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Abstract Studies in the UK and elsewhere have identified that flooding can result in
diverse impacts, ranging from significant financial costs (tangible) to social (intangible)
impacts on households. At the same time, it is now clear that large-scale flood defence
schemes are not the panacea to flood risk, and there is an increasing responsibility on
property owners to protect their own properties. Hence, there is an emerging expectation
for homeowners to take action in the form of investing in property level flood risk
adaptation (PLFRA) measures to protect their properties. However, hitherto the level of
uptake of such measures remains very low. The tangible financial benefits of investing in
PLFRA measures are generally well understood and have been demonstrated to be cost
beneficial for many properties at risk from frequent flooding. Importantly, these estimates
tend to take little account of the value of the intangible benefits of PLFRA measures and
therefore may be under estimating their full benefits. There remains a need to develop an
improved understanding of these intangible benefits, and this research sets out to bridge
this knowledge gap. Based on a synthesis of the literature, the contingent valuation method
was selected as a means to value intangible impacts of flooding on households. A ques-
tionnaire survey of homeowners affected in the 2007 flooding was employed to elicit
willingness to pay (WTP) values to avoid the intangible impacts of flooding on their
households. The analysis of the questionnaire survey data revealed that the average WTP
per household per year to avoid intangible flood impacts was £653. This therefore repre-
sents the value of the intangible benefits of investing in PLFRA measures and is signifi-
cantly higher than previously estimated. This research builds on previous research in
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suggesting a higher value to the intangible impacts of flooding on households by assessing
wider range of intangible impacts and focussing on more experienced individuals. Fur-
thermore, the research indicates that factors which influence the WTP values were prin-
cipally stress of flood, worrying about loss of house values, worrying about future flooding
and age of respondents, with income showing a weak correlation. The establishment of a
new value for the intangible impacts of flooding on households in the UK is helpful in the
domain of flood risk management when evaluating the total benefits (tangible and intan-
gible) of investing in flood protection measures, thus providing a robust assessment for
decision-making on flood adaptation measures at an individual property level.

Keywords Flood impacts - Property level flood risk adaptation measures -
Willingness to pay - Intangible impact - Intangible benefits

1 Introduction

Flooding is a global phenomenon which causes widespread devastation, economic dam-
ages and loss of human life (Jha et al. 2012). The dramatic increase in average annual
economic and social costs of flood disaster can, to a greater extent, be explained by the
effect of climate change, population growth and the increasing urbanisation of societies
(Evans et al. 2004; OST 2007). Fay et al. (2009) asserted that floods currently account for
half of the fatalities across the world arising from natural disasters. In particular, there now
appears to be clear evidence that climate change will lead to an increase in the frequency
and severity of extreme precipitation and other weather events (IPCC 2007, 2012). For the
UK, this may well result in wetter and stormier winters (UKCIP 2009). As such, it is
predicted that the risk of flooding will at least double by 2080 (Evans et al. 2004) and that
annual average damages will rise to some £4 billion by 2035 (Environment Agency 2009).
It is widely argued that structural flood defences alone are not enough to tackle the level
and types of flood risk currently being faced by floodplain residents and that there is a need
for a paradigm shift to integrated flood risk management, by balancing structural and
nonstructural measures (Jha et al. 2012). Under this paradigm, homeowners need to take
more responsibility for managing flood risk at an individual property level, if not for the
purpose of reducing flood damage on their properties but at least to reduce the intangible
impact of their households, by, for example, adapting their properties to potential future
flood risk (ABI 2006, 2008; Pitt 2008; Lloyd’s 2008; Halcrow 2009; Joseph et al. 2011a).

Flood impacts have long been recognised as complex in nature (Werritty et al. 2007).
Whatever the severity of a flood event, the results for the people affected can often be
complex and far-reaching. Impacts of flooding on households are both tangible and
intangible in nature. Tangible flood impacts are those impacts that are easy to estimate in
monetary terms, such as the cost of reinstatement or cost of replacing damaged items
(Tapsell et al. 2002), whilst the intangible impacts are those that cannot readily be valued,
but are usually described in qualitative or quantitative terms such as loss of irreplaceable
items or items of sentimental value, health impacts and psychological effects of flooding,
worrying about the need to be relocated to temporary alternative accommodation (Tapsell
et al. 2002; Environment Agency and DEFRA 2005; Proverbs and Soetanto 2004; JBA
2005). Research has shown that the prospect of a flood event leading to relocating of
families to temporary alternative accommodation can adversely affect households more
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than the physical damage to properties (Environment Agency and DEFRA 2005; ABI
2010).

