fixed

No impact on infrastructure

0.187 (0.054)***

0.029

Limited impact on infrastructure (public roads)

0.189 (0.165)

0.249

No impact on humans

1.262 (0.081)***

1.433***

Limited impact on humans (10 individuals affected)

0.474 (0.165)***

0.325

No impact on the environment

0.655 (0.056)***

0.545***

No impact on societal services

0.659 (0.056)***

0.032

Status quo

-1.763 (0.285)***

4.515***

Model fit
Log-likelihood value

-2337.093

Pseudo

0.297

BIC

4704.2

Number of parameters

15

Number of observation

3024

***, **, * statistical significance levels at 1%, 5%, and 10%, respectively.
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Table A4
RPL model estimation – Subsample 50 percent probability of occurrence
RPL Model
Variable

Coefficient

Standard deviation

Fee

-0.0001 (0.000)

Fixed

No impact on infrastructure

0.228 (0.084)***

0.163

Limited impact on infrastructure (public roads)

0.248 (0.264)

0.008

No impact on humans

1.094 (0.086)***

0.042

Limited impact on humans (10 individuals affected)

0.474 (0.394)

0.005

No impact on the environment

0.570 (0.081)***

0.011

No impact on societal services

0.603 (0.086)***

0.436*

Status quo

-0.018 (0.201)

0.364

Model fit
Log-likelihood value

-1259.440

Pseudo

0.242

BIC

2548.9

Number of parameters

15

Number of observation

1512

***, **, * statistical significance levels at 1%, 5%, and 10%, respectively.
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Appendix I

Flood risk in the Gothenburg region

This questionnaire is a part of an EU project that investigates strategies for dealing with
flood risk. In Sweden, the project is managed via the Luleå University of technology. The
purpose of this questionnaire is to gain knowledge of how people look at the effects of
floods in the Gothenburg region. The questionnaire will take about 15 minutes to answer.
Floods can arise as a result of high flows in rivers,
rising sea levels, but also heavy rains. Floods can give
rise to damaged property, decreased water supply
security and traffic disturbances. Floods are
relatively common in the Gothenburg region, and will
become even more so in the future. We are therefore
interested in you opinions and experiences of floods.
If you have any questions regarding the
questionnaire or the project you are welcome to
contact:
Elin Spegel
Luleå tekniska universitet
E-post: Elin.Spegel@ltu.se

Thank you for participating in the survey!
Kind regards
Elin Spegel

Figur 1. Utvalda kommuner i Göteborgsregionen.

1. Have you ever reflected over the effects of floods on you and society?





No





Yes, it has
Yes, several
Don’t know
happened
times
2. Do you see yourself as someone who is more or less knowledgeable about floods than
people in general?



Less
knowledgeable



About as
knowledgeable
as other people



More
knowledgeable



Don’t know

3. Have you received information about the risk of floods in the Gothenburg region?



Yes





No

Don’t know

4. Do you know if any measures are taken to prevent floods from occurring in the

Gothenburg region at present?





Yes
No
If ”Yes”, please give an examplel:..............................................................................................................
5. Have you personally been affected by floods in any of the following ways?

No

Drinking water

Yes, it has
happened
one time

Yes, several
times

Don’t know

























E.g. Disruption of
drinking water
supply, miscoloured
water, contamination
Property damage
E.g. water in
basement or garage,
flooded sewerage
systems
Traffic disturbances
E.g. Flooded or
washed away roads.
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6. Do you know of anyone in the Gothenburg region that has been affected in any of the

above-mentioned ways?



Yes





No

Don’t know

7. Is there any risk of flooding in your residential neighbourhood?



No



Yes, but it has
not been any
floods



Yes, and floods
have occurred



Don’t know

8. Below, 10 environmental- and societal risks are listed. How worrying do you find the

following risks?

