
wat e r r e s e a r c h 4 5 ( 2 0 1 1 ) 9 3 3e9 4 3
Avai lab le a t www.sc iencedi rec t .com

journa l homepage : www.e lsev ie r . com/ loca te /wat res
What affects public acceptance of recycled and desalinated
water?
Sara Dolnicar a,*, Anna Hurlimann b,1, Bettina Grün a,c,2

a Institute for Innovation in Business and Social Research, School of Management & Marketing, University of Wollongong, Northfields Ave,

NSW 2522 Wollongong, Australia
b Faculty of Architecture Building and Planning, The University of Melbourne, Melbourne 3010, Australia
c Institute for Statistics and Mathematics, WU Wirtschaftsuniversität Wien, Augasse 2-6, A-1090 Vienna, Austria
a r t i c l e i n f o

Article history:

Received 4 March 2010

Received in revised form

21 September 2010

Accepted 23 September 2010

Available online 1 October 2010

Keywords:

Recycled water

Desalinated water

Public acceptance
* Corresponding author. Tel.: þ61 2 4221 386
E-mail addresses: sarad@uow.edu.au (S

(B. Grün).
1 Tel.: þ61 3 8344 6976; fax: þ61 3 8344 553
2 Tel.: þ43 1 31336 5032; fax: þ43 1 31336 7

0043-1354/$ e see front matter ª 2010 Elsev
doi:10.1016/j.watres.2010.09.030
a b s t r a c t

This paper identifies factors that are associated with higher levels of public acceptance for

recycled and desalinated water. For the first time, a wide range of hypothesized factors,

both of socio-demographic and psychographic nature, are included simultaneously. The

key results, based on a survey study of about 3000 respondents are that: (1) drivers of the

stated likelihood of using desalinated water differ somewhat from drivers of the stated

likelihood of using recycled water; (2) positive perceptions of, and knowledge about, the

respective water source are key drivers for the stated likelihood of usage; and (3) awareness

of water scarcity, as well as prior experience with using water from alternative sources,

increases the stated likelihood of use. Practical recommendations for public policy makers,

such as key messages to be communicated to the public, are derived.

ª 2010 Elsevier Ltd. All rights reserved.
1. Introduction for public resistance to the adoption of water from alternative
Many countries endure water supplies that are insufficient to

meet their present and future demands. Escalating pressure

from increased population, along with the uncertainty of

water supply conditions due to climate change, amounts to

a burgeoning water crisis. While technologies are available to

alleviate water shortage, many countries have experienced

public resistance to the adoption of much needed water

augmentation projects. To address the world’s water crisis it

is essential that engineers and social scientists work together.

Engineers can provide the best, safest and most energy-effi-

cient solutions to augment water supplies, whereas social

scientists can facilitate better understanding of the reasons
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sources. Social scientists can also suggest ways in which

public policy makers may be able to increase acceptance of

alternative water sources and find solutions which are most

acceptable for the community. The present study represents

a social science contribution to this field.

To date a significant amount of empirical work has been

conducted to investigate the level of stated public acceptance

for recycled water e Bruvold and Ward (1970); Bruvold (1972);

Kasperson et al. (1974); Sims and Baumann (1974); Stone and

Kahle (1974); Olson et al. (1979); Bruvold et al. (1981); Milliken

and Lohman (1985); and Po et al. (2004). Recently, similar

studies have been conducted in the context of desalinated

water: Dolnicar and Schäfer (2006); Dolnicar and Schäfer
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(2009); and Dolnicar and Hurlimann (2010). Each of these

studies has provided an interesting snapshot of the public’s

sentiments toward alternative water sources at the time of

survey. Additionally, a number of other studies identified

correlates of high acceptance levels e Hanke and Athanasiou

(1970); Gallup (1973); Kasperson et al. (1974); Sims and

Baumann (1974); Johnson (1979); Olson et al. (1979);

Alhumoud et al. (2003); and Hurlimann and McKay (2004).

However to date, a limited number of studies have attempted

to include a comprehensive set of potential explanatory

variables, and to simultaneously test the effect they have on

the acceptance levels of water from alternative sources.

The aim of this paper is to fill this gap, both for recycled and

desalinated water. Specifically, we investigate which of the

hypothesized personal characteristics are in fact associated

with higher or lower levels of acceptance of recycled and

desalinated water. Testing is conducted simultaneously for

a wide range of independent variables, thus avoiding the over-

interpretation of single factors. From the empirical findings

we derive key insights and recommendations for public policy

makers.
2. Literature review

Since the 1970s a significant body of knowledge has developed

around the topic of public acceptance of recycled water,

providing useful information about general acceptance levels

for various uses of recycled water. Most studies investigating

public acceptance of recycled water come to the same

conclusione that people are very open to using recycledwater

for uses with low personal contact, such as watering trees and

shrubs in their garden, but are reluctant to adopt recycled

water for uses with high personal contact, such as drinking or

bathing one’s baby. Although it could be argued that recycled

water has now been used for many decades, recent studies

have shown that the same pattern is still valid e Marks et al.

