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Abstract

Water scarcity is increasing worldwide, but its effects are particularly severe in
Southern Europe, where limited water resources are further strained by climate
change and the rise of water-intensive agriculture. In response, EU countries are
developing innovative water strategies, expanding the use of reclaimed (treated
wastewater) and desalinated water to secure irrigation. However, consumer response
to foods produced with these non-conventional waters remains underexplored. This
study analyses European consumers' perceptions of the use of non-conventional
water irrigation sources in almond production, along with the EU origin and organic
production labels. To this end, discrete choice experiments are used in a sample of
1,371 consumers across three European countries (Spain, Germany, and Sweden).
The results show consistent premiums for EU origin and organic production in all
countries, while proposed irrigation water sources attract less consumer attention.
Despite expectations, reclaimed water does not face greater rejection among
consumers than desalinated water. However, notable cross-country differences
emerge: Spanish consumers tend to reject almonds irrigated with desalinated or
reclaimed water, whereas German and Swedish consumers show neutral or mixed
responses. Latent class segmentation within these countries reveals substantial
heterogeneity, identifying traditionalist segments, but also groups with a positive
willingness to pay for almonds produced employing the proposed water sources.
Overall, these alternative water sources appear to be market-compatible, as
consumers reveal no strongly negative attitudes. Nevertheless, the continuing
importance of traditional attributes such as origin and production system supports
the strategy of combining established quality labels with information about the
source of water used.

Keywords Choice experiment, Consumers'attitudes, Consumers’ willingness to pay,
Cross-country comparison, Almonds
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Introduction

Water scarcity is becoming a cause for concern throughout Europe, particularly in the
Mediterranean, which is recognised as climate-change “hotspot’, where amplified warm-
ing, more frequent and intense droughts and seasonal deficits point to structural imbal-
ances in water supply and demand (EEA 2024; EU Parliament Council 2020). Across
countries, water scarcity may be caused by increased industrial demand, population
growth, climate change and the continued shift toward irrigated farming, with pressures
especially acute across the Mediterranean (Romero-Trigueros et al. 2020). This situation
calls for more efficient and sustainable water use, especially in agriculture, where pres-
sures on water bodies and ecosystems are greatest (EEA 2024). Agriculture accounts for
around 70% of freshwater withdrawals, underscoring the sector’s central role in water-
security strategies (FAO 2017).

In response to growing water scarcity (particularly in vulnerable regions) and in line
with the Circular Economy Action Plan and the EU Strategy on Adaptation to Cli-
mate Change, the European Commission is promoting an integrated approach to water
management that coordinates all available resources, both conventional and non-con-
ventional (EC 2020; Tocados-Franco et al. 2024). Recent technological advances in
wastewater treatment and desalination, together with programmes promoted by the
European Green Deal and the new Circular Economy Action Plan, have driven growth in
the production and use of non-conventional water (Ricart et al. 2021).

In this context, reclaimed water (defined as urban wastewater treated in accordance
with Directive 91/271/EEC and then subjected to additional processing in a reclamation
facility) and desalinated water (produced by removing dissolved salts from saline sources
such as seawater and brackish groundwater), are increasingly positioned as reliable
complements to conventional supplies (Council Directive 1991; EU Parliament Council
2020; Karimidastenaei et al. 2022). At European level, the reuse of treated wastewater for
agricultural irrigation is regulated by Regulation (EU) 2020/741, which establishes har-
monised minimum quality requirements, monitoring obligations and risk management
plans to ensure the protection of human health and the environment (EU Parliament
Council 2020). This regulatory framework has been implemented through Commission
Delegated Regulation (EU) 2024/1765 (EC 2024). The use of reclaimed water is already
increasing in several European countries and is expected to expand substantially in the
coming years as policy support and treatment technologies mature (EC 2018; Pistocchi
et al. 2017). Because adoption is largely a response to scarcity, the largest capacities and
reuse volumes are concentrated in arid regions; in the Mediterranean context, Spain
is particularly notable, ranking among global leaders in both desalination output and
wastewater recycling (Jodar-Abellan et al. 2024).

Non-conventional water sources can enhance water security and stabilise agricultural
yields. Reclaimed water can raise crop productivity and support soil conditions, while
desalinated water provides a reliable, climate-independent supply; taken together, both
sources expand agricultural water availability and help stabilise yields and farm incomes,
bolstering water security (Abou Jaoude et al. 2025; Martinez-Alvarez et al. 2023; Palatnik
et al. 2025). In addition, using reclaimed and desalinated water instead of fresh water
protects rivers and aquifers from over-extraction, which reduces ecological pressures
and potential conflicts between competitors (Martinez-Granados and Calatrava 2014;
Mizyed 2025). However, these supplies need treatment and analysis to ensure irrigation
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safety standards, as they may contain high levels of salinity or nitrogen, and residual
contaminants, such us heavy metals and pathogens (Chen et al. 2013; Singh 2021). Fur-
thermore, desalinated water is energy-intensive and therefore relatively costly, so its
large-scale use can be an economic and environmental burden where energy is expen-
sive or ecosystems are sensitive (Eke et al. 2020; Elsaid et al. 2020). These limitations
can be mitigated by powering with renewable energy, particularly solar, for desalination,
and careful planning and management to minimise environmental impacts (Elsaid et al.
2020; Panagopoulos and Haralambous 2020). Field studies shows that both reclaimed
and desalinated water are agronomically suitable for irrigation when managed to regula-
tory specifications (Chen et al. 2013; Martinez-Alvarez et al. 2020; Truchado et al. 2021)
in line with the minimum quality classes, control frequencies and risk management
plans prescribed by legislation.

Given these considerations, the present study focuses on almonds as a suitable case
study for examining consumer responses to irrigation water. The almond tree, rather
than the edible nut, is directly exposed to irrigation water, which may increase consumer
acceptance (Ellis et al. 2022). Moreover, almond consumption has grown in Europe, with
Spain and Germany ranking as the highest per-capita consumers, and Spain being the
main producer in the EU (CBI 2019; FAO 2017). In Spain specifically, persistent scar-
city and recurrent drought already necessitate the continuous optimisation of irrigation
management (Egea et al. 2010; Moldero et al. 2022). Moreover, almond (Prunus dul-
cis (Mill.) D.A. Webb) is a major European tree-nut and can be considered irrigation-
dependent to maintain economic viability, particularly in regions with low rainfall and
high evapotranspiration rates (Egea et al. 2010).

Despite the growing momentum for the use of non-conventional water sources in agri-
culture, there is a notable gap in understanding consumers’ views on their adoption in
the sector. According to Dolnicar and Schéfer (2009), consumers’ knowledge about the
use of desalinated and recycled water has been historically low. This is highly impor-
tant, as consumer knowledge is crucial to ensure consumer acceptance of circular and
more sustainable production practices (Ornelas Herrera et al. 2025; Siegrist 2008). In
this regard, various studies have explored how consumers perceive desalinated and
reclaimed water. For example, Dolnicar and Schifer (2009) found that consumers tend
to associate recycled water with health risks and desalinated water with environmental
disadvantage. In assessing the determinants of acceptance, Savchenko et al. (2019) and
Verhoest et al. (2022), found that disgust, food neophobia and safety concerns are the
principal factors underlying rejection of foods produced with reclaimed water, reflecting
that limitations are similar to those reported for other novel food technologies (Siegrist
and Hartmann 2020). In addition, perceptions of quality and benefits linked to desali-
nated and reclaimed water also influence acceptance or rejection (Gémez-Ramos et al.
2024; Villacorta-Ranera et al. 2025).

Sociodemographic characteristics have also been found to determine the acceptance
of desalinated and reclaimed water. Studies indicate that the influence of these variables
is heterogeneous and context-dependent (Fielding et al. 2019; Garcia-Cuerva et al. 2016).
Evidence indicates that older consumers seem more likely to accept the use of desali-
nated and recycled water, while gender and education are not determining factors (Dol-
nicar et al. 2011; Dolnicar and Schifer 2009). Additionally, higher levels of education
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generally correlate with greater acceptance of reclaimed water (Garcia-Cuerva et al.
2016).

Based on these water supply alternatives, non-conventional water sources (reclaimed
and desalinated) offer a way to maintain agricultural production in situations of scar-
city while promoting sustainable and circular economy goals. Understanding how con-
sumers perceive foods produced with non-conventional water sources is essential to
guide both innovation and policy. In this regard, the present study examines European
consumers’ attitudes towards desalinated and reclaimed water to secure irrigation for
almond production. Based on preferences and willingness to pay in Spain, Germany and
Sweden, the study aims to contribute to the design of sustainable and socially accepted
irrigation and labelling practices in European agriculture.