Not
Not
Neither
worrying particularly nor
at all
worrying

Quite
Very
worrying worrying

Don’t
know

Terrorist attack
in Sweden













Environmental
pollution













Financial crisis













Flooding













Spread of
contagious
diseases













Climate change













Organised crime













Drinking water
shortage













Long power
shortages
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9. How worried are you about becoming affected by the following negative effects as a

result of flooding?

Not
Not
Neither
worrying particularly nor
at all
worrying
Drinking water

Quite
Very
Don’t
worrying worrying know





































E.g. Disruption of
drinking water
supply,
miscoloured water,
contamination
Property damage
E.g. water in
basement or
garage, flooded
sewerage systems
Traffic
disturbances
E.g. Flooded or
washed away
roads.
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10. How much responsibility do you believe the following actors in Sweden have for

preventing negative effects of floods?

Very little
Little
Neither Large
Very large
responsibility responsibility nor
responsibility responsibility

Don’t
know

Drinking water, e.g. Disruption of drinking water supply, miscoloured water,
contamination
The state





The





municipality
Private





individuals
Property damage, e.g. water in basement or garage, flooded sewerage systems




The state



The



municipality
Private



individuals
Traffic disturbances, e.g. Flooded or washed away roads.
















The state
The
municipality
Private
individuals































11. How much confidence do you have in the above mentioned actors in Sweden,

regarding them living up to responsibility of preventing negative effects of floods,
such as securing drinking water supply, property damage and traffic disturbances?
Very little
confidence

The state
The
municipality
Private
individuals



Little
Neither nor
confidence

Large
Very large
confidence confidence
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Impacts of floods in the Gothenburg region
In this section, we are describing the impacts floods in the Gothenburg region. It is
possible to decrease the impacts of floods by taking various measures, but that would
imply costs. The municipalities in the region charging a fee from all households can
finance measures.
Water supply security
The Göta river supplies 700 000 residents with drinking water. The water supply security
is dependent of a good water quality. When the Göta river, and adjacent contaminated
areas floods, pollutants are released in to the water. Today, the water from the Göta river
cannot be used for drinking water production for about 100 days per year because of
pollution. Water is then taken from alternative water supply sources, but these are
limited. Already today, there are times where these alternative water supply sources has
been fully utilised. Floods will likely become even more frequent in the future, which will
imply that the number of days that the water from the Göta river will not be suited for
producing drinking water will increase, if no measures are taken.
Property damage
Floods many times imply significant damages to properties. When floods occur common
problems are cellars being filled with water and water pushing its way into properties
due to overloaded sewerage systems. Today, floods cause about 200 buildings being
flooded every 5th year, that is on average 40 properties every year. Floods will likely
become even more frequent in the future, which will imply that the number of damage
properties will increase, if no measures are taken.
Traffic disturbances
When floods occur there is risk for roads, tunnels, bridges, and railway tracks becoming
filled with water, eroded or washed away. Floods may therefore imply interruptions in
traffic. Roads that are specifically exposed are E6, E20, riksväg 45, the Göta tunnel and
trains going from and to Gothenburg. Today, floods cause about 4 days of traffic
disturbances every second year, that is, on average 2 days every year. Floods will likely
become even more frequent in the future, which will imply that the number of days with
traffic disturbances will increase, if no measures are taken.
We are now interested of your view on floods in the Gothenburg region. In the coming
section you will be given three alternatives, from which we would like you to choose. The
alternatives will differ from each other in terms of the consequences of floods and the cost
of limiting them. Imagine that the costs are financed via an annual municipal fee, paid by
all households during the next coming 10 years.
In previous surveys, it has been found that people sometimes say that they are willing to
pay more, or less, that what they are actually are willing to pay. It is important that you
keep in mind your households budget and how much you are willing to pay to limit the
effects of floods.
IMPORTANT: In the coming questions there are no “right” answers. Your task is to weigh
the “properties” of the different alternatives against each other, and then choose the
alternative you prefer.
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Choice set 14
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
–
Measures
No measures
Measures
taken
taken
100 days
100 days
200 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
100 properties
10 properties
100 properties
Damaged property
Number of flood damaged
properties a year.
8 days
2 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
500 SEK
100 SEK
0 SEK
Fee
SEK a year to be paid for ten
years.
[ ]

My choice

[ ]

[ ]

15. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



6

5



6



7



8
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Choice set 16
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
–
Measures
No measures
Measures
taken
taken
50 days
200 days
200 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
100 properties
100 properties 10 properties
Damaged property
Number of flood damaged
properties a year.
8 days
2 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
Fee
SEK a year to be paid for ten
years.

