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ABSTRACT

Climate change scenarios predict an increase of extreme rain, evieictswill increag the risk

of wastewaterflooding and of missng legal water quality targets. This stuaicits the
willingnessto pay to reduce ecological and health risks from combined sewer overflows in
rivers and lakes, anwvastewaterflooding of residential and commercial zonasder the
uncertainty of climate change. We implement a discrete choice expernerat large
representativeampleof the Swiss population. We find that about 71% of the respondents are
willing to pay a higher annual local tax to reduce the risk of wastewateldawiag in rivers

and lakes.Swiss households stronglalue the protection of water bodies, amostly, the
avoidance of highecological risksand health risks for childrerelated tocombinedsewer
overflows in rivers and lake©ur findings also showhat climate change perception has a
significant effecton the willingness to pay to reduce these rigkeese results are important to
support policy makers’ decisions on how to deal with emerging risks of clrhatege in the
water sector and where to set priorities.
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1. Introduction*

In the future, vater management faces daunting challenges because of complex changes
and large uncertainties, a prime driver being climate ch@vijg et al., 2008).Climate
change scenarios predant increase of extreme rain events (May, 2008). Studies iné&urop
andthe U.S. predict an increase of severe storms betwe&@@%ercent(Grum et al., 2006;
Butler et al., 2007). Enhanced weather variability will substantialltffee water sector,
and increase flood-related risks (e.g., Kysley et al., 2011 ndatprecipitation increases the
risk of wastewater flooding of urbanized areas, aachbined sewer overflows (CSOs) in
rivers and lakesausing an increase in ecological and health risks by missing legal water
quality targets Under climate change, it is highlylikely that the current level of services
supplied by the wastewater system can be maintained without substddtiednal
investments intarban drainagenfrastructuregArnbjerg-Nielsen and Fleischer, 2009
MacDonald et al., 2010 his paper estimates the willingness to pay to reduce ecological and
health risks related ttombined sewer overflows in rivers and lakes, sewer surcharges
resulting in flooding of residential and commercial zones under the uncertainityafecl
change in Switzerland.

Untreated sewage contains pathogens (e.g., bacteria, parasites, and vireisgesasch
pharmaceuticals, and nutrients that can pose a risk to human health and the envirommeint (K
al., 2007; Donovan et al., 2008; Kummerer, 2009; Ham et al., 2009; Weyerauch et al., 2010;
Musolff et al., 2010). Children, the elderly, and those with a weakened immune system are
particularly vulnerald to negative health effedis.g., diarrhea, nausea, and infectioRsy.
instance, the U.S. EPA estimates that betwle@rand 3.5 million peopfell ill from
recreational contact with waters contaminated by sewer overflows alone evefy yRedEPA,
2001).In addition wastewater overflowing into rivers and lakes implies an ecological risk for
animals and water plants. For example, nutrients such as nitrogen and phosphorus can lead to

eutrophication (Jankowski et al., 200&evenon and Pote, 201Pharmaceuticals and

! We thank the Swiss Federal Office for the Environment, FOEN for funtisgesearch (project number
J0542223/2010), Michael Schéarer (FOEN) for his encouragement, the LIstkuite (www.link.ch) for
carrying out the representative survey, and in pdaticGtefan Neubert and Matthias Winzer for their support,
Sabine Sonderegger for the translations, Peter Rickenbacher (GasthalWessen Kreuz, Seewen, CH) for
providing pictures for the questionnaire, the interview partnerth&rr valuable feedbadk earlier versions of
the questionnaire, and professors Roy Brouwer and Stefanie Endeddossion on an earlier version of this
study.

2 For example, in Wisconsin it is expected that the frequency of comtémest sverflows into Lake Michigan
will rise by 58120 percent by the end of this century, threatening the usability of receddieaches (Pa&t

al., 2008). Likewise, simulations of waste and stormwater flows ucldeate change in Sweden are predicted
to worsen existing drainage problense(nadenDavies et al., 2008). In Norway, the number of G&O
expected to increase 13%times as much as the increase in precipitatiba €t al., 2009.



personal care produatentained in the wastewatgose a risk to the aquatic life even at low
concentrations (Daughton and Ternes, 1999; Kolpin et al., 2002; Ankley et al.)2007

A number of studies have simulated thieets of increased heavy precipitation under
climate change scenarios on tirban drainage system. They all conclude that the current
wastewater system is likely inadequate to deal with the excess water (and seeaygbined
systems). Examples of sudmsilations come from the UKButler et al., 2007), Sweden
(SemadenDavies et al., 2008), the U.S. (Patz et al., 2008), and Norway (Nie et al., 2009).
Urban drainagsystems have to cope with climate chatigg may seriously affect urban
planning, and adaptation strategies must be defined and implemented to reducea@ridgi
health risks.

Engineers have different technical solutions to counter the effects ofelkmange on
the wastewater sector. Hostancefo redu@ CSOs it is possible to build wastewater retention
tanks that buffer the wastewater during rain eveantseduce wastewater flooding stfeets and
cellarsit is possible to build larger sewers (Butler et al., 2007). However, these coeatenss
to climate change require substantial investméiscountries such as France, Germany, Italy,
UK, and U.S.A., the replacement values for the public systenygically 2600 US$ cap and
for small countries such as Austria, Denmark, and Switzerland 4,800 US@vayrer et al.,
2005)3 Therefore, an estimate of the benefits fradapting the sewer system to maintain
current service levels under climate change is needed.

