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Abstract
This paper explores spatial substitution patterns using a choice experiment to estimate the 
non-market benefits of environmental quality improvements at different sites presented as 
labelled alternatives. We develop a novel modelling approach to estimate possible dispro-
portional substitution patterns among these alternatives by including cross-effects in site-
specific utility functions, combining mixed and universal logit models. The latter model 
allows for more flexibility in substitution patterns than random parameters and error-com-
ponents in mixed logit models. The model is relevant to any discrete choice study that com-
pares multiple sites that vary in their comparability and that may be perceived as (imperfect) 
substitutes. Applying the model in an empirical case study shows that accounting for cross-
effects results in a better model fit. We discuss the validity of welfare estimates based on the 
inclusion of cross-effects. The results demonstrate the importance of accounting for substi-
tution effects in spatial choice models with the aim to inform policy and decision-making.

Keywords Substitution · Spatial choice experiments · Cross-effects · Universal logit model

JEL Classification Q51 · Q25 · H41

1 Introduction

Many environmental valuation studies involve spatial choices in which subjects (respond-
ents in a survey) and objects (sites, ecosystem services) are non-uniformly distributed 
over space (Bateman et al. 2003). The distance between objects and between subjects and 
objects are often among the key factors that determine the prices and substitutability of 
environmental goods and services (Pellegrini and Fotheringham 2002). Substitution effects 
are expected to be especially relevant when estimating the non-market benefits of policies 
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aiming to improve environmental quality across different sites that provide similar types 
of environmental use and non-use values in a confined geographical area, but vary in the 
magnitude of service provision and substitutability as perceived by respondents (e.g., Han-
ley et al. 2006). Based on theory (e.g. Bateman et al. 2002) and empirical findings going 
back as far as to the 1980s (e.g. Sutherland and Walsh 1985), WTP is expected to decline, 
in particular for use values, as respondents live further away from the site under valuation, 
which is known as distance-decay. For many environmental goods, the number of available 
substitutes increases with distance from the site, thereby contributing to distance-decay. 
The distance from respondents to the locations providing ecosystem services hence affects 
the substitutability of these services.

Choice behaviour across multiple sites is often modelled using random utility models 
(RUM), because of their suitability to account for site-substitution (Parsons 2003). Travel-
cost studies use RUM to model recreation demand as a function of site access and site-char-
acteristics, including, for example, water quality levels (Kaoru 1995; Needelman and Kealy 
1995; Parsons and Massey 2003). More sophisticated studies include a wide range of spatial 
variables, such as the distribution of substitutes through the model error structure (e.g., Ter-
mansen et al. 2008). These spatial choice studies typically use revealed preferences data and 
therefore provide no information about non-use values. Whilst stated preference (SP) studies 
allow estimation of non-use values, there are surprisingly few SP studies that account for sub-
stitution effects on willingness to pay (WTP) for environmental benefits that may arise when 
multiple changes take place simultaneously (Carson et al. 2001). Contingent valuation (CV) 
studies usually focus on a single site, and at most remind respondents of other expenditure 
options in the survey text following NOAA-panel guidelines (Arrow et al. 1993). These SP 
studies suffer from the same limitations as single-site travel cost studies: they do not account 
for changes in the availability and characteristics of relevant alternatives. A small number of 
CV studies include multi-programme scenarios in which different goods are valued simulta-
neously to test for substitution and complementarity (e.g., Hoehn and Loomis 1993; Hailu 
et al. 2000). However, these CV studies too are usually limited to the estimation of the effect 
of the availability (absence or presence) of alternative policy scenarios at different locations. 
They do not estimate the extent to which the utility of one alternative is affected by changes 
in the different characteristics, including the price, of another alternative.

Unlike the CV method, discrete choice experiments (DCEs) can be used to present mul-
tiple sites or destinations as alternatives or attributes in choice sets (Rolfe et al. 2002; Brou-
wer et al. 2010). Some recent site choice experiments studies in the SP literature include 
distance and substitute characteristics as explanatory variables in the indirect utility func-
tion. For example, Nielsen et al. (2016) demonstrate how local forest availability and qual-
ity affect preferences in a DCE focusing on a national wildlife protection programme. De 
Valck et al. (2017) account for the distance to substitute sites in unlabelled DCEs related to 
site-changes. Applying labelled site DCEs, Schaafsma et al. (2012, 2013) demonstrate how 
distance decay functions vary across sites, attributed to the presence of substitutes. Simi-
larly, Lizin et  al. (2016) test the effect of spatial heterogeneity on welfare estimates and 
transfer errors for river restoration in labelled river-specific utility functions, accounting for 
key variables such as site visitation, distance-decay and spatial clustering. Schaafsma and 
Brouwer (2013) find that expanding the number of sites, presented as labelled alternatives, 
does not affect WTP values.

These approaches provide more explicit indications of substitution effects related to 
options outside the choice set. As substitution effects create correlation between alterna-
tives, different discrete choice models have been developed that allow for flexible substi-
tution patterns in the stochastic component of the RUM (Train 2002). The inclusion of 
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random parameters and error-components not only captures respondent heterogeneity, but 
also accommodates correlation between alternatives. However, such models provide lit-
tle insight into different disproportional shifts in substitution patterns that may arise when 
some alternatives are more similar than others, an effect that has been addressed in market-
ing and retail studies on product assortment decisions (e.g. Tversky 1972; Rooderkerk et al. 
2011; Lipovetsky and Conklin 2014).

In this paper, we develop a novel modelling approach to reveal how mean WTP esti-
mates change as characteristics of substitute sites in the choice set change, by adjusting the 
systematic (rather than stochastic) part of the model. We present a labelled site-selection 
DCE, designed to capture the effect of changes in ecosystem services provision at one site 
on the WTP for substitute sites. The selected case study sites vary in their ecological func-
tionality and are therefore imperfect substitutes, leading to the expectation underlying our 
central hypothesis that disproportional substitution patterns play a role. To identify and 
model disproportional substitution patterns, we combine the advantages of mixed and uni-
versal logit models (McFadden 1975). We show that accounting for disproportional sub-
stitution may lead to different WTP estimates compared to standard mixed logit models, 
but emphasise that no consensus exists in the literature as to whether these WTP estimates 
have the same conventional welfare interpretation. We find significant cross-effects, reflect-
ing a correction of the utility of one site predicted by the effect of changes in the attrib-
utes of other alternatives. We show that these cross-effects cannot be captured by random 
parameters and error-components alone to control for taste heterogeneity and correlation 
between choice tasks, alternatives and attributes. These cross-effects imply that the com-
position of the choice set, i.e. the inclusion of substitutes to which the site of interest is 
compared, affects the mean WTP estimates. This approach has, as far as we know, not 
been used before to capture substitution across sites in environmental valuation and offers 
more flexibility than the commonly used mixed logit models. The main contribution of our 
paper to the DCE literature is that we show that spatial substitution patterns may be more 
complex than commonly applied mixed logit models can account for and that such com-
plex substitution patterns may potentially lead to different WTP estimates and probability 
shares.

The next section discusses different possibilities to estimate substitution effects using 
DCE models. Section  3 presents our modelling approach and Sect.  4 the design of our 
experiment. The results of the estimated choice models and WTP are presented in Sect. 5. 
Finally, Sect. 6 concludes and discusses the implications and limitations of the study.

