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Improving value transfer through socio-economic adjustments in a
multi-country choice experiment of water conservation alternatives
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Kontogianni, Michalis Skourtos, Meri Raggi, Davide Viaggi, Manuel Pulido-Velazquez, John
Rolfe and Jill Windlet

This study tests the transferability of the nonmarket values of water conservation for domestic
and environmental purposes across three south European countries and Australia applying a
common choice experiment design. Different approaches are followed to test the transferability
of the estimated values, aiming to minimise transfer errors for use in policy analysis, comparing
both single- and multicountry transfers, with and without socio-economic adjustments. Within
Europe, significant differences are found between implicit prices for environmental water use,
but not for domestic water use. In the Australian case study, alleviating restrictions on domestic
water use has no significant value. Pooling the three European samples improves the
transferability of the environmental flow values between Europe and Australia. Results show that
a reduction in transfer error is achieved when controlling for unobserved and observed
preference heterogeneity in the single- and multicountry transfers, providing additional support
for the superiority of socio-economic adjustment procedures in value transfer.
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1. Introduction

Given the costs of non-market valuation studies, it is not surprising that a considerable literature
concerning the transfer of non-market value estimates has emerged (Brouwer 2000; Barton 2002;
Ready et al. 2004; Navrud and Ready 2007; Johnson and Rosenberger 2010; Bateman et al.
2011; Martin-Ortega et al. 2012). Transfer exercises typically involve approximating the value of
a given change in the provision of a good at some ‘policy site’ from analyses undertaken
previously at one or more ‘study sites’. The literature has placed great emphasis upon the
development and testing of stated value transfer methods (e.g. Desvousges et al. 1992; Downing
and Ozuna 1996; Brouwer and Spaninks 1999; Rolfe and Bennett 2006; Zandersen et al. 2007;
Moeltner et al. 2007; Johnston and Duke 2009; Moeltner and Woodward 2009). These methods
can be broadly categorized into two types. The simplest approach is to transfer mean values from
study to policy sites. Such transfers are frequently used in practical decision making, but have
been shown to generate significant transfer errors (Jiang et al. 2005; Johnston 2007). The
alternative is to use value functions which relate the value of interest to ecological and socio-

economic characteristics (Wilson and Hoehn 2006; Navrud and Ready 2007).

Value functions can be estimated using data from one original study (Loomis 1992), or by using
a meta-analysis from several case studies on similar sites (Woodward and Wui 2001; Bateman
and Jones 2003; Rosenberger and Loomis 2000). These are then used to predict new values for
policy sites. This ‘value function transfer’ approach assumes that the underlying utility
relationship embodied in the parameters of the estimated model applies not only to individuals at

the study site(s), but also to those at the policy site. While parameters are kept constant, the
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values of the explanatory variables to which they apply are allowed to vary in line with the
conditions at the policy site. The latter ‘adjusted approach’ to value transfer is theoretically
expected to be superior to unconditional mean (unit) value transfer, since effectively more
information is transferred (Pearce et al., 1994).

Despite the efforts in this area of research, the reliability of transfer procedures is still under
discussion (Wilson and Hoehn 2006; Moeltner et al. 2007; Colombo and Hanley 2008; Johnston
and Duke 2010; Johnson and Rosenberger 2010; Johnston and Thomassin 2010). Compared to
contingent valuation (CV), choice experiments are believed to be better equipped for value
transfer (Morrison and Bergland 2006; Rolfe and Bennett 2006). Their multi-attribute nature
automatically allows for the valuation of marginal changes in good and site characteristics and
can hence account for differences in environmental quality when transferring values between
sites (Morrison et al. 2002). Johnston and Duke (2010), however, find that attribute-adjusted
value transfers do not always outperform unadjusted transfers, while socio-economic
adjustments are equally likely to reduce than to increase transfer accuracy, contrary to the
findings in Colombo et al. (2007), who show that accounting for respondent preference
heterogeneity reduces the magnitude of the transfer error.

The number of studies testing transferability based on choice experiments is very limited and
largely confined to Australia (for an overview see, for example, Rolfe and Brouwer 2012).
Benefit transfers across countries would allow much greater use of source studies. However,
there are even fewer tests of the international transferability of non-market values, and almost
only based on CV studies (e.g. Barton and Mourato 2003; Muthke and Holm-Mueller 2004;
Ready et al. 2004; Brouwer and Bateman 2005; Bateman et al. 2011). In the US, Rosenberger
and Phipps (2001) find that CV-based transfer errors between states are larger than transfer
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errors within states. Johnston and Thomassin (2010) show that international transfers between
Canada and the US based on a CV meta-function outperform single study value transfers in
terms of prediction accuracy. In the only international choice experiment (CE) we know,
focusing on commuting trips in Australia, Chile and Taiwan, Rose et al. (2009) find that the
estimated choice models are not transferable across different countries and cultures.

