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Abstract: Water recycling is becoming progressively more important as the need for Integrated Urban
Water Management (IUWM) is increasing to ensure a transition towards a more sustainable use
for water. Perceptions and public acceptance of water reuse are recognised as paramount factors
for the successful introduction of wastewater reuse projects, regardless of the strength of scientific
evidence in their favour. This article analyses perceptions of risks and benefits of using treated
wastewater for irrigation purposes in agriculture when dealing with different crops. Data from an
original farmer survey are analysed through descriptive statistics and a classification tree approach.
The study reveals limited knowledge of wastewater treatment, yet a good level of openness towards
the reuse of wastewater for irrigation. A lower risk perception and a higher acceptance level are
mainly explained by positive expectations with regard to the environmental characteristics of effluent
water, higher education, and specific cropping choices. Enhancing information availability is also
found to positively affect social acceptance. The ease of converting current water-management
practices to the new water source explains the perceived benefits of reusing water.
Keywords: water innovation; wastewater; reusing and recycling; risk perception; social acceptance;
classification tree

1. Introduction
Water scarcity, due to climate variability and increased urbanization, has emerged as one of the
most pressing problems in the 21st century [1]. Agriculture is the sector which uses the largest share of
water in most countries [2,3], being currently responsible for 70% of water abstraction worldwide [4],
while irrigated land is expected to expand significantly during the next decades [5].
The increasing gap between water needs and availability affects the ability to secure freshwater
supplies and implies increasing provisioning costs for agricultural systems and actors, with potentially
destabilising effects for markets. On the demand side, water consumption in the agriculture sector
is expected to rise in the future due to different drivers, such as the intensification of agricultural
production—mainly driven by population growth—and increasing standards of living (UNESCO, 2016;
accessible at: https://unesdoc.unesco.org/ark:/48223/pf0000244041). On the supply side, climate
change will affect water resources in many ways: through extreme events (i.e., floods and droughts),
by changing patterns and amounts of precipitation, or by affecting water quality through changes
in runoff, river flows, and water retention. The severity and length of droughts will progressively
increase [6], especially in southern and Mediterranean Europe [7].
Within the agriculture sector, the abovementioned trends encourage action to reduce pressure
on water resources either by reducing water demand or by enhancing water supply. In the
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latter case, wastewater reclamation is viewed as a valuable opportunity on socioeconomic, policy,
and environmental grounds. The socioeconomic argument is that it embeds significant (product and
process) eco-innovation potential, putting into practice the concepts of reducing, reusing, and recycling
in agriculture, which are gaining momentum through the concept of the Circular Economy [8].
On policy grounds, the reuse of treated wastewater favours the competitiveness of the European
Union (EU) water industry (Lisbon Strategy), is in line with the EU Common Agricultural Policy,
and supports compliance with the Water Framework Directive (WFD-Directive 2000/60/EC) [9]
and the Sustainable Development Goals (SDG) (Johannesburg). Finally, on environmental grounds,
together with favouring adaptation to climate change and reducing the need for water abstraction,
wastewater reuse can contribute to reduce water eutrophication and/or chemical and microbiological
contamination [10,11]. Its returns also spread to non-water-scarce areas, benefiting greenhouses and
providing, to some extent, renewable nutrients supplies [12].
While wastewater reuse is not a novelty, globally, around 80% of water is not treated [13] and
only “15% of the generated wastewater and 41% of the treated wastewater are destined worldwide for
agricultural irrigation” [14]. In Europe, especially in the Mediterranean area [7], despite water being
an increasingly limited resource, its reuse is not widely employed [15].
Amongst the barriers preventing its exploitation and hindering new investments (e.g., financial
constraints, inadequate regulatory frameworks, engineering issues, etc.), several researchers have
pointed out the importance of social acceptance and beliefs in influencing the implementation of
new water projects or, more generally, the use of innovation [16–20]. Several technical schemes have
failed at the international level because of rejection by communities. Examples of factors potentially
influencing people’s acceptance of recycling water schemes are represented by perceived risks and
benefits, perceived control over the quality of water, trust in authorities, knowledge about the schemes,
and personal feelings and emotions about these schemes [21].
The existing literature tends to focus on water innovation issues from a macro-oriented
perspective, rather than on micro-level evidence highlighting factors driving investments in wastewater
treatment (WWT) technology and social acceptance [22]. Additionally, there has been limited theoretical
focus on how risk perceptions may mediate the social acceptance process, and very few studies
have attempted to identify individual characteristics linked to public acceptance of alternative water
sources [23], or beliefs affecting (non) acceptance [24] in the agriculture sector. This is partially because
the assessment of whether individuals are keen to accept a technology represents a relatively recent
question [6], and this calls for a better understanding of the factors leading to positive or negative
perceptions on the part of farmers [25].
Against this background, this paper seeks to shed additional light on factors explaining
farmers’ acceptance of treated wastewater reuse for irrigated agriculture, and how greater acceptance
of wastewater uses might be fostered. This is accomplished by using micro-level information
collected through a survey on opinion variables and beliefs, as well as individual and farm
characteristics, which are used as potential drivers explaining attitudes towards the use of treated
wastewater for irrigation. Specifically, we assess risk perceptions towards the reuse of wastewater for
irrigated agriculture. Moreover, given that risks appear more acceptable when advantages are better
understood [26], in addition to analysing negative thoughts and feelings concerning perceived risk,
