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Abstract

This paper uses avertive expenditures to estimate the demand for qualitative aspects of

tap water supply. We focus on two characteristics that are of importance for water con-

sumers: water hardness and aesthetic quality in terms of taste, smell and appearance.

To elicit expenditures on substitute products, we survey more than 4,500 households in

England and Wales. For water hardness, around 14% of households employ at least one

water softener device, with mean and median yearly expenditure around £95 and £50 re-

spectively. Substitutes for the aesthetic quality of tap water mainly include bottled water,

water filter devices, or adding squash or cordial before drinking. Overall 39% of re-

spondents report at least one such behaviour, with mean and median yearly expenditure

around £92 and £60 respectively. These are substantial amounts given a yearly average

household bill of £186 for water services. Matching household data to highly disaggre-

gated records on regional water hardness, our econometric analysis suggests that a 10%

reduction in water hardness is associated with a £1.50 reduction in avertive expenditures.

We also exploit geographic variation in the aesthetic characteristics of tap water, and cor-

relate self-reported quality ratings to expenditures. We find that a one-fifth increase in

the rating of water taste is associated with a £19 reduction in yearly expenditures.
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uation; Willingness to pay.
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1 Introduction

The regional monopoly and regulated price control structure of the water sector in England

and Wales means it is not possible to directly observe consumers’ preferences for the specific

components of the services they receive. This includes aspects such as the reliability of tap

water supplies and its aesthetic quality, in terms of taste, smell and appearance. This presents

a challenge for water utilities since the regulatory framework requires that they periodically

produce business plans that reflect consumer preferences for maintaining and improving ser-

vice levels. Consequently the past decade has seen the widespread application of non-market

stated preference methods to elicit consumer preferences and support investment planning

and the application of cost-benefit analysis across the sector (e.g. Willis et al., 2005).

There are, however, also opportunities to apply revealed preference methods. Specifi-

cally, in instances where consumers’ preferences for water services can be inferred from their

consumption of related market (priced) goods (Young, 2005). This includes the case where

market goods can be purchased to substitute for deficient quality of certain aspects of water

services. Here the expenditure on the substitute(s) can be used to infer the demand for its

quality via avertive behaviour or defensive expenditure methods (e.g. Courant and Porter,

1981; Smith and Desvousges, 1986; Smith, 1991; Dickie, 2003).1 In relation to tap water

supply, consumers can respond to service failures such as unpleasant taste or smell by pur-

chasing substitute products such as bottled water. Substitutes will be purchased so long as

the avertive expenditure is less than the value of the disamenity that is avoided and would

otherwise be experienced. Importantly, it is assumed that if the quality if tap water was ad-

equate, consumers would not make avertive expenditures. Thus if the experienced quality

level improves, private expenditures associate with avertive behaviour will be lower.

The relationship between the quality of tap water provision and the level of expenditure

on substitute products therefore provides a basis for estimating the demand for the quality

of tap water. Identification requires observing variation in both the quality of tap water and

1 The theoretical foundation for this approach is based on the canonical model of household production func-
tions, where individuals trade-off the disamenity of under-provision of a public good with the costs of invest-
ments to protect themselves against such disamenity (Becker, 1965; Grossman, 1972).
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avertive expenditures by consumers. Our paper utilises data from a survey of over 4,500

households in England and Wales, covering a wide geographical area and spanning different

water services suppliers. We focus on two specific characteristics of tap water supply, namely

water hardness and the aesthetic quality in terms of taste, smell and appearance. Hard water

– via scaling – can damage and significantly reduce the lifetime of water-using appliances

implying notable costs to households. Whilst the level of hardness is a characteristic of the

raw water source and is mainly determined by the geology of the area from which it is ab-

stracted (specifically the presence of calcium and magnesium in aquifers), it can be mitigated

by investments by the water company in treatment plants or at the individual household

level.

Similarly, the aesthetic characteristics of tap water are important to consumers, as evi-

denced by the breadth of substitute products that are readily available. The survey collates

data on the avertive and defensive expenditures by households in relation to these aspects of

tap water supply, along with supporting information on households’ perceptions of tap water

quality and their motivations for incurring avertive expenditures. The survey responses are

augmented by detailed data on regional variations in tap water quality, including customer

complaints to water service suppliers concerning the taste, smell, appearance and hardness

of tap water, along with physical data on water hardness. The resulting data enables us to

exploit regional variations in the level of service provision in order to identify its impact on

avertive expenditure.

