
Reducing Bias in Preference Elicitation for
Environmental Public Goods

Daniel A. Brent1,2, Lata Gangadharan1, Anke Leroux1, and Paul A.
Raschky ∗1,3

1Department of Economics, Monash University
2Department of Economics, Louisiana State University

3SoDa Labs, Monash University

November 2021

Abstract

The recent stated preference literature emphasizes the importance of incentive com-
patible elicitation methods, which depend on respondent beliefs that payment can be
collected if provision occurs. We investigate this condition in a randomized field exper-
iment where stated choices are incentivised financially. The objective of the treatment
is to make choices salient by making each decision financially relevant and to increase
the respondents’ beliefs that future payments will be enforced. Our results show that
the treatment increases estimates of the marginal utility of income, with the effect be-
ing economically and statistically significant for low-income respondents. We develop a
stylized theoretical framework that allows us to quantify the bias that is implied by the
observed differences between the treated and control groups. We find that failure to
account for respondents’ doubts about payment coercion in an otherwise well-designed
survey inflates the marginal willingness to pay amongst low-income respondents by a
factor of at least 1.72.

JEL classification: Q51, C93
Keywords: field experiment, quasi-public goods, non-market goods, stated prefer-
ence, payment coercion, consequentiality

∗Corresponding Author: anke.leroux@monash.edu.
The authors are grateful for helpful comments from Jeff Bennett, Mike Burton, Thijs Dekker, Denzil Fiebig,
Glenn Harrison, Robert Johnston, Andrea Leiter-Scheiring, John List, Jim Murphy, Christian Vossler, and
participants at AARES 2016, WCERE 2014 and the Behavioral and Experimental Workshop at Monash
University that greatly improved the paper. Funding from the Cooperative Research Centre for Water
Sensitive Cities (CRC grant number 20110044) is acknowledged. This project has been approved by the
Monash University Human Research Ethics Committee; MUHREC#: CF12/2511 2912001358.

1



1 Introduction

Stated preference surveys remain the most commonly used technique for estimating monetary

values of non-marketed goods and services. Throughout its history of use, there has been

significant debate over the ability of stated preference surveys to elicit truthful responses.

(Diamond and Hausman, 1994; Hanemann, 1994; Kling et al., 2012; Hausman, 2012). In

this paper, we examine the role financial incentives may play in such survey settings so as

to identify and reduce bias in the non-market valuation of projects that yield both private

and public benefits.

In recent years, efforts to identify the sources and extent of potential bias have shifted their

focus from a discussion about the hypothetical nature of surveys1 to understanding how

surveys can be designed to be consequential to respondents and motivate truthful answers.

According to Carson and Groves (2007) and Vossler et al. (2012), the following conditions are

required for consequentiality to hold. First, the respondents care about the survey outcome

and believe that their answers influence whether a proposed policy or project is acted upon

(policy consequentiality). Second, the respondents must also believe that the policy-maker

can enforce payment for the public good from the respondents once the policy is implemented

(payment consequentiality). A number of empirical studies have highlighted the importance

of consequentiality in survey design, by either randomizing the inclusion of a consequentiality

statement in the survey (Bulte et al., 2005), varying the probability of the outcome to be

binding (Mitani and Flores, 2014; Carson et al., 2014) or checking the interviewees’ beliefs

about the consequentilality of the survey in follow-up questions (Vossler et al., 2012). More

recent empirical studies by Czajkowski et al. (2017) and Lloyd-Smith et al. (2019), however,

raise some doubts that the inclusion of simple consequentiality scripts indeed yield more

truthful preference revelations.

Even in situations in which the survey is policy consequential, respondents may still be

doubtful as to whether the payment for the public good will ever be coerced. Groothuis

et al. (2017) show that respondents’ beliefs in the survey’s consequentiality decreases with

higher project costs, while Champ et al. (2002) found that a large portion of respondents

believe that the actual project costs are higher then the costs used in the survey. If respon-

1While some studies in this early literature, find no evidence of hypothetical bias (Carson et al., 1996;
Carlsson and Martinsson, 2001), other laboratory (Harrison, 2006a,b; Andersen et al., 2006) and field ex-
periments (Cummings et al., 1997; List et al., 2006) find evidence of hypothetical bias in many common
valuation methods with meta-analyses showing that hypothetical willingness to pay typically exceeds the
actual value by a factor of two to three (List and Gallet, 2001; Loomis, 2011)
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dents believe that they will never have to pay for the project in the form of added taxes,

council rates or service fees, they may have an incentive to overstate their willingness to pay.

Research by Zawojska et al. (2019) and Börger et al. (2020) suggests that self-indications of

consequentiality can be used to model and control for consequentiality in willingness to pay

(WTP) studies.

The present paper proposes an alternative approach to increase payment consequentiality

in a survey. Incentivising choices financially, using experimental methods, means that the

gains and losses that arise for individuals from their decisions are actually experienced, and

thereby become salient to them. We thus include a treatment in our stated preference study,

designed to increase perceptions that payment for the public good will be enforced. The

objective is to make choices salient and investigate if this increase in the probability of

payment coercion has an impact on respondents’ choices. In particular, we conduct personal

interviews with a randomized sample of almost 1000 individuals and elicit their preferences

for the non-market benefits of local water management. A randomly determined subset

of the respondents is incentivised with earned or endowed cash before they choose among

alternative water management projects that vary in the provision of public and private

benefits and in their costs. Prior to the choice task, respondents in the treatment group are

informed that one of their choices will be randomly selected at the end of the experiment and

the cost for the associated project will be deducted from their earnings for the benefit of a

specified water management pilot project in their local community. We label this treatment

as the salient treatment as it connects financial incentives to the decisions of the respondents

(Smith, 1982). Respondents in the control group are presented with decisions that follow the

non-incentivised protocol. The specific purpose of the salient treatment is to link the survey

instrument to a payment requirement that reflects the stated choices, thereby increasing the

credibility of the coercive payment vehicle.2

Our first hypothesis is that the estimates of the marginal utility of income, (the negative

of the coefficient on cost from our econometric model), are the same across both treatment

and control groups. We focus on the marginal utility of income since it measures how

responsive respondents are to hypothetical costs. This allows us to examine if the salient

treatment makes respondents more sensitive to project costs, thereby decreasing their WTP.

Our second hypothesis tests if the treatment differentially affects the preferences for the

public and private benefits of the good. Provided the existing evidence for private goods

2The randomization of the salient treatment across the survey respondents gives rise to a between-subject
design, eliminating concerns about respondents’ desire to be consistent in their preferences when presented
with both, the control and treatment protocols (Johansson-Stenman and Svedsäter, 2008).
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is transferable to quasi-public goods, one would expect to see no systematic difference in

preferences across the treatment and control group for the public and private benefits of the

good.

With respect to the first hypothesis, we find mixed evidence. We find no statistically sig-

nificant treatment effect on aggregate. However, our results show that the effect of our

treatment is highly heterogeneous; low income households are more sensitive to the treat-

ment with the marginal utility of income increasing by 84% for the treated sample compared

to the control group. Regarding our second hypothesis we do not find systematic treatment

effects. Preferences for the benefits of the quasi-public good are not statistically significantly

different across the treatment and control groups. Importantly, this result holds for both

public and private benefits of the quasi-public good, thereby extending the existing results

on the marginal utility of private benefits (List et al., 2006) to public good benefits as well.

We develop a simple theoretical framework of the effect of increasing payment consequen-

tiality in stated preference settings to formalize the interpretation of our empirical results.

In this framework the salient treatment affects marginal WTP by weakly increasing the sub-

jective probability that payments will be coerced. In addition, we explicitly allow for any

discrepancies in perceived benefits that arise from the payment supporting a pre-specified

water management pilot project instead of the chosen alternative. The theoretical framework

allows us to determine the extent of bias under different assumptions regarding treatment

efficacy as well as the degree of potential benefit distortions during the implementation stage

of the project. For the low-income group, for which this effect is more precisely estimated,

we show that marginal WTP measures in the control group are at least 72% higher than in

the treatment group

Our study makes several contributions to the literature on non-market valuation. First, we

complement the above-mentioned literature on consequentiality in stated preference methods

by investigating the importance of respondents beliefs in payment coercion. Respondents

believing that payments for the selected policy or project will be coerced is a condition of

truthful preference revelation that is often assumed to hold rather than being put to the test.

Our results suggest that payment consequentality is a critical feature of stated preference

surveys. We find lower WTP amongst some respondent groups for whom payments were

coerced. Second, our investigation takes place in a setting that is typical for non-market

valuation studies in the field, whereby the objective is to elicit the value of non-market

goods to inform their provision - that is values are elicited for goods that are non-existent at

the time of the survey. This is a challenging setting for testing truthful preference revelation
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and we design a novel experiment, involving a proxy good. Third, we develop a theoretical

framework that allows us to interpret the treatment effect under different assumptions of

treatment efficacy and in light of the proxy good being an imperfect substitute for the good

under consideration. Fourth, the experimental treatment we designed represents an easy to

implement tool that practitioners can use to address bias when they expect that payment

coercion may not be widely believed in by survey respondents.

The paper is organized as follows: Section 2 describes the design of the field experiment

and the survey. Section 3 outlines the theoretical framework and Sections 4 and 5 introduce

the data and present differences in the raw choice data. Section 6 describes the empirical

framework, presents the results and discusses the observed treatment effects. Section 7

concludes.

2 Design of the Field Experiment and the Survey

2.1 Field Experiment

The sequence of the experiment and survey was as follows. Interviewers went to randomly

selected homes, introduced themselves, and asked the householder whether he/she would

be willing to participate in a survey about local water management.3 After confirming the

eligibility requirements (older than 18 years and owner-occupier status), the interviewer

started the survey on an iPad. At this stage, the software randomly assigned the interviewee

into the treatment (“Salient”) or the control group.

The control group immediately started with the choice task, while the treatment group was

allocated randomly by the software to two equal sized groups called “Earned Salient” and

“Endowed Salient”. The “Endowed Salient” group received 1 out of 4 potential endowments

(each with a probability of 0.25): A$30.60, A$39.60, A$42.00, A$53.10.4 The “Earned

Salient” group received an initial endowment of A$30.00 and, before commencing the choice

task, participated in a risk elicitation task based on Holt and Laury (2002). An example of

the decision problem can be found in the Appendix, Figure A.3. The earnings from this game

ranged between A$0.60 and A$23.10 and were added to the respondent’s initial endowment.

3A copy of the introduction letter can be found in the Appendix, Figure A.1. The list of households to
be visited resulted from a random draw from the council’s homeowner database.