Methods

Database

We examined consumer preferences for almonds using an online survey conducted in
Spain, Germany and Sweden. Respondents who participated in this study had to be aged
18 years or over, be responsible for more than half of the food purchases in their house-
hold and buy almonds at least once a month. In January 2025, a total of 1,371 surveys
were collected in Spain (460 consumers), Germany (459 consumers) and Sweden (452
consumers). We selected Sweden (North), Germany (Centre) and Spain (South) to cap-
ture Europe’s structural gradient in water conditions and non-conventional water use:
water scarcity and drought risks are most acute in Southern Europe, moderate in central
regions and lower in the north (EEA 2024). Moreover, almond is widely consumed in
these countries, with Spain and Germany being among the highest per-capita consum-
ers and Spain the EU’s leading producer (CBI 2019; FAO 2017). According to Eurostat
(2024), almonds are the most important nut crop in the European Union in terms of
cultivated area, with Spain accounting for around 85% of the EU’s almond tree produc-
tion area and around 300 thousand tonnes of almond production, illustrating the impor-
tance of this crop within the European agricultural sector. Participant recruitment and
survey administration were carried out by Qualtrics LLC (Provo, US). Respondents
were randomly selected using sampling quotas based on gender and age. All partici-
pants provided informed consent, and our study was approved by the institutional ethics
committee.

We implemented two procedures to ensure data quality. First, before presenting the
set of choice tasks, respondents were asked if they had “given [their] full attention to
the study so far” and whether, in their honest opinion, we should use their responses.
This “attention check” question was placed just before key questions (choice tasks) and
is based on evidence that such questions motivate respondents to pay more attention
rather than detecting unreliable responses (Meade and Craig 2012). Second, we only
retained respondents whose completion time exceeded one-third of the average survey
length for the sample.

Based on this literature and the context of our case, we proposed the following hypoth-
eses to be tested using the discrete choice experiment: (i) Compared to conventional
irrigation, consumers show a lower willingness to pay (WTP) for almonds irrigated
with reclaimed and desalinated water; (ii) WTP differs between countries (Spain, Ger-
many and Sweden), with higher penalties expected in Southern Europe and weaker or
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neutral effects in Northern and Central Europe; (iii) Determinants such as prior knowl-
edge about reclaimed water, openness to sustainable technologies and water conserva-
tion behaviour are positively associated with WTP for almonds irrigated with reclaimed
water; (iv) Within each country, consumers segments differ in their WTP for irrigation
water types, ranging from traditional-oriented groups to undecided and innovation-ori-

ented groups.

Choice experiment design

In the discrete choice experiment (DCE) design, almonds were presented using four
attributes and their respective levels: origin, irrigation water, production system and
price (Table 1). Regarding attributes and levels evaluated, two levels of origin were sta-
blished: European Union origin and Non-European Union origin. Second, we included
irrigation water production, since the main goal of the study was to examine consum-
ers’ WTP for almonds produced using different types of irrigation water. Therefore,
the three levels of this attribute were (i) irrigated with conventional water; (ii) irrigated
with desalinated water; and (iii) irrigated with reclaimed water. Third, we included pro-
duction system as an attribute, referring to the agricultural production system used for
almond production. Thus, two levels of this attribute were established: no information
and organic production. Finally, price included three levels considering the current mar-
ket prices for packaged almonds in supermarkets in Spain (2.00€/200 g; 3.50€/200 g;
5.00€/200 g) and the equivalent for Germany (2.00€/200 g; 3.50€/200 g; 5.00€/200 g) and
Sweden (25.00kr/200 g; 40.00kr/200 g; 55.00kr/200 g).

Following the choice tasks, we included questions in the survey designed to test our
hypotheses on attitudinal factors. Specifically, we asked respondents questions about (i)
whether they had heard of the term “reclaimed water” prior to the study (i.e. HEAR-
ING); (ii) whether they had a positive attitude towards openness to new sustainable food
technologies (OTj,,4) (Berthold et al. 2022); and (iii) whether they had a positive attitude
towards water conservation behaviour (WCB) (Verhoest et al. 2022).

Each choice scenario included two hypothetical almond alternatives and an opt-out
option (no choice option) using a D-optimal and efficient design defined by Ngene 1.2.
software (Rose and Bliemer 2009). The 16 choice sets were divided into two blocks of
eight. Each respondent completed eight randomly ordered choice tasks to avoid order-
ing effects. Figure 1 shows an example of a choice set presented to respondents in Spain
(translated into English). The shelled almond pack image is Al-generated to simulate a

Table 1 Attributes and levels used in the conjoint designs

Attributes Levels
Origin EU origin
Non-EU origin
Irrigation water Irrigated with conventional water

Irrigated with desalinated water
Irrigated with reclaimed water

Production system No information
Organic production
Price Spain Germany Sweden
2.00€/200 g 2.00€/200 g 25.00kr/200 g
3.50€/200 g 3.50€/200 g 40.00kr/200 g
5.00€/200 g 5.00€/200 g 55.00kr/200 g

Note: Tkr=0.09€
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A B (od
| would not buy
option A nor B
Non-EU origin EU origin
Irrigated with desalinated water Irrigated with reclaimed water
3.50€/200g 2.00€/200g

Fig. 1 An example of a decision-making situation

realistic product (OpenAl 2025). Before the choice tasks, we provided a description of
the different attributes and levels together with a cheap talk script to eliminate the hypo-
thetical bias (Lusk 2003). After the choice task, respondents completed a questionnaire
covering socioeconomic characteristics (including gender, age and level of education)
and their attitudes, including consumers’ attitudes towards openness to new sustainable
food technologies (OTy, ) (Berthold et al. 2022), and attitudes towards water conserva-
tion behaviour (WCB) (Verhoest et al. 2022).

Econometric analysis

Data from the choice experiment were analysed using the discrete choice model (DCM)
(Train 2009). In line with Lancaster’s theory (Lancaster 1966), DCM assumes that the
overall utility that consumers derive from a product can be separated into the marginal
utilities derived from the product’s design attributes. The approach is based on random
utility theory (McFadden 1974), according to which the utility for an individual #» who
selects alternative j in a given choice situation ¢ can be represented as follows:

Unjt = 6 ! ant + € njt (1)

In this model, X, ;; is a vector of observed variables associated with individual #’s choice
of alternative j in choice situation # 8’ denotes a vector of structural taste parameters
that describe the choices; and ¢ ,,;; is an unobserved error term assumed to be indepen-
dent of both 5 and .

The data were analysed in three steps. First, we examined consumer’s marginal WTP
(mWTP) for almonds considering only the main effects of the design attributes and using
the Random Parameters Mixed Logit (RP-MXL) model in preference space. Accordingly,
the utility function (1) in our study can be specified as follows:

Unje = ASC + B1nORIGINyj; + fon DESALIN ATED,
+ Bsn RECLAIMED,;; + BinORGANICyj1 + Bsn PRICEyjy + e 2)

In this model, # refers to the “individual’, j refers to each of the three choices available in
the choice set and ¢ represents the number of choice occasions. The alternative specific
constant (ASC) represents the choice of the opt-out (no purchase) option. ORIGIN,, ;;
is a dummy variable representing the origin of almonds, taking the value of 0 if almonds
are not produced in the European Union and 1 if they are produced in the European
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Union. DESALINATED,,;; is a dummy variable for almonds irrigated with desalinated
water. RECLAIMED,,;; is a dummy variable for almonds irrigated with reclaimed
water. ORGANIC,,;; is a dummy variable representing the production system of
almonds, taking the value of 0 if no information is included in the packaging of almonds
and 1 if almonds are grown under organic systems, including the EU organic logo on the
packaging. PRICE,,;; is experimentally defined and is represented by three different
levels. The term € ,,j; represents the unobserved error term. The parameters of the four
non-price attributes are characterised as random variables following a normal distribu-
tion, while the exclusion parameters are treated as fixed parameters. Following random
utility theory, marginal WTP (mWTP) for each attribute was obtained from the prefer-
ence space estimates as the ratio of the attribute and price coefficients.