(2006); Dolnicar and Schäfer (2006); Hurlimann (2006); and

Hurlimann (2007a,b,c). For example, Dolnicar and Hurlimann

(2010) found that 92% of Australian respondents would use

recycled water for garden watering, but only 36% for drinking.

Despite the significant research attention that public

acceptance of recycled water has attracted, very little social

science research has focused on water from other alternative

sources. Only recently have comparative studies of accep-

tance across different kinds of water been undertaken, such

as Dolnicar and Schäfer (2006), and Dolnicar and Schäfer

(2009). Both conclude that people e in this case the Austra-

lian population e clearly discriminate between recycled and

desalinated water. Desalinated water was preferred over

recycled water for close-to-body uses such as drinking (49%

compared to 20% acceptance respectively). Recycled water

was preferred over desalinated water, however, for some uses

with little body contact, for example, for watering gardens

(89% compared to 68% acceptance respectively). Respondents

understood that water recycling is more environmentally

friendly than desalination which, in turn, was perceived by

respondents as less risky from a public health perspective.

More recently, Dolnicar and Hurlimann (2010) conducted

a similar comparison, finding that Australians now generally
prefer desalinated water: 53% were willing to drink it (as

compared to only 36% who were willing to drink recycled

water) and 84% were willing to water their garden with it

(compared to 86%whowere willing to water their gardenwith

recycled water). It is likely that developments since the 2006

study have significantly impacted people’s perceptions. Most

importantly, Australians in a Queensland country town,

Toowoomba, voted against the development of a water recy-

cling plant. Public opposition led by the community group

‘Citizens Against Drinking Sewage’ dominated national media

(for a detailed case study see Hurlimann and Dolnicar, 2010).

Possibly as a consequence of the Toowoomba case, many

Australian state governments have chosen desalination as the

preferred path, thus communicating to the public the benefits

of this alternativemethod of securing Australia’s water for the

future. It is likely that these developments have led to the shift

in public perception observed between the 2006 and the 2009

studies.

While a significant amount of survey research has been

conducted to ask respondents directly about their willingness

to use different kinds of water from alternative sources, only

a small amount of work has attempted to identify which

personal characteristics are associatedwith a high or low level

of acceptance towards alternative water sources. An overview

of these studies is provided in Table 1. As can be seen, key

explanatory factors include trust (in the water provider or

public policy makers); knowledge and information; past

experience with alternative water sources; and perception of

risk. Demographic variables have been explored, but

consensus on the nature of the association is low, particularly

for age.

Themain limitation of this body ofwork is thatmost studies

investigate factors hypothesized to be associated with accep-

tance of water from alternative sources in isolation from one

another, thus risking that the association is over-interpreted.

The possible interaction effects ofmultiple factors havemostly

been ignored to date. To the authors’ knowledge only one

study, Po et al. (2005), attempted this in the context of the

general public’s acceptance of indirect potable reuse of

wastewater. Statements of intended use were found to be

significantly related to positive attitudes towards indirect

potable reuse, which, in turn, were influenced by a number of

factors: subjective norms, emotions, trust in the authorities,

risk perceptions, sense of obligation to protect the environ-

ment, and their perceived control over the source of their

drinking water. However, this study focused mainly on

complex psychological constructswhich are hard to assess and

are thus of limited value to public policymakerswhoneed to be

able to easily target certain segments of the population with

educational messages about water from alternative sources.
3. Methodology

3.1. Fieldwork administration

Data was collected online in January 2009 using an Australian

permission-based research-only internet panel. 13,884 invi-

tationswere sent out to panelmembers. The final total sample

size amounted to 3094 respondents (a 22% response rate); 1495
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Table 1 e Factors found to influence community
acceptance of recycled water.