4At the time the experiment was conducted, 1 Australian dollar was about 0.96 of the US dollar.
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The two salient treatments were designed such that the distribution of total earnings would

a priori be comparable in both subsamples. Throughout the remainder of the survey, the

respondent’s money balance was shown on the upper right corner of the screen. The two

salient treatments allow us to examine if project choice differs according to the source of the

income obtained (endowed versus earned).5 We do not find any differences across “Earned

Salient” and “Endowed Salient”, so in our analysis we pool the data for the two salient

treatments.6

At the beginning of the choice task the interviewer carefully explained the choice situation as

well as the procedure of the choice task to the respondent (see Appendix, Figure A.4). It was

explicitly mentioned that we were interested in their truthful valuation of the benefits. Each

individual was asked to select their preferred option in 10 subsequent choice sets. In addition,

respondents in the treatment group were informed that at the end of the interview they would

be asked to draw a number between 1 and 10 and this would determine which choice set was

selected for payment. They were also informed that the annual cost of their selected option

would be deducted from their interview earnings and transferred to an existing pilot water

management project in their local area, which could be scaled up and modified depending

on the choices made by the subjects.7 Thus treated respondents’ selections in the choice

experiments were directly tied to financial incentives.

Each choice set contained a status quo that was a scenario with no changes in the attribute

levels with a cost of A$0, as well as two options (Options A and B) that provide improvements

in at least one of five attributes (discussed in the next section) and always had costs >A$0.

Our trichotomous format mimics many recent field applications (see for example, Rogers

et al., 2020), where policy makers are interested in using stated preference methods as an

instrument to identify the preferred scope and features of a multi-dimensional public good

to be provided in the future. As such, our research expands on related work by Vossler et

al. (2012), who conduct a field test of truthful preference revelation in a referendum for a

public project of much narrower scope.

5Ideally, we would have asked participants in the treatment group to pay for the cost of their choice
without first receiving a cash endowment, but the field implementation of such a design is problematic.
Section 5.4 discusses potential implications of the initial cash endowment for the interpretation of our results.

6The test statistic of a non-parametric Mann-Whitney test for average cost of selected alternatives across
the earned versus endowed salient treatments is 0.319 with a p-value of 0.75. In several other contexts,
particularly in the laboratory, researchers have found differences in decisions between endowed and earned
treatments. For examples see Cherry et al. (2002); Hoffman et al. (1994) among others.

7Depending on the pilot project, what respondents paid for, matched the attributes of the selected option
in most cases, but not all. Our theoretical framework considers the potential effects of a mismatch.
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Moreover, opting for this choice format allows us to investigate the impact of our salient

treatment at the intensive margin, whereby treated respondents, if given the option, may

choose a non-status quo project with similar probability to individuals in the control group,

but then opt for the lower-cost alternative. We acknowledge that earlier arguments in favour

of trichotomous choice formats (Rolfe and Bennett, 2009)8 have not been adopted in the

most recent guidelines for stated preference studies (Johnston et al., 2017) due to concerns

over incentive incompatibility and status quo bias (Carson et al., 2020). However, all design

features are constant across all respondents and treatments, so that any observed differences

between the control and treatment groups can be attributed to the treatment effect.

The treated subjects received their final payout at the end of the interview. The payout was

always positive and ranged between A$0.60 and A$53.10. As per information provided to

the salient groups, the total amount paid by the survey participants was transferred to the

respective water management pilot projects and published in the councils’ newsletters.

2.2 Survey

The survey and the discrete choice experiment were designed to elicit stated preferences

for urban water management in Australia. A random sample of 981 Australian individuals

from four councils in Melbourne, Victoria (VIC) and Sydney, New South Wales (NSW)

metropolitan areas were personally interviewed using iPads. The four councils (Fairfield

[NSW], Manningham [VIC], Moonee Valley [VIC], and Warringah [NSW]) were initially

chosen from a list of 29 Cooperative Research Centre (CRC) partner communities.9 Having

access to the CRC partner councils helped implement the salient treatment as these councils

were inclined towards setting up pilot stormwater management projects in the near future.

Similarly, residents in these councils may be more familiar with local water management

initiatives, aiding the plausibility of our survey. Hence running this survey in the credible

setting of a CRC partner council undertaking the proposed activity, is the best attempt to

provide robust, reliable, and consequential estimates even in the control group.

Among the list of partner councils, we examined different data sources to select councils that

were similar along several important dimensions. First, we selected councils that were sim-

8The argument is that including more than two alternatives (at least two options in addition to the
status quo) may also provide better value elicitation since a dichotomous choice masks much of the variation
in specific alternatives and transforms the decision to being primarily pro-project or anti-project.

9The set of partner communities was established by the Cooperative Research Centre (CRC) for Water
Sensitive Cities, an Australian research initiative funded by the federal government.
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ilar in the local precipitation patterns since we expect climatic factors to affect preferences

for water management.10 Next, we accessed data from the HILDA database and compared

the different councils along a list of demographic characteristics (income, age composition,

percentage of homeowners) as well as by responses to questions about environmental prefer-

ences.11 We selected a subset of four councils, based on their similarity in the most relevant

demographic characteristics. As the objective of the study is to investigate valuation in

stated preference methods, we make no claims of sample representativeness beyond season-

ality, age, and home ownership status of the target population.

The survey was conducted by a professional survey company between March and August

2013.12 Opting for personal interviews as the methodology, instead of phone, mail, or inter-

net surveys, was important because we needed to ensure that the respondents understood

the information and the alternative scenarios presented to them in the choice experiment.

Moreover, the use of an iPad, with its clear visual images of the choice sets and user-friendly

interface aided the respondents’ understanding of the available options, thereby helping to

smooth the effects of varying cognitive abilities on choices.

The survey consisted of three parts: First, an introduction to the study, providing some

explanation and motivation for the survey (see Appendix, Figure A.1 for the introduction

letter). Second, the choice task to elicit individuals’ preferences for attributes associated

with local water management projects.13 The third part of the survey was a demographic

questionnaire, comprising questions on socioeconomic characteristics and attitudes towards

environmental goods and services.

The attributes were selected in the following way: The CRC holds quarterly meetings of

the key stakeholders involved in water management projects in Australia. These include

10We accessed the daily rainfall statistics for all Australian councils from January 1890 to February 2013
from the Australian Bureau of Meteorology. We then compared long-term mean and variance in daily,
weekly, and monthly precipitation between the councils.

11The Household, Income and Labour Dynamics in Australia (HILDA) is a government-funded Australian
household panel study.

12This extended data collection period means that the results are not driven by the seasonality in rainfall
and therefore ensures greater representativeness of the value estimates for rain-dependent attributes. Most
importantly, the length of the data collection period does not adversely affect the field experiment as the
selection of treatments is equally distributed over the sampling period.

13The study had two choice tasks and the treatment only incentivized payments for the first choice task;
the treatment did not apply to the second choice task in any manner. Analyzing the effect of treatment on
the second choice task serves as a placebo test that treatment has no impact on outcomes not targeted by
the treatment. Dorner et al. (2019) study the second choice task and find no impact of the treatment on
the second choice task. This strengthens the argument that any observed treatment effects stem from the
intended mechanism.

7



representatives of local councils, water authorities and providers, as well as researchers from

various disciplines (engineering, hydrology, climate science, urban studies, economics, law,

sociology, and political science). The audience was divided into small groups, each containing

at least one representative from each stakeholder group.

The groups were then asked to list the 10 most important benefits associated with stormwater

management. From these lists the following final set of five attributes was agreed upon in a

plenary forum: Reduction in Water Restrictions, Reduction in Flash Flooding, Improvements

in Stream Health, Improvements in Recreational and Amenity Benefits, and Cooler Summer

Temperatures. In the next step the levels for each individual attribute were defined in

collaboration with researchers from the respective disciplines. For example, the attribute

levels for reduction in flash flooding were defined by a group of hydrologists, engineers, and

climate scientists, while levels in the attribute Improvements in Stream Health were defined

by a group of hydrologists, biologists, and ecologists.

In the context of water management, many attributes are subject to risk in the sense that

whether or not a promised outcome is achieved also depends on exogenous factors. For

example, while stormwater harvesting may go some way to reduce the need for compulsory

water restrictions, it may not be sufficient to achieve this outcome during a severe drought.

Similarly, investment in stormwater harvesting infrastructure may improve the level of bio-

diversity in the local stream, but the final outcome is subject to a variety of other ecological

factors. In contrast, the costs of investing in stormwater infrastructure are more certain.

Therefore, we allow two attributes, the removal of water restrictions and improvements in

stream health, to be achieved subject to some probability. We frame risk as the probability of

success rather than the risk of failure. The five attributes were presented to the participants

as the benefits from local water management and were defined as follows:14

Reductions in Water Restrictions range from a status quo scenario with no change (attribute

level 1), to the exemption from less invasive restrictions (level 2), to the exemption from

the most austere restrictions in the local area (level 3). The second attribute relates to the

Reduction in Flash Flooding. Under the status quo (level 1) the average number of flash floods

over a five year period remains the same. Smaller water management projects (level 2) are

able to reduce the frequency of flash floods by half, while larger water management projects

(level 3) are capable of reducing the number of flash floods to almost none. Improvements

in Stream Health account for the fact that urban water management can have a direct

impact on the health of local waterways. The status quo (level 1) is an unhealthy stream

14A more detailed description of the attributes is presented in Appendix A.
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characterized by littered and eroded banks and low species diversity. Moderate improvements

(level 2) are comprised of reduced erosion, no litter, and improved species diversity, whereas

large improvements (level 3) involve the return to a diverse stream community with few

nuisance species. Improvements in Recreational and Amenity Benefits include, for example,

recreational use benefits associated with local water ways such as paddling and swimming

or the use of water for irrigation of local sports grounds and parks. The status quo (level

1) is characterized by rivers that are only fit to paddle, sports grounds and parks that are

dry during extended periods without rain, and street line vegetation (i.e., trees) that is not

watered. Moderate (level 2) recreational and amenity benefits include greener sports grounds

and parks during extended dry periods and permit watering of street line vegetation. High

level benefits (level 3) improve the local waterway quality to being fit for swimming and

increase the amount of street line vegetation. Cooler Summer Temperatures involve either

no change in local summer temperatures under the status quo (level 1) or hot summer days

being 2 degrees C cooler on average as a result of shading from additional trees being planted

and evaporative cooling from artificial water bodies (level 2).

Finally, the Costs for the different projects are presented as additions to the household’s

annual water bill and range from A$0 to A$30.15 Given the current legal framework in

Australia, this payment vehicle is the most likely mechanism to fund stormwater management

projects at the communal level. As a result, only individuals who are owner-occupiers and

therefore responsible for paying the water bill, were interviewed. The selected cost levels

were also endorsed by legal and policy experts as we were interested in presenting realistic

scenarios that respondents would take credibly. The experiment was designed such that the

respondents in the salient treatment would always earn more than the highest cost in any

choice set. Each respondent was presented with 10 different choice sets that represented

water management projects that varied along five attributes as well as costs.16 The choice

sets were generated using the NGene software package, where the D-efficiency criterion was

applied to a 4x10 block design.