Our investigation is novel from a number of perspectives. First, whereas a large literature

has focused on failures in relation to tap water quality standards and consequential human

health risks (Abdalla et al., 1992; Larson and Gnedenko, 1999; Abrahams et al., 2000; Mc-

Connell and Rosado, 2000; Yoo and Yang, 2000; Wu and Huang, 2001; Um et al., 2002;

Rosado et al., 2006; Lee and Kwak, 2007; Jakus et al., 2009; Zivin et al., 2011; Dupont and

Jahan, 2012), we examine avertive expenditures in a context where risks to human health are

negligible.2 To our knowledge this paper is the first to examine the extent to which demand

2 In England and Wales, compliance with strict UK and European drinking water standards across 39 parame-
ters was 99.96% in 2012 (DWI, 2013).
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for tap water quality is motivated by broader non-health related consumer preferences. Be-

cause improving tap water quality for households requires costly and long-lived investments,

this is of importance for most developed countries (Whittington and Hanemann, 2006). Sec-

ond, it represents the first application of a revealed preference approach in the context of

water sector investment planning in the UK, providing an interesting counter-point to the

challenges raised by the widespread use of stated preference methods (Lanz and Provins,

2012).

The analysis of respondent attitudes, motivations and purchasing behaviour provides

clear evidence that consumers do substitute between tap water and related market goods.

As expected these purchasing decisions and the amount of expenditure are motivated by per-

ceptions of tap water quality and by the desire by households to mitigate tap water service

failures. Overall, almost 40% of the respondents related their use of substitutes – either

in full, or in part - to issues concerning the aesthetic quality of tap water. For water hard-

ness, a much lower proportion of respondents – 14% in total – report avertive behaviour in

relation to the hardness of tap water, although, on average, annual expenditure is higher.

In relation to the average annual bill for water services, the estimated average household

avertive expenditures are substantial. These are around £90 per household per year, which

is roughly 50% the annual water services bill amount.3 However this represents less than

1% of average weekly household expenditure.4 Overall it suggests that while households

are actively responding to variation in service levels concerning tap water quality, the actual

burden imposed on most is relatively minor in terms of their overall budget constraint.

This very rich dataset can be used to estimate an avertive cost function and derive house-

hold willingness to pay (WTP) for quality improvements. All else equal, households with

harder tap water spend more on substitute products, and we find that a 10% reduction in

water hardness is associated with a £1.50 reduction in avertive expenditures. Using self-

reported ratings, WTP for a one unit decrease (average rating) in the hardness of tap water

3 National average for metered and unmetered customers is approximately £186 per household per year
(Ofwat, 2013).

4 Average weekly household expenditure on main commodities and services in England and Wales was reported
to be £483.60 in 2011 (ONS, 2012).
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is £6 per household per year. Estimated values differ significantly across regions, ranging

from £1 to £15 per household per year, in line with the observed level of water hardness in

these areas. For a 1-point increase in taste rating, the likelihood of the household incurring

avertive expenditures declines by 15%, whilst expenditure falls by almost £17 per year. The

combined effect – based on the likelihood of incurring expenditure and change in expendi-

ture – is a reduction in expenditure of approximately £19 per household per year. Avertive

expenditure is found to increase with household income and household size, but the effect

is relatively small (though statistically significant); £0.13 per household per year for every

additional £1,000 in income, and £2 per person for household size. A more significant driver

of household expenditure is the presence of an infant in the household, which is associated

with an increase in expenditure of almost £12 per household per year.

The remainder of this paper is structured as follows. In Section 2 we provide an overview

of our survey instrument. Section 3 describes our data sample and reports avertive expen-

ditures for substitutes for tap water hardness and aesthetic quality. Section 4 reports the

econometric analysis and estimated marginal WTP for improvements in the provision of these

aspects of tap water. Section 5 concludes.

2 Survey instrument

The survey was administered online in November and December 2012 via a panel of over

300,000 individuals. A representative sample of 1,000 respondents was targeted, based on

national averages for age, gender, social class and type of newspaper (upmarket, mid-market,

red-top, no newspaper). Information on the socio-economic and demographic characteristics

of the respondent household and their location (home postcode) were provided by the online

panel provider. In addition, to the nationally representative sample a further 3,500 respon-

dents within the supply areas of seven water services suppliers in England and Wales (approx-

imately 500 respondents per company) was targeted.5 This was to enable company-specific

5 A total of nine water service suppliers in England and Wales participated in the study. For seven companies,
an additional sample of 500 respondents was targeted. Note that the nationally representative sample of
approximately 1,000 households also includes respondents from other water service suppliers.
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results to be estimated for these suppliers. The overall target sample size was therefore 4,500

respondents.

Prior to administration, the survey instrument was developed via an iterative design pro-

cess. This involved initial consultation with the participating water companies to scope the

range of issues to be addressed in the study. Subsequent testing of the survey instrument com-

prised two parts. First, questions intended to elicit data on household consumption of tap

water, substitute products and the extent of avertive behaviour by households were trialled

in a national omnibus survey. From a sample size of approximately 2,000 respondents, this

indicated that alternatives such as bottled water and filtering tap water represented avertive

behaviours for 20 to 30 percent of households. In the second step the full implementation

of the survey instrument was tested via an online pilot with a sample of approximately 200

respondents. The design process was also subject to peer review with comments and recom-

mendations provided on both the survey development and the analysis of the pilot data.