Factor positively influencing
attitudes to recycled water

Study

Attitudes and experiences

Trust in authorities associated

with recycled water use

Lohman and Milliken (1985)

Jeffrey and Jefferson (2003)

Hurlimann and McKay (2004)

Po et al. (2005)

Hurlimann (2007b)

Hurlimann (2007c)

Knowledge/information Lohman and Milliken (1985)

Flack and Greenberg (1987)

Jeffrey and Jefferson (2003)

Tsagarakis and

Georgantzis (2003)

Hurlimann et al. (2008)

Risk perception (negative) Po et al. (2005)

Hurlimann (2008)

Hurlimann et al. (2008)

Past experience with

alternative water source

Sims and Baumann (1974)

Olson et al. (1979)

Lohman and Milliken (1985)

Flack and Greenberg (1987)

Dishman et al. (1989)

Hurlimann (2007a)

Health concern (negative) Olson et al. (1979)

Dishman et al. (1989)

Marks et al. (2006)

Baggett et al. (2006)

Perception of good water quality Higgins et al. (2002)

Po et al. (2005)

Baggett et al. (2006)

Hurlimann et al. (2008)

Demographic variables

Age e older

Age e younger

Hurlimann (2007a)

Dolnicar and Schäfer (2009)

Stone and Kahle (1974)

Lohman and Milliken (1985)

McKay and Hurlimann (2003)

Gender e being male Baumann and Kasperson (1974)

Lohman and Milliken (1985)

Tsagarakis et al. (2007)

Hurlimann (2007a)

Nancarrow et al. (2008)

Dolnicar and Schäfer (2009)

Education level e having a

higher education degree

Bruvold (1972)

Stone and Kahle (1974)

Flack and Greenberg (1987)

Lohman and Milliken (1985)

Alhumoud et al. (2003)

Menegaki et al. (2006)

Hurlimann (2007a)

Dolnicar and Schäfer (2009)

Robinson et al. (2005)
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of the respondents were representative of the Australian

public. Representativeness was ensured by using a quota

sampling procedure. This is achieved by online fieldwork

companies who send out invitations to a large group of panel

members representative of the population and then moni-

toring, for all quota criteria, frequency of responses. Toward

the end of the process it may be that some respondents
wanting to participate in the survey are rejected because they

do not qualify as the kind of respondents still required to

ensure representativeness. Quotas were set for gender, age,

state and education level. Census data from the Australian

Bureau of Statistics was used to specify the quota require-

ments numerically.

Note, however, that the present study does not require the

sample to be representative because we are interested in

assessing which factors affect public acceptance of recycled

and desalinated water. It is more important to ensure that

there is sufficient variety in those variables which are

hypothesized to play a role. This is ensured by the way the

sample was drawn.

The remaining 1599 were collected from specific locations

which differ in their local water situations (Adelaide, Sydney,

Brisbane, Melbourne, Perth, Darwin, The Mallee and

Toowoomba).

The online data collection allowed controlling for non-

response. The questionnaire administration ensured that

respondents could not proceed without having completed all

questions on a page. As a consequence, missing values due to

oversight or unwillingness to answer, as experienced in

paper-and-pencil data collections, were not a factor.

3.2. Questionnaire

Respondents were asked to answer a number of questions

which are related to their behaviour, attitudes and socio-

demographic characteristics. They are discussed below under

the headings of Dependent variables and Independent variables,

reflecting the hypothesized relationship in the model.

3.2.1. Dependent variables
Stated likelihood of using recycled/desalinated water is the

dependent variable in this model. One such variable was

computed for recycled water, one for desalinated water. The

variables aim to measure the attitude of the respondents

towards recycled and desalinated water by determining the

likelihood of using this kind of water for different purposes.

The final value of the stated likelihood of using recycled/

desalinated water is computed as the sum of 10 items, each of

which represents one particular water use. The 10 alternative

uses were: watering the garden (flowers, trees, shrubs),

washing clothes/doing laundry, cooking, showering/taking

a bath, drinking, brushing teeth, toilet flushing, cleaning (the

house, windows, driveways), watering the garden (vegetables,

herbs to be eaten raw), and washing the car.

In order to ensure that the data would not be biased by

respondents who differed in their understanding of what

recycled/desalinated water meant, each were provided with

the following definitions before they were asked to state the

likelihood of use: “For the following questions we will use the term

‘recycled water’ to describe ‘purified wastewater or sewage,’ and we

will use the term ‘desalinated water’ to describe ‘purified seawater,’

and we will assume that both recycled and desalinated water are

treated to the same level of water quality.”

For each item the respondents had to place a cross on a line.

The endpoints were assigned the values 1 and 100 and all

intermediate values were equidistantly determined. Respon-

dents also had the option not to answer a question by ticking

http://dx.doi.org/10.1016/j.watres.2010.09.030
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a box labelled not applicable. However, since no informationwas

available for such items, the summated score cannot be deter-

mined. For each item of the likelihood to use recycled water vari-

able, between0.7%and5.9%of thequestionswereanswerednot

applicable. The average of not applicable answers for each item

was 2.3%, with 11.6% of respondents answering not applicable to

at least one of the items measuring this variable. For the likeli-

hood to use desalinated water variable the situation was similar,

with between 0.8% and 5.7% of the answers being not applicable,

with an average of 2.2% for each item. Respondents who had

chosen not applicable in any part of the survey were removed,

leading to an exclusion of 12.9% of the respondents, a method

which was preferred to that of coding each answer as zero.