The questionnaire in the third part was designed to collect additional information about

the respondent. A set of questions about the respondent’s experience with the different

attributes, the use of environmental goods, as well as experience with natural hazards is

followed by a number of questions that allow respondents to be categorized into different

types depending on their attitude towards water management (i.e., their concerns for water

15The explanation of the attribute Costs reads as follows: “These are the costs per household per year of
providing the water management option. These costs would be added to your annual water bill.”

16Figure A.2 in the Appendix provides an example choice set within the explanation document.
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quality and biodiversity in and around the waterways). A set of demographic controls con-

cludes the questionnaire. Among these are an income variable, collected in intervals (based

on the HILDA classification) as well as a self-reported categorization into low, medium, and

high income. Both, the sequence and the content of the choice task and the questionnaire

were the same across all 981 participants.

Before going into the field, interviewers were carefully briefed and trained by the authors.

The fieldwork commenced with two rounds of pilot studies. The first round was conducted

with a group of 10 employees from Manningham and Mooney Valley City Councils (VIC)

who volunteered for the study. Of the ten volunteers, one had professional experience in

local water management. The pilot was supervised by one of the authors as well as a trained

social psychologist, who interviewed the volunteers before and after they completed all survey

components to evaluate the overall survey design (i.e., wording, length, information content)

as well as the cognitive demands of the survey. The revised version of the survey was field

tested with randomly selected homeowners living in Warringah council (NSW), before the

final version was rolled out.

3 Theoretical Framework

Our starting point is a random utility model (McFadden, 1973) of householders’ choices over

a set J of local water management options, including the status quo and its alternatives.

The utility U of individual i from choosing a water management option j in choice occasion

t is given by

Uijt = Vijt + εijt, (1)

where Vijt is typically assumed to be a deterministic function of the observable characteristics

of water management option j and εijt is a random component. In this framework, individual

i chooses the water management option that yields the highest level of utility with probability

πijt = Pr(Yit = j) = Pr(Uijt > Uiht) : ∀ : h 6= j

= Pr(Vijt + εijt > Viht + εiht) : ∀ : h 6= j
(2)

To illustrate the channels through which we expect our salient treatment to work, we augment

the standard theoretical framework by explicitly allowing for payment uncertainty in the

context of a well designed survey, where choices are consequential in terms of respondents

believing that their responses matter to them and for policy decisions (Herriges et al., 2010).
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In this setting, bias may still arise from the respondent’s belief that she may never have to

pay for the implemented water management alternative. Formally, the subjective probability

of payment being coerced is given by 0 < p ≤ 1 and so the expected utility from selecting a

particular water management alternative is E [U ] = E [V ] + ε, where the subscripts i, j and

t have been dropped for ease of exposition and where

E [V ] = βX− pβcC. (3)

In equation (3), β is a vector of preference parameters associated with the different levels of

each attribute in X and C is the cost of the selected alternative, evaluated in perpetuity. It

follows that the annual cost of the selected alternative is given by δC, where δ > 0 is the rate

of discount.17 The term pβc is the marginal utility of income under payment uncertainty.

The higher is the probability that payments for the implemented alternative will be coerced

the higher is the marginal utility of income, whereby certainty about payment coercion p = 1

yields the deterministic marginal utility of income βc.

The marginal WTP for an improvement in attribute x is given by

MWTPx =
βx
pβc

, (4)

where βx is the preference parameter associated with attribute x ∈ X. Equations (3) and

(4) show that bias in this framework manifests itself in the form of a lower marginal utility

of income, causing the marginal willingness to pay for each attribute to be inflated by 1
p
.

We envisage the salient treatment to operate via two channels. Firstly, requiring the re-

spondents to pay for the selected choice in the survey weakly increases the credibility of the

coercive payment vehicle: the subjective probability of having to pay for an implemented

water management alternative is p ≤ ps ≤ 1 for respondents in the salient treatment. The

second channel is linked to our use of a proxy good. Our non-market valuation study is

typical for many studies of this kind in that its purpose is to inform the future provision of a

currently non-existent public good. Introducing a salient treatment in this setting requires

the identification of a proxy public good with closely matched attributes that can be scaled

as a result of the one-off payments made by the treated respondents. In our case, the proxy

good is a local pilot water management project. Introducing such a proxy, however, may lead

to distortions to the extent that the benefits from the pilot project may not always match

17This specification assumes positive discounting. Alternatively, one could think of δ as 1/N where N is
the number of years a respondent expects to pay for the selected alternative.
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perfectly the attributes in the selected choice set. Hence, a treated respondent who selects a

water management option other than the status quo incurs the disutility from having to pay

immediately δC and receives in return the increase in the pilot project benefits that result

from the payment made. Expressed formally, E [V ] for respondents in the treatment group

is equal to

E [V ] = βX− psβcC + psδ (βzz − βc)C, (5)

where βz is the marginal utility of provisions through the pilot project and where it is

assumed that the production of the proxy good takes the simple form z × C. Here, z, can

be thought of as the constant marginal provision per dollar spent. The last term in equation

(5) allows for this potential discrepancy between the disutility from immediate payment and

the increased benefit from the pilot project evaluated over the course of one year. Equation

(5) gives rise to a marginal utility of income for the treated respondent equal to

MUI = psβc + psδ (βc − βzz) . (6)

Taking the difference between the marginal utility of income of the treated respondent and

that of a respondent in the control group and dividing by the marginal utility of income of

the latter yields the relative treatment effect

θ =
ps
p
− 1 +

psδ

p

(
1− βzz

βc

)
. (7)

Equation (7) shows that the magnitude of the effect of our salient treatment is a function of

the extent to which the treatment reduces bias, ps
p
− 1, the marginal benefit cost ratio from

the pilot project, βzz
βc

, and the discount rate, δ. Solving (7) for 1
p
, yields

1

p
=

θ + 1

ps

(
1 + δ

(
1− βzz

βc

)) , (8)

which is the bias that is implied by a given treatment effect, θ, and by given values of

ps, δ and βzz
βc
. To be precise, 1

p
is the factor by which willingness to pay estimates in the

control group are inflated due to the respondents’ belief that payments will be coerced with

probability less than one.

Closer inspection of (8) reveals that the greater is the observed treatment effect, the greater

is the implied bias, ∂(1/p)
∂θ

> 0, ceteris paribus. Equation (8) also shows that the implied bias

is increasing in the benefit-cost ratio of the proxy project, ∂(1/p)
∂(βzz/βc)

> 1.
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With regards to the relationship between the bias, 1
p
, and ps, we expect the salient treatment

to at least weakly increase the respondent’s belief that payment for the selected alternative

will be coerced, i.e. ps ≥ p. Using equation (8) it can be shown that this condition holds as

long as θ ≥ δ
(

1− βzz
βc

)
. That is, irrespective of the assumed benefit-cost ratio from the pilot

project, ps is always greater than p as long as θ is greater than the discount rate. Moreover,

greater effectiveness of the salient treatment, represented by a higher coercive payment

probability ps, reduces the bias that is implied by a given treatment effect, ∂(1/p)
∂ps

< 0. Hence,

the lower bound of the bias that is implied by the salient treatment is given by 1
p

= θ+1
δ+1

. It

represents the case where the salient treatment mitigates all payment uncertainty, ps = 1,

and the one-off payment to the pilot project yields no benefits for the respondent, βzz = 0.18

Finally, in the ideal case where there is no distortion from the pilot project and our treatment

is fully effective, i.e. βzz
βc

= 1 and ps = 1, the bias that is implied by an observed treatment

effect is given by 1
p

= θ + 1.

4 Data

We commence with the presentation of the descriptive statistics of our data set. Panel (a) of

Figure 1 shows the income distribution in the sample. Many individuals refused to provide

detailed information about their income, but did provide information on their general income

category as seen in panel (b) of Figure 1. Since income is an important driver in our main

results, we focus on the general income categories to avoid losing a considerable proportion

of the data. Moreover, the respondents’ perception of which income category they fall into is

perhaps a more appropriate determinant of their WTP for an improvement in environmental

quality. This captures their subjective income and likely incorporates their gross income

relative to household expenses. Bertrand and Mullainathan (2001) find subjective data is

useful at explaining behavior across individuals, as it is being used in our context.

In addition to standard demographic data, we ask questions about environmental preferences

and activities that are likely to affect the willingness to contribute to a water management

project. These questions include whether individuals engage in nature activities (Nature), if

they are currently facing watering restrictions (Restrictions), their concern for water quality

18The theoretical framework presented here assumes that the subjective probability of payment coercion
that results from the salient treatment, ps, applies in the same way to the one-off payment as to future
payments. It can be shown that relaxing this assumption has no effect on the lower bound of the implied
bias.
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Figure 1: Income in the Sample
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(Water Quality), if they think a flash flood is likely or if they have experienced a flood (Flood)

recently and whether they are concerned about increasing summer temperatures (Summer

Heat). Some of these variables have multiple levels that we collapse into binary indicators

that represent a natural division of the variable of interest.19 This saves degrees of freedom

in the estimation while still incorporating important information into the regressions. Table

1 displays the means and sample sizes of demographic and attitudinal variables for both the

treatment and control group. Following the advice of Deaton and Cartwright (2018) we do

not report statistical tests of balance, but rather show absolute and standardized differences

in means. The raw and standardized differences are all low.

19For example, an indicator for concern over water quality takes on a value of one if the answer to the
question of whether there is a need to be concerned over water quality was “very much reason” or “quite a
lot of reason” and is set equal to zero if the responses are “not very much reason” or “no reason at all”.
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Table 1: Balance on Observables

MeanC NC MeanT NT Difference Std. Difference
Low Income 0.25 597 0.25 309 -0.00 -0.00
Medium Income 0.66 597 0.62 309 0.04 0.07
High Income 0.10 597 0.13 309 -0.03 -0.11
Age 55.08 647 53.33 332 1.75 0.11
Female 0.46 647 0.48 334 -0.03 -0.05
Nature 0.38 647 0.36 334 0.02 0.04
Restrict 0.24 647 0.21 334 0.03 0.08
Water Quality 0.35 647 0.36 334 -0.01 -0.03
Flood 0.31 630 0.33 323 -0.02 -0.05
Summer Heat 0.50 640 0.59 333 -0.09 -0.17

Notes: The columns shows the means and samples sizes for relevant demographic and attitudinal variables
for both the salient group and the non-salient group, as well as the difference in means and the standardised
difference in means. All variables except age are indicator variables and the means are sample proportions,
and age is measured in years.