a positive attitude dimension is accounted for by looking at perceived benefits/advantages.
The case study concerns a sewage treatment plant located in Emilia-Romagna—an Italian region
with a strong agricultural vocation—the water of which could be used by a well identified group of
farms in adjacent areas. Primary data were collected using a structured questionnaire and elaborated
by means of a classification tree analysis.
The contribution of the paper is mainly empirical as it provides new evidence on the topic. In this
sense, it helps bridge the knowledge gap on what predicts acceptance behaviour and allows water
planners and utilities to address the actual concerns held by particular communities of farmers. To the
best knowledge of the authors, this is also the first time the classification tree approach has been
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The area is mainly characterised by cattle and pig farms. It follows that the prevailing irrigation
crops are grain maize (30% of the irrigated surface), fodder, including stable meadow and alfalfa
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(representing about 40% of the irrigated Utilized Agricultural Area, UAA), and vineyards (about 15%
of the irrigated UAA), while other crops include orchards, tomatoes, and other vegetables (for the
remaining 15% of the surface). Non-irrigated land is dedicated to the production of fall grain cereals
(common wheat, barley), which are sold to flour-milling companies. Grain maize is addressed for the
production of feed flour, mainly for pigs, whereas fodder is used locally in dairy cattle farms.
2.2. Farmers’ Acceptance of Wastewater Technology and Reclaimed Water: a Brief Review
Conflicting views surround the discourse on the use of wastewater in agriculture. While its
usage promotes resource efficiency in regions facing climate change, concerns with respect to health,
environmental, and other risks persist [28].
How individuals respond to innovative technologies may depend on a collection of internal
(socio-demographic characteristics and attitudes) and external factors (e.g., market and policy aspects)
along with the informational and cost barriers they face. Specifically, in the context of public acceptance
of wastewater technology and reclaimed water, market prices and distortions, existing policies,
water availability and safety [29], and the quality of currently used water have been found to affect
acceptance [25,30–32]. Concerns regarding the environment and health, as well as certification and
monitoring, also appear to be responsible for reducing public acceptance [23,30,31]. Apart from more
objective or external factors, socio-demographic and cultural characteristics have also been found to
drive the acceptance and adoption of technology [33–36]. Interesting insights have been provided
evaluating the willingness to use (WTU) or willingness to pay (WTP) for reclaimed water, from which
it results that past experience [23], the perception of bad quality water [37,38], greater income disposal,
and being female, represent relevant factors in increasing WTP and WTU [39–41].
Higher education levels have been found to positively affect public acceptance [42], while the
age variable has shown mixed results: some authors report that older people show higher
acceptance [23,43], whilst others state the opposite [44,45].
Additionally, a strong body of research has underlined the centrality of social factors, such as
trust and social ties, in water management [46] with implications on public acceptance, and have
clearly identified a relationship between beliefs (e.g., risk perception) and acceptance [33–36]. Beliefs,
which have been claimed to explain behavioural intentions by the theory of planned behaviour [47],
can help predict behaviour [48]. Similarly, research in psychometrics has proven that intuition and
emotions created in response to distrust and fears from uncertainty [49] greatly affect risk perception,
which has always been considered a major determinant of public opposition to technology and the
most dominant social factor affecting water acceptance [34]. Moreover, information and knowledge
are directly linked to risk perception: the fear of the unknown and “irrational” emotions, constituted
“major reasons for the failure of past schemes to gain public acceptance” [21]. Conversely, perceiving
higher information and knowledge disposal connects with higher acceptance levels [24,32,50]. On the
other hand, risk appears more acceptable when advantages are better understood [26], which generates
a negative correlation among perceptions of risk and benefit when assessing technology acceptance.
As a result, the greater people perceived a benefit, the greater the tolerance for a risk [51,52].
Starting from these insights from the literature, we focus on micro-level information on
socio-demographic aspects to investigate farmers’ beliefs about accepting the new water scheme
and the use of recycled wastewater for crop irrigation. To account for the existence of a negative
correlation between perception of risk and benefits, in addition to analysing negative thoughts and
feelings concerning perceived risk, a positive attitude dimension is accounted for by looking at
perceived benefits/advantages.
2.3. Study Design, Data Collection, and Data Elaboration Technique
To assess farmers’ perceptions of risk and benefits, we have collected primary data surveying
farmers in the study area. The survey was designed to take into account the set of variables that the
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literature classifies as potential drivers for behaviour, as reported in Section 2.2. This list was adapted
for the specific scope of our analysis and context of the study.
The questionnaire (Supplementary Materials S1) is composed of three sections. In the first section,
basic information on the characteristics of the farmers and farms are asked for, including farm location,
main crops, age and level of education, water quality and availability problems. In the second section,
questions address farmers’ awareness about the existence of: (1) the wastewater treatment plant; and (2)
the project of reusing urban wastewater for irrigation purposes. Furthermore, their perceptions about
the risks and benefits associated with wastewater use are elicited, especially in relation to conceptions
of knowledge. In the final section, farmers are asked whether they have enough information to use
treated wastewater and if current irrigation facilities would need adaptation to use wastewater. Finally,
the questionnaire investigates farmers’ perceptions of local farms’ acceptance of the innovation.
From the entire farm population in the area of study (103 farms), we selected those that had relied
on irrigation in recent years (57 farms), which represented the whole population potentially making