Substituting zero for these answers would suggest that the

respondents do not use any kind of water for certain purposes,

however, this would distort the data to suggest a negative atti-

tude towards recycled and/or desalinated water. The final

sample size therefore was 2694 which lead to a precision level

under the worst care scenario (for binary questions with

maximum variance and a confidence level of 95%) of 2%. A

comparisonof thestatedistributionaswell as thesizeof thecity

distribution between the retained and excluded respondents

indicated no significant differences (state: c2 ¼ 11.3, df ¼ 7, p-

value ¼ 0.13; size: c2 ¼ 8.7, df ¼ 10, p-value ¼ 0.56). Thus the

composition of the sample with respect to location and size of

city was not significantly altered by the omission.

3.2.2. Independent variables
The following independent variables were included in the

model:

Environmental attitudes were measured using the New

Ecological Paradigm (NEP) scale designed by Dunlap et al.

(2000), which e according to Bragg (1996) e is the most

widely used instrument for measuring environmental atti-

tudes. The scale consists of 15 items covering five dimensions:

reality of limits to growth, anti-anthropocentrism, fragility of

nature’s balance, rejection of exemptionalism, and possibility

of ecocrisis. Respondents were offered five answer options to

indicate their level of agreement. The item labels with corre-

sponding scores were Strongly agree (2), Mildly agree (1), Unsure

(0), Mildly disagree (�1) and Strongly disagree (�2). Item-level

responses were added to the total NEP score.

Environmental concern was measured using the items

developed by Berenguer et al. (2005) for general environmental

concern. A sample item is: To what extent are you concerned

about the situation of the environment in general? Respondents

were asked to record their answer using a five-point agree-

ment scale identical to the scale used for the environmental

attitudes. The values of the six concern items were added to

form the overall value for environmental concern.

Altruismwas measured using Clark et al.’s (2003) nine item

altruism scale, which is based on Schwartz’s (1970,1977)

norm-activation model. Three items measure personal

norms, three measure awareness of consequences, and three

measure ascription of responsibility. Respondents expressed

their beliefs on a five-point agreement scale identical to the

scale used for the environmental attitudes. The total altruism

value was computed as the sum over all nine altruism items.

Moral obligation tobehave inanenvironmentally friendlyway

has been shown to be a good predictor of pro-environmental
behaviour. For example, Berenguer et al. (2005) find moral obli-

gation to be the best predictor of pro-environmental behaviour.

Dolnicar and Leisch (2008) foundmoral obligation to be a useful

segmentation base to identify subgroups of the populationwith

distinctively different levels of pro-environmental behaviour.

We used the following wording for the single itemmeasure: Do

you consider yourself morally obliged to carry out environmentally

friendlybehaviours?Respondentshadtorespondbytickingeither

Yes (1) or No (0).

Pro-environmental behaviour was a summated value across

respondents’ answers to the following question: You will now

see a list of behaviours. Please indicate how frequently you

carried out each of these behaviours at home in the last year.

Response optionswereAlways (4),Often (3), Rarely (1) andNever

(0) and Not applicable (0). A total of thirty behaviours were

included.

Active involvement in searching for information about waterwas

measured using a single itemmeasure by asking respondents:

How much effort have you made this year to look for infor-

mation on water-related issues (water recycling, desalination,

water conservation, rain water etc.)? Respondents had four

response options: Absolutely no effort (0), A small effort (1), A big

effort (2) and A huge effort (3).

Previous use of recycled/desalinated water was measured

using a single item measure, worded as follows: Have you ever

used recycled water/desalinated water? Answer options were Yes

(1) and No (0).

Experience with water restrictions was measured by asking

respondents Have you ever experienced water restrictions?

Answer options were Yes (1) and No (0).

Perception of being limited by water restrictions was measured

asking To what extent do you feel limited by water restrictions?

Answer options were Not at all (0), Slightly (1) and Strongly (2).

For analysis we used a collapsed variable with the categories

Not at all (0) and Slightly/Strongly (1).

Attitude towards water conservation consisted of the sum

over nine items about water conservation which were devel-

oped specifically for this study based on results from the

qualitative fieldwork stage. One example is:Water conservation

is necessary because of water scarcity. Response options were I

agree (1) and I disagree (�1).