5 Nonparametric Choice Analysis

We first examine differences in the cost of selected alternatives between the treatment and

control groups for subsections of the sample. By examining the raw choice data we can

observe if there are differences in behavior between the treatment and control groups. In

particular we focus on the cost of alternatives that respondents select since treatment pri-

marily impacts the sensitivity to cost. The decisions for each respondent are likely to be

highly correlated so we average the costs of selected alternatives across all choice sets for

each respondent to examine differences in average costs across treatment assignment with the

respondent as the unit of observation.20 This allows us to exploit the randomization with-

out imposing distributional assumptions on the preference parameters in a discrete choice

model. Since the treatment and control groups receive the same choice sets, variation in the

attributes is differenced out.

The panels of Table 2 present several specifications of the average choice decisions. Each

panel shows the means for the variable of interest across treatment status, samples sizes for

each group, the difference in means, and the p-value from a non-parametric Mann-Whitney

20We perform two robustness checks for the analysis of the average costs of selected alternatives. First, we
use median costs instead of average costs. Second we regress the costs of selected alternatives on treatment,
which captures the panel structure of the data. The regressions also control for differences in the costs of
projects presented to the respondents, though the average presented project costs do not vary substantially,
taking on values of A$17, A$17.75, and A$18.25 in the different choice set blocks. The results are consistent
in terms of both magnitudes and statistical significance so we focus on average costs of selected alternatives.
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test.21 Panel (a) shows the effect of treatment on the average selected cost by income level.

For the whole sample the treatment group chose projects that cost A$0.63 less than the

control, representing approximately 5% of the average cost, and the Mann-Whitney test

rejects equality of the two distributions at the 10% level. This shows a noticeable treatment

effect even at a highly aggregated level.

We further analyze the average selected cost by respondents’ income to assess heterogeneity

in the treatment effect. The salient treatment primarily affects decisions for low income

respondents whose average selected alternative costs A$1.74 lower compared to the control,

a 14% difference that is statistically significant at the 5% level. Medium income households

receiving the treatment select slightly cheaper alternatives and the high income households

actually choose more expensive alternatives, although neither difference is statistically signif-

icant. Since the treatment actually induces the high income group to select more expensive

projects we also restrict the sample to low and medium income; and the Mann-Whitney test

rejects the null of equal distributions at the 5% level.

We envision the salient treatment working on two margins: the extensive margin represents

the probability of choosing some positive payment over the status quo, which has zero cost.

The intensive margin reflects the cost of a selected project conditional on paying some non-

zero amount. Panel (b) shows the effect of treatment on the probability of selecting the status

quo option separated by income group. The results show small differences in the probability

of choosing the status quo across treatment for all income levels; the whole sample and low

income subsample are significant at the 10% level while tests for the other subsamples cannot

reject the null. The signs are consistent with the results for the pooling both margins as

presented in panel (a).

To investigate the effect on the intensive margin, we restrict the sample to decisions where the

respondent did not choose the status quo. Conditional on selecting a project that offers some

improvement, we test for the impact of treatment on the cost of the selected alternative. The

results, displayed in Table panel (c), show that all groups decrease the conditional size of the

project, which is the expected result. In particular, the high income subsample, conditional

on non-zero contributions, select cheaper projects if the resulting costs are immediately paid

by the respondent.22

21The distribution of costs is bi-modal due to a mass at zero which represents the status quo and therefore
a t-test that assumes normality is not appropriate.

22This finding is consistent with the interviewer effect that respondents want to please the interviewer
and not appear stingy. So when respondents from high income households know they are paying with their
own money they are more likely to contribute, but at lower levels. Only 9% of the sample are high income
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Next, we examine other demographic and attitudinal variables that we expect to drive

differences in selected costs between the treatment and control groups. Panel (d) shows

the differences in average selected costs by treatment across several demographic variables.

Treated respondents who engage in nature and have children do not reduce their average

selected costs. These groups have stronger preferences for water management as evidenced

in exploratory analysis where both of these variables reduce the probability of selecting the

status quo. This is consistent with the hypothesis that these groups are already predisposed

to value the benefits of water management and the monetary treatment does not affect their

average selections. Of all the demographic variables, the treatment has the largest difference

across gender, with women reducing their average selected cost by A$1.49. This result is

intriguing because on average female respondents are less likely to choose the status quo op-

tion. So while the treatment magnifies the effect of low income respondents choosing cheaper

alternatives, the treatment also mitigates the effect of women choosing more expensive al-

ternatives. Concern for water quality has a smaller and insignificant reduction in average

selected cost for those in the treatment group.

We also test for endowment effects by comparing the average selected cost in the treatment

group among different levels of the initial endowment.23 None of the differences in means

are statistically different from each other and there is no monotonic relationship between the

endowment and the difference in selected costs. In the next section we estimate a discrete

choice model to investigate the impact of treatment on preference parameters.

so we lose substantial statistical power for hypothesis tests of this subgroup.
23Table A.2 in the Appendix shows the difference in average selected cost for the salient group separated

by the initial endowment.
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Table 2: Cost of Selected Alternatives Across Treatment Status

(a) Income: Average selected cost

Control NC Treatment NT Difference p-value

All 13.76 647 13.13 334 0.63 0.0939
Low Income 12.71 148 10.97 77 1.74 0.0411
Medium Income 14.24 395 13.90 195 0.34 0.3616
High Income 15.14 57 16.01 40 -0.87 0.7468
Low & Med Income 13.63 590 12.74 294 0.89 0.0498

(b) Income: Probability of choosing status quo

Control NC Treatment NT Difference p-value

All 0.22 647 0.25 334 -0.03 0.0924
Low Income 0.28 148 0.36 77 -0.08 0.0724
Medium Income 0.19 395 0.21 195 -0.01 0.7206
High Income 0.13 57 0.10 40 0.03 0.3137
Low & Med Income 0.23 590 0.27 294 -0.04 0.1034

(c) Income: Intensive margin contribution

Control NC Treatment NT Difference p-value

All 16.72 505 16.36 253 0.36 0.1259
Low Income 16.60 109 15.35 48 1.24 0.0826
Medium Income 16.85 316 16.61 156 0.24 0.2464
High Income 16.85 48 16.50 38 0.35 0.5535
Low & Med Income 16.70 457 16.34 215 0.37 0.1711

(d) Demographic variables

Control NC Treatment NT Difference p-value

Nature 14.80 244 14.75 119 0.05 0.8033
Children 13.83 204 13.83 121 -0.00 0.7542
Female 14.21 295 12.65 161 1.56 0.0471
Water Quality 15.74 224 15.15 120 0.58 0.1478

Notes: The columns show the average cost of selected alternatives for the Treatment group and the Control
group as well as the difference in means and the p-value from a non-parametric Mann-Whitney test. The
rows designate different subsections of the sample across key demographic variables.

6 Regression Framework

6.1 Econometric Model

In the random utility model described by equations 1 and 2, if it is assumed that εijt follows

a type I extreme value distribution then the choice probabilities can be modeled in the logit
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specification shown in equation 9.24

Pr(Yit = j) =
exp(Vijt)∑
h∈J exp(Viht)

(9)

In our setting, the respondents select one of three alternatives from each choice set, requir-

ing a model that accommodates multiple categories. Based on the results of a Hausman

test (Hausman and McFadden, 1984) we reject that the IIA assumption on restrictions of

substitution patterns holds in our setting and therefore eliminate the standard multinomial

logit as a valid econometric model. Our preferred specification is the mixed logit (MXL),

which McFadden and Train (2000) show can accommodate any set of substitution patterns.25

Additionally, the MXL model is popular in the applied literature estimating WTP from dis-

crete choice experiments; see among others Revelt and Train (1998); Train (1998); Greene

and Hensher (2003); Hensher et al. (2005); Balcombe et al. (2011). The MXL also allows

for individual level heterogeneity by estimating a distribution of parameters across the in-

dividuals in the sample. The mixed logit has random coefficients and the probability that

respondent i selects alternative j for choice t is

Pijt =

∫
β

t=10∏
t=1

exp(β′nXint)

exp
∑

j exp(β′nXjnt))
f(µβΩβ)dt. (10)

The joint unconditional choice probability of a panel of observed choices is therefore the

weighted average of the product of the conditional probabilities of choice, where the weights

are the densities of the random draws. The integral representing the probability of the

sequence of each respondent’s choices does not have a closed form and therefore the estimates

are approximated through numerical simulation (Train, 2009).

6.2 Regression Results

The results from the base regression can be found in column (1) of Table 3. The level of

each attribute is modeled as a dummy variable equal to one if that attribute-level is present

for a given alternative within a choice set. We pool flood-never and flood-half as well as

24As is common practice in empirical analyses, the cost of the alternative, Cjt, is preceded by a positive
sign in the function to be estimated; the marginal utility of income is therefore the parameter defined by
−1× βc.

25We also estimate a nested logit with the nests as the status quo and the two non-status quo options
that produces similar results.
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recreation-high and recreation-medium. Each regression model has two columns for the

mean (Mean) and standard deviation (SD) of the random parameters. Fixed parameters

are reported in the Mean column and do not have standard deviations. Standard errors,

clustered at the respondent level, are reported in parentheses below the parameter.

The attributes are all modeled as random parameters and the mean of the distribution

for each attribute has the expected sign with the exception of flood protection.26 It is

important to note the substantial heterogeneity in preferences for both the attributes and

cost, as evidenced by the large standard deviations. Respondents prefer a water management

alternative to the status quo, all else being equal.

We model the cost parameter as normally distributed, which is not standard practice since

it allows for probability mass in the positive region. While this is not ideal in general we

believe it is appropriate in our setting. We tested other specifications such as fixed costs,

interacting cost with income, and modelling cost as log-normally distributed. Each of these

provided anomalous results such as positive and or insignificant cost parameters. This is

likely because the survey was designed in an interdisciplinary team and the cost levels were

based on realistic levels informed by policymakers. These cost levels were likely too low or did

not have high enough levels to more precisely estimate the cost parameter. We provide the

specification tests for the base model (column (1) of Table 3) in Table A.4 in the Appendix.

We model the random variables as uncorrelated. While off diagonal elements of the covari-

ance matrix are individually and jointly significant, the overall model fit is only slightly better

as measured by the AIC and BIC per respondent. Additionally, none of the attributes are

statistically significant in the correlated model. For these reasons we prefer the uncorrelated

model. The correlated model is presented in column (2) of Table A.4.

Columns (2) - (4) in Table 3 include interaction terms with the treatment modeled as fixed

coefficients. The interaction of cost and treatment shows how the treatment impacts the

respondents’ sensitivity to the project cost, also interpreted as the marginal utility of income.