This interdisciplinary study estimates thenefitsof adapting the wastewater discharge
system to climate change reduce ecological and health risks from theeents: (i) combined
sewer overflows in rivers and lakeghich are likely to increase the ecological and human
health risks(ii) sewer surcharges in streets resulting in flooding of residential ancheccial
zones, which induce personal and commurgltdity for instance by disrupting the traffic; and
iii) sewer surcharges of cellars, which result in personal disutility to th@gewning cellars.

This studyimplemens a discrete choice experiment to elicit the willingriesgay to
reduce thesesks in Switzerland. A representative survey among the Swiss adult online
population from a panel of about 110,000 members of the Italian, French and German parts of
Switzerlandwas conductedThe final representative sample of the Swiss population amounts to

1,022 interviews. The final dataset contains a rich set of variables. Infomfais been

% In Switzerland, generations of engineers have developed a highly advaneedupply and wasteater
infrastructure systemfinanced by the populationthat provides highest quality services to all. This
infrastructure is expensive; the replacement value has been estimatedlét 2HF, with 6.3- 1 CHF annual
costs It is also worth to note th&n Switzerland 70% of the sewer system is combined and that pure separat
systems are rai@aurerand Herlyn, 2006; Martin, 2009



gathered on the perception of climate change, the level of concern associated wigvitus
events about human health (children and adults, separately), and the environment. Respondent
wereasked to pick the most preferred option among a choice set of two alterrtzdivies.
option differs from the others (i) in the type of evemagtewater flooding of cellars, wastewater
overflowing in rivers and lakesyastewater flooding of streetg)i) in the average number of
occurrences of an event;i)ithe health risk related to the event defined in terms of total cases of
iliness per year; \i) the population affected (children or adul{s); the ecologicalisk; and (\)
the cost (higher local taxes).
An additional attribute describing the scientists’ confidence in the predictidhe

average number of occurrences of the event has also been included for half oflee Bais
treatment allows ut testwhetherclimate change uncertainty influences respondents’
willingnessto pay. Indeed, the outcomes afligy measureare not known to the researcher
with certainty, in particular, in the context of climate chamtmwvever, typically in economic
valuationit is assumed that the outcomes are certain as ifchglgbe predicted accurately
Only recently a couple of studiestarted to include the outcome uncertainty in stated preference
surveys (Roberts et al., 2008; Gleck and Colombo, 2@bt)exampleRoberts et al. (2008)
show that including uncertainty in the environmental outcomes affects the néiago pay of
people for water quality. Our studysocontributes to this literatutgy presenting realistic
scenarios that account for the unagty in outcomes because of climate change

Our results show that Swiss households strongly value the protection of water bodies, and
areconcerned about the consequences of wastewater surcharges on the environment and on
human health. We find that about 71% of the respond@eetsilling to paya higherannual
local tax to reduce the risk of wastewatgerflowing in rivers and lakes. Our findings also
suggest thatlimate change perception has a significantfaosltive effect on the willingness
to pay to redce these riskgaeoplethat perceived long term changes in climate are
significantly more willing to pay to reduce these risks than people that did netyeeany
change. These resulise important taupport policy makers’ decisions on how to deal with
emerging risks of climate change in the water sector and where to set priorities

2. Literature Review

Flood risks have been the main focus of studies addressing climate change,imaneely
Netherlands, where severe effects are to be expectedB@zen et al., 2009), (Botzen and
van den Bergh, 2012), but also in ScotlahéU.K. (Glenk and Fischer, 2010), or the U.S.A.

(see the metanalysis byDaniel et al., 2009). With respect to infrastructures, a number of



studies have focused on the provision of (potable) water. Various studies concern developing
countries, which face quite different problems than industrialized countries gsebe
metaanalysis byAbramson et al., 2011), or a contingent valuation study about water supply

in an Andean watershé€tMoreno-Sanchez et al., 2012). In industrialized countiies,

willingness topay for the (uninterrupted) provision of potable water to households or the

willi ngness t@ccept interruptions was elicitedy., inthe USA(Griffin and Mjelde, 2000),
Australia(MacDonald et al., 2005§jMacDanald et al., 2010) and in Spain in the context of

the European Water Framework Directidaftin-Ortega et al., 2011). The latter study, for
example, found a high willingness to pay, not only to secure the household’s own water
provision, but also to maintain a good ecological status of the river.

The willingnesgo pay for high ecologicalater quality has been elicited in a number of
studies, but often without explicitly mentioning the wastewater infrastructeeeésiews of
economic valuatioffor water resourceBirol et al., 2006)and stormwater management
(Braden and Johnston, 2004 n Aarly contingent valuaticstudy elicited the willingness to
pay for minimum water quality levels for boating, fishing or swimming in the (Sskson
and Mitchell, 1993). This was followed byatér large study concerning the value of water
quality (Viscusi et al. 2008). An Australian contingent valuation study focused on protest
responses, using the example of stormwater pollution abatement (Jorgensen ena0bom
While methodologically very interesting, the suggested policy measuresyémnpwere not
related to the wastewater infrastructutlessome European countrjasastewater istill not
treatedstateof-the-art, and several contingent valuation studies from Greécied the
populations’ willingness to pay to install or operateastewater treatment plafg.g., Genius
et al., 2012). A recent paper concerning the influence of the respondents’ poligoghtoon
in choice experiments is based on three aastigdies about the services provided by water
supply and wastewater infrastructures in the UK, one of tdemconcerns upgrades of the
wastewater treatment plam reduce eutrophication (Dupont and Bateman, 2012).