Water conservation behaviour was also computed as a sum

over 17 items indicating different means of water conserva-

tion behaviour, such as I make sure that taps do not drip. Answer

options were Yes (1) and No (0).

Extent of influence of other people on people’s water-related

behaviour and attitudeswas computed as the sum over 14 items

which listed different social sources of influence, for example,

friends, partner, the media. Answer options were Yes (1) and

No (0) for each listed social source.

Knowledge about recycled and desalinated water, as well as

perceptions of recycled and desalinated water, respectively, were

measured with knowledge and perception items developed by

Dolnicar and Schäfer (2006). The sum across all items was

used to arrive at separate overall measures of knowledge

about recycled and desalinated water. Note that the knowl-

edge and perception questions were asked before the defini-

tion of recycled and desalinated water was provided and

respondents were asked to state their likelihood of use. Once

respondents were provided with the definition and the

http://dx.doi.org/10.1016/j.watres.2010.09.030
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statement that both recycled and desalinated water were

treated to the same level of water quality, respondents were

not able to click back anymore. This was done to ensure they

would not retrospectively change their answers to the

perceptions and knowledge questions.

Finally, a number of socio-demographic questions were

asked covering age, gender, education, size of city, feeling of

belonging to the region, importance of religion, media use and

whether or not respondents had read something about recy-

cled or desalinated water recently.

These variables were chosen because they emerged as

predictive in a number of studies trying to explain pro-envi-

ronmental behaviour of different kinds, namely pro-environ-

mental behaviour in general (Berenguer et al., 2005), intentions

to undertake pro-environmental behaviour (Cordano et al.,

2003) as well as specific kinds of pro-environmental behav-

iour such as subscribing to green electricity programs (Clark

et al., 2003), willingness to pay for species protection

(Kotchen and Reiling, 2000), for environmentally sound prod-

ucts (Laroche et al., 2001) and environmental protection in

general (Stern et al., 1993). We deliberately included a wide

range of criteria which were found to be associated with pro-

environmental behaviour more generally because we felt that

limiting our selection of variables to those studied in water-

related research may lead to the omission of key factors.
4. Analysis

The numeric independent variables (such as environmental

attitudes, environmental concern or altruism) were stan-

dardized to have comparable coefficient estimates. For vari-

ables with answers Yes or No the baseline category are the No

answers, which are therefore included in the intercept, and

the estimated coefficient indicates the change in likelihood if

this question was answered with Yes.

All of theproposed independentvariablesareassumedtobe

correlated with the likelihood of using recycled or desalinated
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Fig. 1 e Empirical distribution of the dependent variables (
water and hence, might be used to predict this likelihood.

Separate multivariate linear regression models were fitted for

the two dependent variables. Variables which are specific to

recycling water e such as experience with recycling water or

the perception of recycled water e were only employed in the

regression, using the likelihood to use recycled water as the

dependent variable; the same approach was taken for desali-

nated water. Variable selection was made using stepwise

forward selection by adding the variable with the smallest p-

value and utilising the F-test to compare the model with this

variable added against the model without this variable added.

Candidates for terms which could be added in themodel were

all variables and all pairwise interactions between the vari-

ables already included in themodel. The selection processwas

stopped when all p-values were larger than 0.05. Variables

which are not included in the final model therefore do not

significantly increase the explained variance if added to the

model. The final model is analysed with respect to: (1) the

variables included; and (2) the estimated coefficients for each

of the variables.
5. Results

The empirical distributions for both dependent variables are

provided in Fig. 1. Both dependent variables range from 10 to

1000, because each respondent provided responses for 10

items, each of which was assessed on a 100-point scale.

Overall, public acceptance for desalinated water is higher,

supporting the results of previous studies as discussed in

Section 2.
5.1. Explaining the likelihood of use of recycled water

Results for recycled water are provided in Table 2. The table

gives the parameter estimates together with the standard

errors and the p-values of the corresponding t-tests. For

numeric variables, negative estimates indicate that an increase
d of use
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stated likelihood of using recycled/desalinated water).
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Table 2 e Regression coefficients e recycled water.

