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Summary

This study explores domestic water use in the rural areas of Santiago de Cali and Restrepo,
Colombia, focusing on the application of the Values, Beliefs, and Norms (VBN) theory to un-
derstand individual water use behaviours. Recognizing the critical importance of water as a
fundamental resource, the research addresses the complexities of water management, particu-
larly in the context of increasing demand and inconsistent availability. The study seeks to fill
gaps in traditional water use research by incorporating psychological factors and decision-making

frameworks, aiming to contribute to the broader field of water management.

Utilizing data from 926 households, the study employs a multi-linear regression analysis to ex-
amine the relationships between socio-economic factors (SEC) and VBN psychological factors
with three dependent variables: perceived total water use, shower time, and the use of water-
saving devices. The analysis identified significant predictors of water use behaviour, with VBN
factors providing additional explanatory power beyond that of socioeconomic variables. Specif-
ically, VBN factors accounted for an additional 2% of the variance in total water use, 3.3%
in shower time, and 4% in the use of water-saving devices. Values, particularly biospheric and
altruistic, were the most consistent contributors to water-saving behaviours, while beliefs had

minimal impact.

The findings highlight the importance of promoting biospheric and altruistic values, as well as
reinforcing personal norms related to water conservation, in encouraging sustainable water use
behaviours. Educational campaigns that emphasize the moral responsibility to conserve water
and the community benefits of sustainable water use are likely to be effective, particularly in
rural areas. The study also notes that individuals with strong egoistic values, such as a desire
for unlimited water supply, are less inclined to adopt water-saving behaviours, suggesting the

need for targeted interventions that connect personal benefits with conservation efforts.

In conclusion, while the VBN framework provides valuable insights into specific water use be-
haviours, its overall impact on total domestic water use is moderated by contextual and socioe-
conomic factors. Future research should continue to explore these dynamics, with an emphasis
on developing tailored interventions that address both the psychological and contextual determi-
nants of water use behaviour. This approach can help policymakers and environmental educators
foster more sustainable domestic water use, particularly in rural areas where such factors play

a significant role.
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Chapter 1

Introduction

Water is a basic and fundamental resource for the development of any society. Water is a natu-
rally occurring resource that is renewable, but its temporal availability in terms of both quantity
and quality is not always guaranteed, which can cause communities to struggle. Furthermore,
as the demand for water continues to grow, it has become increasingly vital to understand the
complex dynamics of water management (USGS| |2019)). To mitigate the problems with sustain-
able management, a comprehensive understanding of how this resource is managed and used
may be helpful (Bouman et all 2018).

This comprehensive understanding not only entails the technical aspects but also the contextual
and psychological factors that influence its utilisation and conservation. The knowledge would
not be complete without understanding the decision-making frameworks related to water use on
an individual scale (Russell and Knoeri, 2020). This research explores domestic water use from

the perspective of individual behaviour and the relationship people have with this resource.

The objective of this exploratory study is to identify to what extent the Values, Beliefs and Norms
(VBN) theory is applicable to understanding domestic water use in the rural areas of Santiago
de Cali and Restrepo, in Colombia. This study enhances the traditional methods of researching
domestic water use, which mostly concentrate on social and technical factors (Corbella and
i Pujoll, [2009). However, there were gaps remaining in understanding individual behaviour and
psychological factors have started to be considered in different research on water behaviour
studies to address this. However, this is not a deeply explored area, and there is an ongoing need
to explore these factors more deeply in water management engineering (McCarroll and Hamann,
2020, Russell and Knoeri, [2020)).

This study uses Stern’s VBN theoretical framework as a tool to study domestic water use.
In summary, the VBN theory is a behavioural framework that attempts to explain how pro-
environmental behaviour results from a causal chain that includes values, general environmental
beliefs, awareness of consequences, attribution of responsibility, norms and, finally, consequent
actions. (Bouman et al., 2018; [Lind et al. |2015; [Stern et al., [1999). The focus on studying
pro-environmental behaviour that this framework represents, is the reason why this behavioural
theory was chosen to study how people use water indoors, as water is a natural resource. Addi-

tionally, the VBN has not been widely implemented to comprehend domestic water use behaviour
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despite its potential applicability in the water management field (Van der Linden, |2015). There-
fore, the focus of this research is to contribute to expanding the field knowledge on domestic

water use by applying this framework.

The database was provided by PhD candidate Ir. Diana Callejas, and consists of 31 questions
asked to 926 residents of eight rural areas with different water supply systems in Colombia,
with each respondent representing their household. The database consisted of self-reported in-
formation, which relies on the perceptions of the respondents. It is important to note that this
exploratory research is part of a broader study conducted by PhD candidate Ir. Diana Callejas
(Callejas Moncaleano et al., 2023)).

In order to provide insight and have a better understanding of the VBN theory, an extensive
literature review was conducted. In addition, a multi-linear regression method was implemented

to find relationships between the VBN theory and domestic water use.

1.1 Research question

To what extent is the theoretical framework of VBN applicable to the understanding of water

use in the rural areas of Restrepo and Cali in Colombia?

1.2 Objectives

° Obtain current information about the VBN theory.
° Apply the VBN theoretical framework to domestic water use.
° Describe if the VBN theory could influence/explain the domestic water use in rural areas

of Valle del Cauca.

This report is structured as follows. In chapter 2, the literature review about domestic water use
and the VBN theory are presented, accompanied by case studies where the theory was applied
to study people’s environmental behaviour. Next, chapter 3 outlines the methods and materials
used for this research and information about the study area. In chapter 4, the report delves into
the research results. Chapter 5 discusses the contribution of the VBN theory and the limitations
of this study and provides suggestions for future research. Finally, in chapter 6 the conclusions

are presented.



Chapter 2

Literature Review

Domestic water use plays a critical role in societies, requiring an understanding of the factors
that drive consumption and usage. To enable societies to address sustainability challenges and
develop appropriate solutions, reliable knowledge about changes to freshwater resources and

their usage is required (Fan et al., 2013).

We cannot understand or make future predictions about the dynamics of the water resource
system without understanding how economic gain, environmental degradation, and social sit-
uations play out in society, and how individual and social perceptions of these issues impact
management decisions related to water consumption and use (Srinivasan et al., 2017). This un-
derstanding will remain incomplete until we fully address and understand the issues that arise
from human culture, including how components of culture, i.e. values, beliefs, and norms, relate

to water use (Sivapalan and Bloschl, 2015]).

The literature review will evaluate existing literature and research concerning domestic water
use and its relationship with human behaviour. In particular, the review will dive into VBN
theory as a framework for understanding these dynamics. Additionally, it presents cases where
the VBN theory has been implemented.

Literature selection

A systematic literature review was conducted across multiple academic databases. The primary
databases utilized were ScienceDirect, Scopus, JSTOR, Web of Science, PubMed and Google
Scholar. These platforms were chosen for their comprehensive collections of scholarly articles

and publications, allowing for a thorough investigation into the relevant topics.