We only present the interaction with cost, but models that replace the interaction terms with

status quo yield similar results. Additionally, the interaction of treatment and cost captures

changes on both the extensive and intensive margin because the status quo option always has

a zero cost. The interaction term in column (2) is negative but not statistically significant.

26One explanation why flood protection may not be desirable for respondents is that this refers to flash
floods as opposed to large scale flooding. Many residents are likely to undertake averting behavior through
the purchase of private goods such as flood insurance, elevated housing, and sandbags. Thus they may not
see a role for their local council in reducing the likelihood of flash floods.
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Despite the lack of precision, the treatment effect is over half the magnitude of the mean

of the cost coefficient, indicating that the estimated marginal utility of income increases by

approximately 50% in the treatment group. Since willingness to pay is inversely scaled by

the marginal utility of income, higher estimates for the marginal utility of income reduce the

willingness to pay in the treated group relative to the control.

We test the heterogeneity in treatment impact on the estimates of marginal utility by income

level to build on our results in Section 5. Similar to the raw choice data we find that in

magnitude the treatment effect is largest for the low income group, and the point estimate for

the high income respondents is positive. The low income group is statistically significant at

the 10% level and also statistically different from the treatment effect for the income group at

the 10% level (p=0.07). One reason why it is difficult to investigate treatment heterogeneity

with respect to cost in a mixed logit model is that we need to include substantially more

interactions with the cost attribute; consequently, the standard errors on the treatment

interactions with the low and high income respondents are roughly twice as large as the base

treatment effect.

In our setting there was no specific project to be built, and the primary focus was estimating

values for the benefits that various stormwater management projects could provide. The

econometric analysis thus far (Columns [1] - [3] of Table 3) has implicitly assumed that

the response to the treatment is independent of the attributes in the choice set and only

impacts the decisions related to program cost. Our second hypothesis tests this assumption

by examining if the treatment changes preferences for the attributes.

We test for treatment effects within the attributes of the choice set by interacting the salient

treatment dummy with each attribute. We find that most of the signs are insignificant

except for medium stream health, which is significant at the 10% level. A Wald test for

joint significance of the interaction terms fails to reject the null at the 10% level. With the

exception of stream health, our result that the treatment does not affect most attributes is

in line with our second hypothesis and also consistent with the finding of List et al. (2006)

that marginal willingness to pay for attributes is not susceptible to hypothetical bias. While

List et al. (2006) only examined a private good, our setting must be viewed in the context of

valuing attributes of a quasi-public good that provides different types of benefits. The fact

that most preferences for attributes are statistically indistinguishable across treatment status

provides evidence that the treated respondents’ focus is on the attributes of the proposed

water management alternatives and not on the attributes of the pilot project.

21



Table 3: Cost and Treatment Interactions

None Salient Interactions

(1) (2) (3) (4)
Base Cost Cost*Income Attributes

Mean SD Mean SD Mean SD Mean SD
Status Quo -0.9119∗∗∗ -0.9114∗∗∗ -0.9258∗∗∗ -0.9135∗∗∗

(0.1237) (0.1237) (0.1285) (0.1237)
Cost -0.0221∗∗∗ 0.0929∗∗∗ -0.0186∗∗∗ 0.0928∗∗∗ -0.0115∗∗ 0.0872∗∗∗ -0.0221∗∗∗ 0.0927∗∗∗

(0.0041) (0.0057) (0.0047) (0.0057) (0.0054) (0.0055) (0.0041) (0.0057)
Restrictions 3,4 0.3530∗∗∗ 0.8336∗∗∗ 0.3530∗∗∗ 0.8337∗∗∗ 0.3732∗∗∗ 0.8403∗∗∗ 0.3344∗∗∗ 0.8338∗∗∗

(0.0658) (0.0775) (0.0658) (0.0774) (0.0680) (0.0804) (0.0786) (0.0776)
No Restrictions 0.2794∗∗∗ 0.7290∗∗∗ 0.2794∗∗∗ 0.7284∗∗∗ 0.2882∗∗∗ 0.7407∗∗∗ 0.3161∗∗∗ 0.7258∗∗∗

(0.0613) (0.0782) (0.0613) (0.0783) (0.0632) (0.0800) (0.0732) (0.0789)
Flood Protection (Both) -0.1897∗∗∗ 0.5464∗∗∗ -0.1899∗∗∗ 0.5465∗∗∗ -0.2159∗∗∗ 0.5378∗∗∗ -0.1801∗∗ 0.5485∗∗∗

(0.0587) (0.0874) (0.0587) (0.0876) (0.0605) (0.0900) (0.0700) (0.0872)
Stream High 0.3016∗∗∗ 0.5251∗∗∗ 0.3015∗∗∗ 0.5257∗∗∗ 0.2761∗∗∗ 0.5048∗∗∗ 0.3532∗∗∗ 0.5333∗∗∗

(0.0685) (0.0775) (0.0685) (0.0773) (0.0692) (0.0814) (0.0813) (0.0768)
Stream Medium 0.2748∗∗∗ 0.6989∗∗∗ 0.2751∗∗∗ 0.6968∗∗∗ 0.2524∗∗∗ 0.6649∗∗∗ 0.3791∗∗∗ 0.6897∗∗∗

(0.0738) (0.0724) (0.0737) (0.0726) (0.0749) (0.0762) (0.0886) (0.0735)
Recreation (Both) 0.0644 1.2209∗∗∗ 0.0645 1.2211∗∗∗ 0.1205∗ 1.2119∗∗∗ 0.0531 1.2241∗∗∗

(0.0611) (0.0571) (0.0611) (0.0571) (0.0630) (0.0599) (0.0749) (0.0572)
Temp -2 0.0772∗ 0.7757∗∗∗ 0.0774∗ 0.7753∗∗∗ 0.0865∗∗ 0.7683∗∗∗ 0.0860∗ 0.7772∗∗∗

(0.0418) (0.0572) (0.0418) (0.0572) (0.0429) (0.0587) (0.0509) (0.0573)
Cost*Salient -0.0101

(0.0073)
Low Income*Cost -0.0218∗

(0.0112)
High Income*Cost 0.0137

(0.0128)
Cost*Salient*Low Income -0.0279∗

(0.0167)
Cost*Salient*Med Income -0.0053

(0.0088)
Cost*Salient*High Income 0.0130

(0.0148)
Flood (Both)*Salient -0.0276

(0.1165)
Restrictions 3,4*Salient 0.0541

(0.1246)
RestrictionsNone*Salient -0.1081

(0.1217)
Streammedium*Salient -0.3037∗∗

(0.1348)
StreamHigh*Salient -0.1535

(0.1284)
Recreation (Both)*Salient 0.0330

(0.1130)
Temp -2*Salient -0.0259

(0.0867)
BIC/N 18 18 18 18
AIC/N 18 18 18 18
Observations 9,774 9,774 9,060 9,774
Individuals 981 981 906 981

Notes: All regressions are mixed logit model with random coefficients. All random coefficients are normally
distributed. Each regression has two columns: Mean and SD that refer to the mean and standard deviation
of the random parameters. Fixed coefficients have no standard deviation. Significance levels are based
on standard errors clustered at the respondent level that are reported in parentheses below the parameter
estimate. *** p<0.01, ** p<0.05, * p<0.1

We consider several robustness checks to consider the possibility that the optimization

achieved a local, as opposed to global, maxima. The first check simply replicates Table
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3 using a different seeds for the random number generator. As shown in the Appendix in

Table A.5 the results are identical. We also consider the role of starting values in global

convergence. By default the mixed logit regression uses starting values from the conditional

logit. We use our base treatment effect regression in column (2) of Table 3 as our starting

values and add random disturbance terms. We draw the disturbance terms from a uniform

distributions with limits of [−β̄kκ, β̄kκ], where κ ∈ 0.25, 0.33, 0.5, 1. This allows the distur-

bance term to be proportional to the mean of the original parameter value, with larger values

of κ allowing greater deviations from the original starting values. The results, presented in

Table A.6, are consistent with original results in Table 3.

6.3 Interpretation of Treatment Effects

Equation (8) in Section 3 allows us to interpret the differences in the estimated marginal

utilities of income between the control and treatment groups for given assumptions about

the efficacy of our treatment and the distortion that is introduced by the proxy good.

Model 3 in Table 2 shows that our treatment has a significant effect on low-income respon-

dents. Taking into account the interaction terms the observed treatment effect for low income

respondents is θ = −0.0279
−0.0115−0.0218 = 0.84 relative to non-treated low-income respondents. The

standard error for θ is 0.68 and the 95% confidence interval is [-0.5, 2.18]. The bias that is

implied by the observed treatment effect is shown graphically in Figure 2, where the implied

bias, 1
p
, is plotted against the benefit-cost ratio of the pilot project, βzz

βc
, for a discount rate

of δ = 0.07. The solid, dashed and dotted lines assume respectively decreasing levels of

treatment effectiveness as characterised by average subjective payment probabilities in the

treatment group of ps = 1.0, ps = 0.75 and ps = 0.5.

Our best-case scenario, where the salient treatment eradicates all payment uncertainty, ps =

1, and there is no distortion from the pilot project, βzz
βc

= 1, implies that willingness to pay

estimates of low-income respondents in the control group are inflated by a factor of 1.84.

This bias increases if we allow for the treatment to work less than perfectly. For example,

assuming that treated respondents believe that there is 50-50 chance of having to pay for

the selected alternative, implies a bias of 3.68. Under these assumptions willingness to pay

would be 3.68 times higher amongst the non-treated low income respondents than their

treated counterparts.

In contrast, the substitutability of the pilot project for the selected alternative has very

23



little impact on the bias that is implied by our observed treatment effect. Assuming ps = 1

(solid line in Figure 2), the implied bias ranges from 1.72 when βzz
βc

= 0 to 1.84 when
βzz
βc

= 1. Hence, under the assumptions of the model, the minimum bias that is implied by

our observed treatment effect is 1.72.

Overall, Figure 2 shows that assumptions regarding the effectiveness of the salient treat-

ment in terms of ps have a bigger impact on the implied bias than any distortion that was

introduced by the proxy good.

Figure 2: Implied Bias

Notes: Magnitude of bias, defined as 1/p in equation (8) that is implied by an observed treatment effect of
θ = 0.84 for subjective treatment-induced coercive payment probabilities of 0.5, 0.75 and 1, over the range
of values of the benefit-cost ratio for funding the pilot project (βzz/βc) between 0 to 1 and a discount rate
of δ = 0.07.

In the interest of completeness we now turn to other features of our experimental design

that could potentially lead to differences in the control and treatment groups. One of these

relates to the potential effects of the initial cash endowment on the respondents’ choices.