2  Modelling Substitution Effects

Discrete choice models are rooted in random utility maximization theory (McFadden 
1974). The general indirect utility function Uj, representing the utility that an individual 
derives from an alternative j, decomposes into two parts: a deterministic (Vj) and stochastic 
part ( �j ) (Eq. 1). V is usually specified as a linear function, additive in utility, where X is a 
vector of k attributes associated with alternative j, β is a coefficient vector, and ε represents 
unobservable influences on individual choice:

Substitutability plays a central role: consumers are assumed to choose the alternative 
that provides the highest utility among goods that are substitutable, at least in the margin. 
That is, giving up a unit of one good to obtain an additional unit of another good results 

(1)Uj = Vj + �j = �kXkj + �j
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in the same level of utility. The marginal rate of substitution (MRS) between two goods 
reflects the trade-off that people are willing to make between these goods and is determined 
by personal preferences for the characteristics of the goods. In DCEs, the MRS indicates 
how much attribute k1 of an alternative will have to change for a unit change in another 
attribute k2 so that the probability of choosing that alternative remains unchanged (Hensher 
et al. 2005a). A distinction can be made between direct marginal effects and cross-marginal 
effects. Direct marginal effects are the changes in the probability of choosing an alternative 
in the choice set given a unit change in an attribute of the alternative itself, whereas cross-
marginal effects reflect the probability changes given a unit change in a competing alterna-
tive. The latter thus capture the degree of substitutability between alternatives.

The basic discrete choice model, the multinomial logit (MNL) model (McFadden 1974), 
assumes that the random components of the utility of the alternatives are independently 
and identically (Gumbel) distributed (i.i.d.) with a type I extreme value (EV) distribution. 
In the MNL model, substitution patterns are defined by the Independence of Irrelevant 
Alternatives (IIA) restriction. The IIA assumption states that the relative probabilities of 
two alternatives are unaffected by the existence and attributes of other alternatives (Kan-
ninen 2007). The IIA property follows directly from the i.i.d. EV error terms. It imposes 
proportional substitution rates on alternatives instead of allowing individual substitution 
patterns to vary depending on the similarity of alternatives. This property is also known 
as the Invariant Proportion of Substitution (IPS) (Steenburgh 2008), and implies that no 
matter which attribute of a good changes, it will draw choices away from competing alter-
natives proportional to the initial probability shares. This assumption is likely to be too 
restrictive for spatial choice studies as many studies often involve more than two alterna-
tives of which some may be perceived as more similar than others.

Alternative modelling approaches have been developed to relax the IIA assumption. 
Generalised extreme value (GEV) models, including nested and cross-nested models, have 
a closed-form formula and allow for correlation in the error term over alternatives. Ran-
dom parameter logit (RPL) and error-component (EC) models account for respondent dif-
ferences (taste heterogeneity), correlation across alternatives and repeated choices (Train 
2002). By specifying random attribute parameters that are common across alternatives or 
permitted to be correlated, it is possible to allow for correlation among alternatives (Hen-
sher et al. 2005a). EC models accommodate correlation between the utilities of alternatives 
and can be applied when substitution patterns are disproportional (Brownstone and Train 
1999). Here, correlation between alternatives is accounted for by including a common ran-
dom parameter with zero mean in the utility function specification of those alternatives that 
are likely to be correlated (Herriges and Phaneuf 2002). Scarpa et al. (2005) recommend 
applying EC models when comparing less familiar (hypothetical) alternatives with better 
known (existing) ones. These models still assume that IIA holds at the individual respond-
ent level (Hahn et al. 2007). As Steenburgh and Ainslie (2008) point out, although accom-
modating preference heterogeneity, it is not clear how the mixed logit model allows for 
individual choice behaviour to address different types of substitution patterns, for example 
when facing choices between perfect substitutes. This implies that the mixed logit model is 
less flexible than previous research has suggested.

Brownstone and Train (1999) and McFadden and Train (2000) show that mixed 
logit models can approximate any random utility model arbitrarily well, provided the 
researcher uses the correct mixing distribution. Hess and Train (2017) explore this 
potential by specifying the most general form of a mixed logit model in which all util-
ity coefficients are randomly distributed and estimate a full covariance matrix among 
them. However, one of the main drawbacks of estimating RPL and EC models is that 
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the correct specification of the random parameters and their distribution may involve a 
long trial-and-error process. The same holds for the EC structure in the absence of a pri-
ori expectations regarding substitution patterns (Walker et al. 2007). Hess et al. (2017) 
operationalise the general mixed logit model proposed by Hess and Train (2017) using a 
sample of 5000 respondents facing 15 choices each. Such sample size requirements can 
be prohibitive in many applied studies. A further warning is that the correlation of ran-
dom parameters is introduced through Cholesky factorization, which is sensitive to the 
order of the variables (Hensher et al. 2005a).

Given these limitations, alternatives to the mixed logit model seem relevant. Another 
possibility to relax the IIA and IPS assumptions and allow for disproportional substitu-
tion rates among alternatives is using the universal logit (UL) model (McFadden 1975; 
Louviere et al. 2000; Kuhfeld 2010). UL models offer the possibility to estimate cross-
effects by including the attributes of other alternatives in the specification of the utility 
function of each alternative (Oppewal and Timmermans 1991). The cross-effects give 
corrections of the probability distribution across alternatives as predicted by the main 
effects of attribute changes, so they are not the same as cross-marginal effects. In an 
MNL model, the main effect of an attribute determines its direct marginal effect on the 
choice probability of its own alternative and its cross-marginal effect on the competing 
alternatives, where the cross-marginal effects lead to a proportional substitution pattern 
under the IIA restriction. The cross-effects of the UL model provide a correction of 
the proportional probability distribution. For example, a positive cross-effect indicates 
that the utility of an alternative is underestimated by an IIA model (Timmermans and 
Molin 2009). Significant cross-effects in the UL model imply that the effect of a mar-
ginal change of the attribute of alternative A on the choice probability of alternative B 
is not the same as the effect on the choice probability of alternative C. Thereby, the UL 
model is not restricted by the IIA assumption and permits disproportional substitutabil-
ity, which may arise if some alternatives are perceived as closer substitutes than oth-
ers (Steenburgh 2008). Together with the main effects of alternative-specific attributes, 
cross-effects determine the degree of substitutability of alternatives (Timmermans et al. 
1991), where the disproportional substitution pattern is explained by changes in attrib-
utes of the alternatives. Since cross-effects reveal information about the effect of the 
presence or characteristics of alternatives on the alternative of interest, significant cross-
effects can be interpreted as choice set composition or context-dependency effects. The 
UL has been applied in research on consumer shopping behaviour (Timmermans et al. 
1991; Oppewal and Holyoake 2004), telecommunications (Agarwal 2002), transport 
economics (Bos and Molin 2006), food choices (Chowdhury et al. 2011), and tourism 
(Crouch et al. 2007).

UL models have two main disadvantages. First, UL models are closed-ended and there-
fore unable to account for the panel structure of datasets and random taste heterogeneity. 
Cross-effects can arise if population segments with different preferences are present in the 
sample (Crouch et al. 2007). Thus, if IIA violations are caused by preference heterogeneity 
and the panel structure of the data, specifying a RPL model may be sufficient to reflect the 
substitution pattern (Swait and Louviere 1993). However, as stated before, a mixed logit 
model is insufficient when IIA does not hold at individual level. Second, Ben-Akiva (1974) 
argues that the cross-effects can lead to “counter-intuitive” cross-elasticities, for instance 
when the sign of the cross-elasticity of the price variable switches from positive to nega-
tive. This may occur if a cross-effect of the price variable is negative and has a larger effect 
than the main effect of price changes. A practical remedy would be to exclude such cross-
effects from the model, much like the suggestion to restrict the distribution of the price 
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parameter in mixed logit models in line with theoretical expectations (Hole and Kolstad 
2012).