Estimate Std. Error p-value

Intercept 666.81 10.53 <0.001

Perception of recycled water (positive) 102.05 3.07 <0.001

Knowledge (more) 18.57 3.06 <0.001

Age (older) 20.13 3.11 <0.001

Extent of influence of others (higher) 10.90 3.54 0.002

Environmental attitudes (positive) 5.89 3.53 0.095

Experience with water restrictions

e Yes 39.22 11.85 <0.001

Feeling limited by water restrictions

e Slightly or strongly �17.18 7.24. 0.018

TV (commercial)

e State 20.22 7.25 0.005

e Don’t watch 5.18 29.98 0.863

Religious

e Yes �14.48 6.88 0.035

e Not sure or did not say �17.53 8.13 0.031

Interactions

Knowledge (more): extent of influence of others (higher) �8.28 2.84 0.004

Perception (positive): extent of influence of others (higher) �9.00 3.12 0.004

Extent of influence of others (higher): TV (commercial)

e State 17.86 7.20 0.013

e Don’t watch 36.43 32.53 0.263

Environmental attitudes (positive): TV (commercial)

e State 5.25 6.89 0.447

e Don’t watch 61.92 24.06 0.010

R2 ¼ 0.398.
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in the variable leads to a decrease in the likelihood of using

recycled water; for categorical variables, the likelihood of using

recycled water is decreased compared to the base level of the

variable which is accounted for in the intercept. The order of

estimates is in the sequence each entered the model. The R2

value of 0.398 indicates that the model was able to account for

a substantial amount of the variance. Nine factors hypothe-

sized to increase the level of likelihood that respondents would

use recycled water are significant: (1) previous experience with

water restrictions; (2) not feeling limited by water restrictions;

(3) greater knowledge about recycled water; (4) more positive

perceptions of recycled water; (5) a high extent of other people

influencing one’s water-related behaviours; (6) pro-environ-

mental attitudes; (7) older age (note that the underlying model

is assuming a linear relationship, so the regression results

indicate that higher age is associated significantlywith a higher

stated likelihood of using recycled water); (8) religion not being

an important life factor; and (9) watching State (non-commer-

cial) TV channels. This information contained in the Estimate

column in Table 2 provides information about how sensitive

the dependent variable (likelihood of use of recycledwater) is to

each of the factors in the regression model. This number is

interpreted as follows: if the independent variable is increased

by one unit the dependent variable increases with Estimate

units, i.e., if the Estimate is negative the dependent variable

decreases. The Standard Error indicates the precision of the

Estimate, i.e., the 95% confidence interval for the estimate is

approximately given by Estimate � 2 Standard Error.

For ease of interpretation we also provide a graph with

standardized estimates in Fig. 2. In this graph all factors
that positively affect the likelihood of use plot to the right

of the vertical axis and all factors with negative effects plot

to the left. The length of each bar indicates the extent of

the effect.

In addition to the individual effects, there are significant

interaction effects between variables. Between two numeric

variables this indicates that their combined effect is different

from their separate effects. For example, the interaction effect

between higher knowledge and the greater influence of others

is negative, indicating that while these two variables sepa-

rately have a positive effect on the likelihood of using recycled

water, the effect levels off if both are increased. This obser-

vation also holds for the combination of more positive

perception and the greater influence of others. For the

combination of a numeric and a categorical variable, this can

be interpreted as different slopes for the different levels of the

categorical variable. The fitted model implies that the higher

the influence of others, and the more positive the attitudes

towards the environment, the better is the attitude towards

recycled water. However, this effect is strongest for those who

do not watch TV, followed by respondents preferring State TV

channels.

The fact that not feeling limited by water restrictions

increases the stated likelihood of using recycled water

appears counter-intuitive at first. A proposed explanation is

that people with higher pro-environmental attitudes have

more understanding for the need for water restrictions and

are therefore more tolerant of them. Consequently, this

would lead them to express less frustration about water

restrictions.
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Interaction of knowledge (more) and extent of influence of others (higher)
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Religious (yes)
Don't watch TV
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Environmental attitudes (positive)
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Interaction of extent of influence of others (higher) and watching state TV
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Extent of influence of others (higher)
Experience with water restriction (yes)

Knowledge (more)
Age (older)

Perception of recycled water (positive)

0.0 0.1 0.2 0.3 0.4 0.5

Recycled water

Fig. 2 e Standardized regression coefficients for recycled water.
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5.2. Explaining the likelihood of use of desalinated water

Results for desalinated water are presented in Table 3 and in

Fig. 3. The number of variables contributing significantly to

the stated likelihood of using desalinated water across a range

of household uses is higher than it is for recycled water, with

ten explanatory variables being significant. The explained

variance of the model, which is equal to 31.2%, is slightly

lower than that for the recycled water model.
Table 3 e Regression coefficients e desalinated water.