The initial step in the literature review involved identifying and selecting material literature that
applied the VBN theory to environmental behaviour, with a particular emphasis on domestic
water use. This was achieved by employing a strategic combination of keywords in search engines,
including terms such as ’Values Beliefs and Norms theory’, 'pro-environmental behaviour’, 'do-
mestic water use’, ‘psychological factors’ and 'water conservation’. The results from the searches
were filtered based on relevance, with a focus on studies that provided significant insights into

how the VBN theory explains water use behaviour at the household level.
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In the initial search strategy, terms specific to the Valle del Cauca region, such as "Valle del
Cauca,” 'Restrepo,” and 'Rural Cali,” were included. However, due to the lack of relevant studies
in these areas, the terms were removed to broaden the search to more general contexts of domestic
water use. Also to reduce the amount of articles retrieved, the search was filtered limiting the
area of interest to engineering, environmental science, decision sciences and social sciences. In
Table below, the main search queries employed across different platforms and the number

of results retrieved are presented.

Table 2.1: Initial search strategy

Topic Values beliefs & norm theory and domestic water use
Factors in
Concept groups VBN theory water use domestic water Study zone
use
Domestic
Contextual factors/
VBN theory/ pro- water use/ .
Develop terms; i : : psychological
environmental behaviour/ domestic Valle del Cauca/
define search terms : factors/ "
Values beliefs & norm water usage/ . Restrepo/ Rural Cali
/ Keywords environmental
theory water
values

conservation

Truncation/relation {Concept 1 OR concept 2) AND (Concept 3 OR Concept 4)

(Values beliefs & norm theory) AND (domestic water use or psychological factors or water

Search strate
234 use)

Note: 1,426 results search results found in Scopus, 2,704 in ScienceDirect and 80 in JSTOR, 235 in Web of Science

The search queries were carefully designed to capture a wide range of studies relevant to the
research objectives. The articles retrieved were screened according to their titles, abstracts, and
keywords to ensure thematic relevance to the research question. Preference was given to studies
that examined the relationship between psychological factors and water use within domestic set-
tings, especially those applying VBN theory. Following the initial filtering, the selected articles
underwent a thorough review to extract key insights and data that would inform the develop-
ment of the research framework. The main themes emerging from the literature were categorised
into three broad areas: VBN theory, psychological factors influencing water use, and contextual
factors. Keywords associated with each theme were noted to guide further analysis and catego-
rization of the literature. Where necessary, terms with similar meanings were grouped to refine

the analysis further, ensuring a comprehensive review of the literature.

The literature was synthesized to highlight gaps and opportunities for further research. This
synthesis formed the foundation for the subsequent phases of the research, including the devel-

opment of research questions and hypotheses.

The literature review process was integral to identifying the core theoretical frameworks and
empirical findings that would guide this study. By systematically selecting and analysing a
diverse array of scholarly sources, the review provided a solid basis for exploring the complex

interplay between environmental values, psychological factors, and domestic water use.
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2.1 Previous studies about domestic water usage

This section explores the literature and evolution of research on domestic water use, from inves-
tigations focused on socioeconomic and contextual factors to the incorporation of psychological
factors. In the next section, the VBN theory is introduced to analyse domestic water use in rural

areas.

Socioeconomic factors are integral components of the contextual factors that influence domestic
water use. These factors refer to the social and economic conditions, such as income level, educa-
tion, employment status, occupation, social status, access to resources, cultural background, and
living conditions, that shape individuals’ behaviours, attitudes, and opportunities. Contextual
factors encompass the external elements that impact a given situation, including the physical
environment, social context, and demographic situation (Constantino et al., [2021). They are
defined as environmental influences that affect an individual’s behaviour, emotions, and cogni-
tion, distinct from internal dispositional or psychological factors, which are internal or individual
influences. Consequently, contextual factors, including socioeconomic conditions, play a signif-
icant role in shaping behaviour, with widespread acknowledgement of their importance in the
analysis of environmentally significant behaviours (Steg and Vlek, 2009)). Understanding the
role of these contextual factors is crucial for comprehending how context shapes behaviour and
decision-making processes, particularly in situations involving water use, which entail complex

decision-making dynamics.

Previous studies on domestic water use have emphasized a broad array of contextual factors, in-
cluding socioeconomic status, demographic characteristics, and climatic variables. For example,
Corbella and i Pujol (2009), underscores the importance of socioeconomic factors in under-
standing the driving factors behind water consumption. Their work analysed existing research
on domestic water demand factors and the relation between domestic water usage and contextual
factors such as price, income, household size, age and climate in urban environments. Although
the scope of this thesis is domestic water use in a rural area of Colombia, this study reviews

different literature and most of the concepts are applicable to domestic water use.

Water price is the first factor considered in influencing domestic water usage, as price represents
one of the most relevant strategies to reduce water demand (Arbues et al., 2004). The reason is
that higher water prices lead to lower consumption, which is true to a certain degree, however,
water is not a pure economic good and many water uses are essential and irreplaceable (Shaw,
2021)).

Households are crucial for analyzing changing sociodemographic structures and are an important
scale for environmental and resource analyses (Esteve et all 2024)). In principle, the higher the
number of people living in a household, the larger the expected aggregated water demand. The
age structure of a given population is another relevant driver of domestic water consumption
(Fan et al., 2013). Basically, older people tend to spend less water per capita and families with
children can be expected to use more water. Education appears to be related to environmental
consciousness and awareness. Related to water use, this could be translated into the purchase of

water-conserving appliances or the planting of drought-tolerant garden species (Bich-Ngoc and
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Teller, [2018)).

Climate is one of the most explicate drivers of domestic water use and consumption. In other
words, domestic water consumption is supposed to vary depending on climate variables, espe-
cially temperature and rainfall. As mentioned, early research focused on socioeconomic factors to
explain domestic water use. Demographic factors were added to the analysis such as household
size, age, gender and education. When complementing this with climate factors, domestic water

use is analysed from a complete view of contextual factors (Corbella and i Pujol, 2009).

The analysis of the contextual factors is very important in explaining domestic water use. How-
ever, the psychological factors related to domestic water usage have not been fully explored in
the literature, it is only in the last years that these factors have started to be considered in
many studies (Corbella and i Pujol, 2009; [Daniel et al., 2019; |Guo et al., [2022; |Sanchez et al.|
2023; [Whitley et al., 2018]), and therefore it is necessary to contribute to this gap in the existing

literature.

Psychological factors such as attitudes, values, beliefs, motivations, norms and perceptions, play
a crucial role in shaping individuals’ behaviours, including those related to water use (Stern
et al., |1999; [Stern, 2000). With the maturation of environmental psychology, researchers go
deeper into the psychological determinants of pro-environmental behaviours, including those

related to water conservation (Allen, 2016).

Russell and Knoeri (2020]) explored the complex interaction between psycho-social factors and
household water conservation intentions. Their findings provided insight into the complex web
of motivations, attitudes, and beliefs that support individuals’ water-saving behaviours. Their
study highlights the importance of understanding the socio-psychological dynamics shaping wa-
ter use patterns. Similarly, |Addo et al.| (2018b)) found that psychological factors such as val-
ues, beliefs, norms, trust, and emotional reactions significantly influence water conservation
actions. This study emphasizes that effective water conservation interventions must consider
these psycho-social factors alongside socioeconomic and environmental variables to be success-
ful. These studies increased the understanding of how psychological factors influence people’s
decisions about water use, setting the framework for broader approaches to water conservation

programs (Sanchez et al. 2023).

