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Abstract

This study analyses the determinants of consumer choice between bottled and tap water in
Italy, a nation characterised by high bottled water consumption despite having a safe public
supply. We first develop our testable predictions out of a simple conceptual framework based on
Viscusi et al. (2015), angmented to account for pro-social attitudes and an “ego-rent” mechanism .
Then. Using a large-scale Italian level survey of 7,292 individuals. we employ an Extended Ordered
Probit (EOP) framework to investigate the relationship across bottled and tap water, as well as
the factors driving usage frequency. The robustness of results is also tested using a bivariate
probit setting and a Conditional Mixed Process (CMP) model. Our findings show that a strong
substitutability takes place between tap and bottled water. Also, the EOP approach allows us to
establish a causal link between perceived subjective risks from tap water consumption (e.g., prior
health issues or grid failures) and bottled water consumption, while high-frequency tap water use is
significantly predicted by civic and environmental engagement. Furthermore, geographical factors.
consistent with Zapata (2021), reflect persistent local habits and trust perceptions. The results
underscore a “consumption paradox”, rooted in a crisis of trust and alignment with non-economic
values, rather than in simple cost convenience.
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1 Introduction

The global plastic bottle consumption is steadily inereasing. Every year, 600 billion bottles are used,
translating into 1.6 bottles consumed every single day, which is equivalent to 1.1 million bottles used
every minute. Since 2004, there's been a dramatic surge in plastic bottle production and consumption,
particularly in China and the U.S., solidifying their position as the top consumers. The journey
of a plastic bottle begins with the creation of long chains of plastic molecules, a process known as
polymerisation. These chains are then mixed with various chemical additives, such as dyes, to impart
specific properties to the final product. Polyethylene terephthalate (PET) is the most common material
for water bottles due to its lightweight yet robust and durable nature.

Among hottled water consumers, Italy features one of the world’s largest markets (Table 1). Bottled
water consumption began in the 1970s (Carlucci et al., 2016), and since then, annual per capita
consumption has increased steadily. Further, the Italian packaged water market is characterised by a
largely domestic supply and a positive trade balance with foreign markets (Italy ranks as the second
largest European exporter of packaged water by value). Time-series data shows a correlation between
water bottle consumption and climate factors such as temperature and humidity (Zapata, 2021). Ttaly
also features a thriving bottled water industry, partly due to the abundance and competitive pricing

of the resource, especially compared to other European countries.

Table 1: Per-capita bottled water consumption in Europe

Country Litres Country Litres
Malta 302.7 Belgium 128.1
Italy 249.1 France 131.8
Greece 143.5 Hungary 134.7
Portugal 140.8 Spain 135.3
Germany 140.3 Poland 111.0
Switzerland 103.5 Romania 113.3
Bulgaria 107.9 Latvia 77.9
Croatia 97.8 Slovenia 74.5
Austria 91.6 Slovakia (3.8
Czechia 53.1 Lithuania 63.5
Republie of Ireland 64.7 United Kingdom 40.3
Estonia 39.7 Netherlands 30.5
Finland 20.3 Denmark 19.8
Sweden 9.9 Norway 9.9

Source: UNESDA — Association representing the European soft drinks industry.

Plastic bottles dominate the market, accounting for 80.5% of sales. Glass bottles, tin cans, and
large containers make up the remaining 19.5%. According to the Bevitalia Report (Acquitalia, 2023),

eight major companies accounted for 70% of the market in 2022, and still water remains the most



consumed type of water (70%, in 2022 and 69% in 2021). Time series data reveal a long-term trend
of rising per capita consumption. While proper policies may slow this growth in the coming vears, it
is unlikely to he completely reversed without significant changes, except in unforeseen circumstances

such as a pandemic (Figure 1).

Figure 1: Time series of bottle consumption of Mineral water (Litres per-Capita)

200
1

Per Capita Consumption (Litres per-Capita)

50
1

1980 1980 2000 2010 2020

Years

Source: Acquitalia (2023)

This evidence suggests that Italy is a crucial case study, and this is even more so given its widespread
availability of safe, high-quality tap water, which is continuously monitored and provided at minimal
cost. Nonetheless, tap water consumption has been slightly declining, while bottled water consumption
has increased. According to ISTAT (2024) data, per capita tap water consumption (slightly) decreased
from 217 litres in 2018 to 215 litres in 2020, and further to 214 litres in 2022.

European countries, including Italy, have implemented robust legislation to ensure water quality,
above all by strengthening monitoring systems. Independent authorities oversee a rigorous monitoring
system that includes routine and verification checks conducted throughout the year. Recent regnula-
tory updates, such as the European Directive 2020/2184/EU (transposed into Legislative Decree No.
18/2023), have further strengthened these standards and expanded monitoring to include emerging
pollutants, such as microplastics'.

The evidence outlined so far may appear as paradoxical: in a country such as Italy where safe tap

water is available, and under all the potential negative environmental impacts of bottled water, the

IPrior to the implementation of the national regulation and governance framework, Legambiente, an independent
Italian NGO, estimated that over 200,000 water quality checks were conducted annually in cities like Rome and Genoa.
In regions with more significant water quality challenges, such as Milan, Pavia, and Lodi, this number exceeded 350,000
(Di Vito & Mancini, 2021). To further enhance water safety monitoring, the National Centre for Water Safety (CeNSiA)
has been established within the Italian National Institute of Health. CeNSiA will share expertise and resources to
implement the policy enforcement outlined in Legislative Decree No. 18/2023.



latter has been increasingly consumed over time, while the former features a constant or even slightly
decreasing behaviour over time. This calls for a better understanding of the main drivers of bottled
water consumption, as well as of the empirical linkages with tap water consumption. This is the main
aim of our paper.

