NON-MARKET VALUATION USING STATED PREFERENCES:
APPLICATIONS IN THE WATER SECTOR

By Paul J. Metcalfe

APRIL 2012

Thesis submitted to the Department of GeographyEandronment, the London School
of Economics and Political Science, in fulfilmeritioe requirements for the degree of
Doctor of Philosophy.



Declaration

| certify that the thesis | have presented for exation for the MPhil/PhD degree of
the London School of Economics and Political Sageiscsolely my own work, with the
following exceptions: chapter 3 is 95% my own wakd chapter 4 is 90% my own
work. Chapter 4 is partly based on work conductgar po the start of the PhD research
period.

The copyright of this thesis rests with the autlquotation from it is permitted,
provided that full acknowledgement is made. Thests may not be reproduced
without the prior written consent of the author.

| warrant that this authorization does not, toltkst of my belief, infringe the rights of
any third party.

The final word count of this thesis is 49,800.



Acknowledgements

A great number of people have helped me duringthese of my research in a variety
of ways. My particular thanks go to Bill BakernlBateman, Richard Carson, Kenneth
Train and my supervisor Giles Atkinson, for intetlgal stimulation, sound advice and
critical review of my work. My deepest gratitudewever, is reserved for my wife
Alice, for her loving support and patience over twmurse of my studies, and in

particular during the last few months when | neeitiétte most.



Abstract

This thesis is concerned with the application afesl preference methods to non-market
valuation problems. It reviews the literature be state of the art of the method, and

applies the techniques to three applications imthier sector.

In the first application, estimates are presentethe value to households in
England and Wales of improvements to the qualitwafer in the natural environment.
The need for value estimates arises from the Earo@mmunity Water Framework
Directive, which drives water policy across the @pean Union. Area based values
were generated to maximise the potential for sulsaopolicy incorporation and value
transfer. These were found to vary from £2,26836,168 per kidepending on the
population density around the location of the inweraent, the ecological scope of that

improvement, and the value elicitation method erygdib

The second application investigates the cost afigitbwater use restrictions to
households and businesses in London. Estimatesilldigness to pay for service
quality increments often play an important roletire decisions of regulators and
regulated companies in industries where consumere httle opportunity to exercise
their preferences for service quality. The estemapresented in this chapter are
particularly applicable to regulatory appraisals wlter company investment
expenditure and to planning applications for prtgeo improve the resilience of urban

water supply systems.

The final application examines the reliability oflues measured before an
economic downturn for application during the downtuia analysis of near identical
surveys conducted before, and during, the 2008-Zablomic recession. The main

result is that the economic downturn led to lowdlingness to pay when elicited via



the payment card contingent valuation method, hdtrio effect on values elicited via a
dichotomous choice (i.e. referendum-type) contingeaduation question. Potential
explanations for this finding are explored in lighit the literature on closed-ended

versus open-ended elicitation method comparisons.
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1 Introduction

1.1 Background to the Study

Decision makers around the world appraise the meot proposed policies,
programmes, projects, regulations (hereafter sifipkgrventions”) using cost-benefit
analysis (CBA). In the UK, central government guide states thaall new policies,
programmes and projects, whether revenue, capitaégulatory, should be subject to
comprehensive but proportionate assessment, whreiteiepracticable, so as best to
promote the public inter&és [HM Treasury, 2003, p.1] It further goes on to
recommend that CBA be used for this assessmentoagacourage that as many of the
significant impacts as possible are valued quamndly [HM Treasury, 2003, p.4]. In
the England and Wales water sector, the Water S&s\Regulation Authority (Ofwat)
similarly, but only recently, requested that avestment proposals must be justified

using CBA [Ofwat, 2008. p.18 ].

In many appraisals, including most if not all ire tvater sector, significant costs
or benefits arise from an intervention’s impact aon-market goods such as
environmental quality, health, safety or the rigksa network service failure. The
technigues of non-market valuation are appliechesé cases, to provide contributing
evidence to a specific CBA appraisal or to pro\geeeric evidence, e.g. on the value of

a prevented fatality, that is applicable to a raofg@ppraisal contexts.

One of the principal non-market valuation techngjie the stated preference
(SP) method. This method is based on the use wegs to obtain measures of
preferences with which to estimate the welfareat$f@f non-market impacts. Despite
some resistance [e.g. Hausman, 1993; Diamond angdritn, 1994], the method has

developed a growing credibility as a consequencarnimmense intellectual effort
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undertaken by environmental economists over thé foas decades or so to appraise
and improve the techniques employed. The apprizacbw commonly used to provide
inputs to cost-benefit analyses, and applicatidritbe@ method are accumulating rapidly

[Carson, 2011].

Part of the reason for the technique’s populastig flexibility - SP surveys are
capable of valuing a much broader range of non-etaikipacts than revealed
preference (RP) methods. It is simply not possiblebtain values using RP methods
in all cases, even if one would prefer to, becamsmy types of value leave no

behavioural trace in any market.

1.2 Research Objectives and Contributions

The aims of this thesis are twofold: to contribtdeghe growing literature on the stated
preference methodology for non-market valuationd d@o present policy-relevant
empirical valuation models for application in thater sector. The thesis addresses
these aims through three core empirical researepters. We describe the research

objectives and contributions of each of these thoge studies in more detail below.

1.2.1 Study 1 - An Assessment of the Non-market Benefitd the Water

Framework Directive to Households in England and Wkes

The first core study addresses both of the cora aiinthe thesis. It obtains an empirical
valuation model directed towards an important go#icea — the European Union Water
Framework Directive (WFD), and it explores someegahissues pertaining to the SP

methodology for non-market valuation.

The European Community Water Framework DirectiveFQY [European

Parliament, 2000] requires that all natural watedies should reach the common
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minimum European standard of “Good Ecological Sa(GES) by 2015, except where
to do so would entail disproportionate cost. B#sefstimates are valuable to policy
makers in this context to appraise programs of anw@ments at regional or national
levels, and to use in assessments, on cost-bamefinds, of whether achieving GES
will be disproportionately costly for individual wex bodies. In such cases, applications
for derogations can be made to allow for a longaeetto achieve compliance or for a
less stringent environmental objective to be adhptStudy 1 was designed to address
both purposes simultaneously. In this regard itadspfrom most previous studies of
water quality improvements which have sought tcugakither a whole program of
improvements [Carson and Mitchell, 1993; Brouwed0& or improvements to a
localized area [e.g. Alam and Marinova, 2003; Baterat al., 2011; Hanley, Bell and
Alvarez-Farizo, 2003; Hanley, Wright and Alvareziga, 2006; Kontogianni et al.,

2003; Kramer and Eisen-Hecht, 2002; Loomis e2800].

At the core of Study 1 is the development of a mhodased on a large-scale
nationwide SP survey, for valuing national and oegl programs of WFD
improvements as a function of key attributes rad¢\a strategy setting at these levels.
These attributes include measures of the geograptade of the implementation
program, the balance between improvements to thstvameas and improvements to
raise the number of high quality sites, and theat@d between improvements in

densely populated areas and improvements in moreteslocations.

An additional contribution of Study 1 is in its ¢abution to the literature on SP
methodology. Willingness to pay estimates are kmdw be sensitive to elicitation

methods and question order effects [Venkatacha2®®4; Welsh and Poe, 1998]. The
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survey included three types of SP question, antedahe order in which they were

asked across the sample, in order to test for thiésets.

The contributions of the paper are thus threefolfe obtain a model via a
robust large-scale SP survey for valuing nationalgmms of improvements as a
function of key attributes relevant to strategytisgtat this level. Additionally, we
derive a transferable value function that can bedu$or disproportionate cost
assessment at the level of individual sites, antthvban validly be summed over sites
SO as to obtain values for regional programs oewatiality improvements. Finally, we

explore the sensitivity of our estimates to elibita treatment effects.

1.2.2 Study 2 — Willingness to Pay to Avoid Drought WatetUse Restrictions

The second core study is also a policy-relevantiecapapplication in the water sector.
In this chapter, we investigate the value of avajddrought water use restrictions in
London, UK, by means of an SP survey of househalt businesses that sought to
measure willingness to pay (WTP) for reductionshi@ chances, duration and severity
of future restrictions. Estimates of the valueawbiding drought water use restrictions
are important for appraisals of water utility intragnts to enhance service reliability, as
inputs into regulatory incentive schemes for watgility performance, and in
operational decisions during a drought period whieeee is a need to balance the costs
of early less severe restrictions against the valuevater saved. Results from the
model are applied to a practical context: a plagpnnguiry concerning a desalination
plant in East London. Based in part on the esematerived here, the plant was

approved and built, and began operating in Jun@€.201
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1.2.3 Study 3 — The Sensitivity of Willingness-to-Pay tan Economic Downturn

The third core study of this thesis contributeshim literature on the SP method of non-
market valuation by examining the reliability ofiability of valuations obtained before
an economic downturn for application during the dawn. SP studies are typically
performed at one point in time, with the resultsnthused for decision making several
months or even years later, an approach that i r@tibble if values are stable over
time. This assumption is doubtable given the onéet recession. The study assesses
the reliability of SP valuations via analysis ofanédentical surveys conducted before,
and during, the 2008-2010 economic recession. Kaoley employed two elicitation
techniques. The main result is that the econormiendurn led to lower WTP when
elicited via one method, but had no effect on valekcited by the other. The chapter
explores potential explanations for this findinglight of the literature on elicitation

method comparisons.

1.3 Outline of the Thesis

The remainder of this thesis is structured as Wadlo First, chapter 2 contains a review
of the literature on non-market valuation usingestepreferences, and on applications
of SP valuations in the water sector. Next, chapde5 presents, in turn, the three core
empirical chapters described above. Chapter 6 thitically discusses the findings
from the three core chapters as a whole, in théegbwof the literature. Finally, chapter
7 draws conclusions on the implications of the ltestor practitioners and policy

makers, and suggests priorities for future research
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2 Literature Review

This chapter establishes the contextual framewattkinvwhich the analysis in the core
chapters is undertaken. It begins with a reviewth& SP approach to non-market
valuation, starting with an overview and brief brgt of the method, and then
proceeding to outline and review the body of theesgablished by the literature.
Following this, the chapter contains a review o iierature on water sector non-
market valuation applications relevant to the ermogirwork that follows. The chapter
concludes with a summary of the key strengths aeakwesses of the SP method with
particular reference to its application in the watector, and it motivates the following

core empirical chapters in light of the literatuegiewed.

2.1 The Stated Preference Approach to Non-market Valuabn

2.1.1 Overview

The SP method is based on the use of surveys &inatdta on preferences for valuing
the impacts of interventions where, for one reagspmnother, those impacts are not
traded in markets. The two broad families of S&the contingent valuation (CV), and
choice modelling (CM) formats. A survey based amthe CV method contains three
core parts (Mitchell and Carson, 1989): (i) a dethidescription of the policy good
being valued and the hypothetical circumstanceguwtiich it is made available to the
respondent; (ii) questions which elicit the respamd’ willingness to pay for the
good(s) being valued; and (iii) questions aboupoesients’ use of the good, or related
goods, relevant attitudes, and demographic chaistits. The latter information is
used in regression equations to check whether tahsa vary with respondent

characteristics as would be expected, conformancexpectation being a partial
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assurance of the construct validity of the survesgrument. If the whole study is well

designed, the results can be generalized to yedlabg for the full target population.

In a CM-based survey, rather than describing aesipglicy good to be valued,
a generic format is created to define a policyratidve as a set of attributes, one of
which is typically its cost [Hanley, Mourato and iht, 2001]. The levels of all the
attributes are then experimentally varied acroserratives offered in a series of
pairwise or multi-way comparisons. In the mostrpieent CM method, the discrete
choice experiment (DCE), respondents are askeddose which alternative is their
most preferred in each choice situation. The DGEn&t allows the researcher to
investigate the trade-offs that people are preparedake between attributes. If one of
the attributes is always set to show the moneycefié the change, the willingness to
pay for each attribute can be inferred from thderaffs people make between amounts
of each attribute and increments to the cost. difiteon, any alternative can be valued
relative to a baseline, as in a CV survey, by dpeg the levels of the attributes to

match the policy scenario in question.

2.1.2 Brief history

The use of surveys to value public goods was firsposed by Bowen (1943), and
Ciriacy-Wantrup (1947, 1952). It was not until ay1963a, 1963b, 1964), however,
that the method was used in a form resembling tineeot CV method in an empirical

application. Many early applications, includingua(1963a, 1963b, 1964) used CV to
value outdoor recreation. Subsequent applicagsmtsnded the approach far and wide,
to goods as diverse as air pollution reduction kRigd 1967, Randall, lves and Eastman,
1974], health and safety [Acton, 1973. Jones-L&&411976], and public provision of

grocery price information [Devine and Marion, 1979ore recently, discrete choice
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experiments have been added to the toolbox of &&tiponers, either as a replacement
for CV methods or in combination. The DCE approaels developed by Louviere and
Hensher (1983) and Louviere and Woodworth (1988) has since spread to an
equally diverse range of applications. The codldditerature on SP valuation methods
and applications has grown exponentially sincel®e0s, and there now number over

7,500 related papers and studies from over 130tdeariCarson, 2011].

An established body of theory and recommendaticas developed to guide
researchers through the field of SP valuation. nffment manuals, collections and
surveys of the field include Freeman (1979, 199832, Cummings, Brookshire and
Schulze (1986), Mitchell and Carson (1989), Bradad Kolstad (1991), the NOAA
Guidelines — Arrow et al. (1993), Bateman and Wi(l1999), Louviere, Hensher and
Swait (2000), Bateman et al. (2002), Haab and Mc€br(2002), Hensher, Rose and
Green (2005), Carson and Hanemann (2005), AlbandiKahn (2006), Kanninen (ed)
(2007), and Hoyos (2010). Much of the review ia temainder of this section covers
material presented in much more detail in theseksyand in numerous other surveys.

We begin with the conceptual and theoretical fotioda underlying the method.

2.1.3 Conceptual and theoretical foundations

2.1.3.1 Measures of value

The value of an intervention is measured in weliszenomics by one or more of the
four Hicksian consumers’ surpluses [Hicks, 1943These include compensating
variation, equivalent variation, compensating susphnd equivalent surplus measures.
Compensating variation is the change in money ircareeded to accompany the
intervention when quantities consumed are freeneinge in order for utility to be the

same in both periods. Compensating surplus is eeéfexactly the same except that
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quantities are held fixed. This measure is thetrnosmmonly used for a non-market
valuation exercise, and is consistent with the amsti of both “willingness to pay”

(WTP) for a public good, and “willingness to acceptVTA) for a public bad, e.g.

pollution. The remaining two types of value measare the equivalent variation and
equivalent surplus measures. Equivalent variasadheé amount the household would be
willing to pay, or by which it would need to be cpemsated, in order to avoid having
the intervention take place. Equivalent surpludaéned exactly the same except that,

as with compensating surplus, quantities are hedalf

These concepts can be formalised as follows. het utility function of a
representative household be giverJ#X, Z), whereU is the utility of the representative

householdX is a composite private good; aAds a non-market good to be valued. We

assume thaX andZ are valued positively, hen%% > 0; Z—)Z( > 0.

The dual of the utility function in (1) is the exmbture functione(p, Z, U),
wherep is the price of the composite godd The functione(.) is the amount the
household would need to spend to achieve utiliglle) given pricegp and the level of

the non-market good.

The compensating surplu€® for a change iz from Z, to Z; is given by the
difference in the expenditure functions associatétl the two levels oZ, holdingU

constant atlp= U(Xo, Zo), i.e.:
(21) CS = e(p,Zo, U()) _e(p,Zl, U())

If CS>0, then the change fro&y to Z; is valued positively, hence less expenditure is
required wherZ=2; to achieve the same level of utility as wh&sr,. Expression (2.1)

is therefore a WTP measure. By contras€$0, the change frord, to Z; is valued
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negatively, hence more expenditure is required wiyafy to achieve the same level of

utility as whenz=2,. Expression (2.1) is in this case a WTA measure.

The equivalent surplus measure of value with resjoethe same change in Z is
similarly given as the difference between two exjieme functions. The difference is

that in this case, the utility is held constantatU(X,Z1):

(22) ES = e(p, Zo, Ul) - e(p, Zl' Ul)

If ES>0, then the change frody, to Z; is valued positively, hence less expenditure is
required wherZ=2; to achieve the same level of utility as whisr,. Expression (2.2)

is therefore a WTP measure. By contrasg$0, the change fromp2o 2z is valued
negatively, hence more expenditure is required wiyafy to achieve the same level of

utility as whenz=2,. Expression (2.2) is in this case a WTA measure.

A summary of the four Hicksian surplus measuresabfie, i.e. where quantity

of the public good is held fixed, is given in TaBld below.

Table 2.1: The Four Hicksian Value Measures

Utility baseline WTP WTA
Before intervention CS+ CsS-
After intervention ES+ ES-

The question as to which measure is the appropoiaeo use is largely context
specific, and should foremost be determined byettisting property rights [Hanemann,
1999]. For example, if people are held to haveghtrto clean air, then their WTA
compensation for the air being polluted is the appate measure of the value, or cost,

of that pollution. If, on the other hand, an imygment, say to a local park, is being
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valued, and people are held not to have any prppigtit to the improvement per se,

then their WTP for the improvement is the apprdpriaeasure of its value.

Notwithstanding current property rights, howevehe tinfluential NOAA
guidelines [Arrow et al., 1993], recommended thgeting of WTP when conducting
an SP valuation even where a WTA measure wouldebgon of property rights, be
more appropriate. The principal reason for thisthiat there is a large volume of
empirical evidence to show that WTA estimates amgictlly higher than WTP
estimates, and often much higher [e.g. Knetsch&inden, 1984; Coursey, Hovis and
Schulze, 1987; Brookshire and Coursey, 1987; KatamerKnetsch and Thaler, 1990;
Dubourg, Jones-Lee and Loomes, 1994; Lanz et @.0]2 The key issue is whether
the difference is true, or whether it is an artifat the elicitation process. If the
disparity is true, then it should be reflected atidion making; if it is an artifact then
targeting the more conservative measure may beoppate, as Arrow et al. (1993)

suggest.

The literature on this matter is vast, and notsgdtled, with new papers on the
topic continuing to appear on a regular basis. 0@a side are many papers suggesting
that large disparities can arise without bias, ezitllue to substitution effects
[Hanemann, 1991; Shogren et al., 1994] or due tereace-dependent preferences
[Tversky and Kahneman, 1991]; on the other sidepa@ers explaining the disparity
with respect to preference uncertainty [Kolstad &wkman, 1999; Sileo, 1995] or
strategic behaviour [Magat, Viscusi and Huber, 1988 these cases, the true disparity,
if it even exists, is magnified by features of #oenario. Attempting to correct for this
disparity in the manner recommended by the NOAAdeglimes may in this case be

justified.
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2.1.3.2 Values and motivations

Values arise, as we have seen in the above discudsi relation to exchanges, and
potential exchanges. Insofar as it is importarélgao estimate the total economic
value of an intervention via stated preferencess, ith all that matters. The types of
motivation that give rise to economic values havwewever, been explored in the
literature (significant contributions include Weis, 1964, Krutilla, 1967, and Arrow
and Fisher, 1974). There is now a common typolaggirculation which decomposes
“total economic value” into various descriptive qoonents (see Figure 2.1 for a typical
breakdown, based on Bateman et al., 2002). The sigsificant juxtaposition is
between so-called “use” values and “non-use”, &isown as “passive use”, values.
The former can be measured by revealed preferecbaitjues since they relate to uses
which leave a behavioural trace even if only incliré¢he latter, by definition, can only
be measured by stated preference methods sinaeitheo behavioural trace [Carson,

Flores and Mitchell, 1999].

Total economic value

Use value Non-use value
Actual use | Option value For others | | Existence
Altruism Bequest

Figure 2.1: Total Economic Value
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2.1.3.3 Aggregation and decision making

Historically, aggregating values as a way of guydswocial decision making has been
somewhat controversial. In the “old welfare ecorcwhof Edgeworth, Marshall and

Pigou, economists treated utility as a cardinal sueg and made social welfare
comparisons on the basis of net utility gains osés. Following Pareto (1896),
however, a “new welfare economics” began that sbughexplicitly distinguish

between questions @fficiency and those pertaining tequity Economic efficiency

was to be solely based on the Pareto principlechviiates that allocations are efficient
if and only if it is not possible to make anyondtéeoff without making at least one
person worse off. This principle requires onlyttlelocations can be ranked by
individuals; it does not require the strong assuomgt of cardinality and interpersonal

comparability.

Since many interventions lead to a mix of winnersl dosers, the Pareto
principle on its own is often unable to determimg &lear guidance. Economists are
thus potentially left unable to draw any welfarencloisions. Two distinct approaches
sprang from this impasse: one based on compensatitaria to allow the Pareto
principle to be applied without requiring interpamal utility comparisons (Kaldor,
1939, Hicks, 1939; Scitovsky, 1941, Samuelson, )98t second deriving social
welfare functions to rank social states of afffiien explicit ethical premises (Bergson,

1938; Samuelson, 1947).

The “hypothetical compensation test” of Kaldor (293and Hicks (1939)
remains the standard CBA decision rule used by @uosts today. It states that one
should add up the compensating (Kaldor) or equintalelicks) variations or surpluses

for all affected parties, and then recommend therwention if the sum is greater than
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zero. If the sum of compensating variations ompkises is greater than zero, the
winners could potentially compensate the loserseargtyone would be at least as well
off as before — an actual Pareto improvement. faibethat the compensation does not
take place weakens the claim to ethical neutrality, is seen by most as a pragmatic
solution nonetheless. Later work by Scitovsky sbdwthat the hypothetical
compensation test could potentially lead to a paad which both an intervention, and
its reversal, could both be justified [Scitovsky41]. To rule out such situations,
Scitovsky proposed the double compensation ruleretdyefor an intervention to be
justified, not only would it need to pass a hyptitte#¢ compensation test, but the
reversal of the intervention must also fail the dijyetical compensation test. Whilst
the Scitovsky test appears to be a reasonable edralition to attach to a
recommendation, for various reasons in practideag not been assimilated into CBA

guidelines (e.g. HM Treasury, 2003).

The second broad approach, following Bergson (1938 been to construct a
social welfare function, based on the idea thanhepuosts should be able to advise on
the policy implications of any reasonable set tical beliefs, whether or not they are
widely held by society. In the practice of CBAistlapproach is not too far a departure
from the compensation approach - it still invohesnming measures of value; this
time, however the measures are weighted diffedgnteccording to income, with
higher weights assigned to the lower income groug3BA manuals occasionally
recommend this approach as an extension to, ornaitisgy test against, the

hypothetical compensation rule (e.g. HM Treasuf@3).

No less controversial than the aggregation of \saloeer people has been the

aggregation of values over time. A range of apghnea have been proposed in the
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literature and are applied around the world [Spakn2004; Zuang et al., 2007]. In
the UK, since 2003, the recommended approach toouwliging in public sector
investment appraisal has been based on the soumlpreference rate, formulated by

the Ramsey equation (Ramsey, 1928; HM Treasury3)200

23) r=p+ug

In equation (2.3)r, the discount rate, is derived as the sum,afself the sum
of two elements: catastrophe risk, and pure tinefepence, and. g, the elasticity of
the marginal utility of consumption multiplied bye growth rate in per-capita
consumption. In the UKy is set to a value of 1.5%, based on Scott (1971%;set to
1.0, based on Pearce and Ulph (1995), Cowell andliGa (1999), and OXERA
(2002); andg is set to 2% based on Maddison (2001) which exesldK data from
1950 to 1998. For short-term and medium-term ptejeand policies, the overall

discount rate for the UK is therefore set at 3.5%.

More recently, attention has turned to the questibnwhether a declining
discount rate should be used for long-term projaat$ policies, such as the mitigation
of climate change. A body of evidence suggests$ peample do not discount at a
constant rate themselves, but behave in a mannee ounsistent with a declining
discount rate. Moreover, uncertainty about intereges has also been shown
theoretically to lead to a discount rate that dediover time [Weitzman 1998, 1999;
Gollier, 2002]. Unfortunately use of a declininigabunt rate schedule can lead to time
inconsistency in policy making, whereby policy makbave an incentive to alter their
plans from previous periods [Strotz, 1956]. Whitténderson and Bateman (1995)
argue that this is natural and not problematic; bdep (2003) shows that a naive

government employing a declining discount rate dalee may unwittingly manage a
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renewable resource into extinction. This problemot easy to avoid [Heal, 1998];
however, the merits of a declining discount rateesicile have, in the UK at least, won
the argument, with the approach enshrined in thee@Book manual for all public

sector appraisal [HM Treasury, 2003].

Given an estimate of the discount rate,welfare weights (if any)w, and
estimates of the monetary cos, and benefitsB, of an intervention to individuals

i={1,..,N} in each period={1,..,T}, the basic decision rule in CBA is to pe=xd if:

24) X1 +7r)"'w;(Bie — Cir) > 0

Expression (2.4) defines the CBA decision rule whtre outcome is binary:
“proceed” or “abandon”. The alternative use of imoarket values is in the context
where the level of provision of the non-market gaotb be optimised. In this case, as
shown by Bradford (1970), the optimal level of geben is where aggregate marginal

WTP is equal to the marginal cost of supplyingphblic good.

2.1.4 Elicitation techniques

At the core of any SP survey instrument is the goesg technique designed to elicit
preferences, where the aim is to obtain the desiaboe measure without bias, with a
good degree of robustness to procedural variatems with a good degree of statistical
precision. In this section, we begin by introdgcihe broad range of elicitation formats
and the problems observed when implementing the®Pinmesearch. We then discuss
the empirical regularities in valuations that h&een observed when compared against
one another. Finally in this section, we outlihe theories that have been applied to

explain these regularities — those based on thentive properties of elicitation
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mechanisms, and those based on cognitive behaviand discuss how these theories

fare against one another in the tests that have ppexdormed to date.

2.1.4.1 Elicitation Formats

The most direct elicitation question is the opedesh (OE) format, which has the
simple form “What is the maximum you would be willi to pay?” If stated values
were invariant to the type of elicitation questitme OE format would be the preferred
choice due to its resulting in a point measure diR\rather than a probability measure.
Question formats do affect stated values, howeamed, although the OE method has
been used successfully in some studies, [e.g. Hakarad Brown, 1974; Mitchell and
Carson, 1986], it is a stylised fact of the literatthat OE questions are generally very
difficult for respondents to answer, and conseqabytend to result in many protest or
outlying responses, [Desvouges, Smith and McGivaé®g3; Donaldson, Thomas and

Torgerson, 1997].

A closely related alternative to the OE formathie payment card (PC) method,
developed by Mitchell and Carson (1981, 1984). Tieishnique involves showing
respondents a card containing an array, or laddeglues and asks respondents to pick
the maximum value on the card that they would diengito pay. This format has been
found easier to respond to than the OE questiotcfidil and Carson, 1989), whilst still
providing a highly informative measure of WTP from statistical perspective.
Response data from PC questions are sometimespretiedl as providing point
measures of WTP, in which case they are equalpyexsse as OE data and are analysed
in the same way. In other studies, following Camnesind Huppert (1989), the data are

interpreted as corresponding to an interval, whih amount picked from the payment
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card treated as the lower bound of the interval, the next highest amount on the card

treated as the upper bound.

The bidding game (BG) technique, developed and usetie very first CV
survey (Davis, 1964) and many times subsequentty. @andall, Ives and Eastman,
1974; Brookshire, Ives and Schulze, 1976; Daubmt¥oung, 1981), involves asking
respondents whether they would be willing to pagpacified cost for the intervention.
If they say “yes”, the interviewer then asks thdnthey would be willing to pay a
marginally higher amount. If they say “yes” againe bid is raised, and so on until
they say no. The method thus resembles an ascempdice auction. The last bid
amount before the respondent says “no” is recoadea point measure of willingness to
pay. One practical disadvantage of this methaitthas it cannot be implemented as a
postal survey, due to the need to wait for eaclingeanswer before proceeding to the
next bid level. A second disadvantage is that @amyroccasions estimated values have
been found to be sensitive to the size of the opehid — a phenomenon termed
starting point bias (Rowe, D’Arge and Brookshir®8Q; Boyle, Bishop and Welsh,

1985).