This growing trend of incorporating psychological factors alongside traditional contextual and
socioeconomic analyses paves the way for a more comprehensive approach, which led to the
focus on the VBN theory as a framework to better understand water use behaviours. In the next
section, the VBN theory will be explored and discussed, as a method to explain the interaction
between psycho-social and water use behaviour and gain understanding how environmental

behaviour is shaped by values, beliefs and norms.

2.2 The Values Beliefs and Norm theory

The VBN theory emerged as a comprehensive framework for understanding pro-environmental

human behaviour (Stern, 2000)). While earlier studies focused on contextual factors, the VBN
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theory offers a psycho-social approach, considering the interplay between individual values, be-
liefs, norms and behaviour. By integrating the VBN theory into research on domestic water
use on top of the contextual factors, this research searches for a possible relationship between

underlying motivations and individual influences in driving water use related behaviours.

Various psychology concepts and frameworks have been employed to study human behaviour
and decision-making. For example, the Risks, Attitudes, Norms, Abilities, and Self-regulation
(RANAS), the health belief model (HBM), the integrated behavioural model for water, sanitation
and hygiene (WASH), the theory of reasoned action, the structure of underlying personal values,
the health action process approach (HAPA), and the VBN theory (Akintundel 2017;Daniel et al.,
2019;Bruch and Feinberg], 2017;Ives and Kendal, 2013 Mosler], 2012}Salazar| [19913Steg and Vlek,
2009; |Stern et al., [1999)). These theories, which originated in social science and behaviour, have
been applied to the health and business sectors (Davis et al., 2015; Dreibelbis et al., 2013;Salazar,
1991)).

In this research, the theoretical framework of VBN is explored to understand if it contributes
to the understanding of domestic water use in rural areas. The VBN theory was chosen as
it provides a comprehensive framework that integrates values, beliefs, and norms, offering an
understanding of how these factors interact to influence behaviour. VBN captures a broad spec-
trum of human motivations, including moral and ethical considerations (Stern et al.,1999)). This
holistic approach is particularly useful when studying behaviours that are driven by values and
norms, such as environmental conservation, like in this case the use of a natural resource like

water for domestic purposes (Dietz, Fitzgerald, & Shwom, 2005).

The VBN theory is a theory of environmentalism known for explaining how values impact
pro-environmental behaviour and offers a framework for examining normative elements that
support consumption and sustainable actions (Stern) 2000)). In the literature, this theory can
also be referred to as a behavioural model. The VBN theory puts together the value theory
(Schwartz, |1992), the new environmental paradigm perspective (Dunlap et al., 2000)), and the

norm-activation theory (Schwartz, |[1977)).

The theory implies a chain of variables or events, as seen in figure The process starts with
values and a broad concern for the environment and moving on to beliefs about the unfavourable
effects of specific actions and the personal responsibility and ability of the individual to prevent
these unfavourable effects. This activates sustainable personal norms for behaviour (Stern, 2000).
This means that individual values and general environmental beliefs will influence the degree
to which a person recognises an environmentally related problem and acknowledges its conse-
quences, as well as the degree to which they are willing to recognise their role in contributing to

solve the problem.

In the VBN theory, three generally accepted types of values are believed to be particularly
important precursors of environmental beliefs and behaviours (Schwartz, [1992). These are bio-
spheric, altruistic and egoistic values. Biospheric values give weight to environmental protection
in making decisions for non-human species. Altruistic values emphasize human welfare beyond

the individual. Egoistic values primarily focus on self-interest in terms of the cost and benefits of
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the course of action (De Groot and Steg, [2007; [Stern et al., [1999). Biospheric and altruistic val-
ues are considered positive pro-environmental, while egoistic is a negative environmental value
(Sternl |2000). Previous studies have also found that hedonist values influence actions related to
pro-environment behaviour. Hedonistic values prioritize the achievement of immediate gratifi-
cation and enjoyment. Individuals who adhere to hedonistic values prioritize experiences that
bring them pleasure and satisfaction, often seeking out activities or possessions that enhance
their well-being in the short term (Bouman et al., 2018} [Steg et al., 2014).

Another element of the VBN theory are ‘beliefs’. ‘General environmental beliefs’ reflect individ-

uals’ beliefs about humans’ appropriate relationship with the environment. Examples are:

° Appropriateness of human dominance over nature.
° Perceived fragility of the earth’s ecosystems.
. Faith in humans’ ability to solve environmental problems.

These beliefs are influenced by the knowledge about the new environmental paradigm (NEP),
the adverse consequences of a given situation (AC), the perceived ability to reduce threat (AR)

and a person’s social norm reference group (Steg and Vlek, 2009; [Stern, [2000; [Yakutl 2021)).

The NEP places a strong emphasis on ideas about the boundaries of human growth, the need
to maintain the natural order, and the necessity of striking a balance between economic devel-
opment and environmental protection. It includes environmental beliefs, awareness of environ-
mental issues, and recognition of the necessity of sustainable development (Nordfjeern et al.|
2014]).

The NEP states that people’s perceptions of their surroundings have an impact on their aware-
ness of the consequences of particular behaviours as well as their perceptions of their capacity to
prevent the negative effects of those behaviours. The hypothesis that norm activation may play
a role in a range of sustainable behaviours has been supported by various studies (De Groot and
Steg), 2010; |Stern et al., [1999).

It is necessary to distinguish between beliefs that centre on particular sustainable behaviours
(AC) and those that centre on general environmental conditions (NEP) because they play differ-
ent roles in influencing behaviour. Personal norms are activated by these particular beliefs, and
personal norms can impact a variety of sustainable behaviours, as can be seen in figure It
also establishes whether the person believes that acting in an environmentally friendly manner

is morally required (Steg et al., 2005]).

The personal norm of the VBN theory is based on a psychological framework called the norm-
activation theory. This seeks to explain the variables that influence people’s intentions and
behaviour towards environmental actions. The theory describes how people form their own set
of personal norms. Personal norms are people’s beliefs about their moral duty to act in a pro-
social manner, or their expectations. These standards are developed using situational elements
and individual characteristics (Schwartz, [1977)). To understand more about the VBN theory, it

is necessary to expand on the concepts and theories that conform to this theory.
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Pro-environmental

Personal
Values Beliefs Norms Behaviors
Biospheric ——» NEP —> AC — AR —— Senseof Activism
- Ecological Adverse Perceived ability obligation to s
A|U’UISUC/ worldview consequences to reduce threat take pro- Nor1act|vwst
Egoistic for valued environmental public-sphere
objects — behaviors

Private-sphere
behaviors

Behaviors in
organizations

Figure 2.1: VBN Theory: chain of variables
(Stern, [2000])

2.2.1 Theories that compound VBN framework
Theory of values

Schwartz’s Theory of Values offers a comprehensive framework for examining the influence of
individual and cultural values on human behaviour and societal dynamics. Schwartz identifies
a core set of universal values that transcend cultural boundaries and shape human behaviour.
These values, conceptualized as abstract ideals representing desirable goals and principles, play
a fundamental role in guiding individuals’ actions and social interactions. Widely employed
in psychology and sociology, this theory serves as a valuable tool for understanding human

motivation, decision-making processes, and cultural phenomena (Schwartz, |1992).