We foundtwo studies thaspecificallyaddressed health risks associated with low bathing
water quality. The first had a methodological fodhs, temporal stability of contingent
values in dichotomous choiexperimentgBrouwer, 2006). The problem was addressgd
two identical studies before and during the extreme conditions of the very hot summer 2003.
As measuretd implement more stringent bathing water quality standards, different upgrades
of the wastewater system were proposed, such as increasing the storage dag@agiysor
disinfection of wastewatef.he second study waschoice experiment in Canterbury, kAt

estimaed the population’s willingness to pay for improving the ecological water quality of



rivers, reducing thask of sickness and the number of months that a river is in low flat (
etal., 2012). However, this studynst directly linked taclimate change antthe wastewater
infrastructures

In Australia, a choice experiment elicited thidlingness topay of households to avoid
interruptions in water service as well as overflowsvastewagr into the houses, near houses
or in sewer manholes in the strédensher et al., 2005} ere, thecustomer’s main concern
aboutwastewater overflows was hygiene, but specific attribadiesessinghe effects of
overflows on receiving watemwere not included. In contrastglaoice experiment in the UK
included water supplgis well assewage flooding into propertiesdthe effects
wastewateon water quality(Willis et al., 2003.

In conclusionwe are not aware of any study that directly combines climate change with

an upgrade of the wastewater infrastructures to protect human health and thieaapliadjty

of receiving waters under uncertainty.

2. Data and Methods
2.1. Sample Selection and Data Description

We implementec representative stated preference online swf/éye Swiss population.
Respondents were randomly selected from a panel of the institute for opiniaxhdddeK
consisting of about 110,000 members of the Italian, French and German parts ofli@wiizer
Panel members are representative of the Swiss population between 15 and 74aggars of
that uses the internet at least once a week for private purpbsspiestionnairevas tested
and modifiedn several step® account fotherespondents’ understanding of the choice
tasks, the adequacy of the number of policy options, attributes and levels, and the duration of
the survey. In a first step, 15 oteene interviews in German and Englisikre carried out
in July-August 2010. In September 2010 an internet@sewas carried out by LINK with
55 respondents imé German part of Switzerlanihe questionnaire waggainadapted
translated to French and Italjaand pretested withrother 22 respondents. The final survey
was administered online by LINK in November—December 2010 in the three linguist
regions of Switzerland. A random selection of 4,p@8el memberérom a total of about
110,000 panel membengceived an invitatioby emal. The response rate wa8%,which
is in the range usually found for stated preference surveys (Brouwer, 2006). We had to drop
an additional 381 individuals becaukeydid not complete the survey. The final saenpl

consists of 1,022 individuals: 513 women and 509 mberaverage age of the respondents



is 41 yearsA summary of the socidemographic characteristics of our sample is presented
in Tablel.

Our sample shows that 78% of the respondents perceived long term changes in
precipitation and/or temperature in Switzerland. Climate change is of higinyohigh
concern for 35% of the respondents while 45% have medium concern. Respondents are in
general satisfied with the Swiss wastewater system (84% revealed higty biigh
satisfaction)andmog of them (94%) have already experienced some adverse events related
to wastewater (in Switzerland or in another country). The most commonly céatlis
smelling wastewater (82%). More than half of the respondents (58%) have @seeced a
prohibition to bathe in a lake or a river because of wastewater in the waterpand tre
same percentage (56%) has already seen algae in rivers or lakes. Nearly 30% of the
respondents have experienced a street and/ or a cellar flooding with wast&egapondents
are quite often in contact with water bodies, as only 20% answered that theprarever
go to rivers or lakes; and 25% of the respondents have already taken measures to avoid

wastewater entering the cellar.

< insert Tablel about here >

2.2 Survey Instrument

The survey was organizedsix sectionsthe first section elicited climate change
perceptios by asking whether respondentgiced any long term changes in temperature
and/or rainfall in Switzerland, and whetlieey wereconcerned about an increase in heavy
rainfall in Switzerland in the next 20 years because of climate change. The sectod
focused ortherespondents’ knowledge of thestewater systesnd compositionthar level
of satisfaction witlthe currentwastewater systeprandtheir past experience with events
related to wastewatsuch as streets, cellars or gasafieoded with wastewater, prohibition
to bathe in rivers or lakes, algae blooming in river and lakes, or illnessgacted because
of contact with wastewater. In addition, at the end of this section we provided atifmmm
about the wastewater composition, the wastewater system, and the eftdioisiaf change
on the Swiss wastewater system to ensure that respondents had sufficientigadwimake
an informed decisiom the choice experimenthe third sectiorelicitedthe level ofconcern
about wastewater flooding otllars streets and overflowing in rivers and lakeS$0s)
including the level of concern about possible effects of these events on the healtlsof adul

children and the environment. The fourth section was designed to communicate thesoncept



of theaverage number of occurrences of an event, and the probability of forébasts.
probability of the forecast describie scientists’ confidence in the prediction of the average
number of occurrences of the event. Box 1 presents the definition and an example of these
concepts. In particular, evadapteghrobability communication tdiniques byAdamowiczet
al. (2011)to the case dfwo cities with equal number of occurrences but different probability
of the forecastandtested whetharespondents’ understood these concepts. About 93% of the
respondentsorrectlyanswered the control question.