First, respondents could consider the initial endowment as additional income, affecting the

respondents’ budget constraints. This effect would be relatively more important for low

income households. However, easing the budget constraint should lead to a greater WTP

among treated lower income households and not, as we observe, a reduction in WTP. Second,

24



respondents might consider the cash endowment as house money, which they value less than

their personal income. If respondents value endowed money less than earned money, we

should see a difference between the “Endowed Salient” and the “Earned Salient” groups.

However, there are no statistically significant differences in the contributions between those

sub-groups. More importantly, a house money effect in our setting would manifest itself in

the form of a lower aggregate cost sensitivity of respondents in the treatment group, while

we find the opposite effect. In this context our results can be interpreted as a lower bound.

The treatment could be considered a donation to the pilot project and may induce an

incentive to free ride. This effect would be captured in our theoretical framework as free

riding respondents would have a low value for the marginal benefits from their contribution

to the pilot project. However, as shown in Figure 2, the majority of the bias that is implied

by the treatment effect persists even when no benefits are derived from the pilot project.

Alternatively, the treatment could affect the incentive compatibility of the survey design.

For example, wealthier respondents in the treatment group might perceive that relatively

poorer respondents in the treatment group are now less likely to opt for a non-status quo

option due to the relatively higher costs induced by the treatment. Therefore, they might

act strategically and opt for a less costly option to influence the aggregate outcome. We do

not find this in our data as treatment does not increase sensitivity to cost for high income

respondents. However, it is difficult, if not impossible, to account for all the potential effects

on strategic behavior.

We find these alternative explanations less plausible than those that are explicitly accounted

for in our theoretical framework. Although we cannot fully discount that some of the treat-

ment effect may be due to channels outside this stylized framework, the evidence of the

existence of bias amongst certain respondents is compelling and should be considered by

policymakers who are concerned with distributional effects of projects with non-market ben-

efits. In particular, if low income households, who generally have lower WTP, overstate their

WTP, a uniform tax increase based on average WTP will exacerbate the negative welfare

effects on the low income population.

7 Conclusion

Stated preference surveys are used to estimate the values the public places on non-market

goods, and often provide the basis for the design, scope and scale of public and quasi-public
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good provision. For surveys to be informative, individuals need to reveal their true prefer-

ences, which has been a topic of much debate in the context of valuing non-market goods. We

introduce a method that involves financially incentivising survey respondents’ choices and

illustrate this method through a discrete choice experiment designed to estimate the benefits

of water management policies in Australia. In a door-to-door survey with 981 individuals, a

group of respondents was randomly assigned a salient treatment. The treatment group re-

ceived a monetary endowment prior to the actual choice task. One of their choices was then

randomly selected and the cost associated with this choice was deducted from their initial

monetary endowment. The money collected from the respondents was used to implement

a water management project in their community. The treatment therefore ensures that the

payment for the good is realized, hence improving salience in the cost of stated choices.

We find an economically and statistically significant treatment effect amongst low-income

respondents. This effect is significant in the non-parametric and econometric analyses. In

particular the treatment increases estimates of the average marginal utility of income of

low income respondents by 84%. We examine the channels through which we expect the

treatment to work within a stylized utility framework in a stated preference setting, which

allows us to interpret the treatment effect. We find evidence of bias, inflating the marginal

willingness to pay for low-income respondents by a factor of at least 1.72. While other

mechanisms, not explictly accounted for in the theoretical framework, may also contribute

to differences across treatment status, we find these explanations less compelling.

As we are interested in understanding the effect of the treatment on both the extensive and

intensive margin, the mechanism we designed involves three options. This is useful when

utilizing the survey results for scoping or refining features of a quasi-public good project.

We show that the saliency method can help improve our understanding of the willingness to

pay for such goods.

Our findings suggest several avenues for future research. For instance, methodologically, it

would be useful to examine the robustness of our treatment effects using a survey that in-

volves a single binary choice question, as this elicitation format is incentive compatible under

weaker assumptions relative to the format employed in this study. It would also be inter-

esting to compare different approaches to mitigate non-truthful preference revelation using

field experiments. In particular, the saliency method could be evaluated against a binding

referendum, expert advice or an intervention using a cheap talk script. Field experiments of

the kind discussed in this paper can be often challenging to implement as they are placed

within a natural environment that typically imposes many constraints (Brent et al, 2016;
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List 2011). Some of the bottlenecks we faced led to broadly defined projects and overall

low sensitivity to costs. Therefore, while our study identifies the role played by economic

incentives when eliciting values for the general benefits of a water management policies, it

would be important to also examine if they play a similar role when projects and benefits

are more precisely defined.
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Appendix

For Online Publication

Definition of Attributes:

Reduction in Water Restrictions: Large parts of New South Wales and Victoria, including

the urban centers Sydney and Melbourne have been experiencing persistent droughts over

the last 15 years. As a result, Australian regulators have implemented water restrictions

that limit the use of outdoor water. Depending on the level of the water restriction, citizens

are prohibited from watering their lawn, washing their cars etc. The status quo scenario

(attribute level 1) is that every level of water restriction is applicable in the local area.

Some water management initiatives can mean that the respondent household and all other

households in a local area will be exempt from some (attribute level 2) or all water restrictions

(attribute level 3) that are imposed in the future. This attribute was also described as an

attribute where the likelihood of improvement can occur with a certain degree of uncertainty

(40, 60, 80, 100% likelihood that the improvements will be achieved). Exemptions from water

restrictions are granted to properties in close proximity, thereby facilitating the exclusion of

outsiders. Therefore, this attribute has some features of a club good.

Reduction in Flash Flooding: In the surveyed areas the major flood risk stems from pluvial

or street level flooding as opposed to riverine flooding or coastal floods associated with storm

surges. Pluvial flooding can occur after heavy rainfall that is not absorbed into the ground

or the drainage systems due to excessive water. In urban areas, this type of street level

flooding is often the result of saturated green space or an overwhelmed drainage system.

Urban water management can affect the number of times street level floods (pluvial or

rainfall related floods) occurring in the local area. The status quo scenario (level 1) means

that the average number of flash floods over a five year period will remain the same. Smaller

water management projects (level 2) are able to reduce the number of flash floods by half,

while larger water management projects (level 3) are able to reduce the number of flash

floods to almost none.

Improvements in Stream Health: Urban water management can have a direct impact on

the health of local waterways. Healthy waterways are described to the survey participants

as streams that have a diverse stream community, natural channel form and function, few

nuisance species (midges, mosquitoes), and that have iconic species (platypus, frogs, native

32



fish). The status quo scenario (level 1) was defined as a poor quality stream, with banks ac-

tively eroding, moderate to high populations of nuisance insects (mosquitoes), iconic species

largely absent and litter on banks. Medium improvements (level 2) from urban water man-

agement were defined as scenarios with high quality stream community, small amounts of

bank erosion, low-moderate populations of nuisance insects, some iconic species present and

no litter. High improvements (level 3) can lead to situations with a diverse stream commu-

nity, a natural channel form and function, low populations of nuisance insects, the presence

of iconic species, no litter. Improvements in this attribute are subject to some probability of

either 40, 60, 80, 100%. Arguably, compared to all other attributes in our study, improve-

ments in stream health have more characteristics of a (local) public good and a good that

has some non-use values.

Improvements in Recreational and Amenity Benefits: Urban water management can yield

many recreational and amenity benefits: it influences for what activities the local waterway

may be used (fit for swimming vs fit to paddle, vs not fit for contact), irrigation of local

school and sports grounds during dry summers, watering of mature trees in streets and

new trees planted. In the status quo scenario (level 1) the rivers are fit to paddle, sports

grounds and parks are relatively dry during extended periods without rain, and street line

vegetation (i.e. trees) is not watered. Medium level (level 2) recreational and amenity

benefits include greener sports grounds and parks during extended dry period and permits

watering of street line vegetation. High level benefits (level 3) would further make the local

river fit for swimming and increase the amount of street line vegetation. Depending on the

actual site (publicly accessible park vs. public sports ground with membership) this attribute

has features of a public or a club good.

Costs: Costs were presented in A$5 intervals and ranged between A$0 and A$30. The upper

bound of the attribute (A$30) was inferred from the costs of existing stormwater management

pilot projects in various partner communities. Given that the costs would be added to the

household’s annual water bill, this range was also approved by practitioners from local water

authorities. We used a computer program (NGene) to derive the final combination of choice

sets in 4 different blocks of 10 choice sets each.
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Figure A.1: Introduction Letter
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Figure A.2: Explanation Document

Explanation for Salient (without Risk) Group 

ACTIVITY 1 

 Local water management initiatives can carry a number of benefits for residents. These 
benefits are improvements in five key attributes, which will be explained now. Note that the 
improvement in two attributes, water restrictions and stream health, can be subject to 
uncertainty due to climatic conditions. We have therefore included pie-charts (circles) that 
illustrate the likelihood of a successful improvement in these attributes. The implementation 
success of the remaining three attributes can be considered as certain. 

[USE INSTRUCTIONS CHOICE SET 1 HERE AND EXPLAIN DIFFERENT ATTRIBUTE LEVELS] 

We want to understand how important these different benefits are to you. You will 
now be asked to make a series of 10 choices between the current situation (Status Quo) and 
alternative options, which involve improvements in some or all of the attributes explained 
above.  

 

Example: Here is an example of one choice set that you may see on the screen. 
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Figure A.2: Explanation Document (cont.)

 

 You can choose between the Status Quo option, Option A and Option B and you can 
only choose 1 option per choice set.  

 The Status Quo option will mean: 

  No change in the current situation of water management in your council 
area.  

 The costs to you are zero.  

 Option A offers two benefits compared with the Status Quo:  

 One: there is a 40% chance (as indicated by the blue area in the circle) your 
neighbourhood will be exempt from all future [Stage 1 and 2 [IF VIC], Level 1 

and 2 [IF NSW]] water restrictions that are imposed. But, a 60% chance (as 
indicated by the grey area in the circle) remains that all water restrictions will 
apply as they do currently.  

 Two: the number of flash floods occurring in your neighbourhood will be 
reduced by half.  

 Choosing Option A would increase your annual water bill by $5. So, if this 
choice set were selected for payment today, $5 would be taken off your total 
interview earnings.  

 Option B compared with the Status Quo this option 

 Carries no benefits in terms of improved water security or reduction in the 
frequency with which flash floods occur.  

 But, there is an 80% chance (as indicated by the blue area in the circle) that 
the condition of your local stream improves to medium health. A 20% chance 
(as indicated by the grey area in the circle) remains that there will be no 
improvement to local stream health compared with its current condition.  