According to Schwartz (1992), a value is defined as: ”a desirable trans-situational goal varying
in importance, which serves as a guiding principle in the life of a person or other social entity”.
Values utilise their influence by directing attention toward information consistent with one’s

values and shaping the perception of this information.

Values are characterized by several key attributes. The first attribute is that values are cognitive
constructs interlaced with emotions, beliefs, and motivations. Secondly, values act as motiva-
tional guidelines, representing desired goals that people work to achieve. Values become evident
in specific actions and situations, guiding individuals’ behaviour in contextually specific ways.
Furthermore, they function as evaluative criteria, guiding the selection and assessment of actions,
policies, and individuals. Ultimately, values create a structured hierarchy in which people rank

certain values higher than others based on their importance and relevance (Schwartz|, [1992]).

The abstract nature of values distinguishes them from concepts such as norms and attitudes,
which belong to specific actions or situations. Schwartz’s Theory of Values has identified 57 values
that are prevalent across more than 60 cultures. Individuals select and prioritize these values
based on their personal beliefs and aspirations. From these 57 values, Schwartz has delineated
10 broad values that drive human behaviour and are considered significant, see figure
These 10 values are categorized into four typologies: openness to change, self-transcendence,

self-realization, and conservation.

° Openness to change: this encompasses values related to embracing novelty and new ex-
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periences
. Self-transcendence: reflecting an orientation towards altruism and concern for others
. Self-realization: focusing on the fulfilment of one’s personal potential and aspirations
. Conservation: centered around values associated with tradition, security, and family
STIMULATION
" ” SSORN  \JEVOLENCE

ACHIEVEMENT

sociaL e S A ’ TRADITION
EEER

Figure 2.2: Schwartz values Infographic

These four categories and the corresponding 10 broad values constitute the foundation of
Schwartz’s theoretical model of human values. Illustrated in figure this model provides
a visual representation of the complex interplay between values and human behaviour across

diverse cultural contexts.

Schwartz’s Value Theory provides a foundational framework for understanding the motivations
behind human behaviour. The concepts of biospheric, altruistic, and egoistic values can be seen
as specific applications within Schwartz’s broader value categories. Biospheric values, which
prioritize the well-being of the environment and the preservation of nature, align closely with
Schwartz’s universalism value, where concern for the welfare of all people and nature is the
primary concern. Altruistic values, which focus on the welfare of others and social justice, cor-
respond with Schwartz’s benevolence and universalism values, emphasizing the importance of
community and concern for others. Egoistic values, which focus on self-interest, personal achieve-
ment, and resource control, are related to Schwartz’s values of power and achievement, where
personal success and control over resources are important motivators. Together, these provide
an understanding of how individuals prioritize environmental and social concerns, balancing
self-interest with broader ethical considerations, as conceptualized in Schwartz’s Value Theory
(Stern et al., [1999).
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New Environmental Paradigm

The New Environmental Paradigm (NEP) represents a fundamental shift in societal attitudes
towards the environment, emphasizing an integral approach to environmental management and
sustainability. Developed in response to growing concerns over environmental degradation and
resource depletion, the NEP includes a set of principles aimed at promoting respect for the limits
of nature to growth, maintaining ecological equilibrium, and establishing the coexistence of a

thriving economy with a healthy environment (Dunlap et al., [2000).

Fundamental to NEP is the recognition that environmental, social, and economic systems are
interconnected and the recognition that human well-being is intrinsically linked to the health of
the natural world. This principle emphasizes the importance of adopting a long-term perspective
on environmental issues and prioritizing strategies that promote sustainability and resilience in

the face of global challenges such as climate change, biodiversity loss, and resource depletion.

Research has shown that individuals who endorse the principles of the NEP tend to hold more
positive attitudes towards environmental conservation and are expected to engage more in pro-
environmental behaviours (Derdowski et al.,2020;|Guagnano et al., [1995; [Stern et al.,|1999)). The
NEP is developed to measure individuals’ alignment with the principles of the paradigm, has
been widely used in environmental psychology research and has demonstrated its applicability

across diverse cultural and geographical contexts (Dunlap et al., 2000]).

Overall, the NEP represents a paradigm shift towards a more holistic and sustainable approach
to environmental management. This highlights the importance of promoting a deeper under-
standing of environmental issues and collective action towards achieving a harmonious balance

between human needs and ecological integrity.

Norm Activation Theory

To comprehend the Norm Activation Theory (NAT), it is essential to understand the concept of
norms and their role in shaping human behaviour. Norms are societal rules dictating acceptable
and expected behaviours. Despite norms representing expected behaviours, they often diverge
from actual behaviours as they not only influence our beliefs but also guide our actions, defining

what is thought suitable in a given context (Schwartz, [1977)).

Various norm theories or type of norms offer insight into the complex nature of norms and their

influence on human behaviour. For example:

. Social norm: reflects societal norms and behaviours (Fanton et al. 2023).

° Subjective norm: centres on the perceptions of significant others and their behaviours
(Ajzen, |1991).

. Personal norm: focuses on individual beliefs and actions (Schwartz, 1977).

Norms enter every aspect of human behaviour and belief systems, influencing individuals’ de-
cisions and actions. However, the influence of different type of norms varies depending on the
individuals’ self-esteem level. People with high self-esteem prioritize personal norms, while low

self-esteem individuals are more influenced by subjective and social norms (Schwartz, 1977)).
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The NAT describes the circumstances under which personal norms are likely to be activated,
particularly concerning pro-social behaviours. However, the mere existence of personal norms
does not guarantee their consideration in decision-making processes. According to NAT, personal

norms are activated when individuals (Han| 2014):

° Are aware of consequences (AC): Individuals must recognize both the problem and po-
tential solutions and feeling capable of implementing these solutions.
° Accept personal responsibility (AR): Individuals must acknowledge their role in the out-

come and accept personal responsibility for the consequences.

The activation of personal norms subsequently influences behavioural intentions and actions,
leading individuals to act in accordance with their internal moral guide. Hence, a person must
be aware of the consequences of a potential action or even inaction, upon something they care
about, and they have to accept personal responsibility for those consequences. In these cases, a

personal norm becomes a moral obligation that encourages action (Hanl 2014).

Notably, individuals are more inclined to act when they feel responsible or when it is hard to
deny responsibility, for example when explicitly asked for help or when social pressure is present.
Collective efforts and social reinforcement can enhance motivation and responsibility acceptance.
By fostering a sense of collective responsibility and engagement, individuals are more likely to

act in pro-social ways, transcending individual interests for the collective good (Schwartz, 1977)).

In summary, the NAT provides valuable insights into the psychological mechanisms underlying
pro-social behaviour, highlighting the interplay between awareness, responsibility, and collective

action in shaping human responses to environmental challenges.

2.3 Study cases where VBN theory was implemented

The VBN theory’s use case to understand different types of particular sustainable behaviours
has been supported by several studies (Steg and Vlek, 2009). According to a study performed
in the Dutch city of Groningen, the model explained why energy policies aimed at lowering

household C'Oy emissions were considered acceptable (Steg et al., 2005).