The main objective of this study is to test the international transferability of the non-market
values estimated through choice experiments and to identify how socio-economic adjustments
and pooling source data help to reduce transfer errors. To this end, a common CE valuation
design is applied at the same point in time in four different countries. The policy context in this
study is the valuation of freshwater conservation in three water scarce and drought prone
Mediterranean countries (Italy, Spain, Greece) and Australia. The study aims at minimizing
transfer errors by systematically increasing control for (i) unobserved and observed preference
heterogeneity in the estimated choice models and (ii) single and multi-country data sources. The

methodological approach will be further clarified in the next section.

2. Transfer model and test procedure
Choice experiments fall in the class of attribute-based methods in which the deterministic part of

utility U7 of individual i for good j in choice task t is described in (1) as a linear function of its

attributes X¢

i and other explanatory variables Z; (Train 2009):

ijt
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The superscript ¢ indicates that preferences may vary across countries. In each choice task the

c

respondent is presented with a limited set of policy proposals D ,

each offering a change in water
availability and environmental quality (see Section 3). The stochastic term & is assumed to

follow an i.i.d. extreme value distribution of type 1. To account for preference heterogeneity, we
allow the preference parameters for the attributes to vary across respondents in random terms.
Equation (2) describes the mixed logit probability of individual i from country c selecting

alternative j in choice task t. Here, A(,|b) represents the mixing density distribution for the

attribute parameters ;.

exp [(,B.C X iJc't + aCZi(j;t )]

g :'[ Z exp [(ﬁicxiit +a’Zy, )}

@)

(1b)df, VieDgc=1..C

The equivalence of the CE design across countries offers the opportunity to conduct various
types of transferability tests for the estimated choice models. Two main approaches are taken in

this paper.

In the first approach, the same model is estimated in each country, with and without socio-
economic adjustments, in what we call a ‘single country’ transfer approach. The estimation
results are used to derive country-specific confidence intervals around willingness to pay (WTP)
for alternative policy scenarios. ‘Unadjusted” WTP values estimated from a standard conditional
logit model including only the choice attributes are compared with the ‘adjusted” WTP values

estimated from a mixed logit model, accounting for (i) unobserved preference heterogeneity in
5



the choice attributes and (ii) observed preference heterogeneity by including a common set of
theoretically driven explanatory variables. In the latter case, the settings of the policy site are
plugged into the estimated model for the study site to derive a confidence interval for WTP at the
policy site. This addresses one of the limitations of existing transfer applications detected by
Johnston and Duke (2010), who noted that CE transfer applications often omit socio-economic

adjustments.

In the second approach, adjusted and unadjusted transfers are also compared, but the
observations from two or more countries are combined into a ‘pooled’ model to predict transfer
values in another country. These ‘multi-country’ transfer values are subsequently compared with
the results from the single country transfer approach. The ‘multi-country’ transfer approach
requires us to test whether the utility parameters and their confounded scale parameters are
equivalent across countries (e.g. Morrison et al. 2002) and therefore if data from different
countries can be pooled without producing biased welfare estimates®. We use the Swait and
Louviere (1993) procedure to identify whether the data from two or more countries can be

combined.

3. Choice experiment design
The CE was developed by four research groups over a 6 months-time period in order to inform
national and regional decision-makers about the non-market value of changes in freshwater

availability. The case studies involved the Po basin in the Italian region Emilia-Romagna, the

! The confidence intervals obtained in the single country approach are independent of scale. Hence, the potential
transfer errors obtained in the previous step are a consequence of differences in preferences across countries.
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Serpis basin in the provinces Alicante and Valencia in Spain, the Kalloni catchment on the island
of Lesvos in the Greek Aegean Sea, and the Fitzroy basin in Queensland, Australia. The case
studies were selected after careful screening by international water experts in the European
research project AquaMoney. The South European case studies share similar challenges in that
the target of achieving good ecological water status as required by the European Water
Framework Directive (WFD) is compromised by structural water scarcity and competing
demand for water use. Similar conditions hold for the Fitzroy basin in Australia where high rates
of extraction and commitment limit availability and ecological function in drought years (Rolfe
and Windle 2005). These conditions are expected to be exacerbated by the impact of climate

change and growing water demand.

Preceding the survey, focus groups were organized to discuss the specific CE design with lay
public in each country, followed by two to three rounds of pre-testing focusing specifically on
the selection of attributes and levels, and clarity and credibility of the policy scenarios and
baseline conditions. The CE involved four choice tasks, with two policy alternatives described in
terms of three attributes. Two water allocation attributes were included in the CE, involving
water conservation for domestic household use and the environment. In the latter case, water
availability has a direct impact on the ecological status of water resources. In the former case,
water conservation reduces the risk that households face water use restrictions in the future. It
was explained to respondents that these water use restrictions would only affect outdoor water
use like sprinkling gardens, washing cars, filling swimming pools and other secondary uses of

water during certain hours of the day in the summer. The full survey text introducing the CE,



including the definition of the attributes and their levels, is included in the online appendix to

this paper.