In the second step, we estimated consumers’ mWTP for almonds by incorporating
both the main effects of the design attributes and interactions between the RECLAIMED
attribute and individual characteristics, to test whether these characteristics influence
consumers’ mW TP for almonds and employing the RP-MXL model in preference space.
Accordingly, the utility function (U) in our study is specified as follows:

Unjt = ASC + B1nORIGIN,yjt + Bon DESALINATED, ;4

+ BsnRECLAIMED, ;¢ + fanORGANIC,y i + B5, PRICE,,
+ Ben(RECLAIMED x GENDER), ;, + frn(RECLAIMED x AGE), 3
+ Bsn(RECLAIMED x EDUCATION),,;; + Bon(RECLAIMED x HEARING)
+ Bion(RECLAIMED x OTFOOD),, ., + B11n(RECLAIMED x WCB)

njt

njt njt + +€”ﬁ

GENDER is a dummy variable and indicates the consumer’s gender, where 0 corresponds
to males and 1 to females. AGE represents a continuous variable that represents the
consumer’s age in years. EDUCATION indicates a dummy variable that represents the
consumer’s education level, where 0 corresponds to those not having completed higher
education (no university) and 1 to those having completed higher education (univer-
sity). HEARING represents a dummy variable and indicates whether the consumer had
heard of the concept “reclaimed water” prior to the study, with 1 for the consumer hav-
ing heard of the term and 0 for not. OTy, 4 is a variable representing a positive attitude
towards openness to new sustainable food technologies. WCB is a variable representing
a positive attitude towards water conservation behaviour. The other variables are speci-
fied in the same way as in Eq. (2). In this model, the parameters of the four non-price
attributes were modelled as random parameters with normal distribution, whereas the
exclusion parameters and the interactions of the RECLAIMED with consumer charac-
teristics (such as GENDER, AGE, EDUCATION, HEARING, OTj, 4, WCB) were treated
as fixed parameters.

We estimated the RP-MXL model using Stata’s mixlogit module to obtain the regres-
sion coefficients, and the module witp to obtain the corresponding mWTP in currency
terms (i.e. €) (Hole 2007). We also computed mW TP via the delta method using non-
linear combinations of parameters (nlcom). We examined several RP-MXL models with
different numbers of draws, considering both correlated and uncorrelated variables.
Models using five hundred Halton draws with correlated variables were found to per-
form best according to the logL, AIC and BIC parameters. The marginal WTP (mW TP)
for each attribute was obtained from the preference space estimates as the ratio of the
attribute and price coefficients.
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In the third step, we identified consumer clusters using a Latent Class Mixed Logit
(LC-MXL) model (Greene and Hensher 2003), which assumes that the population can be
divided into two or more clusters, each with constant model parameters. This approach
captures consumer heterogeneity through a mixed distribution. The probability of indi-
vidual # belonging to a class s is inferred from their observed choices among alternatives
j at time ¢ and depends on the vector of observable attributes x”.

exp (x;Ltjfg s)

jﬁlexp (x;ztjﬁ s)

Probjpys = (4)
where s=1,..., s denotes the number of classes, [, is the vector of fixed parameters (con-
stants) associated with class s, and x,;; is a vector of product attributes. Choice prob-
abilities are obtained by multiplying them by the set of choices made by all individuals,
to determine probability.

To assess potential endogeneity of attitudinal variables, we applied a control-func-
tion approach following Mariel and Arata (2022), estimating auxiliary regressions and
including the corresponding residuals in the class allocation function. In the first stage,
attitudinal variables (OTg,,q4 and WCB) were regressed on sociodemographic charac-
teristics (gender, age and education) and contextual variables available in the survey,
which were used as instruments. The results of the auxiliary regressions indicate that
the instruments are statistically significant and provide sufficient explanatory power. The
residual terms are generally not statistically significant, suggesting that endogeneity is
not a major concern in our data. The detailed results of these auxiliary regressions and
the corresponding control-function specifications are reported in the supplementary
materials.

We estimated the LC-MXL model using the expectation-maximisation (EM) algo-
rithm, which provides a strong numerical stability and efficient runtime (Bhat 1997;
Pacifico and Yoo 2013; Train 2008). In Stata, we employed the [clogit2, Iclogitmi2 and
Iclogitwtp2 modules (Yoo 2020).

All the models were estimated in Stata 18.0 (Stata-Corp LP, College Station, USA).

Results

WTP estimates: main effects

Table 2 shows the results in monetary terms by reporting the mW TP of the main effects,
after estimating the RP-MXL models using Eq. (2) for Spain, Germany and Sweden,
reporting average regression coefficients with the main effects (see Table C1 in Appen-
dix D of the Additional File 1). Specifically, it shows the mWTP for origin, irrigation
(desalinated water and reclaimed water, each compared to conventional water), produc-
tion (organic compared to no information), price and opt-out, together with the cor-
responding standard errors (SE) and significance of the attributes (p-values). Across all
three countries, the opt-out value option is negative and significant in both tables, indi-
cating that consumers tend to choose one of the two product alternatives in the choice
set rather than the opt-out option.

Across the three countries, consumers are willing to pay more for almonds of EU ori-
gin in every market, with a moderate premium in Spain (mWTP: 1.21 €/200 g, p-value:
<0.001) and Germany (mWTP: 1.06 €/200 g, p-value: <0.001) and a smaller premium
in Sweden (mWTP: 8.83 kr/200 g, p-value: <0.001). Regarding the irrigation source,
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Table 2 Estimated mWTP with variables for main effects by country

Attribute Spain Germany Sweden
(N=460) (N=459) (N=452)
mWTP p-value mWTP p-value mWTP p-
(€/200 g) (SE) (€/200 g) (kr/200 g) value

(SE) (SE)

EU origin 1.21 <0.001 1.06 <0.001 8.83 <0.001
(0.12) (0.10) (0.84)

Irrigated with desali- —0.66 <0.001 -0.17(0.13) 0.195 —1.01(1.25) 0418

nated water 0.18)

Irrigated with -0.69 <0.001 —-0.01(0.13) 0.920 2.36 0.044

reclaimed water 0.19) (1.17)

Organic production 121 <0.001 1.29 <0.001 9.57 <0.001
(0.12) 0.11) (0.91)

Opt-out —6.60 <0.001 —5.13(0.28)  <0.001 —56.83 (2.76)  <0.001
041)

Note: 1kr=0.09€
mWTP =marginal willingness to pay
SE=standard error

Spanish consumers show negative WTP for almonds irrigated with desalinated water
(mWTP: —0.66 €/200 g, p-value: <0.001) and reclaimed water (mWTP: -0.69 €/200 g,
p-value: <0.001), indicating a clear penalty when these practices are applied. By contrast,
German consumers’ WTP for reclaimed and desalinated water is not significant. How-
ever, although small, Swedish consumers’ WTP for reclaimed water is positive and sta-
tistically significant (mWTP: 2.36 kr/200 g, p-value: <0.001). This may be consistent with
the conflicting opinions and the lower importance of the irrigation attribute compared
to others. For the almond production system, consumers are consistently open to paying
a premium for organic almonds, with positive valuations in all three countries: a mod-
erate premium in Spain (mWTP: 1.21 €/200 g, p-value: <0.001) and Germany (mWTP:
1.29 €/200 g, p-value: <0.001) and a smaller premium in Sweden (mWTP: 9.57 kr/200 g,
p-value: <0.001). Premiums for EU origin and organic production indicates that these
credence attributes, associated with EU standards, increase consumers’ willingness to
pay for almonds across all evaluated markets.

WTP estimates: main effects and interactions of reclaimed water with consumer
characteristics
Table 3 shows these results in monetary terms by reporting the mWTP of the main
effects and interactions with consumer characteristics, after estimating the RP-MXL
models using Eq. (3) for Spain, Germany, and Sweden, reporting average regression
coefficients with the main effects and interactions (see Table C6 in Appendix D of the
Additional File 1). Specifically, it includes the mW TP for socioeconomic variables (gen-
der, age and education), hearing (if the consumer had heard of the concept “reclaimed
water”), attitudes towards openness to new sustainable food technologies (OTy,4), and
attitude towards water conservation behaviour (WCB). In our study, we present the
main effect estimates, as well as the interactions of consumer characteristics with the
reclaimed water and the opt-out parameters. We also include the corresponding stan-
dard errors (SE) and the significance of the attributes (p-values).