In recent decades, research has begun to explore the surge in bottled water consumption and its
underlying complexities. Viscusi et al. (2015), examine the rationale behind individual choices for
bottled water consumption. They identify and empirically confirm several factors influencing bottled
water preference through survey analysis. These factors include perceived safety, the impact of neg-
ative experiences or information about tap water, taste preferences, convenience, and income level.
Additionally, they find that demographic characteristics can significantly impact these preferences.
Zapata (2021) investigates the link between climate conditions and bottled water use, identifying a
strong correlation through survey analysis in Ecuador, a case study chosen for its diverse geography
and significant variations in climate across municipalities. Olagunju et al. (2023) conducted a survey
on a university campus to explore consumer preferences and concerns regarding tap versus bottled wa-
ter, finding that individuals with doubts about tap water safety consumed more bottled water. This
link between safety perceptions and consumption is a consolidated finding in the literature (Doria,
2006; Doria et al., 2009; Hu et al., 2011; Prole et al., 2026; van der Linden, 2015, among others). In
particular, Prole et al. (2026) conducted a cross-sectional study on household choices between tap and
bottled water in Barcelona, Cyprus, and Ireland, using multivariate logistic regression on survey data.
showing that subjective factors linked to the perception of tap water quality constitute the primary de-
terminants of drinking water choice®. From a behavioural perspective, Qian (2018) applied the Theory
of Planned Behaviour (TPB) (Ajzen, 1991) to examine choices between hottled and filtered tap water
in Singapore, Hong Kong, and Macau. Their research identified “safety and hygiene” and “convenience
and availability” as the most significant factors in all three locations, showing that individuals often
choose bottled water even when filtered tap water is readily available. Trust in freshwater systems is
crucial in this context. Wilson et al. (2023) found that factors external to individual attitudes, such as
experiences of marginality, unequal governance, and histories of water insecurity, shape trust and dis-
trust. Consequently, they recommended that institutions develop water systems capable of providing
safe water for all to deserve trust across all populations, emphasizing the importance of communicating
water safety (Barnes et al., 2021)*. Finally, Olatunde et al. (2025) assert that factors influencing public
perceptions include the organoleptic properties of water, such as taste, smell. and color. and highlight
the influence of socio-demographic characteristics, health risk concerns, past negative experiences with
water utilities, and the role of media and public awareness in shaping the perception of water quality.

Our study investigates bottled water consumption patterns in Italy. We first develop a theoreti-

2The economic literature has also focused on risk mitigation behaviors; for example, Konishi and Adachi (2011)
analyzed the “arsenic risk” by assessing willingness-to-pay (WTP) to mitigate external risks when consumers lack
complete information about ambient risk levels. Similarly, Cho et al. (2010) employed a contingent valuation approach
to investigate the welfare implications of stricter regulations on arsenic in drinking water.

#The assessment of “objective” health risks related to drinking water safety includes, among others, Liu and Klaiber
(2023), examining households’ averting expenditures in response to a Harmful Algal Blooms (HABs) outbreak; Marcus
and Mueller (2024) document a significant public response to information shocks regarding water supply quality. On a
global scale, Miller et al. (2024) characterise self-reported anticipated harm from drinking water across 141 countries,
finding that the possibility of future serious harm from tap water is significantly associated with national-level indicators
such as past water-related harm, mortality rates attributable to unsafe water, and, crucially, the Corruption Perceptions
Index.



cal model, based on Viscusi et al. (2015), that examines individual choice between tap and bottled
water. Our analysis extends beyond objective health risks. taking into account factors such as social
determinants and the potential presence of a holier-than-thou effect (Bénabou & Tirole, 2006). Our
theoretical analysis also examines the role of attitudes towards pro-environmental behaviors (D’Amato
et al., 2016). We obtain a set of testable implications that, coherently with the received literature, also
accounts for socio-demographic aspects and social capital, in our case measured on the basis of voting
behaviours or volunteering. Our theoretical model provides a set of results, which are then tested
empirically through a comprehensive survey of 7,292 respondents from a representative sample of the
Italian population to gather information on bottled water purchases and their use. We collected data
on respondents’ locations to replicate Zapata (2021)'s analysis in the Italian context. Since both Italy
and Ecuador have diverse geographical features, with variations in latitude and altitude, we anticipate
similar climate-related influences on bottled water consumption, which we account for by including ef-
fects related to the respondent’s Eco-region. Closely related to the empirical part of our work, Marzano
et al. (2025) examined how environmental concerns influence consumer behaviour regarding bottled
water, focusing particularly on the mediating role of trust in institutions in the Italian context. Our
research links to their work by further exploring individual attitudes. More generally, we extend the
received literature at least in two ways: we first model consumption of tap and bottled water as a “se-
quential” decision: we empirically assess this relationship through an extended ordered probit model
where the decision of (not) consuming tap water is shown to depend on perceived quality and results,
as a consequence, into an increase in bottled water consumption. More specifically, as in Allaire et al.
(2019) and Wilson et al. (2023), we asked the interviewees whether they had experienced problems
with their water grid, such as interruptions, quality issues, bad odour, or warnings from authorities.
We complemented these questions to include precautionary behaviours, such as saving propensity and
insurance attitudes, as well as the level of social and political engagement of the sample. Our analysis
is also performed through a bivariate probit specification, which further highlights the potential (pos-
itive) correlation across the two water-related behaviours under serutiny. The paper is organised as
follows: Section 2 presents our theoretical framework; Section 3 presents our survey and data; Section
4 introduces our empirical methodology; and Section 5 presents our results. Finally, section 6 provides

some concluding remarks.