use of wastewater in the area. Farmers were contacted in the spring of 2016 (March to April): a total
of 54 replied positively to the interview, i.e., representing 95% of the population of farmers irrigating
land, and roughly the same share of the UAA served by reclaimed water.
Information about all variables, their characteristics, and descriptive statistics is given in
Appendix A, Tables A1–A4. Data were analysed using descriptive statistics and a non-parametric
approach based on classification tree analysis. This approach seeks to explain the relationships between
the response of a target variable and a set of predictor or explanatory variables by using recursive
decision rules to partition the data. The algorithm results are represented graphically as a “tree” starting
from a “root node” and moving from progressive splits into smaller and smaller “branches”, called
“child nodes”. The splits are obtained using the Chi-squared Automatic Interaction Detector (CHAID)
technique—implemented by SPSS® (Statistical Package for Social Science, version 25) Modeler—that
performs a Pearson χ2 (Chi-square) test to assess all possible cross tabulations for each predictor and
selects the most statistically significant one to split the sample in smaller groups [53,54]. The splitting
process continues recursively for each child node and stops when no more statistically significant
explanatory variables are in place. The predictor/explanatory variables appear in the splitting nodes
in a hierarchy of decreasing explanatory power [55]. Compared to alternative parametric methods (e.g.,
multivariate logistic regression), the CHAID shows a number of advantages [56], notably avoiding
the need to make assumptions on functional forms of predictor/explanatory and response variables,
and not being sensitive to the presence of outliers, heteroskedasticity, collinearity, or problems in
the structure of error distribution. The fact that a functional form is not assumed also allows for
the use of this technique in those situations characterised by low data availability. The CHAID
technique is of great use in our case, which is characterised by unobserved factors explaining target
variables, a nominal target or response variable, and a heterogeneous set of explanatory variables
(dummies, categorical, and quantitative variables measured with different units or following different
functional forms).
The few existing applications in the agriculture sector [57] tend to answer physical or biological
research questions. For example, Zeng et al. [58] explored sources of soybean yield variability in 2007
for China associated with severe drought; furthermore, Waheed et al. [59], Shepherd and Walsh [57],
and Tittonell [60] used classification and regression trees to derive better soil and crop management
information. At least one paper provided an explorative use of these techniques in agricultural
economics, specifically applied to understanding reactions to policy changes [61].
In the context of this work, the CHAID analysis allows the investigation of the relations between
the level of social acceptability, the perception of risks and advantages (our two response variables
which are categorical), and structural and personal characteristics of farmers, as well as farmers’ beliefs
(explanatory variables having different unit of measures). The specification of the dependent variables
is reported in Table 2, while factors proving to be statistically significant from the CHAID analysis
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can be found in Table 3. Appendix B presents classification tables illustrating classification scores for
each tree.
3. Results
3.1. Major Sample Characteristics
The socio-demographic characteristics of our sample well represent those portrayed in the regional
and provincial statistics offered by the 6th Italian Agriculture Census (ISTAT, 2013) (6th General
Census on Agriculture. Italian Atlas of Agriculture; accessible at: https://www.istat.it/it/files/
2014/03/Atlante-dellagricoltura-italiana.-6%C2%B0-Censimento-generale-dellagricoltura.pdf). In the
Emilia-Romagna region, the percentage of farmers older than 75 years is 20.2%, while in the province
of Reggio Emilia, where the tertiary treatment was developed, the figure is 23.8%, versus 24% of our
sample. Young farmers (i.e., under 40 years old) represent around 11% of the population, both in our
sample and in official statistics at the provincial level.
According to the descriptive statistics of the variables presented in Appendix A, around 17% of
respondents have only attended primary school (five schooling years) and the same percentage is
older than 65 years. A lower secondary education (eight schooling years) was achieved by 37% of
respondents, while 43% completed the upper levels of secondary school (13 schooling years); only 4%
achieved a bachelors degree (18 schooling years). As expected, a negative correlation applies between
the level of education and age: ρ: −0.34; p-value: 0.0110. (The correlation amongst variables was
derived using STATA® (StataCorp., version 14). The statistic calculated is the Pearson coefficient
(denoted as ρ) with associated p-values (0.05 significance level), which is a measure of the strength and
direction of association existing between two variables.) The UAA amounts to about six hectares per
farm; almost 80% of the sample has a farm size lower than eight hectares, while only 4% of the farms
exceed 20 hectares. A greater land extension positively correlates with a more diverse crop allotment
(ρ: 0.40; p-value: 0.0023). Larger farms are managed by younger farmers (six of which were aged
between 35 and 44 years), while elderly farmers (aged between 75 and 84) tend to run smaller farms.
The majority of farmers grow a single crop, while the rest show somewhat more diversity, with two
(22%) or three crops (6%). The most widely cultivated crops are, in order: grapes, alfalfa, forage, grass,
and maize. A total of 74% of respondents, mainly young farmers, intend to continue farming over the
next 10 years, and 91% show no intention to carry out a change in crop mix.
Perceptions of water quality are elicited by asking a qualitative judgement of farmers, who could
select one of the following responses: (1) very bad; (2) poor; (3) sufficient; (4) good; or (5) do not know.
In analysing the results of this qualitative categorical variable, we observe that water quality in the
area is perceived as good by 57% of the sample, while 43% of the farmers declare it to be of poor/very
bad quality. Water availability conditions in the next 10 years are assumed to remain unchanged by
32 farmers (59%), while 11 (20%) believe that problems will increase in intensity and frequency and 10
(19%) do not know (Table 1).
Table 1. Perceptions on future availability of water resources.
Beliefs