Intercept

Perception of desalinated water (positive)

Knowledge (more)

Attitude towards conservation (positive)

Environmental attitudes (positive)

Previous use of desalinated water

e Yes

Age (older)

Religious

e Yes

e Not sure or not say

Extent of influence of others (higher)

Experience with water restrictions

e Yes

Feeling limited by water restrictions

e Slightly or strongly

Interactions

Perception (positive): attitude towards conservation (positive)

Perception (positive): extent of influence of others (higher)

Knowledge (more): attitude towards conservation (positive)

Age (older): extent of influence of others (higher)

Environmental attitudes (positive): age (older)

Previous use of desalinated water (yes): religious

e Yes

e Not sure or not say

Environmental attitudes (positive): previous use of desalinated water (y

Environmental attitudes (positive): experience with water restrictions (

Perception (positive): feeling limited by water restrictions (slightly or st

R2 ¼ 0.312.
The overlap between the results for recycled water and

desalinated water is great, with eight explanatory variables

having the same significant influence for the likelihood of

using either water source. Watching TV is the only explana-

tory variable which is significant for the likelihood of using

recycled water, but not significant for desalinated water use.

Additional variables which significantly influence the likeli-

hood of using desalinated water are the previous use of desali-

nated water and the respondent’s attitude towards
Estimate Std. Error p-value

752.39 12.55 <0.001

92.87 6.68 <0.001

15.18 3.53 <0.001

9.89 3.80 0.009

38.09 12.07 0.002

38.67 13.12 0.003

10.81 3.70 0.004

�8.60 8.72 0.324

�26.54 10.29 0.010

9.29 3.67 0.012

38.85 14.08 0.006

�21.07 8.50 0.013

�10.77 3.51 0.002

�9.09 3.40 0.008

�7.19 3.37 0.033

9.33 3.66 0.011

�7.02 3.56 0.049

�60.88 22.60 0.007

4.56 27.23 0.867

es) �21.24 9.51 0.026

yes) �26.61 12.49 0.033

rongly) 16.28 7.71 0.035
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Standardized estimates
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Religious (yes)

Interaction of previous use of desalinated water (yes) and religious (not sure or not say)
Interaction of age (older) and extent of influence of others (higher)

Extent of influence of others (higher)
Attitude towards conservation (positive)
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Experience with water restriction (yes)

Previous use of desalinated water (yes)
Interaction of perception (positive) and perception of being limited by water restrcitions (slightly or strongly)

Knowledge (more)
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Perception of desalinated water (positive)
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Desalinated water

Fig. 3 e Standardized regression coefficients for desalinated water.
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conservation, where previous use and the higher valuation of

conservationboth increasethe likelihoodofuse.The interaction

effects of two numeric variables compensating their effect are

observed for positive perception and attitude towards conser-

vation, positive perception and the influence of others, knowl-

edge and attitude towards conservation, as well as for

environmental attitudes and age. By contrast, for age and the

influence of others, the combined effect is even more empha-

sized. The influence of positive attitudes towards the environ-

ment on the likelihood of using desalinatedwater is smaller for

respondents who have previously used desalinated water and

who have experienced water restrictions in the past. Further-

more, the influenceof positive perceptions of desalinatedwater

is enforced if respondents perceive themselves as limited by

water restrictions. Religion only impacts on the use of desali-

nated water if respondents have used this type of water before.

One possible explanation for the finding that positive envi-

ronmental attitudes increase the likelihood of using desalinated

water, is that the knowledge level about desalinationwithin the

Australianpopulation is relatively low (DolnicarandHurlimann,

2009). The environmental disadvantages of water desalination

are not commonly understood,whichmay lead to (uninformed)

support for desalinated water from people generally concerned

about the environment. If peoplehave previous experiencewith

the use of desalinated water they are likely to knowmore about

the negative environmental impacts of desalination and there-

fore become more reluctant to embrace it. These findings and

explanation are in line with previous findings that people

opposed to desalinated water are often opposed for environ-

mental reasons (Dolnicar and Schäfer, 2009).
6. Discussion and conclusions

The following key findings emerged from the study: First,

some of the factors identified previously as being associated

with higher levels of public acceptance of recycled water (e.g.,
gender and education) do not appear to be the main drivers,

but may possibly be correlated with them. Our results provide

support for previous research which has found favourable

attitudes to recycled water use from:

(1) older respondents (Hurlimann, 2007a; and Dolnicar and

Schäfer, 2009); and

(2) knowledge (Lohman and Milliken, 1985; Flack and

Greenberg, 1987; Jeffrey and Jefferson, 2003; Tsagarakis

and Georgantzis, 2003; and Hurlimann et al., 2008).