2 Theoretical Model

Our research focuses on modelling the discrete rational choice of purchasing bottled water. We start
from the framework established by Viscusi et al. (2015), incorporating several key distinctions. First,
we consider the possibility of complementarity or substitutability between tap and bottled water con-
sumption, drawing insights from the literature on environmental behaviours (D’Amato et al., 2016,
among others). Second, we integrate the concept of a “holier-than-thou” effect, as explored by Bénabou
and Tirole (2006), to account for potential social influences on bottled water choices.

The decision to drink tap water or bottled water is modelled in a cost-henefit framework, where

rational individuals compare the utility derived from each option. An individual chooses bottled water



if the resulting expected utility exceeds the expected utility from tap water, or:
u(y,w) = q —b> v(y) - pla)s + . (1)

The left hand side of the above inequality represents the net welfare from choosing bottled water,

where

e u(y,w) is the utility from bottled water consumption, which increases with income y, decreases

with bottled water price w;
e ¢ is the expected (perceived) health impact associated with bottled water consumption.

e b the opportunity-cost of purchasing and transporting bottled water. which may also include

environmental impacts.

The right hand side of (1) is, instead, the net benefit from consuming tap water, where

e v(y) is the utility from tap water consumption, which increases with income, while the related
price is normalised to 0;

e p represents the expected (perceived) health impact associated with tap water consumption

o () represents the “ego-rent” associated with tap water consumption, reflecting the potential
satisfaction gained from prosocial behaviour due to a sort of looking-glass self aspect of consumers
(Benabou & Tirole, 2003).

Condition (1) can be rewritten as:
[u(y,w) —v(y)] — [g—p] — [0+ Q] > 0. (2)

Therefore, three main factors influence the decision between bottled and tap water. Utility Dif-
ferences: This refers to the difference in satisfaction derived from consuming bottled water compared
to tap water [u(y,w) — v(y)], considering income and bottled water price; Health Impacts Per-
ception: This captures the perceived difference in disease risk between bottled water and tap water
[¢ —p], influenced by expected health impacts, that may also be affected by past experiences and
quality issues, most notably in relation to tap water consumption; Opportunity cost and environ-
mental friendliness: This reflects the combined opportunity-cost of purchasing bottled water and
the potential forgone satisfaction from engaging in pro-environmental behaviour by choosing tap water
— b+

This theoretical framework yields the following set of testable implications that motivate the sub-

sequent empirical analysis:

- Testable Implication 1: Consumers may choose bottled water due to perceived superior taste, smell.

or appearance.



- Testable Implication 2: Consumers may prefer bottled water due to an expected health loss linked fo
tap water consumption.

- Testable Implication 3: Environmental concerns lead consumers to choose tap water.

- Testable Implication 4: Expected health and quality issues for tap water increase bottled water con-

sumption.

To verify these testable implications, a survey analysis has been conducted to explore the key factors
influencing consumer choice. We examine the aspects mentioned above, including perceived risks
associated with tap water consumption, taste, beliefs, social and political engagement.

3 Survey and Data Description

The survey, available in the appendix, was administered to a representative sample of 7,292 individ-
uals across Italy by the survey company Demetra’, that realized interviews between January 27"
and March 9", Participants were stratified by climatic area, based on the ISTAT® “ecoregions”
classification (Figure 5, in Appendix), which considers factors snch as altitude, latitude, climate, bio-
geography, geomorphology, and hydrography. This is because humidity and climate strongly influence
water consumption choices (Zapata, 2021), and we expect different behaviour among different eco-
regions. The Italian territory is diverse. with significant heterogeneity in latitude and altitude. The
National Statistics Institute (ISTAT) divides the territory into numerous sections, each comprising
more or less extensive portions of ecologically homogeneous territories based on the ecological features
of the environments.

To account for the ecological and hydrographic diversity of the Italian territory, we adopted a hi-
erarchical approach that divides the country into ecologically homogeneous units. While the ISTAT
classification allows for different degrees of granularity, we utilised the fourteen eco-regions (see Ap-
pendix B for the full taxonomic hierarchy). This level of detail ensures a robust representation of
Italy’s diverse landscape, from the Alpine and Po Plain sections in the north to the Mediterranean

and insular sections in the south:

1

Western Alps Section
- Central and Eastern Alps Section

Po Plain Section

- Northern and Northwestern Apennine Section

- Central Apennine Section

4We are grateful for the professionalism and accuracy of the company we used. Web site.
SISTAT web page



- Southern Apennine Section

- Italian part of the Illyrian Province

- Italian part of Ligurian-Provencal Province
- Northern and Central Tyrrhenian Section
- Southern Tyrrhenian Section

- Sicilia Section

- Sardegna Section

- Central Adriatic Section

- Southern Adriatic Section

As shown in Table 2, the sample is well-distributed across these regions. Most eco-regions account for
approximately between 7 and 8 per cent of the total sample, with the Po Plain Section representing
the largest cluster (10%) due to its high population density. Conversely, smaller specific areas like the

Mlyrian Province (Trieste) or the Ligurian-Provencal coast account for about 4% each.