A key argument against the use of UL models is that “there is no easy way to tell 
whether a mother logit model was consistent with RUM” (McFadden 2000, p. 15). Cross-
effects may lead to a violation of the regularity assumption (Oppewal and Timmermans 
1991). The weak regularity assumption (Block and Marschak 1960) imposes a consistency 
restriction on choice behavior and dictates that the probability of choosing an alternative 
from any subset of a choice set of alternatives cannot rise if the choice set is expanded. For 
example, the probability of choosing alternative A in a comparison of A and B cannot be 
lower than the probability of choosing alternative A in a comparison of A, B and C. It is 
important to note here that the IIA is the strict version of the regularity assumption. Under 
the IIA assumption, the ratio of choice probabilities is not allowed to change if another 
alternative is added to the choice set; the weak regularity assumption allows for probabili-
ties to decrease if the choice set is expanded. Brownstone and Train (1999, p. 113) seem 
to build on the strong regularity assumption when they argue that “when cross-alternative 
attributes are entered, the logit model is no longer a random utility model (i.e. is not con-
sistent with utility maximizing behavior and cannot be used for welfare analysis) since the 
utility of one alternative depends on the attributes of other alternatives”. Hess et al. (2017, 
2018) follow a similar logic and argue that the mother logit model may be problematic 
when the cross-substitution effects are captured through the observed component of util-
ity as it “open(s) up the possibility of preference reversals” (Hess et al. 2018, p. 195). This 
might mean, according to the latter authors, that the mother logit model is not consistent 
with RUM, but they do not provide any proof why a mother logit model would (by defini-
tion) result in violations of transitivity assumptions. Carson et al. (1994) argue that “par-
ticular restrictions” must be imposed to ensure that the UL model is consistent with utility 
maximization, but do not describe these restrictions. Experimental studies show that the 
regularity assumption is sometimes violated and anomalies in choice behaviour are found 
when the choice set is expanded with an alternative that is similar (Tversky 1972) or domi-
nant to one of the existing alternatives (Huber et al. 1982).

The existing discrete choice literature provides no theoretical or formal proof for the 
inconsistency of the universal logit model with RUT. However, when using UL models in 
cases where utility maximisation conditions are important, such as for societal welfare esti-
mation, it is important to test if the regularity assumption (Timmermans and Molin 2009) 
and transitivity assumption (Hess et al. 2017) are violated. In cases where the regularity or 
transitivity assumptions are violated, the interpretation of the MRS of price and non-price 
attributes is different from RUM based models for welfare analysis and cannot be used in 
the same way as WTP estimates derived from a RUM-consistent model. Therefore, the 
WTP estimates based on the UL model presented in this study have to be interpreted with 
caution.

3  Modelling Framework

In our modelling approach, we develop a mixed logit model extended with cross-effects, 
combining the advantages of mixed and universal logit models to allow for more flexi-
ble substitution across the alternatives in the choice set. We control for correlation across 
observations of the same respondent, taste heterogeneity and additional disproportional 
substitution patterns. The main objective of our modelling approach is to reveal how 
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mean choice probabilities and WTP estimates change depending on which substitutes are 
included in the choice set, by adjusting the deterministic rather than the stochastic part of 
the model.

We present two models that will be compared with each other: one mixed logit model 
with random parameters and error-components (Model I), and one extended mixed logit 
model with cross-effects (Model II). The first model presented in Eq. (2) includes an alter-
native specific constant (ASC) α for each alternative location i to control for location char-
acteristics not covered by the attributes X. The alternative-specific attribute parameters βki 
account for possible differences in the values of the same ecosystem services as per the 
attribute labels across sites (direct effects). We specify random parameters with normal 
distributions reflecting random taste heterogeneity for the attributes in Xki, and test whether 
these are site-specific or common across alternatives. Random parameters that are com-
mon across alternatives allow for correlation between these alternatives. µkin is a vector of 
random coefficients of the attributes Xki for individual n. The price attribute is included as 
a fixed parameter. An error-component is added to allow for heteroscedasticity between 
the hypothetical alternatives and the opt-out, following Scarpa et al. (2005). To this end, a 
dummy variable di taking the value 1 for each hypothetical alternative and 0 for the opt-out 
is included in the utility function of alternative i. Finally, x additional error-components c 
are added, mimicking a nested logit model. These error-components c take the value 1 for 
alternatives that are expected to be correlated and the value 0 otherwise. The � parameters 
of these individual-specific random error-components c are assumed to have a zero-mean 
normal distribution N[0, σ2].

We estimate Model II to assess if despite the flexibility provided through the random 
parameters and additional error-components in Model I, further disproportional correlation 
is present by including cross-effects, similar to a universal logit model. Hence, Model II 
aims to identify significant cross-effects, whilst accounting for site-specific values, random 
parameters, error-components and the panel structure of the choice data. The utility specifi-
cation includes not only the alternative’s own attributes Xki, but also the attributes of alter-
native sites j ≠ i in Xkj. This model is used to capture possible disproportional substitution 
effects, reflected by the site-specific parameters βkij representing the cross-effects of Xkj on 
the utility of alternative i. Significant cross-effects imply that disproportional substitution 
patterns between alternatives remain present despite the random parameters in the deter-
ministic part and the error components in the stochastic part of the indirect utility function. 
When any two alternatives A and B are more similar compared to a third alternative C, a 
change in the characteristics of A would be expected to result in stronger substitution with 
B than with C, in which case cross-effects may be significant. Hence, we test whether it is 
sufficient to model substitution effects through a mixed logit specification or if it is neces-
sary to extend the mixed logit specification with cross-effects to capture additional dispro-
portional substitution patterns to better reflect choice behaviour. We test whether includ-
ing cross-effects results in a better model fit and therefore explains choice behaviour better 
statistically.

We also discuss the WTP estimates that result from the inclusion of cross-effects, and 
evaluate whether these effects have a plausible explanation in the empirical case study 
application, but note that it is not clear whether these are consistent with RUT. We estimate 
the welfare measures of an environmental change at one or more sites, rather than at all 

(2)Model I: Ui = �i + �kiXki + �kinXki + �indi + �1…x
in

c1…x
i

+ �in

(3)Model II: Ui = �i + �kiXki + �kinXki + �kijXkj + �indi + �1…x
in

c1…x
i

+ �in



330 M. Schaafsma, R. Brouwer 

1 3

sites at the same time, resulting from the same water quality improvement policy, con-
sidering relevant substitution effects assuming that the same calculation procedure can be 
applied as for standard mixed logit models (Bockstael and McConnell 2007). Since there 
is limited to no guidance in the literature on how to formally assess welfare estimates for 
models with cross-effects, the welfare estimates based on Model II presented in this paper 
should, as mentioned, be interpreted and used with caution. To test empirically if the cross-
effects lead to violations of regularity conditions, we also simulate probability shares to 
check whether the resulting probabilities increase across alternatives if relevant attributes 
change. We first present the design of the choice experiment in the next section before turn-
ing to the estimation results in Sect. 5.

4  The Choice Experiment

To analyse the presence of disproportionate substitution patterns, a site-selection DCE was 
developed with alternative specific attribute descriptions and labelled alternatives based on 
location names. The popular tourist destination Zeeuws-Vlaanderen in the south-western 
part of the Netherlands within the Scheldt catchment was chosen as case study area. Choice 
data were collected here before as part of a European valuation study, testing the impact of 
distance-decay on recreational choice behaviour applying the spatial expansion method to 
account for directional differences in distance-decay (Schaafsma et  al. 2013). Three rec-
reational sites were selected in this area: Breskens, Braakman, and Saeftinghe. Figure  1 
presents a map of the study area and the study sites. These three alternatives were included 
in the choice set after thorough pre-testing. Three alternatives are sufficient to analyse 

Fig. 1  Map of the study area and the three study sites Breskens, Braakman and Saeftinghe. Note: Belgium 
and the dashed areas were not included in the sample
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disproportional substitution patterns without imposing too much of a cognitive burden on 
survey participants by including too many sites in the choice task.