Thurston et al. (2008) asserted that a key to reducing impacts of flooding on household
is the take-up of property level flood risk adaptation measures both in new developments
and as part of repair after flood events. Property level flood risk adaptation measures refer
to all actions available to homeowners to adapt their properties to flood risk (Joseph et al.
2011b) and involve the process of adjustment of households’ behaviours to actual or
expected flood risk in order to reduce its impacts on households (IPCC 2012). These
include collective process of either keeping water out—resistance measures, or allowing
the water into the property but reducing the damage caused to the fabric of the property—
resilience measures (ABI 2003; Thurston et al. 2008; Beddoes and Booth 2011; Wassell
et al. 2009; Joseph et al. 2011b; Warren et al. 2011; JBA 2012; Royal Haskoning 2012),
thereby allowing quick reinstatement of the property after flood water has receded. In
addition, property can be adapted to flood risk by relocating expensive items from ground
floor to upper floor or by registering for flood alert warning (Walker et al. 2008; Priest et al.
2008). Mark (2008) argues that measures that minimise population displacement and
favour an early return of victims to routine activities of daily living are known to lessen the
adverse impact of flooding. However, due to the inherent difficulty in the assessment of the
intangible impact of flooding, cost-benefit assessment of the PLFRA measures is often
carried out without including the value of intangible benefits in the assessment, thereby
providing incomplete information (Joseph et al. 2011a).

Research has shown that floodplain residents are reluctant to adopt resistance and
resilience measures in the aftermath of a flood event (Harries 2007; ABI 2010) and this
may be attributed to reasons such as informational barriers, emotional constraints, aesthetic
considerations and timing issues (Proverbs and Lamond 2008). Further, research by dif-
ferent stakeholders: practitioners (Flood Repair Forum 2006), academics (Soetanto et al.
2008; Joseph et al. 2011b), Government (Office of the Deputy Prime Minister 2003;
Bowker et al. 2007; Thurston et al. 2008) and the insurance industry (ABI 2003, 2006;
Wassell et al. 2009), has examined the costs and effectiveness of installing property level
resistance and resilience measures. To some extent, much of the previous research was not
directed at helping individual homeowners’ decision-making and so not appropriate for
that purpose. In particular, intangibles are far more important for homeowners to consider
because they are the ones that suffer in the aftermath of flood event. In the light of this and
with the wider acceptance by different authors that the intangible impacts are large and
important (Green and Penning-Rowsell 1989; Lekuthai and Vongvisessomjai 2001;
Werritty et al. 2007; Environment Agency 2010), there is therefore a need to carry out a
comprehensive assessment of the value of intangible benefits of property level flood risk
adaptation (PLFRA) measures to be used in the domain of flood risk management research,
most especially when assessing the financial cost benefit of investing in PLFRA measures.
The purpose of this research was to address this gap in the understanding of PLFRA
measures.

In order to address the gap identified, the locations that experienced flood event in the
summer 2007 were used; the 2007 flood event was reported to be widespread and catas-
trophic in nature (Chatterton et al. 2010). The major advantage of choosing this large-scale
national flood event as the basis for the empirical study was that the number of properties
affected was large in UK terms and, therefore, if well dispersed, would provide maximum
data for the research. For instance, the estimated insured losses were the largest flood
losses in insurance history for the UK (Stuart-Menteth 2007). The 2007 summer was the
wettest summer since records began in over 250 years (Environment Agency 2007), with
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extreme levels of rainfall compressed in relatively short periods of time. The flood events
were linked to a pattern of very wet and unstable weather across the UK over the course of
several months. The unseasonably wet weather began in May and continued throughout the
summer, with record-breaking rainfall totals in June and July (Stuart-Menteth 2007;
Environment Agency 2007; Pitt 2008).

Whilst the research focus was on the summer 2007 flood event, which was reported to
be widespread, it was considered necessary to select sites for the analysis, because it is
impractical to include all the flooded locations in the sample size due to time constraints.
However, the selected sites can be said to be representative of flooded regions during the
summer 2007 flood event. Selection of the analysis sites from the locations flooded
during the 2007 event was based on the need to represent the widest possible variation
both geographical and flood typology whilst retaining minimum numbers of properties
within each selected site. To that end, only sites with >50 affected properties were
considered.