Moreover, the VBN theory has been utilized to forecast attitudes and actions associated with
selecting a mode of transportation. [Unal et al. (2018)) discovered that a sense of moral obligation
to reduce car use was linked to acceptance of transportation policies that increased the cost of
driving. These findings also suggested that awareness of the environmental consequences of
driving and feelings of responsibility for these consequences were related to reduced car use
(De Groot and Steg, 2008). Results based on data from five European countries showed that the
VBN theory forecasts a reasonable percentage of the acceptability of road-charging, as well as
the intention to decrease the use of their car when such a policy is implemented (De Groot and
Steg, [2008). The same conclusion was found in the research from |[Nordfjeern et al. (2014)), which

investigated whether the value-belief-norm theory can explain reported travel mode change in the



2.3 Study cases where VBN theory was implemented 13

Norwegian urban population. The values and beliefs explained 58% of the variance in personal

norms.

Abrahamse et al.| (2009) showed that car choice for commuting was chiefly explained by perceived
behavioural control and attitudes, while the intention to reduce car use was explained by personal
norms. The VBN theory was also proven to be applicable for explaining policy acceptance and
the willingness to reduce car use in Argentina, thus indicating that the theory is not culture-

specific (Jakovcevic and Steg, [2013)).

In [Whitley et al. (2018]) research, the VBN theory was extended to analyze which psycho-
logical factors influence five sustainable behaviours: support for political candidates who say
they support environmental policies, recycling, electricity use, food selection and transportation
choices among 2828 students at Michigan State University students. They found that people
with pro-environmental values are more likely to adopt sustainable behaviours in comparison
to people with egoistic values. Hiratsuka et al.| (2018) tested the VBN theory in Japan. The
research shows that people who believe that driving has a negative impact on the environment
(biospheric value), feel more responsible for the problems caused by driving, and feel personally

obligated to reduce their car use.

There have also been studies where the VBN theory was used and related to water use. For
example, the paper by (Cakir Yildirnm and Karaarslan Semiz (2019) titled ‘Future Teachers
Sustainable Water Consumption Behavior: A Test of the Value-Belief-Norm’ explores the sus-
tainable water consumption of teachers using the VBN theory. The study concludes that the
VBN theory can explain teachers’ sustainable water use behaviour and that personal norms
are a powerful indicator. The teachers were aware of the consequences of their actions on wa-
ter resources, accepted responsibility towards water consumption, and felt a moral obligation
to save water. As the VBN theory has mostly been used to predict general pro-environmental
behaviours, this study revealed that the VBN theory was successful in explaining the water

consumption of the teachers.

The study ‘Bringing the social into socio hydrology: Conservation policy support in the Central
Great Plains of Kansas, USA’ by |Sanderson et al.| (2017)) states that socio-hydrology, the science
of people and water, is an emerging area of interdisciplinary engagement on issues of critical
importance. Continued advances in socio-hydrology will require incorporating social science.
The VBN framework is used to hypothesize that support for conservation policies is an outcome
of linking environmental values to ecological worldview beliefs and perceptions of ecosystem
vulnerability. People with strong environmental values should hold strong ecological worldviews,
making them more likely to perceive ecosystem vulnerabilities and thus more likely to support

water conservation policies.

The factors affecting the water savings behaviour of farmers in China were investigated in the
research from (Su et al., [2021). The VBN theory and the structural equation model were used
to analyse the factors influencing water-saving behaviour. The conclusion is that water saving
behaviour of farmers is significantly impacted by their willingness, knowledge and age. Gender

and annual household income have a significant impact on water use. Furthermore, personal
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habits, policy incentives, and egocentric and biospheric values have a significant impact on the

personal water-saving behaviour of farmers.
Synthesis

Due to climate change and rapidly expanding societies, the need to understand the factors that
drive domestic water usage may have never been greater. Therefore, it is important to focus
on gaining knowledge about water use behaviour to be able to manage sustainable challenges

related to water resources and implement effective measures.

Early studies focused mainly on contextual factors, including socioeconomic status, demographic
characteristics, and climatic variables. There is conformity in previous research on the relevance
of contextual factors such as water price, household size, age, education, economic status and

climate.

For a holistic view, psychological and behavioural factors, such as attitudes, values, beliefs,
motivations, norms, and perceptions, related to domestic water usage should also be considered,

to complement the understanding of factors that drive domestic water use.

The VBN theory uses a psycho-social approach, considering the dynamics between individual
values, beliefs, norms, and behaviour. Various studies support the ability of this behavioural
theory to provide a robust understanding of pro-environmental behaviours and their driving
factors. For instance, Stern et al.| (1999) demonstrated how the VBN theory could predict a
range of environmental behaviours, from energy conservation to activism, and linked personal
values and beliefs with environmental concerns and actions. Similarly, a study by [Steg et al.
(2005) reinforced the VBN theory’s effectiveness in explaining car use reduction intentions,
highlighting its applicability in different domains of pro-environmental behaviour. Therefore, the
VBN theory is used in this research. By integrating the VBN theory into research on domestic
rural and peri-urban water use alongside contextual factors, this study aims to contribute to
the existing literature by investigating the relationship between underlying motivations and
individual influences in driving water use behaviour. Additionally, the implementation of the
VBN framework in rural domestic water use research, as opposed to the more commonly studied
urban contexts, is necessary to assess whether the theory’s predictive power holds true in rural

settings.



Chapter 3

Methods and materials

In this chapter, the methods and materials adopted to execute this exploratory research will
be presented. The first section defines the methodology approach. In section the ethics
statement is presented. Section dives into the data management of the research, explaining
how data was used and processed for statistical analysis. Then in section the conceptual
model is defined. Finally, the last section provides insight into the statistical methods chosen to

use for the analysis of the conceptual model analysis.

3.1 Methodology approach

This study adopts a quantitative research methodology, primarily relying on secondary data
sources (Bhattacherjee, |2012)). This approach allows for the utilization of diverse statistical
techniques to achieve the research objectives (Bhandari, 2023)). The choice of this methodol-
ogy was based on the need to comprehensively explore the contextual and VBN factors using

quantitative statistical inference methods.

3.2 Ethics statement

The Human Research Ethics Committee of Delft University of Technology approved the study
design and questionnaire. All respondents provided written informed consent, and participation
was entirely voluntary. Additionally, before starting the fieldwork, consent was obtained from

the leader of each communities water association.

3.3 Data Management

The method used to structure and represent the data significantly influences the quality and
reliability of the analysis conducted (Tan et al., [2016]). Excel (Microsoft Excel for MS 365 MSO
Version 2112 Build 16.0.14729.20254 64-bit) and Python (version 3.10.12) were employed to
perform the necessary data management. Subsequently, the structured dataset was exported to

Excel and utilised in Python for statistical analysis using the ’statsmodel’ package. Visualization

15
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of the statistical data was accomplished by using the ’Seaborn’ package (Seabold and Perktold),
2010; [Waskom,, [2021)).

3.3.1 Study area

Colombia is located just above the equator in the northwest of South America bordered by
Panama and the Caribean Sea in the northwest, Venezuela and Brazil on the east, Peru and
Ecuador on the south and the Pacific Ocean on the west. The country is divided into 32 depart-
ments. The Valle del Cauca Department, in the southwest, features diverse landscapes, from the

Pacific coastline to the Andean mountain range as it is presented in figure [3.1}

7

Figure 3.1: Location map. Rural area of Restrepo and Cali below right; with a key map of the Valle del

Cauca region above right; and left, showing its location within the larger region of Colombia.