Frequency

Frequency
(%)

Age
(mean)

Schooling
Years
(Mean)

Utilized
Agricultural
Area (UAA)

Number of
Crops Grown
(mean)

Water
Quality *

Problems higher in
intensity/frequency

11

20

56

11

8.16

1.4

2.46

Problems lower in
intensity/frequency

1

2

50

8

3

1

2

Situation remains
the same

32

59

66

10

3.5

1.3

2.63

Don’t know

10

19

56

11

11.27

1.5

2.3

* Perceptions on water quality is measured on a scale going from 0 to 4 (from bad to good).
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Over 60% of the sample claimed to have a good level of information about the project, although a
significant portion of the total sample (37%) were unable to provide an answer. This is despite the fact
that 50% of them were unaware both of the existence of the WWTP and of the project of wastewater
reuse for agriculture irrigation. In general, a higher level of education corresponds to a perception of
information scarcity.
3.2. Results of the CHAID Analysis
To align with findings from the literature, four trees were computed to consider both positive
and negative attitudes towards recognising risks and benefits. As a result, we have four dependent or
response variables, as described in Table 2.
Table 2. Dependent variables of the Chi-squared Automatic Interaction Detector (CHAID) analysis.
Variable Name

Variable Description

d19_norisks
d19_yesrisks
d20_noadvantage
d20_yesadvantage

Beliefs on the existence of risks in using treated wastewater: NO = 1; 0 otherwise
Beliefs on the existence of risks to using treated wastewater: YES = 1; 0 otherwise
Beliefs on the existence of advantages in using treated wastewater: NO = 1; 0 otherwise
Beliefs on the existence of advantages in using treated wastewater: YES = 1; 0 otherwise