For both alternate water allocations, two possible levels of improvement were proposed in the
CE. The ecological status of the freshwater resources in the region where the respondents live
could be improved from current low stream flow levels and corresponding poor/moderate
environmental quality to good and very good levels. These levels were based on the ecological
standards in the European WFD and described in detail in the survey (see the online appendix).
Using qualitative attribute level descriptions allowed the same design to be applied to the four
case study regions where baseline conditions were similar. Domestic water supply security was
represented as the frequency with which households face water use restrictions over the next 10
years. Future domestic water use restrictions in the baseline scenario are expected in four of the
next 10 years based on climate change and demand projections. In the presented policy
alternatives this could be reduced to three, two or one year every 10 years, depending on

additional measures taken to conserve and secure future water supply.

Respondents were told that taking additional measures to secure future water supply for
households and the environment will come at a cost. The payment vehicle used here was an
increase in the household water bill in the next 10 years. The trade-off therefore was the price
that respondents were willing to pay for the presented domestic use related water security benefit
and the non-use related water conservation benefit for the environment. Six price levels were

used of equal increments of 20 Euros on top of a respondent’s annual water bill. The price levels



were based on pretests of maximum WTP for price increases and available information about the

average water bill?. Table 1 presents the attributes and levels applied in the CE.

Table 1 Choice experiment attributes and levels

Allribules Levels

(1) Ecological status related to water flows Poor or moderate (baseline)
Good
Very good
(2) Frequency ol outdoor water use restrictions Restrictions in 4 out of the next 10 years
{baseline)
Restrictions in 3 out of the next 10 years
Restrictions in 2 out of the next 10 years
Restrictions in 1 out of the next 10 years
(3) Increase annual household water hill €0 (baseline)
€20
€40
€60
€80
€100
€120

2 . . . . .
= In Australia, price levels were converted into Australian dollar equivalents.

In the CE, respondents were asked to choose between two possible policy alternatives in which
water supply in the next 10 years was conserved for domestic or environmental use compared to
a baseline situation where water scarcity problems remain the same or deteriorate. The baseline
option described the situation that currently exists with zero additional cost. The two policy
alternatives in each choice task showed possible improvements for either one or both water uses
at the same time with an associated cost within a 10 year time frame. Hence, respondents were
asked to value improvements in public good provision that could be expected from water saving
measures. Respondents were asked to answer truthfully and there were no indications of
respondent mistrust related to the presented information or that others would not pay as well
(free-riding). Respondents were told that all users would pay. Confidence in the design was

furthermore enhanced by the very low protest rate (see Section 4.1).

2 In Australia price levels were converted into Australian dollar equivalents.
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Although there is typically no explicit decision or provision rule presented in stated CEs,
possibly undermining their incentive compatibility (Collins and Vossler 2009), there is no
strategic incentive in our design for respondents to lie. Respondents were told that the survey
served to inform actual decision-making (see the online appendix), and were hence prompted to
view their responses as consequential (Carson and Grooves 2007). In the focus group discussions
and pre-tests, it became clear that water scarcity is perceived as a problem and also in the main
survey a significant part of the target populations cared about the benefits of water conservation.
Interviewers were furthermore carefully instructed to ensure that respondents understood that
their answers could potentially influence local or regional decision-making related to water
allocation. Respondents were told to answer each choice task independently of the previous one,
so that each choice in the choice sequence could be interpreted as an independent vote (\Vossler
et al. 2012). There was no mention of what would happen in the case of under- or overprovision
of the public good (Rondeau et al. 1999), in view of the fact that the design captured incremental
changes in the existing provision level for which respondents were already paying. The payment
mechanism was applied in several other stated preference studies before (e.g. Genius et al. 2008;
Brouwer et al. 2010). During the pre-test there was furthermore no protest to the proposed

payment mechanism and no questions were raised related to the provision point mechanism.
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Respondents were given 4 choice tasks following the recommendation by Louviere et al. (2003)
to limit the cognitive burden of the choice experiment®. Using a D-efficient fractional factorial
main effects design, the alternatives and attributes were combined over 6 sets of 4 choice tasks.
The allocation of one of the 6 sets across respondents was random. An example choice card is

presented in Figure 1.

Situation A Situation B current situation

2 in every 10 years 1 in every 10 years 4 in every 10 years

Good Very good Poor

~ep | - - W |1 Pt

$35 $70 $0

Figure 1 Example of a choice card.

The choice experiment was part of a wider questionnaire survey, which was implemented in each
country over a 3 month time period (July-September 2008) through door-to-door interviews by
hired professional interviewers, targeting a random selection of households living in urban and
rural municipalities in the river basins. The number of interviews was 241 in Italy, 312 in

Greece, 394 in Spain, and 300 in Australia.