The single bounded (SB) dichotomous choice (DCxtioe was developed by
Bishop and Heberlein (1979), and quickly became riest commonly used CV
elicitation technique, at least in part becaussegmed to mirror real-world choice
situations. The method involves asking respondémes question: “would you be
willing to pay X?”, where “X” is an amount of monelat is varied over the sample.
The referendum variant of the question asks: ‘&f phogram cost X would you vote for
it or against it in a referendum?” The SB questias been found to be easy to answer,

and, under certain assumptions, has desirable tineeproperties as we will discuss
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below. For these reasons, use of this elicitatmethod was one of the core
recommendations of the influential NOAA manual @wret al., 1993). Unlike the OE
and PC methods above, however, the responses hioasgaestion do not give a point
measure of WTP; they give only a single bound ensihpport of WTP. That is, if the
respondent says “yes”, then one knows that WTP»rH,ihe says “no” then one infers
that WTP<X. The information contained in each dadant is thus significantly weaker
than the alternative methods, and larger samplkesharefore usually needed for the
same degree of precision. Unfortunately, estimatesalso often highly sensitive to the

choice of distributional assumptions made (Loorh#88; McConnell, 1990).

The double-bounded (DB) variant of the DC methods Viest proposed by
Carson (1985) and Hanemann (1985), and implemenye@arson, Hanemann and
Mitchell (1987). It involves asking a standard [@@estion, as before, but if the
respondent says “yes”, a follow-up DC questionsised at a higher cost amount; and if
the respondent says no the follow-up is asked latvar cost amount. By double-
bounding the range within which WTP is measurelietahe information content of the
data is substantially enhanced (Hanemann, Loomisl d&manninen, 1991).
Unfortunately, however, many studies have sincendothat a given bid amount is
significantly less likely to be accepted by respamd when that amount is presented in
the follow-up than when it is the first bid (McFaad 1994; Cameron and Quiggen,
1994; Herriges and Shogren, 1996; Alberini, Kannjrend Carson, 1997; Bateman et
al., 2001; DeShazo, 2002; Carson et al., 2003)es&hresults imply that they cannot
validly be interpreted as independently observednds around an underlying “true”

WTP.
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The DB, SB and BG methods are all nested in themrclass of multiple-
bound (MB) DC questions, which also includes, ansbrgthers, the triple-bounded
(TB) variant (Cooper and Hanemann, 1995), the ‘®piknodel (Hanemann and
Kristrom, 1995) and the one-and-one-half-bound (@PHtechnique (Cooper,
Hanemann and Signorello, 2002). The TB method masivated as a means of
obtaining further statistical precision on the megasof WTP elicited (Cooper and
Hanemann, 1995; Langford, Bateman and Langfordg;1Bateman et al., 1995, 1999,
2001). The method suffers from the same drawbatke@ DB method, however, which
is that the successive responses cannot validlyrdaded as independently observed

bounds around an underlying “true” WTP.

The “spike” model (Hanemann and Kristrom, 1995; skktim, 1997 )was
motivated by the observation that WTP distributians likely to have a spike at zero,
indicating indifference, and if this is the cades tisual distributional assumptions — log-
normal, log-logistic, Weibull — would result in Bied estimates of mean WTP. The
spike format includes the question: “would you héling to pay anything?” before a

standard DC question to allow this density to hetwaed.

More recently, a one-and-one half-bound (OOHB) ardriof the DC question
has been suggested (Cooper, Hanemann and Signa2é@). With this method,
rather than being told that a given amount is thee tcost of the intervention,
respondents are told that the cost is uncertaihjbknown to lie in a certain range
which they are then told. Respondents are askékeif are willing to pay the lower
bound of this range, and if so, they are then askdtey are willing to pay the upper
bound. Early tests of this method showed it toehawch promise (Cooper, Hanemann

and Signorello, 2002), and it was subsequentlyiegph many applications [Fernandez
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et al., 2004; Barreiro, Sanchez, & Viladrich-Gra005; Nayga, Woodward, and Aiew,
2006; Powe, Willis, and Garrod, 2006; Cooper argh&iello, 2008.] Bateman et al.
(2009) found, however, that responses were notrieavato whether the upper bound
was asked first or the lower bound. This resulplies that they cannot be validly

interpreted as being independently observed boaralshd an underlying “true” WTP.

Finally in the class of CV methods, a number ofhatg have argued for an
approach which incorporates a degree of statedriamtey [Li and Mattson, 1995;
Ready, Whitehead and Blomquist, 1995; Wang, 199%4niis and Ekstrand, 1998;
Welsh and Poe, 1998; Ready, Navrud and Dubourdl;Z&@chaire and Hollard, 2007.
These methods take several forms. In one verpraposed by Li and Mattson (1995),
respondents are asked a standard DC CV questidnth&nis then followed up by a
second question asking how certain the respondastinvmaking his choice. Answers
to both questions are incorporated into the anslysorder to arrive at a revised WTP
distribution. In an alternative version, develofwdReady, Whitehead and Blomquist
(1995), respondents answer a polychotomous chaiestign where the respondent can

state one of six responses to the stimulus scenahinitely yes”, “probably yes”,

“maybe yes”, “maybe no”, “probably no” and “defieiy no”. The authors argue that

this technique provides more meaningful informatizen a simple yes/no response.

Turning now to CM techniques, the principal formatslude discrete choice
experiments (DCE), contingent ranking, contingeating, and paired comparisons
[Bateman et al., 2002; Hanley, Mourato and Wrigid)1]. In a DCE, the respondent is
asked to choose his most preferred alternativan fta'o or more options; in a
contingent ranking exercise he ranks the alteraatiin order of preference; in a

contingent rating task he rates each alternativea @neference scale; and in a paired
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comparisons task he indicates his strength of peée between the two alternatives on
offer on an intensity scale. Of these formatsydhke DCE and contingent ranking
formats are consistent with economic theory sini@ngth of preference has no place in
ordinal utility theory. Furthermore, respondengs/én been found in practice to often
struggle to completely rank a number of alternaivd&he DCE has therefore emerged
as the most popular method of choice modellingrfon-market valuation in recent

years (Carson and Louviere, 2011).

The DCE approach was developed by Louviere and héen§1983) and
Louviere and Woodworth (1983), based on the integraof discrete choice
econometrics [McFadden, 1974; Manski and McFaddés]], attribute-based utility
theory [Lancaster, 1966], and the conjoint methaded in marketing [Cattin and
Wittink, 1982]. Early environmental applicationd the DCE method include

Adamowicz, Louviere and Williams (1994) and Boxetllal. (1996).

The distinctive features of CM formats, in compamisvith CV, are that they: (i)
allow for more than two options to be compared aitvee; and (ii) involve asking a
series of questions which vary not only accordm¢ghe cost of a specified intervention,
but also according to a set of attributes defiriimg outcome. These features give rise
to two practical advantage over CV methods: valces be generated for marginal
variations in individual attributes, as well as far full intervention package of
improvements to all attributes simultaneously; dader respondents are typically
needed for a given degree of statistical precisiorcomparison with the SB DC

methods.
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2.1.4.2 Empirical comparisons

Since the earliest days of SP research, comparisares been made between the results
obtained from various elicitation methods, and ¢heow exists a body of evidence
containing many empirical regularities. One ofstheegularities is that the DC method
tends to elicit higher WTP values than PC and OEhous, both for public goods
[Bishop, Heberlein and Kealy, 1983; Sellar, StaidaChavas 1985; Kristrom, 1993;
McFadden, 1994; Bateman et al.; 1995; Holmes arsaniér, 1995; Brown et al., 1996;
Hanley et al., 1998; Welsh and Poe, 1998; Boharal,e1998; Green et al., 1998;
Cameron et al., 2002; Ryan, Scott and Donaldsor;2Blaine et al., 2005], and for
private goods [Johnson, Bregenzer and Shelby, 1B@@dy, Buzby and Hu, 1996;
Lunander, 1998; Ready, Navrud and Dubourg, 2001 fact, even when actual money
changes hands, the DC method still results in higW#€P than the PC or OE methods
[Brown et al., 1996; Lunander, 1998; Champ and &is2006]. Studies finding no
significant difference between methods are fewenumber [Frykblom and Shogren,
2000; Loomis et al., 1997; Reaves, Kramer and Hs)m®&99; Kramer and Mercer,
1997]; and only one study to our knowledge has doarDC WTP less than OE or PC
WTP [Cadsby and Maynes, 1999]. The size of thiedihces vary in each case, but
can be very substantial. Ready, Buzby and Hu (1966 example, finds in a study to
value food safety improvements that DC WTP was betw3.6 and 4.4 times as high as

PC WTP.

Comparing CV and CM methods, the most common fipasnthat CM WTP is
higher than CV WTP [Hanley, Wright and Adamowic®98; Hanley et al., 1998;
Cameron et al., 2002; Bateman et al., 2006; Mogasa and Bray, 2009]. The result

appears to depend on the contextual details, hawireexample, Foster and Mourato
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(2003) and Christie and Azevedo (2009) both firat DCE WTP is higher than DC CV
WTP for a large intervention, but that DCE WTP a@sd than CV WTP for a smaller
intervention. Furthermore, a number of studiesehound no significant difference
[Jin, Wang and Ran, 2006; Colombo, Calatrava-Regu@e Hanley, 2006; Tuan and
Navrud, 2007] or a mixed set of comparisons, whiepend heavily on the functional
form used to model the DCE responses [Adamowie.e1998]. One study only, in a
contingent behaviour variant of CV and DCE, findEEDWTP to be uniformly less
than DC CV WTP [Boxall et al., 1996]. This lastidy was notable in this context for
the fact that the CV question valued an improventemne site only, whereas the DCE

method was applied to valuing improvements in rpldtsites simultaneously.

2.1.4.3 Theories and evidence

Explanations for the observed disparity between Véliéitation methods, and for the
various observed features of respondent behaviaue menerally, fall into two broad
groups: on the one side are authors who emphab&esttategic properties of the
methods [Hoehn and Randall, 1987; Arrow et al., 3198ummings et al., 1997,
Rondeau, Schulze and Poe, 1999; Carson and Gi28@8, 2011]; on the other side are
those who emphasize cognitive issues, such as angh&reen et al., 1998; Ariely,
Loewenstein and Prelec, 2003], and learning [PI886; Braga and Starmer, 2005].
Those emphasizing the importance of the strategipgsties of elicitation methods take
it as given that people are able to arrive at feethed valuations of the good by the
time they are asked to reveal their WTP, so thatctinef issue concerns whether they
have the correct incentive to tell the truth. Td@snphasizing cognitive issues are

typically far less confident in respondents’ akilio arrive at well-formed preferences,

34



and focus on how features of the survey instrumeight provide cues that influence

respondents’ value formation, despite their bei@gtral from a strategic perspective.

The incentive properties of elicitation methodséaeen exhaustively analysed
by Carson and Groves (2007). Building on the tesol Farquharson (1969), Green
and Laffont (1978) and Carson et al. (1997), thia@ns argue that the SB DC question
is compatible with truth-telling provided that thespondent believes the survey to be
consequential, and that he will have to pay thewrhhbe is told is the cost of the good.
Surveys that are not considered consequential mevencentives at all, and so
respondents cannot be expected to be motivateceweal their true preferences,
although they may do so anyway. Surveys wherecthesequences are perceived
differently to how they are described will giveeiso what may initially seem like
anomalous behaviour. For example, respondentsiagkether they would buy a new
product have the incentive to say they would bugvign if they doubt that they would.
This is because such a response can be expediectdase the likelihood that the new
product would be provided, which can only have aipe value given that the

respondent is then under no obligation to buy it.

No other question format is found to be incentieenpatible by Carson and
Groves (2007). In particular, choices involving remdhan two alternatives are not
incentive compatible owing to the Gibbard-Sattedhe theorem [Gibbard, 1973;
Satterthwaite, 1975]. Sequences of questions asich a choice experiment, or in MB
DC questions are also not incentive compatiblee ificentives arising from DB and
MB DC questions depend on how respondents’ bedibtsut cost are formed. Carson
and Groves (2007) suggest several possible pracagspondents may accept the new

cost, but treat it as being uncertain; they mayvansas though the true cost were an
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average of the current and the previous cost; @y thay infer that the quality of the
good has changed in line with the change in cBstferent beliefs will cause different
response strategies to these questions, and atisl@ar-cut which direction the bias

will take.

Continuous valuation questions such as the OE a@dfd?mats provide
incentives to bias stated values for the interaentiownwards because they allow
respondents more discretion to attempt to bringiabwe result they most want. If the
respondent expects his answer to influence how nhecill actually pay, as well as
whether the intervention will be provided, he viilive an incentive to bid less than his
true valuation. Specifically, if he expects thatctm be less than his true value, then he
has an incentive to bid at the expected cost oirtfeevention. If he expects the cost to
be more than his willingness to pay, then he hasnaantive to bid zero. Both
behaviours result in downwardly biased estimateshfthese elicitation methods. This
line of argument also provides an explanation fog tendency for there to be an

abundance of zero responses to OE and PC questions.

From a cognitive psychology perspective, by contrasany authors have
argued that the cost of the good as presentedD@ guestion signals its value, which
“anchors” respondents’ perceptions of what they lddae willing to pay when unsure
of their true valuations. As a consequence, DQltegan be susceptible to influence
from the survey design. The PC elicitation methwy contrast, is thought to be less
susceptible to this sort of anchoring effect beeawspondents select their own WTP
amount [Green et al., 1998; Jacowitz and Kahnem&8p5; Johnson and Schkade,
1989]. The evidence is mixed on whether the rarigeumbers printed on the payment

card anchors WTP results. Dubourg, Jones-Lee andks (1994) finds evidence that
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PC CV WTP is affected by the range of values onctird; Rowe, Schulze and Breffle
(1996) finds contrasting evidence that an expoaéstiale covering a sufficiently wide
range causes no bias. DCE values for a sequengeliof changes are thought to be
potentially biased because the act of answeringtiphell questions where many
attributes vary encourages respondents to plasddess on the cost [Kahneman et al.,

2006; Schkade and Kahneman, 1998].

Bateman et al. (2008) test between three diffedagceptions of preference
formation: (i) pre-existing and revealed via anentive compatible SB DC question [as
in Arrow et al., 1993]; (ii) learned through a pess of repetition and experience [List,
2003; Plott, 1996; Braga and Starmer, 2005]; ay ffiternally coherent but heavily
influenced by an initial arbitrary anchor [Arielgpewenstein and Prelec, 2003]. Both
the first and last of these conceptions are rejeatefavour of a model in which
preferences converge towards standard expectahomsgh a process of repetition and
learning. This finding is important as it suggekist, despite the problems identified by
cognitive psychologists, SP studies can work weklicit values, but not by following
the traditional guidelines of, e.g. Arrow et al99B). SP studies might do better to
include several preference elicitation questions, pay particular attention to the latter
responses rather than treating any questions folgpwan SB DC question as being

subject to strategic bias and therefore invalid.

2.1.5 Survey design

A good SP questionnaire is typically structuredseisout in Table 2.2 below [Bateman
et al.,, 2002]. The main components: include amoductory section on usage and
experiences; the main valuation section; a set aifridfing questions asking how

valuation questions were made; and a section ofodesphic questions. It is also
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common to include a debriefing section at the emdthe questionnaire to give
interviewers an opportunity to comment on the resleot's understanding of the
questionnaire and level of concentration shown, ediately after they have completed

the survey.

Table 2.2: SP Questionnaire Structure

Section Purpose / Content

Usage / Attitudes  To warm-up respondents toware$dhic, and to gather evidence on relevant usage
or experience, and on attitudes. Responses te thesstions are often informative
in their own right. They also serve as evidencevédidity testing of the values
obtained later in the survey.

Valuation Explains the context for the valuatioregtions, including the institutional
framework for delivering and paying for the godeixplains the attributes of the
services in question, and how they vary, explams to answer the questions,
reminds respondents of their budget constrainttaed asks a series of questions
designed to elicit their values for the good(s).

Debriefing Questions asking for respondents’ reagonanswering the valuation questions in
the way they did. These questions serve as a tjatideck.

Demographics Serves to allow for a check on thepgmnepresentativeness. Also, allows a check
that valuations increase with income as expeckad.households, typical
demographics collected include gender, age, empmoystatus, socio-economic
grade, household size, membership of environmenganisations.

2.1.6 Analytical methods

The methods used to analyse SP data depend oyptheftdata that are obtained. For
example, with OE response data, or with PC respalada treated as OE data, an
estimate of mean WTP is derived simply from the mefthe sample, and likewise for
the median. Interval censored regression can terpeed on PC or DC data, and is an
ideal method for combining the two sources of diatdtained in the same instrument.
For DCE data, the conditional logit model is uspamployed [McFadden, 1974],
although more recently, mixed logit approaches Hm@me popular [Train, 2009]. In
the following, we focus on the interval and the ditional logit models, which are the

methods used in the empirical chapters of thisishes
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Interval frameworks are well suited to representigh DC and PC responses.
The language of a PC question lends itself to tarval interpretation, with WTP lying
between the amount indicated and the next highesiuat labelled on the card
[Cameron and Huppert, 1989; 1991]. Interval frarmis have also long been used to
represent DC responses [Carson and Hanemann, D54 “no” response indicating
that WTP lies between zero and the amount askeadgds” response indicating that

WTP lies between the amount asked and an uppedbetiecting financial resources.

The interval censored framework is straightforw@rdnplement in a maximum
likelihood context. Ley, be an interval censored variable, which we wismtalel as a
linear function of explanatory variablgsplus an i.i.d. error terry, with mean zero and

variances®. Then we have:

(255) Prob(y,) = F (X22)  p (2=af)

g

which implies the following log-likelihood:

(2.6) LL = X,log[Prob(yy)]

A distributional assumption is required f&(.) to implement the estimation.
The log-normal is a sensible choice because itressthat WTP is non-negative (a
problem with the normal) and it is straightforwaodmplement. Since the lower bound
for some intervals is zero, the number “1” may ddeal to all lower and upper bound
values before taking logs because the log of zsrandefined. This “1” is then
subtracted in obtaining later estimates for meahragdian WTP. In a panel context,
where for each person, there is a PC and a DC response, indexe \wg may letyy;

= log(1tWTRy) and define lower and upper bounds accordinglyer@NVTR;; is the
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willingness to pay by respondemtas elicited by question typdt €{PC, DC}). F(.) is

then simply the standard normal cumulative distrdyu

The log likelihood in (2.6) is based on the assuompthat error terms are
independent of one another. Independence is uplikewever, when responses to
both PC and DC questions are combined. To takeuat®f within-person correlation
between responses, one may also estimate a ranftkots @anel version of the above
model which involves decomposing the error terro gm individual specific effectp,
assumed to be normally distributed with mean zembwariances®, and an i.i.d. normal

variate with mean zero and variancg

Given a dataset of DCE choices, the conditionalt logpdel is specified as
follows. In the simplest case, the utility thatstamern obtains from, or ascribes to,

optioni is represented as:
(27) U, = zklgkxnik +)Cosf; + &,

wherex, is the level of th&™ attribute of optiori presented to respondemtgy is the
parameter reflecting the relative importance ailaite k on average for the population;
cost, is the cost facingn if she chooses option vy is the parameter reflecting the

marginal utility of income; and,; is a random error term.

The error term is assumed to be independently almhtically Gumbel
distributed, which implies that the probability tlzerespondernt will choose alternative
i, when offered alternativesandj, is given by the logit formula:

ezk BiXix +ycosh

(28) PrOdChOIC% =1 |Xnil’ Xni2""xniK ,COSLi) = ezkﬁkxmkﬂcosyl + ezkﬂkxnjkﬂcosm ’
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Given a dataset of observed choices,gf@ndy parameters in this model may

be straightforwardly estimated by maximum likelidoo

In linear models like (2.7) above, we can divide éstimated coefficient on any
other attribute by the estimated coefficient ontdosobtain the respondent’s marginal

willingness to pay for reduced levels of this aitite.

2.1.7 Validity and Reliability

The SP method of non-market valuation has beeresubp some criticism over the
years, by economists and psychologists [e.g. Kalneamd Knetsch, 1992; Hausman,
1993; Diamond and Hausman, 1994; Kahneman, Rital Schkade, 1999]. In this
section, which concludes our review of the SP nethionon-market valuation, we first
examine the arguments put forward concerning thidityaof results obtained from SP
studies and review the evidence for and againsh.thé&lext, we review the methods
recommended for establishing and testing validityntanuals such as Bateman et al.
(2002). The third part of the section reviews {iterature which examines the

reliability of SP methods.

2.1.7.1 Challenges to the SP method

Challenges to the CV method have focused on theusamays that survey responses
are not consistent with economic theory. The mmstminent challenges have
concerned: (i) lack of sensitivity to scope; (itp6 small” income effects; (iii) large
sequence and context effects; (iv) too large aadigpbetween WTP and WTA; and (v)
starting point bias [Kahneman and Knetsch, 1992uddwn, 1993; Diamond and
Hausman, 1994; McFadden, 1994]. A variety of causeve been suggested for these

effects: that lack of experience with the good uesfion means that preferences don’t
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exist, and so necessarily cannot be divined [Diaimand Hausman, 1994]; that CV
responses are actually attitude expressions, raliaer economic values [Kahneman,
Ritov and Schkade, 1999]; that preferences aréelalnid constructed over the course of
an interview, rather than being in any sense stald well-formed [Ariely,

Loewenstein and Prelec, 2003].

Many of the early concerns regarding surveys pdrase been partly addressed
via further exploration within the neoclassical momics framework [Carson, Flores
and Meade, 2001]. For example, an empirical revoé& large number of SP studies
found that the majority rejected tests of insemsiti to scope [Carson, 1997].
Furthermore, Rollins and Lyke (1998) argue that sheuld not expect perfect scope
sensitivity due to diminishing marginal utility axistence values. Some concerns
remain regarding scope sensitivity, however, paldity with reference to the valuation
of small risk reductions [Beattie et al., 1998; Hmaith and Graham, 1999]. Some
evidence suggests that visual aids help to brig meduction values in line with an
economically reasonable degree of scope sensitjdtyrso, Hammitt and Graham,

2001].

Flores and Carson (1997) shows that the incometi@tgsof WTP is a
fundamentally different measure from the incomesteddy of demand, and so
economic intuition regarding what constitutes asoe@ble magnitude does not carry
over from one to the other. Likewise, Carson anttivll (1995) and Carson, Flores
and Hanemann (1998) show the importance of sequamtenesting effects in theory,

and so demonstrate that they are not purely a gamngact.

An accumulation of evidence suggests, however,ttieheoclassical model of

preferences itself may be inadequate [Kahneman Tretsky, 2000; Slovic and
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Lichtenstein, 2006; Sugden, 1999], and that thisisspecific to surveys [e.g. Bateman
et al., 1997b]. Specifically, there is evidencattpreferences are reference-dependent
[Tversky and Kahneman, 1991; Bateman et al., 199@#jer than defined on states of
the world per se; and that preferences appear teehbeily influenced by framing and
anchoring effects, to the extent that many authaesy them as purely constructed

[Slovic and Lichtenstein, 2006].

An alternative theory, which bridges the gap sonsvietween the neoclassical
economic viewpoint and the psychologist viewpasithat preferences are "discovered’
via repeated market experience [List, 2003; Pk896; Braga and Starmer, 2005]. The
limited evidence to date that has sought to disoate between these viewpoints in a
survey context has found evidence supporting tterlaliscovered preference’ position
[Bateman et al., 2008]. The field is far from uedf, however, on this fundamental

question of how preferences are formed.

2.1.7.2 Validity testing

Procedures to test the validity of survey resulesraasonably well established,
even though the results may be interpreted diftgresepending on one’s preferred
theory of preference formation [Smith, 2006]. Trhain types of validity testing are
content, or face, validity, and construct validit§itchell and Carson, 1989; Bateman et
al., 2002]. Content validity tests are based dre tonformance of the survey
instrument, implementation approach and analysith vilest practice approaches
recommended in the literature [e.g. Mitchell and90a, 1989; Bateman et al., 2002];
and evidence from debriefing responses concerromgwell the respondent understood
the survey, believed the scenario and, as far ascan tell from this information, gave

meaningful value responses. Construct validitystesxamine the conformance of
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results with expectations, and with the resultsnfreelated studies, e.g. RP studies.
Typically, WTP is expected to increase with incom#éh the scope of the good, and
with any attitude or use questions specific to shevey context; WTP is expected to

decrease with distance from the good.

2.1.7.3 Reliability

Stated preference valuation studies typically &mgpmed at one point in time, with the
results then used for decision making several nwaotleven years later. This approach
is only reliable if values are stable over time,ave predictably different based on
observable covariates. Fortunately, the weiglgvidence suggests that this is often the
case. A number of studies have administered sinjeestionnaires to independent
samples at two points in time, and found that tk@neted values, or valuation
function, remained unchanged [Brouwer, 2006; Brauaed Bateman, 2005; Carson
and Mitchell, 1993; Carson et al., 1997; Reilingagt 1990; Whitehead and Hoban,
1999]; a second group of papers have performegeated survey on the same sample
of respondents, and found reasonably high coroglatibetween responses [Kealy,
Montgomery and Dovidio, 1990; Loomis, 1990; McCdhnr®trand and Valdes, 1998].
With one or two exceptions, the literature thusiesupport to the application of values
derived from historic contingent valuation surv@ysvided that reasonable adjustments
are made for changes in observed determinantstbgantervening period [Whitehead

and Hoban, 1999].

There has been no study to date, however, whicassss the reliability of
values taken before an economic downturn for agptin during the downturn. There
are strong reasons to doubt whether WTP values.fprenvironmental protection and

improvement, remain valid following the onset ofegession. Even after controlling
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for current incomes, job security may be diminishaad concern for the environment
and related policy areas may fall down the lishofisehold priorities as a consequence.

It is an open question whether these factors deaddause WTP values to fall.

2.2 Applications in the water sector

Stated preference techniques have been appliedeinvater sector since the earliest
trials of the CV method in the 1970s (Gramlich, 179Hanemann, 1978; Daubert and
Young, 1981; Greenley, Walsh and Young, 1981). likppons have focussed on
valuing: in-stream water quality; in-stream flowdds; flood risk reduction; water
demand for agriculture, industry and public watepy; drinking water quality; and
water supply reliability. In line with the core abters in this thesis, we focus in the

following on the literature valuing in-stream watgrality and water supply reliability.

2.2.1 Valuation of in-stream water quality

In-stream water quality is highest in its natutake, and deteriorates when impacted by
diffuse and point sources of pollution. Poor wajeality affects the aesthetic character
of the water environment, curtails recreation opjngties such as boating, angling and
swimming, and spoils the habitats of plants fiskl amimals. Curbing the levels of
pollution via regulatory controls is costly, andt ybe benefits of doing so can be
substantial. For example, Carson and Mitchell 89®und that the value of a
nationwide U.S. improvement from poor quality (bvel6boatable” status) to good
quality (“swimmable”) status was $47 billion at DO9rices. The optimal level of
pollution is found where the marginal cost of absat is equal to the marginal WTP
for improvement, (or the marginal WTA additionalllpton). The challenge for

nonmarket valuation is to estimate this marginal RVor, as is often the case when
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improvements occur in sizeable discrete changesstilmate WTP for the policy or

project intervention causing the improvement.

Although RP methods can be, and have been, emptoyestimate the benefits
of water quality improvements [e.g. Bockstael, Haaan and Kling, 1987; Leggett and
Bockstael, 2000], the advantage of SP method tsttibaptures the non-use component
of value, i.e. any willingness to pay for enviromta improvement unrelated to its
impact on the quality or availability of any usetbe resource. In the case of water
quality improvements, intuition suggests that nee-ualue may be significant, due to
the fact that it affects habitats for fish and otarimals. The evidence often confirms

this to be the case [e.g. Walsh, Sanders and Lodi985].

Many past studies have used SP methods to assedsetiefits of in-stream
water quality improvements. Mostly, studies hawerb conducted at the level of
individual water bodies [Gramlich, 1977; Greenldjalsh and Young, 1981; Smith and
Desvouges, 1986; Walsh, Sanders and Loomis, 19&%nGand Tunstall, 1991; Choe,
Whittington and Lauria, 1996; Farber and GrinefQ@0Georgiou et al., 2000; Loomis
et al.,, 2000; Barton, 2002; Kramer and Eisen-he2002; Ready, Malzubris and
Senkane, 2002; Alam and Marinova, 2003; Hanley| Betl Alvarez-Farizo, 2003;
Kontogianni et al.,, 2003; Hanley, Wright and Alvaisfearizo, 2006; Mourato et al.,
2006a; Nahman and Rigby, 2008; Eggert and Olss609;2Birol and Das, 2010;
Bradley, 2010)]. Olmstead (2010) and DalrympleO@0review this literature, and Van

Houtven, Powers and Pattanayak (2007) performsta-aralysis.