3.2.1. Risk Perceptions about the WWTP
In the first part of the CHAID analysis, aimed at understanding the perception of risk, the two
response variables used were d19_yesrisk (in the first tree) and d19_norisk (in the second tree). The first
is a binary variable that takes a value of 1 if the farmer believes that wastewater treatment may imply
risk, while the second takes a value of 1 if no risks are envisaged. The use of both variables in our
analysis is motivated by the need to understand both positions and by the evidence of the empirical
finding showing that explanatory variables are different in the two cases.
In general, believing that risks may exist, which is the case for a relatively small share of
respondents, can be explained mainly through a set of opinion variables on the environmental
characteristics of water resources and farmers’ education (Figure 2).
More in detail, when considering the response variable expressing risk acknowledgement, the
factor that best classifies the first node is that of the opinion on the quality of treated wastewater
(d17_potential_waterquality). This variable distinguishes a group (of only four farmers), of which 50%
believe that the wastewater treatment process entails impacts on water bodies, from a bigger group
(of 50 farmers) that envisions no effects. More than 90% of the latter group considers that the reuse
of wastewater in agriculture does not imply any risk. The first and smaller group (four farmers) is
further split into two terminal nodes depending on the achievement of the lower secondary school
diploma, as the highest educational qualification obtained (d3_lsdiploma). This split highlights a relation
between education and farmers’ perceptions, despite the fact that the group is rather small. The second
group, showing a lower risk perception, is further divided in subgroups. At first, depending on belief
regarding future water availability (those considering that conditions will remain unchanged supports
the presence of risks; variable d13_invariate); then, it is separated according to the upper secondary
school diploma (those who obtained a diploma believe there are more risks; variable d3_diploma),
showing again that risk perception relates to a higher education level. The final partitioning variables
refer to cropping choices (d4_grapes, d4_garden_park, d4_permanent_pasture), which, however, show
lower explanatory power compared to the variables located in the upper nodes.
When looking at the attitude to recognise the absence of risks (i.e., using d19_norisk as a response
variable), alfalfa cultivation (d4_alfaalfa) proves to be the major determinant (93% of producers do
not perceive any risks). The following partitioning variable relates to information disposal (Figure 3).
Farmers were asked whether they had enough information to use treated water for irrigation. Amongst
those believing that information is sufficient (d21_insufficient_information), there is a higher share
of farmers who perceive some risks. After node splitting the sample according to sufficiency of
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education is associated with fewer perceived advantages. Moving from the top to the bottom of the
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tree, within the group of farmers not knowing of the project, factors generating further repartition
are the percentage of water obtained by the consortium (d6_water_consortium), and the types of crops
grown (d4_alfaalfa). By contrast, the group consisting of those who support the existence of advantages
and local wastewater acceptability (Node 2), is further fractionated according to the whether they grow
tomatoes and other horticultural crops (d4_tomato), with a much greater proportion of farmers seeing
advantages among those who do not grow tomatoes. The latter are then divided according to the
perception of the need to implement adaptation practices (d22_noadaptation): no need for adaptation is
associated (not surprisingly) with the perception of greater benefits.

Figure 4. Determinants of the positive perception of benefits/advantages derived from the use
of purified wastewater (d20_yesadvantages: Beliefs regarding the existence of advantages: 1 = Yes,
0 = otherwise (no + don’t know)). df: degrees of freedom.
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Figure 5. Determinants of the negative perception of benefits/advantages from the use of purified
wastewater (d20_noadvantages: Beliefs on their inexistence: 1 = Yes, 0 = otherwise (no + don’t know)).
df: degrees of freedom.
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4. Discussion
The overall results of this paper reveal the existence of a more pronounced perception of
benefits rather than risks from wastewater reuse in agriculture among farmers in the case study
area. In accordance with the literature [23], this leads to more positive perceptions on wastewater,
favouring higher acceptance levels. From a different perspective, the results also seem to report that a
greater openness towards recycled water is linked to a lower perception of risk [32,62], rather than the
identification of benefits.
The CHAID analysis shows that different variables contribute to explain the different positions
on risks and benefits. Table 3 summarizes the partitioning variables and output of the CHAID analysis:
explanatory variables are depicted in rows and response variables in columns. Within the table,
we report the hierarchic level of the splitting nodes resulting for each explanatory variable, for every
tree. The higher the ranking (position identified by a lower number), the greater the explanatory power
of one variable in explaining the response variable.
The results corroborate the primary relevance of the perceptions about water quality as a factor
influencing the acceptance of recycled water [30,31,62,63]. However, this applies to the perception of
risks only. The wastewater treatment can be seen as a technology that enhances the quality of water,
compared to the status quo, despite the fact that, in our case, information about this topic seems to be
positively related to higher perception of risks.
As for socio-demographic variables, we are in line with the stream of research reporting an
inverse relationship between risk perception and levels of education [23,39,64]. We are also able to
endorse the notion that higher information and knowledge (e.g., about the project) increase openness
towards adopting the innovation, by increasing acceptance levels [32,50,65]. In the context of our study,
this outcome can be related to both perceived greater benefits and perceived lower risk. A possible
reason is that, even in the case in which knowledge does not emerge as a factor directly influencing
people’s decisions, the provision and availability of information can be seen as an intervening factor
engendering trust, which in turn contributes to acceptability [26,66].
Additional drivers explaining the recognition of advantages are cropping choices, neutral
expectations on impacts, and low adaptation requirements of current water management practices.
In particular, growing alfalfa is the stronger factor explaining the perception of no risk, which
can be easily associated with the fact that this crop is not directly used for human consumption.
Growers of processed tomatoes have claimed to require water beyond the irrigation season. This could
justify producers’ inclination towards the recognition of advantages from the use of a complementary
water source, which would fill this gap. On the other hand, in the case of land allocated to grapes,
gardens/parks, and permanent pasture, the lack of recognition of specific advantages may be connected
to both the lower importance of irrigation for these crops and the lack of interaction between irrigation
water and production aimed at human consumption. However, it must be noted that, except for alfalfa,
cropping choices are captured by intermediate-to-final nodes of the classification trees, i.e., represent
partitioning variables with lower explanatory power compared to other factors located in upper nodes.
Finally, greater advantages are perceived by those believing that local farms would accept the
innovation, confirming Siegrist and Cvetkovich’s [26] assertion that people tend to conform with
others’ behaviour. Therefore, the extent to which consequences are accepted may depend on the
knowledge that others will eventually be subject to the same effects or that acceptance prevails among
the local community.
This paper is subject to at least two limitations. The first concerns the size of the sample (though
representative of almost the whole population of the case study) and the emphasis on a narrowly
defined area. However, this latter limit could, at the same time, be seen as a strength of our work.
Focusing on a well-identified case study, our approach and results are suitable to identify concrete
reactions by actors, while taking real life decisions precisely on the use of water.
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Table 3. Partitioning variables and hierarchic levels, by classification tree (hierarchy of the splitting node in parentheses).
Response/Opinion Variables