 There are recreational and amenity benefits from keeping all local 
sportsgrounds and parks green and all local street trees watered during dry 
months.  

 Under Option B your local area would also be about 2 degrees Celsius cooler 
during the hot summer months. 
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Figure A.2: Explanation Document (cont.)

 Option B would add $30 to your annual water bill. If this choice set was 
randomly selected for payment today and you had chosen Option B, $30 
would be deducted from your interview earnings.  

 Which Option would you choose? The Status Quo, Option A or Option B? 

Your choices in this activity will help decision making on how water is managed 
within the community and Australia in general.  

PLEASE TAKE IN TO CONSIDERATION THAT THERE ARE NO CORRECT OR WRONG 
DECISIONS. THESE DECISION PROBLEMS ARE NOT DESIGNED TO TEST YOU.  

However, we are interested in your truthful answer about your value for these 
different benefits. Therefore, you should make your decisions knowing that one of the 10 
choice sets will be randomly drawn by you and your final payment from this survey will be 
your earnings so far minus the cost of the option you have selected. Your final pay-out will 
always be positive but can range between $0.60 and $53.10. The full amount of money 
subtracted from your earnings will be donated by CRC and Monash University towards 
[INSERT COUNCIL WATER PROJECT], which is a project in your local area. The total amount 
collected from all participants will be published in [INSERT LOCAL PUBLICATION AND ISSUE 
DATE].  

After you have completed all activities in this survey, the interviewer will ask you to 
randomly draw a number between 1 and 10. This number will indicate which choice set is 
selected for payment and the cost of your chosen option will be deducted from your 
interview earnings and be put towards [INSERT COUNCIL WATER PROJECT]. 

In this example, your final earnings would have been equal to the following: 

If you had chosen the Status Quo: 

 Your final earnings: = initial payment– $0. 

If you had chosen Option A: 

Your final earnings: = initial payment– $5. 

If you had chosen Option B: 

Your final earnings: = initial payment– $30. 

Do you have any questions? 
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Figure A.3: Holt and Laury Lottery - Example of a Decision Problem
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Figure A.4: Long Explanation Sheet

Benefit Explanation Levels

Status Quo - All stages apply 

> All stages of water restrictions apply in the same way 

as is currently the case to you and all other households in 

your local area.

Stages 3&4 apply

If Stage 1 or 2 water restrictions:

> all households in your local area will be excempt. 

> watering lawns, car washing and pool filling allowed 

anytime

If Stage 3 or 4 water restrictions: 

> all households in your local area need to comply as 

they do currently.

None apply

> No water restriction stage ever applies to your or any 

other household in your local area. 

> You could use water in the same way as if no 

restrictions were in place.

Status Quo: No change 

> There will be as many flash floods as there were on 

average in the last five years.

No

Change

Half as often 

> means that there will be half as many floods on average 

as in the last five years.

Half

as

often

Almost never 

> means that, in all likelihood, there will not be another 

flood in your local area.

Almost

never             

Status Quo:

> poor quality stream community, 

> banks actively eroding, 

> moderate to high populations of nuisance insects 

(mosquitoes), 

> iconic species absent  (platypus, frogs, native fish); 

> litter on banks

Medium:

> high quality stream community

> small amounts of bank erosion

> low-moderate populations of nuisance insects 

> some iconic species present 

> no litter 

High:

> diverse stream community, 

> natural channel form and function, 

> low populations of nuisance insects, 

> presence of iconic species, 

> no litter

Status Quo: 

> river fit to paddle, 

> sportgrounds and parks brown,          

> street trees not watered.

Medium, 

> river fit to paddle, 

> sportsgrounds and parks green, 

> trees watered.

High, river fit to swim, sportsgrounds and parks green, 

trees watered and new planted.

Cooler Summer 

Temperatures

> Temperatures above 36 degrees 

Celcius cause dramatic increases in 

heat related discomfort and health 

incidents. 

> Urban water management has the 

capacity to cool urban areas by an 

average of 2 degrees Celcius over 

the summer months. 

Satus Quo: no change

> there will be no cooling in your area during summer 

from trees or water bodies

 2degC cooler:

> your area will be on average 2 degrees cooler on hot 

summer days

No

Change          

2degC      

cooler

Cost 

These are the costs per household 

per year of providing the water 

management option. These costs 

would be added to your annual 

water bill

$0,$5,$10,$15, $20,$25, $30               $0, ...

Visual 

Representation

Liklihood Improvement 

Occurs

Reduction in 

Water Restrictions

> Currently, every stage of water 

restriction is applicable in this local 

area. 

> Some water management 

initiatives can mean that your and 

all other households in your local 

area will be excempt from some or 

all water restrictions that are 

imposed in the future.

This benefit is subject to 

uncertainty:

> blue area in the circle illustrates 

how likely the improvement is 

> grey area shows how likely the 

Status Quo (no improvement) is 

       All apply

   Stages 3&4 

         apply

    None apply

                          

                          

Reduction in 

Flash Flooding

Urban water management can 

affect the number of times street 

level floods (pluvial or rainfall 

related floods) occur in your local 

area.

No uncertainty

Improvements in 

Stream Health

Urban water management has direct 

impact on the health of your local 

waterway. 

A healty stream

> has diverse stream community

> natural channel form and 

function

> few nuisance species (midges, 

mosquitoes)

> has iconic species (platypus, 

frogs, native fish)

This benefit is subject to 

uncertainty:

> blue area in the circle illustrates 

how likely the improvement is 

> grey area shows how likely the 

Status Quo (no improvement) is 

No uncertainty

No uncertainty

Improvements in 

Recreational & 

Amenity Benefits

Urban water management can yield 

many recreational and amenity 

benefits:

> it influences for what activities 

the local waterway may be used (fit 

for swimming vs fit to paddle, vs 

not fit for contact) 

>  irrigation of local school and 

sportsgrounds during dry summers 

> watering of mature trees in streets 

and new trees planted

No uncertainty

  Stage 1 

  Stage 2 

  Stage 3 

  Stage 4 

  Stage 1 

  Stage 2 

  Stage 3 

  Stage 4 

  Stage 1 

  Stage 2 

  Stage 4 

  Stage 3 

Less likely 

Certain 

Less likely 

Certain 

Lowest 

Highest 

Lowest 

Highest 

Lowest 

Highest 

Lowest 

Highest 

Lowest 

Highest 
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Table A.1: Difference in Probability of Choosing Status Quo

Difference SE
Nature -0.12∗∗∗ 0.026
Restrictions -0.10∗∗∗ 0.028
Water Quality -0.13∗∗∗ 0.026
Flood Likely -0.13∗∗∗ 0.027
Summer Heat -0.15∗∗∗ 0.027

Notes: The rows represent subgroups of the population that affirmed preferences for certain environmental
attributes. The difference is calculated as the proportion for the subgroup that indicated the preferences in
the given row minus the subgroup without those preferences. Significance levels are from a two-sided equal
proportion test and are denoted by *** p<0.01, ** p<0.05, * p<0.1.

Table A.2: Cost of Selected Alternatives by Endowment

Hypothetical NH Salient NS Difference p-value
Level I ($30) 13.76 647 13.17 67 0.59 0.6678
Level II ($39) 13.76 647 13.19 99 0.58 0.1443
Level III ($42) 13.76 647 13.29 84 0.47 0.5238
Level IV ($53) 13.76 647 12.88 84 0.88 0.2110

Notes: The columns show the average contribution for the salient group and the hypothetical group
as well as the difference in means and the p-value for a Mann-Whitney test. The rows designate
the different endowments for the salient group.
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Table A.3: Balance on Observables: Exclude High Income

MeanC NC MeanT NT Difference Std. Difference
Low Income 0.27 540 0.29 269 -0.01 -0.03
Medium Income 0.73 540 0.71 269 0.01 0.03
Age 55.27 540 54.06 267 1.21 0.07
Female 0.46 540 0.51 269 -0.05 -0.09
Nature 0.37 540 0.34 269 0.03 0.05
Restrict 0.24 540 0.21 269 0.03 0.0
Water Quality 0.34 540 0.37 269 -0.03 -0.06
Flood 0.31 525 0.31 261 0.00 0.00
Summer Heat 0.50 537 0.59 269 -0.09 -0.18

Notes: The columns shows the means and samples sizes for relevant demographic and attitudinal variables
for both the salient group and the non-salient group, as well as the difference in means and the standardized
difference in means. All variables except age are indicator variables and the means are sample proportions,
and age is measured in years.
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Table A.4: Specification tests

(1) (2) (3) (4) (5)
Normal Normal Corr Fixed Fixed*Income Lognormal

Mean SD Mean Mean SD Mean SD Mean SD
Status Quo -0.9119∗∗∗ -2.0034∗∗∗ -0.4257∗∗∗ -0.4685∗∗∗ -1.6820∗∗∗

(0.1237) (0.1462) (0.1270) (0.1314) (0.1116)
Cost -0.0221∗∗∗ 0.0929∗∗∗ -0.0060∗∗ 0.0034

(0.0041) (0.0057) (0.0027) (0.0026)
Restrictions 3,4 0.3530∗∗∗ 0.8336∗∗∗ 0.0336 0.2798∗∗∗ 1.3050∗∗∗ 0.3115∗∗∗ 1.2700∗∗∗ 0.1724∗∗∗ 0.4973∗∗∗

(0.0658) (0.0775) (0.0702) (0.0659) (0.0814) (0.0680) (0.0822) (0.0559) (0.0736)
No Restrictions 0.2794∗∗∗ 0.7290∗∗∗ 0.0331 0.1620∗∗ 1.3823∗∗∗ 0.1907∗∗∗ 1.3443∗∗∗ 0.2057∗∗∗ 0.4274∗∗∗

(0.0613) (0.0782) (0.0599) (0.0646) (0.0777) (0.0664) (0.0793) (0.0505) (0.0763)
Flood Protection (Both) -0.1897∗∗∗ 0.5464∗∗∗ 0.0159 -0.2156∗∗∗ 0.7340∗∗∗ -0.2408∗∗∗ -0.7237∗∗∗ -0.0155 -0.2848∗∗∗

(0.0587) (0.0874) (0.0587) (0.0624) (0.0816) (0.0640) (0.0851) (0.0457) (0.1007)
Stream High 0.3016∗∗∗ 0.5251∗∗∗ 0.0313 0.2679∗∗∗ 0.9955∗∗∗ 0.2508∗∗∗ 0.9311∗∗∗ 0.1795∗∗∗ 0.3227∗∗∗

(0.0685) (0.0775) (0.0708) (0.0714) (0.0709) (0.0717) (0.0700) (0.0598) (0.0732)
Stream Medium 0.2748∗∗∗ 0.6989∗∗∗ 0.0518 0.3040∗∗∗ 0.9749∗∗∗ 0.2802∗∗∗ 0.8939∗∗∗ 0.0997 0.3781∗∗∗