Approximately 23% of the Colombian population lives in rural areas with limited access to
piped water, with only about 40% of the population having access in 2017 (Pointet), [2022]). The
peri-urban zones of Cali have seen significant population growth due to migration from urban

areas, partly driven by displacement from violence in other regions. Therefore, these areas have

expanded infrastructure to accommodate the increasing water demand (Callejas Moncaleano

2023).

This study focuses on the rural municipality of Restrepo and the peri-urban areas of Cali, the

capital city of Valle del Cauca. The towns in the study zone are located in the geographical
valley of the Cauca River, at altitudes ranging from 980 to 1620 metres above sea level. The

main economic activities in these areas include agriculture, livestock, and tourism, with many
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residents commuting to Cali for work. In general, women are the main caregivers in households
(Agencia de Desarrollo Rural, [2021]).

Specifically, the study examines domestic water use in eight aqueducts in Valle del Cauca: four in
peri-urban zones near Cali (Las Palmas, La Buitrera, El Hormiguero, and Los Mangos) and four
in rural Restrepo (Acuapaltres, Alto Cielo La Tesalia, Calimita, and Diamante). These areas
primarily source water from springs and small rivers, except for El Hormiguero, which relies on

a well (Callejas Moncaleano et al., 2023]).

Valle del Cauca experiences a warm climate with average temperatures ranging from 18°C to
24°C, depending on altitude. The region has a bimodal rainfall pattern with wet seasons from
April to May and October to November, and dry seasons in June to September and December to
March. Annual precipitation varies significantly, thereby affecting water availability for domestic

uses (Marin and Ramirez, 2006]).

The water supply infrastructure in the study areas is managed by the community and the sys-
tems are operated by Water User Associations (WUAs), which are regulated institutions. These
associations are responsible for maintaining the water supply systems, which often lack reg-
ular maintenance due to limited financial resources and the voluntary nature of management
(Machado et al.l |2023). The systems are characterised by intermittent water distribution and
variable levels of treatment depending on the water source. National organisations include Fe-
coser (Federacién de Acueductos Comunitarios del Valle del Cauca) and Aquacol (Asociacién
de Organizaciones Comunitarias Prestadoras de Servicios Publicos de Agua y Saneamiento).
These institutions oversee compliance with national regulations such as Law 142 of 1994 and
Decree 1076 of 2015, which mandate safe water provision and efficient water use programmes
(Callejas Moncaleano et al., 2023]).

3.3.2 Data Sample

This study uses a cross-sectional study that contains data obtained from a survey conducted
between November 2020 and December 2021 across eight rural towns in the department 'Valle del
Cauca’. The data sample consisted initially of responses from 926 households, each completing
a survey of 37 questions. The survey has 11 questions aiming to understand the socio-economic
context; and 26 questions related to values, beliefs, and norms. Three variables were used to
study how water is used at a domestic scale: the total perceived water used denominated "wu’,
spending time taking a shower ST’ and an index that indicates the number of saving devices
installed per household ’SD’ (Callejas Moncaleano et al., 2023). Households were randomly
selected for interviews and this study assumes that the self-reported water behaviours of the

respondents are representative of those of the entire household.

For the evaluation of values, beliefs and norms, the 26 questions aiming to understand the
people’s perceptions are displayed in table and also shows the keywords used for question
identification. Even though the original survey data contained 11 SEC and 29 VBN factors, the
tables only include the remaining factors studied in this research, because some information was

removed due to data incompleteness since it can lead to misleading statistical analysis.
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Table 3.1: VBN questions
Factors Questions
Values
Biospheric: Do you try to limit the use of water when performing household

Limit_my_use

Biospheric:

Adequate_use

Biospheric:
limit_use_conservation
Altruistic:
limit-use_for-others_present

&future
Altruistic:

limit-use_Everyone_right_Water

Altruistic:

limit-use_Water_conservation

Altruistic:

aware_water_conflicts

Egoistic:

unlimitated_water_supply

Egoistic:

interest_Own_supply

tasks?

How necessary is it for you to use water adequately or ratio-
nally?

Whenever you rationally use water, do you do it to conserve
your water resources?

How important is it to you to reduce water consumption, keep-
ing in mind that this will contribute to the short and long-term
well-being of the rural community?

Is the rational use of water important to ensure access to water
for the whole community?

How important is the following statement to you: using water

rationally to help conserve save water

Do you think in your region there are conflicts related to water

use?

Indicate to what extent you agree with the following statement:
Humans have the right to use water according to their needs
(That is why water consumption should be unlimited)

Indicate to what extent you agree with the following statement:
my only concern regarding water is that my home is supplied

for my basic needs

Beliefs

waterproblems_responsability

_everyone

waterproblems_responsability

_Aqueduct

waterproblems_responsability

_Government

waterproblems_responsability

_environmental-authority

waterproblems_responsability

_economic sector

Droughts_Village

Indicate to what extent you agree with the following statement:
each person is responsible for the problems related to water
consumption

Indicate to what extent you agree with the following statement:
The water company is responsible for the problems related to
water consumption

Indicate to what extent you agree with the following statement:
The local, regional and national government are responsible for

the problems related to water consumption

Indicate to what extent you agree with the following statement:
the regional environmental authority is responsible for the prob-
lems related to water consumption

Indicate to what extent you agree with the following statement:
the economic sector in the region are responsible for the prob-
lems related to water consumption

Please indicate your perception about the following statements:
In the village/town water scarcity is a problem
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Factors Questions

Please indicate your perception about the following statements:

Droughts_Only_Property water scarcity is a problem only affecting my property

Please indicate your perception about the following statements:
Excesive_w.intake_region In this region, water is used more than required
Norms

Indicate to what extent you agree with the following statement:
saving-water_regarless-others you feel morally obliged to save water, regardless of what others

do

Indicate to what extent you agree with the following statement:
everyone_can-save-water Anyone could do any action in order to use water rationally

Please express the degree to which you agree with the following
guilty_waste-water statement: ”You experience a sense of guilt when you do not

use water in a rational manner”

Indicate to what extent you agree with the following statement:
if_$_buy-Saving-Device If you had the economic means to buy a new water-efficient

appliance (e.g. d dishwasher or other appliance/shower), you

would feel morally obliged to do so

Indicate to what extent you agree with the following statement:
Obligation_save-water you feel obligated to save water in your daily activities
_d.activities

Please indicate the extent to which you agree with the following
if_saves-water_better- statement: ”You would feel like a better person if you saved

. water”
person

According to (Callejas Moncaleano et al. (2023) and |Callejas Moncaleano et al. (2024]), the
questions assessing the psychological factors were based on the VBN theoretical framework. The
questions were derived from previous research that aimed to study environmental behaviour and

water use in rural areas.