3 The choice experiment in Australia used 5 cards, but the fifth card was the same as the first card to test choice
consistency (Brouwer et al. 2010). Because this card was shown at the end of the choice sequence, it could be
excluded from the analysis and comparison presented here.
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4. Results

4.1. Sample characteristics

The socio-demographic sample characteristics are presented in Table 2. Respondents in the four
country samples differed significantly in terms of age and household income at the five percent
level®. In Europe, average household income was the lowest in Italy and the highest in Spain.
Other differences between the samples include the relatively large share of male respondents and
farmers in the Greek sample, and the relatively large share of female respondents in the
Australian sample. The Greek case study area was more rural compared to the other case study
areas, and when interviewers asked to interview the head of the household, women were more
inclined to refer to their husband. Otherwise, the samples were fairly representative of the

population from which they were drawn in each of the regions.

4 Test results are available from the authors.
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Table 2 Summary statistics of the samples’ main characteristics

Socio-demographic Greece Italy Spain Australia
characteristics

Share male (%) 744 593 50.5 41.3

Average age (min-max) 427 (18-86) 40.8 (18-82) 46.0 (18-91) 47.6 (18-91)

Average houschold size 3.2 3.1 3.0 2.9

Share with children (%) 37.5 26.9 33.8 39.7

Average disposable 19,565 18,530 21,990 33,375%*
household income (€/year)

Share completed 21.9 43.0 38.3 46.3
secondary school (%)

Share completed 28.1 29.0 24.4 24.3
university degree (%)

Share unemployed (%) 32 2.1 4.3 3.0

Share retired (%) 11.2 16.2 16.5 17.6

Share full-time farmer (%) 13.8 0.8 1.8 0.0

Share member 4.5 4.1 2.8 33
environmental

organization (%)
Perceptions, beliefs,
attitudes

Share perceiving water 523 21.6 65.9 41.6
scarcity as a problem (%)

Share who experienced 55.1 29.7 21.0 43.1

water use restrictions (%)

Average years of 5.5 3.7 1.6 3.9

restrictions over the
past 10 years
Share professionally 238 6.6 8.1 4.4
affected by water scarcity (%)
Survey results

Share familiar with 64.6 54.0 53.3 82.3
presented information (%)
Protest rate (%) 3.5 0.8 2.0 0.0

*Gross instead of net annual income.

The number of respondents who consistently chose the opt-out during the four choice tasks for
protest reasons (e.g. due to lack of trust that the increase in their water bill would be spent on
water saving measures) was very low across the three South-European countries, and zero in the

Australian sample, indicating that the trade-offs were accepted by nearly all respondents.

4.2. Estimated choice models

Three choice models are presented in Table 3a-c for all four countries: the conditional logit
model including the attributes only (Model 1), the same mixed logit model accounting for
unobserved preference heterogeneity in the choice attributes (Model 1), and the mixed logit
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model including a limited set of theoretically expected explanatory variables (Model 111). In the
mixed logit models, control is included for the panel structure of the data by allowing the random

parameters to vary over individuals, but not over the choice sequence.
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In all three models, the choice attributes are highly significant at the one percent level, except for
domestic water use restrictions in Australia, and have the expected signs. The likelihood of
domestic water use restrictions and the increase in the water price are coded in their original
values (the likelihood of a restriction varying from 0.4 to 0.1) and always have a significant
negative effect on choice probability. Utility for the policy alternatives hence increases if the
frequency of domestic water use restrictions and price levels decrease. The environmental
quality attributes have been dummy coded with poor/moderate water quality as the baseline
category. The positive signs indicate that respondents prefer improved environmental conditions
of the water resources. The differences between the coefficient estimates for good and very good

ecological status are all statistically significant based on the Wald test.

The alternative specific constant (ASC) is consistently significant and positive across most
models, indicating preferences for a change away from the status quo. There exists a
considerable degree of heterogeneity in the coefficient estimates between countries, including the
ASC, but this is not unexpected in view of the differences observed in Table 2 between countries
in terms of public perception of water scarcity problems, experiences with water use restrictions,
and other case study conditions. The standard deviations of the random parameters are based on
a uniform mixing distribution for the two ecological dummy variables (e.g. Hensher et al. 2005)
and a normal distribution for the ASC and water use restriction attribute. One hundred Halton
draws were used to improve the efficiency of the maximum simulated likelihood estimation
procedure (Bhat 2001). Domestic water use restrictions are valued highest in the three models in
Spain, while Greek respondents value very good ecological status the highest in all three models.
Respondents in Italy are most sensitive to increases in the water bill.
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In Model 111 control for observed preference heterogeneity is included by interacting individual
respondent characteristics with the ASC: respondent experience with water use restrictions
(dummy variable with the value one if the household faced water use restrictions over the past 10
years), attitude towards environmental conservation (dummy variable with the value one if the
respondent believes that water should be allocated to the environment first in times of scarcity
instead of agriculture or industry) and household income (measured in thousands of Euros per
household per year). Income has, as expected, a significant positive effect on choice probability
in all country samples except in Italy (the higher the income level, the more likely someone is
willing to pay extra). The respondent’s disposition towards the environment has a significant
positive effect in all three European countries at the one percent level, except in Australia.
Respondent experience with domestic water use restrictions has a significant positive effect on
choice probability in Italy and the pooled European sample, but a negative effect in Spain and
Australia. Hence, although water use restrictions are valued highest in Spain and not
significantly different from zero in Australia, if someone in Spain or Australia suffered from
water cuts in the past, the likelihood of choosing one of the water conservation policy

alternatives and WTP is significantly lower.