Fewer assessments have been made of the benefiigtiohal or regional
policies for water quality improvement such as\tYiater Framework Directive (WFD).

DEFRA (2007) contains estimates of the potentialelies of the WFD in England and
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Wales, but, in the absence of an original surveig, gtudy relied on previous single-site
valuation studies as a basis for their aggregdimaies. Similarly, Horton and Fisher
(2006) relied on single-site valuation studies tmpile aggregate estimates of the
benefits of the environmental program which was ewded in the 2004 periodic
review schedule of water industry investments igland and Wales. Unfortunately, a
simple sum of the estimated values of individualtewabody improvements may
substantially overstate the value of a wide-scaleyq@am of improvements because
individual projects may be substitutes for one hagtand aggregating a sequence of
public good values is problematic where the goods saubstitutes or complements
[Hoehn and Randall, 1989; Willis, 2004]. A simgl@mmation of individual public (or
private) good values may lead to a serious ovenesti of the true value of the whole

sequence [Bateman et al., 1997b; Hoehn, 1991].

A smaller set of studies have avoided the problehsaggregating from
sequences of individual goods by directly valuindhole programs of water
environment improvements nationwide [Carson andcivili, 1993; Brouwer, 2008]
This approach is adopted to estimate the benefitsaggregate water quality
improvements in the US at a policy level. Withimgland and Wales similar
approaches have been used for valuing the impdctevisions to the EC Bathing
Water Directive [Mourato et al., 2006b] and to v&hational programs for maintaining

canalgAdamowicz, Garrod and Willis, 1995].

2.2.2 Valuation of water supply reliability

Water consumers value the reliability of their wagapply as well as the water itself.
Non-market valuation is needed to appraise infuastire investments to maintain or

enhance supply reliability. Indeed, the econonycaptimal water supply reliability
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will be such that the marginal cost of increasdilbédity equals the marginal WTP for
that reliability. Of particular interest, givenetiocus of one of the core chapters of this

thesis, is the value of supply reliability in drétigonditions.

A range of studies have investigated WTP to avordught water use
restrictions using SP methods. These include QWias and DCE studies. The results
display a wide array of values, as might be exmegigen the variety of experiences
with restrictions around the world, the variety ssfenarios being evaluated and the
range of incomes of the surveyed populations. hin fbllowing, we review the key

results from each study, grouped by method.

2.2.2.1 Contingent valuation studies

Using the CV method, Soto Montes de Oca and Batef2@06), a Mexican study,
valued two scenarios each comprising a packagdsks$ to interruptions and also
variations in water quality and pressure. A “man@nce” scenario, in which expected
deteriorations to service would be avoided, wasiadlby households, on average, at
241 pesos (2001 pesos), equivalent to 164% of tineerat bill. An “improvement”
scenario, which avoided the deteriorations andtéesome improvements, was valued
on average at 290 pesos, or 197% of the curreint Giénius and Tsagarakis (2006), a
Greek study, included only one scenario — the elation of all restrictions — and

obtained an average value for this of €55.6 pesébald per year.

In each of the above cases, a lack of detailedrnmdtion on marginal values
with respect to the severity and duration of th&trietions would preclude a detailed
comparison of asset strategies. One way of ovargpthe CV method’s limitation in
respect of the number of scenarios that can beedlalsl to implement multiple split-

sample versions of the survey instrument whereacedttributes of the scenario are
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experimentally varied. This approach was adoptedChrson and Mitchell (1987),
which used four versions of a CV survey of Califamhouseholds to obtain WTP for
four improvement scenarios. The median valuesl@B7 $) ranged from $83 per
household per year to avoid the mildest set ofriotisins (a 10%-15% shortage once
every five years) to $258 per household per yeawtod the most severe restrictions (a
30%-35% shortage and a 10%-15% shortage everyéaes). In a similar study, Koss
and Khawaja (2001) used seven versions of a CVeguo¥ Californian households to
obtain WTP for 14 improvement scenarios. The medues in this case (in 1993 $)
included a WTP of $144 per household per year tmdaa 10% shortage once every
five years, and a WTP of $193 per household per teavoid a 40% shortage once
every ten years. Griffin and Mjelde (2000) alskembtwo questions of each respondent
— WTP to avoid a current shortage, and WTP to redhe risks of future shortages, but
implemented multiple versions of the survey insteainin order to explore how values
varied in response to changes in the frequencyerggvand duration of restrictions
across scenarios. Their results showed that resmbs in seven Texan cities were
willing to pay, on average, $25.34-$34.39 (in 1$)#o avoid a current restriction on
water consumption, depending on the extent of thertage (10%-30%) and the
duration of the restriction (14-28) days. Theyodisund that respondents were willing
to pay, on average, $9.76/month (or 25.6 per cérther bill) to improve future
reliability levels, a value that the authors argaidigher than one should expect given

the results on WTP to avoid a current restriction.

Howe et al. (1994) applied a variant of the CV moetin a survey addressed to
households in three US towns: Boulder, Aurora andgmont. Each survey included
four valuation questions and so was able to ol#aimmates for marginal improvements

from each respondent. The survey focused on thee\af the chance of a “standard
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annual shortage event” (SASE) corresponding tgicésins on outdoor water use for a
period of three months. The survey asked eagioneent four choices to obtain two
measures of WTA, for differing sized increases he thances of a SASE and two
measures of WTP for reductions in the chances &ASE. No information was
obtained on the marginal costs of duration or #neesty of the restrictions, however,
and so the resulting valuation function was limitetdhe extent to which it could inform
detailed comparisons of asset strategies. Resbtewed that households were willing
to pay between $1.01 per household per month,rfomgrovement in the chances of a
SASE from 1/300 to 1/1000, and $1.95 per housepeldmonth for an improvement
from 1/10 to 1/60 to service reliability. (Diffexebaselines corresponded to different

locations of the household).

2.2.2.2 Discrete choice experiment studies

A smaller number of studies have adopted the DGQEaaeh to the valuation of water
service reliability: two in Australia [Blamey, Gad and Chapman, 1999; Hensher,
Shore and Train, 2006]; and two in the UK [Willis &., 2002; Willis, Scarpa and
Acutt, 2005]. Hensher, Shore and Train (2006hésdnly DCE to date designed purely
with the aim of obtaining measures of WTP for redgcthe risks of water use
restrictions. In this study, 211 households an8l BOsinesses completed a DCE with
attributes including:the frequency with which drought water restrictiooan be
expected to occur {‘once per year’, ‘once everyeang’, ‘once every 10 years’ and
‘virtually none’}; the duration that water resttiiens can be expected to last {‘all year’,
‘all summer’,’1 month in summer’ and ‘no restrigt®}; the types of days that water
restrictions apply { ‘every day’, ‘on alternate dayand ‘no restrictions’; and the level
of water restrictions {six levels based on the riesbn process adopted in the

Australian Capital Territory}. This set of attrites and levels allowed for a very
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flexible valuation model for use in water resounceestment planning. For example,
the model showed that households were willing tp gra average AUS $ 11.95 (2003
AUS $) for a reduction in frequency from once eveny years to once every 20 years
of “restrictions that matter”, i.e. those that applery day, last all year and are stage 3
or higher, where stage 3 implies “use of sprinkieos permitted, but hand held hoses
and buckets in the morning and evening are alloweBurthermore, residents were
predicted to be willing to pay, on average, AUS$38® have severe restrictions (level
3 or above) in place for a limited period or ndtrather than all year given that the

frequency of restrictions is once in every ten gear

Two of the remaining studies used the DCE to expthe wider environmental
impacts of water supply enhancement strategie$ierathan just their effects on
restrictions. Blamey, Gordon and Chapman (1998pnte on a DCE study completed
in Canberra, Australia, the aim of which was toesigate residents’ preferences
between alternative options for their water suppKdlternatives varied according to
their cost, use restrictions and environmental ictgpaThe results suggest that residents
were willing to pay AUS $10 (1997 AUS $), on avezatp prevent a 10% reduction in
water use under the status quo supply option, wivimlld lead to a greater use of water
restrictions. Willis et al. (2002) surveyed 4121beholds in Sussex, UK, to investigate
households’ preferences as between the environmempacts associated with
abstractions, water use restrictions and cost. fillkdengs suggested that WTP to avoid
water use restrictions was small, and in fact &iaglly insignificant at the 5% level.
This finding may be partly due to the fact thatyonlinor restrictions were evaluated:

hosepipe bans, and interruptions of less than tags.
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The final DCE study, Willis, Scarpa and Acutt (2D0Obas designed to value 14
distinct attributes of water and wastewater serpicision, only one of which related
to the frequency of restrictions. The study sueeeyl000 households and 500
businesses in Yorkshire, UK, and found that, orraye, Yorkshire households were
willing to pay £3.20 per year and Yorkshire bussesswere willing to pay £16.90 per
year to reduce the risk of experiencing a disrupggent of 2-3 months of no running
water on the premisédor a 250-year increase in the return period, é&gm one

occurrence in 500 years to one occurrence in 7&€sye

2.3 Conclusions

The key strength of the SP method is its adaptgtidi any manner of situation where
value evidence is needed. It can be used in egsee no RP methods are possible, to
obtain valuations that are consistent with econarortstructs, and that can therefore be
applied in CBA appraisals. The CV method is adalptanough to evaluate most kinds
of discrete scenario change. The CM method is evare flexible, however, and can be
used to develop models capable of predicting vaAtea number of policy-relevant

margins for optimizing the supply characteristi€s @ublic good.

Of course, adaptability is of no use if the metlsadnot be relied upon to yield
valid measures of true preferences. On this mattdsroad review of the evidence
suggests that validity inferences are necessdtityysspecific. It is not the case that all
SP studies are valid — far from it. It is equaligtrue, however, that SP surveys
universally fail to elicit meaningful measures aéference. The pursuit of validity in
policy applications is an ongoing quest, with ktierre continually accumulating that
challenges existing techniques and assumptions,naaqas out the properties of the

methods. Much research remains to be done torbettderstand the validity and
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reliability of SP values, and to derive new and friovyed techniques for future

valuations.

Whilst generally consistent on broad principleg #taould be applied to ensure
validity, e.g. on the layout of an SP questionnaied on the need for careful pre-
testing to validate the survey instrument, therditigre is by no means fully unified on
all the methodological details. In particular,rdh@re competing views in the literature
concerning the way in which preferences are foramadi revealed. Conducting applied
non-market valuation studies in the context of amheng and methodologically
divided field challenges one to take a view onrtiest appropriate design approach for
each task in hand. This has certainly been the &asthe three applied valuation

studies presented in this thesis, all conductederwater sector.

The water sector has been an important case ar@ptication of SP methods,
and so the empirical studies in this thesis ar@adyneans venturing into new territory
in this regard. Chapter 3 builds on the empirlitatature concerning in-stream water
quality valuation with a specific focus on the valaf improvements relating to the
recently enacted Water Framework Directive, andemeer, by applying innovative
techniques to address a clear policy need for Vialuaesults to support the efficient
implementation of the Directive in England and Vdale Chapter 4 builds on the
literature relating to the benefits of water suplability by evaluating the benefits of
improved resilience to drought in London, UK. Therature reviewed showed there to
be a wide range of values obtained for supply bbditg, suggesting that benefits are
very sensitive to the context in which they areatd. The study in chapter 4 responds
to a clear need for benefits estimates focusseldbadon households. Finally, the last

of the core chapters — chapter 5 — seeks to atltktbterature on the reliability of SP
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methods by addressing a topic previously unexplorede literature - the sensitivity of

stated values to an economic downturn.
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3 An Assessment of the Non-market Benefits of the Weit
Framework Directive for Households in England and

Wales

Abstract

Results are presented from a large scale statéer@nee study designed to estimate the
non-market benefits for households in England arale®/arising from the European
Union Water Framework Directive (WFD). Multiplei@tation methods (a discrete
choice experiment and two forms of contingent vidu@g are employed, with the order
in which they are asked randomly varied acrossamdgnts, to obtain a robust model
for valuing specified WFD implementation progranppléed to all the lakes, reservoirs,
rivers, canals, transitional and coastal waterEmgdland and Wales. The potential for
subsequent policy incorporation and value trangfas enhanced by generating area
based values. These were found to vary from £2(@&39,168 per kfdepending on
the population density around the location of tinpriovement, the ecological scope of
that improvement, and the value elicitation metbotgployed. While the former factors
are consistent with expectations, the latter suggémt decision makers need to be

aware of such methodological effects when emplodedved values.
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3.1 Introduction

The European Community (EC) Water Framework Divect{WFD) [European
Parliament, 2000] requires that all natural watedies should reach the common
minimum European standard of “Good Ecological Sfa(GES) by 2015, except where
to do so would entail disproportionate cost. Tkiguirement is widely considered to be
stringent and substantively different from mostevajuality standards that are based
either on chemical assessments or the ability ppau specific types of use. Achieving
GES by 2015 will be technically demanding and espen It will require member
states to restore many natural habitats for pldrs, and other wildlife by reducing
pressures from over-abstraction, point and diffgserces of pollution, non-native
species, and from physical modifications such asmsjaweirs and engineered
channelling. The cost of achieving full complianceEngland and Wales has been
estimated to be £2.4 billion per year over a 43 yean [DEFRA, 2008], an amount

that far surpasses the cost of any previous ECrwatey directive.

Benefits estimates are valuable to policy makerghig context for two related
purposes. First they can be used to appraise wpraigrams of improvements at
regional or national levels, as a means to helpsmecmakers set the overall scale of
implementation of the directive. In addition, thegn be used in assessments, on cost-
benefit grounds, of whether achieving GES will bispdoportionately costly for
individual water bodies. In such cases, applicatifor derogations can be made to
allow for a longer time to achieve compliance or &less stringent environmental
objective to be adopted. The present study wagmkess to address both purposes
simultaneously. In this regard it departs from mosvious studies of water quality
improvements which have sought to value either aleviprogram of improvements

[Carson and Mitchell, 1993; Brouwer, 2008] or imypements to a localized area [e.g.
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Alam and Marinova, 2003; Bateman et al., 2011; EwnBell and Alvarez-Farizo,
2003; Hanley, Wright and Alvarez-Farizo, 2006; Kagianni et al., 2003; Kramer and

Eisen-Hecht, 2002; Loomis et al., 2000].

At the core of our study is the development of adetdor valuing national and
regional programs of WFD improvements as a functibrkey attributes relevant to
strategy setting at these levels. These attribimelsde measures of the geographic
scale of the implementation program, the balande/dEn improvements to the worst
areas and improvements to raise the number of bigllity sites, and the balance
between improvements in densely populated areasnapbvements in more remote
locations. A key feature of the model is thatancalso be used to value individual
localized improvements as a function of the sizéhef area improved, the qualitative
range of improvement and the population densityhef area surrounding the water
body. An advantage of this approach over typi@djits transfer methods for WFD
disproportionate cost assessment [e.g. Batemaln, @041] is that the values obtained
are fully consistent with the context of a natiodaiprogram of simultaneous
improvements. As a consequence they are not bidisedo income and substitution
effects which are liable to cause a discrepancyvést the summed values from
individual benefits transfers, and whole prograruaaons [Hoehn and Randall, 1989;

Bateman et al., 1997b; Hoehn, 1991].

Data to estimate the model come from a large-statienwide stated preference
survey employing three elicitation methods - a idite choice experiment (DCE) and
two contingent valuation (CV) questions. The DC&nfework [Louviere, Hensher and
Swait, 2000] is naturally suited to the developmeinmulti-attribute valuation models

of the kind required in our study. A number ofdsés have found, however, that the
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DCE approach focused on multiple policy changesrottlicits higher values for the
same package of improvements than a contingenatiatu (CV) study focused on a
single policy change [Cameron et al., 2002; Foatef Mourato, 2003; Hanley et al.,
1998]. A number of reasons have been put forthhisrfinding ranging from strategic
behaviour to placing less weight on the cost attdbwhen it is varied simultaneously
with other attributes to various types of learnbghaviour. Most of these suggest that
the relative values of non-cost attributes derifrech a DCE can be considered reliable,
but that total values, which depend on cost, aasdd upwards. It therefore seems
plausible that reliable estimates could be obtaimedsing relative values from a DCE
and then calibrating their scale using CV estimaM& adopt this approach, and hence
employ a CV component in addition to the DCE toagbtestimates of the value of a
single large-scale program of WFD improvements withich to calibrate the DCE-

derived estimates of individual attribute values.

Willingness to pay estimates are known to be seestb elicitation methods
and question order effects. Comparing across C\stgures, many studies have found
that dichotomous choice contingent valuation (DC@#&lues exceed those obtained by
open-ended formats such as the payment card centingluation (PCCV) approach
[Venkatachalam, 2004; Welsh and Poe, 1998] to #ien¢ that this is considered a
‘stylized fact’ of the CV approach [Carson and Geey2007]. Alternative lines of
explanation for this divergence have been propaséuk CV literature, from a strategic
behavior perspective [Carson and Groves, 2007] famth a cognitive psychology
perspective [Green et al., 1998]. To test the ifeitg of our findings to elicitation
method effects, we utilize both types of CV questamd examine responses to them in
a joint model. Additionally, several studies halemonstrated the importance of the

order in which elicitation questions are preserjiged. Bateman et al., 2008], and again
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alternative lines of explanation have been propasetie CV literature with differing
implications. We therefore vary the order of thieiation questions asked using split

samples to be able to isolate and test sensigviti¢hese effects.

The contributions of the paper are thus threefolfe obtain a model via a
robust large-scale stated preference survey fomuingl national programs of
improvements as a function of key attributes radéva strategy setting at this level.
Additionally, we derive a transferable value fuoati that can be used for
disproportionate cost assessment at the leveldiwidual sites, and which can validly
be summed over sites so as to obtain values faomalgprograms of water quality
improvements. Finally, we explore the sensitivif our estimates to elicitation

treatment effects.

The remainder of this paper is organized as follov&ection 3.2 outlines the
design of the survey instrument, describes theeguadministration and characterizes
the sample obtained. Section 3.3 provides an @wrof our approach to analysis.
Section 3.4 describes the econometric models wmast Section 3.5 presents our
main findings: first on the CV-derived benefits fnpbenchmark implementation of the
WEFD, then on the DCE-derived benefit function fatuing varied implementations of
the WFD, and finally on our preferred model whiatmbines DCE and CV results.
Section 3.6 discusses our findings with respedlittation treatment effects. Section

3.7 concludes.

3.2 Survey Design, Administration and Data

The survey design and development for the presely soroadly conform to best
practices as set out in Arrow et al. (1993); Baterst al. (2002) and Mitchell and

Carson (1989). The description of the good wasrméd by a stakeholder survey,
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close work with a team of scientists, and a sexfel2 focus groups involving members
of the public. The survey instrument was extengiygk-tested with members of the
public, via two phases of focus groups (eight geomptotal), one phase of 30 cognitive
interviews and two pilot surveys of 50 and 100 oesfents respectively. The focus
group work included tests of the language and quscesed by members of the public
to understand and value the water environmenkatened how participants processed
selections of visual and textual materials, and hpmeple coped with exercises of
varying types and degrees of difficulty; it expldrde public’'s baseline perceptions of
current status and drivers of change, their pregiin relation to types of value (eg
use+non-use), types of environmental change, tgpsie, the importance of distance /
locations of sites, and the contexts in which vaisiederived and on which it is

dependent, eg timing of environmental change, gubest and complements, and

attitudes to uncertainties and responsibility.

3.2.1 Attributes and Levels

Policy scenarios for WFD improvements are charasdrin the survey by the
proportions of a respondent’s Local area (withinrBiles), and of the National area
(England and Wales), that will be High, Medium dmdv quality in 2015 (8 years from
the survey date), and in 2027 (20 years from theesudate). Table 3.1 gives
definitions of the attributes used as they appeaiur models, and the levels they take
in the design. The table includes, for each attepthe current proportions at each

quality level, and the levels taken by the attrébunt the CV and DCE designs.

Note that by including separate attributes for Laad National water bodies
we are able to obtain values as a function of pimn density around water bodies.

Prior work [Bateman et al., 2006] shows that indiaal valuations for spatially fixed
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environmental goods (such as those for water qualiprovements) exhibit ‘distance
decay’ in that they fall as the distance betweet thdividual and the improvement
increases. Given this then individual values witkive ‘Local area’ should exceed
corresponding per capita values in the ‘Nation&aarThis implies that per hectare
values will be higher for improvements within degsgopulated areas than for those

located in sparsely populated areas.

Table 3.1: Attributes and Levels

Levels
Attribute 2 Definition®
Current®®  CV DCE"9

HighL8 Proportion at High quality in Local 9.0% 95% HighLO + 0.75MediumL0O- ALowL8)
area at time=8 (in 2015) 75%  HighLO + 0.5(MediumLO- ALowL8)

HighLO + 0.25MediumLO- ALowL8)

HighLO + 0.1(MediumLO- ALowL8)

LowL8 Proportion at Low quality in Local 58.6% 0 0
area at time=8 (in 2015) 0.25.0wL0

0.5LowLO

0.79.0wL0O

HighN8 Proportion at High quality in National 15.0% 95% HighNO+ 0.75MediumNO-
area at time=8 (in 2015) 75% ALOWN§

HighNO+ 0.5MediumNO- ALowN8

HighNO+ 0.25MediumNO-
ALOWN§

HighNO+ 0.1(MediumNO- ALowN8

LowN8 Proportion at Low quality in National 44.0% 0 0
area at time=8 (in 2015) 0.25_0wNO

0.9.0wNO

0.79.0wNO

High20 Proportion at High quality in Local ~As now' 95% 95%
and National areas at time=20 (2027) 75%

Cost Permanent increase in water bill and N/A £5 £5
other household payments (£/hh/yr) £10 £10

£20 £20

£30 £30

£50 £50

£100 £100

£200 £200

Notes:a The quantities of High, Medium and Low quality @& sum to 1, so Medium quality is omittéd'Local area” refers to
the area within 30 miles of the location of thep@sdent'’s interview and “National area” refers the whole of England and Wales.
¢ All environmental status levels were rounded ®rikarest whole percentage point in the choice sstgl.d Current condition
levels shown here are those based on data usatidaurvey itself, rounded to one decimal placatalare weighted for age, sex

and region based on the 2001 UK Census. Furth&ildeon the weights used are available from théhats on request. More
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recent data may suggest a different picture of entrrconditions in the water environmeeatFor attributes HighL8 and LowL8,
current levels are sample mean valudeSerms ending in O refer to quality levels at tirfiere. current levelggy ALowL8= LowL8
-LowLO0, andALowN8= LowN8 -LowNO.h Although “As now” was how the survey presentedentrconditions to respondents, a
numeric value was needed to enter this attribute the DCE choice models. This essentially involveshoice between HighLO
and HighNO. We chose to use HighLO for statistieakons.

For the DCE, the levels of the future environmeastatus attributes are based on
a “pivot design” methodology [Rose et al., 2008)jivot designs, which are common in
transportation applications, take the responddsa&eline attributes levels as given and
“pivot” off by assigning an increment to those lsvio form new attribute levels for the
DCE. The variabletowlL8 MediumL8 andHighL8 in the present case are generated
from corresponding baseline conditionswL0, MediumLQ HighLO, which are known
(fixed) quantities and which vary according to @sgent location. The generating

functions for each level of each environmentalilaite used for the main survey are

shown in Table 3.1.

For the DCCV and PCCV questions, one half of gra@e was offered
a more extensive policy package than the otherihattder to allow for analysis and
testing of the sensitivity to scope of the CV valudn both scenarios, 95% of all water
bodies are brought to High quality within 20 yeardgh the remainder at Medium
qguality. The scenarios differ only with respecthe extent of improvement that occurs
within the first eight years: in the “95% scenaritie full 95% is achieved within eight
years; in the “75% scenario”, 75% are brought tghHjuality in the first eight years,
with the remaining improvement up to 95% High qtyaticcurring between the eight-

year and 20-year horizons.

The levels of the payment vehicl€pst for both the DCCV and the
DCE questions were £5, £10, £20, £30, £50, £100£200, per household per year in

extra water bills and other household payments. dineunts shown in the payment

62



card for the PCCV question ranged from £0 to £1€)f¥@ad across 28 points distributed

on an approximately logarithmic scale.

3.2.2 Survey Presentation

First, introductory questions on attitudes and afstne water environment were asked,;
then respondents were shown, in succession, twis camtaining carefully developed
descriptions of water quality at three colour-cogtatus levels. (Copies of these cards
are contained in Appendix A.) The three statugllewere assigned the labels “High
quality”, “Medium quality”, and “Low quality”, andhe colours assigned to them were
dark blue, mid-blue and light blue respectivelyheTthree adopted status levels were
linked to the WFD as follows: “High quality” cornesnded to High or Good Ecological
Status; “Medium quality” corresponded to ModerateRmor Ecological Status; and
“Low quality” corresponded to Bad Ecological Statughe first card contained generic
descriptions of water quality at each status levigle the second card gave illustrated
descriptions specific to one of four water bodyetyprural river, urban river, lake, or
estuary/coastal. Survey time constraints preclutiedpresentation of more than one
type of water body per respondent. By randomlygassg respondents to different
water body types, it was possible test for anyatéfeaused by the particular water body
type example shown. Statistical tests suggest fextefrom the particular example

water body the respondent saw so this issue idisotissed further.

Following the status descriptions, respondents vpeesented with two maps
showing current water quality levels, colour cotiednatch the descriptions just shown.
The first map showed the respondent’s local arethifw30 miles of the location of the
survey interview), and the second showed the wbbkngland and Wales. A pie chart

was included on each map showing the proportiondh@fwater environment in each
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status category. Examples of the maps shown aredeced in the appendix to this

paper.

The questionnaire then presented each respondéntavvaluation exercise
comprising: seven DCE questions each offering dcehbetween the status quo and
two improvement alternatives; one DCCV questioriifig a choice between the status
quo and one large-scale improvement alternative;care PCCV question asking what
amount on the card shown to them, or any amoubgeiween, is the most they would
be willing to pay, through increased water billsdasther household payments every
year to have the improvements shown. Included & dppendix are the valuation
scenario, including statements to enhance conségliggnand the household’s budget
constraint, read out to respondents prior to tfeting the valuation questions, and

specific examples of the DCE, PCCV and DCCV questio

3.2.3 Experimental Design

The experimental design for the survey was necésgairly complex in order to be
able to test the range of treatments being coresilerhich included amongst other
things: the CV scenario presented (75% or 95%)6€V cost amount offered (£5,
£10, £20, £30, £50, £100, or £200), the combinatioRCE choice profiles shown, and
the order of elicitation questions (PCCV before after the DCE; DCCV at the
beginning middle or end of the DCE). In additiurvey instruments varied across

sampling locations due to differences in currentewatatus levels in the local area.

The design for allocating these treatments aimedituimize the correlation
between them and to achieve a good degree of laknross the sample. For the DCE
design problem (i.e. the selection of combinatiofhschoice profiles), this involved

drawing choice sets (status quo plus two improveraéiarnatives) randomly, without
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replacement from the full factorial of every possilsombination of attribute levels,
excluding strictly dominated and practically impib$s combinations, so that each
choice card for each respondent was unique. Duketdarge sample of unique option
profiles, an experimental design created in thig sl@ould, with a large sample, provide
a reasonable approximation to the full factoriséit, and so thereby be internally near-
orthogonal. Compared to a main effects desigis, possibly less statistically efficient
but it has the advantage of allowing estimatioro@fer order interaction terms which,
given the variety of design issues under consigeratwas considered a key

requirement for the present study.

The remaining treatments were allocated indepehdeimbom the above
procedure, and were structured to ensure an evesadsf treatments across each
location sampled. To this end, by location, eadtrument type (defined by its unique
combination of water body type example, CV scenddGCV cost amount, and order
of elicitation questions) was drawn with equal @bitity from the set of all instrument
types, without replacement, so that no combinatibtmieatments was allocated to more
than one respondent in any one location. This phareeensured that each instrument
type was given an equal probability of selectiorerall, that sufficient numbers of
certain key combinations would be present in thape, that there would not be any
clustering of treatments by location, and that @gtinality with respect to the DCE

design would be preserved.