2 Methodology

The conventional approach to flood damage mitigation measures at household levels takes
into consideration only the tangible impacts of flooding; this is a determination that is
considered to be insufficient for any sound decision-making by homeowners when con-
sidering investing in PLFRA measures. There are economic valuation methods which are
recognised as suitable to arrive at monetary estimates of nonmonetary goods and therefore
can be used to estimate the intangible impact of flooding on households. The most com-
monly used economic valuation methods are the revealed preference method (RPM) and
the stated preference methods (SPM).

2.1 Choice of method for quantification of intangible impacts of flooding
on households

The revealed preference methods (RPMs) are also known as indirect valuation methods,
the RPMs look for related or substitute markets in which the environmental good is
implicitly traded, and the information derived from observed behaviour in the substitute
markets is used to estimate willingness to pay (WTP), which represents individual’s val-
uation of, or the benefits derived from, the investment in flood protection measures. The
main weakness of this potential method in the context of this study is the inability of RPM
methods to distinguish between behaviour driven by tangible and intangible impacts.
Whilst the SPMs are called direct valuation methods or inferential methods (Penning-
Rowsell et al. 2005), they have been developed to solve the problem of valuing intangible
impacts/losses that have no obvious market value (Birol et al. 2006). The SPMs use survey
techniques to infer the value of something that does not have an observable price (Penning-
Rowsell et al. 2005). They are survey- or experiment-based approaches that elicit people’s
preference directly and can be designed to distinguish WTP for specific impacts.

Two main methods of SPM are contingent valuation method (CVM) and choice
modelling method (CMM). Both methods use similarly structured questionnaires, but
differ in the way they define the nonmarket effect of concern. In addition to their ability to
estimate user costs/values of any environmental impact on people, the most important
feature of these survey-based methods is that they can be used to elicit the value of
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intangible impacts on households. In this research, CVM was used to elicit specific
information from homeowners with regard to WTP to avoid intangible impacts.

The CVM approach asks people to directly report their WTP to obtain a specified good
or service, or willingness to accept payment (WTA) to give up a good or service. In the
context of flooding, CVM depends upon a hypothetical situation or scenario whereby
samples of floodplain residents are asked to state their maximum WTP in order to avoid or
reduce the identified intangible impacts of flooding on their households. Mitchell and
Carson (1989) advised that because CVM 1is a social survey approach, it is very important
to pay special attention to the design and implementation of the survey questions and
sample design.

One of the main strengths of the CVM is that respondents are given the opportunity to
state what they are willing to pay or what compensation they are willing to accept in order
to reduce or eliminate the intangible impacts of flooding. However, one of the challenges
of using the CVM in the domain of flood risk management research is the need to consider
the ethical issues in the design of questions, so as to protect the interests of research
participants. However, a well-designed questionnaire should be able to address this con-
cern. It is recognised that the WTP stated by individual may be subject to their disposable
income as there are income differentials among the floodplain residents; this could cause
inherent bias towards the preferences of the better off. In order to address these drawbacks,
analysis of the factors which influence respondents” WTP needs to examine the relation-
ship between income and stated WTP values.

One of the problems associated with the use of CVM in eliciting the value of WTP is the
possibility of hypothetical bias. Mitchell and Carson (1989) and Whittington et al. (1991)
argued that the more a respondent is familiar with the good, the less the level of hypo-
thetical bias in a CVM will be. This implies that the WTP values elicited for those public
goods, which are traded in the markets or which the individuals are familiar with, would be
free from hypothetical bias; thus, by targeting respondents who have been flooded before
and are familiar with the intangible impacts of flooding, the problem of hypothetical bias is
reduced.