The survey instrument is structured as follows. Following a screening question on the

respondent’s responsibility for paying household bills, a set of warm-up questions focus on

the composition of the respondent’s household (number of people and age groups) and their

consumption of tap water for drinking and other uses (e.g. washing machine, dishwasher).

Information on the consumption of substitutes for tap water by the respondent’s household

is then elicited, including water filters (e.g. a jug/kettle, tap/under sink filter, fridge dis-

penser), bottled water, squash and cordial, water softener devices (that remove calcium and

magnesium ions from tap water) and other products (e.g. tablets, powders and coils).

Respondents are then filtered to follow-up questions in which they indicate the specific

product types they use/purchase, their substitute uses of these products (e.g. drinking,

food preparation, washing, watering plants, etc.) and their expenditure, including one-off

amounts (e.g. purchase of the jug with a filter) and regular amounts (e.g. bottled water,

replacement filter cartridges), and the frequency of purchases. Following this respondents

are asked to indicate why their household uses substitutes to tap water, including reasons

related to the aesthetic quality of tap water (taste, smell and colour), health concerns, advice

from water company, medical professional and other sources (media, advertising, etc.), and
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other preferences (e.g. convenience, temperature of tap water).

The instrument then asks about more specific experiences and perceptions related to the

reasons provided for the use of substitutes, including experience of problems with the taste,

smell and colour of tap water (e.g. chlorine taste, musty taste, cloudy appearance, sediment,

brown/orange colouring. etc.), perceptions regarding the quality of tap water (e.g. hardness,

impurities, added mineral content of substitutes, etc.) and health issues (e.g. risk of illness,

contaminants and pollutants, lead in supply pipes, fluoride, chemicals used to treat tap water,

etc.), as well as advice received about consumption of tap water (e.g. ‘boil water’ notice, ‘do

not drink’ notice from a water company). Respondents then give their rating of the tap water

supply at their home, in terms of its taste, smell, appearance, and hardness, and overall

quality. The survey concludes with questions about the respondent’s household including

how long they have lived at their current address, their previous place of residence, whether

they have a water meter, their annual water bill amount, and their own health status and the

health status of others in their household.

Responses to the survey instrument are augmented by a range of data collated from par-

ticipating water companies to support the analysis of household’s avertive behaviour. This

provides alternative measures of tap water service levels alongside the self-reported ratings

of households. In order to be consistent across water service providers, the data is taken

from regulatory reporting requirements specified by the Drinking Water Inspectorate (DWI)

for England and Wales. We use data at the water supply zone (WSZ) level which typically

has a resident population around 10,000. This includes the number of customer contacts

(complaints) relating to taste/smell of tap water, its appearance, hardness, and incidence

of illness. We also collate data on water hardness in each WSZ expressed as mg CaCO3/l

(calcium carbonate) and the population within the WSZ. We then uniquely match survey

respondents to their WSZ through their home postcode.
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Table 1: Household rating of tap water – water hardness and aesthetic quality

Hardnessa Tasteb Smellb Appearanceb

Overall pooled sample 3.4 3.6 3.7 4.0
Company 1 2.4 3.8 3.9 4.2
Company 2 4.2 3.5 3.7 3.9
Company 3 4.0 3.5 3.7 4.0
Company 4 4.2 3.4 3.6 3.9
Company 5 2.5 3.7 3.7 4.1
Company 6 4.0 3.5 3.7 4.0
Company 7 2.2 3.5 3.7 4.0

Notes: Pooled sample: n = 4,638. Individual company samples: n between 500 and 600. aRatings for hardness
are based on the scale ‘very soft’ (=1), ‘soft’ (=2), ‘medium’ (=3), ‘hard’ (=4), and ‘very hard’ (=5). bRatings
for taste, smell and appearance of tap water are based on the scale: ‘bad’ (=1); ‘poor’ (=2); ‘adequate’ (=3);
‘good’ (=4); and ‘excellent’ (=5).

3 Sample description

A total of 4,638 households were sampled via the online survey. This comprised of 1,087

respondents in the nationally representative ‘base’ sample, and a further 3,551 households

in the combined company-specific sample. The geographical composition of the sample is re-

ported in Figure 1. Summary statistics for the socio-demographic characteristics are reported

in Appendix A.

Table 1 reports average household ratings for hardness, taste, smell, and appearance of

tap water from the overall pooled sample and individual company areas. The majority of

households (74%) rated their tap water overall to be in the range ‘adequate’ – ‘good’ on a

5-part Likert scale.6 In all cases for the aesthetic quality of tap water – the pooled sample

average and individual companies – the appearance of tap water receives the highest rating,

followed by its smell and then taste. While households’ perception of quality does not vary

significantly across companies, there is a substantial variation in the rating of water hardness.