3.2.4 Survey Administration and Data

The study’s target sample was developed as a sed ¢dcations, with a target of 30
respondents for each. Locations were sampledapaqption to their population size,

and respondents were recruited off the street filmenbusiest places in the area, with
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quotas set for age, gender and socio-economic aieaisdics. Additionally, in order to
be in scope, recruits had to be responsible, solgjgintly, for paying the water bill and
they had to live within 15 miles of the survey lboa so that the 30-mile radius map
presented to them adequately represented whatitbeld call their local area. An £8
incentive was offered to encourage participatidxithough consideration of the range
of treatments offered might suggest a need forgetasample size, the emphasis on
orthogonality in the experimental design ensureat @il relevant comparisons, e.g.
between question order treatments, could be testidut the need to control for all
interactions with other treatment types. The thesgenple size of 1,500 was therefore
expected to be more than adequate to estimate tuelsndesired with reasonable

precision.

In July 2007, 1,487 respondents were interviewedss the 50 sampling
areas. Interviews were conducted face-to-facedesagnated location by experienced
professionals under the supervision of Accent MaiResearch using the computer
aided personal interviewing (CAPI) technique. Timerviews lasted an average of 32
minutes and the interviewers found good levels mdarstanding and attention were

given to the questions.

A total of 165 respondents stated a PCCV WTP diof@he scenario, of whom
58 respondents were removed due to giving an ih@btest response. A further 23
were removed for giving no response at all to tB€F question, and 17 were removed
as outliers. Protest cases were identified by @xag the verbatim follow-up
responses to the elicitation questions; outliersevadefined as those in the top 1% of the
distribution of PCCV responses, which correspondslitWTP amounts greater than or

equal to £350 per household per year. The DCC¥ sladw roughly 90% are in favor
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at the lowest amounts (with one small monotonicibfation at £10) dropping to about
40% in favour at £200, the highest amount askederéstingly, there were no non-
responses to the DCCV or DCE questions, a resulthwimay reflect the higher

cognitive load of the more open-ended PCCYV fornTdte total number of respondents
removed amounts to 6.6% of the full-sample. Addiél analysis reported in our
technical report [NERA-Accent, 2007] examined tkasstivities of our main results to

more liberal and more conservative, approachesdtmtifying and excluding protests

and outliers. Our results are robust in a qualiéasiense to the specific approach used.

Since believability of the scenario is crucial folotaining valid estimates of
WTP, we examined the verbatim responses to the P@dlgw-up question for
evidence of any disbelief in the scenario presentéfe expect that had respondents
doubted that the improvements would take place, [zl expressed this doubt by
lowering their stated WTP, then they would havécalated this doubt when asked for
the reasons underlying their stated response. Fnenverbatim follow-up responses,
we identified only 8 people out of 1,389 in the lggis sample who indicated that they
didn’t believe the improvements would occur. Tleisnstitutes only 0.6% of the
sample, which we take as evidence that disbelifierscenario was not widely held. In
addition to this evidence, we found that not a leiqgerson during the extensive pre-
testing process expressed any doubt that the irepremts would take place as

described.

Table 3.2 presents population and sample charsitsti for both the raw
sample and the analysis sample which excludes gtspteutliers and non-responses.
The analysis sample characteristics are almosttic@@nto the raw sample

characteristics. The raw sample appears to mdtehpbpulation reasonably well
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although clearly not perfectly. The sample corgaansomewhat lower proportion of
men than the population, and contains more peapiefowork, and a lower range of
incomes. The sample also appears to be betteadlthan the population at large. In
all the analysis that follows, the data are weighiging a three-way table of survey
weights to match sample to population by age, sekragion, based on the 2001 UK

Census.

3.3 Overview of Analysis

We analyze the data obtained from the survey dswsel First we combine the DCCV
and PCCYV responses using a single estimation tgglniinterval censored regression.
This yields estimates of the value of the benchn@8@6 scenario” for each question
type, the effects of the question order on thesienates, and the effects of respondent
covariates. Interval frameworks are well suitedepresenting both DCCV and PCCV
responses. Cameron and Huppert (1989, 1991) haneech that the language of a
payment card question lends itself to an intemtdrpretation, with WTP lying between
the amount indicated and the next highest amoumlled on the card. Interval
frameworks have also long been used to represer@\D@sponses [Carson and
Hanemann, 2005] with a no response indicating WaP lies between zero and the
amount asked and a yes response indicating that Wé$metween the amount asked
and an upper bound reflecting financial resourdes.be conservative and ensure
consistency with a key assumption made about theé\WP@ata, we use an upper bound
of £350 for the interval when a respondent said tgethe DCCV question, which is
substantially higher than the largest amount ug€0(). This does not rule out the
possibility that larger WTP values are held by oegfents, only that they were not

observed in either our PCCV or DCCV data.
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Table 3.2: Sample and Population Characteristics

England & Wales

Populatior® Raw Samplé Analysis Samplé

Age’

18-29 19% 14% 14%

30-64 60% 65% 65%

65+ 21% 21% 21%
N (=100%) 40,246,981 1,486 1,388
Sex

Male 48% 43% 43%

Female 52% 57% 57%
N (=100%) 40,246,680 1,487 1,389
Children?°®

Yes 29% 27% 27%

No 71% 73% 73%
N (=100%) 21,660,682 1,487 1,389
Education'

Basic 31% 19% 19%

Medium 39% 42% 42%

High 30% 39% 39%
N (=100%) 34,998,226 1,373 1,285
Economic activity

Working 64% 53% 55%

Not working 29% 44% 43%

Student 7% 2% 2%
N (=100%) 37,606,305 1,373 1,285
Income (weekly¥

Low (<£300) 30% 42% 42%

Med (£300-£1000) 53% 46% 46%

High (£1000+) 17% 12% 13%
N (=100%) 18,823 1,060 1,009

Notes:a Base includes all respondents who answered thevaat question in the survey, unless indicatedratise. b Base
excludes from the raw sample the 98 respondentsfailed to answer the WTP questions, or who weeatifled as protestors or
outliers. ¢ Stats are drawn from the 2001 UK Census exceptenimelicated otherwised Base for population statistics = all
individuals. e Base for population statistics = all householfiBase for sample statistics = respondents aged4t&ase for
population statistics = individuals aged 16-7g Population statistics are drawn from the 2007/8 BEmily Resources Survey
[Department for Work and Pensions, 2008]; Base Fhaluseholds.

Our next step is to analyze the DCE data, and wetdatie standard conditional
logit model for this purpose [McFadden, 1974]. sThodel obtains distinct marginal,

l.e. per percentage point, values of improvemerasmfLow to Medium, and from
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Medium to High, in Local and National areas. Agaire also examine question order
effects and the effects of covariates as a tegteofalidity of the results, and report the
range of values we obtain. The DCE-derived maftgiahies give rise to estimates of
the value of the benchmark 95% scenario via inpgtthe degrees of improvement in
each attribute that correspond to this scenarioe ddmpare the results for the 95%
scenario obtained from the DCE model with thosenftbe CV model, and test the null

hypothesis that they are the same. In line witllifigs from some other studies [e.g.
Foster and Mourato, 2003], we find that the DCEultsssignificantly exceed those

derived from the CV model. The DCE results mayblzsed upwards, either because
the act of presenting multiple packages to a redpoin causes them to behave
strategically, rather than accepting a choice e faalue [Carson and Groves, 2007], or
because the act of answering multiple questiongevimany attributes vary encourages
respondents to place less focus on the cost [Kaaneet al., 2006; Schkade and
Kahneman, 1998]. In the spirit of adopting a covaive approach to analysis, we
scale the marginal values derived from the DCE & the estimated value of the
benchmark 95% scenario derived using the scaled D@iginal values is equal to the

CV value for this scenario.

The final step in our analysis is to invert the lesdaDCE-based valuation
function so that instead of measuring the valuenational policies to households it
measures the value of individual water body impnoeets as a function of the size of
the area improved, the qualitative scope of impnoset - Low to Medium, Medium to
High or Low to High - and the density of the pogigda surrounding the water body
improved. Regional water body improvement prograsigh as River Basin
Management Plans, and also water utility investnpéants that impact on water quality

in their area, can then be valued by summing the&egaover the water bodies improved.
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By way of example, we present average values f@ronements in a low population

density region and a high population density regioBngland and Wales.

3.4 Econometric Models

3.4.1 Contingent Valuation Models

The interval censored framework is straightforwaeod implement in a maximum
likelihood context. Ley, be our interval censored variable, which we made linear
function of explanatory variables, plus an i.i.d. error terma, with mean zero and

variances®. Then we have:

Prob(y,) = F (—y'l{_x"ﬁ) —F (M),

g g

which implies the following log-likelihood:

LL = Z log[Prob(y,)]

A distributional assumption is required f6f.) to implement the estimation. We
chose the log-normal because it ensures that WThensegative (a problem with the
normal) and it is straightforward to implement. n& the lower bound for some
intervals is zero, the number “1” was added tdaller and upper bound values before
taking logs because the log of zero is undefin€this 1 was then subtracted in
obtaining later estimates for mean and median WTPthe panel context, where we
have two responses per person, indexet te thus lety,: = log(1tWTR,) and define
lower and upper bounds accordingly, whehélR,; is the willingness to pay by
respondent, as elicited by question tyggt e{PCCV, DCCV}). F(.) is then simply

the standard normal cumulative distribution.

The above log likelihood is based on the assumptiat error terms are

independent of one another. Independence is uplikewever, when responses to
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both PCCV and DCCV questions are combined. To td@unt of within-person
correlation between responses, we also estimaddom effects panel version of the
above model which involves decomposing the errantento an individual specific
effect, u,, assumed to be normally distributed with mean zem variance?, and an

i.i.d. normal variate with mean zero and variasce

We present results for four models following thigeoach:
(CV1) log(1 + WTP,,) = f(Scope,;, Treat,;; a®’1) + e,
(CV2) log(1 + WTP,;) = f(Scope,,, Treat,,, Covariates,;; a®’?) + e,
(CV3) log(1 + WTP,,) = f(Scope,,, Treat,,; a®’3) + u, + e,

(CV4) log(1 + WTP,,) = f(Scope,;, Treat,,, Covariates,;; a®’*) + u, + e,;

The first set of variables to enter the modelSagpe, which captures the degree
of environmental improvement represented by theate presented for valuation. In
the CV data, there is insufficient variation in theope of the improvements offered
with which to robustly identify separate values karcal versus National, and for extra
High quality versus less of Low quality. In the eadf improvements to the National
area, for example, the data for the improvemenbopcross the sample include only
two values for High quality - 75% and 95%, and oohe value for Low quality — 0%.
Because of this lack of variation, a single scaldigh quality Locally — was used to
capture the degree of improvement in the CV mod&lso variables are entered from
this group,Log %Changethe log of the percentage change in High qualitgally that
occurs within 8 years, an@i95 x Log %Changea variable which interactsog
%Changewith an indicator for the 95% scenario treatm@®, equal to one if the CV
scenario results in an improvement to 95% in eygatrs, and equal to zero otherwise.

Standard economic theory suggests the larger thegehthe more respondents should
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be willing to pay. Since initial water quality lel¢ vary over the sample, however, two
different respondents could be shown the samectiaage, and for one respondent it
would represent 95% of the water in the Local dvemg of High quality while for
another respondent it would represent 75%. Ifehedeclining marginal utility in the
spatial extent of the improvement, then a scenasalting in 95% High quality Locally
should be worth less than the improvement to 75¢hHjuality Locally if the absolute
size of the improvement is the same in each caleis possible, however, that
respondents only care about the magnitude of thwalhchange in which no effect

should be found.

The second group to enter the CV modé&l®at, contains three variables. The
first is Payment Cardan indicator for whether the observation reldtea response to
the payment card question as opposed to a DCC\omesp Given past empirical
comparisons and the theoretical rationale put foiviy Carson and Groves (2007), we
expect to see this variable enter with a negatoadfficient. The other two variables in
this set ard°C x PC Firsta dummy equal to one if the observation is a PC&3ponse
and the PCCV question was asked first, Bx@ x DC First, a dummy equal to one if
the observation is a DCCV response and the DCC\stoprewas asked first. These
two variables do not have clear cut predictionsyéwer, we present some possible

interpretations of the findings in our discussidnh@ results in section 3.6.

The third group of variables, which enter models2C&¥nd CV4 only, is
Covariatesy, a vector of respondent characteristics, sucmesme, education, use of
the water environment and membership of an enviesrtat club. Some of these
covariates have a theoretical expectation, suchhat frequent users of the water

environment should be willing to pay more for itsiprovement than non-users.
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Consistency of the results with such theoreticaleexations is an important test of the

validity of the results. We discuss our findinggelation to this test in section 3.5.

The termt, @, &, anda” are the parameter vectors to be estimated for lmode
1 to 4 respectively. In models CV1 and CV2 theeterm ise,, a normal i.i.d. variate
with mean zero and varianeé.. This implies the assumption that the responsmer
are uncorrelated within respondent. Models CV3 @nd relax this assumption via the
inclusion ofu, as an additional error term, an individual specdffect assumed to be

i.i.d. normally distributed over respondents witkan zero and varianeg, .

3.4.2 Discrete Choice Experiment Models

We analyze the data obtained from the DCE using dbeditional logit model
[McFadden, 1974]. Lethoice; be a dummy variable equal to one if respondent
chose option in choice situation, and equal to zero otherwise. Respondent utility
is composed of a deterministic componeqt= f(X; #) plus an i.i.d. standard Gumbel

error termenit . Then we have the conditional logit probabiépression:

eVnit

Prob(choicey,;;) = 3 eVnit’
]

wherej indexes the alternatives in choice situatiomhe above probability implies the

following log-likelihood:

LL=%,%;%: cboicenjtlog[Prob(choicen]-t)]

We estimate the following two DCE models withinstifiamework:
(DCEl) Unit = g(Scopenit, SQnit: Treatnit: COStnit; ﬁDCEl)

(DCE2) Vpie = g(Scopey;r, SQnir, Treat,;,, Cost,;; Covariates,;, L¢E?)

The two models differ only insofar as DCE2 includespondent covariates but

DCEL1 does not. The utility functions correspondinghe DCE models do not map
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neatly onto the willingness to pay functions spediffor the CV models despite the
appearance of the same variable Setpe, Treat andCovariates. The richness of the
data obtained via the DCE allows a richer spedificaof the value of environmental
improvements than does the CV data. In particwahin the Scope group, we are able
to include separate variables for each of thebaiiteisHighL8, LowL8 HighN8, LowN§
and High20. For the CV data by contrast, there was insufitivariation to identify
each of these scope variables separately and isgla scale — High quality Locally —

was used to capture the degree of improvement.

The DCE models also include an alternative spedabastant, labelledsQ
which indicates the status quo, or “no change’radteve which is present in each
choice set. This variable captures the averagéenerece for the status quo after
allowing for the influence of the attribute levaffdrences, modelled linearly. When
such a variable is included in a choice model amiére the model with a positive
coefficient it is typically interpreted as a stayso bias - an excessive preference for
the status quo given the levels of its attributesamparison with change alternatives.
The opposite interpretation holds for a negativeffocient [Hartman, Doane and Woo,

1991].

The Treat group in the DCE models contains two variable§; First an
indicator for whether the PCCV question was askefdre the DCE questions, abdC
First, an indicator for whether the DCCV question wasddbefore the DCE questions
(in which case the PCCV question would have be&edsfter the DCE questions).

These variables are entered into the model asarttens withSQ

The payment vehicle variabl€ost enters both DCE models linearly with

coefficient5°°*! which we interpret as minus the marginal utibfyincome. The final
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group of variables,Covariates, appears in model DCE2 only. Respondent
characteristics enter the DCE model via interastioiith theSQ and Cost variables.
When interacted witlCost respondent characteristics impact on willingrtespay via
their effect on the marginal utility of income; whthey enter via an interaction wiQ

they impact the probability of choosing an improegmscenario at all.

3.5 Findings

3.5.1 Contingent Valuation Estimates of Benchmark WFD Impementation

Scenarios

Results from the interval censored regression nsodembining DCCV and PCCV
responses are presented in Table 3.3. Model C¥liidas no respondent covariates
and assumes independence of the error terms. okficeent onLog %Changas of its
expected positive sign in this model and significanhthe p < .01 level. It is an
elasticity, so it implies that a 1% improvementthre proportion of High quality
improved, e.g. the difference between an improvenoérb0%, such as from 25% to
75%, and an improvement of 50%*(1+1%), such as f&%%6 to 75.5%, results in a
0.73% increase in WTP. The interaction of 185 indicator withLog %Changehas a
negative sign (p < .01) suggesting that respondeetsomewhat less willing to pay for
a given change if it takes them all the way to 9%Phe local area water being of the
highest quality than if it takes them to 75%. THEifiiect is just over 10% the magnitude
of the mainLog %Changeoefficient. The interaction of this variable ivithePayment
Card indicator is positive (p < .10) and about half thagnitude of the origindl95 X
Log %Changesuggesting that PCCV WTP for increased amountsigii quality water
environment diminishes less than DCCV WTP overrdrege of spatial High quality

density.
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Turning to treatment effects, consist with priopegtationsPayment Carchas
a very significant (p < .01) downward effect on INGP estimate. The coefficient of -
0.514 implies that the PCCV treatment leads to poraximately 40% lower WTP
estimate all else equal. The order effects are silgnificant. DC X DC Firstenters
with a positive coefficient indicating that wheretBCCV question comes first it results
in higher DCCV estimates. By contraBC X PC Firstenters negatively, implying that
PCCV WTP is lower when it is the first of the eation questions to appear. Taken
together these findings suggest that PCCV WTP listamtially below DCCV WTP,

and particularly when it occupies its typical fipgisition.

Looking now at Model CV3, the results with respéct the coefficients on the
experimental treatment variables are qualitatialg quantitatively very close to those
of Model CV1. The main difference to note is thrardatic improvement in the log-
likelihood between Model CV1 and Model CV3 that uiés from including an
additional parameter, allowing for two rather treare error variance. The statispidés
equal to the fraction of total variance accountadlfy the random individual effects.
This takes a value of 0.605 in Model CV3, whichasfurther indication of the

importance of these effects to the fit of the model
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Table 3.3: Interval Censored Models Combining DCCVand PCCV Responses

CVla,b,c,d CV2 a,b,c,d CV3 a,b,c,d CV4 a,b,c,d
Variable Mean?
Coef StdErr Coef StdErr Coef StdEr Coef Std Err
Constant 1.000 1.121(1.184) -0.5381.160) 1.3781.151) -0.471(1.298)
Log %Change 4.315 0.731(0.282)***  0.535(0.269)** 0.676(0.275)** 0.509(0.305)*

T95 X Log %Change 2.188
PC X T95 X Log %Changel.094

-0.082(0.024)**
0.041(0.022)*

-0.071(0.023)**
0.044(0.021)*

-0.080(0.024)**
0.042(0.016)***

-0.069(0.025)**
0.043(0.016)***

Payment Card (PC) 0.500 -0.514(0.076)** -0.806(0.101)*** -0.562(0.061)*** -0.817(0.079)***
DC X DC First 0.092 0.268(0.088)***  0.209(0.087)**  0.189(0.088)**  0.167(0.086)*
PC X PC First 0.245 -0.400(0.067)** -0.375(0.061)*** -0.361(0.055)*** -0.346(0.053)***
Log Income 4.325 0.215(0.032)*** 0.227(0.037)***
Missing Income 0.265 1.162(0.198)*** 1.237(0.220)***
Male 0.470 0.145(0.048)*** 0.155(0.054)***
Child at Home 0.262 0.121(0.052)** 0.120(0.063)*
Wales 0.099 0.059(0.093) 0.077(0.108)
Water User 0.850 0.716(0.217)*** 0.685(0.201)***
Pollution Control 0.859 0.826(0.216)*** 0.796(0.199)***
P_Con. X Water User 0.730 -0.638(0.230)*** -0.581(0.217)***
Env. Club Member 0.271 0.228(0.053)*** 0.230(0.063)***
Understood 0.865 0.298(0.086)*** 0.284(0.084)***

Under X Not Concentrate 0.051

-0.219(0.113)*

-0.209(0.124)*

PC X Edu_High 0.197 0.440(0.093)*** 0.399(0.074)***
PC X Edu_Med 0.194 0.196(0.090)** 0.193(0.071)***
o 1.121(0.019)**  1.048(0.018)***

oy 0.885(0.027)***  0.791(0.026)***
A 0.715(0.019)***  0.706(0.018)***
P 0.605 0.556
Observations 2778 2778 2778 2778

Log Likelihood -5276.3 -5121.2 -5101.1 -4983.4

Pseudo R 0.022 0.051 0.055 0.076

Notes:a Results are weighted for age, sex and region basethe 2001 UK Census. Further details on theghtsi used are

available from the authors on requesb Models 1 and 2 are interval censored regressioith wo assumed within-person
correlation; Models 3 and 4 are interval censoregjressions which do allow for within person cortiela. The left hand side for
each model is the pair {lyl,ly2},where lyl is tlog lof one plus the lower bound of WTP and ly2 ésltly of one plus the upper
bound of WTP.c Standard errors are robust, calculated using theber-White estimator [White, 1980§; Stars indicate p-value

for 2-side ttest:* p <0.10, ** p < 0.05 ** p <0.01.

Models CV2 and CV4 in Table 3.3 include the samepscand treatment
variables as Models CV1 and Model CV3 plus a nuntbeespondent covariates. The

first thing to note about these results is thatatdition of these new variables does not
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change the signs of any of the experiment treatmarntbles. The most noticeable
changes are in the magnitude of fhayment Cardindicator which has jumped up
substantially (for reasons noted below) and inltbg % Changevariable which has
fallen about 25% in magnitude and lost some sigaiifce (although it is still significant
at the p < .05 level in Model CV2, and on the tleioally suggested one-sided test in
Model CV4). The addition of the 14 respondentteglacovariates results in a large

improvement in the log likelihood that is signifitaat the p < .01 level.

The signs and magnitudes of the coefficients in &lo€CV2 and CV4 are quite
similar so we will discuss them jointly. The firstsspondent covariate considered is
income. Since some of the sample refused to prawiceme information (27%), as is
typical in surveys, we include two variables to rlothe income effect. The firdtpg
Income is equal to the log of household income (E/wdek)those that answered the
income question and equal to zero otherwise. Hw®rgl is an indicator variable,
Missing Incomgequal to one if income was not recorded for #spondent, and equal
to zero otherwise. In combination, the coefficienLog Incomecan be interpreted as
the income elasticity of WTP for those that answetige income question, and the
coefficient onMissing Incomecan be interpreted as the mean income effect axfeth
who did not provide their income. The magnitudehs income elasticity of WTP is
.28 in both Models CV3 and CV4 and significantfa p < .01 level. This elasticity
tends to be smaller than its ordinary income edagtof demand for theoretical reasons
[Flores and Carson, 1997] and because measuremenireincome tends to attenuate

the coefficient toward zero.

Females tend to give lower WTP estimates (p < v@iiirh is to some degree

offset by those with children at home tending teeghigher WTP estimates (p < .05 in
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Model CV2 and p < .10 in Model CV4). Lastly, witespect to demographic variables
residents of Wales are WTP slightly more than thafsEngland but this effect is not
statistically significant at conventional levelsggesting that responses from England

and Wales can be combined.

As expected, water users are WTP substantially rfpre .01) than those who
don’'t use water under our broad definition of usimgter outdoors in England and
Wales in the previous year. Likewise those who espa pro-environmental view with
respect to pollution control are WTP substantiatigre (p < .01) than those who did
not. An interaction betweerPollution Control and Water Useris negative and
significant (p < .01) in both models. This term gests that while the joint effect of
these different variables is positive, it is sulohtide. Finally, being a member of an
environmental club or organization (broadly definedassociated with a moderate size

increase in WTP which is significant at the p <|&\del.

Two variables related to interviewer assessmerthefrespondent during the
interview are included. The first of these is adicator of whether the respondent was
seen as having understood the valuation quesfldnse rated as understanding (86.5%
of respondents) are WTP more than those who didmet.01). The other variable is
an interaction of the understood indicator with itierviewer rating the respondent as
not concentrating. The 4.8% of respondents claskifas understanding but not
concentrating are willing to pay less (about theeas those not understanding) with
this effect being significant at p < .1 in both neted This pair of variables worked
better than inclusion of both understanding andceantration indicators because of the

high correlation between them.
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The final pair of variables in the model is a skinteractions betweeRayment
Card and indicators for the middle and high educatiovugs in our sample. The high
education interaction is large, offsetting almosif lof the negative payment card
coefficient, and highly significant (p < .01). Thmteraction of the middle education
group with thePayment Cardndicator is substantially smaller and is lessigigant (p
< .10 in Model CV2 and p < .05 in Model CV4). Thevere two somewhat surprising
aspects of these two interaction terms. At firstimeduded indicators for the middle and
high education groups in our original modelling oeff and they were significant
predictors of WTP. We then added a number of iotemas of the respondent covariates
with the Payment Cardndicator. Only two of the education interactidosned out to
be strong predictors and when they were includeel,indictors for high and medium
education levels were no long significant on theim. This suggest that those with
different education levels may be responding défifitly to a payment card with the

response of higher education levels being muctechasthat of the DCCV treatment.

Table 3.4 presents estimates of median and mean WénP model CV3, our
preferred model since it only includes the expentakdesign variables and accounts
for the within respondent correlation), by questigpe and order. The estimates are
obtained as follows. First, the predicted valuelrgl+WTP) is calculated for each
member of the sample, conditional on the treatrpentaining to the cell shown in the
table. For example, for the PCCV WTP valygsycardis set equal to 1; for the DCCV
WTP values it is set equal to zero, etc. Forralividuals the predicted value is also
calculated as if they were shown the “95% scenaridedian WTP is then calculated
as expg)-1, whereu is the sample average of predicted In(1+WTP); medn WTP is

calculated as exp(+0.5¢°+ 0%))-1, wheres?, ands? are as shown in Table 3.3.
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Mean PCCV WTP is either £50.5 or £72.9, and mea¥ & either £106.5 or
£128.9 depending on the order of elicitation questiasked. The difference between
PCCV is greatest when the PCCV question comesdirdtsmallest when both PCCV
and DCCV questions are preceded by the DCE. Auuseimparison can be drawn
between DCCV estimates from the model, and thosedan the Turnbull non-
parametric method [Turnbull, 1976], which calcutatelower bound on mean WTP by
assuming all the density for each set of intensesvations is at the lower bound of the
interval. This effectively assumes the most coresére distribution that is consistent
with the observed choices. For our data the Tutnbwer bound on mean WTP is
£127.4 when the DCCV question is asked first am@b£l when the DCCV question is
not asked first. These estimates are approxim#telgame as those shown in Table 3.4.
The reason why our model estimates are not higjizer the Turnbull estimates is due to
the fact that we have assumed a log normal distobu and have applied the
conservative assumption that none of our obserggpdondents who said “yes” would
have paid more than £350 for consistency. It mething of a coincidence that both of
these assumptions result in model estimates tlatlanost identical to the Turnbull
estimates. The comparison suggests, howeverthlb@CCV estimates shown in Table
3.4 can be considered conservative. Higher estsradtmean WTP can be derived from
the DCCV data with reasonable alternative assumgti®ne of the contributions of this
work is to bring the two approaches together ingle estimated model with the same

set of assumptions imposed on both.
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Table 3.4: CV WTP Estimates for Benchmark 95% Scen#o, By Question Type
and Order

. PCCV WTP £/hh/yraP-cd DCCV WTP £/hh/yr&P-cd
Question Order
Median Mean 95% C.I. Median Mean 95% C.I.
PCCV First 26.0 50.5  (47.4,53.6) 55.3 106.5 (1a@®)1
DCCV First 37.7 72.9 (68.4, 77.4) 67.0 128.9 (128.88
DCE First 37.7 72.9 (68.4, 77.4) 67.0 128.9 (125.88

Notes: * Median WTP is calculated as exf)?{ and mean WTP is calculated as exp$R.5(c%+ ¢%))-1. a Figures are calculated
based on improvements from current (2007) watefrenment status levels, as presented in Table t8.B5% High quality in
Local and National areas by 2015, with the remaimateMedium quality. No further improvement occheyond this dateb WTP
results are based on CV Model 3 coefficients prieskim Table 3.3.c Estimates are based on £(July 200@)Results are weighted
for age, sex and region based on the 2001 UK Cens$usther details on the weights used are ava#afstbm the authors on

request.

3.5.2 Discrete Choice Experiment Estimates

Table 3.5 presents DCE results estimation reswoitstife two models described in
section 3.4 above. Model DCEL1 includes no covar&dtects, except for a treatment
effect to control for whether or not the PCCV qumstwas asked before or after the
DCE. The model is a reasonably good fit for theadarhe (McFadden) pseudd-R

0.18, and coefficients all of the expected sign stadistically significant at least at the
5% level. The attributedighL8, HighN8 andHigh20 enter positively, antiowL8 and

LowN8enter negatively, as expected. FurthermGuestis also negative and significant

at p<.01.