500 SEK

500 SEK

[ ]

My choice

0 SEK

[ ]

[ ]

17. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



7

5



6



7



8
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Choice set 18
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
No measures
–
Measures
Measures
taken
taken
200 days
200 dagar days 50 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
40 properties 40 properties
100 properties
Damaged property
Number of flood damaged
properties a year.
8 days
2 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
Fee
SEK a year to be paid for ten
years.

100 SEK

800 SEK

[ ]

My choice

0 SEK

[ ]

[ ]

19. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



8

5



6



7



8
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Choice set 20
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
–
Measures
No measures
Measures
taken
taken
100 days
200 days
200 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
100 properties
100 properties 10 properties
Damaged property
Number of flood damaged
properties a year.
2 days
8 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
Fee
SEK a year to be paid for ten
years.

300 SEK

300 SEK

[ ]

My choice

0 SEK

[ ]

[ ]

21. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



9

5



6



7



8
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Choice set 22
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
–
Measures
No measures
Measures
taken
taken
50 days
100 days
200 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
100 properties
40 properties
10 properties
Damaged property
Number of flood damaged
properties a year.
8 days
2 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
Fee
SEK a year to be paid for ten
years.

500 SEK

300 SEK

[ ]

My choice

0 SEK

[ ]

[ ]

23. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



5

10



6



7



8
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Choice set 24
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
No measures
Measures
–
Measures
taken
taken
200 days
200 days
50 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
10 properties 40 properties
100 properties
Damaged property
Number of flood damaged
properties a year.
8 days
2 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
Fee
SEK a year to be paid for ten
years.

300 SEK

1000 SEK

[ ]

[ ]

My choice

0 SEK

[ ]

25. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



5

11



6



7



8
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Choice set 26
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
No measures
–
Measures
taken
Measures
taken
200 days
100 days
50 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
10 properties 40 properties
100 properties
Damaged property
Number of flood damaged
properties a year.
2 days
8 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
Fee
SEK a year to be paid for ten
years.

100 SEK

100 SEK

[ ]

My choice

0 SEK

[ ]

[ ]

27. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



5

12



6



7



8
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Choice set 28
Which of the following alternatives, A, B or C do you prefer? The alternatives describe a
situation in 20 years’ time. Alternative C describes a situation where no measures
against floods are taken, and implies a larger impact of floods than today. Choose one
of the alternatives by ticking one of the boxes at the bottom of the Table.
Alternative A Alternative B – Alternative C –
No measures
–
Measures
taken
Measures
taken
200 days
50 days
100 days
Water supply security
Number of days a year that
the water from Göta river
cannot be used for
producing drinking water
due to contamination.
40 properties 100 properties 100 properties
Damaged property
Number of flood damaged
properties a year.
2 days
8 days
8 days
Traffic disturbances
Number of days a year with
flooded, eroded or washed
away roads and railways.
Fee
SEK a year to be paid for ten
years.

1000 SEK

500 SEK

[ ]

My choice

0 SEK

[ ]

[ ]

29. How certain are you of your choice in the previous question? “Very certain” implies
that you know that you made the “right” choice. “Very uncertain” implies that you
could almost as well have chosen one of the other alternatives.
Very
uncertain


1

Very
certain





3



4



5

13



6



7



8
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30. What is your opinion regarding the following statements?
Totally
Partially
disagree disagree
I would like to
contribute more
towards measures
against floods but I
cannot afford it.

Neutral Partially Totally
agree
agree

Don’t
know









































































I do not believe it is
possible to effectively
reduce floods.