The fifth sectionintroduced the policy object of study apeksented the choice
experiment The last sectioof the survey focused @ocicdemographic characteristics of
the respondents includirigeir risk attitudesand politicalorientation

The goal of the policyas describeds follows:
“T he goal is to lower the risk of the following theagentan the next 20 years:
0] wastewater flooding dftrees;
(i) wastewater overflowing in rivers and lakes;
(i)  wastewater flooding afellars
To lower the risk of wastewater floodingstfees orcellars it is possible to build bigger

sewer pipes. To lower the risk of wastewater overflowing in rivers and lakepossible to

build retention tanks to store the wastewater during éiefall. Without these measures, all
three events mayccur within the next decades.

Below you will have the opportunity to choose between two options. Each option

— lowers the number of occurrences of one event but not of the other;

— can imply differenhealth and ecological risks;

— can cost a different amount of money. A cost of 0 CHF means that no measure will be
taken”

To minimize protest responses, wesdribel the policy as an “extraordinary upgrade” of
the wastewater system to address climate cheffigetsand not as a regular upgrade. Then,
we emphasized thaidditional funding were needed to achieve this goal, and that the money
collected would have been devoted exclusively to upgrading the wastewater. 3yste
account for substitution and income effects,asldedhatthe respondent should keep in
mind his/her income level, and that paying for the policy option would have meant having

less money for other things that the respondent and his/her family caelcéaded.



10

2.3.Discrete Choice Experiment

Discrete choice experimerftave been applied in many different fields such as
community health improvemenrg.g., Bosworth et al., 2009), contaminated site cleanup (e.qg.,
Alberini et al., 2007), environmental quality.g.,Viscusi et al., 2008), or river rehabilitation
(e.g., Loomis et al., 2000). In choice experiments respondents are shown alternainge opt
of a good or policy. The options differ from one another in the levels taken by two or more of
their attributes. The attributes are not “purchased” separately (or separatetgtedagto the
options), but come in a bundle, which also includes the cost of the respective option.
Respondents are then asked to pick their most preferred option.

We implemergda fractional factorial experimental design to identify the combination of
attributes and options in a choice set (Louviere et al., 2000; Adamowicz et al.*2011).
particular,respondents were presented with three ramglassignecthoice questions,ne
guestion for each event: wastewater floodingtoées, wastewater flooding akllars, and
wastewateoverflowing in rivers and lakes. In each questtberespondentsere asked to
choose the most preferred of two possible opt{éigure 1) (A) a costly option
corresponding to the implementation of the policy that would upgrade the wastsysaten
to adapt to climate change; (B) a poostlyoption corresponding to the future scenario of no
policy implementation. This implies rextra coss for the taxpayer but higher health &nd
ecological risksn the future. We define this non-costly option as the “future quo.” The
decision to compare only two options of which one is costly was dictated by the pre
tests. Respondents showed cognitlifécultiesin choosing between three optidhat were
characterized by different attribute levdlsaddition, in our context the standard approach to
use a “status quo” option that is fixed for all respondents would not have been realstic. |
case, the “status quo” corresponds to a “future quo” that is uncertain givextecthange.

This implies that we do not have one fixed status quo scenario that is equal for everybody;
rather we have different “future quo” scenarios that we randomly a&sktgrthe

respondents.

< insert Figire 1 about here >

*We used Ngene 1.0.2 for the experimental design.

®> Onecould argue that this studsynot adiscretechoice experimerttecause of the binary choice between a
costly and a nowostly option However, we want to emphasize that our study satisfies the twoiaksent
elements of discrete choice experiments identified by Carson and Lo®0&rB):(‘(1) a respondent is asked to
make a discrete choice between two or more alternativestiniae setand (2) the alternatives presented for
choice are constructed by means okaperimental desigthat varies one or more attributeghin-and/or
betweerrespondents to be able to esiie economic quantieies to preference parametdis 542-543).
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Each option is described by seven attribugghe typeof event (wastewater flooding of
cellars, wastewater overflowing in rivers and lakes, wastewater floofistgees); (ii) the
average number of occurrences of an event (e.g., 1 flooding in 20 years); qigaltterisk
related to the event defined in terms of total cases of iliness per year; (iopthatpn
affected (children or adults), (v) the ecological risk (very low, low, medium, higi hgh),
(vi) the cost represented by a higher annual localaaa (vii) the probability of the forecast
as describedbove (Box 1). The latter attribute has been included randomly for half of the
sampleThe purpose of this spiample treatment was to test how uncertamtre scenario
influences theespondents’ willingness to pay. Tablsiimmarizes the attributesd their

levels.

< insert Take 2 about here >

The levels of the attributes were defined with the help of experts, mainly ergyatehe
Swiss Federal Institute of Aquatic Science and Technology (Edweit}),data from
cantonal and municipal services in wastewater treatraadtfrom scientific publications.
The “probability of the forecast” describes the scientists’ confidence jpréugction of the
average number of occurrences of the event. The medium level of the “average alumber
occurrences odn event” correspond$aut to todays’ situation; lower levels correspond to
an improvement of the situation, and higher levels to a degradation (because of climate
change). The frequency of wastewater flooding of streets and cellars ines@s$taccording
to the common practice for dimensioning wastewater pipes in Switzerlanah (petuwds of
5-10 years). The frequencies of combined sewer overflows (CSOs) wereideteatfter
Waeber (2009) and with the helptbe municipality of Lausanne. The numbers of “cases per
event” werederived from concentrations of bacteria in wdf@ufour, 1984 Patz et al.,
2008),and arough estimation of how many people could get into contact with the
wastewater.