Our results also provide evidence for the impact of envi-

ronmental attitudes, positive perceptions of recycled water,

the influence of other people, religion, experience of water

restrictions, the perception of being limited by water restric-

tions, and watching State TV channels, on the stated likeli-

hood of using recycled water. We believe that the predictive

value of watching State TV may be due to the fact that State

TV (non-commercial) channels have a number of current

affairs programs and news shows which provide in-depth

analyses on the topics covered. With respect to recycled

water, for example, they not only discuss people’s fear of

health risks, but also provide information about the environ-

mental advantages of recycled water. We think that it is this

additional insight which is associated with the increased

stated likelihood of use.

Second, drivers of the stated likelihood of using desali-

nated water were found to be similar to those for recycled

water. Only watching State TV channels did not emerge as an

influential factor. In addition, respondents who have previ-

ously used desalinated water and who indicated a positive

attitude towards conservation, were reportedly more likely to

use desalinated water than those who have not. The fact that

people in Australia know relatively little about desalinated

water and how it is produced seems to work in favour of

acceptance because the negative environmental effects are

not commonly known. But the perception in terms of public

http://dx.doi.org/10.1016/j.watres.2010.09.030
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health is more positive than for recycled water (for example,

38% perceive recycled water as “disgusting” but only 25%

perceive desalinated water as such; 48% perceive recycled

water as not tasting good, whereas only 41% feel the sameway

towards desalinated water).

These findings have significant practical implications,

particularly for public campaigns designed to promote the use

of desalinated and/or recycled water. Too much information

regarding desalinatedwatermay have the effect of decreasing

public acceptance due to the environmental concerns usage

might raise. In the case of recycled water it is likely that public

campaigns will potentially increase public acceptance and

usage since public perceptions play amajor role in acceptance.

Key drivers for the acceptance of both water sources are

the possession of positive perceptions about alternative water

sources, and the extent to which other people might influence

a person’s decisions about alternative water sources. Positive

messages about recycled and/or desalinated water, particu-

larly from personal communication channels such as family,

friends and colleagues, are important to the uptake of these

water sources. Since knowledge was a significant influencing

factor for both water sources, it follows that public informa-

tion and marketing have a major contribution to make in the

context of introducing water from alternative sources.

Marketing strategies that make water from alternative sour-

ces a positive conversation topic may be particularly valuable.

Finally, previous experience with water restrictions, in

addition to previous experience with these water sources,

evidently increases the likelihood of use. Again, this is key

information for public policy makers as it informs the nature

of the communicationmessage that is likely to be effective. In

this particular instance it has to be concluded that messages

emphasizing the real problem of water scarcity, e.g. by

showing examples of current water scarcity in the near

geographical proximity of where people live, will have

a higher likelihood of positively impacting acceptance.

These findings have important practical implications as

they provide guidance to water providers and public policy

makers about interventions that are likely to increase public

acceptance of water augmentation projects, especially infor-

mation and communication campaigns:

1. It is essential that people understand that water from

alternative sources is not an option, but a necessity; and

2. Suggesting non-threatening ways for people to be able to

experience recycled and desalinated water may be a useful

strategy to increase public acceptance and usage. Non-

threatening ways include voluntary opportunities, such as

tasting recycled and desalinated water, filling public

swimming pools with recycled and desalinated water.

These techniques are likely to be far more effective than

public announcements stating that recycled or desalinated

water would be added to water supplied to households.

Such announcements have proven to be very threatening

and have resulted in public rejection of water augmenta-

tion schemes in the past (Hurlimann and Dolnicar, 2010).

The above findings support a barely enacted recommen-

dation made more than three decades ago by Baumann and

Kasperson (1974), namely, to “put the reclaimed water in an
attractive setting and invite the public to look at it, sniff it,

picnic around it, fish in it, and swim in it” (p. 670).

This study is limited in three ways, providing opportunities

for future researchers to further extend our understanding of

why the public rejects or accepts water from alternative

sources. First, this study was conducted in Australia only.

Although it could be argued that the drivers for resisting

acceptance are universal, there is some evidence that critical

events in the history of certain Australian locations e such as

the Toowoomba referendum e are likely to have an impact on

results. Secondly, this study did not include a comprehensive

list of every factor that can be expected to affect people’s

acceptance of water from alternative sources. In futurework it

would be valuable to include measures for trust, risk percep-

tion, health concerns, or perceptions of quality, and include

those into the model as independent variables. Finally,

respondents were not asked about frequency or volume of

water use for different purposes, which could be used to

assess the extent to which dam water could easily be

substituted with water from augmented sources without

raising public health or environmental concerns among the

population. Such a study, or studies, would be of great value in

future, especially in countries which do not currently use

water from augmented sources and where, as a consequence,

the population may be reluctant to accept large-scale water

augmentation projects.
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