The results presented in Table 5 show that consumers in all three countries are will-
ing to pay for almonds produced within the EU and using organic production systems
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Table 3 Estimated mWTP with main effects and interactions with consumer characteristics by

country
Attribute Spain Germany Sweden
(N=460) (N=459) (N=452)
mWTP p-value mWTP (€/200g) p-value mWTP p-
(€/200 g) (SE) (kr/200 g) value
(SE) (SE)
EU origin 121(0.12) <0.001 1.10 <0.001 8.75 <0.001
(0.10) (0.83)
Irrigated with desali- -0.72(0.17)  <0.001 -0.22 (0.14) 0.112 -1.02(1.21) 0.398
nated water
Irrigated with re- 0.26 (0.78) 0.736 —0.77 (0.58) 0.185 —4.56 (4.63) 0326
claimed water
Organic production 1.27 (0.14)  <0.001 1.33 <0.001 9.67 <0.001
.11 (0.92)
Opt-out -6.83(041) <0.001 —5.29 (0.30) <0.001 —57.31(2.74) <0.001
Reclaimed x Gender -0.28(0.21) 0.194 0.25 0.153 1.76 0.305
(0.17) (1.72)
Reclaimed x Age 0.00 (0.01) 0.692 0.00 0426 —0.02 (0.06) 0.768
(0.01)
Reclaimed x Education  0.03 (0.21) 0.873 -0.12(0.18) 0.508 —3.76 (1.69) 0.026
Reclaimed x Hearing 040 (0.22) 0.066 0.23 0.202 -1.35(1.82) 0.459
(0.18)
Reclaimed x OTy,oq 0.04 (0.03) 0.146 0.03 0.234 0.22 0.278
(0.02) (0.20)
Reclaimed x WCB —0.03 (0.02) 0.040 0.00 0.809 0.14 0.164
(0.01) (0.10)

Note: Tkr=0.09€
mWTP =marginal willingness to pay

SE=standard error

(p-values: <0.001) in the same order as in the previous table, with the price value being
negative and significant (p-values: <0.001). The interactions between RECLAIMED and
consumer characteristics have a limited influence on WTP for almonds. Among Spanish
consumers, the only significant interaction is with water conservation behaviour (WCB):
higher WCB is associated with a lower WTP for almonds irrigated with reclaimed water
(mWTP: -0.03 €/200 g, p-value: 0.040). In Germany, no interaction is significant, indi-
cating that WTP for reclaimed irrigation is not moderated by the characteristics con-
sidered. For Sweden, education shows a negative association with WTP for reclaimed
irrigation (mWTP: -3.76 kr/200 g, p-value: 0.026), whereas the remaining interactions
are not significant (p-values>0.164). Overall, these results suggest that favourable atti-
tudes towards water conservation in Spain may be associated with a lower willingness
to pay for almonds irrigated with reclaimed water, while the interactions do not signifi-
cantly moderate preferences in Germany and only a slight negative association with edu-
cation is observed in Sweden.

WTP estimates: latent class mixed logit (LC-MXL) model

Table 4 presents the results of the LC-MXL model with the three-cluster solution for
Spain, including the mWTP for origin, irrigation (desalinated water and reclaimed
water), production (no information vs. organic production), price, and opt-out param-
eters. Group 1 (“Undecided”: 279 consumers, 60.6% of the sample) is the largest group
and includes consumers that show no strong significant preference for any of the attri-
butes studied. Group 2 (“European water traditionalist” 91 consumers, 19.8% of the
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Table 4 Estimated mWTPs from the LC-MXL model for Spain

Attribute Group 1 Group 2 Group 3
Undecided European water traditionalist ~ European strong water
(N=279) (N=91) traditionalist

(N=90)

mWTP p-value mWTP (€/200 g) p-value mWTP (€/200g) p-
(€/200 g) (SE) (SE) value
(SE)

EU origin —2.96 0.897 1.26 <0.001 1.24 <0.001
(22.92) 0.12) 0.21)

Irrigated with —8.12 0.844 -0.61 <0.001 -149 <0.001

desalinated (41.34) 0.17) (0.24)

water

Irrigated with 15.34 0.844 -0.37 0.041 —2.21 <0.001

reclaimed water  (78.04) (0.18) (0.31)

Organic —105.15 0.844 0.40 0.002 0.59 0.003

production (524.75) (0.13) (0.20)

Opt-out 22.54 0.864 -10.84 <0.001 -3.14 <0.001
(131.21) (0.72) (0.26)

logL -2688.05

df 20

AIC 5416.09

BIC 5416.71

mWTP =marginal willingness to pay
SE=standard error
BIC=Bayesian information criterion

sample) shows a slight negative attitude towards almonds irrigated with desalinated
water (-0.61 €/200 g, p-value: <0.001) and for almonds irrigated with reclaimed water
(- 0.37 €/200 g, p-value: 0.041), with consumers in this group being willing to pay a small
premium price for almonds of EU origin and organic production. Group 3 (“European
strong water traditionalist” 90 consumers, 19.6% of the sample) shows a moderate and
negative attitude towards almonds irrigated with desalinated water (-1.49 €/200 g,
p-value: <0.001) and for almonds irrigated with reclaimed water (-2.21 €/200 g, p-value:
<0.001), with these consumers being willing to pay a small premium price for almonds
of EU origin and organic production. These results show that the negative willingness to
pay for desalinated and reclaimed water in Spain is concentrated within two consumer
segments that together account for 39.4% of the sample, whereas the majority of Spanish
consumers show no significant aversion to alternative water sources.

Table 5 shows the results of the LC-MXL model for Germany with the three-cluster
solution. Group 1 (“Undecided”: 228 consumers 49,7% of the sample) includes the high-
est percentage of consumers and includes those with no particular preference for any
of the attributes studied. Group 2 (“European water traditionalist”. 106 consumers,
23.1% of the sample) shows the highest willingness to pay for EU almonds (1.26 €/200 g,
p-value: <0.001) and a moderate and positive preference for organic almonds (0.46
€/200 g, p-value: <0.001). Moreover, this group shows moderate and negative attitudes
towards almonds irrigated with desalinated water (-0.51 €/200 g, p-value: 0.004), but
not towards reclaimed water. Consumers in Group 3 (“Organic European”: 125 consum-
ers, 27.2% of the sample) are willing to pay the highest premium price for EU origin (0.95
€/200 g, p-value: <0.001) and organic almonds (0.86 €/200 g, p-value: <0.001), but show
no significant preferences for the water sources proposed.
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Table 5 Estimated mWTPs from the LC-MXL model for Germany

Attribute Group 1 Group 2 Group 3
Undecided European water traditionalist Organic European
(N=228) (N=106) (N=125)
mWTP p-value mWTP (€/200g) p-value mWTP p-
(€/200 g) (SE) (SE) (€/200 g) value

(SE)

EU origin 521 0.725 1.26 <0.001 0.95 <0.001
(14.85) 0.11) (0.15)

Irrigated with de-  0.22 0.982 —0.51 0.004 -0.15 0.445

salinated water (9.38) 0.18) (0.19)

Irrigated with —8.86 0.736 -0.11 0.553 -0.34 0.102

reclaimed water  (26.33) 0.18) 0.21)

Organic 73.58 0.728 0.46 <0.001 0.86 <0.001

production (211.88) (0.13) (0.14)

Opt-out —41.26 0.703 -9.02 <0.001 —2.25 <0.001
(108.39) (0.64) (0.24)

logL -2691.70

df 20

AlC 542341

BIC 5505.99

mWTP =marginal willingness to pay
SE=standard error

BIC=Bayesian information criterion

Table 6 Estimated mWTPs from the LC-MXL model for Sweden

Attribute Group 1 Group 2 Group 3
Undecided Organic European Eco-water European
(N=116) (N=239) (N=97)
mWTP p-value mWTP p-value mWTP p-value
(kr/200 g) (kr/200 g) (kr/200 g)
(SE) (SE) (SE)

EU origin 0.263 0.770 32.60 <0.001 7.83 <0.001
(2.15) (6.25) (1.24)

Irrigated with desali- -3.24 0.386 -0.37 0.931 0.26 0.875

nated water (3.74) (4.31) (1.71)

Irrigated with 1.74 0527 —7.67 0.139 531 0.001

reclaimed water (2.75) (5.19) (1.60)

Organic production  4.33 0.015 3876 <0.001 5.99 <0.001
(1.77) (7.17) (1.25)

Opt-out —66.63 <0.001 —132.72 <0.001 -25.69 <0.001
(9.17) (19.88) (1.70)

loglL -2568.68

df 20

AlC 5177.36

BIC 5259.63

Note: 1kr=0.09€
mWTP =marginal willingness to pay
SE=standard error

BIC=Bayesian information criterion

Table 6 presents the results of the LC-MXL model for Sweden with the three-cluster
solution. Group 1 (“Undecided”: 116 consumers, 25.7% of the sample), unlike the seg-
ment in Spain and Germany, includes an average percentage of consumers that show a
small preference for organic almonds (4.33 kr/200 g, p-value: 0.015), although they show
no particular preference for any of the other attributes. Group 2 (“Organic European”:
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239 consumers, 52.8% of the sample) includes the highest WTP for both organic
almonds (38.76 kr/200 g, p-value: <0.001) and almonds of EU origin (32.60 kr/200 g,
p-value: <0.001) with no preference for any of the proposed water sources. Consumers
in Group 3 (“Eco-water European”: 97 consumers, 21.5% of the sample) are willing to
pay a premium price for almonds irrigated with reclaimed water (5.31 kr/200 g, p-value:
0.001) and also for almonds with EU origin (7.83 kr/200 g, p-value: <0.001) and organic
almonds (5.99 kr/200 g, p-value: <0.001). This is the only segment across the countries
evaluated in which consumers may show positive attitudes towards one of proposed
alternative water sources.