Testing the equality of the estimated choice models using the Swait and Louviere (1993) method
shows that the null hypothesis of equal preference parameters is rejected in all cases®. Similar
results have been found, for example, in Morrison et al. (2002) and Colombo et al. (2007).

Given this outcome, transferring the models is expected to result in prediction errors. The

5 Test results are available from the authors.
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question is how large these errors are and what can be done to reduce them by accounting for

preference heterogeneity and socio-economic adjustments.

4.3. Willingness to pay estimates

Implicit prices reflecting marginal WTP and mean WTP to allocate water for domestic and
environmental use according to specified policy scenarios were calculated based on the estimated
choice models. Results for marginal WTP values are similar across the three models. Differences
across countries are illustrated in Figure 2, showing implicit prices and their 95 percent
confidence intervals based on the mixed logit models including covariates. Standard errors and
confidence intervals are constructed applying the Krinsky and Robb procedure using 10,000

draws (Hole 2007).

O Water restriction B Good ecological status W Very good ecological status

1

Greece

Italy

Spain

EU

Australia

0 25 50 75 100 125 150 175 200 225

Figure 2 Marginal WTP values (€/household/year). Note: error bars represent Krinsky and
Robb 95 per cent confidence intervals.

Marginal WTP to reduce the likelihood of domestic water use restrictions over the next 10 years
is significantly different from zero in South Europe, but not between the three South European
countries. This implies that securing domestic water use is valued the same across these

countries®. Marginal WTP to improve the ecological status of water resources over the next 10

& Differences were tested using the t-test and the Poe et al. (2005) test.
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years, either to a good or very good state, differs significantly between the European countries
and is the lowest in Italy and the highest in Greece. Marginal WTP for reaching a very good
ecological water status in these two South European countries is also significantly different from
the value found in Australia, while no significant difference can be detected between Australia
and Spain. Pooling the three European samples improves the transferability of the environmental

flow values between Europe and Australia.

The compensating surplus (CS) welfare measures of different policy scenarios are also estimated
(e.g. Bennett and Blamey 2001) based on Models I-111. The scenarios differ to which degree they
capture domestic use values and environmental non-use values. Two policy scenarios focus on
an increase in domestic water use security (Scenarios 1 and 2), two on an improvement of the
environmental conditions of water resources (Scenarios 3 and 4), and one policy scenario
(Scenario 5) consists of a combination of the two. Mean WTP values for the five policy
scenarios are presented in Figure 3, again based on the mixed logit model including covariates.
The welfare measures are relatively high compared to the highest price level in the CE. This is
partly due to the inclusion of the positive ASC in the welfare calculation procedure and
respondents’ eagerness to move away from the status quo, but also because of the relatively high
share of respondents who chose one of the two hypothetical policy scenarios even at the highest
price level, especially in Greece and Australia’. Despite thorough pre-testing, the latter suggests

the presence of a fat tail and a high choke price even though the bid levels were based on

" Two thirds of the estimated WTP values in Figure 3 are higher than the highest price level in the CE, mainly in
Greece and Australia. The share of respondents who accepted to pay the highest price level in these two samples is
84 and 90 percent respectively.
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increments of the current average water bill up to 80 percent. Compared to disposable household

income, the highest WTP values are, on average, less than 1 percent.

OGreece Oltaly OSpain @EU ®Australia

Scenario 1 ﬁ I
Scenario 2 i
Scenario 3 - B 1
Scenario 4 ﬁ

SCcenario 5 ﬁ

0 50 100 130 200 250 300 350 400 450

Figure 3 Compensating surplus estimations for alternative policy scenarios (€/household/
year). Note: error bars represent Krinsky and Robb 95 per cent confidence intervals.

As expected, the estimated CS increases when improving water use security (Scenario 2
compared to Scenario 1) and environmental water conditions (Scenario 4 compared to Scenario
3), and is highest for the fifth policy scenario where water is secured for both domestic use and
environmental non-use, except for Australia because of the non-significance of the domestic
water use restriction. The WTP values are significantly different among the three South-
European case studies across the five policy scenarios. The same applies to the observed
differences between Australia and the three South-European countries and their pooled sample,

except between Australia and Greece.

4.4. Transfer results
4.4.1. The ‘single country’ approach
We examine differences in prediction errors when transferring ‘unadjusted” WTP values

estimated from the standard conditional logit Model I, including the choice attributes only (Table
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3a), compared to ‘adjusted’ value transfer using the estimates of the mixed logit Models Il and
Il (Tables 3b and 3c). The transfer results are presented in Table 4. Transfer errors are

calculated using a standard approach (e.g. Bateman et al. 2011).