The case study sites represent the most important water body types in the catchment, 
provide a broad range of nature-experience and water-recreation possibilities, and are well-
known among residents. Because they vary in their functionality and the characteristics of 
their recreational and nature amenities, the sites are particularly suitable for our analysis 
of disproportional substitution patterns. Breskens is a popular beach site, attracting local, 
national, and even international visitors. Braakman is located at the mouth of a small river, 
has brackish water, and attracts especially families for water-based recreation. Saeftinghe 
does not provide any bathing opportunities, but is a unique, ecologically valuable tidal 
mudflat, which provides a habitat for various protected species. Some parts can only be 
visited when accompanied by a guide. For all three sites area-expansion plans exist, which 
will increase the potential for recreational walking. During the tourist season, Saeftinghe 
attracts mostly nature enthusiasts, while Breskens and Braakman attract more visitors who 
are interested in bathing. The latter sites are therefore expected to be closer substitutes 
compared to Saeftinghe.

The three sites are subject to environmental quality improvements under the European 
Water Framework Directive (WFD). The WFD imposes standards for all European water 
bodies and specifies water quality objectives in terms of ‘good ecological status’ (GES). 
Quality levels at the three sites did not meet the WFD standards at the time of the survey. 
Achieving the WFD objectives is expected to increase ecosystem services provision levels 
and generate substantial public use and non-use values, justifying the application of a SP 
method (Brouwer 2008). The use of a DCE enables assessing the trade-offs of the ameni-
ties subject to possible changes under the WFD and resident’s willingness to pay for these 
changes. The site-specific characteristics were translated into three easily understandable 
attributes: walking, bathing and nature quality. Table 1 gives an overview of the attributes 
and their levels used in the design of the DCE.

Since reaching the WFD objectives is expected to result in different bio-physical out-
comes for the three selected locations, the foreseen quality improvements, reflected in the 
different levels of the attributes Xki, are explained by site-specific descriptions and differ-
ent photographs for walking and nature improvements. For bathing water quality, the same 
attribute description and pictures were used. The DCE design was developed in direct col-
laboration with ecologists and regional water managers. Important to note is that achieving 
the proposed quality improvements at one site will not improve conditions at other sites, 
because they function biophysically speaking completely separately from each other.

Two restrictions were imposed in the DCE design to increase the realism and credibil-
ity of the quality improvement scenarios. First, the current ecological quality was given a 
relatively poor rating at all three sites by the consulted ecologists, and therefore the status 
quo levels of the attributes are ‘poor’, except for current bathing water quality at Breskens, 
which is considered ‘moderate’. Second, the bathing water quality attribute was excluded 
at Saeftinghe, because this site does not (and is not envisioned to) provide any bathing pos-
sibilities. Site characteristics that are not affected by the WFD are not included as an attrib-
ute in the DCE, but their potential effect on choices is expected to be captured by including 
the site names as labels. The fourth and final attribute in the DCE was the monetary attrib-
ute, i.e. a proposed increase in annual water agency taxes paid by all local households. The 
six levels of this attribute ranged from 5 to 80 Euros per year.

The final design consisted of 24 different versions (blocks) of choice sets including 
five choice tasks each, where each block was used as a minimum 15 times. The order 
in which the sites appeared was kept the same in each choice task. The choice sets are 
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based on an experimental design that minimised the correlation among all attributes and 
alternatives and enabled the estimation of cross-effects. The efficiency design was based 
on (naïve) zero-priors (Walker et  al. 2018) and approximated a full-factorial orthog-
onal design generated with Sawtooth Software (2008). The correlations of the design 
are minimal so we have no reason to expect that any cross-effects would be caused by 
correlations in the experimental design. Besides the practical advantage of limiting the 
number of choice sets for face-to-face interviews, the use of different versions of choice 
sets prevents confounding differences in individual preferences and error variability 
with differences in design, which could result if individualised designs would have been 
used.

The survey was pre-tested in four rounds over a three-month period at different loca-
tions in the study area. Based on the pre-test results, residents appeared to be sufficiently 
knowledgeable and familiar with the selected sites to be able to make well-informed 
choices. The final version of the questionnaire consisted of 45 questions, divided into 
five main parts, covering (1) general water recreation activities, (2) water recreation 
at the three selected sites and possible substitute sites, (3) the choice experiment, (4) 
socio-demographic characteristics, and (5) debriefing questions about the questionnaire 
itself. The second part included questions about visitation frequency, recreational activi-
ties carried out at each site, perception of water quality and other site characteristics. 
Apart from possible substitution between the three sites in the DCE, respondents were 
asked to list a maximum of three other recreational sites they visit frequently in the 
study area, how often they visit these sites and which activities they undertake at these 
locations. By including detailed questions about other sites people visited, the study 
went beyond a standard substitute reminder, the effectiveness of which is questionable 
(e.g., Loomis et al. 1994; Kotchen and Reiling 1999; Whitehead and Blomquist 1999). 
Instead, respondents were stimulated to think actively about the relevant alternatives in 
their choice set. They were also asked what they would do if their currently most pre-
ferred site in the DCE would face a decrease in quality, so that it could no longer offer 
the same recreational opportunities.

The DCE began with an explanation of the choice task, including an overview of all 
attributes and levels, the current situation at each of the sites, and an example choice task 
(see the example choice card in Fig. 2). Next, five different choice cards were presented to 
every respondent. Each card presented four alternatives: the three sites, which all improved 
in at least one attribute against a certain payment, and the ‘opt-out’ defined in terms of the 
current quality levels for all attributes at all sites at zero price. Respondents were asked to 
choose the site they prefer red to be improved. It was emphasized that only one site could 
be chosen at the given price levels and that choosing the preferred improvement implied 
that their money would only be spent on the chosen site and other sites would remain at 
current levels. Each time respondents chose the opt-out, they were asked to motivate their 
answer in a follow-up question to identify possible protest responses.

In addition to the site-attributes, another important determinant of choice behaviour was 
the distance between the sites and the respondents. A geographical sampling strategy was 
followed to ensure sufficient variation exists in distance between respondents and the loca-
tions used in the DCE to be able to include distance as an implicit attribute of the sites 
(see Schaafsma et al. 2013 for more details). Distances from respondents to the three sites 
ranged from 2 to 160 kilometres. At the same time, the sample adequately reflected the 
geographical distribution of the population throughout the sampling area. The survey was 
implemented door-to-door using trained interviewers from July until September 2007 in 46 
towns and villages in the sampling area (see Fig. 1).
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5  Results

5.1  General Survey Results

In total, 2322 households were approached, of which 1524 declined to participate. 
This corresponds to a response rate of 34%. After data cleaning, 96 respondents were 
removed from the sample because their replies were incomplete (e.g. basic information 
for the analysis related to income and distances to the sites). The sample includes more 
female than male respondents (61%). The average age of the respondents is 51. The 
average household size is 2.7, which is slightly higher than the Dutch average of 2.3. 
Disposable household income in the sample is, on average, €2143 per month, which is 
close to the region’s average net household income. Most respondents have a higher sec-
ondary education degree. Although women and bigger households are slightly overrep-
resented in the sample, this should not pose any problems for the methodological aim of 
this paper. Table 2 presents the key descriptive statistics for the sample used for model 
estimation (after removal of protest bids, see Sect. 5.2).