Avertive behaviour by households is summarised in Table 2 across the overall pooled

sample, reporting the proportion of respondents that stated the use of substitutes and ex-

6 Based on national ‘base’ sample: 2.1% ‘bad; 9.1% ‘poor’; 34.3% ‘adequate’; 39.7% ‘good’; and 14.8% ‘excel-
lent’. The average rating on the 1-5 scale was 3.6 (‘adequate’ – ‘good’). Sample size = 1,087.

7



Figure 1: Spatial composition of the sample
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penditures in relation to the hardness of tap water and the aesthetic quality of tap, water

respectively. Almost 4 in 10 households report some form of avertive behaviour in relation to

the aesthetic quality of tap water, although nearer 3 in 10 reported actual expenditures. The

most common mitigating behaviour is the use of a jug with a filter (18.4%) followed by the

purchase of bottled water (16.3%). Avertive behaviour and expenditures in relation to water

hardness is less prevalent. Just over 1 in 10 respondents report some form of defensive or

mitigating actions; the most common being the use of additive water softener products for

washing machines, dishwashers and kettles.

Figures reported in Table 2 concentrate on those respondents whose purchases of substi-

tute products is an avertive behavior, as identified by follow-up questions. This is especially

important for substitutes for aesthetic quality, as only 1 in 3 households cite it as the main

reason for undertaking substitute actions. Nevertheless, this was the most commonly re-

ported motivation, with a dislike of the taste and smell of tap water (27%) being the most

frequent response. Dislike of the appearance of tap water was stated to be a motivation by

relatively few households (5%) and ranked lower in considerations than the temperature of

tap water (7%). The second most common motivation concerns the convenience of bottled

water, with 1 in 4 respondents stating this as being a reason for purchasing a substitute prod-

uct. The re-use of bottles was stated by 12% of respondents. Thus aside from respondents

stating no purchases of substitutes, the main group of respondents excluded from the analysis

of avertive expenditures are those who reported that their purchases of bottled water were

solely due to convenience factors or the re-use of bottles. We also omit purchases of a ‘fridge

with water dispenser’ because it represents relatively large expense that is not exclusively an

avertive behaviour.

A key motivation for avertive behaviour is the perception of the quality of substitute

products, which is split between a general view that they are better quality than tap water

(23%) or that they are healthier than tap water (approx. 18%). Relatively few respondents

stated that substitutes represented ‘value for money’ (6%), but a larger number stated that

their purchases and/or actions were formed largely out of habit (13%). Finally less than 2%

stated that advice not to drink tap water had influenced their use of substitute products.
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Table 2: Avertive behaviour – water hardness and aesthetic quality

Avertive behaviour Avertive expenditures
% resp. % resp. mean, £/yr median, £/yr

Water hardness

Water softener device (total) 5.1 3.5 149.5 60.0
Ion exchange unit 3.0 2.0 233.5 160.0
Chemical conditioning unit 0.8 0.4 77.7 37.5
Physical conditioning unit 1.5 1.1 18.7 15.0

Water softener products (total) 9.9 9.7 66.3 48.0
Tablets/powder 8.1 7.9 51.6 36.0
Kettle descaler 4.9 4.5 24.7 12.0
Limescale remover 4.5 4.3 28.7 24.0

TOTALa 13.9 12.1 94.4 50.0

Aesthetic quality

Filtering devices (total) 26.0 21.6 71.0 40.0
Jug with filtera 18.4 16.9 60.4 39.0
Kettle with filtera 2.8 2.4 63.9 25.0
Tap/under-sink filtera 4.0 3.4 75.8 50.0
Fridge with dispenserb 2.8 1.9 134.9 107.5
Water dispenser/purifiera 1.0 0.8 138.2 69.5
Other filtering appliancesa 0.2 0.2 44.6 38.0

Bottled water 16.3 11.0 87.9 60.0
Purification tablets 0.4 0.3 55.7 42.0
Cordial/squash 7.3 6.1 59.3 48.0

TOTALc 38.7 27.6 91.7 60.0

Notes: The difference in percentage points between the stated avertive behavior and stated expenditure reflects
the proportion of ‘don’t know’ responses for the latter. Respondents who were not able to state the amount spent
on substitutes were omitted from calculations of annual average expenditures (rather than treated as ‘zero’
expenditure). Pooled sample N = 4,520. aDenotes assumption that capital expenditures are annualised over a
five year period; bOnly a fraction of the one-off purchase cost potentially represents avertive behaviour hence
expenditure on fridges with dispenser is excluded from the calculation of total annual average expenditure.
cTotal figures account for multiple behaviours by respondents. Values include annualised one-off purchase
amounts.