2.2 Survey instrument

An extensive floodplain resident consultation was undertaken to gain a better under-
standing of the perception of flood experience by floodplain residents, the benefits of
investing in PLFRA measures and their WTP to reduce the impact of flooding on their
households. This contributed to the evidence base needed to inform the effective promotion
of PLFRA measures. The consultation took the form of postal questionnaire surveys. For
similar studies where questionnaire surveys have been used successfully, see Markandya
(1997), Hashimoto et al. (2006) and Gee and Burkhard (2010). Online survey distribution
system was considered at the outset of the research. This was dismissed because of the mix
of the targeted population, which comprises adults of all age groups and diverse socio-
economic profiles. It was anticipated that not all of them would have easy access to the
Internet in order to be able to complete the questionnaire. Further, the email addresses to be
used for this method of distribution were not readily available. The survey questionnaire
was designed to gather information in three key areas:

1. Socio-economic demographics
2. Flood experience (previous and subsequent flood experiences)
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3. Severity of the impact of flooding on households and the maximum amount they
are willing to pay to reduce the impacts

Prior to distributing the questionnaire to the main respondents, it was subjected to the
scrutiny of the university ethics committee owing to the sensitive nature of some of the
questions. A pilot survey was conducted among homeowners who were not part of the
main survey to determine the suitability of the questionnaire format and the contents,
before being distributed by postal method to the areas affected by the summer 2007 flood
event (see Fig. 1). The feedback received from the pilot survey showed that the questions
were easy to understand, although some respondents were unable to provide the amount
they were willing to pay to reduce intangible impact of flooding on their households. The
reason provided was that it was not possible to place a value on intangible impact such as
‘stress and worry’. Drawing from previous studies (Environment Agency and DEFRA
2005) comments such as this were not unexpected; therefore, it was decided that the main
questionnaire survey could proceed.
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2.3 Implementation of CVM survey

In total, 2309 questionnaires were distributed via post to homeowners. The survey
yielded 280 responses, representing a response rate of 12.1 %, which is considered a
reasonable return for an unsolicited postal survey. The low response rate can be
attributed to the nature of the information required to be provided by the survey par-
ticipant. In any good research, ethical considerations are of paramount importance.
Respondents were provided with a separate letter advising them not to open the ques-
tionnaire if they thought that by remembering the flood event of 2007, it would cause
them any distress as some of the questions may bring back the memory of the event.
Further, some of the residents moved out of the areas after the flood event. Thus, owing
to the sensitive nature of the research, a response rate of 12.1 % can be considered
adequate and valid for the purposes of analysis. The analyses of the survey data are
presented in the next section.

3 Findings and discussion

Detailed analysis of the data set is carried out and presented in this section. The following
appropriate statistical techniques are employed: descriptive statistic analysis on the par-
ticipants flood experience; relative importance index (RII) test to rank the severity of flood
impact on participants’ households; and correlation analysis to determine the relationship
between value of WTP and the intangible flood impacts. Further, detailed analysis of the
factors which influence the stated WTP values is presented. This section is completed by
presenting the value of WTP which represents the intangible benefits of investing in
PLFRA measures.

3.1 Previous and subsequent flood experience

Respondents were asked whether they had experienced flood damage to their properties
before 2007. Most respondents (77.9 %) had no previous flood experience prior to the 2007
flood event; 16 % reported that they had experienced one previous flood to their properties
prior to the 2007 event; and approximately 4 % had been flooded twice and 3 % had been
flooded more than twice. This information is important because it is anticipated that the
value of WTP stated by respondents would relate to their individual flood experiences.
Further, it has been shown that experience of flooding can be a source of motivation to
individuals to undertake precautionary measures against flooding (Kreibich et al. 2011;
Koerth et al. 2013).

Further, respondents were asked whether they had experienced a flood event following
the 2007 flood event. Some 91 % of respondents did not experience a flood event after the
2007 summer flood event. This means that only 9 % of respondents had experienced
further flooding after 2007. It is anticipated that this finding would not have significant
impact on the value of WTP derived from this research because most of the respondents
have been flooded at least once, and therefore they are in a best position to make judgement
on WTP to avoid similar flood impacts to those experienced when they were flooded in
2007.
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3.2 Impact of flooding on households and willingness to pay to reduce
the impacts

Information on the severity of the intangible impact of flooding on households and the
extent of this was gathered using a five-point Likert scale ranging from ‘extreme impact’ to
‘no impact’. A weighting was allocated to each extent, where “‘extreme impact’ = 5,
‘high impact’ = 4, ‘moderate impact’ = 3, ‘marginal impact’ = 2, ‘no impact’ = 1”. The
RII method was used to rank the responses obtained from the Likert scale questions. RII is
a method used to evaluate the comparative importance of a single item to others (Yang and
Wei 2010) and has been used successfully to rank factors according to their relative
importance in construction research (Ramanathan et al. 2012) and flood-related research
(Wedawatta et al. 2013).