Both models are linear in environmental improvemeattributes. This
functional form implies that the value of improviagvater body depends on its current
status and the status following the improvement,nmi on the status of surrounding
water bodies or the state of the national waterrenment generally. Non-linear forms
were tested which allowed for, and found, dimimghmarginal utility with respect to
water environmental improvement, but these modglsndt significantly outperform

the linear model in a statistical sense, and saitheler linear model was adopted.
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With respect to the nature and location of envirental improvements, the
results imply that respondents prefer percentaget pmprovements from Medium to
High quality over percentage point improvementsniroow to Medium quality (since
the coefficients orHighL8 and HighN8 are greater, in absolute value terms, than the
coefficients onLowL8 and LowNS8, respectively). Additionally, respondents prefer a
percentage improvement in the National environmemire than a percentage
improvement in their Local area (the coefficientsHighN8 andLowN8are greater, in
absolute value terms, than the coefficientdHighL8 andLowL38, respectively). With
regard to the latter finding, however, the sizeoraif National to Local areas is
approximately 20:1, and so the coefficientsHighL8 andLowL8 should be multiplied
by 20 to draw a comparison with the coefficientsHighN8 andLowN8in equivalent
spatial terms. |If this is done, local improvemeats seen to be valued very much
higher than non-local improvements. Thus, the ltesshow that the typical person
values local improvements substantially more tham-local improvements per hectare,

which is as expected.

The Status Quo(SQ) indicator variable enters Model DCE1 with a negativ
coefficient, indicating that people would preferiarprovement alternative to the status
quo after taking account the utility effects of thessociated environmental
improvements. Thus, rather than the more commaitdyl “status quo bias”, we find a
general reluctance to stick with the status qube VariableSQ X PC Firstenters the
model positively, however, and with a coefficieri%8 the size of th&Status Quo
coefficient. This implies that th8Q effect is almost wiped out if PCCV was the first
elicitation question asked. That is, respondergsvaore likely to choose the status quo

if the PCCV question had already been asked, thathad not.
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Table 3.5: DCE Estimation Results

Variable Mean? DCEL* beE2"
Coef Std Err®® Coef Std Err®d
HighL8 0.340 0.915 (0.100)*** 0.934 (0.102)***
LowL8 0.346 -0.615 (0.123)*** -0.658 (0.121)***
HighN8 0.399 1.128  (0.110)*** 1.151 (0.111)***
LowN8 0.293 -0.918 (0.171)*** -0.944  (0.171)***
High20 0.605 0.423 (0.189)** 0.439 (0.186)**
Status Quo (SQ) 0.333 -0.364 (0.180)** 3.361 (0.560)%**
SQ X PC Question First 0.163 0.311 (0.130)** 0.331 (0.134)**
SQ X Log Income 1.442 -0.459 (0.091)***
SQ X Missing Income 0.088 -2.208 (0.528)***
SQ X Water User 0.283 -0.590 (0.168)***
SQ X Pollution Control 0.286 -0.681 (0.164)***
SQ X Edu_High 0.131 -0.573  (0.159)***
Cost (E/hhlyr) 0.398 -1.185  (0.048)*** -1.474  (0.082)***
Cost X Male 0.188 0.201 (0.095)**
Cost X Edu_High 0.158 0.203 (0.098)**
Cost X Wales 0.041 0.595 (0.131)***
Observations 29169 29169
Log Likelihood -8769.83 -8440.64
Pseudo-R 0.18 0.21

Notes:a Results are weighted for age, sex and region basethe 2001 UK Census. Further details on theghtsi used are
available from the authors on requedt. The model is conditional logit; dependent varialdechoice, a dummy equal to 1 if the
option was choserg Standard errors are robust, calculated allowing ¥athin-person correlationg Stars indicate p-value for 2-
side ttest* p <0.10, ** p <0.05 *** p < 0.01.

The coefficients on the scope and treatment vasalsh model DCE2 are
gualitatively the same, and quantitatively almafntical, to those found for model
DCE1. The only substantial differences are for $tegus QuaandCostvariables, and
this is because these variables enter with intera¢erms in DCE2. The interactions
with SQ all enter negatively, and indicate that peopleemeore likely to choose an
improvement alternative if they had high incomegravwater users, held attitudes
supporting pollution control efforts, and had ahag level of education. All these
findings are consistent with expectation and sosaggoortive of the construct validity

of the survey. The interactions witostindicate that, all else equal, men are willing to
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pay more than women for environmental improvemethisse with a higher level of
education are willing to pay more than others, e living in Wales are willing to

pay more than those living in England.

Table 3.6 shows marginal WTP figures for each eféhvironmental attributes,
and corresponding WTP for the benchmark 95% scenrayi question order. The
‘parameter’ column in this table introduces ternhogy that we refer to in subsequent
text. The term} s0uignis » fOr illustration, is the product efff,, - the estimated
marginal WTP, derived from the DCE model, for chesh@n theHighL8 variable — and
Apignis — the change in thidighL8 variable. This change is also referred toajian the

column headings to the right of the ‘parameteruomh.

As anticipated, given the literature on DCE-CV camgons [e.g. Cameron et
al., 2002; Foster and Mourato, 2003; Hanley et1&8l98], the estimated values from our
DCE model for the 95% scenario are substantialty significantly (p<.01) higher than
those from the PCCV model and the DCCV model forgakstion orders, based on

two-sided t-tests.
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Table 3.6: DCE WTP Estimates for Marginal Changesn Variables, and for
Benchmark 95% Scenario

Marginal Effect (Ax=1%) "95% Scenario"?
Parameter
WTP (£/hh/yr)®*® AE WTP (£/hh/yr)P°

ShianLeDrighLs 0.77 (0.6, 0.95) 86.0% 66.4 (51.3, 81.5)
SPCE AL owis -0.52 (-0.72,-0.32) -58.6% 30.4 (185, 42.3)
shianneBuighng 0.95 (0.76, 1.14) 80.0% 76.2 (60.8, 91.6)
SPSE e Lowns -0.77  (-1.07,-0.48) -44.0% 341  (21.3,46.9)
SHian20DHigh20 0.36  (0.05,0.67) 86.0% 30.7 (3.9, 57.5)
ssp " Asq -1 30.7 (1, 60.4)
S56.pc Firstdsq_pc First -1 -26.2  (-47.8,-4.7)
TOTAL WTP (PCCV first) 242.3 (216.5, 268.1)
TOTAL WTP (DCE or DCCV first) 268.5 (241.8,295.3)

Notes:a Under the “95% scenario”, 95% Local and Nationalea is brought to High quality by 2015, with then@nder at
Medium quality. No further improvement occurs lmelthis date.b WTP results are based on DCE Model 1 coefficiprasented
in Table 3.5;c Estimates are based on £(July 200@)Based on improvements from current (2007) wateirenment status levels,

as presented in Table 3.1.

3.5.3 Scaled WTP Estimates

We derive Low (PCCV)-scaled and High (DCCV)-scaledues for percentage point
changes in Local High and Low quality, and Natiokigh and Low quality, by

applying the formula below:

sCV

SCV — DCE 5

k0 k8 y DCE 795% 8
X °x8 X8

In this expressiorsfy is CV-scaled WTP for an instantaneous 1% changini@nsion

k € {HighL, LowL, HighN, LowN}; sf<is the corresponding DCE estimate from Table
3.6, measuring the value of an eight-year improvdrpath to an ultimate 1% change,
s is the CV estimate of WTP for the 95% scenario,deswn from Table 3.4;
Y. SPEEAYS® is the sum of the marginal DCE WTP estimates HighL8, LowL§
HighN8 and LowN8 multiplied by the corresponding changes in theegables under

the 95% scenario, as drawn from Table 3.6. Tha fierm in the expressiofi, is the
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discount factor necessary to equate the value @-g@ar improvement path with an

instantaneous change, i&.= %2?:1(1 + r)~¢, for discount rate.

The formula embeds a crucial step, which is tottthasrs® parameters as

representing relative values bfighL, LowL, HighN and LowN, into which the 95%
scenario can be exhaustively decomposed. That &pplying the formula we interpret
the deriveds{y values as estimates of WTP for a 1% improvemernth&k™ value

dimension with no deterioration thereafter. THispsis innocuous if one is willing to

impose, as is the case here, an exogenous disatent Thes) values are consistent

with the 95% scenario CV values, in the sensedRaE,, s¢yALS» = sCV.

Based on the expression above, Table 3.7 pres&®/Rcaled and DCCV-
scaled values for percentage improvements in Laétigh and Low quality, and
National High and Low quality, for two discount @aissumptions, 3.5% - the “Green
Book” rate used for UK public policy, and 7.0%. eTfigures for Low (PCCV)-scaled
values are derived using”=£50.5 per household per year, the lower of the YCC
estimates for the 95% scenario, which correspoodbd PCCV question having been
asked first. For High (DCCV)-scaled valug§’= £128.9 per household per year,
which is the higher of the DCCV estimates corresiyogto the DCCV question having
been asked first. We use the furthest apart ewsrfaom each elicitation method in
order to capture the full range of possible val@#ough we note that the range of
values reported could be justifiably extended toorporate sampling variation, as

measured by the 95% confidence intervals reporntddable 3.4.
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Table 3.7: Scaled WTP Estimates for Marginal Changgin Current Status

Low (PCCV)-Scaled WTP (£/hh/yr} High (DCCV)-Scaled WTP (£/hh/yr}f

Parameter d.r.=3.5% d.r.=7.0% d.r.=3.5% d.r.=7.0%

ShighLo 0.16 0.14 0.41 0.36
SEawro -0.11 -0.09 -0.28 -0.24
SHighNo 0.20 0.17 0.51 0.44
SEawno -0.16 -0.14 -0.41 -0.36

Notes:a Estimates derived as discussed in the text gidper, based on £(July 2007).

The estimates presented in Table 3.7 allow valnatib programs of water
environment improvements as a function of the gaglgc scale of the improvements,
the extent of population around the area improwaed, the change in quality afforded
by the improvements. The final step in our analyisi now to derive the inverted
valuation function so that instead of measuring Wadue of national policies to
households it measures the value of individualtoaent and water body improvements
as a function of the size of the area improved,gih@itative scope of improvement -
Low to Medium, Medium to High or Low to High - artkde density of the population

surrounding the area improved.

Table 3.8 presents the inverted function, which esakse of the{! parameters
presented in Table 3.7, plus two additional paramep andg. The parametep is a
local scalar equal to the population living wittd@ miles of the water body in question
divided by 1% of the area of a 30mile radius circl®imilarly, g is a national scalar
equal to the national population, divided by 1%ttt area of the country, including

coastal areas.
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Table 3.8: Water Body Valuation Function

Qualitative Scope of Improvement WTP (E/krflyr)?

Low Quality to Medium Quality —(Pstywio + ASfawno)
Medium Quality to High Quality (PSiitgnio + aShilgno)
Low Quality to High Quality —(Pstowro + SLowno) + (psls‘i/ghLO + qslgli/ghNO)

Notes:a p = (1/73.23)*(No. households within 30miles.) B(¥3.23=1% of a 30mile radius circle, measured ir;kq=(No.
households in nation/National area (including cadsirea, in km2)/100). For England and Wales, q:8B3;s5¢ parameters to
be drawn from Table 3.7

Making use of the valuation function in Table 3e®juires the use of GIS to
obtain local population data for each water bodg. an example, the average value of
an improvement from low to medium quality in thelVi&y-Tweed river basin district -
the lowest density district in England and Wale$s-£2,870 per ki for the low
(PCCV)-scaled estimate and £7,321 per Kar the high (DCCV)-scaled estimate. A
similar improvement in the Thames river basin distr the highest density district in
England and Wales — is valued at £8,911 pef fanthe low (PCCV)-scaled estimate
and £22,802 for the high (DCCV)-scaled estimatdhesSE examples demonstrate the

importance of local population to the values olsdin

3.6 Discussion of Treatment Effects

The effects of question type and order have beanddo be both economically and
statistically significant in this study, althoudietbounds they form are still likely to be
useful for many policy purposes. The value of tenchmark 95% scenario, for
example, was found to vary from £50.5 to £72.9hpmrsehold per year via the PCCV
responses, from £106.5 to £128.9 per householggservia the DCCV responses, and
from £242.3 to £268.5 via the DCE responses. Allddithese values are significantly

different from one another (p<.01).

90



Comparing across CV questions, the finding that DG@lues are higher than
PCCV values is consistent with many previous figdifiVenkatachalam, 2004; Welsh
and Poe, 1998]. From a strategic behavioural petsfe [Carson and Groves, 2007],
the PCCV method is considered less robust thalD€V method because it allows
respondents more discretion to attempt to bringualtioe result they most want by
giving answers that do not truthfully reflect thactual valuations. Under reasonable
assumptions, this leads the PCCV approach to resulownwardly biased estimates.
The DCCV approach, by contrast, is argued to bepativie with truth-telling due to
the ‘take-it-or-leave-it’ nature of the questiompyided that a stringent set of auxiliary
conditions are met. Analysis of DCCV responses isremsensitive, however, to
distributional assumptions and outliers. Furthenne cognitive psychologists have
argued that the DCCV method may signal a valuetlier good, which “anchors”
respondents’ perceptions of what they would beinglto pay when unsure of their true
valuations. Open-end approaches like the PCC\itadien method are thought to be
less susceptible to this sort of anchoring effemtanse respondents select their own
WTP amount [Green et al., 1998; Jacowitz and Kalamerh995; Johnson and Schkade,
1989]. (Although it should be noted that earlieggestions were made that the
particular range of amounts shown in the PCCV qgoestan influence respondent
answers.) Since these two perspectives have mteffsetting issues, the DCCV and
PCCV approaches were both used to allow us to attim reasonable range of WTP

for benchmark WFD implementation programs.

We also find that values are sensitive to the omdevhich the questions were
asked, a result that is also consistent with maeyipus studies [e.g. Bateman et al.,
2008] and behaviour in actual markets. In thegmesase, DCCV WTP is found to be

higher if the DCCV question came first, and PCCV RVIiE found to be lower if the
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PCCV question came first. From the strategic behasl perspective, the first

scenario presented has special status since oal¥firgt scenario is free from the

influence of prior scenarios. In contrast, varidyses of (non-strategic) hypothesized
learning [e.g., Braga and Starmer, 2005; Plott,6]1291ggest that answers to later
questions are likely to be more reliable than amswe earlier questions. In the present
analysis we have not attempted to distinguish betwihe strategic and anchoring
hypotheses, instead we have simply controlled lier drder effects and reported the

range of estimates we obtained.

3.7 Concluding Remarks

The research presented here on WTP for potentitdrveaality changes meets a new
substantive policy need in England and Wales. Resare based on a carefully
designed and well tested stated preference suhaywtas implemented using a large
in-person sample. The principal goal of the studyswo develop a robust statistical
valuation function capable of providing benefitdiraates for national and regional
programs of water quality improvements to meet tbgquirements of the Water
Framework Directive (WFD), and to support the depetent of these programs by
guantifying household’s priorities with respectthe@ location of improvements and the
types of improvements to be made. The resultsesigbgat households in England and
Wales value local improvements much higher thaionat improvements per Knof
catchment, lake or coastal water improved, as eéggdeand value improvements from
Medium quality (Poor/Moderate ecological status) kbogh quality (Good/High
ecological status) substantially more than improsetsm from Low quality (Bad
ecological status) to Medium quality (Poor/Moderatmlogical status). Regionally
averaged values for WFD improvements are foundaty from £2,263 to £39,168 per

km?improved depending on where the improvement is mtueecological scope of
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the improvement, and the source of the valuatidmese from within the range of

treatments modelled.

The results are limited in three important ways:stfy, the decision to focus on
programs of improvements rather than on individuajpecified improvements meant
that no information was given to respondents raggrdvhich areas were to be
improved except insofar as they were to be madkerocal area, i.e. within 30 miles,
or elsewhere. It is not hard to imagine that thege of values for individual water
body improvements is likely to be substantial witkhiese broad categories. For broad
enough programs, errors in the values attributeidividual improvements are likely
to cancel each other out. Considerable care shwmeilthken, however, if using these
results to make valuation estimates for one-offrmmpments. A second limitation of
the results is that they only provide values fardat ranges of improvement. It is not
strictly possible, for example, to use the restdtyalue an improvement from Poor to
Moderate ecological status because both statugarége are embedded within the
Medium quality level. For some purposes, this nbaya significant restriction on
applicability. The final limitation of the results that the range of estimates reported
with respect to elicitation treatments may be tomlewfor some policy purposes.
Narrowing this range is likely to require takingtance on the most preferred elicitation

method and question ordering.

Despite these limitations, initial benefits estisgbbtained from this study (as
presented in the project’s technical report NERA&w, 2007) have already been
successfully used in several applications, andlikety to continue to find further
policy uses in the years to come. The first ajpplon of the initial results was to

contribute benefits estimates to a national imgasessment of the WFD in England
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and Wales [DEFRA, 2008]. Following on from thiketresults were used to support
the development of, and appraise, all 11 regioraemRBasin Management Plans in
England and Wales. (Reports are available at wanvirenment-agency.gov.uk/wfd.)
Additionally, the initial results were applied tioet appraisal of water utility investment
programs in support of the 2009 water price reviengland and Wales. The results
presented in this paper, which have been reviseck ghe initial policy applications,
might usefully be applied in future to the secorithge of River Basin Management
Plans in 2015, and to the 2014 water company pegew in England and Wales.
Finally, with suitable adaptation the results wosédve as a cross-check on the values

of water quality improvement programs in other does.
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4 Willingness to Pay to Avoid Drought Water Use
Restrictions

Abstract

Estimates of the value of avoiding drought watee wsstrictions are important for
appraisals of water utility investments to enhaseevice reliability, as inputs into
regulatory incentive schemes for water utility pemiance, and in operational decisions
during a drought period where there is a need lanba the costs of early less severe
restrictions against the value of water saved. iWestigate the value of avoiding
drought water use restrictions in London, UK, byameof a stated preference survey of
households and businesses that sought to meadllirgnéass to pay for reductions in
the chances, duration and severity of future @gins. Results from the model are
applied to a practical context: a planning inquoyncerning a desalination plant in East
London. Based in part on the estimates derived,libe plant was approved and built,

and began operating in June 2010.
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4.1 Introduction

Estimates of the value of avoiding drought water igstrictions are useful in a range of
planning and decision contexts, including whendamgestments are being appraised
that aim to improve water supply resilience to dfatuinduced shortage. Contexts for
such appraisals include internal business plannjadicial reviews of land-use
applications for supply augmentation projects, seegllatory reviews of business plans
for price setting purposes. Estimates are alsaabdé as inputs into the design of
performance incentive schemes for regulated @diti This is because an optimal
incentive scheme will be calibrated so as to rewarghunish the regulated entity in
proportion to the welfare consequences of its serigevels. Additionally, estimates of
the relative costs of restrictions of varying degreof severity are useful in an
operational context during a drought where ther@ meed to balance the costs of early

less severe restrictions against the value of veateed.

A variety of methods are available to obtain thingates needed, although they
are not equally applicable across these decisiotegts. Estimates may be obtained
from realised costs attributable to drought restms [Ding, Hayes and Widhalm,
2010], from revealed preference methods such asaw@nfunctions estimated over
periods that include drought restrictions [e.g. Wd894; Roibas, Garcia-Vahs and
Wall, 2007; Grafton and Ward, 2008], or via statgeference (SP) surveys that
measure willingness to pay (WTP) for improved reste to future droughts or
willingness to accept (WTA) for lower resiliencedeHowe et al., 1994; Griffin and

Mijelde, 2000; Hensher, Shore and Train, 2006].

In this paper, we investigate the value of redudimg risks of future drought

water use restrictions in London, UK. The primabjective for this valuation was to
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appraise the benefits of a proposed desalinatiant ph East London — the Beckton
plant — which would have a substantial impact aadhances of needing restrictions in
future. A secondary aim was that the results cailgd be used to inform future water
resource investment appraisals. Given that the meggnt severe drought in London
prior to 2006 occurred in 1975/76, and that theamiyj of properties in London are

charged for water on an unmeasured basis, an 8 wias the only feasible means of

obtaining the estimates needed.

Specifically, we apply the discrete choice expenm@®CE) method [Louviere,
Hensher and Swait, 2000; Bennett and Blamey, 2@abtain preference measures for
London households and businesses. In a DCE, rdeptsanswer a series of choice
questions involving two or more alternatives, whdree characteristics of the
alternatives are experimentally varied so as toigeoa rich source of data with which
to estimate a valuation model. Such a model mékegssible to obtain estimates of
WTP at all the relevant margins pertaining to deaismaking in regulatory and
operational contexts. A disadvantage of the tepliin comparison with the more
established contingent valuation (CV) method, it tih rests on the assumption that
respondents treat each successive question asaqiito an independent referendum,
and do not carry over beliefs concerning the amsinost likely outcome, from previous
choice scenarios [Carson and Groves, 2007]. Thigeld empirical work on this topic
has been unsupportive of this assumption [McNagnritt and Hensher, 2011]. We
therefore pay attention to the validity of our fimgs by carrying out and reporting on a

suite of validity tests.

The remainder of the paper is structured as followssection 4.2, we review

the literature concerned with willingness to paytid drought water use restrictions.
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We then outline a model for incorporating welfastiraates of avoided restrictions into
water resource asset optimisation in section &&ction 4.4 discusses the survey design
and administration, and data characteristics. i@eet.5 describes our econometric
modelling methodology. Section 4.6 presents esiomaesults; section 4.7 reports on
our appraisal of the validity of these results;tieec 4.8 applies the results to an
appraisal of the benefits attributable to the Bewckplant, as conducted in 2006; and

section 4.9 draws conclusions.

4.2 Survey of the Literature

A range of studies have investigated WTP to avoadight water use restrictions using
SP methods. These include CV studies and DCEestudihe results display a wide
array of values, as might be expected given theetyaof experiences with restrictions
around the world, the variety of scenarios beingl#ated and the range of incomes of
the surveyed populations. In the following, weiegvthe key results from each study,

grouped by method.

4.2.1 Contingent valuation studies

Using the CV method, Soto Montes de Oca and Batef2@@6), a Mexican study,
valued two scenarios each comprising a packagesks$ to interruptions and also
variations in water quality and pressure. A “man@nce” scenario, in which expected
deteriorations to service would be avoided, wasie@lby households, on average, at
241 pesos (2001 pesos), equivalent to 164% of dneerat bill.  An “improvement”
scenario, which avoided the deteriorations andidesome improvements, was valued
on average at 290 pesos, or 197% of the curreint Bénius and Tsagarakis (2006), a
Greek study, included only one scenario — the eltmon of all restrictions — and

obtained an average value for this of €55.6 pesabald per year.
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In each of the above cases, a lack of detailedrnmdtion on marginal values
with respect to the severity and duration of th&trretions would preclude a detailed
comparison of asset strategies. One way of ovargpthe CV method’s limitation in
respect of the number of scenarios that can beedlalsl to implement multiple split-
sample versions of the survey instrument whereacedttributes of the scenario are
experimentally varied. This approach was adoptedChrson and Mitchell (1987),
which used four versions of a CV survey of Califamhouseholds to obtain WTP for
four improvement scenarios. The median valuesl@B7 $) ranged from $83 per
household per year to avoid the mildest set ofrictisins (a 10%-15% shortage once
every five years) to $258 per household per yeawtod the most severe restrictions (a
30%-35% shortage and a 10%-15% shortage everyéaes). In a similar study, Koss
and Khawaja (2001) used seven versions of a CVeguo¥ Californian households to
obtain WTP for 14 improvement scenarios. The medues in this case (in 1993 $)
included a WTP of $144 per household per year tmdaa 10% shortage once every
five years, and a WTP of $193 per household per teavoid a 40% shortage once
every ten years. Griffin and Mjelde (2000) alskembtwo questions of each respondent
— WTP to avoid a current shortage, and WTP to redhe risks of future shortages, but
implemented multiple versions of the survey insteainin order to explore how values
varied in response to changes in the frequencyerggvand duration of restrictions
across scenarios. Their results showed that regmbs in seven Texan cities were
willing to pay, on average, $25.34-$34.39 (in 1$) %o avoid a current restriction on
water consumption, depending on the extent of thertage (10%-30%) and the
duration of the restriction (14-28) days. Theyodisund that respondents were willing

to pay, on average, $9.76/month (or 25.6 per céntheir bill) to improve future
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reliability levels, a value that the authors argaidigher than one should expect given

the results on WTP to avoid a current restriction.

Howe et al. (1994) applied a variant of the CV roetin a survey addressed to
households in three US towns: Boulder, Aurora aodgmont. Each survey included
four valuation questions and so was able to ol#aimmates for marginal improvements
from each respondent. The survey focused on the @& the chance of a “standard
annual shortage event” (SASE) corresponding taicésins on outdoor water use for a
period of three months. The survey asked eagioneent four choices to obtain two
measures of WTA, for differing sized increases he thances of a SASE and two
measures of WTP for reductions in the chances &ASE. No information was
obtained on the marginal costs of duration or #neesty of the restrictions, however,
and so the resulting valuation function was limitetdhe extent to which it could inform
detailed comparisons of asset strategies. Resbtewed that households were willing
to pay between $1.01 per household per month,rfom@rovement in the chances of a
SASE from 1/300 to 1/1000, and $1.95 per housepeldmonth for an improvement
from 1/10 to 1/60 to service reliability. (Diffexebaselines corresponded to different

locations of the household).

4.2.2 Discrete choice experiment studies

A smaller number of studies have adopted the DGQiEaaeh to the valuation of water
service reliability: two in Australia [Blamey, Gad and Chapman, 1999; Hensher,
Shore and Train, 2006]; and two in the UK [Willis &., 2002; Willis, Scarpa and
Acutt, 2005]. Hensher, Shore and Train (2006hésdnly DCE to date designed purely
with the aim of obtaining measures of WTP for redgcthe risks of water use

restrictions. In this study, 211 households an8l BOsinesses completed a DCE with
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attributes including:the frequency with which drought water restrictiooan be
expected to occur {‘once per year’, ‘once everyeang’, ‘once every 10 years’ and
‘virtually none’}; the duration that water resttiiens can be expected to last {‘all year’,
‘all summer’,’1 month in summer’ and ‘no restrigt®}; the types of days that water
restrictions apply { ‘every day’, ‘on alternate dayand ‘no restrictions’; and the level
of water restrictions {six levels based on the riesbn process adopted in the
Australian Capital Territory}. This set of attrites and levels allowed for a very
flexible valuation model for use in water resounceestment planning. For example,
the model showed that households were willing tp gra average AUS $ 11.95 (2003
AUS $) for a reduction in frequency from once eveny years to once every 20 years
of “restrictions that matter”, i.e. those that applery day, last all year and are stage 3
or higher, where stage 3 implies “use of sprinkieos permitted, but hand held hoses
and buckets in the morning and evening are alloweBurthermore, residents were
predicted to be willing to pay, on average, AUS$38® have severe restrictions (level
3 or above) in place for a limited period or ndtrather than all year given that the

frequency of restrictions is once in every ten gear

Two of the remaining studies used the DCE to expthe wider environmental
impacts of water supply enhancement strategie$ierathan just their effects on
restrictions. Blamey, Gordon and Chapman (1998pnte on a DCE study completed
in Canberra, Australia, the aim of which was toestgate residents’ preferences
between alternative options for their water suppKdlternatives varied according to
their cost, use restrictions and environmental ictgpaThe results suggest that residents
were willing to pay AUS $10 (1997 AUS $), on averatp prevent a 10% reduction in
water use under the status quo supply option, wivimhld lead to a greater use of water

restrictions. Willis et al. (2002) surveyed 4121keholds in Sussex, UK, to investigate
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households’ preferences as between the environmemacts associated with
abstractions, water use restrictions and cost. fifldengs suggested that WTP to avoid
water use restrictions was small, and in fact &iadlly insignificant at the 5% level.
This finding may be partly due to the fact thatyoniinor restrictions were evaluated:

hosepipe bans, and interruptions of less than thags.