For the full pooled sample, average annual avertive expenditure in response to hardness

of tap water is approximately £94 per household per year, with a median value of £50 per

household per year. Average annual avertive expenditure in relation to the aesthetic quality

of tap water is approximately £92 per household per year. The median value is £60 per

household per year. The distribution of annual household avertive expenditure is presented

in Figure 2 for the hardness and aesthetic quality, respectively. While the proportion of

households with aesthetic quality related expenditures is greater than the proportion for
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Figure 2: Distribution of household annual avertive expenditure (N = 4,520)

water hardness, the individual amounts are smaller. Conversely, fewer respondents have

expenditures related to hardness, but the actual amounts are on average larger.

Table 3 reports pairwise correlation coefficients for respondents’ tap water quality ratings

and avertive behaviour related to the hardness of tap water. Respondents who rated their

tap water to be ‘hard’ are more likely to undertake avertive behaviour related to hardness of

tap water. The respondent’s hardness rating is strongly correlated to average water hardness

(mg CaCO3/l) in the water supply zone. This suggests that the respondent’s rating is a good

indicator of actual water hardness. Moreover, the customer complaint rate at the WSZ level

is correlated with both the subjective rating of hardness (respondent rating) and objective

rating (average hardness).

Pairwise correlation coefficients for aesthetic quality of tap water are reported in Table

4. Respondents who report higher quality ratings are less likely to undertake avertive be-

haviours. The correlations between avertive behaviour and customer complaint rates (taste

and smell, and appearance) are not statistically significantly different from zero. Similarly,

the correlations between the respondent’s rating of tap water quality and the number of con-

tact in the WSZ are not statistically significantly different from zero. This contrasts with the

results for water hardness and suggests that taste, smell and appearance contact rates at the

WSZ level are a limited proxy for the perceived quality of tap water at the household level.
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Table 3: Pairwise correlation coefficients – hardness of tap water

Avertive Hardness Hardness Hardnessb

behaviour rating contactsa (mg CaCO3/l)

Avertive behaviour 1 - - -
Hardness rating 0.29∗∗∗ 1 - -
Hardness contactsa 0.13∗∗∗ 0.25∗∗∗ 1 -
Hardnessb (mg CaCO3/l) 0.23∗∗∗ 0.66∗∗∗ 0.36∗∗∗ 1

Notes: ∗Denotes statistical significance at the 10% level; ∗∗Denotes statistical significance at the 5% level; ∗∗∗

Denotes statistical significance at the 1% level. a Consumer contacts (complaints) per capita at the WSZ level;
bAverage hardness (mg/l CaCO3) at the water resource zone level.

Table 4: Pairwise correlation coefficients – aesthetic quality of tap water

Avertive Taste Smell Appear. Taste/smell Appear.
behaviour rating rating rating complaintsa complaintsa

Avertive behaviour 1 - - - - -
Taste rating -0.42∗∗∗ 1 - - - -
Smell rating -0.35∗∗∗ 0.79∗∗∗ 1 - - -
Appearance rating -0.25∗∗∗ 0.64∗∗∗ 0.64∗∗∗ 1 - -
Taste/smell complaintsa 0.07 -0.1 -0.09∗∗∗ -0.08 1 -
Appearance complaintsa -0.03 0.03 0.01 0.01 0.21∗∗∗ 1

Notes: ∗Denotes statistical significance at the 10% level; ∗∗Denotes statistical significance at the 5% level; ∗∗∗

Denotes statistical significance at the 1% level. a Consumer contacts (complaints) per capita at the WSZ level.

4 Estimation of the avertive expenditure function

The aim of the econometric analysis is to estimate an avertive expenditure function based

on the characteristics of households, including the hardness of tap water / aesthetic qual-

ity of tap water, socio-economic factors (e.g. household income), demographic factors (e.g.

household composition), and other contextual factors (e.g. whether the household is a me-

tered customer or not). Following Um et al. (2002), the measurement of quality is based

on both the subjective rating (or perception) of water hardness and aesthetic quality, and an

objective measure. In particular, we use the 5-part Likert scale for hardness, taste, smell and

appearance of tap water. As an alternative, we use the number of customer contacts in the

WSZ related to water hardness, taste and smell jointly, appearance, and illness. For water
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hardness, we also use the CaCO3 content at the WSZ level, which provides a fully objective

assessment of the hardness of tap water.

The dependent variable in the regression are total expenditures on substitutes for water

hardness and aesthetic quality only where these are explicitly reported to be due to a ser-

vice failure, and thus represent avertive behaviour for either hardness or aesthetic quality.7

Capital expenditures are annualised over a five year period, and for recurring expenditures

we use information from the respondents as to the frequency of purchases within a year. We

treat the avertive expenditures as a corner solution outcome, assuming that households with

zero expenditures optimally chose this amount, and we use a tobit model to represent the

conditional expectation of expenditures (see Wooldridge, 2010).