As expected given the abundance of water in the study area, most respondents (94%) 
visit open water for recreation. A fifth of the respondents have never visited any of the 
three sites in the CE, while another fifth has visited all three sites at least once. Less 
than 10% had never heard of any of the locations prior to the survey. Breskens is the 
most popular site: 62% of the respondents have visited this location at least once, com-
pared to 45% for Braakman and 42% for Saeftinghe. Walking is one of the most popular 

Fig. 2  Example choice card
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activities at all sites. Breskens is also popular for bathing and Saeftinghe attracts, as 
expected, many visitors who enjoy natural values, wildlife, peace and quiet.

Half of the respondents believe that current water quality is generally good through-
out the catchment, but consider further improvement of water quality in the coming years 
important. Forty percent believes water quality is not good enough and should be improved 
further. Among the three sites, water quality is perceived best (‘good’) at Breskens by most 
respondents. Water quality at Saeftinghe and Braakman is, on average, perceived as ‘mod-
erate’, but the number of people who feel informed enough to evaluate water quality at 
these sites is substantially lower than at Breskens.

The survey results point out that 77% of all respondents also visit other sites besides the 
three included in the CE. This underlines the importance of accounting for possible substi-
tution effects. Respondents reported substitution behavior in terms of sites and activities. If 
water quality at their most frequented site decreased to such a low level that their most pre-
ferred activity would no longer be possible at that site, two-fifth of the respondents would 
go to another preferably nearby location. Thirty percent would continue going to their pre-
ferred site, but half of them would switch to another recreational activity at that site. One-
fifth of the respondents would no longer engage in any water recreational activities.

5.2  Choice Model Results

Out of the 3900 choice occasions, the opt-out was chosen 1026 times. Of the three loca-
tions, Breskens was chosen most often in the DCE (36% of all choice occasions), followed 
by Braakman (24%) and Saeftinghe (22%). 127 Respondents (16%) chose the opt-out in 
each choice task, of which 66 (6%) were classified as protest votes. These respondents were 
excluded from the sample. Reasons for refusing to pay that comply with theoretical expec-
tations were kept in the analysis. These reasons include that respondents felt that the pro-
posed alternatives did not give value for money or they never visited the site(s) before and 
had no intention to do so in the future. The exclusion of respondents after data collection 
implies that the average number of times that each block was used was 27. The models 
were estimated in NLOGIT 4.0 using 1000 Halton draws.

Table 2  Main descriptive statistics

Based on 636 observations used in the model estimation after removing incomplete observations and pro-
test bids

Variable Mean (SD)

Mean net household income (€/month) 2143 (821)
Open water recreators (% of respondents) 96
Percentage of users (% of respondents who have visited the site prior to the survey)
 Breskens 60
 Braakman 44
 Saeftinghe 40

Mean distance from respondent to the survey locations (km)
 Breskens 45 (25)
 Braakman 33 (19)
 Saeftinghe 46 (20)

Percentage of respondents who visit other water bodies 77
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Given their categorical nature, all attributes were dummy coded with current quality 
levels as the baseline level. For the price parameter linear coding was used. To explain the 
observed preference heterogeneity among respondents, the models include interactions of 
the ASC with theoretically expected variables for respondent characteristics such as house-
hold income and the distance respondents live from the sites. One-way distances are calcu-
lated based on the existing road network between a respondent’s place of residence and the 
three locations.

Table 3 presents the results of the two models presented in Sect. 3. Only variables are 
included in the models that have a significant impact on choice behaviour at the 5% level. 
Model I is the standard mixed logit model, Model II is the mixed logit model extended 
with the cross-effects. In both models, the attribute parameters βki are significant at the 1% 
level and have the expected sign: quality improvements have a positive effect and price a 
negative effect. The ASCs in the model include the baseline levels of the three categori-
cal attributes (walking, nature and bathing) interacted with the two respondent-characteris-
tics. The estimated parameters for respondents’ household income and distance, which are 
assumed to be the same across the three sites in this study, are also statistically significant 
and have the expected signs.1 Income (in its logarithmic form) has a positive effect: the 
higher net household income, the higher WTP for one of the alternatives. The distance 
parameter has a negative sign, implying significant distance-decay.

Model I includes site-specific parameters for those attributes that are valued signifi-
cantly differently between sites based on the LR test. The results show that the attrib-
ute coefficients related to good bathing water quality and nature levels are site-specific. 
Improving bathing water quality at Braakman to a good level (compared to the poor level 
in the status quo) yields a significantly higher coefficient estimate than improving bath-
ing water quality at Breskens (compared to the moderate status quo level at this site), par-
tially because the baseline level is lower at Braakman. Similarly, the parameter estimate for 
nature improvements to good levels at Saeftinghe is significantly higher than the parameter 
estimate for a comparable change at Braakman and Breskens, where nature improvements 
have a statistically similar value.

Unobserved preference heterogeneity is found for the highest quality levels for walking 
at all three sites, nature at Braakman and Breskens and bathing at Braakman. A normal dis-
tribution was used for the random variables.2 No random effects were found for the other 
attributes at moderate or good levels that significantly improved the model fit according to 
the Likelihood Ratio test results. Consequently, we exclude the possibility that any signifi-
cant cross-effects in Model II are the result of unaccounted remaining unobserved prefer-
ence heterogeneity.

We added additional error-components to Model I for all possible combinations of 
the three sites. The error-components are significant at the 1% level for the combinations 
Breskens-Braakman and Braakman-Saeftinghe, but not for Breskens-Saeftinghe (and 
hence the latter error component is not included in the specification of Model II). Model 

1 When we include site-specific variables for distance and income in Model 2, the cross-effects remain the 
same. For simplicity reasons, we therefore included these variables as common across all sites.
2 We estimated the same models using a uniform distribution because of the categorical nature of the vari-
ables (Hensher et al. 2005), where we restricted the spread of the distribution to be the same as the mean of 
the parameter to ensure that the parameter is positive over the entire distribution. The results are similar to 
random parameters with normal distributions: the same variables demonstrate significant preferences het-
erogeneity and in Model II the same cross-effects are significant.
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Table 3  Estimated choice model results

Explanatory factor Model I Model II

Alternative specific constants (ASC)
ASC Breskens − 8.322***

(3.142)
− 8.348***
(3.170)

ASC Braakman − 9.681***
(3.653)

− 9.736***
(3.694)

ASC Saeftinghe − 9.006***
(3.401)

− 9.083**
(3.438)

Attributes-generic
Price − 0.023***

(19.245)
− 0.024***
(18.321)

Walking—moderate quality 0.418***
(5.178)

0.418***
(5.170)

Walking—good quality (random parameter, normal distribution) 1.186***
(13.339)

1.186***
(13.434)

Standard deviation of the random parameter 0.851***
(6.735)

0.821***
(6.437)

Nature—moderate quality 0.460***
(5.618)

0.492***
(5.917)

Attributes-site-specific
Nature—good quality (Breskens & Braakman) (random parameter, normal 

distribution)
1.012***
(10.155)

1.012***
(9.962)

Standard deviation of the random parameter 0.819***
(4.875)

0.837***
(5.085)

Nature—good quality (Saeftinghe) 1.486***
(11.697)

1.524***
(11.812)

Bathing—moderate quality (Braakman) 0.652***
(4.491)

0.646***
(4.437)

Bathing—good quality (Breskens) (random parameter, normal distribution) 0.681***
(6.361)

0.702***
(6.653)

Standard deviation of the random parameter 0.660***
(2.692)

0.573**
(2.084)

Bathing—good quality (Braakman) 1.716***
(12.761)

1.855***
(13.167)

Cross-effects
Saeftinghe * (moderate nature quality at Braakman) 0.314**

(2.413)
Saeftinghe * (good bathing quality at Braakman) 0.420***

(3.604)
Saeftinghe * (price of Braakman) − 0.005**

(2.048)
Respondent characteristics
Net household income (logarithmic) 1.450***

(4.104)
1.456***
(4.142)