Table 1 presents the RII values for effects and the consequent ranking of factors.
Accordingly, ‘stress of flood event’ (0.80) was the top-ranked impact, closely followed by
‘worrying about loss of house value’ (0.77). Low-ranked impact was ‘deterioration of
physical health’ (0.44). The result concurred with other related studies such as Environ-
ment Agency and DEFRA (2005) and Bichard and Kazmierczak (2009) which found that
stress of flood event is the considered by respondents as the intangible impact of flooding
which affects their households the most.

3.3 Review of willingness to pay (WTP) data

Survey participants were asked to state the maximum amount they were willing and able to
pay to avoid or reduce the identified intangible impact of flooding. In total, out of the 280
responses, 251 (89.6 %) provided WTP values which ranged from £0 to £5000 to avoid
impact of flooding on households and £0 to £10,000 to avoid psychological effect of
flooding on households. As in other CVM studies such as Ozbafli (2011), there is always a
potential for ‘protest’” WTP values stated by respondents; therefore, it was considered
necessary to carry out a proper screening of the WTP values for protest bids.

The results of the review suggested that there were two potentially invalid WTP
responses on the basis that the WTP values represented 11 and 29 % of their household
incomes for the two respondents. Detailed examination of the respondents’ responses
indicated that both respondents had significantly bad experience during the 2007 flood
event as detailed in the comment box within the questionnaire. Based on this, it was
obvious that they were negatively affected by the flood event, and therefore their stated
WTP values may have been emotionally influenced by their experience; on this basis, the
WTP values were deemed to be invalid and were not included in the analysis.

Detailed review of zero (0) WTP value revealed that there were six respondents who
stated zero WTP as a protest bid. Based on this and in order to avoid introducing a bias in
the WTP analysis by including invalid zero value in both sets of WTP (i.e. on impacts and
psychological effects), the usual practice was followed by removing the six protest
responses from the WTP analysis (see O’Garra et al. 2007; Birol et al. 2006; Ozbafli 2011
for a similar treatment of protest responses). Within the remaining 243 responses on WTP
to reduce flood impact on households, 7 (3 %) were true zero WTP value, whilst on WTP
to reduce psychological effect of flooding on households, 27 (11.1 %) were true zero WTP
value. Therefore, the analysis that follows was based on 243 responses for avoiding impact
and psychological effect of flooding on households.
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Table 1 Ranking of severity of intangible flood impacts according to relative importance index (RII)

values
Flood impacts No of responses No of Mean Relative Ranks®
with the highest responses with impact importance R (based on
weight no impact weight index (RII) RII value)

Stress of flood 206 2 4.01 0.80

Worry about loss of house 192 14 3.83 0.77 2
value

Worry about future flooding 183 16 3.79 0.76 3

Destruction of property 171 16 3.71 0.74

Increase in insurance 167 25 3.64 0.73 5
premium

Time to return to normal 160 17 3.63 0.73 6
household activity

Dealing with insurers 154 9 3.56 0.71

Dealing with builders 142 21 3.48 0.69

Having to leave home for 151 70 3.22 0.64 9
longer period

Loss of irreplaceable/ 130 55 3.16 0.63 10
sentimental items

Inability to obtain insurance 100 99 2.72 0.54 11
cover

Disruption of livelihood and 73 113 2.38 0.48 12
income

Strains between family 57 100 2.33 0.47 13

Deterioration to mental health 63 122 2.26 0.45 14

Deterioration to physical 53 115 2.18 0.44 15
health

? Equal RII values ranked according to the number of responses with the highest weight

As shown in Fig. 2, the total amount homeowners were willing to pay to avoid impact
and psychological effects of flooding on their households ranged from £0 to over £1200,
with 45 and 65 % of respondents willing to pay between £0 and £299 to avoid the
intangible impacts and psychological effects of flooding on their households, respectively;
in addition to this, some 17 and 10 % of the respondents stated that they are willing to pay
between £500 and £599 to avoid the impact and psychological effect of flooding on their
households, respectively. Prior to determining the actual WTP values, detailed analyses of
the factors which influence respondents’ stated WTP values were carried out. These are
discussed in the following sections.