The final DCE study, Willis, Scarpa and Acutt (2D0bas designed to value 14
distinct attributes of water and wastewater serpicision, only one of which related
to the frequency of restrictions. The study sueeeyl000 households and 500
businesses in Yorkshire, UK, and found that, orraye, Yorkshire households were
willing to pay £3.20 per year and Yorkshire busseswere willing to pay £16.90 per
year to reduce the risk of experiencing a disrupagent of 2-3 months of no running
water on the premisédor a 250-year increase in the return period, égm one

occurrence in 500 years to one occurrence in 7asye

4.3 Optimal Investment in Water Supply Resilience to Dought

Water utilities manage the capacity of their supplgtems by building and maintaining
abstraction, treatment, storage and distributiopetads and by investing in leakage
reduction and active demand management practicel &8 metering or water
efficiency campaigning. The welfare consequencealbfthis expenditure depends
fundamentally on its effect on the system’s capigtib meet demand over the possible
range of rainfall scenarios. A high level of seevreliability for customers is achieved
when the system is able to cope with extended dhtsugithout the need for significant
restrictions. High levels of service are cleargsidable to customers, but come at the
cost of requiring more extensive supply investme@ptimal supply-demand planning

therefore involves making a trade off between tbsts of water shortages, including
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those costs borne by customers as a result of waeerestrictions, and the costs of

supply-demand investments.

Following Griffin and Mjelde (2000), we formaliséndse considerations as
follows. Let aggregate water demaiy,be an increasing function of aridigy, and let
aggregate water supplg, be a decreasing function af and an increasing function of
investment]. Over a certain segment of the distributiorapsupply is insufficient to
meet demand, which causes a welfare loss thafusaion of the size of the deficit.

Accordingly, we specify the welfare loss functidrtimet as

(0 if D,(a)< S
L(1.a) {L(Dt(at)ga(l,a[)) if D,(a,)> S

The loss function incorporates a deterministic @sn from water shortfall
into a usage restriction, and from this usage ict&n to a welfare loss. Thus, greater
shortages lead to more severe restrictions, whdrn lead to greater welfare losses.

We also assume that it is given as a present viaduét incorporates a discount factor.

Investment optimisation is based on minimising tresent value sum of
expected losses and investment costs, where tleetxion is over the random variable

a. Letfy(a) be the probability density of aridity; then exfestlosses at timieare
@ EL(a)=],L0.2)f(@)da

wherea! is the level of aridity for whiclb(a) = S(I, a).

The optimisation problem can then be stated as
3 mlin{' +Y L .at)ft(at)dat} -
t t
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The first order condition to this problem is
@ N0
@  1=X K5 )
t t

The left hand side of equation (4) is the margowat of investment. The right

hand side is its marginal benefit.

Appraisal of asset strategies within this framewttnks requires the following
inputs: (i) a measure of aridity that can serveaasinput into demand and supply
functions, and for which a probability distributiotan be reliably derived; (i) a
probability measure of expected supply shortages the range of aridity possibilities
as a function of the supply capabilities of theetssn operation; (iii) a function to
convert expected supply shortages into expectedarsof days of restrictions at each
level of severity; and (iv) a function to convexpected numbers of days of restrictions

at each level of severity into a monetary meastiveetfare loss.

The focus of this paper is on the estimation of. (iln section 4.7, we combine
our estimates of the cost of restrictions with daltdéained from Thames Water which

allows us to estimate the benefits to custometomdon of the Beckton plant.

4.4 Survey Design, Administration and Data

The survey was designed so as to be administersdparate household and business
samples using the phone-post-phone method. With rtiethod of administration,
respondents are recruited by telephone, then gestlkaof show material by post, fax or
email, and then re-contacted by telephone to camplee interview. The household
and business samples were randomly selected framé$ Water's customer database,

although larger businesses were oversampled irr ¢odenore precisely estimate total
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WTP. The recruitment interview screened out thad® were not responsible for
paying the water bill for the property, those whorked in the water sector or the

market research industry.

SHOWCARD Q
Summary of Water use restrictions

There are four levels of water restrictions — daekl would include the measures taker
in the lower level.

Level 1includes advertisements asking people to saverviater pressure will be
lowered slightly in some places.

Level 2includes Level 1 restrictions plus more advertiseta and a ban on the use of
sprinklers to water gardens.

Level 3includes Levels 1 and 2 restrictions, plus bans on
» the use of hosepipes for watering gardens

« water for parks, recreational and sports grounol§,cpurses and racecourses,
ornamental ponds and fountains

» car washes where water is not recycled

» operation of automatic flushing cisterns when bngd are unoccupied.

Level 4 restrictions are the most severe, and includihalmeasures in Levels 1, 2, and|3
plus:

14

» cutting-off the supply of water to households andibesses in rotation (for examplg
every second day) or cutting-off the supply of watehouseholds and businesses
completely.

» water could only be obtained from standpipes (f@meple from a single tap at a
hydrant on every block) or by local delivery of ted supplies for drinking.

e Many businesses would need to shut down temponatilie the restrictions are in
place.

» Emergency drought permits would also be soughtdmease the take of water from
the rivers. This could lead to further environna¢idlamage.

Figure 4.1: Show Card Describing Restriction Levels

The design of the residential and business surwas very similar. In each
case, the survey was based around a DCE contaitihghoice situations per

respondent, each requiring a choice between twacgealternatives. Prior to the DCE,
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respondents were given some background informatiohondon water supply issues,
and on the various levels of water restrictiong tgerate in London. The respondent

showcard describing these restrictions is reprodiaseFigure 4.1.

After some additional preliminaries, including arpkanation of the various
ways of interpreting the chances of an event, tkd&Degan with an example choice,

reproduced as Figure 4.2.

CHOICECARD X
Example

PACKAGE A PACKAGE B
In any year, the chance of Level 3 restrictions is: 1in10 1in40
When they are applied, Level 3 restrictions widit|éor: 3 months 9 months
In any year, t.he.chance of Level 4 restrictions is: 1in 40 1in 80
(Level 3 restrictions are always used first)
When they are applied, Level 4 restrictions widit|éor: 15 days 30 days
The total Water and Sewerage bill for the year el £300 £330

Figure 4.2: Example Choice Card

The choice of attributes was informed by discussianth focus groups of
household customers and in-depth interviews witkiress customers. The qualitative
research suggested that restrictions at LevelslRamere of little concern to customers.
Customers were more concerned about restrictionstesel 3, and much more
concerned about restrictions at Level 4. The Skegtgation therefore focused on the

risk of restrictions at Levels 3 and 4.

The ranges of attribute levels used in the DCEshoavn in Table 4.1. The table

shows, for each attribute, the set of levels fromch the design selected combinations
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to put to respondent in the DCE. The elementsaoche&olumn are thus unrelated to one
another. Attribute levels were selected to reftaorent and target levels of service and
were designed to allow for sufficient variation and these levels to allow for the
calculation of customers’ willingness to pay forethelevant security of supply
improvements that the Beckton plant would providehe bill levels were derived as
multiples of the customer’'s actual annual bill, ethiwas known from the sample

database.

Table 4.1: Attribute Levels Used in Choice Sets

Attribute Levels

Probability of Level 3 restrictions 1in 10 1in20 1in40 1in80 1in 1000
Duration of Level 3 restrictions 9 month 3 month  manth

Probability of Level 4 restrictions 1in20 1in40 1in80 1in250 1in 1000
Duration of Level 4 restrictions 90 days 30 days dags

Total water and sewerage bill for the ~ "=1.5*bill’ "=1.2*bill’ “=1.1*bill’ “=hbill’ "=0.9*b ill
year

Choice sets were generated by randomly samplingoroppairs, without
replacement, from the full factorial design, andigising a unique series of choices to
each respondent. As noted in Hensher, Shore aaid, T2006), this approach provides
for a greater amount of variation in the dataset aghole than a design replicated,
possibly in blocks, over the whole sample. Morepteere is Monte Carlo evidence
that suggests such designs often outperform fraatiéactorial designs of this kind
[Lusk and Norwood, 2005]. Choice pairs were rentowden all of the attributes from
one package were better than or equal to thosd&efother package. In addition,
combinations which were considered to be operafipnarealistic were also removed.

These included packages in which the probability.@fel 3 restrictions was less than
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the probability of Level 4 restrictions, and whehe duration of Level 3 restrictions

was less than the duration of Level 4 restrictions.

Following a pilot survey, fieldwork for the main rsey collected responses
from 302 London households and 152 London busigesgesulting sample statistics

for the business sample are given in Table 4.2.

Table 4.2: Business Sample Composition

Sample Population
Organisation size
< 10 employees 46.7% 85.1%
11 - 50 employees 27.3% 11.8%
51 - 200 employees 18.0% 2.4%
201+ employees 8.0% 0.7%
Industry sector
Agriculture, Forestry and Fishing 2% 0.3%
Mining and quarrying, energy, 8% 5 706
water supply and manufacturing
Construction 7% 5.6%
Dlstr_|but|on, hotels and catering, 2506 25 104
repair
Transport and Communication 5% 3.7%
Financial intermediation, real
estate renting & business 18% 41.0%
activities
Education and health 14% 5.8%
PubI.|c administration and 21% 12.9%
services

Source: Population data taken from National Statsstinter-departmental Business Register, as ditedational Statistics (Winter
2004/05), "Region in Figures (London)", ChapteiTaple 3.9, with data on business classificationsandon in March 2003.

4.5 Econometric Models

Responses to the DCE are analysed using the logilehiMcFadden, 1974]. The

utility that customer n obtains from service optioni is represented as

U, = Zk B, +ill  +&., wherex,i is the level of thek" attribute of alternative
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presented to customaer, fx is the parameter reflecting the relative imporearof
attributek on average for the populationijl ,; is the level of customers annual water
bill under alternative; y is the parameter reflecting the marginal utilifyimcome on
average for the population; ang; is a random error term. With this utility
formalisation and assuming the error term is lIre&xe value, the probability that a
respondenh will choose alternativg when offered alternativesandj, is given by the
logit formula:

ezkﬁkxnikﬂbi" ni

Prot{ehoicg =i 1,u, X,z Xuc billy)= @i Aol % Boxchibily

Thep andy coefficients in this model are estimated by maximiikelihood.

4.6 Estimation Results

4.6.1 Households

Table 4.3 presents our preferred model for housetwstomers. This model represents
utility as a linear function othe expected number of days of restrictiahgach level,
plus a linear income effect that varies for diffarencome groups. The expected
number of days restrictions at Leveak equal to the probability of Levelrestrictions
multiplied by the duration of Leval restrictions. It is natural that probability and
duration should enter the model multiplicativelyfhe cost of an additional unit of
probability depends on the duration of restrictidhg probability relates to, and
likewise the cost of an additional unit of duratidepends on the probability of
restrictions that the duration relates to. A sfieiion containing each attribute as an
independent variable would therefore not be ecooalyi sensible. The linear

specification in expected durations was arrived after considering and testing
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alternative non-linear specifications. (See NERécént, 2006 for further details

concerning this specification search.)

The pseudo-Rfor the model indicates an acceptable fit for tyjze of modetf.
The coefficients on the expected number of daykesel 3 and Level 4 restrictions
were negative, highly significant, and differedsiae, indicating that respondents were
much more concerned about Level 4 restrictions #iaout Level 3 restrictions. The
income group coefficients were significant and niega showing that all income

groups preferred lower bills to higher bills.

Table 4.3: Choice Modelling Logit Estimates for Hosehold Customers

Variable Definition Results
p3d3 Expected number of days of Level 3 restrigiper year; equals the probability -0.0165
multiplied by the duration of Level 3 restrictions. (5.30)*
p4d4 Expected number of days of Level 4 restrigtiper year; equals the probability -0.477
multiplied by the duration of Level 4 restrictions. (8.38)*
£bill_incl Equal to annual water and sewerage tmilasured in pounds, for those respondent).0164
with income less than £20k. Equal to zero otherwise (11.21)*
£bill_inc2 Equal to annual water and sewerage trilasured in pounds, for those respondent).0073
with income between £20k and £40k. Equal to zeherotise. (7.29)*
£bill_inc3 Equal to annual water and sewerage tilasured in pounds, for those respondent).0065
with income greater than £40k. Equal to zero otlew (7.78)*
£bill_miss Equal to annual water and sewerage idlasured in pounds, for those respondent).0061
with missing data on income. Equal to zero othegwis (6.15)*
Observations Number of Observations (302 x 12) 3624
Respondents Number of Respondents 302
Log-Likelihood Measure of Goodness of Fit -2328.99
Pseudo R Measure of Goodness of Fit 0.07

Notes: Absolute value of z statistics in parenthe$® stands for significant at 5% and “**” for sgnificant at 1%. Dependent
variable is “spchoice,” a dummy variable indicatinghether or not the respondent chose the alteraatilien offered. The model

is estimated in binary logit form.

! The pseudo-R statistic is calculated as the difference betwe®n log-likelihood of the model and the log-
likelihood of a model containing only a constarmitedivided by the log-likelihood of the model caiming only a

constant term.
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Using these results for the utility function, wes able to calculate how much
residential customers are willing to pay for wasepply reliability. Our measure of
supply reliability is the statistical expected daalculated as the probability of a
drought water-use restriction event multiplied kg duration. For example, if at the
starting point there is a 0.1 chance of a restricgévent in any year, and the likely
duration of an event would be 100 days, then weutate that there are 10 expected
days of restrictions each year. A risk reductibmmme expected day could be achieved
by lowering the likely duration of an event to 98yd or by lowering the likelihood to
0.09 each year. Measured this way, we understand Thames Water that the current
reliability level for water service in the Londorea is around 1 expected day of Level 4
restrictions per year. Based on these results, dilimduseholds, on average, are willing
to pay £1.85 per year for each reduction of onesetqul day of Level 3 restrictions,

plus £53 per year for each reduction of one expedts of Level 4 restrictions.

4.6.2 Businesses

Our preferred model for estimating the utility eeggsed in the London businesses’
choices is shown in Table 4.4. As in the houselmoddlel, utility is represented as a
linear function ofthe expected number of days of restrictiah®ach level, plus a bill
effect. In this case, the bill effect is includesla percentage of the business customer’s
current bill. The model groups business custonies three classes: the smallest
businesses with fewer than 10 employees, mid-siz;bsses with between 11 and 200
employees, and the largest customers with more2B@remployees. Again, the linear
specification in expected durations was arrived after considering and testing
alternative non-linear specifications. These idell models with squared durations

multiplied by probabilities, and models with intetians between level 3 and level 4
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expected durations. None of the non-linear modelgperformed the linear

specification shown.

The business model has an acceptable fit. Theficeets on the expected
number of days of Level 3 and Level 4 restrictigpes year are negative, highly
significant, and differed in size, confirming tHaisinesses were more concerned about
Level 4 than about Level 3 restrictions. The deoedhts on the dummy variables for
small and medium business size are significant aedative, confirming that
willingness to pay to avoid supply restrictions,aaproportion of the annual water bill,

increases with business size.

The largest customers exhibit very high willingnésgay to avoid restrictions,
especially the severe Level 4 restrictions. Thissed a difficulty with the estimation,
because the largest customers appeared to havedgtie bill attribute when making
their choices, indicating that the levels were jiap set too low to encourage trading
off between improved reliability and bill increades these customers. (The maximum
bill level used represented a 50% increase on relgas’ current bills.) To overcome
this difficulty, we omitted the bill attribute fronthe utility function for the largest
customers, and imposed a cap on the extra annualrdnfarge businesses would be
prepared to pay to avoid one expected day of otistns at 100 percent of their annual
bill for Level 4 restrictions. Given the estimatedrginal rate of substitution between
Level 4 and Level 3 restrictions, this also coroegfed to a cap of 6 percent of their

annual bill to avoid one expected day of Level gnetions for the largest customers.
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Table 4.4: Choice Modelling Logit Estimates for Bumess Customers

Variable Definition Results
p3d3 Expected number of days of Level 3 restrictipar year; equals the probability-0.0207
multiplied by the duration of Level 3 restrictions. (4.88)*
p4d4 Expected number of days of Level 4 restrictipar year; equals the probability-0.3715
multiplied by the duration of Level 4 restrictions. 4.73)*
%bill_empl If no. of employees is less than 10,ado annual water and sewerage bill as-4.3301
percentage of current bill. Otherwise equal t@zer (5.32)*
%Dbill_emp23 If no. of employees is between 11 a@@d, 2qual to annual water and sewerag8.5697
bill as a percentage of current bill. Otherwiseado zero (2.34)*
Observations Number of Observations (149 x 12) 1788
Respondents Number of Respondents 149
Log-Likelihood Measure of Goodness of Fit -1199.69
Pseudo R Measure of Goodness of Fit 0.03

Notes: Absolute value of z statistics in parenthe$® stands for significant at 5% and “**” for sgnificant at 1%. Dependent
variable is “spchoice,” a dummy variable indicatinghether or not the respondent chose the alteraatiien offered. The model
is estimated in binary logit form.

From the utility function in Table 4.4, we estimditthat on average, London
businesses are willing to pay £48 per year for gaduction of one expected day in
Level 3 restrictions, plus £845 per year for eaaduction in one expected day in Level

4 restrictions. The unit of risk again is the istatal expected day, formed here just as

for households.

Table 4.5 presents a summary of the WTP estimateshduseholds and

businesses.

Table 4.5: Household and Business Willingness to PP&Vater Service Reliability

Value per Expected Day of Level 3 Level 4
Restrictions £ per customer year £ per customer year
Households £2 £53
Businesses £48 £845
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4.7 Validity Appraisal

A number of measures were taken to test whethemobia survey has achieved valid
measures of the preferences of the target popuolatiOur analysis suggests that the
guestionnaire succeeded in eliciting meaningfultest@nts of preferences from
respondents, that results are consistent with pexpectation, and that they are
reasonable in light of evidence from external sesrcin the following we outline our
findings on these matters, grouped into contentdigl and construct validity

appraisals.

4.7.1 Content validity

A survey is said to have high content validity‘the survey descriptions and questions
are clear, reasonable and unbiased, ... [such]¢éspbndents are put in a frame of mind
that motivates them to answer seriously and thdullyitfSchumann, 1996, p.77]. An
examination of the responses given in a number wdstpns indicates that both
residential and business consumers were able toidercsensible answers to the

guestions.

At the outset of the DCE, the vast majority of @sgents (446/454) were able
to provide articulate and rational reasons for tglg a particular package from the
example choice question. This demonstrates tbat the start of the choice exercises,
individuals were able to understand the varyingeatpof each package, compare the
alternatives and make an informed selection. [eantlore, respondents in both
household and business surveys were able to prodekiled and articulate
explanations at the end of the DCE of how they vedaaiut selecting packages from the
choice sets presented to them. In general, exjpbersacoincided with the reasoning

provided in the example set.
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For example, a number of business respondents aglard to explain how they
made their selections in the choice experimentanptl that they were concerned about
the impact of restrictions on their business arat #dditional costs were worth the
decreases in potential harm. A few, like respondr@0023 indicated that Level 4

restrictions would result in a total stoppage itivity,

“...would have to pay the bills at whatever the antasnThere is no way we

could carry on without water.”

A number of other respondents indicated that theycdcfunction with Level 4

restrictions but only for a very limited time patidRespondent 2100022 explained,

“Odds can live with but some of the longer spellsuld cripple us. We would

have to spend the money.”

Others, such as respondent 2040027 and 212002@dgplat choices were

based on whatever option would allow them to cagito operate.

“(The) one that makes me close the least.”

“Mainly trying to keep the business going.”

These statements are typical and indicate thanbssirespondents understood

and were concerned with the impact restrictionsld/bave on their ability to operate.

While not facing loss of production, residentiaspendents also expressed
concern over the effect of restrictions on theiilydactivities. Again, verbatim
responses demonstrate that individuals considerehl immpacts when making decisions
about a willingness to pay for increased securitgupply. A number of respondents,

like 3030022, stated that Level 4 restrictions widog more than an inconvenience,
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“... particularly level 4, that was more likely to beplied and we could not live

with that level as it would make life more difficuil

Some respondents argued that they could live watirel 4 restrictions but could

not withstand a lengthy period under such condgtidtespondent 3150052 explained,

“l just concentrated on the time of Level 4 regtoios. It's frightening to think

that it would last three months.”

Some respondents referred to specific aspects edf tousehold that would

make restrictions difficult. In particular, a feikéd 3110020, mentioned small children.

“So for example, Level 4 restrictions would be irapible for me with the

kids...”

Like the business verbatims, these responses iediteat many residential
customers determined that water restrictions wbiakk a serious impact on their daily
activities and demonstrate that they would be mgllio pay to decrease the probability

or duration of such restrictions.

Overall, these analyses demonstrate that the guesire and choice exercise

was intelligible and was able to generate meanimgults from respondents.

4.7.2 Construct validity

Construct validity indicates whether or not theulssvary across the sample data in
line with expectations, and whether they are coesiswith external evidence.
Supporting evidence comes from the fact that tessiand magnitudes of the WTP

measures are consistent with prior expectation,taad WTP varies with income and
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business size in line with expectation. Furtheenoesults are consistent with the

evidence from external studies reviewed in secti@n

In particular, the most closely comparable extestaty is Willis, Scarpa and
Acutt (2005). This study surveyed 1000 househalu$ 500 businesses in Yorkshire,
UK, and found that, on average, Yorkshire househaldre willing to pay £3.20 per
year and Yorkshire businesses were willing to pay.20 per year to reduce the risk of
experiencing a disruption event d@-3 months of no running water on the preniises
for a 250-year increase in the return period, #am one occurrence in 500 years to

one occurrence in 750 years.

These results imply that, on average, residentiatazners were willing to pay
between £18 and £107 per household per expecteredagtion in Level 4 restrictions
per year? For businesses, the comparable range is £94 68 PB&r business per

expected day reduction in Level 4 restrictionsyear.

Our results indicate that residential customersldidae willing to pay £53 per
year and business customers would be willing tofi&4b per year for one fewer day of
expected Level 4 restrictions. Our main results Households thus sit comfortably
within the range of comparable results derived fritve Yorkshire Water study. For
businesses, the differences in types of businesgeba London and Yorkshire make it
difficult to draw direct comparisons, although érainly does not seem unreasonable

that WTP by businesses in London might be sigmfiga higher than those in

2 For an improvement from 1/250 to 1/500 chance 80 alay restriction, the change in expected nurobeays is
equal to 1/500 * 90 =0.18. Implied WTP per expédday is then given by £3.20 / 0.18 = £17.78. histtop end of
the reliability range considered - an improvemeanT 1/750 to 1/1000 - the change in expected nurabdays is
equal to 1/3000 * 90 =0.03. Implied WTP per expdaday in this case is given by £3.20 / 0.03 = 8386
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Yorkshire. Our estimates are therefore generalhsistent with those of Willis, Scarpa

and Acutt (2005).

4.8 The Value of Improved Service due to the Beckton Bht

The primary purpose of the welfare estimates ddrikere was to contribute to an
economic appraisal of the benefits of the UK’stfatesalination plant. Thames Water
initially applied for planning approval for the Beéon plant in 2004. The application
was approved, but the then mayor of London inteedemirecting Newham Borough
Council to overturn its decision. Mayor Livings&ss principal objection related to the
fact that the desalination plant would emit largeamtities of greenhouse gases.
Thames Water appealed against the decision, andlé pnquiry was held in 2006.
The study presented in this paper was commissitmgutovide Thames Water with
supporting evidence at this inquiry that the Beokfgant would be beneficial to

London.

The contribution of the study was focussed on e#iing the aggregate costs of
additional water use restrictions resulting front bailding the Beckton plant. The
basis of our estimate was the difference in expectests of restrictions between
Thames Water's 2006 optimal asset strategy, wiicluded the Beckton plant, and the
expected costs of restrictions under the second $testegy which excluded the
Beckton plant. This analysis provided an estinadtine reduction in the expected costs
of water use restrictions associated with the Bectktiant or equivalent supply-demand

balance improvements.

Estimates of the costs of restrictions to householdbusinesses resulting from

not building the Beckton plant are calculated witthe modeling framework outlined
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in section 4.3. Specifically, we calculate theserg value of welfare losses due to

restrictionsZI; L(1,a)f(a)da .

First, we separate out household and business eoststranslate the above

expression into the following more directly appbt&a formulation given our utility

T t t
model specificationsZ(ﬁj Nt(ct“AxtL3 +ct"4Axt"4), where(ﬁj is the discount

t=0
factor used to bring future costs in ya@anto present value term§; is the London

population of households or businesses in year® (¢,

Is the average willingness to
pay of the London household or business populatiogeart for 1 expected day
reduction of Level 3 (Level 4) restrictions; ans-> (Ax"?) is the difference in the

expected number of days of Level 3 (Level 4) reBons in yeait between the cases

where the Beckton plant is, and is not, include@hames Water’'s asset strategy.

In 2006, Thames Water provided us with data orettpgected numbers of days
of restrictions at Levels 3 and 4 in each yeartler next 20 years as a function of the
assumed stock of assets in operation in each yéldrese data were derived by
combining demand and supply forecasts as a funcfi@nidity and assets in operation,
converting supply shortfalls into numbers of dafsestrictions at Levels 3 and 4, and
calculating expected days by integrating expectge af restrictions at each level over

an aridity probability distribution function based 84 years of rainfall data.

Figure 4.3 plots the time series profiles of thgexted numbers of days of
restrictions at Levels 3 and 4, with and withowt Beckton plant, based on the data
supplied by Thames Water. The data are based emgbumption that the Beckton

plant comes online in 2009.
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Figure 4.3: Risk Profiles for Water Restrictions Wih and Without Beckton Plant

By applying the household and business valuatitimates from Table 4.5 to
the reduction in supply restrictions that the Beokivater treatment plant would bring
about in future years, and extrapolating the samgsalts to the full London population
of households and businesses and summing over, tvesestimate that London water
customers value the increased reliability at £228iam in the first year of plant
availability and about £3,521 million in presentuaterms over the life of the plant.
This was many times the expected cost of the phahich was estimated to be
approximately £200 million. Partly as a conseqeeoicthe evidence obtained by this
study, the planning inquiry overturned Mayor Livatgne’s objection, and the Beckton

plant was eventually constructed and began opesatioJune 2018,

% Several sensitivity analyses were conducted iatioel to these results. See NERA-Accent (2006),t¢cknical

report of this study, for details.

120



4.9 Concluding Remarks

This paper has presented estimates derived fro®Pasurvey of the value of avoiding
drought water use restrictions to households arsihbases in London. Our analysis
suggests that the survey instrument succeededidiingl meaningful statements of

preferences from respondents, and that resultsca@stent with prior expectation, and
with those from a comparable study [Willis, Scagral Acutt, 2005]. The findings

indicate that customers attach a sizeable valwe/éading the most severe restrictions
(including rota cuts to supply), but are much lesscerned with lesser restrictions such

as a hosepipe ban.

The principal output from the study was a quantiegatmodel capable of
providing welfare comparisons between asset siegegiven external data on the
impact of those asset strategies on the expectetbens of days of restrictions over
time. We applied our methodology and estimatabéaappraisal of a desalination plant
proposal in East London. The appraisal found timatbenefits of the plant substantially
exceeded the costs, and partly as a consequeercglaiit was approved, and built, and

began operating in June 2010.

Measures of WTP to avoid drought water use reginstare useful in a range of
contexts, not limited to the appraisal of a specupply augmentation project. For
example, the estimates presented in this paper aks@ used for water resource
planning by Thames Water, and as evidence in ahicappn for a drought order in
June 2006 which would allow it to impose Level 3tnetions in London, and thereby
reduce the risk of needing Level 4 restrictionstiob demand later. (The application
was subsequently withdrawn after the supply-demaaddnce improved considerably

relative to expectation over July and August of tyar.) It is well known amongst
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economists that scarcity-based pricing is a supddol for rationing water during
drought [Woo, 1994; Roibas, Garcia-\fas and Wall, 2007; Grafton and Ward, 2008].
In many places however, including London, a mayjawitproperties are not metered but
rather are charged for water on an unmeasured. bds$is precludes scarcity pricing,
and so usage restrictions become the only mearatiohing water. Measures of WTP
to avoid drought water use restrictions are thkslyito continue to be useful despite

the greater efficiency inherent in scarcity pricing
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5 The Sensitivity of Willingness to Pay to an Econori

Downturn

Abstract

Stated preference valuation studies typically @&mgpmed at one point in time, with the
results then used for decision making several nwaotleven years later. This approach
is only reliable if values are stable over time,amsumption which is doubtable given
the onset of an economic downturn. We asses<tiabitity of values taken before an
economic downturn for application during the downtuia analysis of near identical
surveys conducted before, and during, the 2008-2@bBomic recession. Each survey
employed a dichotomous choice and a payment cartihgent valuation question. Our
main result is that the economic downturn led tedowillingness to pay when elicited
via the payment card contingent valuation methad,hHad no effect on values elicited
via a dichotomous choice (ie referendum-type) cgnt valuation question. We
explore potential explanations for this findinglight of the literature on closed-ended

versus open-ended elicitation method comparisons.
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5.1 Introduction

Stated preference valuation studies typically @m®ogpmed at one point in time, with the
results then used for decision making several notleven years later. This approach
is only reliable if values are stable over time,ave predictably different based on
observable covariates. Fortunately, the weiglgvidence suggests that this is often the
case. A number of studies have administered gsimjleestionnaires to independent
samples at two points in time, and found that tegnated values, or valuation
function, remained unchanged [Brouwer, 2006; Brauad Bateman, 2005; Carson
and Mitchell, 1993; Carson et al., 1997; Reilingaét 1990; Whitehead and Hoban,
1999]; a second group of papers have performeg@eated survey on the same sample
of respondents, and found reasonably high coroglatibetween responses [Kealy,
Montgomery and Dovidio, 1990; Loomis, 1990; McCdhr®trand and Valdes, 1998].
With one or two exceptions, the literature thusdkesupport to the application of values
derived from historic contingent valuation surveysvided that reasonable adjustments
are made for changes in observed determinantstbgantervening period [Whitehead

and Hoban, 1999].