The surveyed questions were designed to gather information about SEC and VBN factors preva-
lent in each household. Among the SEC factors included in the dataset provided were age,

education level, residential zone (rural/peri-urban), gender, and occupation

As previously mentioned 'wu’, ST’ and ’SD’ variables represent specific aspects of water use
in order to explain the domestic water use in the study zone. The total daily self-reported
water use per inhabitant wu’ was derived from |Callejas Moncaleano et al.| (2023)), wherein
self-reported data on the time spent on various water use activities from each household was
utilized for estimation. The total volume was estimated due to the absence of water metres in
the households within the study area. The ST’ was gathered during the survey and the last
variable ’SD’ was obtained from |Callejas Moncaleano et al.[(2024). These variables are presented
and defined in Table |3.3| The variable ST’ was an indication of water use in terms of personal
conservation or curtailment behaviour, while ’SD’ was examined to understand household water

use efficiency behaviour facilitated by technological interventions such as the saving devices.
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Table 3.2: SEC Questions

Factors Questions Factor name

Inhabitants Number of inhabitants in the inhab_house
house?

Age How old are you? Age

Education level

What is the highest education level
you have attained?

Education_level

Gender Gender? gender
Altitude Height at which the dwelling is lo- altitude
cated?
Zone In which zone is located your zone
home/land?
Occupation What is your occupation? Occupation
Table 3.3: Specific domestic uses studied
Variable Statement Units
wu Self perceived amount of water usage [L * hab/day]
ST Duration in the shower? [minutes]
SD Maximum water saving potential (%]

3.3.3 Renaming variables

The original names of the variables in the different datasets provided were renamed. These names
were based on the type of questions the respondents answered during the questionnaire, as it was
shown in tables and This is important because when merging all the datasets, the data
belonging to a certain question should be in the same place for every respondent. Translation of

some of the questions to English was necessary as the survey was originally executed in Spanish.

3.3.4 Merging data frames

The socio-economic factors and the VBN questionnaire were provided in five Excel documents.
It was therefore necessary to merge them into one single document to manage only one dataset.
Also, "wu’, ST’ and SD’ were added to the final data framework since they came from two
different Excel files. After merging the data in Python, every response corresponds to a row in

the dataset and was assigned an identifying number.

As mentioned, the merged dataset contains 37 questions. Every row in the dataset represents
the answers of one respondent i.e., household. Every column in the dataset represents a certain

question that the respondents were asked to answer.

3.3.5 Removing incomplete information

Only relevant data is used to guarantee the analysis’s quality. Specifically, questions with more

than 50% missing responses were excluded from the final dataset. The following questions were
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removed as a result:

How concerned are you about water conflicts due to water use? (VBN: Altruistic value).
In the last year (2019/2020) what was your monthly household income before taxes?
(SEC / Income).

How necessary is it for you to use water in an adequate or rational way? (VBN: Biospheric
value)

Is the rational use of water being important to guarantee water access for the whole
community? (VBN: Altruistic value).

Indicate to what extent you agree with the following statement: my only concern regarding
water is that my home is supplied for my basic needs (VBN: Egoistic value)

Please indicate your perception about the following statements: water scarcity is a prob-
lem only affecting my property (VBN: Beliefs)

How long have you lived at your current address? (SEC).

3.3.6 Recoding the data

Since it is not possible to perform a statistical and descriptive analysis of qualitative data, the

textual answers were encoded into numbers. However, not all the answers were properly encoded.

Therefore, it was necessary to re-scale them to have the same order of magnitude. The type of
encoding scale is shown in Table

Table 3.4: Final scaled coding for VBN and SEC factors

rarely
sometimes

Hiskantd N B

always

1: it is not very much 1: strongly

never 1: not at all important : 1: not at all concern 1: none

necessary . disagree . . .

e 2: low importance - 2: alittle concern 2: incomplete/completed primary School

2: it is not es necessary 2: disagree :

SN 3: Neutral SsEe 3: neutral 3: incomplete/completed secondary School
often . 4: Important 4: very concern 4: incomplete/completed technician

4: It is necessary § 4: agree K

. 5: very important 5: extremely concern 5: completed professional /Master
5: It is very much necessary 5: strongly agree

Another type of encoded variables were binary variables and other scaled values that are shown
in Table In the appendix [A] a table with all variables and their respective coding is

presented.
Table 3.5: Other variables scale
Scales
Zone Gender Altitude(h) Occupation Age
1: full time/ part time
employed/Independent / self-employed
1: h<=989 2: Full time student / study only & work 1:age< 24
0: Rural 0: Male 2:989>h<=1173 3: household labours [ engagement in 2:24 > age < 35
i 3:1173>h<=1381 home duties 3:35>age<45
1: Peri_urban 1: Female
4:1381>h<=1612 4: unemployed 4: 45 > age < 55
S5:h>1612 5: volunteer work and other e.g., social 5:age > 55

leader / retired / pensioner / option 7
and other between 1 &9
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3.4 Conceptual model for domestic water use

Following an extensive literature review, a conceptual model aiming to understand domestic
water use in the study area was developed using the VBN theory and socioeconomic factors
(Bruch and Feinberg, 2017;Cleff] 2019; Saunders et al., 2009). The model considers three aspects
of water use and water use behaviour: perceived total water use ‘wu’, shower time ST’ and saving
devices SD’.

The contextual factors, such as socioeconomic factors, were used since literature refers to their

relevance for studying water use behaviour (Bandhu et al.,2024;Daniel et al., 2019;Seimetz et al.,
2016;Willis et al., 2013). For example, Callejas Moncaleano et al.| (2023) found that household

size, education, age and occupation are critical factors that influence the perceived water use in

rural areas of Valle del Cauca, Colombia. Additionally, several studies recognise that situational
and contextual factors may influence sustainable behaviours, and have considered these factors
when implementing the VBN theory (Brouns| 2019;Callejas Moncaleano et al.l 2021;De Groot,
land Steg, [2007;Lind et al., 2015;Nordfjeern et al.l [2014iSteg et al., [2005).

To adapt the VBN theory to domestic water use we could state that domestic water use can be
based on a moral obligation (norm) to behave in a sustainable way (pro-environment behaviour)
according to[Stern and Dietz| (1994)), Stern et al| (1999) and [Stern| (2000). Therefore, it is possible
to implement the VBN theoretical framework, which is used to understand the drivers of pro-
environmental behaviour (De Groot and Steg), 2010;Roobavannan et al., [2018{Stern and Dietz,
119945Stern et al., [1999:Stern, |2000iSteg et al. 2005;Unal et al., [2018).

To find a possible relationship between VBN and domestic water use, three variables to measure
water use were taken into account. The first variable is the perceived total amount of water use
denoted as 'wu’ per capita per day [L % hab/day]. Secondly, we analyze the duration of time
individuals spend showering. Shower time is denoted as ’ST’ and measured in [minutes]. Lastly,
we introduce an index termed ’saving devices’ '‘SD’ [%], representing a percentage of water

points within households equipped with water-saving devices to measure water use behaviour.