Discussion

This study evaluated and compared consumer attitudes in three European countries
toward non-conventional water irrigation sources, together with the EU origin and
organic production labels in almond production. The results show different attitudes
towards the parameters evaluated in these countries. Our multi-country experiment
reveals a consistent premium for EU origin in the three countries. These results align
with the credence-attribute literature, which documents that origin information strongly
shapes food choices in Europe (Lagerkvist et al. 2014; Thegersen 2023). Furthermore,
reliable EU frameworks reinforce the credibility associated with origin as an indica-
tor of quality and sustainability (Grunert and Aachmann 2016). The results of previous
European studies corroborate a premium for EU origin across food categories. For olive
oil, Roselli et al. (2020) find positive valuation for Italy/EU and a significant penalty for
non-EU origin. For beef, Lagerkvist et al. (2014) confirm the importance of EU vs. non-
EU origin information as a determinant factor of choice. Beyond regulatory credibility,
part of the EU origin premium is also consistent with consumer ethnocentrism and local
support motives, whereby consumers pay more attention to origin and prefer local or
regional options (Fernandez-Ferrin et al. 2019; Thegersen 2023; Van Loo et al. 2019).

Regarding organic production, consumers from all three countries show a willingness
to pay a premium for the organic label. A meta-analysis of 80 studies identifies organic
as one of the strongest sustainability attributes of WTP, with high premiums in Europe
(on par with Asia and higher than in North America) (Li and Kallas 2021). In our study,
consumers show a significant WTP for organic almonds, which may be driven by health
considerations, environmental values, perceived quality and trust in certification, as dis-
cussed in the study by Katt and Meixner (2020). These results are in line with specific
evidence for almonds: in a non-hypothetical choice experiment in Spain, de Magistris
and Gracia (2016) reported clear premiums for organic almonds.

However, consumer attitudes towards irrigation water source in agriculture are het-
erogeneous. In Spain, consumers show a negative WTP for almonds irrigated with
desalinated and reclaimed water. This preference for conventional water over reclaimed
or desalinated water has also been reported in the study by Ellis et al. (2022), which also
reported a preference for conventional water over recycled or desalinated water. The low
preference of consumers for desalinated water could be explained by the perception of
it being expensive due to its high energy demand or its associated environmental bur-
dens (Eke et al. 2020; Elsaid et al. 2020). More generally, it may also reflect a percep-
tion of inferior quality for these water sources (Gémez-Ramos et al. 2024), which could
also affect the quality of food produced using it. The negative attitude towards reclaimed
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water found among Spanish consumers may be consistent with the study conducted by
Savchenko et al. (2018) in the U.S., which reported a lower WTP for fresh foods pro-
duced with recycled water. In terms of plausible determinants, disgust, neophobia
and safety concerns are likely the factors underlying rejection of foods produced with
reclaimed water, due to the importance of its origin and/or concern about the possible
health risks (Savchenko et al. 2019; Verhoest et al. 2022). It has also been proved that
emphasising the risks associated with the source of irrigation reduces WTP for products
irrigated with non-conventional water and provokes aversion and neophobia responses
(Savchenko et al. 2019). In contrast, our results indicate that in Germany and Sweden,
the average mW TP for desalinated and reclaimed water does not significantly differ from
zero, except for reclaimed water in Sweden, where consumers are willing to pay more for
it. This finding can be interpreted as a mixture of ambiguous preferences and attitudes:
some respondents value this type of sustainable practice while others remain cautious.
Although Ellis et al. (2022) suggest a preference for irrigation with desalinated water
over recycled water, our study shows no clear preference for desalinated or reclaimed
water. Other studies document mixed attitudes on the use of desalinated and reclaimed
water for irrigation (Aznar-Sdnchez et al. 2021; Villacorta-Ranera et al. 2025), which is
consistent with the heterogeneity of our results. However, by presenting the first cross-
country study on the acceptance of these water sources, our research confirms the exis-
tence of heterogeneity across countries.

This study found a significant interaction between WTP for almonds irrigated with
reclaimed water and the attributes of water conservation behaviour (WCB) and educa-
tion level. In Spain, the strongest WCB is negatively associated with WTP for almonds
irrigated with reclaimed water. This is compatible with evidence that, when reuse
risks are known, WTP falls and disgust/neophobia dominate responses (Savchenko et
al. 2018, 2019). At the same time, WCB tracks conservation intentions but does not
guarantee acceptance of reuse in the absence of clear safety/risk-management cues, as
consumer acceptance studies show (Garcia-Cuerva et al. 2016; Verhoest et al. 2022).
In Sweden, a higher level of education is negatively associated with WTP for almonds
irrigated with reclaimed water. This results runs counter to other studies, where higher
education level is positively associated with the acceptance of reclaimed water (Garcia-
Cuerva et al. 2016). However, Savchenko et al. (2019) suggest that among U.S. consum-
ers a higher level of education does not increase the acceptance of reclaimed irrigation
water sources. This reported finding may result from higher education levels and greater
knowledge leading consumers to be more risk-averse, thereby reducing their acceptance
of reclaimed water use.

Meanwhile, a latent-class structure identifies three notable segments: (i) In all three
countries, there is an undecided majority that attaches weak importance to attributes;
(ii) European water traditionalist groups emerge in Spain and Germany. These seg-
ments highly value EU origin and organic production, while penalising non-conven-
tional irrigation; (iii) Specifically in Sweden, an eco-water European segment that values
reclaimed water alongside EU origin and ecological attributes appears. This structure
may be explained by referring to the cultural divisions that exist in European consum-
ers: the northern context emphasises industrial efficiency and innovation, while south-
ern contexts prioritise territorial social and cultural integration (Parrott et al. 2002).
Moreover, several studies have reported that Northern European countries are more
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pro-environmental (Gémez-Romdn et al. 2021) and circular (Nieto-Villegas et al. 2025)
than Southern European countries. The largest undecided and the two traditionalist
Spanish segments fit this southern profile, while the Swedish segment that values posi-
tively reclaimed water is an example of the innovation-oriented food culture of Northern
Europe.

This pattern may also align with differences between countries in terms of food tech-
nology neophobia, which tends to be lower in Nordic countries and higher in Southern
Europe (Rabaddn and Bernabéu 2021; Wendt and Weinrich 2023), as Nordic consumers
consider innovation and environmental technologies to be a key driver for a green econ-
omy (Khan et al. 2021). Moreover, consumers with lower food technology neophobia,
greater knowledge about food and greater concern for sustainability are more likely to
adopt new sustainable technologies (Siegrist and Hartmann 2020). This may help explain
why the reported more pro-sustainability segment in Sweden positively values irrigation
with reclaimed water accompanied by EU/organic trust signals. In this regard, the inte-
gration of novel water sources into almond production in the EU is viable if accompanied
by reliable credibility signals (EU origin, organic label). This is consistent with Aminra-
van et al. (2025), who conclude that consumers’ willingness to pay for eco-labelled food
is largely due to trust and positive attitudes towards existing certification systems.

Conclusions

This study demonstrates that European consumers respond heterogeneously to the use
of novel water sources for irrigation. A notable cross-country conclusion is that Spain,
despite being the EU country with the highest use of non-conventional water in agricul-
ture, is the country where consumers show the greatest aversion. The source of irriga-
tion water is rarely disclosed, and so the average consumer is unaware of this attribute.
Consequently, attitudes towards non-conventional waters are primarily formed based on
credibility signals and the communicative framework, rather than direct verification of
the attribute. In contrast, acceptance is relatively higher in the northern countries in our
study (Germany and Sweden), in line with more environmentally-friendly attitudes and
more openness to the use of technologies. In other words, acceptance seems to depend
less on basic “knowledge” of “familiarity” and more on the interaction between culture
and environmental concerns.

Conversely, value credibility attributes, such as EU origin and organic certification,
generate a positive WTP across markets, while reactions to irrigation water sources are
heterogeneous and dependent on the context of each country. This heterogeneity fur-
ther reveals the coexistence of certain segments: tradition-oriented consumers who rely
on familiar signals (EU origin and organic production) and tend to dismiss food pro-
duced with non-conventional irrigation water; a sizable undecided group with no clear
preference but who do not refuse the preference of food produced with desalinated and
reclaimed irrigation water; and innovation-oriented consumers who evaluate reclaimed
water more favourably in food production when combined with EU origin and organic
production.

Taken together, these findings support the market-compatible integration of non-
conventional waters into EU agricultural production, even within certified organic pro-
duction. The findings suggest that, first, non-conventional irrigation water should be
accompanied by credibility attributes already valued (EU origin and organic production
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certification) to buffer ambiguity, leverage existing trust and capture willingness to
pay. Secondly, communication should be segmented: emphasising water sustainability
and circularity for innovation-open segments, while highlighting compliance, control
and oversight for more traditionalist consumers. Under these conditions, desalinated
and reclaimed water can be used in food production with organic standards and cre-
ate added value within the EU, reinforcing water resilience without penalising consumer
acceptance.