We minimized overloading of the respondents by reducing the variation of tbatatr
For example, the two alternatives (&)d(B) always displayed an identical event and

identical probability of the forecast. However, the type of event and the payeeaftthe

® www.eawag.ch
" Thesenumbers for the attributes are only rough estimations. They were ngcesgiave realistic orders of the
magnitude of effects to the respondents, but they should not hdera@asas reference values.
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probability were randomly selected. After the choice questions)seeelicited with

attributes were most importamt iaking the decision.

2.4Econometric Model
In this study, we apply the mixed logit mod®ldFadden and Train, 2000; Train, 2003)
to address some limitations of the standard conditional logit model (McFadden, 1974 such a
homogenous preferences and the assumption of the independence of irrelevanvedternat
(IIA) (Hausman and McFadden, 1984). In the standard conditional logit mbgehssumed
that the choice between the alternatives is driven by the respondent’s umgetility
which we denote ad. Respondents are assumed to choose the alterpatittee choice set
that results in the highest utility. Formally, apesdent chooses alternatikérom the choice

setSof alternatives if and only i), >U ,,vj =k e S. The respondent’s utilityl is broken

down into two components. The first component, which we denoteXas RXis
deterministic, and it is assumed to be a functioa wvéctorX of the attributes of the
alternativesncluding their cost, anthe sociedemographic characteristics of the individual
such as gender, age, education, marital status, income, regesideince (ltalian, French or
German part of Switzerland), risk preferences, political orientation, andheviibe
respondent perceived climate change (see Tablethédull list of variablels® The socie
demographic variablegereincluded as interaitins with the alternativepecific constant
(ASC).The second component is a random componrgnivhich captures individual- and
alternativespecific factors that influence utility but are not observable to the researcher
(Alberini et al., 2006)Formally,U; =V, (X ,B) +¢ -

In the mixed logit model, nlike the standard conditional logit model, heterogeneity in
preferencess accounted fopy allowing thevector of parametefto vary among
individuals with values that depend on a underlying distributiarich capturethe
respondents’ random tastéowever, he probability that individualchooses a sequence of
alternatives cannot be solved analyticaiigdso it issimulatedby maximum simulated
likelihood method (Train, 2003).

8 The risk attitude was elicited using an estimatibthe certainty equivalent (CE) of the respondents.
Responderst weregiven the choice between two outcomes that occur with a certain prob@lglits lottery)
and a sure outcome (i.e., occurring with 100% probabilityJBEquals 0.5 the respondéstassumed to be
risk neutral the closer to zero CE the more riskoving the respondent is; arilde closer tmne CE ighe more
risk averse the respondent is.

We usel 500 Halton draws for the maximum simulated likelihood estimation.
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3. Results

Table 3shows the average concean Wastewaterelated eventsn the health of children
and adults, and on the environment. Responderigery concerned about the effect of
combined sewer overflow€E09 and pharmaceuticals in wastewatarthe health of adults
(respectivelyabout 60% and 88 have a high or very high level of concern), on the health of
children(73% and 77%, respectively), and on the environniésfro and 77%respectively.
In contrasttheyarethe least concerned about #féectsof street and cellar flooding on the
health of adults and children, and on the environment. However, the respondents showed an
increased concern for the effect of street flooding on the environment compeeddrto
flooding (54% versus 42%)rhis shows that the respondents were aware that wastewater that
floods streets can reach the environnvelnile thatwastewater that floods cellars is usually
pumped back to the sewers.

< insert Table &bout here >

Theseresults are confirmed by the analysis of the willingness to pay to reuese t
events. We find that about 71% of the respondamwilling to pay a higheannual local tax
to reduce the risk of wastewatmrerflowingin rivers and lakesvhile about 5% are willing
to pay to reduce the risk of floodimgstrees and about 43% of cellar$able4 presents the
estimated coefficients by timixed logit modeland Table 5 reports the marginal willingness
to pay as an annual increaddocal taxes The marginal willingness to pay of each attribute
is computed as the negative of the coefficient on that attribute, divided by theieoefin
the cost variable reportexd Model 1 of Table 4 (Alberini et al., 2006).

< insert Table 4about here >

As predicted by the theoryhe percentage of respondents willing to pay an annual local tax
significantlydecreases as the cost incredaeshe 1% significarelevel); a the scientists’
confidence in the prediction of the average number of occurrenties event increasgthen
the willingness to pay seems to increase as well, as expected. Howewegathevillingness to
pay of the average respondent in the subsample that included the attribute releddrecast
confidence is not statisticallyféerent from the willingness to pay of the average respondent in
the subsample without this attribute. This implies that the inclusion of the uncenatingy

scenario did not have a significant effect, and so we pool the two subsamples.
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< insert Tablé about here >

As expectedwe find thatas the number of occurrences of an event incretisasthe
willingness to payncreases, and respondents are willing to pay more to avoid high and very
high ecological risks (CHF 188 and CHF 288spectivelythan to guarantee very low or low
ecological risks (CHF 102 and CHF 70, respectively). In addition, we find that tregave
respondent is significantly willing to pay more for a scenario where theagsiction concerns
the health of childrerthan a senario where the population affected consists of adults.