Formally, we denote household avertive expenditure by Y , and consider an associated

latent variable Y ∗ which we model as a function of a vectorX ofK household characteristics:

Y ∗ = β′X + ε (1)

where β is a vector of K parameters to be estimated from the data where and ε is a vector of

independent and identically distributed errors. Observed avertive expenditures are then:

Y = max(0, Y ∗) (2)

Expected avertive expenditures conditional on the vector of covariatesX, denoted byE(Y |X),

can be decomposed into two parts:

E(Y |X) = P (Y > 0|X) · E(Y |X,Y > 0) (3)

This reflects the fact that variations in covariates (for example an increase in the perceived

quality of tap water) will impact both the decision whether to incur expenditure on sub-

stitutes (or the fraction of households with positive avertive expenditures), as measured by

7 As mentioned previously, we exclude respondents who did not report avertive expenditures (rather than
treating these as zeros) and exclude expenditures on fridges with a water dispenser from the analysis.
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P (Y > 0|X), and the average amount spent by households who decide to incur expenditure,

denoted E(Y |X,Y > 0)). It follows that the marginal effect of X on the average expendi-

tures E(Y |X) is a highly non-linear function of the estimated parameters. Marginal effects

are denoted ∂E(Y |X)
∂X and evaluated at the mean of the sample. These provide the basis for

establishing household WTP for improvements in the hardness and aesthetic quality of tap

water (see Um et al., 2002).

Tobit model results for avertive expenditure in response to the hardness of tap water

are presented in Table 5. Model I uses the respondents’ self-reported assessment of water

hardness measured by a 1–5 continuous variable. Model II also considers subjective quality

rating but with a set of dummies for each step on the Likert scale (the default value is level 3

‘medium’). Model III uses measured water hardness in mg of CaCO3 per litre. Model IV uses

the number of customer contacts (complaints) about water hardness. All models include a

set of households characteristics and dummies for the company-specific subsamples.

Across all specifications, avertive expenditure is positively related to the measure of water

hardness and household income.8 The only exception is in model IV where the number of

contacts within a particular area is not associated with a larger expenditure at the household

level. This confirms the view that the regional contact rate is a limited predictor of household

level behaviour. Model II suggests that the effect of water hardness is non-linear, as we detect

no statistically significant differences in expenditures for households who rated tap water

hardness as ’very soft’, ’soft’ relative to those who rated it as ’medium’. However, annual

avertive expenditures is on average £13 per household per year higher for households rating

their tap water as ’hard’, and £26 per household per year higher for households rating their

tap water as ’very hard’. Model III confirms that expenditures are higher in areas with higher

CaCO3 concentrations, even when controlling for company (or service area) dummies. More

work should assess the presence of non-linearities for this measure (for example using bins

for different levels of CaCO3 concentrations).

8 The sample size for the model I and model II is 3,111. This is lower than the total pooled sample as those
respondents who did not indicate their household income or avertive expenditures are omitted. Similarly,
the sample size for model III is 1,306 and model IV 1,447 due to imperfect matching of household-level data
to regional (WSZ) data.
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Unlike the findings for aesthetic quality of tap water quality discussed below, most of

the other socio-demographic determinants are not found to have a statistically significant

impact on expenditures. Respondent age is the exception, with older respondents reporting

higher expenditures in relation to hardness than younger respondents. This is possibly due

to greater experience of the effect of hardness on the lifetime of consumer appliances. In

addition, the statistical significance of company dummy variables suggests that some of the

variation in expenditure is accounted for by the level of water hardness in different regions.

In particular Company 1 and Company 5 households have statistically significant lower ex-

penditures than the base case (all other water companies, including Companies 2, 3, 6 and

7). In contrast Company 4 households have statistically significant higher expenditure than

all other companies. The pattern of findings is consistent underlying geology of the company

water supply areas.

Tobit model results for avertive behaviour in relation to the aesthetic quality of tap water

are presented in Table 6. As for water hardness, model I uses 1–5 values representing respon-

dents’ subjective rating of taste, smell and appearance, and model II uses a set of dummies for

each step on the Likert scale (the default value is level 3 ‘adequate’). Model III uses the num-

ber of customer contacts about taste and smell and appearance. As before, all models include

a set of households characteristics and dummies for the company-specific sub-samples.

Model I shows that households who perceive tap water quality to be high report, on av-

erage, lower avertive expenditures.9 The taste rating is observed to be the most important

factor in determining avertive expenditures, followed by the smell rating, while the coeffi-

cient for appearance is not statistically significantly different from zero. This result is in line

with the fact that appearance has the highest rating among the three aesthetic quality at-

tributes (see Table 1), and the lowest incidence of experienced service failure for households

(despite some degree of collinearity between these variables, as suggested by Table 4).