Eco-region Interviews % of Sample
Western Alps Section 555 7.61
Central and Eastern Alps Section 553 7.58
Po Plain Section 730 10.01
Northern and Northwestern Apennine Section 566 7.76
Central Apennine Section 569 7.80
Southern Apennine Section 567 7.78
Italian part of the Illyrian Province 300 4.11
Italian part of Ligurian-Provencal Province 301 4.13
Northern and Central Tyrrhenian Section 557 7.64
Southern Tyrrhenian Section 567 7.78
Sicilia Section 569 7.80
Sardegna Section 564 7.73
Central Adriatic Section 308 4.22
Southern Adriatic Section 586 8.04
Total 7,292 100.00

Table 2: Clusterization of the Sample by Eco-Regions

The sample is also divided by administrative regions, and is balanced for gender and age classes.
The survey was conducted primarily via Computer-Assisted Web Interviewing (CAWI). Computer-
Assisted Telephone Interviewing (CATI) was also used, primarily to reach the older segment of the
population. As mentioned, the sample size is 7,292 interviews, with gender and age distributions in

line with the Italian population. While women account for 51.09% of the Italian population. the



survey shows a slightly higher share (52.87%). The age groups are almost accurately represented, as
shown in the following Table 3.

The questionnaire aims to understand the drivers of water consumption. including inquiring

Table 3: Sample characteristics.

Age Classes  Freq. of the Sample % of the Sample ISTAT census of 01/01/2024

18-24 309 4.24 8.26
25-34 1,056 14.48 12.49
35-44 1.240 17.00 14.06
45-54 1,472 20.19 18.26
55-64 1,437 19.71 18.24
65-74 994 13.63 13.82
=75 784 10.75 14.86
Total 7,292 100.00 100.00

whether respondents are loyal to a particular brand or to specific characteristics, such as low-mineral
or very low-mineral water. We are also interested in investigating whether health or taste is a
stronger driver of water consumption. We examine opportunity costs by investigating, among other
things, where and when people drink bottled water, such as at home or at work. We investigate
potential ecological behaviour by examining correlations between social participation and bottled
water consumption. Moreover, we also investigate the role of fear, mapping insurance, and saving
propensity within the sample. Among other things, family size, occupation. education level, and
income are also inquired about.

The survey consists of forty-two multiple-choice questions, each designed to be simple and easy
to answer. The questionnaire can be completed in approximately ten minutes; each question must
be answered to validate the interview. The absence of open-ended questions is a deliberate decision
driven by the fact that we are investigating an instinet: consequently, we preferred to understand
natural answers rather than precise ones.

Descriptive statistics show that more than half of the sample always buy bottled water (53.37%),
while over one in ten never do (9.87%). Notably, the regions where people consistently purchase
bottled water are the island regions, specifically Sicily and Sardinia, as well as the Southern Tyrrhenian
Section and the Southern Apennine Section (Table 4). A considerable 47.35% of respondents declare
that they only buy low-mineral water, while a non-negligible 9.22% do not even know the meaning of
low-mineral water. 37.10% of respondents are loyal to a brand, while 17.71% opt for the cheaper one.
Furthermore, 34.83% of interviewees reported experiencing problems with their water supply, and
25.45% reported supply interruptions; for 7.50% of the sample, authorities banned the use of tap water.

Unfortunately, as is often the case in survey data collection, more educated people are overrepre-
sented (Stantcheva, 2023): in fact, in our sample, 33.97% of respondents have at least a Bachelor’s
degree.

The survey analysis described above provides the basis for defining the variables to be used in the



Table 4: Survey data: Bottled water consumption by Eco-Regions
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subsequent empirical analysis. In the following, we describe the construction of these variables.

Firstly, we constructed two ordinal variables to measure consumption of bottled and tap water.
The questionnaire presents a clear question about purchasing bottled water (Question 15.): “Do vou
buy bottled water?” (See Table 4 for answers) with four possible answers: Always (4), Often (3),
Sometimes (2), and Never (1), resulting in a discrete variable. On the other hand, to investigate tap
water consumption, a series of questions was asked. First, the questionnaire asks if the respondent
“uses” tap water (Question 25.). Subsequently, it inquires whether they drink tap water, cook with tap
water, and wash vegetables with tap water (Question 26.). Thus, we constructed a discrete variable
similar to the bottled water variable, with values 4. 3, 2. and 1. The variable takes a value of 4 if the
respondent drinks tap water, 3 if they use tap water for cooking and/or washing vegetables, 2 if they
use it only for hygiene purposes, and 1 if the respondent answers that they do not use tap water at all.