Table 4 Absolute transfer errors (%) between countries across alternative policy scenarios

based on Models 1, 11 and 111

Predicting SCenano Based on estimated choice model from:
WTF in:
Taly Spain Australia Pooled south
Europe
Greace 1 11 m 1 Im 1 1 11 m 1 I 1m
1 47 52 49 62 43 & 2 I 47 533 48 53
2 5 34 49 48 46 &9 16 N 48 48 N 34
k] 5} 535 56 69 34 56 16 3 44 A} 45 34
4 67 64 4 65 437 14 14 49 66 355 640
5 65 B3 4 45 48 & M M 50 57 58 60
Greece Spain Australia Pooled south
Europe
Ttaly 1 11 m 1 Im 1 1 11 m 1 I 1m
1 o0 109 4 27 19 11 a3 &7 85 6 4 31
2 o8 118 97 3 17 11 67 74 AR 20 47 30
3 142 120 132 25 45 3 182 131 141 28 0 67
4 20 176 192 6 358 3 162 138 151 72 % 100
5 189 190 184 57 50 49 91 1 1ol 1ol w4 R7
Gresce Ttaly Aunstralia Pooled south
Europe
Spain 1 11 m 1 Im 1 1 11 m 1 I 1m
1 161 3071 3 16 19 163 57 58 67T 8 3
2 93 BT 74 3 14 18 62 4 45 20 12 4
3 225 32 A5 M 31 33 278 5 66 BE 3 3
4 185 75 4 6 37T 4 14 51 56 51 2 3
5 B4 94 BE 38 33 36 21 n 32 23 [
Greece Ttaly Spain Pooled south
Europe
Australia | il m 1 Im 1 1 il Im 1 I 1m
1 2 12 79 48 47 4 62 36 W 4 32 22
2 9 26 93 40 42 37 38 33 23 31 28 15
3 14 5 51 o4 37 5 I I I % 4 32
4 16 I6 62 62 358 38 5 M il 46 3 29
5 51 41 B9 48 51 48 18 27 19 19 24 16
Australia
Pooled south 1 11 11
Europe
1 87 48 &0
2 44 5 3
k] 142 66 63
4 B6 55 A5
5 23 32 31
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Among the three South-European countries, transferring values based on Model Il is superior to
the unadjusted value transfer based on Model | in 57 percent of the 30 cases. Accounting for
socio-economic characteristics in Model 111 reduces the transfer error in an additional 8 cases
(27%). This is a substantial deviation from the results found in Johnston and Duke (2010), where
the transfer error decreased in just over 50 percent of the 30 cases they examined as a result of
socio-economic adjustments. Note that income was included here like the other covariates as an
interaction term with the ASC, meaning that it serves as a demand shifter explaining choices for
the policy alternatives over the opt-out, not preference heterogeneity around the mean attribute
estimates. Johnston and Duke (2010) included a dummy variable for high income households
(>$60,000) in their choice model, both as an interaction term with the ASC and the policy cost®.
We find that including control for both unobserved and observed preference heterogeneity in
Model 111 for the three South-European samples yields an improvement in transfer errors in 70
percent of the cases compared to Model I. That is, transfer errors are reduced in a majority of the
cases when adjusting for preference heterogeneity and socio-economic characteristics at the
policy site using choice Models Il and 111 compared to Model 1, also for transfers between the

South-European countries and Australia.

Across all South-European transfers, the average error is reduced from 76 to 64 percent when
accounting for unobserved preference heterogeneity in Model Il. Adjusting values further for

specific socio-economic characteristics in Model I11 does not reduce transfer errors any further.

8 Also Colombo et al. (2007) included income as an interaction term with the ASC, while income was not included
as a covariate in Colombo and Hanley (2008). Instead a dummy was used indicating whether or not a respondent
was an active worker.
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Transfer errors based on Model 11 are on average lower when predicting WTP in Spain based on
the Italian sample (transfer errors vary between 18 and 40%) and vice versa, predicting WTP in
Italy based on the Spanish sample (transfer errors vary between 11 and 56%). Transfer errors are
the highest when predicting welfare measures in Italy (94-192%) based on the estimated choice

model in Greece.

Comparing transfer errors between the individual South-European countries and Australia,
similar results are found: Model 1l outperforms Model I in 60 percent of the cases and Model Il
outperforms Model Il in an additional 30 percent of the cases. Transfer errors are higher when
predicting WTP values in the three South-European countries based on the choice data from
Australia than the other way around. The average error of predicting WTP in Greece, Italy and
Spain across the five policy scenarios based on Model | for Australia is 90 percent, whereas the
average error is 41 percent when predicting mean WTP in Australia based on the estimated
choice models for Greece, Italy and Spain. These errors are lower for Model Il and 111 when
transferring the estimated choice models from Australia to the individual South-European
countries (the average error across all policy scenarios is 60%), while predicting WTP in
Australia based on the more complex South European choice models accounting for preference

heterogeneity increases the average transfer error to 50 percent.