I believe that we
should devote more
resources towards
preventing floods.













I do not trust that the
fee would go to
towards measures
against floods.
It is not worth
investing in measures
that reduces floods
since home insurance
covers flood related
property damages.
There exist more
important societal
issues than floods.
I already pay so much
to the municipality
that they should be
able to take measures
against floods without
having to increase
fees.
I believe that the
consequences of
floods are
exaggerated.
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31. Sex
Man Women





32. Age: _________ years
33. Marital status
Single Married/Have a partner





34. Do you have children?
Yes No

 
35. What is your highest educational degree?









Elementary
school

High school

University

Other

If ”Other”, which?.........................................................................................................
36. How many people is currently living in your household? ________
37. How many years have you been living in the Gothenburg region?_______ years
38. What is your current form of housing?









House

Condominium

Rental

Other

If ”Other”, which?.........................................................................................................
39. What is your household’s monthly income before taxes, including benefits and
transfers?


0-20,000
SEK


20,000 –
40,000 SEK


40,000 –
60,000 SEK
15


60,000 –
80,000 SEK


80,000 –
100,000 SEK


Over
100,000 SEK

40. Do you live close to the water- or riverfront?



Yes, within 100
metres





Yes, within 100
metres

41. Do you have municipal water?



Yes



No



No

Don’t know



Don’t know

42. Do your commute daily for work?



Yes



No

43. If “Yes” how far do you have to work?............................ km
44. Environment

Are you a member of any
environmental organisation?
Do you regularly buy
environmental friendly
groceries?

Yes

No

Don’t
know













45. How well do the following statements describe your personality?
I see myself as
Disagree
Disagree Neither agree
Agree Agree
someone who is…
strongly
nor disagree
strongly
reserved





generally trust





people
tends to be lazy





relaxed, handles





stress well
has few artistic





interests
is outgoing,





sociable
tends to find faults





in others
does a thorough





job
gets nervous easily





has an active





imagination
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46. Below a number of lotteries are presented. All lotteries has a 50% chance of getting
the high payoff, and 50% chance of getting the low payoff. Which lottery, 1 to 6,
would you choose?
50/50 chance

Low payoff

High payoff

Lottery 1
Lottery 2
Lottery 3
Lottery 4
Lottery 5
Lottery 6

1400 SEK
1200 SEK
1000 SEK
800 SEK
600 SEK
100 SEK

1400 SEK
1800 SEK
2200 SEK
2600 SEK
3000 SEK
3500 SEK
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Average payoff
1400 kr
1500 kr
1600 kr
1700 kr
1800 kr
1800 kr

Your
choice








Appendix II

Landslide risks in the Göta river valley
Along the Göta river there are areas with a high risk for landslides. As a result of climate
change with increased precipitation, implying increased flows in the river, the risk for
landslides is expected to increase. Researchers at Luleå University of Technology, in
consultation with the Swedish Geotechnical Institute, is at present conducting a survey to
investigate how people in the Göta river valley value the consequences of landslides. You
have been given this questionnaire because you live in one of the municipalities in the
Göta river valley.

1. Have you ever reflected over the consequences of landslides?



No



Yes, it has
happened



Yes, several
times



Don’t know

2. Do you see yourself as someone who is more or less knowledgeable about landslides

than people in general?



Less
knowledgeable



About as
knowledgeable
as other people



More
knowledgeable



Don’t know

3. Have you received information about the risk of landslides in your municipality?



Yes



No



Don’t know

If your answer was “Yes”, from who did you receive the information regarding
the risk for landslides?:___________________________________________
4. Have you or anyone you know been affected by landslides?



Yes



No



Don’t know

5. Is there any risk of landslides in your residential neighbourhood?



Yes



No



Don’t know

1

6. Below, 10 environmental- and societal risks are listed. How worrying do you find the

following risks?