Distance (in km) − 0.023***
(7.614)

− 0.023***
(7.557)

Error-components
Sigma error-component 1 (Breskens, Braakman, Saeftinghe) 2.908***

(12.174)
2.921***
(12.330)
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II furthermore extends Model I through the inclusion of cross-effects. All possible combi-
nations of attributes are tested in the probability function of the two other alternatives. In 
this estimation process, where we retained all cross-effects significant at the 10% level in 
a backward elimination procedure, three cross-effects remain consistently significant, all 
in the utility function for Saeftinghe.3 The inclusion of these three variables increases the 
model fit significantly compared to Model I (LR-test statistic = 16.0, p < 0.05).4

The first cross-effect reveals a disproportional substitution effect of changes in the nature 
attribute at Braakman. This cross-effect shows that improving nature to a moderate level at 
Braakman has a less negative effect on the probability of choosing Saeftinghe than on the 
probability of choosing Breskens. The parameter value (0.314) reflects the additional effect 
of a nature improvement at Braakman on the probability of selecting Saeftinghe (higher 
perceived utility), over and above the proportional effect captured by the main effect of 
moderate level of the nature attribute (0.492).

Probability share simulations based on Model II show that improving nature at Braak-
man to a moderate level would only draw choices away from Breskens (− 4.3%) and would 
slightly increase Saeftinghe’s probability share (+1.5%). Model I without this cross-effect 
predicts a higher, proportional probability loss for Saeftinghe for such a nature improve-
ment scenario (− 1.7%). In other words, when nature at Braakman improves from the cur-
rent poor to the moderate level, the resulting substitution pattern shows stronger substituta-
bility, as expected, between Breskens and Braakman compared to Saeftinghe. Respondents 
perceive Breskens as a closer substitute to Braakman, as for these sites access is easier, 
bathing is possible, and the type of nature amenities are more common, compared to Saeft-
inghe with its relatively unique nature and wildlife, and which is only accessible under 
supervision of a guide. However, the increase in the market share of Saeftinghe may sug-
gest a violation of the regularity assumption.

A second cross-effect is found for good bathing water quality at Braakman. The posi-
tive coefficient in the utility function of Saeftinghe means that an improvement of bathing 
water quality at Braakman to a good level draws proportionally fewer choices away from 
Saeftinghe than from Breskens. Probability share simulations for Model II show that such 

Explanatory notes: t-values are presented between brackets
Significance of the parameters is indicated by asterisks: *** at 1%, ** at 5%, * at 10%

Table 3  (continued)

Explanatory factor Model I Model II

Sigma error-component 2 (Breskens, Braakman) 1.536***
(13.115)

1.497***
(12.766)

Sigma error-component 3 (Braakman, Saeftinghe) 1.234***
(11.767)

1.274***
(12.062)

Model statistics
No. of observations 3180 3180
Loglikelihood − 3322 − 3314

4 We also checked whether interaction effects between the attributes within site-specific utility functions 
were significant, as our design allowed also for their estimation. However, we found no such interaction 
effects to be significant at the 10% level, while the three cross-effects remained consistently significant.

3 “Appendix” contains the results of Model II with all cross-effects.
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an improvement in bathing water quality at Braakman would result in only 3.3% fewer 
choices for Saeftinghe compared to 13.2% fewer choices for Breskens, compared to 6.8% 
and 10.8% fewer choices respectively according to Model I. This cross-effect is expected 
to reflect a shift in choices of respondents who are more interested in bathing water quality 
away from the beach Breskens to Braakman rather than from the natural area Saeftinghe, 
due to the absence of bathing possibilities at Saeftinghe. It implies again that a dispropor-
tional substitution pattern across the three sites can be observed when bathing possibilities 
at Braakman improve to a good level and suggests that Braakman and Breskens are also in 
this respect perceived to be close substitutes.

A third cross-effect is found for the price of improvements at Braakman on the probabil-
ity of choosing Saeftinghe. The negative estimate (− 0.005) implies that a price increase for 
Braakman reduces the probability that respondents are willing to pay for improvements at 
Saeftinghe more so than for Breskens. For example, if the price for Braakman ceteris pari-
bus increases from €0 to €80 per household per year, Model I suggests that this increases 
Saeftinghe’s probability share by 6.9%, while Model II adjusts this downwards to 2.9%. 
This cross-effect suggests that Saeftinghe and Braakman are weak substitutes in price too.

For the other variables in the models, the estimation results of Models I and II lead to 
similar conclusions. Overall, the comparison of Model I and II leads us to conclude that 
disproportional substitution patterns exist that cannot be captured by standard error-com-
ponents and random parameters alone.

5.3  WTP Results

An important question is whether the cross-effects potentially result in significantly differ-
ent implicit prices and welfare estimates for environmental improvements at the three sites. 
Here, the WTP values are estimated using the same approach as for mixed logit models, 
assuming that this approximation is correct. The estimates for the cross-effects are pre-
sented here to illustrate their order of magnitude if this assumption holds, and hence their 
relevance compared to discrete choice models in which they are not accounted for. Results 
are presented in Table 4, where the confidence intervals between brackets are calculated 
following Krinsky and Robb (1986). Tests as described in Poe et al. (2005) are used to test 
for differences between WTP estimates across sites and models. There are no significant 
differences in the WTP values for the direct effects of the individual attributes between the 
two models.

The top part of Table 4 presents the implicit prices of the cross-effects βkij. The WTP 
values of the cross-effects are €13 and €18 per household per year. These values are the 
additional marginal WTP for Saeftinghe when Braakman is improved in the bathing qual-
ity and nature attributes. The cross-effects can be interpreted as an adjustment of the WTP 
value due to disproportional substitution between sites when multiple sites change at the 
same time. The cross-effects not only apply to these scenarios, but to any of the quality 
improvements, also for an improvement of a single attribute.

Mean household WTP for scenarios in which the conditions of attributes at the three 
sites change from the status quo to moderate and good quality levels are presented in the 
lower part of Table 4. We based the estimations on equation 5.17 in Bockstael and McCo-
nnell (2007, p. 112). For Model 1, the expected compensating surplus (CS) estimates 
reflect the WTP of the direct effects only, while for Model 2 the cross-effects are added in 
the CS estimation. First, we consider the mean WTP estimates for policy interventions that 
change the levels of attributes associated with the first cross-effects, i.e. an improvement of 
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the nature attribute to a moderate quality level. In scenario 1, nature at Braakman improves 
to the moderate level, which leads to a significant difference in WTP at the 5% level 
between the two Models due to the cross-effect. The parameter estimates of Model I, which 
are based on proportional substitution between the sites and ignore the cross-effect, differ 
from Model II estimates by as much as 71%. When nature is also improved at the other 

Table 4  Mean WTP (€/household/year) for cross-effects and different environmental improvement scenar-
ios

For scenarios 1–4, the cross-effect ‘Saeftinghe * moderate nature quality at Braakman’ is included. For sce-
narios 7–9, the cross-effect ‘Saeftinghe * good bathing quality at Braakman’ is included. In scenarios 5, 6, 
10 and 11, the cross-effects are not relevant because there are no changes in the attributes of Braakman. For 
example, WTP for scenario 1 is estimated as (βNature-moderate quality + βSaeftinghe * moderate nature quality at Braakman)/
βPrice, and for scenario 2 as (βNature-moderate quality + βNature-moderate quality + βSaeftinghe * moderate nature quality at Braakman)/
βPrice; for scenario 2, the value of improvements of nature to moderate quality at both Braakman and Saeft-
inghe is included
The 95% confidence intervals are presented between brackets
n.a. not applicable
Statistical significance of the difference in WTP values between the two models is indicated by asterisks: ** 
at 5%, * at 10%