Our results also suggest that the highest mean willingness to pay is assoitiated w
reducing the risk of wastewater overflowing in rivers and lakes, and tlestawvillingness to
pay with reducinghe risk of wastewater flooding of cellars. In particular, the average
respondent is willing to pay CHF 1,218 higher annual local taxes (that is, about CHF 100 per
month, and about 1% of household average annual indomeduce the risk of wastewater
overflowing in rivers and lakes, CHF 430 more per year (about CHF 36 per month)lin loca
taxes to reduce the risk of wastewater flooding of streets, and CHF 145 (CHFm@rlke)
to reduce the risk of wastewater flooding of celf&Bocus groups showed ttthts lower
willingness to pay to prevent cellar flooding might be related to the fact thascaita
usually insured for these damages, and people stated that it is the resppoosibiitowner
to take seHprotection measures against flooding ofargl and not of the public.

Internal validity of the willingness to pay responses can be checked by showitigetha
willingness to pay correlates in predictable ways with secanomic variabledVe estimate a
second model where we include the socio-demographic characteristics of the regpandent
in particular, whether they perceived long term changes in temperature pregiprtation
This model shows thatimate change perception has a digant positive effect othe
willingness to pay to redudberisks. In addition,wealthierrespondents and those with a higher
educatiorare willing to pay morewhile respondents thate rarely in contact with water bodies
and risk loving respondentseawilling to pay lessWe also find thathe political orientation of
the respondentsas a significant effect on théllingness to paylLeft-wing respondentsave a
significantly higher willingness to pay than right-wing respondéntsontrastage,gendey and

location do not seem to affect the willingness to péger and younger persomsale and

1 These valuemightappear asery highestimatesHowever, they should be interpreted at the household level
and considering that the average household annual income is about CBIF0120,
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female,German, Frencghand Italian speaking responderasd persons living in urban or rural
areagdo nothavesignificantly different willingness togy.

Finally, we asked the respondents to rank the attributes they used in choosinghativater
The most important attribute to help choosing between the two alternatives were the
consequences on the environmamd healthwith 84% and 79% of the respondents,
respectively, answering “important” or “very important”. The cost (64% oplgesaying that it
was important or very important) came in third position, followed by the number of events
(60%). The probability of occurrenceasthe least importartharacteristic for choosing

between alternatives (54%).

4. Discussion and Conclusions

This study investigated the willingness to pay to reducec¢bégical and healthisks
associated with three events: (i) wastewater overflowing in riversafed;(ii) wastewater
flooding of streets; and (iii) afellars.We carried out a survey among 1,022 respondents in the
three linguistic regions of Switzerland. Our resshswthatSwiss households acencerned
about climate change and its effectslom wastewater system. The effects of combined sewer
overflows (CSOs) in lakes and rivers on the health of children and on the environnmant are
high priority. We find that about 71% of the respondents are willing to pagharannual local
tax to reduce thesk of wastewater overflowing in rivers and lakes while about 54% are willing
to payto reduce the risk of wastewater floodingstreets and about 436t cellars.

Our results show @ery high willingness to pay teeduce the frequency of CS@srivers
and lakesvith respect to thevillingness to pay to reduce the risif wastewater surcharges in
streets and cellararhich are associated witbw ecological risksOne must keep in mind that
the absolute numbers may seeeny high from an international perspective. However, in
Switzerlandncome and general costs are higher than in most other countries. Even the highest
elicited willingness to pagf about CHF 1,200 higher annual local taxes (that is, about CHF 100
per month) amousto 1% of the annual househalttome.Moreover, Switzerland igeneral
places strong importance on clean water. This can be seen with the recent decision of the
Federal Office for the Environment (FOEN, 2012) to upgthdel00 largest wastewater
treatrment plantqof totally 700 wastewater treatment plants) with a fourth treatment step to
approximately halve micropollutants in water bodles estimatedhat theinvestments will
amount to CHF 1.Billion. We are not aware that any other country hkeriauch fareaching
decisions to date to keep micropollutants away from water b@dssin other areas than

water protectionSwitzerlandhas been found as one of the countries in the world with very high
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environmentally-friendly behavioK@iser etal., 2000; Binder and Mosler, 2007). Given the
results of our representative nationwide survey, the intended measures oifshé&&leral
Office for the Environment to reduce micropollutants in water bodies for enviroahfantl
precautionary) reasons Wikely be met with high acceptance by the Swiss population.

It is difficult to make airect comparison about the willingness to pay found in other studies
not onlybecause the attributes of the scenariogldiferent, butalsobecause the context is
different To the best of our knowledge, noofeheexistingstudies elicited the willingness to
payfor an extraordinary upgrade of the wastewater systgmotect the environment and
human healtlbecause ofvastewater overflowing undetimate changeNevertheless, our
results are supportive of previous findirgfshigh willingness to pato reduce ecological and
health riskge.g.,Willis et al, 2005;Martin-Ortega et aJ.2011).

In addition, our willingness to pagstimateshow whatervicesffered by the Swiss
wastewatesystemare most important to the citizens, and they are a measure of the value that
citizens assign to the benefits of these investmé&hen, hese benefits can lmempared with
thecost of improving the services. Ttaows the policy maker to identify the net welfare gains
from different investments and to set priorities. Our results shat®wiss households value in
particularthe quality of water bodies, and priority should be given to an upgrade of the
wastewater syste that implementadditionalmeasureso avoid CSOs in rivers and lakasd
protect the environment and human health. However, we also wish point oueéthdtnot
fully capture all services of the urban drainage and wastewater systemed\te tavoid
overloading the survey with attributes that can be considered as lesatréleh@ context of
climate change (e.g., smell).