There has been no study to date, however, whicessss the reliability of
values taken before an economic downturn for apgptin during the downturn. There
are reasons to doubt whether WTP values, for engir@mental protection and
improvement, remain valid following the onset ofegxession. Even after controlling
for current incomes, job security may be diminishead concern for the environment
and related policy areas may fall down the lishofisehold priorities as a consequence.
It is an open question whether these factors deeddause WTP values to fall, yet the

answer has important implications for a wide raofygolicy applications.

124



The policy context in which the present study tsiatied is one such example.
We conducted twin near-identical contingent valratsurveys of the customers of a
large English water and sewerage company as palteofive-yearly regulatory price
review process, one administered in June 2008 &ééf@ economic downturn, and one
on a new sample conducted in June 2009, when thevedKdeep in recession. Each
survey included payment card (PC) and dichotombasce (DC) contingent valuation
(CV) methods to elicit WTP values. The data frdrase two surveys thus provide the
opportunity to test and compare the sensitivitiésboth PC and DC WTP to an
economic downturn. Only one previous study [Lognli€90] has assessed the
comparative reliability of these alternative ebd¢ibn methods; thus this feature of the
paper makes an additional contribution to thedii@re by providing this comparison in

an important new context.

5.2 A Model to Assess Temporal Sensitivity of WTP

Willingness to pay is typically specified as a ftian of observed covariates. Partly,
this is to demonstrate that WTP varies in line veiXipectation; partly it is to allow for a
more accurate transfer of values from one siteanithe period to another. In the
following, to lay out the framework in which we der the sensitivity of WTP to an
economic downturn, we focus on the distinction lesw observed and unobserved

WTP covariates, ignoring the features of the gaudi study site as these stay the same.

Let WTP for individuali in timet be written as:

WTPy = f(Xit, Yir; §) (1)

wherex;; is a vector of observed covariatgs; is a vector of unobserved covariates

and
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{= [wx, w'/’] Is a vector of parameters. Note tfias stable, that is, independentiof
andt; all the variation over individuals and over tinsecaptured by the two sets of

variables X; and Y, : where

Xe = [x1¢, s Xye], @NAW L = [y, 0, Pye ]

Sincey;; is unobserved, the following model is used as goraimation for

estimation:
WTP; = g(xi; 0,) + ;¢ (2)

In (2), the unobserved covariates are no longer @glaa deterministic function, and
instead are captured by an error tegp, Correspondingly, the functional form is

changed froni(.) tog(.), and the associated parameter vector changes{fto 6,.

Estimation in timet typically relies on the identifying assumption ttha
E;(¢it]x;:) = 0. This is the case, for instance, when using QbBit, logit, probit, or
interval models, which are those most commonly eygd to estimate valuation
functions. The identifying assumption is generatiyalid, however, iiX; and¥, are
correlated. Any correlation between the observad! @anobserved covariates of WTP
will cause the parameter vectf to be biased. Moreover, since the size of the
coefficient bias depends on the unobserved dathsiage this varies from year to year,
the bias will itself vary from year to year. Onfythe coefficients are unbiased, or if
there is no substantial change in unobserved ctesriwill the parameter vector stay

stable from year to year.

In line with the terminology above, we assess #mporal reliability of WTP

via the testing of two hypotheses:
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(H1) E(WTP,|X,,0,) = E(WTP,|X,,8,), and
(H2) E(0:1X2) = E(6:1X3)

The first of these hypotheses states that average W predictable given new
data on observed covariates of WTP, but using aiqusly estimated model. The
second hypothesis makes the stronger claim whittaisthe predictive model is stable
over time. Given estimates 6f and@,, these hypotheses may be straightforwardly
tested by standard statistical methods. In sedidnwe discuss estimation methods.

We discuss the tests employed, and their resutegtion 5.5.

5.3 Survey Design, Administration and Data

Thames Water (TW) is the largest water and was&wsarvices company in the UK
supplying 8.8 million water customers and 14 miliwastewater customers in London
and the South East of England. In June 2008, wdemmented a survey to assess its
household customers’ WTP for the improvements itewand wastewater service due
to TW’s draft business plan for 2010-2015, and uneJ 2009 we used a very similar
questionnaire to assess household customers’ WTRho slightly revised set of
improvements in TW’s final business plan, both dfiethh were submitted to the
economic regulator Ofwat as part of its five-yeatice review process for the England
and Wales water sector. Our analysis suggestsctisbmers are likely to view the
extent of both sets of service improvements as tabeusizeable as each other, and
hence from here on we refer to them both as siffiply’s plan”. The appendix to this
paper contains a table showing the details of atigervice levels (as stated in the 2008

and 2009 surveys) and the service levels offered esnsequence of TW’s 2008 and
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2009 investment plaris. The recruitment method, introductory questionsiuation

statement and elicitation methods were the sansadtioth questionnaires.

The dates over which effects should be most effelsti measured can be
debated. For example, in June 2008, although essé&mn had not yet been declared,
there were already some warning signs of econoruoithtes ahead which could have
influenced WTP responses at the time. On the dtaed, in June 2009 unemployment
had not yet reached its peak and so there is atss@to be argued that this later date
may not capture the full impact of the recessionhP. Both arguments would tend
to suggest that any effect we estimate, in respédhe sensitivity of WTP to an
economic downturn, is a lower bound. Ideally, tioe purposes of this research, three
or four surveys would be conducted to track chamg&8TP over the full course of the
economic downturn, a prospect which was unfortupatet feasible. AsFigure 5.1
shows, however, the survey dates are sufficientilyated in the economic cycle to have

a good chance of capturing the effects we seekamme.

4 We calculated the difference between the draftiness plan (DBP) and final business plan (FBP) servi
improvement measures for each attribute, and usegktto derive an index for the FBP based on the B the
current service level. If all proportional attrtbuimprovements were given equal weighting by redeats, this
approach determines that the FBP would imply “1%ehéanprovement than the DBP; i.e. probably a fatriyial
difference from the perception of respondents.allgfave would use weights which match the relatre¢dues of the

attributes rather than constant weights; howevtsrdening these weights is beyond the scope ofstiuidy.
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Figure 5.1 UK Gross Domestic Product Growth, 200-2011

Our method of examining separate samples has thentafje over a repeat
survey on the same sample in that it eliminatespartgntial for recall bis, wherein the
respondent remembers his original responses anplysirapeats his answers in t
second survey. A disadvantage is that only diffees in population statistics, e
mean and median, can be compared rather than do@divicomparisons. nce
population statistics are usually all that are eeletbr policy applications, and sin
these can be compared robustly using standardtstatimethods, we do not consi

this a significant limitatior

The questionnaires each included a dichotor choice (DC) continger
valuation question followed by a payment card (§Ggstion to elicit WTP for TW’
plan. The payment vehicle was the annual watemasiewater bill increase; the lev
for the DC question were drawn from the range HR), £2C £50, £100}; the paymel
card contained 30 numbers ranging fron-£3000 on an approximately logarithn
scale. Many studies have found that DC valuesezkteose obtained by of-ended

formats such as the PC apprc [Cameron et al., 2002; Welsh and , 1998] to the
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extent that this is considered a ‘stylized fact'tloé CV approach [Carson and Groves,
2007]. Loomis (1990) is the only previous studywever, to have compared
empirically the intertemporal reliability of alteative elicitation methods. It resurveys
the same sample nine months after the originalesyasking DC and open-ended (OE)
CV questions on each occasion, and finds the @tivel between responses to be
around 0.6 for both elicitation methods. Given similarity of OE and PC formats, we
take this result as our prior that, in the absefcany further considerations, we would
expect PC and DC to be equally sensitive or inggasio an economic downturn. We

test this assumption as part of our analysis.

The surveys in 2008 and 2009 were administeredttaface by Accent Market
Research using the Computer Aided Personal Inter¢@API) method. Each sample
was stratified to include representative propogioh respondents in London, in rural
areas, and in urban areas outside of London, wittaxeerage of 20 interviews per
location to ensure a dispersed sample. The avendgeview time was less than 30
minutes, and very few interviews took more than mbhutes. The interviewers’
comments on and scoring of respondents suggesthiatunderstood the survey well,
maintained a good degree of focus, and gave thetiQune careful consideration.
Almost universally respondents replied to a follopi-question by stating that the cost,
and/or the value to them of the service improvesiewas the reason for their WTP
answers. A fairly low proportion of the sample (O%ere excluded due to giving
inadmissible responses to either the DC or PC mumesst This comprised a mix of
protest cases, refusals or “don’t know” respons@sfurther 13% of the sample were
excluded due to their failing to answer the incajnestion. The final sample sizes are

257 for the 2008 survey and 275 for the 2009 survey
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A summary of the respondent characteristics in20@8 and 2009 surveys is
presented in Table 5.1, alongside indicative pdmnacounterparts. The samples are
broadly comparable, although the 2009 sample isesdrat older, better educated,
higher earning and less likely to be a member oémrironmental club. In respect of
environmental club membership, this may be due tecine in membership in the
population rather than differences in sample contipos— we are unable to confirm
this either way. Population values in most casesualikely to be fully reliable due to
the length of time since the UK census was condu2601). The exception to this
rule is the case of income data for the London Sodth East region, which are drawn
from the annual Family Resources Survey (FRS) lier relevant years. Based on a
large-scale UK government survey, the FRS datar aifereliable picture of how
household finances changed in the UK between 20082809. As Table 5.1 shows,
nominal earnings appear to have risen slightlypiieshe onset of a recession. This is
not altogether surprising since earnings, and eynpdmt, tend to lag behind output in
the economic cycle. The small positive shift ie thcome distribution is reflected in
the difference between the 2008 and 2009 sampésatd obtained, however overall
there are significantly more low income respondeimtsour sample than in the
population, and correspondingly fewer earning higtomes. To correct for this we
adjust the sample observations with weights so tiatanalytical results reflect the
income distribution of the population of householgtomers. This also ensures that
the difference in income between the two samplesenvweighted, matches the
difference in income for the population. For ounlgsis, we also deflate 2009 income
data, PC WTP and DC cost levels to 2008 priceggutia Consumer Price Index (CPI)

in order that the data and all reported resultcaneparable in real terms.
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5.4 Empirical Methods

We analyze the data obtained from the survey &swsl First we combine the DC and
PC responses using a single estimation technigoterval censored regression - and
estimate this separately using the 2008 and 200@lsa. Interval frameworks are well
suited to representing both DC and PC responsesnetdn and Huppert (1989, 1991)
have argued that the language of a PC questios liéself to an interval interpretation,
with WTP lying between the amount indicated andrteet highest amount labelled on
the card. Interval frameworks have also long besed to represent DC responses
[Carson and Hanemann, 2005] with a no responseadtidg that WTP lies between
zero and the amount asked and a yes responsetingithat WTP lies between the
amount asked and an upper bound reflecting finaresaurces. To be conservative, we
use an upper bound of £500 for the interval whaespondent said yes to the DC
question, which is substantially higher than thgéat amount used (£100). This does
not rule out the possibility that larger WTP valas held by respondents, only that

they were not observed in either our PC or DC data.
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Table 5.1: Sample and Population Characteristics

Population® 2008 Sample 2009 Sample
(%) (%) (%)
Gender®
Male 48.6 48.3 50.2
Female 51.4 51.8 49.8
Age(z)
18-29 21.6 23.7 20.4
30-44 31.0 35.0 35.6
45-59 23.0 27.6 211
60-64 5.7 5.5 7.6
65-74 9.7 5.5 10.2
75+ 9.0 2.7 5.1
Education @
Primary 25.4 145 12.3
1-5 GCSEs/O-levels 16.1 254 18.4
5+ GCSEs/O-levels 20.5 13.3 15.7
2+ A-levels or NVQ3 10.1 15.3 17.6
First degree or higher 27.9 315 36.0
Employment Status®
Working full-time (31+ hours) 429 47.6 46.0
Working part-time (<30 hours) 105 14.4 15.3
Self employed 9.3 4.8 7.7
Working and full-time student 2.8 1.6 2.3
Not working — seeking work 3.3 1.2 3.8
Not working — Full time student 5.3 4.4 2.7
Not working — retired 11.7 8.0 134
Not working — looking after home/family 6.8 10.8 .96
Other 7.3 7.2 1.9
Weekly household incomé®
Low (<£300) 22.3;20.0 42.8 38.2
Medium (£300-£1000) 50.3; 52.4 45.1 44 .4
High (>£1000) 27.4;27.9 12.1 17.5
Environmental club membership® 19.8 15.3

Notes: N = 257 (2008 survey); N=275 (2009 surv®gse for each statistic includes the full sampliessmindicated otherwise. (1)
All population statistics are for the London andiBoEast Government Office Regions combined. régisn encompasses, and is
somewhat broader than, the Thames Water supply. §2¢s&5ource: Census (2001); (3) Source: Censu8l(R@population aged
between 16 and 74); (4) Source: Family Resourceeu(FRS); the first number in each pair is souréemn FRS (2008-09),
representing the 12 months to March 2009; the seéaarmber in each pair is sourced from FRS (2009-féjresenting the 12

months to March 2010; no adjustments have been rffmdeflation or other factors. (5) No populaticstatistics available for

environmental club membership in the region.

The interval censored framework is straightforw@radnplement in a maximum

likelihood context. Ley, be our interval censored variable, which we madeh linear
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function of explanatory variables, plus an i.i.d. error terna, with mean zero and

variances®. Then we have:

3)  Prob(y,) =F (yn”-_xnﬁ) _F (erl—_an)

g g

which implies the following log-likelihood:

(4) LL = X,log[Prob(yy)]

A distributional assumption is required f6f.) to implement the estimation. We
chose the log-normal because it ensures that WThensegative (a problem with the
normal) and it is straightforward to implement. n& the lower bound for some
intervals is zero, the number “1” was added tdaller and upper bound values before
taking logs because the log of zero is undefinddis “1” was then subtracted in
obtaining later estimates for mean and median WTPthe panel context, where for
each personn, we have a PC and a DC response, indexed, e thus lety, =
log(1+WTR,) and define lower and upper bounds accordinglyer@ WTR,; is the
willingness to pay by respondemtas elicited by question typét e{PC, DC}). F(.) is

then simply the standard normal cumulative distidyu

The log likelihood in (4) is based on the assumpttbat error terms are
independent of one another. Independence is Uplikewever, when responses to
both PC and DC questions are combined. To takeuat®f within-person correlation
between responses, we also estimate a randomseffacel version of the above model
which involves decomposing the error term into adividual specific effectu,,
assumed to be normally distributed with mean zembwariances®, and an i.i.d. normal

variate with mean zero and variangg' Estimation is performed using tixintreg
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command in Statéversion 11), and details of the methods and foamwelan be found |

StataCor2009).

5.5 Results

We begn by presenting the (weighted) response distrdmgi for the PC and D
guestions in 2008 and 2009 surveys. Consistert thié results of previous studi
[e.g.Welsh and Poe , 19€, Figure 5.5hows that the DC distribution lies above the
distribution at all cost amounts for each yearegt@t the £5 level for the 2008 samg
Comparing across years, we see that the PC rse distribution for 2009 lies belc
the 2008 distribution across the entire supporgreas for the DC responses there i
clear systematic differen. To examine this further we turn to presentaténour
interval models, from which we can derive (parable estimates of mean and me:
WTP for PC and DC methods for 2008 and 2009, aadstAndard errors around th

estimates that allow for statistical testing of tligerences between the

100%
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—B-DC (2009)
PC (2008)

== PC (2009)

40%
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Figure 5.2 PC and DC Response Distributions in 2008 and 20.
Cumulative response frequencies offering at or abavthe WTP indicated amount,
linearly interpolated between the DC levels us¢
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Results from the interval models are presentedaild5.2. The first model is
for the 2008 survey sample. In this model, ascgdted, we see a significant (p<.01)
negative coefficient oifayment card The value of -0.381 indicates that PC WTP is
around 32% lower than DC WTP all else equal. Thgnio respondent covariates,
income is positively associated with WTP (p<.0Daia as expected. It enters in log
form and so the coefficient obog incomeis an elasticity; hence, the coefficient of
0.509 implies that a 10% increase in income is@ated with a 5% increase in WTP.
Membership of an environmental club enters the hadea dummy variable, with a
positive coefficient (p<.05), and via an interantizvith Log income which has a
negative coefficient (p<05). The combination ofgl two coefficients indicates that
members of environmental clubs tended to have highEP than non-members except
for the highest income respondents. The paransgisrthe standard deviation of the
random effects. The fact that this is significgp®.01) indicates that the random effects
are themselves jointly significant. Consistenthatitis finding, the coefficient op is
0.416, which indicates that 41.6% of the error atace is accounted for by the random
effects. This evidence provides strong supporteruse of the random effects interval
model, rather than the simpler pooled model whidsumes independence of

individuals’ errors across the two elicitation nadk.

In comparison with the 2008 model, all the coeéinds in the 2009 model seem
very different, suggesting a lack of transferapitif the full 2008 combined PC and DC
interval valuation function for use during the resien of the following year. The
coefficient on Payment card is -0.708 in the 20@®@leh which is lower than in the 2008
model. Whereas in the 2008 model, PC WTP is ar@2% lower than DC WTP all
else equal; in the 2009 model PC WTP is around E®#€r. The income elasticity is

also much lower in the 2009 model than in 2008 &t for those that are not members
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of environmental clubs. The effect of club membhgrsgenerally, as a function of
income, is very different in 2009 than in 2008 whisuggests that the original
combined PC and DC function was not particularlyjabde. The one aspect of the
original combined function which does remain staldethe error distribution, as
measured by, o. andp. Thus the shape of the distribution, if not its dtindal means

and medians, remains stable despite the onseé @dbnomic downturn.

Table 5.2: Interval Censored Models Combining DCCVand PCCV Responses

Variable 20087 200972
Coef Std Err Coef Std Err
Constant 0.351(0.560) 2.5950.512)***
Payment card -0.381(0.101)*** -0.708(0.098)***
Log income 0.509(0.089)*** 0.138(0.081)*
Club 2.888(1.334)** 0.120(1.352)
Club*Log income -0.436(0.205)** 0.084(0.202)
o 0.754(0.076)*** 0.765(0.073)***
Ge 0.893(0.056)*** 0.895(0.054)**
p 0.416 0.422
Observations 514 550
Log Likelihood -841.042 -872.740
Pseudo R 0.047 0.054

Notes:a Results are weighted for income based on the UkillyeResources Survey for the relevant ydaAll models are interval
censored regressions allowing for within personretation. The left hand side for each model ispgh# {ly1,ly2},where lyl is the
log of one plus the lower bound of WTP and lyzhis Ibg of one plus the upper bound of WTiPStandard errors are robust,
calculated using the Huber-White estimator [Whit®80]; d Stars indicate p-value for 2-side t test:* p 40, ** p < 0.05 *** p
<0.01.

As set out in section 5.2, we assess the tempeliability of WTP via the

testing of the following two hypotheses:
(H1) E(WTP,|X,,0,) = E(WTP,|X,,8,), and

(HZ) E(92|X2) = E(91|X2)
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Hypothesis H1 states that predicted mean WTP ir0 288ng new dataX() but the
original 2008 model§,) is equal to our best estimate of actual mean WTR0BO
based on both new datd,] and a new modeBg). The second hypothesis, H2, makes

the stronger claim that the predictive model iblst@ver time.

To test the stability of the 2008 valuation funati®2) we perform a Likelihood
Ratio (LR) test to directly examine the suitabilitfythe 2008 model coefficients for use
in 2009. The 2009 equation presented in Tablasbtzated as the unrestricted model,
and an equation also estimated on the 2009 samplé&xing all coefficients at the
levels of the 2008 model, is treated as the reésttimodel. This LR test rejects the null
hypothesis of transferrable coefficients (p<.0Bnd¢e the combined PC and DC 2008
model is not transferrable to 2009. This findisgconsistent with the readily seen

differences between 2008 and 2009 models showaleTs.2.

The test of model stability is stronger than isallsunecessary for cost-benefit
analysis. In most cases, estimates of mean anchm@dIP are all that are required for
policy applications. This is the motivation foettest of hypothesis (H1) — which states
that predicted 2009 mean WTP from 2008 model cdefiis is equal to predicted 2009

mean WTP from 2009 model coefficients. Given tinectional form of the model, and
letting 8, = [B;, 6;] wherep, is the vector of coefficient estimates for titmands;, is

the estimate ofs, + o,,) for timet, we can write:
- — —~ - 52 —
E[WTP,|X,, 8] = E,[(WTPy|x:..8,)] = exp(B. X, + L) = g(X,,8,) (5)

Then, following Whitehead and Hobarl999], let the difference in WTP across time

be
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AWTP; = WTP, — WTP; (6)
=g(X;,0;) —g(X,,0,) (7)

= [9(X32,02) —9(X3,0)]+ [9(X3,01) — g(X1,0,)] (8)

Table 5.3 presents this decomposition of WTP fer BC and DC predictions
based on the estimated parameter ve@pmnd,, and the observed daXa and X».
The estimates are obtained as follows. First, ghegicted value of In(1+WTP) is
calculated for each member of the sample, condition the treatment pertaining to the
cell shown in the table. For the PC WTP vallsyment cards set equal to 1; for the
DC WTP values it is set equal to zero. Mean WT#és calculated as expf0.5¢%+
0°0))-1, whereu is the sample average of predicted In(1+WTP); @qénds’ are as

shown in Table 5.2.

Looking first at the PC results, the table shovwat thean 2008 PC WTP - that
is, predicted mean WTP using the 2008 model parmettor and the 2008 data - was
£46.1 per household per year. In 2009, mean PC WlRo £34.0. Changes in
observable determinantX)(caused a fall of £0.41 in PC WTP, although thifedence
is not significantly different from zero. The remag £11.7 difference was caused by

unobserved factors, and this difference is sigaiftty different from zero (p<.01).

Now turning to the DC WTP results, we see that 20@&n WTP was £68.0 per
household per year, and in 2009 this rose to £6Rdither the difference attributable to
changes in observed determinants (-£0.6), nor ififierehce attributable to changes in
unobserved factors (£2.58) is statistically sigmaifit (p>.10). The implication of these

results is that PC WTP is sensitive to the econatawenturn but DC WTP is not.
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Table 5.3: Decomposition of Willingness to Payy Year of Data, Year of Estimated
Parameter Vector and Elicitation Method

Elicitation Method and Year of Estimated Parameter Vetor (8)

Year of Data (X) PCCV DCCV
2008 8,) 2009 8,) 2008 8,) 2009 §,)

2008 K1) 46.1 68.0

(3.55)*** (5.20)***
2009 K,) 45.7 34.0 67.4 69.9

(3.40)*** (2.57)*** (4.98)**+ (5.22)*+
9(X2,8,) — g(X2,8,) -11.7 2.58

4.27%* 7.22
9(X,,8,)—9(X1,0,) -0.41 -0.60
4.92 7.20

Notes: Standard errors in parenthesis; standardesrare calculated using the delta meth@té¢ene 2003]; stars indicate p-value
for 2-side ttest:* p <0.10, ** p < 0.05 *** p <0.01.

5.6 Discussion

The main findings are the following: (1) DC WTPsignificantly higher than PC WTP
in both survey samples; (2) the combined PC ands&lGation function as a whole was
not found to be transferrable from 2008 to 2009] éB) the onset of an economic
downturn caused PC WTP to fall, while DC WTP reredimninchanged. Finding (1) is
consistent with the majority of the large numbestifdies that have compared DC and
PC responses, as summarised in Champ and Bish6p)(20he second finding gives
cause for concern in using a combined valuatiorctfan derived before a recession
during a recession, but it is not a sufficient fmgdto warrant disregard of predicted
population mean WTP. Indeed, finding (3) sugg#sds if you believe that DC WTP is
the truth, then it is valid to predict mean WTPngsa pre-recession valuation function,
or just transfer the mean itself. We thereforaufoour discussion on the implications of

finding (3).

In light of the framework set out in section 5.2 wan infer from the findings

that unobserved features of the downturn affectesl RC responses but not DC
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responses. The principal unobserved features paltgnaffecting WTP are, we
hypothesize, diminished job security and a lestamefuture income — current incomes
are, we have seen, not substantially different betwyears in our sample. We may
now explore the consistency of these factors aedotiserved finding of no change in
DC WTP but a fall in PC WTP with explanations giviarthe literature concerning the
“stylized fact” that PC and OE responses are tylyidawer, sometimes much lower,

than estimates of WTP generated from DC responses.

A prominent view in the literature [Carson and Ggsy 2007] explains the
observed PC<DC relationship with reference to atjiatresponse considerations. It is
argued that the DC method is compatible with ttethng provided certain stringent
auxiliary conditions are met, namely that the DGgjion is asked before any other
elicitation question, that the survey is constrdct® as to convey the idea that
respondents’ answers will have a consequential ¢inpa policy, and that respondents
believe the scenario as presented to them, ingjuiti@ scope of the improvements and
the cost they, and others, will have to pay. Alee of these properties hold for the
present study, and so it may be argued from thispeetive that the DC WTP estimate
is the truth. By contrast, under plausible befigfictures — such as that the go/no go
policy decision rule depends on summing respondstated PC WTP amounts, and
that an individual's stated WTP amount is weaklyrelated with the amount they will
be required to pay should the policy be implementetthe PC method provides an
incentive for respondents to understate their WIEP, either to minimize the chance
that the policy goes ahead — stating a WTP of £8nitthe cost is expected to be greater
than true WTP — or to minimize the expected paymeégt stating a WTP of the

expected cost - sometimes rationalized as a “fagunt” - when the cost is expected to
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be less than true WTP. Strategic considerationshaie predicted to cause respondents

to understate their true WTP when offered the ojatly to do so.

For this view of the CV response process to hdoldre would need to have been
some change in incentives, or there must be somterée of a recession that causes
respondent to become more strategically mindec fdhmer condition can only be true
if expectations of the true cost of the investmanmoigram had changed. Since there is
no difference in the information given in the swvie is unlikely that cost expectations
could have changed between surveys. On the odret, it is plausible that increased
job/income insecurity might invoke a greater wijjivess to engage in strategic response
behaviour. Unfortunately, however, we are not abldest this hypothesis with our

dataset.

A different perspective suggests that the obsedi#drence between PC and
DC WTP is due to the certainty of respondents abfwit true WTP when they answer
the questions [Ready, Navrud and Dubourg, 2001]his iew is backed up by
supporting empirical evidence showing, firstly, tth@spondents are indeed less certain
about their DC responses than they are about #€irand OE responses [Ready,
Navrud and Dubourg, 2001; Welsh and Poe, 1998], thatl fixing certainty levels
resolves the discrepancy [Ready, Navrud and Dubd0gl; Welsh and Poe, 1998]..
To be consistent with this perspective, there woodedd to be some feature of a
recession that caused respondents to become ktam ad their true WTP. This seems
plausible to us, in that job insecurity might réadiiminish certainty over WTP. This
could cause there to be a wider uncertainty ramgth a lower level of “certain”

willingness to pay, but with no different a levdl the top end of the range where
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respondents are “not sure” whether they would papat. Our results are thus also

consistent with this explanation of the DC-PC difece.