3.4 Review of factors influencing willingness to pay (WTP) values

Previous studies in the area of estimating value of intangible impact of flooding have
suggested that factors such as household income levels, age of respondents, stress of
flooding and perhaps number of people in the household to some extent affect individual
WTP values (Environment Agency and DEFRA 2005). Therefore, further analyses of the
survey data were carried out to explore the factors which influence the respondents’ stated
WTP values.
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Fig. 2 Willingness to pay to reduce impact and psychological effect of flooding on households

Likert scale responses for the impact of flooding and responses received on WTP were
thus subjected to correlation analysis, with the intention of developing a correlation matrix
identifying possible relationships and WTP driving factors that may exist between them.
Soetanto and Proverbs (2004) used a correlation matrix to investigate the relationships
between building surveyors’ levels of experience and their perceived levels of importance
towards flood characteristics. In this research, Spearman’s rank-order correlation was used
to arrive at the correlation matrix, as the data used were ordinal and there is the presence of
outliers in the WTP values. According to Field (2009) and Blaikie (2010), Pearson’s
correlation coefficient is sensitive to skewed distribution and outliers. Similarly, Groth-
mann and Reusswig (2006) have used Spearman’s correlation to construct a correlation
matrix for the factors affecting flood protective responses of residents at risk of flooding.

Table 2 shows the Spearman’s rank correlation values for the flood impacts experienced
by the households and the value of WTP. The results show that there is a strong correlation
between the respondents’ WTP values and the stress of flood (r; = 0.46, r = 0.00). This is
further confirmed by the fact that stress of flood impact was ranked as the highest severity
impact of the flood event on their households (see Table 1). Strong positive correlation is
observed between worrying about future flooding and WTP values (r; = 0.42, ry = 0.00).
Moderate correlations are recorded between the following flood impacts and WTP values;
worrying about loss of house value (ry = 0.39, r¢ = 0.00); worrying about increase in
insurance premium (r; = 0.25, r = 0.00); and worrying about having to leave home
(rs = 0.23, r = 0.00). The results concur with the results of the ranking of the severity of
flood impacts presented in Table 1. Although the impact of having to leave home was
ranked ninth on the RII table, when compared to other impacts, it shows a moderate
correlation, which means that it is one factor which influences respondents’ WTP values.
Other variables such as income, age of respondents, number of people in households and
occupation of respondents demonstrate weak correlations with the WTP values. Further
analysis was carried out on these four factors to ascertain whether they actually influence
respondents’ WTP values.
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Fig. 3 Mean WTP value-based income level of household income earner

3.4.1 Willingness to pay (WTP) by household income levels

Many CVM studies found weak income effects due to the difficulties in measuring
households’ income, for instance high nonresponse rate, intentional misrepresentation of
respondent’s income, failing to include income from all sources (Alberini 2004). In
addition to this, the likelihood of having a significant income effect has been related to the
sample size and the design choices made in the study (Broberg 2010). Mean WTP values
based on income levels of each of the respondents were analysed. Figure 3 shows the result
of this analysis. This result confirmed that higher income does not necessarily mean higher
WTP values, meaning that the WTP values stated by respondents appear not to have
significant relationship with households’ income which explains the weak correlation
coefficient recorded (r; = 0.032). When comparing the WTP to reduce impact and psy-
chological effect of flooding for respondents that earn <£5000 with those that earn over
£55,000, there were 15.7 and 20.4 % difference in the mean WTP values for both income
levels. Based on these findings, it can be inferred that the stated WTP values by flooded
respondents are not influenced by the household income level. This can be linked to the
fact that higher-income earners may have better insurance cover than low-income earners,
by having additions to their normal domestic insurance policy in which case the premium
they pay will reflect this. Based on this, they may have less stressful dealings with insurers
and builders as a result and be of the opinion that they are fully covered, and this can have
significant influence on their stated WTP values. Equally high-income earners may be
more likely to consider themselves ‘self-insured’ because they could afford to replace
things straight away, pay extra phone bills and have more choice about their alternative
accommodation. This assumption and feeling of greater control over events can influence
the stated WTP by high-income earners.
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3.4.2 Willingness to pay (WTP) by occupation of respondents

The mean WTP values based on occupation of respondents were analysed. Figure 4 shows
that respondents in professional/managerial occupation recorded the lowest mean WTP
value (£355) to avoid impact of flooding. Clerical and other white collar occupational
category recorded the highest mean WTP values (£449), whilst semi-skilled and retired
respondents showed mean WTP to avoid impact of flooding of £407 and £387, respec-
tively. Respondents with skilled manual occupation recorded the highest mean WTP value
to avoid psychological effect of flooding. The pattern of distribution of mean WTP values
to avoid psychological effect of flooding by occupation of respondents is not similar to the
recorded mean WTP value to avoid impact of flooding. It can be inferred from this result
that respondent’s stated WTP value is not strongly related to the occupation of household
income earners.