Similarly to water hardness, model II suggests some degree of non-linearity in the rela-

tionship between aesthetic ratings and average expenditures. For the taste attribute, respon-

9 The sample size for the model I and model II is 2,945, as missing income and avertive expenditures are
omitted. Also, the sample size for model III is 1,250.
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dents are most sensitive to an improvement from ‘adequate’ to ‘good’ (a reduction in expen-

diture of around £28 per household per year) and by a deterioration from ‘adequate’ to ‘poor’

(an increase in expenditure of about £15 per household per year). The difference in average

expenditures between respondents who rate the taste of tap water as ’good’ or ’excellent’ is

less than £1 per household per year, and around £6 per household per year for a change from

’poor’ to ’bad’. For smell and appearance ratings, expenditures are mostly driven by ’bad’ and

’poor’ ratings, since dummies for ratings above ‘adequate’ are not statistically significant.

In model I and II, household income and household size are positively related to expendi-

tures on aesthetic tap water quality substitutes, and both coefficient estimates are statistically

significant. The marginal effect of these variables is, however, relatively small. For every ad-

ditional £1,000 of household income, all else equal, avertive expenditures increase by just

£0.13 per year. The increase in expenditure by household size is £2 per person. A more

significant driver of household expenditure is the presence of an infant in the household,

which is associated with an increase of expenditure of around £12 per household per year.

The dummy variables for each water company are mostly statistically insignificant, which

suggests that differences in annual expenditure on substitutes are captured by the socio-

economic and demographic characteristics of households. Only customers from Company

5 and Company 7 are found to report statistically lower avertive expenditures compared to

those of other companies (all else equal).

Model III suggests that households in a WSZ with a high number of contacts in relation

to taste and smell are more likely to report higher avertive expenditures. However, the rela-

tionship does not hold for contacts concerned with the appearance of tap water and illness.

In addition the household income and household size variables lose statistical significance.

Given the low correlation between contact rate, avertive behaviour and service ratings, re-

sults from this specification may be spurious and should be treated with caution.

A summary of marginal WTP for improvements in hardness and aesthetic quality derived

from model I is provided in Table 7. Non-linearities in the relationship between ratings and

avertive behaviour implies that these figures should be carefully interpreted. Valuations de-

rived from the linear model represent an average response across all ratings; an improvement

18



Table 7: Marginal WTP estimates – water hardness and aesthetic quality

Tap water attribute Average avertive expenditurea mWTP (£/household/year)

Hardness 9.38 6.11∗∗∗

(7.71, 4.50)
Taste 26.29 -18.67∗∗∗

(-15.36, -21.98)
Smell 26.29 -4.23∗∗

(-0.84, -7.63)
Appearance 26.29 -0.89

(2.05, -3.83)

Notes: ∗Denotes statistical significance at the 10% level; ∗∗Denotes statistical significance at the 5% level; ∗∗∗

Denotes statistical significance at the 1% level. a Avertive expenditure evaluated at the mean of sample
(E(Y |X)) (£/hh/year). 95% confidence interval in parenthesis.

in tap water quality that impacts households differently, for example targeting those experi-

encing poor levels of provision, will generate a larger decline in avertive expenditures than

actually estimated by the linear model.

Marginal WTP in relation to a one unit increase in the hardness rating is just over £6 per

household per year. For a 1-point increase in taste rating, the likelihood of the household

incurring avertive expenditures [P(Y>0|X)] declines by 15%, whilst the amount of expendi-

ture [E(Y|X, Y>0)] falls by almost £17 per year. The compound average effect [E(Y|X)] is

a reduction of £18.68 expenditure per household per year. Hence improving the taste rating

of tap water from the average rating of 3.6 to 4.6 (Table 1) would reduce household ex-

penditures from approximately £26 per household per year to around £7 per household per

year. Notably, households place a much greater value on improvements to the taste of tap

water than its smell, and little or no value is placed on improvements to the appearance of

tap water. Indeed the value of an improvement in the smell of tap water is just over £4 per

household per year, and for appearance it fails to achieve statistical significance.

5 Conclusion

This study is the first application of an avertive behaviour approach to the estimation of the

demand for tap water quality in England and Wales. It quantifies households’ preferences
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in relation to the hardness of tap water and the aesthetic quality of tap water (taste, smell

and appearance). In contrast to previous applications of avertive behaviour and defensive

expenditure approaches, health risks concerning the quality of tap water are not a primary

concern. Rather, consumer preferences are driven by the perception of and experience of tap

water quality, along with a host of other lifestyle and convenience factors.

We implement a large-scale national survey that enables complementary information on

households’ motivations for their avertive behaviours to be elicited. We find that the aesthetic

quality of tap water experienced by households is a key determinant of decisions to purchase

and use substitute products. These mitigating actions largely compensate for the perceived

failures in relation to taste and hardness, and, as expected, avertive expenditures vary in

accordance with the ratings of these aspects of tap water. Whilst the observed expenditure

on substitutes represents a small proportion of the household budget, it is proportionately

large in comparison to the average water services bill.