Model I Model II

Cross-effects
Saeftinghe * moderate nature quality at Braakman n.a. 13

(2–24)
Saeftinghe * good bathing quality at Braakman n.a. 18

(6–29)
Saeftinghe * price of Braakman n.a. − 0.2

(− 0.4 to − 0.01)
Policy scenarios
(1) Braakman: nature moderate
(including cross-effect for Model 2)

20
(13–27)

34**
(21–48)

(2) Braakman and Saefthinghe: nature moderate
(including cross-effect for Model 2)

40
(26–54)

55
(37–74)

(3) All sites: nature moderate
(including cross-effect for Model 2)

60
(39–81)

76
(51–101)

(4) Braakman: all attributes moderate
(including cross-effect for Model 2)

67
(51–84)

79
(61–99)

(5) Saeftinghe: all attributes moderate 38
(28–49)

39
(27–50)

(6) Breskens: all attributes moderate 38
(28–49)

39
(27–50)

(7) Braakman: bathing good
(including cross-effect for Model 2)

75
(62–90)

96**
(76–117)

(8) Braakman and Breskens: bathing good
(including cross-effect for Model 2)

105
(88–123)

126*
(102–150)

(9) Braakman: all attributes good
(including cross-effect for Model 2)

171
(150–194)

189
(163–217)

(10) Saeftinghe: all attributes good 116
(100–135)

115
(97–133)

(11) Breskens: all attributes good 126
(110–144)

123
(106–140)
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two sites (scenarios 2 and 3), or when bathing and walking conditions at Braakman also 
improve to a moderate level (scenario 4), the WTP estimates are no longer significantly dif-
ferent between the two models, even if the WTP differences are considerable and between 
19 and 38%. However, as this cross-effect may lead to a violation of the regularity assump-
tion (see Sect. 5.2), this result should be interpreted with caution when aiming to use the 
WTP value for further welfare analysis.

Next, we estimate WTP for improvements of bathing quality at Braakman to a good 
level (scenarios 7–9). This improvement at Braakman (scenario 7) leads to a difference 
in WTP between the two Models of 28%, which is significant at the 5% level, due to the 
cross-effect. Improving bathing quality at both Breskens and Braakman (scenario 8) also 
leads to a significant difference in WTP estimates at the 10% level. However, for improve-
ments of all environmental attributes to a good level at Braakman (scenario 9), the dif-
ference in WTP is not statistically significant. This is in part due to the magnitude of the 
cross-effects relative to the attributes and the large confidence intervals around the random 
parameters of the improvements to good quality.

For completeness, we also present the mean WTP estimates for environmental improve-
ment scenarios to moderate and good levels at Saeftinghe and Breskens (scenarios 5, 6, 10 
and 11 respectively). This reveals that improvements of all attributes to moderate and good 
quality levels at Braakman are most beneficial to society, both with and without cross-
effects, as these changes generate a significantly higher mean WTP at Braakman than at the 
two other sites. However, while mean WTP for improvements at Braakman remains high-
est, all mean household WTP estimates are distance dependent and residents near Breskens 
or Saeftinghe may prefer the sites closest to them to be improved. For improvements to 
good quality levels, WTP estimates for Breskens and Saeftinghe are not significantly dif-
ferent, despite the absence of bathing amenities at the latter site (scenarios 10 and 11). This 
seems to be compensated by the higher WTP for nature improvements at Saeftinghe.

Overall, the cross-effects may lead to significantly different WTP estimates. In the case 
study presented here, mean WTP for the scenarios of moderate quality changes at Braak-
man is lower if cross-effects on Saeftinghe are not accounted for. These results suggest that 
for any set of alternatives where the underlying substitution pattern is disproportional and 
some alternatives are closer substitutes than others, disproportional substitution patterns 
may affect WTP values. However, the differences are only significant for a limited set of 
policy scenarios, and the discussion on the validity of these welfare estimate due to incon-
sistency with RUM needs to be considered.

6  Conclusions

The specification of substitution effects between environmental goods and services provided 
at different locations in a confined geographical area is often neglected in both the design 
and modelling of stated preferences in site selection DCEs. This paper addresses spatial sub-
stitution patterns for environmental quality improvements across different sites in the same 
area using a labelled site choice DCE. The results of the improvements at these sites lead to 
different benefits, suggesting that they are imperfect substitutes. A novel modelling frame-
work was developed with the aim to estimate possible disproportional substitution patterns 
among alternatives in the respondents’ choice set, combining the advantages of mixed and 
universal logit models. The study shows that accounting for more complex substitution pat-
terns across sites improves our model fit and leads to different probability shares, resulting 
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from changes in the characteristics of these alternative sites. Besides common random terms 
and error-components, cross-effects are included in the site-specific utility functions to 
identify additional disproportional substitution patterns across the three sites. Cross-effects 
reflect disproportional changes in the utility attached to an alternative based on changes in 
the characteristics of its substitutes. Cross-effects may occur when options vary in similar-
ity, but such similarity and substitutability are ultimately based on perceptions of respond-
ents and not on scientifically defined functionality, neither in terms of ecological function-
ality nor in terms of ecosystem benefits. A cautious approach would therefore be to check 
whether cross-effects are present if the experimental design allows for that. The model pro-
posed in this paper is relevant to any case study which compares multiple sites in a confined 
geographical area that are considered as potential, but imperfect substitutes.

In this paper, possible cross-effects are estimated in a mixed logit model and we dem-
onstrate that this results in a modest but significant improvement in model fit. Despite the 
inclusion of error-components as suggested by Brownstone and Train (1999), and random 
parameters to allow for flexible substitution patterns between alternatives, the cross-effects 
are found to be significant in the extended mixed logit model. This leads us to conclude 
that when using standard mixed logit models, some part of the complexity of the substitu-
tion effects caused by differences in the similarity of the alternatives in choice behaviour 
remains unaccounted for. The results from our study point out the necessity to pay ade-
quate attention in spatial choice studies to the complexity of possible substitution patterns, 
as also explored in recent work by Hess et al. (2017) and Hess and Train (2017).

In the absence of clear guidance in the discrete choice literature regarding their con-
sistency with RUT, we estimated the WTP estimates for the cross-effects based on the 
extended model in the same way as for standard mixed logit models. Although these esti-
mates have to be interpreted with the necessary caution, accounting for these additional 
cross-effects produces significantly different welfare estimates for environmental improve-
ment scenarios of up to 70% in our case study. This may question the validity and reliabil-
ity of existing welfare estimates in cases where environmental policy targets multiple sites, 
not only from traditional single-site studies in which such substitution effects are ignored, 
but also more recent multiple site DCEs (e.g. Lizin et al. 2016; Logar and Brouwer 2018). 
Unlabelled DCEs do not allow for the estimation of cross-effects between sites, so such 
designs are limited in the extent to which substitution can be accounted for anyway. How-
ever, also for multiple site studies elicited in labelled DCEs, our results suggest that adding 
up the values found for single sites to estimate the welfare effects of a policy that affects 
preferences for multiple sites may not be reliable.

The main problem of cross-effects is that in some cases they can lead to a violation of 
the regularity assumption. We tested this here empirically through market share simula-
tions, which confirmed disproportional substitution patterns. More guidance is needed as 
to how actual rather than potential violation of the regularity assumption can be detected 
and affects the validity of cross-effects for economic welfare estimation (Hess et al. 2018). 
Moreover, more empirical applications are needed to further evaluate the impact of dispro-
portional substitution patterns on WTP estimates. At this point, whether to apply UL type 
models or standard mixed logit models may be a choice between describing choice behav-
iour as well as possible or having confidence that welfare estimates are RUM-consistent.