4.4.2. The ‘multi- country’ approach

We also investigate to what extent combining stated preference data from two or more countries
in a multi-country transfer helps to better predict welfare measures in another country. The
results are shown in the last column in Table 4. The pooled South European sample refers to the
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two other South European country samples when predicting CS values in Greece, Italy and Spain
separately or all three South European country samples when predicting WTP values for
Australia. So, for instance, the pooled South European column in the top right-hand corner in
Table 4 for predicting WTP in Greece consists of the merged choice data collected in Italy and

Spain.

The multi-country approach yields a lower transfer error in a majority of 61 percent of all
transfer cases between the South European countries compared to individual country transfer,
irrespective of the estimated choice model. This is only slightly better than the results found in
the study by Colombo and Hanley (2008) where the pooled approach outperformed the single
study approach in 58 percent of the transfer cases between two regions in Spain. Examining the
transfers between the pooled South European samples and Australia, these appear to result in an
improvement of the transfer error in 76 percent of the cases. That is, WTP values in Australia are
better predicted in three quarters of the cases when pooling the three South European samples
than based on individual country sample transfers. Using the pooled country approach between
the three South European countries reduces the overall transfer error on average by 35 percent
across the three different model types from 70 to 45 percent, which is substantially better than

the 15 percent reduction found in Colombo and Hanley (2008)°.

5. Conclusions

® The average transfer error in Colombo and Hanley (2008) in their study of landscape restoration (410%) was also
much higher than in our study.
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The main objective of this study was to test the international transferability of non-market values
associated with public water conservation to inform water allocation decision-making. A
common CE design was developed and implemented across different regions in South Europe
and Australia, all regularly facing freshwater supply restrictions, to elicit non-market values for
domestic water use and environmental flows. Specifically, we examined how adjustments for
preference heterogeneity and socio-economic characteristics help to reduce transfer errors. On
the one hand transfer errors are expected to diminish by including control for influencing socio-
economic factors, while on the other hand the inclusion of context specific control factors may

also reduce the transferability of the estimated values.

Two transfer approaches were tested: one based on the transfer from one country to another, and
another in which estimates from a pool of countries are used to estimate the benefits in another
country. Our expectation was that pooling source data may help to reduce the context specificity
of the estimated transfer models and hence reduce transfer errors. In each approach, unadjusted
and adjusted WTP estimates controlling for preference heterogeneity and socio-economic
variables were compared. Although income, experiences with water use restrictions and
environmental disposition are, as expected, significant determinants underlying choice behaviour
and stated WTP, the observed differences in these factors are unable to fully explain the variation

found in estimated WTP values between country samples.

Using the single country approach, our results show that an overall reduction of just over 20
percent in average transfer error is achieved when controlling for unobserved preference
heterogeneity in the estimated choice models. Adjusting WTP values further for socio-economic
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differences between the study and policy sites does not necessarily always reduce the average
transfer error further due to the inclusion of additional local context specificity. However,
overall, transfer errors are still reduced from approximately 70 to 60 percent. This provides
additional empirical support for using socio-economic adjustment procedures in value transfer.
Results from the multi-country approach also reduce transfer errors and are possibly even more
promising, because they seem to reduce the degree of context specificity in the estimated choice
models. Here too transfer errors are reduced by just over 20 percent when accounting for
unobserved preference heterogeneity, and even further to 30 percent when also including control

for observed sources of preference heterogeneity.

The classic dilemma facing value transfer practitioners remains that as long as preference
structures underlying choice models are not the same across sites or unstable in time, differences
in good, site or population characteristics between study and policy sites will inevitably result in
some degree of transfer error. These differences are more likely to play a role when trying to
transfer stated preferences across different countries and cultures. This study nevertheless adds to
the increasing empirical evidence base that, although not fully unavoidable, transfer errors can be
reduced through socio-economic adjustments and data pooling, and that source studies can be

drawn from international contexts.
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Supporting Information

Additional Supporting Information may be found in the online version of this
article:
Appendix S1. Choice experiment.
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Appendix: Choice Experiment

I would now like to inform you about the following: Currently limited water availability during dry
periods results every now and again in low water levels in rivers, streams, ponds, dams and
groundwater aquifers, affecting the environmental state of these waters in a negative way. Climate
change experts predict that water scarcity in Queensland will increase in the next 10 years due to more
extreme weather conditions like droughts and an overall decrease in annual rainfall. At the same time
demand for water from households, agriculture and industry is expected to stay the same or increase
further. The likelihood of restrictions on different water uses increases correspondingly, even though
you may have never experienced restrictions so far. For you as a household, a restriction on water use
means a restriction on your outdoor water use where you may not be able to sprinkle your garden,
wash your car or fill your swimming pool. Indoor water use like drinking water and showering will
always be possible.

Besides households, agriculture and industry as well as the environment needs water. When water is
scarce there is not enough water in the rivers and aquifers to keep the environment in a good state. The
number and diversity of fish and other animals living in and near freshwater are reduced, riverside
vegetation disappears and rivers and aquifers may dry up in the next 10 years.