From a water sector investment planning perspective, we find that customer complaint

data is likely to be a limited indicator of the level of service experienced by households.

This is of relevance, as in the absence of more objective measures of tap water quality in

terms of its taste, smell and appearance, the performance of water utilities has in part been

measured via aggregated customer complaint rates. Our findings also demonstrate that in

order to deliver the greatest benefit to customers via investment to improve service levels,

water services providers should prioritise actions that improve the rating of tap water by

households with the lowest ratings.

The study also provides a counter-point to the application of stated preference studies in

water sector in the UK, particularly since opportunities to compare values from alternative

methods are limited. Whilst the results detailed here should not be interpreted as ‘bench-

marks’ against which stated preference values should be assessed, they do provide a basis

for judging how expressed preferences for improved tap water quality align with observed

consumer behaviour in relation to substitute products. First, with respect to separate com-

ponents of tap water aesthetic quality, stated preference studies that provide higher values

for taste (and smell) of tap water, over issues concerning the appearance may be seen as re-
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liable in terms of ‘validity by association’. Second, the study also highlights that expenditure

on substitute products and estimated WTP values are fairly modest amounts in terms of the

overall expenditure by households. Whilst a 1-to-1 correlation with stated preference values

is not necessarily anticipated, it is reasonable to expect that they will be of the same order of

magnitude (e.g. Carson et al., 1996).

There are also key distinctions to note between values estimated by our study, and those

that may be provided by stated preference studies. In particular our application focuses

on water services as a private good. It captures only consumer preferences for improving

services/avoiding service failures that have a direct impact on households’ consumption of

tap water. We do not capture preferences that relate to the public good benefits of water

services, nor potential non-use motives stemming from the benefits derived by other house-

holds. Moreover, valuations presented in terms of changes in customer perceptions (ratings

of tap water quality) are not directly tractable for cost-benefit analysis without understanding

of how investments would change customer ratings.

Finally, a further perspective to consider for our findings is that for some households

(roughly 1 in 8 in our data), consumption decisions are to some extent largely formed out of

habit. Hence potential improvements in tap water quality that could be delivered by water

service providers might not result in changes in consumer behaviour, either due an explicit

decision to continue to purchase alternatives or due to inertia resulting from long term habits.

While this consideration is largely irrelevant to the application of revealed preference meth-

ods as a way to estimate values associated with non-market goods (as inputs to cost-benefit

analysis and investment appraisal), the question as to whether households would actually

change their behaviour if service levels improved remains open.
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Appendix A Socio-demographic composition of the full sample

% %

Gender Gross household income
Female 50.1 Under 5,000 per year 2.6
Male 49.9 5,000 to 9,999 per year 4.5
Respondent age 10,000 to 14,999 per year 7.3

18-29 years 13.6 15,000 to 19,999 per year 7.7
30-39 years 18.6 20,000 to 24,999 per year 8.5
40-49 years 17.3 25,000 to 29,999 per year 8
50-59 years 19.7 30,000 to 34,999 per year 5.3
60-69 years 23.3 35,000 to 39,999 per year 5
70+ years 7.5 40,000 to 44,999 per year 5.1

45,000 to 49,999 per year 4
Socio-economic group 50,000 to 59,999 per year 6.2

A 13.2 60,000 to 69,999 per year 3.5
B 23.6 70,000 to 99,999 per year 5.2
C1 30.5 100,000 and over 2
C2 12.8 Don’t know 0.8
D 9.7 Prefer not to say 3.7
E 9.5

Household water bill
Household size Less than £150 per year 8.6

1 17.8 £151 to £200 per year 11.1
2 46.8 £201 to £250 per year 11.7
3 14.4 £251 to £300 per year 11.3
4 14.5 £301 to £350 per year 9.1
5 3.8 £351 to £400 per year 9.7
6 1.7 £401 to £450 per year 5.3
7 0.1 £451 to £500 per year 4.4
8 or more 0.3 £501 to £550 per year 3.9
Prefer not to say 0.7 £551 to £600 per year 2.4

Over £600 per year 3.9
Household members aged 0 – 17 y.o. Don’t know 18.6

0 75.3
1 10.8
2 9.8
3 2.2
4 0.8
5 0.2
6 or more 0.1
Prefer not to say 1

Notes: SEG = socio-economic group. Market Research Society definitions are: A = professionals, very senior
managers, etc.; B = middle management in large organisations, top management or owners of small businesses,
educational and service establishments; C1 = junior management, owners of small establishments, and all
others in non-manual positions; C2= skilled manual labourers; D = semi-skilled and unskilled manual workers;
E = state pensioners, casual and lowest grade workers, unemployed with state benefits only.
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