Then, we selected more than thirty control variablesm described in Table 5, grouped by category.
We include standard socio-demographic characteristics to account for individual heterogeneity. This
includes age, gender, and household composition (family size and presence of children), while Educa-
tion is treated as a continuous proxy for human capital, mapped using the ISCED scale (UNESCO.,
2012). We also control for economic status and behaviour, including income deciles (Bank of Italy,
2022) and a self-reported saving propensity.

Moreover, reflecting our focus on risk perception and health, we include dumimies for prior experi-
ences with water supply failures (grid issues) or health problems attributed to water consumption. To
proxy for general risk aversion, we also incorporate indicators for private health and injury insurance.

Furthermore, we capture pro-social and environmental attitudes. These include membership in en-
vironmental associations, blood donation, and frequency of volunteering. Such variables are included
to test the “ego-rent” mechanism, to inquire if individuals gain utility from acting in a civic-minded
way. We also if environmental concerns (e.g., “plastic worry™) effectively translate into reduced bottled

water use.

10



Table 5: Control Variables Grouped by Category

Category Variables Description / Coding
Socio-demographics Age Age in vears
Female Dummy: 1 = female, 0 = male,

Education level

Family size
Children

0 = illiterate, 5 = elementary,
8 = middle school, 13 = high
school, 16 = Bachelor, 18 = Mas-
ter, 20 = PhD/Advanced Master
(UNESCO (2012))

0-5 (5 = more than 4 members)
Dummy: 1 = has children, 0 =
no children

Economic behavior

Saving propensity

Income decile

1 = none / not independent, 2
= <10%, 3 = 10.1-20%, 4 =
20.1-30%, 5 = 30.1-40%, 6 =
>40% of monthly income

1-10 (Bank of Italy (2022).)

Health & Insurance

Health issues related to
water consumption

Grid issues

Health insurance

Injury insurance

Dummy: 1 = ves, 0 = no

Dummy: 1 = ves, 0 = no
Dummy: 1 = yes, 0 = no
Dummy: 1 = yes, 0 = no

Civic & Environmental
engagement

Environmental  associa-
tion membership

Blood donor

Volunteering

Voted in last election

Dummy: 1 = yes, 0 = no

Dummy: 1 = yes, 0 = no
Ordinal: 1-5

Dummy: 1 = ves, 0 = no

Attitudes

Water worried (Question
34.)

Plastic worried (Question
36.)

3-point scale: 0 = No, 1 = Yes,
but other priorities, 2 = Yes, def-
initely
3-point scale: 0 = No, 1 = Yes,
but other priorities, 2 = Yes, def-
initely

Donation behavior

Donor variable

= none, 1 = only 5x1.000, 2 =
other donations

Regional

Ecoregion dummies

n-1 dummies to control for cli-
matic regions

Finally, geographical fixed effects are captured through the fourteen eco-region dummies, controlling
for persistent local habits and varying trust in local public utilities. Detailed summary statistics for all
variables, including their mean values and standard deviations, are provided in Table 10 in Appendix
C.
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4 Empirical Strategy

The consumption decisions for bottled and tap water are modelled using an extended ordered probit
(EOP) specification to address potential endogeneity bias when a key ordinal regressor is correlated
with the error term of the primary ordinal outcome. Specifically, both bottled and tap water are ordi-
nal variables with four categories. Ordered probit models are widely used to analyse ordinal outcomes
by assuming an underlying continuous latent variable and estimating threshold parameters that map
the latent index into observed categories (Greene & Hensher, 2010). When an explanatory variable is
potentially endogenous, due to simultaneity or shared unobserved determinants, the standard ordered
probit vields inconsistent estimates because it assumes that regressors are exogenous. Endogeneity in
ordinal outcome models can be addressed through econometric strategies that build on the concept of
correlated latent errors between the structural equation and an auxiliary equation for the endogenous
regressor (Rivers & Vuong, 1988). For binary outcomes, this is formalised in bivariate probit models;
for ordinal outcomes, the logic extends to multivariate ordered probit models (Sajaia, 2008).

Estimation of ordered response models with endogenous regressors has been proposed in the econo-
metric literature, including methods that jointly model the main outcome and the first-stage latent
variable with correlated errors (Kawakatsu & Largey, 2009). Following this literature, we use the
Extended Ordered Probit framework, as implemented in statistical software such as Stata (StataCorp,
2017), to estimate a system of two equations, where the latent variable underlying the bottled water
decision is modeled as a function of the latent variable underlying the tap water decision. and vice-
versa, within a fully observed recursive mixed-process specification (Roodman, 2011; StataCorp, 2025).
This means jointly estimating the outcome equation and an auxiliary equation for the endogenous or-
dinal regressor. This framework allows for correlation among the latent disturbance terms, mitigating
endogeneity bias and preserving the ordinal nature of both the outcome and the regressors.