Explanatory Variables

Variable Description

d3_lsdiploma
d3_diploma
d4_garden_park
d4_grapes

Lower secondary school diploma obtained: YES = 1; 0 otherwise
Upper secondary school diploma obtained: YES = 1; 0 otherwise
Farmer devotes land to gardening and parks: YES = 1; 0 otherwise
Farmer devotes land to grapes: YES = 1; 0 otherwise
Farmer devotes land to permanent grassland production: YES = 1;
0 otherwise
Farmer devotes land to alfalfa production: YES = 1; 0 otherwise
Farmer devotes land to soybean production: YES = 1; 0 otherwise
Farmer devotes land to tomato production: YES = 1; 0 otherwise
% of water used from the irrigation bureau
Water availability conditions are expected to remain unchanged in
the future. YES = 1; 0 otherwise
More intense and frequent problems of water availability are
expected in the future. YES = 1; 0 otherwise
Wastewater treatment has impacts on effluent water quality:
YES = 1; 0 otherwise
Wastewater treatment can have negative impacts on local
environment: YES = 1; 0 otherwise
Percentage of water used from the irrigation bureau
Farmer believes local firms will accept wastewater reuse for
agricultural purposes: YES = 1; 0 otherwise
No adaptation of current practices is needed to reuse wastewater
for irrigation: YES = 1; 0 otherwise
Farmer has knowledge of the wastewater reuse project: YES = 1;
0 otherwise

d4_permanent_pasture
d4_alfaalfa
d4_soy
d4_tomato
d6_water_consortium
d13_invariate
d13_moreintense
d17_potential_waterquality
d17_impactyes
d18_knowlege_reuse_project
d21_insufficient_information
d22_noadaptation
d23_acceptabilityes

d19_yesrisks

d19_norisks

d20_yesadvantage

d20_noadvantage

Figure 2
First tree

Figure 3
Second tree

Figure 4
Third tree

Figure 5
Fourth tree

(4th)

(1st)

(2th)
(3rd)
(4th)
(4th)

(6th)
(4th)

(5th)
(1st)

(5th)
(3rd)
(2nd)
(4th)

(4th)

(2nd)
(2nd)
(1st)
(3rd)

(3rd)
(3rd)

(2nd)

(4th)
(2nd)