Not
Not
Neither
worrying particularly nor
at all
worrying

Quite
Very
worrying worrying

Don’t
know

Terrorist attack
in Sweden













Environmental
pollution













Financial crisis













Landslides













Spread of
contagious
diseases













Climate change













Organised crime













Drinking water
shortage













Long power
shortages













Flooding
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In the table below, possible consequences of landslides in the Göta river valley are
described. Landslides may imply impacts on humans, the environment, societal services
and infrastructure.
Impacts following a landslide
Potential outcomes
Direct impact on humans, number x About 50 people are affected
of people that is injured (or in worst x About 10 people are affected
case diseased).
x No people are affected
Impact on the environment,
x Pollution of the environment, from hazardous
harmful substances spreading to the
activities (Harmful substances spreading to the
environment because of industrial
environment via the water, air and/or soil)
accident caused by a landslide.
x No pollution of the environment as a result of
landslides
Impact on societal services, such
x Loss of societal services for 30 days as a result
as damages to hospitals, schools or
of a landslide
public drinking water systems, as
x No loss of societal services as a result of a
result of a landslide.
landslide
Impact on infrastructure, e.g.
traffic need to be rerouted and new
roads/railways need to be
constructed, as a result of a
landslide.

x
x
x

Motorway/highway/railroad disabled for 30
days
Public road/avenue disabled for 30 days
No damage to infrastructure

The next section of the questionnaire is about how you value the different consequences
of landslides. There exists some uncertainty of just how high the risk of landslides really
is, since it is not possible to know for sure when a landslide will occur. In the coming
questions, 8 to 19, we would like you to choose between three alternatives, A, B and C,
which all imply different consequences of landslides, all of which could happen
somewhere in your municipality, under the next coming 10 years.
Alternative A and B describe the consequences of a landslide when different
preventative measures have been taken to limit the impact of the landslide. These
alternatives therefore imply costs. The costs, if the measures would be implemented,
would be financed via a municipal fee, paid by all households during the next coming 10
years. All household in your municipality pays the same amount.
Alternative C describe the consequences of a landslide when no preventative measures
have been taken. This alternative therefore implies relatively large consequences for
people, the environment, societal services and infrastructure.
When you answer questions 8 to 19, bear in mind that there are no right or wrong
answers, we are interested of your opinion.
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Question 8
Imagine a 10 percent risk of a landslide occurring in your municipality sometime over
the next 10 years. Which of the following alternatives, A, B or C do you prefer?
Alternative A
Impact on societal
services, e.g. a
hospital, water
facility, or a school
becoming unusable
for 30 days
Impacts on the
environment, e.g.
spreading of
contaminants
Impacts on
humans, the
number of people
injured or, in the
worst case, killed
Impacts on
infrastructure,
kind of road being
unusable for 30
days
Annual fee
SEK a year to be
paid for ten years
MY CHOICE

Alternative B

Alternative C – no
measures taken

Loss of societal
No loss of societal
Loss of societal
services for 30 days services for 30 days services for 30
days

No pollution of the
environment

Pollution of the
environment

Pollution of the
environment

50 people

0 people

50 people

Motorway/highwa
y/railroad

No damage to
infrastructure

Motorway/highw
ay/railroad

250 SEK

1500 SEK

0 SEK

[ ]

[ ]

[ ]

9. In the previous question, we asked you to imagine a 10 percent risk of a landslide
occurring. If the risk increased to 50 percent, would you like to change your
choice?
[ ] Yes, I want to change my choice to alternative X
[ ] Yes, I want to change my choice to alternative Y
[ ] No
[ ] I don´t know
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Question 10
Imagine a 10 percent risk of a landslide occurring in your municipality sometime over
the next 10 years. Which of the following alternatives, A, B or C do you prefer?
Alternative A
Impact on societal
services, e.g. a
hospital, water
facility, or a school
becoming unusable
for 30 days
Impacts on the
environment, e.g.
spreading of
contaminants
Impacts on
humans, the
number of people
injured or, in the
worst case, killed
Impacts on
infrastructure,
kind of road being
unusable for 30
days
Annual fee
SEK a year to be
paid for ten years
MY CHOICE