For identification, health and grid-related issues are employed as instruments. These variables
are assumed to affect bottled water consumption only indirectly, through their impact on the latent
propensity to consume tap water, by shaping perceptions of water quality and reliability. Conditional

on tap water consumption and observed covariates, they are not expected to exert an independent

12



effect on bottled water demand (exclusion restriction).
Structural equation (bottled water): Yg e = 8o + B1Ye,, + 7' X + upatile (3)

Lif Ygut.t]e S T1

2 i <Y3 ST
YBott]e - .
3 i <Y e <7
4 if Yi e > T
Auxiliary equation (tap water): Yr}‘ﬂp =g+ o Z + vy (4)
1 if Yip < k1
2 ifr < Y’I’.'(ap < Koy
YTﬂp - .
3 if ke <Yy, < ks
4 ifYg,, > ks
Latent disturbances correlation: p = Corr(upetties Vap) (5)

A key output is the estimated correlation, p, between the error terms of the two equations, which
constitutes the test for endogeneity. Given the ordinal nature of tap water, the estimated coefficients
(Table 6) represent the effect of the latent propensity for tap water on the latent propensity for bottled
water. Therefore, the primary focus for policy interpretation must be on the Average Marginal Effects
(AMEs) (Table 7), which quantify the impact of a discrete change in tap water from one level to the
next on the predicted probabilities of observing each of the four categories of bottled water (Bayar,
2015; Evdokimov et al., 2025).

Alongside the main EOP analysis, we also estimate a Biprobit regression and a Conditional Mixed
Process (CMP) specification, which provide alternative perspectives on the relationship between tap
and bottled water consumption. The Biprobit model focuses on the binary choice between always
consuming bottled water and always consuming tap water, directly capturing substitution between the
two. However, this specification ignores the ordinal nature of consumption frequency, simplifying the
observed behaviour.

Thus, to overcome this limitation, the CMP framework is employed to estimate two simultaneous
O-Probit models. This approach allows us to utilise the full information contained in the ordered
categorical structure of the main consumption choices, capturing the factors that push consumers
towards incrementally higher or lower usage levels of both tap and bottled water.

Overall, among the estimated models, the EOP framework is the most informative, as it captures
the full ordinal structure of bottled water consumption as a consequence of tap water usage decisions.
On the other hand, the other two regressions focus on the choice between the two commodities.
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5 Results

5.1 Extended Ordered Probit

The EOP model estimation results, presented in Table 6, confirm a significant issue of unobserved
correlation, as the estimated error term correlation p is highly statistically significant. This positive
value suggests the presence of common unobserved factors, such as underlying lifestyle habits or a
generalised perception of water quality risk, that jointly influence the observed choices for both water
sources. The coefficient for the latent propensity of tap water on the latent propensity of bottled water
is significantly negative, suggesting that these two sources are strong substitutes.

Examining exogenous factors, the significant positive AME for Health Insurance supports the hy-
pothesis that subjective risk perception of tap water drives the preference for bottled water (TI 2).
Furthermore, higher income (Decile) is associated with a greater probability of high bottled water
consumption.

In the auxiliary equation, Health issue and Grid Issue are negatively correlated with tap water con-
sumption, which iz in turn negatively correlated to bottled water consumption in the structural equa-
tion (T4).

Moreover, the analysis of the AMEs reveals that several sociodemographic and attitudinal charac-
teristics significantly influence the probability of being a frequent bottled water consumer (Level 4).
Being a female increases the likelihood of falling into the highest consumption category. This suggests
a higher preference among women for bottled water.

Regarding socioeconomic and demographic status, education is associated with a slight reduction
in the probability of being a heavy consumer. Being a student or retired noticeably diminishes this
probability, likely reflecting differences in spending habits or disposable income compared to the work-
ing population. In line with bottled water being a market good with a cost. a higher saving propensity
translates into a lower probability of high consumption.

Considering household structure, an increase in family size is marginally associated with a higher
probability of high consumption. Conversely, the presence of a son (Children) appears to slightly
decrease the probability of maximum consumption.

Risk perception and health consciousness are crucial factors. Having health insurance significantly
increases the probability of frequent bottled water consumption. This suggests greater overall aware-
ness and sensitivity to health-related risks, leading to a choice of the perceived safer option (TT 2).
Consistently, the effect of individuals worried about water scarcity or quality is distinetly positive: this
concern increases the likelihood of being a frequent consumer. reinforcing the idea that subjective risk
perception of tap water is a fundamental driver of bottled water consumption (TT 2).

Finally, variables related to civic and social engagement show a negative impact. Both volunteering
and donating blood reduce the likelihood of overconsumption. These effects may reflect higher social
capital, greater trust in public services (such as tap water supply), or stronger pro-environmental val-
ues favour tap water use (TI 3).

For comparison purposes, we also present, in the first column of Table 11 (Appendix D), the results

of simpler models. The first column presents a standard O-Probit with tap water included as a control
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variable, along with Health Issues and Grid Issues as standard controls. The second column shows an
O-Probit with tap water as the dependent variable and the instruments treated as exogenous variables.

Finally, the third column reports the OLS regression result.”