(0.0738) (0.0724) (0.0834) (0.0752) (0.0862) (0.0759) (0.0849) (0.0659) (0.0856)
Recreation (Both) 0.0644 1.2209∗∗∗ -0.0747 0.1437∗∗ 1.4166∗∗∗ 0.1844∗∗∗ 1.3875∗∗∗ 0.0393 0.7021∗∗∗

(0.0611) (0.0571) (0.0609) (0.0622) (0.0641) (0.0640) (0.0675) (0.0468) (0.0502)
Temp -2 0.0772∗ 0.7757∗∗∗ -0.0037 0.0341 1.0666∗∗∗ 0.0506 1.0411∗∗∗ 0.0820∗∗ 0.4704∗∗∗

(0.0418) (0.0572) (0.0379) (0.0454) (0.0585) (0.0462) (0.0589) (0.0333) (0.0557)
Low Income*Cost -0.0118∗∗

(0.0053)
Med Income*Cost 0.0069∗∗

(0.0032)
High Income*Cost 0.0207∗∗∗

(0.0067)
LN(Cost) -9.2409∗∗∗ 7.9718∗∗∗

(0.9033) (1.1239)
Mean Cost -6.114e+09
Median Cost -.00009699
BIC/N 18 17 18 19 17
AIC/N 18 16 18 18 17
Observations 9,774 9,774 9,774 9,060 9,774
Individuals 981 981 981 906 981

Notes: All regressions are mixed logit model with random coefficients. Column (1) replicates the base regression in column (1) of Table 3. Column (2) estimates the
same model but with correlated random parameters. Column (3) model the cost coefficient as fixed. Column (4) models the cost coefficient as fixed, but allows it to
vary by income group. Column (5) models the cost as log-normally distributed. The mean and median of the underlying cost distribution are presented in the bottom
panel of the table. Each regression has two columns: Mean and SD that refer to the mean and standard deviation of the random parameters. Fixed coefficients have no
standard deviation. Significance levels are based on standard errors clustered at the respondent level that are reported in parentheses below the parameter estimate. ***
p<0.01, ** p<0.05, * p<0.1
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Table A.5: Robustness to seed

None Salient Interactions

(1) (2) (3) (4)
Base Cost Cost*Income Attributes

Mean SD Mean SD Mean SD Mean SD
Status Quo -0.9119∗∗∗ -0.9114∗∗∗ -0.9258∗∗∗ -0.9135∗∗∗

(0.1237) (0.1237) (0.1285) (0.1237)
Cost -0.0221∗∗∗ 0.0929∗∗∗ -0.0186∗∗∗ 0.0928∗∗∗ -0.0115∗∗ 0.0872∗∗∗ -0.0221∗∗∗ 0.0927∗∗∗

(0.0041) (0.0057) (0.0047) (0.0057) (0.0054) (0.0055) (0.0041) (0.0057)
Restrictions 3,4 0.3530∗∗∗ 0.8336∗∗∗ 0.3530∗∗∗ 0.8337∗∗∗ 0.3732∗∗∗ 0.8403∗∗∗ 0.3344∗∗∗ 0.8338∗∗∗

(0.0658) (0.0775) (0.0658) (0.0774) (0.0680) (0.0804) (0.0786) (0.0776)
No Restrictions 0.2794∗∗∗ 0.7290∗∗∗ 0.2794∗∗∗ 0.7284∗∗∗ 0.2882∗∗∗ 0.7407∗∗∗ 0.3161∗∗∗ 0.7258∗∗∗

(0.0613) (0.0782) (0.0613) (0.0783) (0.0632) (0.0800) (0.0732) (0.0789)
Flood Protection (Both) -0.1897∗∗∗ 0.5464∗∗∗ -0.1899∗∗∗ 0.5465∗∗∗ -0.2159∗∗∗ 0.5378∗∗∗ -0.1801∗∗ 0.5485∗∗∗

(0.0587) (0.0874) (0.0587) (0.0876) (0.0605) (0.0900) (0.0700) (0.0872)
Stream High 0.3016∗∗∗ 0.5251∗∗∗ 0.3015∗∗∗ 0.5257∗∗∗ 0.2761∗∗∗ 0.5048∗∗∗ 0.3532∗∗∗ 0.5333∗∗∗

(0.0685) (0.0775) (0.0685) (0.0773) (0.0692) (0.0814) (0.0813) (0.0768)
Stream Medium 0.2748∗∗∗ 0.6989∗∗∗ 0.2751∗∗∗ 0.6968∗∗∗ 0.2524∗∗∗ 0.6649∗∗∗ 0.3791∗∗∗ 0.6897∗∗∗

(0.0738) (0.0724) (0.0737) (0.0726) (0.0749) (0.0762) (0.0886) (0.0735)
Recreation (Both) 0.0644 1.2209∗∗∗ 0.0645 1.2211∗∗∗ 0.1205∗ 1.2119∗∗∗ 0.0531 1.2241∗∗∗

(0.0611) (0.0571) (0.0611) (0.0571) (0.0630) (0.0599) (0.0749) (0.0572)
Temp -2 0.0772∗ 0.7757∗∗∗ 0.0774∗ 0.7753∗∗∗ 0.0865∗∗ 0.7683∗∗∗ 0.0860∗ 0.7772∗∗∗

(0.0418) (0.0572) (0.0418) (0.0572) (0.0429) (0.0587) (0.0509) (0.0573)
Cost*Salient -0.0101

(0.0073)
Low Income*Cost -0.0218∗

(0.0112)
High Income*Cost 0.0137

(0.0128)
Cost*Salient*Low Income -0.0279∗

(0.0167)
Cost*Salient*Med Income -0.0053

(0.0088)
Cost*Salient*High Income 0.0130

(0.0148)
Flood (Both)*Salient -0.0276

(0.1165)
Restrictions 3,4*Salient 0.0541

(0.1246)
Restrictions None*Salient -0.1081

(0.1217)
Stream medium*Salient -0.3037∗∗

(0.1348)
Stream High*Salient -0.1535

(0.1284)
Recreation (Both)*Salient 0.0330

(0.1130)
Temp -2*Salient -0.0259

(0.0867)
BIC/N 18 18 18
AIC/N 18 18 18
Observations 29,322 29,322 27,180 29,322
Individuals 981 981 906 981

Notes: All regressions are mixed logit model with random coefficients. All random coefficients are normally
distributed. Each regression has two columns: Mean and SD that refer to the mean and standard deviation
of the random parameters. Fixed coefficients have no standard deviation. Significance levels are based
on standard errors clustered at the respondent level that are reported in parentheses below the parameter
estimate. *** p<0.01, ** p<0.05, * p<0.1
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Table A.6: Robustness to starting values

(1) (2) (3) (4)
Start 0.25 Start 0.33 Start 0.5 Start 1

Mean SD Mean SD Mean SD Mean SD
Status Quo -0.9114∗∗∗ -0.9114∗∗∗ -0.9114∗∗∗ -0.9110∗∗∗

(0.1237) (0.1237) (0.1237) (0.1239)
Cost*Salient -0.0101 -0.0101 -0.0101 -0.0107

(0.0073) (0.0073) (0.0073) (0.0072)
Cost -0.0186∗∗∗ 0.0928∗∗∗ -0.0186∗∗∗ 0.0928∗∗∗ -0.0186∗∗∗ 0.0928∗∗∗ -0.0183∗∗∗ 0.0927∗∗∗

(0.0047) (0.0057) (0.0047) (0.0057) (0.0047) (0.0057) (0.0047) (0.0057)
Restrictions 3,4 0.3530∗∗∗ 0.8337∗∗∗ 0.3530∗∗∗ 0.8337∗∗∗ 0.3530∗∗∗ 0.8337∗∗∗ 0.3532∗∗∗ 0.8429∗∗∗

(0.0658) (0.0774) (0.0658) (0.0774) (0.0658) (0.0774) (0.0658) (0.0788)
No Restrictions 0.2794∗∗∗ 0.7284∗∗∗ 0.2794∗∗∗ 0.7284∗∗∗ 0.2794∗∗∗ 0.7284∗∗∗ 0.2800∗∗∗ 0.7319∗∗∗

(0.0613) (0.0783) (0.0613) (0.0783) (0.0613) (0.0783) (0.0612) (0.0769)
Flood Protection (Both) -0.1899∗∗∗ 0.5465∗∗∗ -0.1899∗∗∗ 0.5465∗∗∗ -0.1899∗∗∗ 0.5465∗∗∗ -0.1928∗∗∗ -0.5646∗∗∗

(0.0587) (0.0876) (0.0587) (0.0876) (0.0587) (0.0876) (0.0588) (0.0818)
Stream High 0.3015∗∗∗ 0.5257∗∗∗ 0.3015∗∗∗ 0.5257∗∗∗ 0.3015∗∗∗ 0.5257∗∗∗ 0.3009∗∗∗ 0.5396∗∗∗

(0.0685) (0.0773) (0.0685) (0.0773) (0.0685) (0.0773) (0.0685) (0.0745)
Stream Medium 0.2751∗∗∗ 0.6968∗∗∗ 0.2751∗∗∗ 0.6968∗∗∗ 0.2751∗∗∗ 0.6968∗∗∗ 0.2749∗∗∗ 0.7012∗∗∗

(0.0737) (0.0726) (0.0737) (0.0726) (0.0737) (0.0726) (0.0738) (0.0711)
Recreation (Both) 0.0645 1.2211∗∗∗ 0.0645 1.2211∗∗∗ 0.0645 1.2211∗∗∗ 0.0651 1.2269∗∗∗

(0.0611) (0.0571) (0.0611) (0.0571) (0.0611) (0.0571) (0.0611) (0.0580)
Temp -2 0.0774∗ 0.7753∗∗∗ 0.0774∗ 0.7753∗∗∗ 0.0774∗ 0.7753∗∗∗ 0.0782∗ 0.7824∗∗∗

(0.0418) (0.0572) (0.0418) (0.0572) (0.0418) (0.0572) (0.0418) (0.0569)
BIC/N 18 18 18 18
AIC/N 18 18 18 18
Observations 29,322 29,322 29,322 29,322
Individuals 981 981 981 981

Notes: All regressions are mixed logit model with random coefficients. All random coefficients are normally
distributed. Each regression has two columns: Mean and SD that refer to the mean and standard deviation
of the random parameters. Fixed coefficients have no standard deviation. Significance levels are based
on standard errors clustered at the respondent level that are reported in parentheses below the parameter
estimate. *** p<0.01, ** p<0.05, * p<0.1
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