Interestingly, we also find th#te political orientation of the respondents aas
influence on their willingness to palyeft-wing respondentlave a higher willingness to pay
than rightwing respondentsOur resultsupports previous findingbat liberal or leftoriented
respondents are more supportive of policies towards environmental protection (Duhlap et a
2001; Neumayer, 2004; Dupont and Bateman, 2012; Tobler et al), Faidlly, our study
contributes to the recent literature on introducing the uncertainty of the outcostated
preference survey instead of presenting scenarios as if the outeeneesertair(Roberts et al.,
2008;Gleckand Colombo, 2011). We find that the uncertainty in the scenarios does not seem to
affect the willingness to pay of respondents. This is in contrast to the findiRygefts et al.
(2008), who show that including uncertainty in the environmental outcomes affects the

willingness to pay of people for water quality.
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In our opinion there is still insufficient evidentdeat concera willingness to pay choices
under uncertaintyA recent review of the psychological literatw@ncludeghatnot only the
probability information provided to respondents is important, but also the context, in which the
message is presented (Vischers e809. Our results indicate thaur respondents might
have used simple heuristics to process the probainifdymation This is in line with
psychological findings. However, how such cognitive limitations can best be dweitsn
designing choice experiments that include risk informateonains to be testeBurther
researclshould be directeat refining the communication of uncertainty about the outcomes, in
particularunder the context of climate ahge With respect to choice experiments, we suggest
that future research should test how different levels of uncertainty can be ineclublecthote

sets and how this information affectise welfare estimates.
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Box 1 Example of “probability of forecast” communication

Average number of occurrences of an event

In the following sections, we will often speak in termsaférage number of occurrences of an evéfdr
example, we will speak in terms of 2 street floogiimy20 years or one event per 10 years. Specialists say that it
has areturn periodf 10 years.

Rain are random events. There is no certainty that a rain event will hdjneereturn periodiefinesthe
probability that a specific eveig exceededvithin a time period.

Probability of the forecasts

We don't know exactly what the future will be. Therefore, the forecastedtiturealwaysinvolve uncertainty.
A typical example is the probability of rain in the weather forecgésdon’t know exactly hownuch more
heavy rainfalls will occubecause of climate change. For this reason, we use a “probability ofé¢badti for
the average number of occurrences of an event. This is the probabititgtestiby specialists and that
characterizes the confidence in the prediction. For example, a probability eCadbof 80% means that the
number of occurrences of a given event will be reached or exceededfid @D @alculationdy the climatic
models. The bigger the probability of the forecast is, the more confidetioe prevision the specialists have),

For example:
City A City B
Average number of occurrences = Average number of occurrences =
4 street floodings in 20 years 4 street floodings in 20 years
Probability of the forecast = 10% Probability of the forecast = 15%

e

- " -

C4. Which city ismore likely to experience a street flooding in the next 20 year s?




25

Tablel
Descriptive statistics

Variable Description Mean Std. Dev.
Male = 1 if male; O otherwise 0.498 0.500
Vocational School =1 if school degree from vocational school; 0 otherwise 0.388 0.487
High School =1 if school degree from high school; O otherwise 0.133 0.340
Technical University =1 if school degree from technical university; O otherwise 0.166 0.372
University =1 if school degree from university; 0 otherwise 0.228 0.420
Age age in yeard) otherwise 41.046 14.638
Risk Loving =1 if risk loving; O otherwise 0.273 0.446
Risk Adverse =1 if risk adverse; O otherwise 0.233 0.423
Annual Household Income  annual household income in CHF / 100; O otherwise 1,210.685 677.992
French Part =1 if living in the French part of Switzerland; 0 otherwise 0.265 0.441
Italian Part =1 if living in the Italian part of Switzerland; O otherwise 0.113 0.316
Urban =1 if living in an urban area; 0 otherwise 0.720 0.449
Contact with Water Rare =1 if respondent rarely goes to rivers/lakes and getsin  0.215 0.411

contact with the water for example by swimming, fishing,
sailing; 0 otherwise
Contact with Water Sometime¢ = 1 if respondent sometime goes to rivers/lakes and gets 0.409 0.492
contact with the water fazxample by swimming, fishing,
sailing; 0 otherwise

Political Orientation Center =1 if political orientation is center; O otherwise 0.585 0.493
Political Orientation Left =1 if left-wing; 0 otherwise 0.102 0.302
No Political Orientation = 1 if without political orientation; O otherwise 0.254 0.436
Climate Change Perception = 1 if perceived long term changes in temperature and/or 0.781 0.414

precipitation in Switzerland

Note: Total number of observations is 1,022.
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Option A Option B
Wastewater overflow inivers and | Wastewater overflow inivers and
Event D D
lakes lakes
Probability of the forecast 30% 30%
100 wastewater overflows 600 wastewater overflows
Average number of occurrences ¢ . .
in 20 years in 20 years

an event

(5 per year)

(30 per year)

Health risk
(total number of cases of illness)

250 cases amorahildren
per 100 events
(total number of cases of illness i
20 years: 250)

250 cases amorahildren

per 100 events
n (total number of cases of illness i
20 years: 1500)

Ecological risk

Medium

High

Cost to you

(increase iryourlocal tax)

CHF 120 per year
(CHF 10 per month)

CHF 0 per year

(CHF 0 per month)

Fig. 1: Example of choice question.
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Table2

Attributes and levels of the choice experiment.

Attributes Levels

Event® Wastewater floodingf cellars

Wastewater floodingf streets
Wastewater overflowing in rivers/lakes (CSOs)

Probability of the foreca&?