(2nd); (3rd)
(1st)
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A second limitation could be the number and type of variables considered, in particular the fact
that we decided to leave aside aspects such as wastewater regulation and economic aspects such as the
redistribution of treatment costs and water price. The reason lies in that these aspects are traditionally
considered more by the economic literature than in the context of social acceptance, accounting for
more subjective and hard-to-track elements related to beliefs and perceptions [15]. On the other hand,
water price for farmers in the area is almost negligible, so that relative changes in this variable are not
expected to strongly drive farm choices.
Additionally, according to the current law, the burden of the investment cost for water reuse
(tertiary treatment) is not charged to farmers; rather, it is paid by households. Therefore, the fact
that farmers can currently benefit from a ‘free lunch’, besides contributing to explain their openness
towards WWT technology, also made the question of costs rather irrelevant. Similarly, in the study
area, water competition amongst different uses is limited. The freshwater used in urban centres is
derived from the aquifer, while irrigation water comes from the Po River, which usually brings enough
water, except in exceptionally dry years. As a result, farmers in the area are not vitally afraid of water
scarcity conditions, even though climate change is hinting at the possibility that things will quickly
worsen in the near future. This also hints at a rather low resource cost (in the meaning of WFD) of
water. As a result of the above, it is reasonable that farmers neither have special economic motivations
to be against water reuse, nor do they expect major economic benefits that would push them to be
strongly in favour.
The picture would likely be different if the WWT technology was implemented in other parts
of the region, where water scarcity is more relevant, or under future climate conditions, due to the
expected increase in frequency and intensity of seasonal water shortages or droughts due to climate
change. In these cases, a much higher marginal value for treated wastewater would make it more
appealing to dispose of additional alternative sources, which may be expected to positively affect
public acceptance [23] and justify greater investments in WWTP.
5. Conclusions
Using micro-level information, this study performed an evaluation of the perceptions about
benefits and risks associated with treated wastewater reuse for irrigated agriculture, focusing attention
on opinion variables and beliefs, as well as farmer and farm characteristics, as potential factors
explaining farmers’ opinions.
The results show that drivers of risk/benefit perception are linked, amongst other aspects,
with information-related variables (level of knowledge about the water reuse scheme and information
available to users). Our results also show the relationship between technical aspects and farmers’
opinions: the type of crops cultivated and the burden to adapt current technologies to use treated
wastewater are found to be related to perceptions, though the full understanding of the related causal
mechanisms is beyond the scope of this paper.
In terms of policy implications, this confirms the importance of raising stakeholders’ awareness
and encouraging their involvement to leverage public acceptance to foster technology diffusion.
However, raising the public’s knowledge of water reuse alone could prove to be insufficient to ensure
acceptance. Policy measures aimed at informing local actors should look more carefully at local water
needs by potential users, build on personal experiences, and address business-specific water-related
concerns. This should build on a more thorough assessment of how farms and crops can benefit the
most from water reuse. The specific case of farm specialised in feed crops or needing water outside
the season in which irrigation water is normally delivered can represent an important basis to build
consensus about water reuse. It should also be acknowledged that, in some cases, firms may have
good reasons for having no special preferences. In such cases, information about others’ views may
in fact affect individual opinion. Transparency in information may be relevant in particular in cases
in which doubts can be raised with respect to technical aspects of reusing purified wastewater. Also,
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an appropriate approach may potentially help increasing trust over time and reduce people’s concerns
about risk, while simultaneously acknowledging better potential benefits.
This mix of approaches, focusing the needs of potential users, needs to be contextualised in a
shared vision of global and long-term challenges associated with water scarcity, in particular facing
climate change.
In the context of Integrated Water Management, these results may inform the decision making
process on how to better target efforts to increase acceptance levels. This in turn may support the
implementation of the EU 60/2000 Water Framework Directive and favour the competitiveness of the
local water industry.
Further research through micro-level investigations should be carried out to more systematically
map target variables affecting public acceptance across Europe. This would allow for the development
of a knowledge base for the water reuse sector in Europe, especially in more water-scarce regions
where the value added of this option is higher. Finally, these insights integrate and do not substitute
incentive considerations related to prices, policies, and costs. These remain key drivers, especially in a
business environment. The interplay between value proposition, the social dimension of acceptability,
profitability, and the role of regulation will be a strategic topic for further research.
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reclaim and reuse wastewater for quality crop production.
Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Variables and Main Statistics
Table A1. Variables and main statistics: Farmer and farm characteristics.
Range of Values

Obs

Multiplecropping

Variable

Number of planted crops

Description

Categorical: 1–3 crops

54

Mean

UAA_mais (ha)

Utilized agricultural area
UAA (ha)

Continuous variable

8

6.863

UAA_alfaalfa (ha)

UAA devoted to alfalfa and
other forage crops (ha)

Continuous variable

15

UAA_soy (ha)

UAA devoted to soybean
and other protein crops (ha)

Continuous variable

3

SD

Min

Max

1

3

7.078

0.7

20

7.67

9.099

1

30

7.267

11.044

0.3

20

UAA_grapes (ha)

UAA devoted to grapes (ha)

Continuous variable

16

1.399

0.949

0.05

5

UAA_wheat (ha)

UAA devoted to durum and
soft wheat (ha)

Continuous variable

4

1.668

1.726

0.05

4

UAA_garden_park (ha)

UAA devoted to gardening
and park (ha)

Continuous variable

4

0.195

0.095

0.1

0.3

UAA_permanent_pasture
(ha)

UAA devoted to permanent
grassland (ha)

Continuous variable

10

2.44

3.818

0.2

13

UAA_beet (ha)

UAA devoted to beet (ha)

Continuous variable

1

16

16

16

UAA_tomato (ha)

UAA devoted to tomato and
other horticultural crops (ha)

Continuous variable

8

6.169

0.05

20

UAA_fruit (ha)

UAA devoted to fruit (ha)

Continuous variable

1

0.25

0.25

0.25

UAA_other (ha)

UAA devoted to playing and
hunting ground (ha)

Continuous variable

2

1.655

1.916

0.3

3.01

UAA_tot (ha)

Total UAA: sum of the UAA
across crops (ha)

Continuous variable

54

5.897

10.358

0.05

64

Age_classes

Age

Classes: 35–44, 45–54,
55–64, 65–74, 75–84

54

62

13.6

35

84

d3_schooling_years

Education level: schooling
years

5; 8; 13; 18 schooling
years

54

10

3.47

5

18

Notes: Obs = observations; SD = standard deviation.