Alternative B

Alternative C – no
measures taken

No loss of societal Loss of societal
services for 30 days
services for 30
days

Loss of societal
services for 30 days

Pollution of the
environment

No pollution of the
environment

Pollution of the
environment

50 people

0 people

50 people

No damage to
infrastructure

Motorway/highway
/railroad

Motorway/highw
ay/railroad

250 SEK

1500 SEK

0 SEK

[ ]

[ ]

[ ]

11. In the previous question, we asked you to imagine a 10 percent risk of a landslide

occurring. If the risk decreased to 1 percent, would you like to change your
choice?
[ ] Yes, I want to change my choice to alternative X
[ ] Yes, I want to change my choice to alternative Y
[ ] No
[ ] I don´t know
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Question 12
Imagine a 10 percent risk of a landslide occurring in your municipality sometime over
the next 10 years. Which of the following alternatives, A, B or C do you prefer?
Alternative A
Impact on societal
services, e.g. a
hospital, water
facility, or a school
becoming unusable
for 30 days
Impacts on the
environment, e.g.
spreading of
contaminants
Impacts on
humans, the
number of people
injured or, in the
worst case, killed
Impacts on
infrastructure,
kind of road being
unusable for 30
days
Annual fee
SEK a year to be
paid for ten years
MY CHOICE

Alternative B

Loss of societal
No loss of societal
services for 30 days services for 30
days

Alternative C – no
measures taken
Loss of societal
services for 30 days

Pollution of the
environment

No pollution of the Pollution of the
environment
environment

10 people

10 people

50 people

Public
road/avenue

Public
road/avenue

Motorway/highw
ay/railroad

600 SEK

1000 SEK

0 SEK

[ ]

[ ]

[ ]

13. In the previous question, we asked you to imagine a 10 percent risk of a landslide

occurring. If the risk increased to 50 percent, would you like to change your
choice?
[ ] Yes, I want to change my choice to alternative X
[ ] Yes, I want to change my choice to alternative Y
[ ] No
[ ] I don´t know
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Question 14
Imagine a 10 percent risk of a landslide occurring in your municipality sometime over
the next 10 years. Which of the following alternatives, A, B or C do you prefer?
Alternative A
Impact on societal
services, e.g. a
hospital, water
facility, or a school
becoming unusable
for 30 days
Impacts on the
environment, e.g.
spreading of
contaminants
Impacts on
humans, the
number of people
injured or, in the
worst case, killed
Impacts on
infrastructure,
kind of road being
unusable for 30
days
Annual fee
SEK a year to be
paid for ten years
MY CHOICE

Alternative B

No loss of societal
Loss of societal
services for 30 days services for 30
days

Alternative C – no
measures taken
Loss of societal
services for 30 days

Pollution of the
environment

No pollution of the Pollution of the
environment
environment

0 people

50 people

50 people

Motorway/highwa
y/railroad

No damage to
infrastructure

Motorway/highw
ay/railroad

1500 SEK

250 SEK

0 SEK

[ ]

[ ]

[ ]

15. In the previous question, we asked you to imagine a 10 percent risk of a landslide

occurring. If the risk increased to 50 percent, would you like to change your
choice?
[ ] Yes, I want to change my choice to alternative X
[ ] Yes, I want to change my choice to alternative Y
[ ] No
[ ] I don´t know
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Question 16
Imagine a 10 percent risk of a landslide occurring in your municipality sometime over
the next 10 years. Which of the following alternatives, A, B or C do you prefer?
Alternative A
Impact on societal
services, e.g. a
hospital, water
facility, or a school
becoming unusable
for 30 days
Impacts on the
environment, e.g.
spreading of
contaminants
Impacts on
humans, the
number of people
injured or, in the
worst case, killed
Impacts on
infrastructure,
kind of road being
unusable for 30
days
Annual fee
SEK a year to be
paid for ten years
MY CHOICE