Table 6: Extended Ordered Probit

Bottle_ Water
Female L
(0.026)
Age 0.000
{0001
Education -0.006*
(0.004)
Decile 0.040%**
(0.008)
Student -0.103*
(0.055)
Retired -0, 14004%
(0.041)
Saving propensity (104>
{0.011)
Family slze 0.026*
(0.014)
Children ~0.0249%
{0016y
Health_Insurance 0.073%
(0.033)
Injury_Insurance =0.039
(0.031)
Water_Worried 0070+
(0.024)
Plastic_Worrled -0.011
{0.029)
Donor 0.012
(0.016)
Volunteering -00200
(0.008)
Party_Tinion 0.026
(0.018)
Blood Donor -0, 140*=
(0.027)
Voter 0.035
(0.030)
Env_Enroll -0.019
(0.050)
Tap_Water =LORG**=
{0066}
Ecoregions Yos
Tap_Water
Healthy issues related to w. consumplion (L 156
(0,040
Grid Issues -0.194 %=
{0.025)
Constant 31105+
(0.014)
J/Bottle_ Water
cutl -4.2504%
(0.156)
cut2 -3.584%%
(0.180)
cutd ~3.0504%*
{0:220)
!
var({e. Tap_Water) Lo1g=*=
(0.0186)
corr{e Tap_Water,o. Bottle_Water) 0548
(0.081)
N. Osservazionl GEES
Log-Likelihood -16873.75
Chi2 1418.11
Praob >Chi2 0000

" p<0.10, 77 p<0.05, "7 p<0.01,

The OLS is used just to provide a simple measure of model fit via B2. This is purely illustrative, as it does not
account for the ordinal nature of the dependent variable nor for the endogeneity addressed in the EOP
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Table 7: Average Marginal Effects by Outcome Level — Extended Ordered Probit

Bottled Water

(1) (2) (3) (4)
Female -0.013%"*  -0.013"*7 -0.005** 0.032%*"
(0.004) (0.004) (0.002) (0.010)
Age -0.000 -0.000 -0.000 0.000
(0.000) (0.000) (0.000) (0.000)
Education 0.001% 0,001 0.000* -0.003*
(0.001) (0.001) (0.000) (0.002)
Decile -(1.007*** -0.007**" -0.003%** B:.016™ ™"
(0.001) (0.001) (0.000) (0.003)
Student 0.018% 0.018% 0.007* -0.043"
(0.009) (0.009) (0.004) (0.022)
Retired 0.025%*" 0.024"** 0.009™** -0.058%"
(0.007) (0.007) (0.003) (0.016)
Saving propensity 0.008%** 0.008*** 0.003%** -0.020%**
(0.002) (0.002) (0.001) (0.004)
Family size -0.005* -0.004* -0.002* 0.011*
(0.002) (0.002) (0.001) (0.006)
Children 0.005% 0,005* 0.002* -0.012*
(0.003) (0.003) (0.001) (0.006)
Health Insurance -0.013%* -0.012** -0.005** 0.030%*
(0.006) (0.006) (0.002) (0.013)
Injury Insurance 0.007 0.007 0.003 -0.016
(0.005) (0.005) (0.002) (0.013)
Water Worried -0.012%%* -0.012%** -0.005%** 0.029***
(0.004) (0.004) (0.002) (0.010)
Plastic Worried 0.002 0.002 0.001 -0.005
(0.005) (0.005) (0.002) (0.012)
Donor -0.002 -0.002 -0.001 0.005
(0.003) (0.003) (0.001) (0.007)
Volunteering 0.004%* 0.004** 0.001** -0.008**
(0.002) (0.002) (0.001) (0.004)
Party Union -0.004 -0.004 -0.002 0.011
(0.003) (0.003) (0.001) (0.007)
Blood Donor 0.025%** 0.024*** 0.009*** -0.058"**
(0.004) (0.004) (0.002) (0.010)
Voter -0.006 -0.006 -0.002 0.014
(0.005) (0.005) (0.002) (0.012)
Env Enroll 0.003 0.003 0.001 -0.008
(0.009) (0.009) (0.003) (0.021)
Tap Water 0.172°%*  0.169%*F  0.065%**  -0.406%**
(0.024) (0.023) (0.009) (0.055)
Ecoregions Yes Yes Yes Yes
Observations 6885

* p<0.10, 77 p<0.05, 7T p<0.01.

5.2 Biprobit

The EOP results showed the presence of a substitution relationship between bottled water and tap
water (TT 4). That is, factors that increase the likelihood of consuming one tend to decrease the
likelihood of consuming the other.

Thus, the decision between bottled and tap water is interdependent; it is useful to analyse these
jointly. Hence, a Biprobit model has been performed allows us to estimate the two decisions simulta-
neously and formally test the correlation between the error terms. Results are depicted in the Table
8.

Higher income and lower education are associated with the decision to always use bottled water.
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Figure 2: Marginal Effects on Bottle Water Choice

Conversely, lower income and higher education are associated with the decision to Always use tap wa-
ter. This could indicate that highly educated individuals who do not rely on bottled water are better
informed about tap water quality and safety, leading them to be committed tap water users.

Biprobit findings on risk are confirmed here (TI 2). Concerns about water quality and previous
Health Issues are positively associated with being an always bottle consumer, as well as problems with
the water grid strongly push consumers towards always bottle and away from always tap.

Commitment to the environment is a clear proxy for the most dedicated tap water users (TT 3).
Active environmental involvement and concern about plastic pollution are strongly associated with
the decision to be an always tap consumer. Also, behaviours suggesting high civic and pro-social
engagement (like volunteering and being a blood donor) are also positively associated with being an
Always Tap consumer and negatively with being an always bottle consumer.

Regional effects remain highly powerful and, once again, confirm the findings of Zapata (2021).

The Alpine and Northern Apennine regions show a strong negative association with Always Bottle and
a very strong positive association with Always Tap. These regions are home to the most committed

tap water users. Conversely, Southern regions show a strong positive association with Always Bottle
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Figure 4: Average marginal effects of Grid Issues with 95% Cls

and a strong negative association with Always Tap. In these areas, consumers are far more locked into
the bottled water habit, driven by local perceptions of risk and lack of trust in the supply.