Nevertheless, this study has limitations that condition the scope of its conclusions
and point to priorities for future work. The empirical data come from a limited set of
countries and a single product category, which limits external validity in other countries,
regions with different water stress profiles and other foods, where the importance of the
quality of the water used for irrigation may vary. Future research should expand geo-
graphical coverage within and beyond Europe and compare products (fresh versus pro-
cessed). Consumer acceptance is fundamental to market acceptance and policy viability.
However, it must be balanced with up-to-date data on human health, environmental
results, agronomic performance, energy consumption and costs. The widespread use of
non-conventional water in EU agriculture must be based on non-hypothetical evidence
and an interdisciplinary synthesis that integrates toxicological and microbiological risk
assessment, life cycle and water, energy and nutrient balance, as well as economic mod-
els linked to consumer demand.

Supplementary Information
The online version contains supplementary material available at https://doi.org/10.1186/540100-026-00485-8.

[ Supplementary Material 1 ]

Author contributions

RNV: Conceptualization, Methodology, Investigation, Data Curation, Formal Analysis, Writing—Original Draft, Writing—
Review & Editing. MB: Investigation, Formal analysis, Conceptualization, Writing—Review and Editing. LMC: Investigation,
Formal analysis, Conceptualization, Writing—Review and Editing. APC: Investigation, Formal analysis, Conceptualization,
Writing—Review and Editing. RB: Project administration, Investigation, Formal analysis, Resources, Writing—Review

and Editing & Supervision. AR: Funding acquisition, Conceptualization, Methodology, Investigation, Resources, Formal
Analysis, Writing—Original Draft, Supervision, Writing—Review and Editing.

Funding

This research was funded by Castilla-La Mancha Regional Government and the European Regional Development Fund
(SBPLY/21/180501/000037) and the University of Castilla-La Mancha Research Plan (Agri-Food and Forest Economics.
Bioeconomy Group, BIOECO), with 85% co-funding from the European Regional Development Fund (ERDF) (2022-GRIN-
34755 and 2025-GRIN-38528).

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

The Research Ethics Committee of the University of Castilla-La Mancha granted full approval of this study under
reference number CEIS-2024-86313. The participants provided informed consent to participate in the research after
reading important information in the introduction section, including details about privacy protection, their rights,
and what they could do in the stress situation, during the survey. The research was conducted in accordance with the
Declaration of Helsinki.

Declaration of generative Al and Al-assisted technologies in the writing process

During the preparation of this work the authors used GPT-5 mini model in order to spell check and grammar check
the manuscript. After using this tool/service, the authors reviewed and edited the content as needed and take full
responsibility for the content of the published article.

Competing interests
The authors declare no competing interests.


https://doi.org/10.1186/s40100-026-00485-8

Nieto-Villegas et al. Agricultural and Food Economics (2026) 14:41 Page 17 of 19

Received: 29 November 2025 / Revised: 30 March 2026 / Accepted: 24 April 2026
Published online: 12 May 2026

References

Abou Jaoude L, Kamaleddine F, Bou Said R, Mohtar RH, Dbaibo R, Yanni SF (2025) Treated wastewater reuse and its impact on
soil properties and potato and corn growth. Sci Total Environ 958:178130. https://doi.org/10.1016/j.scitotenv.2024.178130

Aminravan M, Kaliji SA, Mulazzani L, Rota C, Camanzi L (2025) Ecolabels as a means to satisfy consumers’environmental con-
cerns, need for information, and trust in short fruit and vegetable supply chains: a cross-national study. Agricultural Food
Econ 13(1):24. https://doi.org/10.1186/540100-025-00369-3

Aznar-Sanchez JA, Belmonte-Urena LJ, Velasco-Munoz JF, Valera DL (2021) Farmers' profiles and behaviours toward desalinated
seawater for irrigation: Insights from South-east Spain. J Clean Prod 296:126568. https://doi.org/10.1016/jjclepro.2021.12
6568

Berthold A, ColognaV, Siegrist M (2022) The influence of scarcity perception on people’s pro-environmental behavior and their
readiness to accept new sustainable technologies. Ecol Econ 196:107399. https://doi.org/10.1016/j.ecolecon.2022.107399

Bhat CR (1997) An Endogenous Segmentation Mode Choice Model with an Application to Intercity Travel. Transport Sci
31(1):34-48. https://doi.org/10.1287/trsc.31.1.34

CBI (Centre for the Promotion of Imports from Developing Countries from the Netherlands Ministry of Foreign Affairs) (2019)
Exporting almonds to Europe. https://www.cbi.eu/market-information/processed-fruit-vegetables-edible-nuts/almonds

ChenW, Lu'S, Jiao W, Wang M, Chang AC (2013) Reclaimed water: A safe irrigation water source? Environ Dev 8:74-83. https.//d
0i.org/10.1016/j.envdev.2013.04.003

Council Directive (1991) Council Directive of 21. May 1991 concerning urban waste water treatment (91/271/EEC). J. Eur. Com-
mun, 40

de Magistris T, Gracia A (2016) Consumers' willingness-to-pay for sustainable food products: the case of organically and locally
grown almonds in Spain. J Clean Prod 118:97-104. https://doi.org/10.1016/jjclepro.2016.01.050

Dolnicar S, Schéfer Al (2009) Desalinated versus recycled water: Public perceptions and profiles of the accepters. J Environ Man-
age 90(2):888-900. https://doi.org/10.1016/jjenvman.2008.02.003

Dolnicar S, Hurlimann A, Griin B (2011) What affects public acceptance of recycled and desalinated water? Water Res 45(2):933—
943. https://doi.org/10.1016/j.watres.2010.09.030

EC (2024) Commission Delegated Regulation (EU) 2024/1765 of 11 March 2024 Supplementing Regulation (EU) 2020/741 of
the European Parliament and of the Council with Regard to Technical Specifications of the key Elements of Risk Manage-
ment. https;//eur-lex.europa.eu/eli/reg_del/2024/1765/0j/eng

EC (European Commission) (2018) Managing water resources more efficiently and facilitating water reuse in the EU. https://envi
ronment.ec.europa.eu/topics/water/water-reuse_en

EC (European Commission) (2020) A new circular economy action plan for a cleaner and more competitive Europe
[COM/2020/98 finall. EUR-Lex. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52020DC0098

EEA (European Environment Agency) (2024) Europe’s state of water 2024: the need for improved water resilience. Publ Off Eur
Union. https://doi.org/10.2800/02236

Egea G, Nortes PA, Gonzalez-Real MM, Baille A, Domingo R (2010) Agronomic response and water productivity of almond trees
under contrasted deficit irrigation regimes. Agric Water Manage 97(1):171-181. https://doi.org/10.1016/j.agwat.2009.09.0
06

Eke J, Yusuf A, Giwa A, Sodiq A (2020) The global status of desalination: An assessment of current desalination technologies,
plants and capacity. Desalination 495:114633. https://doi.org/10.1016/j.desal.2020.114633

Ellis SF, Kecinski M, Messer KD, Lipchin C (2022) Consumer perceptions after long-term use of alternative irrigation water: A field
experiment in Israel. Appl Economic Perspect Policy 44(2):1003-1020. https://doi.org/10.1002/aepp.13162

Elsaid K, Kamil M, Sayed ET, Abdelkareem MA, Wilberforce T, Olabi A (2020) Environmental impact of desalination technologies:
A review. Sci Total Environ 748:141528. https://doi.org/10.1016/j.scitotenv.2020.141528

EU Parliament Council (2020) Regulation (EU) 2020/741 of the European Parliament and of the Council of 25 May 2020 on
Minimum Requirements for Water Reuse. Off J Eur Union L, L177

Eurostat (2024) The fruit and vegetable sector in the EU - a statistical overview. https://ec.europa.eu/eurostat/statistics-explaine
d/index.php?title=The_fruit_and_vegetable_sector_in_the_EU_-_a_statistical_overview

FAO (Food and Agriculture Organization of the United Nations) (2017) Water for Sustainable Food and Agriculture: A report
produced for the G20 Presidency of Germany

Ferndndez-Ferrin P, Bande B, Galdn-Ladero MM, Martin-Consuegra D, Diaz E, Castro-Gonzélez S (2019) Geographical indica-
tion food products and ethnocentric tendencies: The importance of proximity, tradition, and ethnicity. J Clean Prod
241:118210. https://doi.org/10.1016/}jclepro.2019.118210

Fielding KS, Dolnicar S, Schultz T (2019) Public acceptance of recycled water. Int J Water Resour Dev 35(4):551-586. https://doi.o
rg/10.1080/07900627.2017.1419125