Alternative B

Alternative C – no
measures taken

Loss of societal
No loss of societal
services for 30 days services for 30
days

Loss of societal
services for 30 days

No pollution of the
environment

Pollution of the
environment

Pollution of the
environment

0 people

50 people

50 people

No damage to
infrastructure

Motorway/highwa Motorway/highw
y/railroad
ay/railroad

1500 SEK

250 SEK

[ ]

[ ]

0 SEK

[ ]

17. In the previous question, we asked you to imagine a 10 percent risk of a landslide

occurring. If the risk decreased to 1 percent, would you like to change your
choice?
[ ] Yes, I want to change my choice to alternative X
[ ] Yes, I want to change my choice to alternative Y
[ ] No
[ ] I don´t know
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Question 18
Imagine a 10 percent risk of a landslide occurring in your municipality sometime over
the next 10 years. Which of the following alternatives, A, B or C do you prefer?
Alternative A
Impact on societal
services, e.g. a
hospital, water
facility, or a school
becoming unusable
for 30 days
Impacts on the
environment, e.g.
spreading of
contaminants
Impacts on
humans, the
number of people
injured or, in the
worst case, killed
Impacts on
infrastructure,
kind of road being
unusable for 30
days
Annual fee
SEK a year to be
paid for ten years
MY CHOICE

Alternative B

Alternative C – no
measures taken

No loss of societal
Loss of societal
services for 30 days services for 30
days

Loss of societal
services for 30 days

No pollution of the
environment

Pollution of the
environment

Pollution of the
environment

10 people

10 people

50 people

Public
road/avenue

Public
road/avenue

Motorway/highw
ay/railroad

1000 SEK

600 SEK

0 SEK

[ ]

[ ]

[ ]

19. In the previous question, we asked you to imagine a 10 percent risk of a landslide

occurring. If the risk decreased to 1 percent, would you like to change your
choice?
[ ] Yes, I want to change my choice to alternative X
[ ] Yes, I want to change my choice to alternative Y
[ ] No
[ ] I don´t know
9

20. We are interested why you chose the way you did in the previous questions.

What is your opinion regarding the following statements?
Totally
Partially
disagree disagree
I would like to contribute
more towards measures
against floods but I
cannot afford it.

Neutral Partially
agree

Totally
agree

Don’t
know









































































I do not believe it is
possible to effectively
reduce landslides.













I already pay so much
taxes that it should be
enough to also cover the
costs of financing
measures against
landslides.













I do not trust that the fee
would go to towards
measures against floods.
There exist more
important societal issues
than floods.
It is important to take
measures, since climate
change will increase the
consequences of
landslides in the future.
I believe that the
consequences of
landslides are
exaggerated.
I believe that we should
devote more resources
towards preventing
landslides
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21. How willing are you on taking risks in general?

Unwilling
to take
risks

Somewhat
unwilling to
take risks



Neither nor





Somewhat
willing to
take risks

Willing to
take risks





22. How willing are you on taking risks in the following areas?

areas
Your health
Others health
The environment
Your finances
Your safety
Others safety
Landslides

Unwilling
to take
risks









Somewhat
unwilling to
take risks









Neither nor

Somewhat
willing to
take risks









Willing to
take risks

















23. In your opinion, to what degree can people in general be trusted?
People in general

People in general can

cannot be trusted

be trusted

0



1



2



3



4



5
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6



7



8



9
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24. Maritalstatus

Single Married/Have a partner





25. What is your highest educational degree?




High school

Elementary
school





University

Other

If ”Other”, which?.........................................................................................................
26. How many people is currently living in your household? ________, of which _______ is

children under the age of 18.
27. What is your current form of housing?









House

Condominium

Rental

Other

If ”Other”, which?.........................................................................................................
29. What is your household’s monthly income before taxes, including benefits and
transfers?


0-20,000
SEK


20,000 –
40,000 SEK


40,000 –
60,000 SEK

Thank you for participating!
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60,000 –
80,000 SEK


80,000 –
100,000 SEK


Over
100,000 SEK