Thus, the Biprobit analysis solidifies the key conclusion: the choice between always using bottled
water and always using tap water is determined by a polarized set of factors, where risk and perceived
quality (TT 1, 2) drive the consumer towards the bottle, and civic/environmental values (TI 3) drive
the consumer towards the tap.

Finally, some alternative specifications of the Biprobit model, employing a simpler Linear Proba-
bility Model (LPM) on the binary choices, are available in the Table 12 in Appendix.



Table 8: Biprobit

Always_Bottle
Always Bottle

Always_Tap
Always Tap

Female 0.145777 -0.079%7
(0,033) (0.034)
Ape -0.001 0.001
(0.002) (0.002)
Education -0.020%=* 0.015%**
(0.005) (0.005)
Decile 0.054°*" -0.044 %"
(0.009) (0.010)
Student -0.159*" 0.167%"
(0.071) (0.073)
Retired -0.121** 0.158%**
(0.052) (0.054)
Saving_Propensity -0.046*% 0.038™**
(0.013) (0.014)
Family.Size 0.016 -0.025
(0.018) (0.018)
Children -0.0:31 0.014
([LUZU} (0.021)
Healthy _lzsues (1.142** -0.095
(0.061) (0.063)
Grid.Issues 0.169°*" U311
(0.034) (0.036)
Health_Insurance (LOGS 0.001
(0.042) (0.044)
Injury_Insurance -0.054 -0.016
(01.041) (0.042)
Env_Enroll -0.089 T
(0.062) (0.066)
Water-Worried 0.067** -0.077"
(0.030) (0.031)
Plastic_Worried -0.047 0.139***
(0.038) (0.040)
Donor -0.011 0.053%*
(0.021) (0.022)
Volunteering -0.041%"" 0.026"%*
(0.012) (0.013)
Party_Union 0.059"*" -0.005
(0.023) (0.023)
Blood_Donor -0.233** 0.192***
(0.033) (0.034)
Voter -0.026 0.098*"
(0.039) (0.041)
-cons 0.381°** -0.817*"*
(0.140) (0.150)
Ecoregions Yes Yes
athrho -(.847***
(0.025)
N GEEE]
Log likelihood -TR79.433
Chi2 886.029
p-value 0.000

Rho = -0.6893
LR chi2(68) = 886.029 (p = 0.0000)

" p<0.10, "7 p<0.05, " p<o.01.

5.3 Conditional Mixed Process

The O-Probit results shown in Table 9 reinforce the findings of the earlier models, showing that

the drivers of consumption frequency are consistently polarised along the dimensions of risk, socio-
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economics, and civic-environmental attitudes.

The most decisive factors pushing consumers toward the highest frequencies of Bottled Water
use relate to perceived risk and negative experience (TI 2). Past health issues related to water
consumption strongly increase the likelihood of being in the highest bottled water usage categories
and simultaneously reduce the likelihood of being in the highest tap water usage categories. This
confirms that prior negative health outcomes are a permanent barrier to trust, driving persistent
dependence on bottled sources. Experiencing Grid Issues (problems with the public water supply)
significantly shifts consumers into higher-frequency groups for Bottled Water and into lower-frequency
groups for Tap Water. This structural failure of the public service is a major catalyst for behavioural
change.

Conversely, environmental and civie values consistently drive the highest frequency of tap water
use (TI 3). Great concern over plastic pollution predicts more Tap Water use and is negatively
associated with Bottled Water consumption. Active civic engagement, such as being a Blood Donor
and a registered Voter, is strongly associated with moving into the highest frequency tiers for Tap
‘Water use. The status of Blood Donor also strongly reduces the likelihood of being in higher Bottled
Water usage categories. These results suggest that the committed tap water user possesses a high
degree of pro-social behaviour and public trust.

The regional differences are here confirmed. Those disparities, driven by local water conditions (TT
1), are robust across the full range of consumption frequency.

The CMP analysis using O-Probit models confirms the robust and opposing roles of risk /health
and environmental/civie attitudes in determining the consumer’s level of commitment to either bottled
or tap water.

Additional specifications using two O-Probit models estimated separately are presented in the
Appendix. Table 13 shows the average marginal effects (AMEs) for eight outcome categories, where
columns (1)-(4) pertain to Bottled Water (Bottle) and columns (5)-(8) to Tap Water (Tap).

The last alternative specifications are represented by Logit models to determine how various factors
influence specific binary choices for bottled and tap water, including their possible uses such as drinking,
cooking, and hygiene. This is to better understand the consumption propensity to analyse the specific
behaviours and beliefs that drive the adoption of one water type over the other for daily tasks.

Table 14 shows the likelihood of using bottled water for various purposes. The first three columns
(1-3) look at general consumption frequency, while columns (4-7) examine specific uses: Drink, Cook,
Wash Vegetables, and Hygiene.

Logit models powerfully reinforce the dominance of risk perception (TI 2) and environmental
concerns (TT 3) over other factors. The risk plays a different role here. Bottled water use, particularly
for critical activities like drinking and food preparation, is overwhelmingly driven by lack of trust and
concerns about quality.
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