Garcia-Cuerva L, Berglund EZ, Binder AR (2016) Public perceptions of water shortages, conservation behaviors, and support for
water reuse in the USS. Resour Conserv Recycl 113:106-115. https://doi.org/10.1016/j.resconrec.2016.06.006

Gomez-Ramos A, Blanco-Gutiérrez |, Ballesteros-Olza M, Esteve P (2024) Are Non-Conventional Water Resources the Solution
for the Structural Water Deficit in Mediterranean Agriculture? The Case of the Segura River Basin in Spain. Water 16(7):929.
https://doi.org/10.3390/w 16070929

Gomez-Roman C, Lima ML, Seoane G, Alzate M, Dono M, Sabucedo J-M (2021) Testing Common Knowledge: Are Northern
Europeans and Millennials More Concerned about the Environment? Sustainability 13(1):45. https://doi.org/10.3390/su13
010045

Greene WH, Hensher DA (2003) A latent class model for discrete choice analysis: contrasts with mixed logit. Transp Res Part B:
Methodological 37(8):681-698. https://doi.org/10.1016/50191-2615(02)00046-2

Grunert KG, Aachmann K (2016) Consumer reactions to the use of EU quality labels on food products: A review of the literature.
Food Control 59:178-187. https://doi.org/10.1016/j.foodcont.2015.05.021

Hole AR (2007) Fitting mixed logit models by using maximum simulated likelihood. stata J 7(3):388-401


https://doi.org/10.1016/j.scitotenv.2024.178130
https://doi.org/10.1186/s40100-025-00369-3
https://doi.org/10.1016/j.jclepro.2021.126568
https://doi.org/10.1016/j.jclepro.2021.126568
https://doi.org/10.1016/j.ecolecon.2022.107399
https://doi.org/10.1287/trsc.31.1.34
https://www.cbi.eu/market-information/processed-fruit-vegetables-edible-nuts/almonds
https://doi.org/10.1016/j.envdev.2013.04.003
https://doi.org/10.1016/j.envdev.2013.04.003
https://doi.org/10.1016/j.jclepro.2016.01.050
https://doi.org/10.1016/j.jenvman.2008.02.003
https://doi.org/10.1016/j.watres.2010.09.030
https://eur-lex.europa.eu/eli/reg_del/2024/1765/oj/eng
https://environment.ec.europa.eu/topics/water/water-reuse_en
https://environment.ec.europa.eu/topics/water/water-reuse_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52020DC0098
https://doi.org/10.2800/02236
https://doi.org/10.1016/j.agwat.2009.09.006
https://doi.org/10.1016/j.agwat.2009.09.006
https://doi.org/10.1016/j.desal.2020.114633
https://doi.org/10.1002/aepp.13162
https://doi.org/10.1016/j.scitotenv.2020.141528
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=The_fruit_and_vegetable_sector_in_the_EU_-_a_statistical_overview
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=The_fruit_and_vegetable_sector_in_the_EU_-_a_statistical_overview
https://doi.org/10.1016/j.jclepro.2019.118210
https://doi.org/10.1080/07900627.2017.1419125
https://doi.org/10.1080/07900627.2017.1419125
https://doi.org/10.1016/j.resconrec.2016.06.006
https://doi.org/10.3390/w16070929
https://doi.org/10.3390/su13010045
https://doi.org/10.3390/su13010045
https://doi.org/10.1016/S0191-2615(02)00046-2
https://doi.org/10.1016/j.foodcont.2015.05.021

Nieto-Villegas et al. Agricultural and Food Economics (2026) 14:41 Page 18 of 19

Jodar-Abellan A, Albaladejo-Garcia JA, Aznar-Crespo P, de los Santos MB, Seyed Asadollah SBH, Derdour A, Martinez-Nicolas
JJ, Melgarejo P, Prats D, Serrano-Bernardo F (2024) Exploring expert perceptions towards emerging pollutants and their
impacts in reused wastewater and agriculture. Agric Water Manage 304:109098. https://doi.org/10.1016/j.agwat.2024.10
9098

Karimidastenaei Z, Avellan T, Sadegh M, Kleve B, Haghighi AT (2022) Unconventional water resources: Global opportunities and
challenges. Sci Total Environ 827:154429. https://doi.org/10.1016/j.scitotenv.2022.154429

Katt F, Meixner O (2020) A systematic review of drivers influencing consumer willingness to pay for organic food. Trends Food
Sci Technol 100:374-388. https://doi.org/10.1016/j.tifs.2020.04.029

Khan J, Johansson B, Hildingsson R (2021) Strategies for greening the economy in three Nordic countries. Environ Policy Gov
31(6):592-604. https://doi.org/10.1002/eet.1967

Lagerkvist CJ, Berthelsen T, Sundstrém K, Johansson H (2014) Country of origin or EU/non-EU labelling of beef? Comparing
structural reliability and validity of discrete choice experiments for measurement of consumer preferences for origin and
extrinsic quality cues. Food Qual Prefer 34:50-61. https://doi.org/10.1016/j.foodqual.2013.12.009

Lancaster KJ (1966) A new approach to consumer theory. J Polit Econ 74(2):132-157

Li S, Kallas Z (2021) Meta-analysis of consumers'willingness to pay for sustainable food products. Appetite 163:105239. https://d
o0i.org/10.1016/j.appet.2021.105239

Lusk JL (2003) Effects of Cheap Talk on Consumer Willingness-to-Pay for Golden Rice. Am J Agric Econ 85(4):840-856. http://ww
wjstor.org/stable/1244768

Mariel P, Arata L (2022) Incorporating attitudes into the evaluation of preferences regarding agri-environmental practices. J
Agric Econ 73(2):430-451. https://doi.org/10.1111/1477-9552.12456

Martinez-Alvarez V, Bar-Tal A, Diaz Pefia FJ, Maestre-Valero JF (2020) Desalination of Seawater for Agricultural Irrigation. Water
12(6):1712. https://doi.org/10.3390/w12061712

Martinez-Alvarez V, Imbernén-Mulero A, Gallego-Elvira B, Soto-Garcia M, Maestre-Valero JF (2023) Multidisciplinary assessment
of the agricultural supply of desalinated seawater in south-eastern Spain. Desalination 548:116252. https://doi.org/10.101
6/j.desal.2022.116252

Martinez-Granados D, Calatrava J (2014) The role of desalinisation to address aquifer overdraft in SE Spain. J Environ Manage
144:247-257. https://doi.org/10.1016/j jenvman.2014.06.003

McFadden D (1974) Conditional Logit Analysis of Qualitative Choice Behaviour. Frontiers in Econometrics. Academic, ed. P.
Zarembka.(New York

Meade AW, Craig SB (2012) Identifying careless responses in survey data. Psychol Methods 17(3):437

Mizyed A (2025) A strategic framework for reusing partially treated wastewater in agriculture: Viability and sustainability pros-
pects. Agric Water Manage 317:109676. https://doi.org/10.1016/j.agwat.2025.109676

Moldero D, Lépez-Bernal A, Testi L, Lorite IJ, Fereres E, Orgaz F (2022) Almond responses to a single season of severe irrigation
water restrictions. Irrig Sci 40(1):1-11. https://doi.org/10.1007/500271-021-00750-2

Nieto-Villegas R, Bernabéu R, Rabadan A (2025) European consumer preferences for circular economy practices in chicken meat
production: a multi-country investigation using choice experiments. Br Food J 1-18. https://doi.org/10.1108/bf}-01-202
5-0103

OpenAl (2025) ChatGPT. https://chatgpt.com/

Ornelas Herrera SI, Baba Y, Kallas Z, Meers E, Michels E, Hajdu Z, Spicnagel AM (2025) The role of environmental attitudes and
consumption patterns in consumers' preferences for sustainable food from circular farming system: a six EU case studies.
Agricultural Food Econ 13(1):7. https://doi.org/10.1186/540100-025-00350-0

Pacifico D, Yoo H (2013) Lclogit: A Stata Command for Fitting Latent-Class Conditional Logit Models via the Expectation-Maximi-
zation Algorithm. Stata J 13(3):625-639. https://doi.org/10.1177/1536867x1301300312

Palatnik RR, Raviv O, Sirota J, Shechter M (2025) Water scarcity and food security in the mediterranean region: The role of
alternative water sources and controlled-environment agriculture. Water Resour Econ 49:100256. https://doi.org/10.1016/
jwre.2025.100256

Panagopoulos A, Haralambous K-J (2020) Environmental impacts of desalination and brine treatment - Challenges and mitiga-
tion measures. Mar Pollut Bull 161:111773. https://doi.org/10.1016/j.marpolbul.2020.111773

Parrott N, Wilson N, Murdoch J (2002) Spatializing quality: Regional protection and the alternative geography of food [Article].
Eur Urban Reg Stud 9(3):241-261. https://doi.org/10.1177/0967642002009003878