10%, 30%, 50%, 70%, 90%

Average number of occurrences of an e(Rer

1 flooding in 20 years’

2 floodings in 20 yeat$

4 floodings in 20 yeat$

100 wastewater overflows in 20 years (5 per year)
600 wastewater overflows in 20 years (30 per year)
1'000 wastewater overflowis 20 years (50 per yedtr)

Population at risf®)

Children, Adults

Health risk?

20 cases per event
40 cases per event
60 cases per evert
250 cases per 100 evehts
500 cases per 100 evehts
750 cases per 100 evehts

Ecological risk”

Very low"*?
Low™?
Mediun?
High*?
Very hight*®

Cost (increase in your local ta%)

0, 60, 300, 600, 1200 CHF per year
(0, 5, 25, 50, 100 CHF per month)

Notes:

@ Same event or attribute level used in the two options
® The level is lower for option A (with costs) than for option“Bitture quo”without costs)

© Option A > 0 CHF; option B = 0 CHF
! For the event “Wastewater floodiig strees.”
“For e event “Wastewater flooding ogllars”

3For the eventWastewater overflow in rivers and lakgs



Table 3.

Average concerfor wastewaterelated events otihe environment, and the health of

children and adults

EveniLevel of concern very I(‘(%V/LOW M?SA: ;J m H|gh/\(/(;)r)y High
Adult health
CellarFlooding 20.94 36.01 43.06
Street Flooding 21.92 36.59 41.49
CSGs in Rivers/Lakes 11.74 28.08 60.17
Children health
Cellar Flooding 16.24 29.75 54.01
Street Flooding 14.38 27.98 57.63
CSGs in Rivers/Lakes 8.41 18.98 72.6
Environment
CellarFlooding 24.27 33.95 41.78
Street Flooding 16.34 30.14 53.52
CSGs in Rivers/Lakes 5.97 18.88 75.14

Note: Total number of observationsig022.
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Table4.

Estimated Coefficients Mixed Logit Model

Model 1 Model 2
Variable Coeff.  Std. Err. Coeff. Std. Err.
Mean
Cost (CHF) -0.003 0.001 **  -.0.003 0.001 ***
Frequency of Events 0.002 0.001 * 0.002 0.001 *
Probability of Forecast 0.235 0.245 0.186 0.226
Street Flooding 0.804 0.329 ** 0.778 0.313 **
CSOs in Rivers and Lakes 3.022 0.900 **=* 2.913 0.815 ***
Children Health at Risk 0.645 0.248 *** 0.627 0.230 ***
Health Risk 0.016 0.010 0.014 0.009
Ecological Risk Very Low 0.290 0.362 0.313 0.335
Ecological Risk Low 0.197 0.249 0.201 0.227
Ecological Risk High -0.530 0.244 ** -0.477 0.224 **
Ecological Risk Very High -0.729 0.382 * -0.674 0.357 *
ASC 0.407 0.433 -2.075 0.865 **
Standard Deviation of Parameter Distributions
Probability of Forecast 2.525 0.564 *** 2.313 0.465 ***
Street Flooding -0.135 1.298 0.009 0.732
CSOs in Rivers and Lakes 1.043 1.620 0.743 1.702
Children Health at Risk 2.369 0.594 *** 2.056 0.510 ***
Health Risk 0.104 0.030 *** 0.100 0.028 ***
Ecological Risk Very Low 2470 0.571 *** 2.367 0.535 ***
Ecological Risk Low -0.128 0.442 -0.164 0.450
Ecological Risk High 0.996 0.657 0.742 0.710
Ecological Risk Very High 2.254 0.648 *** 2.004 0.528 ***
SocieDemographic Characteristics
Male -0.292 0.226
Vocational School 0.386 0.416
High School 0.788 0.489
Technical University 0.302 0.466
University 0.878 0.459 *
Age 0.012 0.008
Risk Loving -0.540 0.277 *
Risk Adverse -0.019 0.273
Annual Household Income 0.0004 0.0002 ***
French Part 0.175 0.271
Italian Part 0.267 0.367
Urban -0.060 0.237
Contact with Water Rare -0.982 0.332 ***
Contact with Water Sometime -0.272 0.240
Political Orientation Center 1.215 0.512 **
Political Orientation Left 1.599 0.621 **
No Political Orientation 1.077 0.517 **
Climate Change Perception 0.485 0.263 *
Log-likelihood -1753.143 -1725.569
¥2(df = 9) 318.94 i 298.11 i

Notes: Estimation by maximum simulated likelihood method with 50®Haraws.

The total number of observations is 6,132; the total number of respondents is 1,022.
Standard errors are in parentheses. Sdeimographic characteristics have been
interactedwith ASC.* Significant at the 10% levet? Significant at the 5% levekxx
Significant at the 1% level.



Tableb.

Estimated MrginalWillingnessTo Pay (CHF /yearasannual bcaltaxes)

Mean

(CHF) Std. Error [95% Conf.Interval]
Street Flooding 430.138 121.422 192.155 668.121
CSOs in Rivers/Lakes 1,218.194 260.070 708.465 1,727.922
Cellar Flooding 144.604 143.882 -137.399  426.608
Ecological Risk Very Low 102.953 126.728 -145.430 351.335
Ecological Risk Low 70.051 86.265  -99.025  239.126
Ecological Risk Medium 274.290 247.319 -210.445  759.026
Ecological Risk High -188.291 83.962 -352.853 -23.730
Ecological Risk Very High -259.002 132.687 -519.064 1.059
Children Health at Risk 229.316 87.492 57.834  400.797

Note: Standard errors estimated by the delta method. CSOs = combined sewemnsve!
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