1. How familiar are you with this information? (SHOW CARD 10)
0 = not familiar at all/never heard of this before
1 = not familiar
2 = somewhat familiar
3 = familiar
4 = very familiar

2. How credible is it to you that water scarcity will increase in your river basin in the next 10 years?

(SHOW CARD 11)

0 = not credible at all

1 = not credible

2 = somewhat credible

3 =credible

4 = very credible

5 =1don’t know

Please bear with me for this next section, as the information that I will read to you is quite lengthy. I can
give you a copy of this information so that you may read along with me if that makes it easier for you to
follow.

In order to inform actual decision-making, | am interested in hearing your opinion about securing future
water supply in the next 10 years for different uses, including the environment. For this, | will present
you with a series of cards like this one (SHOW EXAMPLE CARD). Each card represents a potential or
possible future situation. Each card displays two different future situations characterized by the
likelihood that you will face water use restrictions, a change in water levels in rivers and aquifers, and a
cost price to households like yours. Taking additional measures to secure future water supply for
households and the environment will cost money, and will have to involve all water users: agriculture,
industry and households. If we adopt stricter water saving measures, more water will be available, but the
cost will be higher.
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Assume every water user will contribute to these costs based on their use of water. In the case of
households, the cost will be paid every year through an increase in local water rates. Higher charges
would be for 10 years until and including 2018 to address future water scarcity.

I would like you to assume that as a household you currently face a likelihood of water use restrictions
during 4 of the next 10 years until and including 2018 based on the predictions of climate change experts.
This means that during the next 10 years you will face outdoor water use restrictions in 4 different years.
That is, you may not be able to water your garden, wash your car or fill your swimming pool during
certain days in some months in those years. This water shortfall can last up to 20 days with water use
restrictions in place during the day for up to 6-7 hours. Depending on the water saving measures, the
likelihood of outdoor water use restrictions during any one period over the next 10 years can be reduced
to 3 years, 2 years or 1 year (SHOW ATRIBUTE OVERVIEW CARD).

Securing future water supply for the environment means that water levels in rivers and aquifers increase
in the next 10 years until and including 2018, reducing the risk that they will dry out and improving
living conditions for fish, plants and other animals living in and near the water. Depending on the water
saving measures, two possible environmental situations can be distinguished compared to the expected
poor or moderate situation with low water levels and poor to moderate environmental quality in the next
10 years in your river basin. | will now read you an overview of each situation: poor, moderate, good and
very good (SHOW ATRIBUTE OVERVIEW CARD).

- Poor: This is the future situation of low water levels and low environmental quality. There is a
LARGE gap between the poor and natural situation due to increased water scarcity and climate
impacts. Many fish species have disappeared and riverbanks have lost much of their vegetation.
As a result many birds have disappeared too.

- Moderate: This is the future situation of less than average water levels and environmental
quality. There is a SUBSTANTIAL gap between the moderate and natural situation. A limited
number of fish species are present. Riverbanks have some vegetation supporting a limited
number and variety of birds and other wildlife.

- Good: This is the future situation where water levels and environmental quality are close to their
average natural levels. There is a SMALL gap between the good and natural situation. In the
good situation riverbanks have a lighter than natural vegetation cover. As a result the breeding
and nesting conditions for some birds are still limited.

- Very good: This is the future situation where water levels and environmental quality are in their
natural state. There is NO gap between the very good and natural situation. Conditions for
wildlife are optimal.

Based on these alternative situations, | would like to ask you to choose the situation you prefer most,
taking into account the increase in your water bill. Note that | am not asking you to rate or choose any
specific measures necessary to achieve a guaranteed future water supply. You can also choose none of
the two situations. In that case you will not pay anything extra and you accept the likelihood that you will
face increased water use restrictions in 4 of the next 10 years and the deterioration of the environmental
quality of rivers and aquifers. | will present you with an example first (SHOW EXAMPLE CARD).
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3. Please look at the following cards and tell me which option you prefer? (SHOW CARDS)
(CROSS THE CARD VERSION NUMBER BELOW FIRST!)

(3] [4] [ 6 ]

Situation Situation None of the
A B two
Example card o m m
a. 1% card O m O
b. 2" card O O O
c. 3" card u] O O
d. 4" card O O O

INSTRUCTION: IF THE RESPONDENT CHOSE 4 TIMES *“none of the two” GO TO Q4,
OTHERWISE GO TO Q5

4. Can you explain why you chose 5 times “none of the two”?
1 =I’m not interested in securing future water supply for myself or the environment
2 = The current situation is good enough
3 = | cannot afford to pay extra
4 = | prefer to spend my money on other important things
5=0ther,namely .......cccoooiiiii

NOW GO TO Q6

5. Can you briefly explain what the main reason was for your choices?
(CIRCLE ONE ANSWER ONLY, NAMELY THE MOST IMPORTANT REASON)
1 = Reduction in the likelihood of water use restrictions
2 = Improvement of the environmental quality of rivers and aquifers
3 = Price increase (too high / good value for money / acceptable / reasonable) (CIRCLE AS APPROPRIATE)
4 = Other, namely ................
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