7.508
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Table A2. Variables and main statistics: Agriculture and water management.
Variable

Description

Obs

Mean

SD

Min

Max

Binary: No (0), Yes (1)

54

0.963

0.191

0

1

Organic farming

Binary: No (0), Yes (1)

54

0.037

0.191

0

1

Integrated farming

Binary: No (0), Yes (1)

54

0.055

0.231

0

1

d6_water_consortium

Percentage of water used
from the irrigation bureau

0–100%

54

99.388

1.887

90

100

d6_water_well

Percentage of water used
from other sources

0–100%

54

0.6111

1.886

0

10

d7_waterproblems

Experience of problems
related to water use

Binary: No (0), Yes (1)

54

0.611

1.888

0

1

d11_water_out_season

Use of water outside the
irrigation season

Binary: No (0), Yes (1)

54

0.055

0.231

0

1

d12_agri_go_on

Continuity of the agricultural
business for the next 10 years

Binary: No (0), Yes (1)

54

0.741

0.442

0

1

d14_changeincrop

Change in crop allocation in
the next 10 years

Categorical: Yes (1), No
(2), Don’t Know (3)

54

1

3

d22_adaptation

Required adaptation of
existing irrigation practices
to use treated wastewater

Categorical: Yes (1), No
(2), Don’t know (3)

54

1

3

d5_agritrad

Traditional (non-organic)
farming

d5_agribio
d5_agrintegrated

Range of Values

Table A3. Variables and main statistics: Information and awareness.
Variable

Obs

Mean

SD

Min

Max

d16_knowledge_plant

Knowledge of wastewater
treatment plant

Description

Binary: No (0),
Yes (1)

Range of Values

53

0.509

0.504

0

1

d18_knowledge_project

Knowledge of wastewater
treatment project for reuse in
agriculture

Binary: No (0),
Yes (1)

54

0.481

0.504

0

1

Table A4. Variables and main statistics: Opinion variables.
Variable

Description

Range of Values

Obs

Mean

SD

Min

Max

d18_knowledge_project

Knowledge of wastewater
treatment project for reuse in
agriculture

Binary: No (0), Yes (1)

54

0.481

0.504

0

1

d13_futurecondh2o

Beliefs on problems related to
future water availability

Categorical: more
Intense = 1; less
Intense = 2; Invariant
= 3; Don’t know = 4

54

1

4

d15_current_waterquality

Opinion on water quality

Categorical: 1 = Bad,
2 = Poor, 3 = Fair, 4 =
Good

54

0

4

d19_risks

Beliefs on the existence of
risks relative to wastewater
reuse in agriculture

Categorical: Yes (1),
No (2), Don’t know
(3)

54

1

3

d20_advantages

Beliefs on the existence of
advantages relative to
wastewater reuse in
agriculture

Categorical: Yes (1),
No (2), Don’t know
(3)

54

1

3

d21_information

Beliefs on the sufficiency of
the information

Categorical: Yes (1),
No (2), Don’t know
(3)

54

1

3

d23_acceptability

Acceptability of wastewater
reuse for agricultural
purposes

Categorical: Yes (1),
No (2), Don’t know
(3)

54

1

3
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Appendix B. Classification Tables
Table A5. Classification score for the dependent variable d19_yesrisks.
Classification
Predicted
Observed
No
Yes
Overall Percentage

No

Yes

Percent Correct

48
2
92.6%

0
4
7.4%

100.0%
66.7%
96.3%

Table A6. Classification score for the dependent variable d19_norisks.
Classification
Predicted
Observed
No
Yes
Overall Percentage

No

Yes

Percent Correct

8
0
14.8%

13
33
85.2%

38.1%
100.0%
75.9%

Table A7. Classification score for the dependent variable d20_yesadvantage.
Classification
Predicted
Observed
No
Yes
Overall Percentage

No

Yes

Percent Correct

27
6
61.1%

2
19
38.9%

93.1%
76.0%
85.2%

Table A8. Classification score for the dependent variable d20_noadvantage.
Classification
Predicted
Observed
No
Yes
Overall Percentage

No

Yes

Percent Correct

42
5
87.0%

1
6
13.0%

97.7%
54.5%
88.9%
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