5.7 Conclusions

Our main finding is that the recession caused P@WéIfall, whereas DC WTP stayed
the same. This result is statistically robust,deethe finding is probably not due to
sampling variation. The principal explanations thle common finding that DC
WTP>PC WTP - strategic behaviour and respondergrtainty - are both potentially
consistent with this result and hence we cannotfeagure why the recession caused
PC WTP to fall, while leaving DC WTP unchanged. n€equently, since both
perspectives yield differing conclusions regardiwgich is more trustworthy as a
measure of true WTP, we cannot say for sure whetherWTP itself is sensitive to an
economic downturn. Until future research addreskssuncertainty, researchers are
encouraged to interpret our main finding in linghatheir own views on which theory

correctly explains the DC>PC pattern.
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6 Critical Discussion

In this chapter we summarise and discuss the seslitained from the three core
studies presented in this thesis. Section 6.ludsss the methods used to analyse the
data; section 6.2 contains a discussion of coreyotsults; section 6.3 then discusses

our findings in respect of treatment effects.

6.1 Discussion of Analysis Methods

The empirical analysis undertaken for this thes#s ltentred on the use of two
techniques: the panel interval regression methedd uo simultaneously analyse PC
and DC CV response data in the empirical studieshapters 3 and 5; and the
conditional logit estimator, used to analyse theEDdata in chapters 3 and 4. In the

following, | give my rationale for using these teajues and discuss their limitations.

6.1.1 Panel interval regression

The interval regression estimator has been widppli@d to the analysis of CV data,
both to PC and to DC responses. The studies iptersa3 and 5 of this thesis, however,
are the first to have applied a panel version isf éstimator, which models PC and DC
responses jointly. The core advantage of modehegrésponse data jointly is that it is
possible to directly examine, and disentangle etifiects of elicitation technique. This
is done on the basis of a null, or default, assionpthat both techniques measure a
latent “true” WTP value, and that the sources afarece in both sets of response data
are the same, except for the treatment effecte tesimated and tested. Testing then
proceeds by examining conditional mean differennéd/TP due to the question type
indicator, and differences in the conditional medfiects of other treatment variables,

such as the scope of improvement, also due to thestipn type indicator. Thus
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covariate effects that are potentially confoundiwgh the treatment effects are
controlled for in an efficient way — allowing fooipt estimation where we find no
statistically significant difference in the influem of the variable due to the elicitation
treatment. An additional benefit of the approaxithiat, under the null assumption, the
efficiency of the estimates of scope effects, andadate effects, on latent WTP is
superior than could be obtained from using eithee eet of responses individually.

This is simply because of the sample size is dalipi¢he panel model.

The principal limitation of the panel interval regsion approach to modeling PC and
DC response data is due to the well-known sensitivi DCCV WTP results to the
assumed shape of the latent WTP distribution. hinanalysis presented in chapters 3
and 5, a log normal distribution was chosen. Tmsribution generally fits to PC and
DC data reasonably well. Comparison with the Tulnbon-parametric lower bound
estimator of mean WTP, however, suggested thanteeval regression estimate of DC
WTP may be somewhat conservative. Since it isllystegarded as desirable to adopt
a conservative stance when estimating WTP for pajpraisal, following Arrow et al.

(1993), this feature of the estimator is not adthgr undesirable.

6.1.2 Conditional logit estimation

The conditional logit estimator [McFadden, 19744isvell established tool for discrete
choice analysis. Indeed it is by far the most cammethod used for such analysis
[Train, 2009]. The core feature that distingusslitefrom alternative methods such as
nested logit, or mixed logit, is that it is basad the assumption of Independence of
Irrelevant Alternatives (IIA). This assumption @guivalent to the statement that the

unobserved components of utility are uncorrelatedss alternatives.

145



The 1IA assumption is potentially overly restriaivn some contexts, as it can
result in unrealistic substitution patterns. Huoe purposes of DCE analysis of policy
alternatives, however, as undertaken in the engbigbapters of this thesis, 1 would
argue that the assumption is reasonable. Thigdause, in contrast to many of the
cases in reference to which the assumption has betcized, eg transport mode
choice, differences between alternatives in a pdlicused DCE are fully captured by
the levels of the hedonic attributes used to desdtiem. This means that there is no
unobserved alternative-specific component to wtithhiat could be correlated across

alternatives.

A limitation of the conditional logit estimator, komparison with mixed logit
alternatives, is that it is only able to model hegeneity in utility parameters as a
function of observed covariates. Where mean valed possibly some limited
segment analysis are all that are needed for pajipyaisal, as they often are, this is not
a serious limitation of the technique. There aoteptial advantages to be gained,
however, from statistically exploring the heterogignof values across the population,
based on unobserved as well as observed persoiiispadance. Such analysis might
provide important insights about the preferencesthef target population. Future
research, some of which is already underway, wipl@e the heterogeneity of values in
relation to water quality and water supply religpilmore fully using mixed logit

techniques.

146



6.2 Discussion of Core Policy Results

6.2.1 The benefits of water quality improvements

In Study 1 (chapter 3), we estimated the valueadieskholds in England and Wales of
improvements to the quality of water in the natweaVvironment. The need for value
estimates arose from the European Community Wat@mé&work Directive (WFD),
which drives water policy across the European UnioArea based values were
generated to maximise the potential for subseqpefity incorporation and value
transfer. These were found to vary from £2,26836,168 per kidepending on the
population density around the location of the inweraent, the ecological scope of that

improvement, and the value elicitation method erygdib

The results were obtained from a carefully desigmedl well tested SP
instrument implemented using a large in-person $angnd there is good supporting
evidence to validate the results, both in termeanftent validity and construct validity.

A survey is said to have high content validity‘ifie survey descriptions and questions
are clear, reasonable and unbiased, ... [such]éspbndents are put in a frame of mind
that motivates them to answer seriously and thdullyit [Schumann, 1996, p.77].
Construct validity is indicated by whether or no¢ results vary across the sample data

in line with expectations and prior research.

From a content validity perspective, our analysiggests that the questionnaire
succeeded in eliciting meaningful statements ofepemces from respondents. Firstly,
the vast majority of respondents answered the tialuguestions as intended, with only
a small proportion (6%) removed as protests onerstl Additionally, the interviewers

found good levels of understanding and attentiorevgéven to the questions. From the
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verbatim responses to a debriefing following the &C question, we identified only
8/1,389 respondents who indicated that they dibelieve the improvements would
occur. This constitutes only 0.6% of the sampléjctv we take as evidence that
disbelief in the scenario was not widely held. abtdition to this evidence, we found
that not a single person during the extensive @s&rlg process expressed any doubt

that the improvements would take place as described

Supporting evidence of the construct validity of tlesults comes from analysis
of the variation in WTP amounts across the sampler each elicitation method, the
WTP measures were found to vary as expected. Yaheee higher for greater amounts
of improvement, based on both within-respondent aetiveen-respondent scope
comparisons. Values were higher, per hectardptal versus non-local improvements,
and for earlier versus later improvements. Conmggacross respondents, WTP varied
as expected with use of the water environmentjtudd#gs towards paying for
environmental protection and improvement; and witome. Against all these validity
indicators, the results thus perform well, leadisgo conclude that they are meaningful

measures of the benefits of water quality improvaets&o households.

The results are, however, limited in three impdriaays. Firstly, the decision
to focus on programs of improvements rather than individually specified
improvements meant that no information was givenespondents regarding which
areas were to be improved except insofar as theg teebe made in the local area, i.e.
within 30 miles, or elsewhere. A second limitatiohthe results is that they only
provide values for broad ranges of improvements ftot strictly possible, for example,
to use the results to value an improvement fromr RodVioderate ecological status

because both status categories are embedded wighMedium quality level. The final
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limitation of the results is that the range of msties reported with respect to elicitation

treatments may be too wide for some policy purposes

These limitations suggest some potentially fruitivenues for future research.
Firstly, a new study might attempt to explore haluations vary across the population
for different types of water body. The key facttwgake into consideration in relation
to the type of water body would be those pertainmthe recreational value of the site -
based on the accessibility of the site, and thegmee of complementary facilities and
substitute recreational sites in the vicinity — ahdse pertaining to its value in the
context of the natural environment — for exampliether it was indicated as a Site of
Special Scientific Interest. Additionally, futuresearch could explore how values vary
according to the type of improvement. For examplejould be useful to investigate
the relative importance of improvements to flowdksvversus improvements to water
quality. Here, perhaps it might be more worthwhdeusing on individual sites rather
than on the whole country, in order to pay clogendion to the qualitative change in

question, rather than the spatial extent of thexgba

6.2.2 The cost of drought water use restrictions

Chapter 4 investigated the cost of drought water ngstrictions to households and
businesses in London. The primary purpose of teane estimates was to contribute
to an economic appraisal of the benefits of the 4Jk'st desalination plant; however,

the study was designed for maximum transferabdftyalues with future applications

in mind. The focus on transferability led to th&ewf a novel measure: the value of
avoiding one expected day of water use restrictmgrsyear. This measure combines
the probability and duration of restrictions ine@onomically meaningful manner. Itis

equivalent, for example, to the reduction in trek of a 30 day restriction event from
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1/30 to 0. Households were found to value thedaumie of one expected day of severe
restrictions at £53 per household per year; armhefexpected day of lesser restrictions
at £2 per household per year. The comparabletsefauwl businesses were, on average,
£845 per business per year to avoid one expectedfdsevere restrictions and £48 per

business per year to avoid one expected day adresstrictions.

A variety of evidence was examined to appraise dbetent and construct
validity of these results. Content validity evidenvas obtained by examining follow-
up responses at two stages in the survey: afteiniti@ example choice question, and
after the completion of the DCE exercise. In bzdkes, the vast majority of households
and businesses were able to provide articulate ratidnal reasons for their choice
responses, which indicated that they had undergsio®djuestions well and responded
meaningfully. There is also evidence of constmadidity. The signs and magnitudes
of the WTP measures are consistent with prior egten, and WTP was found to vary
with income and business size in line with expémtat Furthermore, results are
consistent with the evidence from external studiesjparticular the most closely

comparable study - Willis, Scarpa and Acutt (2005).

Overall, the evidence thus suggests that the studgeeded in obtaining valid
estimates of WTP from respondents. A limitationttus work, however, brought into
sharp light by the results from the empirical studyghapter 3, is that DCE results can
sometimes differ substantially from purportedly garable CV results for the same
package. A useful further study would involve mglementing the survey instrument
on a new sample, but with DC and PC CV questiomeadwhich value a benchmark
improvement package. If the results were to twnhquite similar, this would provide

even stronger supporting evidence for the validityhe results derived in this chapter.
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Given the results in chapter 3, however, one carbetsure, in advance of the

comparison, that this would turn out to be the case

6.2.3 The sensitivity of WTP to an economic downturn

Finally, in Study 3 (chapter 5), we examined tH&bdity of values measured before an
economic downturn for application during the downtuia analysis of near identical
surveys conducted before, and during, the 2008-2@bdomic recession. The policy
motivation for this work arose in the context o&tB009 regulatory review of water
prices in England and Wales. Most water compalnaek utilised SP survey results to
estimate the benefits of their proposed investrptarts. The surveys had typically been
conducted before the onset of the recession in2@@8, however, and this gave the
regulator, Ofwat, cause to doubt their reliabilithen the time came to determine

prices.

Our main result was that the economic downturniéeldwer willingness to pay
when elicited via the PC CV method, but had noctftam values elicited via the DC CV
technique. Clearly, an interpretation of this teswequires consideration of the
properties of the PC and DC methods, and we disthesse matters in section 6.3
below. In the remainder of this section we disdhgsevidence concerning the validity

of each year’s individual survey results.

The surveys in 2008 and 2009 were each administex@sito-face using the
Computer Aided Personal Interview (CAPI) methodheTinterviewers’ comments on
and scoring of respondents suggest that they uodershe survey well, maintained a
good degree of focus, and gave the questions ¢a@fgideration. Almost universally
respondents were able to articulate a rationalagtion of their choices and valuation

responses, by stating that the cost, and/or theswtalthem of the service improvements,
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was the reason for their WTP answers. A fairly lmwportion of the sample (9%) was
excluded due to giving inadmissible responsestteeeithe DC or PC questions. This
comprised a mix of protest cases, refusals or ‘d&nbw” responses. This again

provides evidence of the success of the valuatimistcuct in eliciting meaningful data.

There are few indicators that one might expectdacbrrelated with WTP for
water and wastewater service improvements. The tord measures expected a priori
to be positively correlated with WTP were incomendamembership of an
environmental organisation. In both of these ca®®3P did indeed exhibit the
expected direction of correlation. We concluderall that the estimates obtained from

each year’s survey constitute valid measures of WTP

The results presented from this study are limitethe extent that they can be
used to infer the sensitivity of WTP to an econodwevnturn in general, due to the fact
that the results may be dependent on the studyexbntn particular, the good being
valued was a permanent programme of improvemeditser than a temporary change;
and consistent with this, the payment vehicle wia® aepresented as a permanent
increase in a bill rather than as a one-off paymdntwould not be unreasonable to
argue that the sensitivity of WTP to an economiwmtoirn might be much greater for a
one-off payment for a temporary change than waaddo be the case in the research
reported here.  Further research is therefore ssacg covering differing contexts
before firm conclusions can be drawn on the sefsitiof WTP to an economic

downturn in general.
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6.3 Discussion of Results on Treatment Effects

Two of the core chapters of this thesis have erplan a unique way the effects of
alternative treatments, including elicitation methand question order effects. Study 1
utilised the PC, DC and DCE methods, and variedtder in which they were asked,
to obtain a variety of preference data for subsegaealysis. Study 3 employed the PC

and DC methods, and compared their relative seiigs to an economic downturn.

We found in Study 1 that the DCE-derived measurthefvalue of a benchmark
scenario exceeded the comparable DC measure, whathexceeded the PC measure.
Consistent with the latter comparison, Study 2 dsod that DC measures of WTP
exceeded PC measures in each year’s survey. Tinelsggs are consistent with the
review of the SP literature in chapter 2, whichwéd that this ordering of values by
elicitation treatment was most commonly found ansbrggudies that compared them.

[e.g. Welsh and Poe, 1998; Cameron et al., 2002].

Comparing across CV questions, the finding thatMaies are higher than PC
values is consistent with many previous findingefWatachalam, 2004; Champ and
Bishop, 2006]. A prominent view in the literatyf@arson and Groves, 2007] explains
the observed PC<DC relationship with referenceretegic response considerations. It
is argued that the DC method is compatible witlthttelling provided certain stringent
auxiliary conditions are met, namely that the DGgjion is asked before any other
elicitation question, that the survey is constrdct® as to convey the idea that
respondents’ answers will have a consequential ¢inpa policy, and that respondents
believe the scenario as presented to them, inajuiti@ scope of the improvements and
the cost they, and others, will have to pay. Atee of these properties can be argued to

have held for Studies 1 and 3, and so it may beeakdrom this perspective that the DC
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WTP estimate is the truth. By contrast, under silale belief structures — such as that
the go/no go policy decision rule depends on surgmé@spondents’ stated PC WTP
amounts, and that an individual's stated WTP amasinweakly correlated with the
amount they will be required to pay should the gobe implemented — the PC method
provides an incentive for respondents to understedie true WTP, either to minimize
the chance that the policy goes ahead — statingB @ £0 when the cost is expected to
be greater than true WTP — or to minimize the etqubpayment, by stating a WTP of
the expected cost - sometimes rationalized as i d@mount” - when the cost is
expected to be less than true WTP. Strategic ceratidns are thus predicted to cause

respondents to understate their true WTP wheneaffdre opportunity to do so.

A different perspective suggests that the obsedi#drence between PC and
DC WTP is due to the certainty of respondents abfwit true WTP when they answer
the questions [Ready, Navrud and Dubourg, 2001]his iew is backed up by
supporting empirical evidence showing, firstly, tth@spondents are indeed less certain
about their DC responses than they are about #@€irand OE responses [Ready,
Navrud and Dubourg, 2001; Welsh and Poe, 1998], thatl fixing certainty levels

resolves the discrepancy [Ready, Navrud and Dub@@@l; Welsh and Poe, 1998].

The research presented in this thesis has not tdogtest the validity of
alternative treatments, and we have not argueariermethod or another as being the
sole route to the truth. Instead, we have sougbhtlerstand the range of estimates that
is obtained by varying the elicitation method angsiion order. In doing so, we have
utilized an innovative, in the context of SP reshaestimation technique, to combine
the data from DC and PC responses in a consistapt W his technique, the panel

interval censored estimator, allows for correlatiorunobserved determinants of WTP
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across elicitation methods, and was successfuiepin chapters 3 and 5. (Chapter 4
contained only DC questions for the CV componerd an the technique was not
applicable here.) The parameter included to captibe correlation in unobserved
effects was highly significant in both studies, @¥isupports the idea that the results

from the two question types should be modelledtpin

We also found in Study 1 that values were sensttivthe order in which the
questions were asked, a result that is also cemsistith many previous studies [e.g.
Bateman et al., 2008] and behaviour in actual markén the present case, DC WTP
was found to be higher if the DC question camé, fasd PC WTP is found to be lower
if the PC question came first. From the stratdmphavioural perspective, the first
scenario presented has special status since oal¥firgt scenario is free from the
influence of prior scenarios. In contrast, varidyses of (non-strategic) hypothesized
learning [e.g., Braga and Starmer, 2005; Plott,6]1991ggest that answers to later
questions are likely to be more reliable than amswe earlier questions. In the present
analysis we have not attempted to distinguish betwihe strategic and anchoring
hypotheses, instead we have simply controlled lier drder effects and reported the

range of estimates we obtained.

Finally, chapter 5 examines the relative sensytigitPC and DC WTP measures
to an economic downturn. Our main finding is ttie# recession caused PC WTP to
fall, whereas DC WTP stayed the same. For theegiimbehavioural view of the CV
response process to hold, there would need to bese some change in incentives, or
there must be some feature of a recession thatesawspondent to become more
strategically minded. The former condition canyoloé true if expectations of the true

cost of the investment program had changed. Siheee is no difference in the
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information given in the survey, it is unlikely theost expectations could have changed
between surveys. On the other hand, it is plaeghmt increased job/income insecurity
might invoke a greater willingness to engage inatetgic response behaviour.

Unfortunately, however, we are not able to test kyipothesis with our dataset.

To be consistent with the differential certaintygqpeective, there would need to
be some feature of a recession that caused respsnidebecome less certain of their
true WTP. This seems plausible to us, in thatija®curity might readily diminish
certainty over WTP. This could cause there to heider uncertainty range, with a
lower level of “certain” willingness to pay, buttino different a level at the top end of
the range where respondents are “not sure” whdtlegrwould pay or not. Our results

are thus also consistent with this explanatiorhef@C-PC difference.

The principal explanations for the common findihgttDC WTP>PC WTP —
strategic behaviour and respondent uncertaintg bath potentially consistent with this
result and hence we cannot say for sure why thessgan caused PC WTP to fall, while
leaving DC WTP unchanged. Nor can we use thetrasuévidence in support of one

or the other theory.

Future research might lead to a convergence in sview what is the right
elicitation approach to use. Until this happerisindeed it ever will, we would
recommend taking the pragmatic approach adoptethigthesis, of exploring the

sensitivity of values to treatment effects and répg the range obtained.
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7 Conclusions

The main theme of this thesis concerns the eshabést of non-market benefits
valuation models for use in current and future @olapplications. The research is
focussed on the UK water sector, but the resule lmoader application: as evidence
for value transfer studies in other countries giares facing similar policy needs, and
as further evidence concerning the reliability bé tSP method. All three empirical
studies in this report adopted survey design, implgation and analysis principles
broadly consistent with the guidelines containethimithe vast and growing literature
on the SP approach. The response data were alsd to perform well against the
suite of validity tests recommended in the literatuas discussed in section 6.
Notwithstanding these findings, however, we ackmamgk that SP valuation is an
evolving methodology, and the literature continteshallenge existing methods and

assumptions.

Our main conclusions from this research are aswi@! Household values for
water quality improvements consistent with Watesilk@work Directive targets were
found to vary from £2,263 to £39,168 per knat 2007 prices, depending on the
population density around the location of the inw@raent, the ecological scope of that
improvement, and the value elicitation method erygio While the former factors are
consistent with expectations, the latter suggdsis decision makers need to be aware
of such methodological effects when employing dstiwalues. From Study 2,
households were found to value the avoidance ofexpected day of severe drought
water use restrictions at £53 per household per, yea of one expected day of lesser
restrictions at £2 per household per year. Thepawable results for businesses were,

on average, £845 per business per year to avoiéxmected day of severe restrictions
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and £48 per business per year to avoid one expdeatedf lesser restrictions. Based in
part on these results, the Beckton desalinationt plaEast London was approved and
built, and began operating in June 2010. The fmain conclusion we draw from this
research is the cautionary note that economic dawstmay lead to lower willingness
to pay for water service improvements. Whethey thetually do or not depends on
which WTP elicitation method is closer to the trut@ur research suggests that WTP is
sensitive to an economic downturn when elicitedthia PC CV method, but that the

downturn has no effect on WTP elicited via a DCré@erendum-type) CV question.

For future policy applications we recommend thaeerch should explore the
sensitivity of values to elicitation treatments. ntll there is significantly greater
consensus regarding the process of preference tiormand revelation under a wide
range of treatments, it is important for consunwrthe research, i.e. decision makers,
to understand how sensitive SP valuations are tpopiedly innocuous procedural
variations. The challenge for the future of therB&hod is to continue exploring and
mapping out the multitude of ways in which survegidn, implementation and analysis
procedures impact on the value estimates obtasmad by so doing continue to refine
the guidelines around which the majority of reskars can agree. The demand for

high quality SP research will surely continue uriablall the while.
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Appendix A Selected Show Materials (Study 1)

Figure 1. CARD 4a - Quality Levels
Dark Blue — quality 1s “High”.

— There will be a diverse and natural range of plants. insects. fish. birds and other animals.

— Water will generally have the right degree of clarity and there will be no noticeable
pollution.

— Water will generally be suitable for contact activities. such as rowing or wind surfing.

Mid-Blue — quality 1s “Medium”™.

— There will be plants, insects. fish, birds and other animals. but there will be some fish and
other wildlife nussing.

— Water will be slightly murky or discoloured in parts. and there will sometimes be visible
pollution i some places. and some algal blooms.

—  Water will be suitable for contact activities in some areas but not others,

Light Blue — quality is “Low”.

— There may be limited or no plants or wildlife. or the water may be dominated by a single
plant species,

— Water will generally be murky or discoloured. and may sometimes be bad-smelling in
some places. There may also regularly be visible pollution in some places. and frequent
algal blooms.

—  Water will be unsuitable for contact activities.
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Figure 2 CARD 4b - Lake

Medium
Quality

Low
Quality

A diversity of underwater plants, floating lilies,
and tall flowering plants. Varied fish population,
including trout and coarse fish. Insects such

as dragonflies are present. Water with right
degree of clarity and no noticeable pollution.
Natural and seasonal variations in water levels.

Suitable for contact activities.

Some underwater and floating plants in
shallow areas and around the lake. Some
coarse fish and other animals present but
limited. Insects are rare. Slightly unclear and
occasionally discoloured water. Suitable for

contact activities in some areas but not others.

Very few plants, except blanket weed, and
very few fish or other animals, except worms
and leeches. Cloudy, discoloured and possibly
bad-smelling water. Unsuitable for contact
activities.
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Figure 3 Example Maps
Local Map National Map

Proportion of water bodies by area and status Proportion of water bodies by area and status
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Valuation Context Statement

“Water quality is affected by pollution from houdespfarms and businesses, and
climate change. Some works are needed just to preveger sites from getting worse. The
government’s policy is that the polluter will hate pay for these works. This will make
some every day products more expensive and wikase household water and sewerage
bills too.

The government has estimated that these extra tmstach household, including
yours, will be £10 per year, in terms of higher eadnd sewerage bills and higher prices
on everyday products.

Improving the environment requires more cuttingpoflution, which will make
products more expensive and will further increasedehold water and sewerage bills.

| am now going to show you cards which have twdhoee options for water
environment improvements. For all the options, steyl be taken so there will be no
worsening of the water environment at any site,niost cost-effective works will be used,
the money will be ring-fenced to make the improvespeand information will be made
available to the public on progress towards therovements.

It is important for us to get realistic choicesrimoyou regarding the values of these
programmes, so before you make some real choidease consider your household
budget and all of the things that you and your letvaéd need or would prefer to spend
your money on before you decide. Please also learimd that your water bill and other
household expenses may change in future for otkasans not related to the water
environment, and your income may also change urdutyour choices will influence how

far to go with improvements, so will influence gw#re’s payment for improvements.”
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Figure 4 Example PCCV Card

High Quality | Medium Quality | Low Quality

WILLINGNESS TO PAY
CARD Option A - No Change Option B

Status of Local Area
in 8 years time

NOW AND 2015
IN 2015

Status of England and Wales
in 8 years time

OW AND 2015 IN 2015

Status of England and Wales and Local Area in a5%
20 years time IN 2027 Same as Now —

Increase in your water bill and other household
payments.

Note: this payment will be added to the cost of
avoiding any worsening of the water
environment.

No increase in water bills or other household R per year
payments (continuing indefinitely)
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Figure 5 Example DCCV Card

High Quality | Medium Quality | Low Quality
Choice Card 1 Option A - No Change Option B

Status of Local Area
in 8 years time

NOW AND 2015 IN 2015
Status of England and Wales 45%
in 8 years time

NOW AND 2015 IN 2015

avoiding any worsening of the water
environment.

payments

Status of England and Wales and Local Area in [
20 years time IN 2027 S i

Increase in your water bill and other household

payments.

Note: this payment will be added to the cost of T e AN, e LM S £ 30 per year

Remembering all the things that you could do
with your money, which option would you
choose, AorB
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Figure 6 Example DCE Card

High Quality | Medium Quality | Low Quality

Choice Card 2 Option A - No Change Option B Option €

Status of Local Area
in 8 years time

NOW AND 2015 IN 2015

Status of England and Wales
in & years time

CW AND 2015 IN 2015 IN 2015

Status of England and Wales and
Local Area in 20 years time

Same as now 95% I 95% [

Increase in your water bill and other
household payments.

Note: this payment will be added to the None £ 20 per year £ 30 per year
cost of avoiding any worsening of the
water environment.

Choose Option A - No Change Choose Option B Choose Option C

Remembering all the things you could do
with your money, which Option would you
choose A Bor C?
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Appendix B Attribute Levels (Study 2)

Table B1: Water and Wastewater Service Levels by 8oario

Current Service®

2008 Plaft

2009 Plafi

Tap Water Service and its Climate
Change Impact

Risk of severe water rationing
(rota cuts and stand-pipes for up to
3 months)

Expected 1 in 87 years

Risk eliminated

Risk elimidate

Leakage from Thames Water pipes

25% of watef' lost

27% of water lost

20% of water lost
(20% reduction)

24% of water lost
(11% reduction)

Unplanned interruptions to water
supply of greater than 6 hours

13,000 households

have an interruption

each year

10,000 households
have an interruption
each year

(25% reduction)

9,000 households have
an interruption each
year

(31% reduction)

Drinking water quality

1,600 complaints per

1,500 complaints per

1,500 complaints per

(complaints about taste, colour and year year year

smell) (6% reduction) (6% reduction)

Carbon dioxide emitted by Thames No change from Fall of 10% Fall of 10%

Water caused by tap water service current levels (out of total fall of (out of total fall of
20%) 20%)

Wastewater Service and its Impacts
on River Water Quality and Climate
Change

Households affected by sewer
flooding

2,300 households at
risk each yedr

1,620 households at
risk each yedr

1,700 households at

risk each year
(26 % reduction)

1,180 households at
risk each year

(27 % reduction)

Improved quality of rivers and
estuaries

No improvements in
river water quality

225 km of river has
improved quality

368 km of river has
improved quality

Households affected by smell from
sewage treatment

23,000 households
affected each year

7,000 households
affected each year

(83% reduction)

7,500 households
affected each year

(67% reduction)

Carbon dioxide emitted by Thames

Water caused by wastewater
service

No change from
current levels

Fall of 10%

(out of total fall of
20%)

Fall of 10%

(out of total fall of
20%)

Notes:a “Current” levels of service shown were the saméath 2008 and 2009 surveys, except where indicaitdnotes d and e.
b This column shows the levels of the improvement ghown in the 2008 survey.This column shows the levels of the
improvement plan shown in the 2009 survey.evel shown in 2008 survey onkyLevel shown in 2009 survey only.
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