3.4.3 Willingness to pay (WTP) by age

From the result of correlation analysis shown in Table 2, there is a weak negative corre-
lation between the age of respondents and the value of WTP to avoid impact of flooding on
households with correlation coefficient ry = 0.078. By comparing the mean WTP values
across age brackets, Fig. 5 shows that younger people are willing to pay less to avoid
impact and psychological effects of flooding on households. This shows that as the
respondents’ age increases, the WTP value also increases up to the age bracket 65-74. The
highest mean WTP values based on age brackets were recorded by respondents in age
brackets 65-74 (£444 and £278 to avoid flood impact and psychological effect, respec-
tively). It can be inferred from Fig. 5 that age is a determining factor of WTP values stated
by respondents; further, it can be inferred that there is a linear relationship between age and
WTP values up to age 74 years. This could be as a result of likelihood of the ease of
relocation of younger generation when compared with elderly people, hence the effect on
how much younger people are willing to pay.

g £500 1 B Mean WTP to reduce impact of flooding

—g' £450 ®Mean WTP to reduce psychological effect

A £400 -

E £350 -

N~ 4

;} £300

A, £250 A

S £200 A

2

g £150 1

o0 £100 A

£

= £50 1

2 0 . . : :
Professional ~ Clerical and  Skilled manual Semi-skilled / Retired
/managerial  other white unskilled manual
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Occupation of main Income Earner

Fig. 4 Mean WTP values based on respondents’ occupation
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Fig. 5 Mean WTP values based on respondents’ age
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Fig. 6 Mean WTP values based on number of people in each household

3.4.4 Willingness to pay (WTP) by number of people in household

As indicated in Fig. 6 the mean WTP values to avoid flood impacts for on households only
incremental difference between one and more than one households property, the same
pattern is mirrored when compared with households with four and over six people.
However, the result is different when compared with the mean WTP value to avoid
psychological effect of flooding on household. Mean WTP values for households with 2-3
and 4-6 persons are in the same range (£263 and £268, respectively); surprisingly the mean
WTP value for household with over six members was the least (£40). Further interrogation
was carried out on this particular case, and it was discovered that the low-value result (£40)
was due to low sample in this category (n = 2). Additionally the result shows that one-
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person households have the highest mean WTP to reduce psychological effect of flooding,
and although the effect is marginal, this can be as a result of the fact that such households
may suffer more psychological effect because of nonavailability of household members to
discuss and share the burden that comes along with flood events.

3.5 Value of intangible benefits of PLFRA measures

Following the review of the factors which has the potential to influence respondents’ WTP
values, detailed analyses of the data were carried out to establish the value of intangible
benefit of PLFRA measures based on respondents’ stated WTP values. Table 3 presents the
results of the analysis. The median WTP value to avoid intangible impact of flooding on
households is £300/household per year, whilst the mean WTP is £390/household per year.
Conversely, the median WTP value to avoid psychological effect of flooding on household
is £200/household per year, and the mean WTP to avoid impact of flooding on household is
£263/household per year. The combined median and mean WTP values to avoid impact
and psychological effect of flooding on household are £500 and £653 per household per
year.

In CVM research of environmental and cultural goods, mean WTP is still preferred to
median WTP as an indicator of the intangible benefits (see, for example, Vaughan et al.
1999; Environment Agency and DEFRA 2005; Atkinson et al. 2008), although these were
based on a project level as against individual household level which is the focus of this
research. Therefore, the mean value of £653/household per year representing the value of
intangible benefits of implementing PLFRA measures is hereby presented. This is greater
than the £200/household per year that has been used since 2004 as the value of intangible
benefits of flood protection measures which was established in the study carried out on
behalf of Environment Agency in 2004 (Environment Agency and DEFRA 2005).