In this study we used a limited number of alternatives and attributes. The identifica-
tion of significant cross-effects may become more complicated as the size of the choice 
set increases as well as the number of attributes (for a choice set consisting of J alterna-
tives and K attributes, there are (J−1)*K cross-effects when using continuous attribute 
levels), for instance as in multi-site travel cost studies. A related challenge is the large 
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experimental design needed to estimate cross-effects under such circumstances, which 
may cause practical implementation problems related to sample size and survey length. 
A practical shortcoming of using stated DCEs in site-selection studies is that only a lim-
ited number of alternatives can be included in the design, not least to keep the cognitive 
burden to a minimum, which can be less than the number of relevant alternatives in an 
area. In our study, we limited the choice set to three sites and we did not find a significant 
effect of alternative sites visited by respondents outside the choice set on choice behaviour 
for these three sites. However, this result has to be interpreted with the necessary care as 
we have no information about the impact of changes at these alternative sites outside the 
choice set on demand for the quality improvements at the sites in the CE and vice versa.

Options for future work include the comparison of our modelling approach to 
models that account for attribute or alternative non-attendance or other behavioural 
‘anomalies’ (Hensher et al. 2005b; Scarpa et al. 2009; Hess et al. 2013; Campbell et al. 
2014; Hess et al. 2018). Another possible comparison would be against the modelling 
approach suggested by Hess and Train (2017) and operationalised in Hess et al. (2017). 
A major difference between these models and our model is that they, unlike our model 
presented here, ultimately retain the IPS assumption at individual level.

Finally, in terms of policy implications, our results show that the non-market ben-
efits of environmental quality improvements of a WFD water body are site-specific 
and depend on changes in and around other water bodies located in the same catch-
ment. This complicates the practice of benefits transfer based on generic attribute val-
ues which presumes similar values for environmental quality objectives across sites 
and points at a potential limitation of unlabelled DCEs, which cannot assess the effect 
of context, such as the site-specific manifestation of the ecological policy objectives as 
articulated in the WFD. In this case study, improvements in nature and bathing water 
quality conditions are valued significantly different across sites, indicating that ecosys-
tem services provided at one site are not perfect substitutes for the same type of ser-
vices provided elsewhere. Furthermore, we argue that cross-effects are especially rel-
evant when water agencies and local governments could opt to improve multiple sites, 
cost permitting. The cross-effects found in this study suggest that synergy effects in 
water management investments can be achieved if both Braakman and Saeftinghe are 
improved, when comparing the WTP results of Model I (without cross-effects) with 
Model II (with cross-effects). Gaining insight in these different site-specific values and 
substitution effects is expected to help policymakers prioritize the allocation of their 
limited budgets based on welfare maximization principles.

Moreover, the substitution effects in this study show that even if sites are physically 
separated, they may still be perceived by users and non-users as (imperfect) substitutes 
in economic terms. Investments in the improvement of one site may have implications 
for the welfare associated with substitute sites. Such substitute effects may be site-
specific. Policy and decision-makers who base their decision on information from SP 
studies should therefore be careful and ensure that they use studies that have accounted 
for such substitution effects.
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Appendix

Table 5 presents the extended mixed logit model with the full set of cross-effects along-
side with Models 1 and Model 2, all without the income and distance parameters. We also 
estimated a model with those parameters and including them does not change the results. 
The cross-effects that remain significant in Model II after backward elimination are also 
consistently significant in this full model.

Table 5  Model estimates of Model 1, Model 2 and a Model with all cross-effects (without socio-demo-
graphic variables)

Explanatory factor Model I Model II Full cross-
effects model

Alternative specific constants (ASC)
ASC Breskens − 8.322***

(3.142)
− 8.348***
(3.170)

1.413***
(3.024)

ASC Braakman − 9.681***
(3.653)

− 9.736***
(3.694)

0.343
(0.724)

ASC Saeftinghe − 9.006***
(3.401)

− 9.083**
(3.438)

0.634
(1.377)

Attributes-generic
Price − 0.023***

(19.245)
− 0.024***
(18.321)

− 0.275***
(13.227)

Walking—moderate quality 0.418***
(5.178)

0.418***
(5.170)

0.324**
(2.396)

Walking—good quality (random parameter, normal distri-
bution)

1.186***
(13.339)

1.186***
(13.434)

1.265***
(9.703)

Standard deviation of the random parameter 0.851***
(6.735)

0.821***
(6.437)

0.793***
(6.017)

Nature—moderate quality 0.460***
(5.618)

0.492***
(5.917)

0.583***
(4.826)

Attributes-site-specific
Nature—good quality (Breskens & Braakman) (random 

parameter, normal distribution)
1.012***
(10.155)

1.012***
(9.962)

1.308***
(7.868)

Standard deviation of the random parameter 0.819***
(4.875)

0.837***
(5.085)

0.900***
(5.261)

Nature—good quality (Saeftinghe) 1.486***
(11.697)

1.524***
(11.812)

1.577***
(6.854)

Bathing—moderate quality (Braakman) 0.652***
(4.491)

0.646***
(4.437)

0.553**
(2.264)

Bathing—good quality (Breskens) (random parameter, 
normal distribution)

0.681***
(6.361)

0.702***
(6.653)

0.819***
(4.015)

Standard deviation of the random parameter 0.660***
(2.692)

0.573**
(2.084)

0.610**
(2.249)

Bathing—good quality (Braakman) 1.716***
(12.761)

1.855***
(13.167)

2.108***
(9.271)

Respondent characteristics
Net household income (logarithmic) 1.450***

(4.104)
1.456***
(4.142)
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Table 5  (continued)

Explanatory factor Model I Model II Full cross-
effects model

Distance (in km) − 0.023***
(7.614)

− 0.023***
(7.557)

Error-components
Sigma error-component 1
(Breskens, Braakman, Saeftinghe)

2.908***
(12.174)

2.921***
(12.330)

3.384***
(12.996)

Sigma error-component 2
(Breskens, Braakman)

1.536***
(13.115)

1.497***
(12.766)

1.705***
(13.553)

Sigma error-component 3
(Braakman, Saeftinghe)

1.234***
(11.767)

1.274***
(12.062)

1.254***
(11.358)

Cross-effects of final Model II
Saeftinghe * (moderate nature quality at Braakman) 0.314**

(2.413)
0.693***
(2.742)

Saeftinghe * (good bathing quality at Braakman) 0.420***
(3.604)

0.371**
(2.026)

Saeftinghe * (price of Braakman) − 0.005**
(2.048)

− 0.043***
(2.667)

All other cross-effects
Breskens * (moderate nature quality at Braakman) − 0.177

(1.056)
Breskens * (good nature quality at Braakman) 0.316*

(1.743)
Breskens * (moderate bathing quality at Braakman) − 0.118

(0.530)
Breskens * (good bathing quality at Braakman) 0.377*

(1.704)
Breskens * (moderate walking quality at Braakman) − 0.175

(1.020)
Breskens * (good bathing quality at Braakman) 0.088

(0.516)
Breskens * (price at Braakman) − 0.24*

(0.727)
Breskens * (moderate nature quality at Saeftinghe) 0.490***

(2.697)
Breskens * (good nature quality at Saeftinghe) 0.354

(1.547)
Breskens * (moderate walking quality at Saeftinghe) 0.149

(0.723)
Breskens * (good walking quality at Saeftinghe) 0.381**

(1.991)
Breskens * (price at Saeftinghe) − 0.17

(1.246)
Braakman * (moderate nature quality at Breskens) 0.143

(0.745)
Braakman * (good nature quality at Breskens) 0.312

(1.566)
Braakman * (good bathing quality at Breskens) 0.189

(0.863)
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