Pistocchi A, Aloe A, Dorati C, ALCALDE S, Bouraoui F, GAWLIK B, Grizzetti B, Pastori M, Vigiak O (2017) The potential of water
reuse for agricultural irrigation in the EU: A Hydro-Economic Analysis

Rabadan A, Bernabéu R (2021) A systematic review of studies using the Food Neophobia Scale: Conclusions from thirty years of
studies. Food Qual Prefer 93:104241. https://doi.org/10.1016/jfoodqual.2021.104241

Ricart S, Villar-Navascués RA, Herndndez-Herndndez M, Rico-Amords AM, Olcina-Cantos J, Molté-Mantero E (2021) Extending
Natural Limits to Address Water Scarcity? The Role of Non-Conventional Water Fluxes in Climate Change Adaptation
Capacity. Rev Sustain 13(5):2473. https://doi.org/10.3390/su13052473

Romero-Trigueros C, Cabafero JJ, Tortosa PA, Gambin JM, Maestre-Valero JF, Nicolas EN (2020) Medium-long term effects of
saline reclaimed water and regulated deficit irrigation on fruit quality of citrus. J Sci Food Agric 100(3):1350-1357. https://
doi.org/10.1002/jsfa.10091

Rose JM, Bliemer MCJ (2009) Constructing Efficient Stated Choice Experimental Designs. Transp Reviews 29(5):587-617. https://
doi.org/10.1080/01441640902827623

Roselli L, Cicia G, Del Giudice T, Cavallo C, Vecchio R, Carfora V, Caso D, Sardaro R, Carlucci D, De Gennaro B (2020) Testing con-
sumers'acceptance for an extra-virgin olive oil with a naturally increased content in polyphenols: The case of ultrasounds
extraction. J Funct Foods 69:103940. https://doi.org/10.1016/}jff.2020.103940

Savchenko OM, Kecinski M, Li T, Messer KD, Xu H (2018) Fresh foods irrigated with recycled water: A framed field experiment on
consumer responses. Food Policy 80:103-112. https://doi.org/10.1016/j.foodpol.2018.09.005

Savchenko OM, Kecinski M, Li T, Messer KD (2019) Reclaimed water and food production: Cautionary tales from consumer
research. Environ Res 170:320-331. https://doi.org/10.1016/j.envres.2018.12.051

Siegrist M (2008) Factors influencing public acceptance of innovative food technologies and products. Trends Food Sci Technol
19(11):603-608. https://doi.org/10.1016/j.tifs.2008.01.017


https://doi.org/10.1016/j.agwat.2024.109098
https://doi.org/10.1016/j.agwat.2024.109098
https://doi.org/10.1016/j.scitotenv.2022.154429
https://doi.org/10.1016/j.tifs.2020.04.029
https://doi.org/10.1002/eet.1967
https://doi.org/10.1016/j.foodqual.2013.12.009
https://doi.org/10.1016/j.appet.2021.105239
https://doi.org/10.1016/j.appet.2021.105239
http://www.jstor.org/stable/1244768
http://www.jstor.org/stable/1244768
https://doi.org/10.1111/1477-9552.12456
https://doi.org/10.3390/w12061712
https://doi.org/10.1016/j.desal.2022.116252
https://doi.org/10.1016/j.desal.2022.116252
https://doi.org/10.1016/j.jenvman.2014.06.003
https://doi.org/10.1016/j.agwat.2025.109676
https://doi.org/10.1007/s00271-021-00750-2
https://doi.org/10.1108/bfj-01-2025-0103
https://doi.org/10.1108/bfj-01-2025-0103
https://chatgpt.com/
https://doi.org/10.1186/s40100-025-00350-0
https://doi.org/10.1177/1536867x1301300312
https://doi.org/10.1016/j.wre.2025.100256
https://doi.org/10.1016/j.wre.2025.100256
https://doi.org/10.1016/j.marpolbul.2020.111773
https://doi.org/10.1177/0967642002009003878
https://doi.org/10.1016/j.foodqual.2021.104241
https://doi.org/10.3390/su13052473
https://doi.org/10.1002/jsfa.10091
https://doi.org/10.1002/jsfa.10091
https://doi.org/10.1080/01441640902827623
https://doi.org/10.1080/01441640902827623
https://doi.org/10.1016/j.jff.2020.103940
https://doi.org/10.1016/j.foodpol.2018.09.005
https://doi.org/10.1016/j.envres.2018.12.051
https://doi.org/10.1016/j.tifs.2008.01.017

Nieto-Villegas et al. Agricultural and Food Economics (2026) 14:41 Page 19 of 19

Siegrist M, Hartmann C (2020) Consumer acceptance of novel food technologies. Nat Food 1(6):343-350. https://doi.org/10.10
38/543016-020-0094-x

Singh A, Resources (2021) Conserv Recycling, 168, 105454. https://doi.org/10.1016/j.resconrec.2021.105454

Thegersen J (2023) How does origin labelling on food packaging influence consumer product evaluation and choices? A
systematic literature review. Food Policy 119:102503. https://doi.org/10.1016/j.foodpol.2023.102503

Tocados-Franco E, Martinez-Dalmau J, Espinosa-Tason J, Montilla-Lépez NM (2024) Trends in Water-Energy Nexus and Carbon
Emissions Balance in Axarquia Region, Spain, in the Period 1990-2030. Environ Processes 11(1):11. https://doi.org/10.1007
/s40710-024-00689-4

Train KE (2008) EM Algorithms for nonparametric estimation of mixing distributions. J Choice Modelling 1(1):40-69. https://doi.
0rg/10.1016/51755-5345(13)70022-8

Train KE (2009) Discrete choice methods with simulation. Cambridge University Press

Truchado P, Gil MI, Lépez C, Garre A, Lépez-Aragdn RF, Bhme K, Allende A (2021) New standards at European Union level
on water reuse for agricultural irrigation: Are the Spanish wastewater treatment plants ready to produce and distribute
reclaimed water within the minimum quality requirements? Int J Food Microbiol 356:109352. https://doi.org/10.1016/j.ijfo
odmicro.2021.109352

Van Loo EJ, Grebitus C, Roosen J (2019) Explaining attention and choice for origin labeled cheese by means of consumer
ethnocentrism. Food Qual Prefer 78:103716. https://doi.org/10.1016/j.foodqual.2019.05.016

Verhoest P, Gaume B, Bauwens J, te Braak P, Huysmans M (2022) Public acceptance of recycled water: A survey of social atti-
tudes toward the consumption of crops grown with treated wastewater. Sustainable Prod Consum 34:467-475. https://do
1.0rg/10.1016/j.5pc.2022.10.003

Villacorta-Ranera C, Blanco-Gutiérrez I, Novo P (2025) Disentangling social perspectives on the use of reclaimed water in agri-
culture using Q methodology. J Environ Manage 381:125264. https://doi.org/10.1016/jjenvman.2025.125264

Wendt M-C, Weinrich R (2023) A systematic review of consumer studies applying the Food Technology Neophobia Scale: Les-
sons and applications. Food Qual Prefer 106:104811. https://doi.org/10.1016/j.foodqual.2023.104811

Yoo HI (2020) Iclogit2: An enhanced command to fit latent class conditional logit models. stata J 20(2):405-425. https://doi.org/
10.1177/1536867x20931003

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1038/s43016-020-0094-x
https://doi.org/10.1038/s43016-020-0094-x
https://doi.org/10.1016/j.resconrec.2021.105454
https://doi.org/10.1016/j.foodpol.2023.102503
https://doi.org/10.1007/s40710-024-00689-4
https://doi.org/10.1007/s40710-024-00689-4
https://doi.org/10.1016/S1755-5345(13)70022-8
https://doi.org/10.1016/S1755-5345(13)70022-8
https://doi.org/10.1016/j.ijfoodmicro.2021.109352
https://doi.org/10.1016/j.ijfoodmicro.2021.109352
https://doi.org/10.1016/j.foodqual.2019.05.016
https://doi.org/10.1016/j.spc.2022.10.003
https://doi.org/10.1016/j.spc.2022.10.003
https://doi.org/10.1016/j.jenvman.2025.125264
https://doi.org/10.1016/j.foodqual.2023.104811
https://doi.org/10.1177/1536867x20931003
https://doi.org/10.1177/1536867x20931003

	﻿Alternative water resources for a more sustainable agriculture: European consumers’ perceptions of the use of reclaimed and desalinated water in food production
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Database
	﻿Choice experiment design
	﻿Econometric analysis

	﻿Results
	﻿WTP estimates: main effects
	﻿WTP estimates: main effects and interactions of reclaimed water with consumer characteristics
	﻿WTP estimates: latent class mixed logit (LC-MXL) model

	﻿Discussion
	﻿Conclusions
	﻿References