The recent study carried out by JBA (2013) on behalf of DEFRA uses the value of
£1065 as the value of intangible benefits of investing in flood adaptation measures, and the
figure was based on the existing £225 per household per year (Environment Agency and
DEFRA 2005), with the addition of general practitioner (GP) care cost of £970, which
accounted for medical and productivity costs for an average of 4 months. This shows that
the existing £225 per household per year for householder intangible is still being used

Table 3 Summary statistics for WTP to avoid impact and psychological effect of flooding on households

Nonparametric statistics

Willingness to pay Willingness to pay Combined WTP per
to reduce impact of to reduce psychological household per year
flooding/year effects/year
n
Valid 243 243
Missing 0 0
Mean £390 £263 £653
SE of mean 22.40 17.84
Median £300 £200 £500
SD £349 £278
Maximum 2000 2000
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despite the fact that it was considered to be very low by many researchers. This revised
figure of over £1000 is suitable to be used when considering economic benefit of investing
in flood protection measure; however, this figure can still be interpreted as not taking fully
into account the intangible impacts that are not related to extra GP visits and time off work.
From the homeowner’s point of view, which is the focus of this article, the value of £653
per household per year is the value of intangible benefit of investing in flood protection
measures. This is based on the fact that homeowners will not take into account the cost of
medical care, simply because they do not normally pay for it; similarly, they will not
consider loss of productivity because they do not suffer it; these are all intangible impacts
on government institutions and businesses. Conversely, if economic cost-benefit analysis
(CBA) is to be carried out, the results presented in this article suggested a figure of £970
plus £653 (£1623) should be used, as this will take into account all the intangible impacts
to institutions, businesses and households.

Another similar study was carried out by Owusu et al. (2013), and the findings from this
study show that the average amount respondents were willing to invest to protect their
properties against flood risk was £795. Although this study is somewhat different from both
the research reported in this article and the JBA (2013) research, the study uses similar
method in eliciting respondent’s willingness to pay. It is possible to misinterpret the result
of the study to mean that the value of £795 represents the value of intangible benefits of
flood protection measure, whereas, in fact, the study was not specific in the range of
impacts the respondents were WTP to reduce.

4 Conclusions

Despite the consensus in the extant literature, the intangible impacts of flooding are
important to homeowners. There has been a limited research towards quantifying these
impacts. This is partly due to the difficulty in assessing these impacts in monetary terms;
thus, previous studies often make just passing reference to these intangibles and
acknowledge that they could be important. Knowledge of the monetary value of these
impacts has the potential to assist in making decisions on whether to invest in flood
protection measures or not.

A comprehensive assessment of the value of intangible benefits of investing in PLFRA
measures has been carried out, and the findings have been presented. The results presented
have provided the much needed information on some of the key issues surrounding the
assessment of the intangible benefits of property level flood risk adaptation measures. Pre-
existing household characteristics, such as household income and occupation, were found
to have weaker effects on the respondent’s stated WTP values; this is in contrast to
economic theory, which links WTP value to income. However, factors such as stress of
flooding and worrying about future flooding were found to have strong correlation with the
household’s stated WTP values, and this is interpreted as a cross-correlation effect of flood
severity.

Thus, the value of intangible impacts of flooding on households has been assessed using
the WTP values of homeowners. A distinctive insight has been gained, and the intangible
benefit of adopting PLFRA measures from the homeowners’ perspective has been estab-
lished as £653 per household per year. This finding contrasts with previous research of
Environment Agency and DEFRA in suggesting a higher value to reducing the intangible
impacts of flooding on households; however, other recent study has estimated the value of
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intangible benefit of PLFRA measures of over £1000. The main difference is that this
recent study is based on investigating benefits to the government as against the benefits to
homeowner which is the basis of the findings presented in this article.

The main implication of the research findings is that when carrying out CBA of
investing in flood protection measures, most especially when the CBA analysis is being
carried out on an individual property basis, the value of intangible impacts presented in this
article can be used to account for the benefits of the flood protection measures, thereby
providing more robust decision-making information, which would take into account both
tangible and intangible benefits. Further, the use of the value of £653 per household per
year in carrying out financial cost-benefit analysis of PLFRA measures will invariably
demonstrate the investment in the measures as more beneficial for properties located in low
flood risk area when compared with similar analysis carried out by using the value of £225
from the Environment Agency and DEFRA research. In addition to this, if the interest of
the analyst is on economic cost benefit of PLFRA measures, the value of £653 can be used;
however, it is suggested that a figure of £970 should be added to the figure presented in this
article to take account of cost of extra GP visits and loss of productivity, therefore sug-
gesting total value of £1623 per household per year.
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