The total perceived water use allows us to assess the overall impact of the VBN framework
on total water use, though its based on estimates. Additionally, by analysing specific aspects
of water uses that are observed rather than estimated such as shower time, which can involve
behavioural curtailment, and the presence of saving devices, which represents an indirect method
of reducing water usage through technology adoption, deeper insights can be gained on how
the VBN theory interprets these various aspects of water use behaviour. See figure which
represents the conceptual model for domestic water usage, measured in terms of ‘wu’, ST’ and
'SD’.
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Note: SEC = Contextual factors, VBN = values, beliefs & norms

Figure 3.2: Conceptual model for domestic water usage analyses

3.5 Statistic method to implement the conceptual model

Based on the research question, the data type of this study and the conceptual model imple-

mented to analyze the domestic water use in the study area, a multi-linear regression statis-

tical inferential method was implemented (Saunders et al., 2009). The multi-linear regression

statistical inferential method was implemented based on recommendations from existing liter-
ature, suggesting this method contributes to the understanding of data and its suitability for
exploratory studies . This choice is also encouraged by its capability to accommo-
date multiple predictor variables simultaneously, allowing for a comprehensive examination of
the complex interplay between various studied factors and water use behaviour. Additionally,
multi-linear regression offers the advantage of providing interpretable coefficients, facilitating the
identification of significant predictors and their respective effects on domestic water use
2019; (Hair et al., |2013;Granados, 2016jUyamk and Giiler, [2013). By employing this method,

we aim to explain the possible relationships between socio-economic variables and psychological

factors contributing to the understanding of household water use.

Before implementing the multi-linear regression (MLR) method, several tests were conducted.
First was determined whether inferential parametric or non-parametric statistics could be ap-
plied by establishing the possibility of using parametric methods by assessing the normal dis-
tribution of dependent variables, which were observed to be numeric and fulfil the criteria of
independent observations. Consequently, it was concluded that implementing inferential para-

metric statistics was feasible.

After evaluating options for data analysis, linear regression was chosen over logistic regression.

Logistic regression was deemed unsuitable as the research does not expect to have binary or
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dichotomous outcomes limited to two possibilities but rather from a scale of values with a focus
on observing the direct association of all factors with domestic water use. Additionally, other
methods considered were principal component analysis (PCA) and machine learning. PCA was
disregarded due to its inability to provide insight into the influence of each significant variable
within each component. Similarly, machine learning, while capable of providing an algorithm to
estimate domestic water use based on studied variables, does not clearly define or visualize the
association, description, or influence of each factor on domestic water use, and is therefore not

suitable for an exploratory study.

The multi-linear regression can be performed with three different methods, forced entry, step-
wise entry and hierarchical entry. For this research two methods were selected: the forced entry
and hierarchical method, while the step-wise entry method was not implemented. The reason
to not use step-wise entry is to avoid bias in the regression coefficients (Tibshirani, [1996). The
forced entry method was chosen due to its recommendation for implementation in exploratory
studies (Cleff] 2019; |Keith, [2019). This method is employed because it reduces the bias that
may arise from the order in which the independent variables are introduced in the regression.
By including all independent variables simultaneously, the forced entry method ensures that
each variable’s unique contribution to the model is assessed without any predetermined order
(Keith, [2019)).

Furthermore, the hierarchical method was selected to investigate the sequential order of the
chain of variables as proposed by the VBN theory. This method allows for testing different
combinations of independent variables in a hierarchical manner, enabling the evaluation of how
much variance in the dependent variable is explained by the VBN theory. By systematically
adding variables based on their theoretical relevance, the hierarchical method provides insights
into the hierarchical structure of the VBN theory and the relative importance of each significant
variable for water use. The next subsections explain the methodology followed for these two
methods (Fein et al., [2022).

3.5.1 Forced entry method

The forced entry method is a method that explores potential relationships between two or
more independent variables and a dependent variable. This method allows for all independent
variables to be entered into the regression equation simultaneously, without considering their
hierarchical order or statistical significance, as well as to determine the significant parameters.
Usually, this method is used in social science research to investigate the influence of demographic,

socio-economic factors, and cultural variables on certain outcomes (Fein et al., 2022]).

The general mathematical expression for MLR is:

y=Po+ X1+ ...+ BnXn+e (3.1)

Where:

y = dependent variable or variable of interest (wu)



3.5 Statistic method to implement the conceptual model 25

Bo = the y-intercept (value of y when all other parameters are set to 0)
B1X1 = the regression coefficient (/31) of the first independent variable X
Bn Xy, = the regression coefficient (3,,) of the last independent variable X,

e = model error (a.k.a. how much variation there is in our estimate of ’y’)

By using this approach, we aim to get insight and assess the combined influence of 7 SEC and
24 VBN factors on domestic water use, as earlier mentioned in section In this context,
the factors from SEC and VBN are the independent variables and ’domestic water use’ the

dependent variable.

To analyse domestic water use, three variables were selected. The first is the total water used
volume, denoted as 'wu’ and measured in litres per person per day [L % hab/day]. Secondly,
we analyze the duration of time individuals spend showering, shower time is denoted as ST’
and measured in [minutes|. Lastly, we introduce an index termed saving devices ’SD’ [%)],

representing a percentage of water points within households equipped with water-saving devices.

Then, these three types of variables "wu’, ’ST’, ’SD’ were used as shown in the regression

equations below.

wuzﬁwu“!‘(,BSEC*SEC)"i_(BVBN*VBN)+€wu (32)
ST =~ Bst + (Bsec * SEC) + (Bven * VBN) + esr (3.3)
SD%ﬁSD+ﬂSEC*SEC+BVBN*VBN+€SD (34)

3.5.2 Hierarchical method

A statistical technique to determine how much each independent variable or a set of indepen-
dent variables contributes to the variance in the dependent variable is the hierarchical multiple
regression method. Based on theoretical considerations, it requires introducing sets of indepen-
dent variables to the regression model in a hierarchical order. The primary goal is to determine
the distinct variation that each set of independent variables explains after adjusting for the im-
pact of other factors that are already part of the analysis, also known as control variables (Fein
et al. |2022; Keith, 2019). This allows assessing the incremental contribution of new variables to
the dependent variable’s variance, revealing the relative significance of various elements in the

explanation. (de Jong}, 1999).

The hierarchical regression analysis was conducted to investigate the contribution of the psy-
chological factors to the variance explained by using the contextual factors as control factors
(de Jong, [1999). Specifically, with the aim to determine the extent to which psychological factors
interact with contextual variables in explaining the variance in the three types of domestic water

use studied and previously specified ("'wu’, 'ST’, ’SD’).
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In the analyses, the socioeconomic factors, including the number of inhabitants per household,
age, gender, altitude, zone, occupation, and education level were included as control variables
in the initial step of the model. Subsequently, psychological factors categorized under 'values’
were introduced, followed by those related to ’beliefs’. The final step involved incorporating
psychological factors associated with 'norms’. Figure illustrates the progressive entry of
variables in the hierarchical regression analysis. The hierarchy followed was set in the same order

as the VBN theory suggests.

+V
+V ‘B
+V -

+N

Note: y, represents the three specific domestic water uses studied

Figure 3.3: Hierarchical regression



Chapter 4

Results

This chapter presents the results of the implementation of the VBN theoretical framework for
domestic rural water use in the rural area of Valle del Cauca, Colombia. First, the framework
and database is provided in section Second, the results from the multi-linear regression

models are shown in section [H.2]

4.1 Final data framework

After performing the data management restructuring mentioned in the methodology section,
a final dataset and framework was created containing all questions answered in the survey.
This data framework is suitable for running multi-linear regression models on the stats models

package in Python.

The original data retrieved from the surveys consisted of 923 surveyed households. After restruc-
turing the data, the final data set had 793 data points and 24 questions targeting VBN, and
7 SEC factors. Additionally, the three variables representing the specific water use explored in
this research (‘wu’, ’ST’, 'SD’) were added to the final data framework.

4.2 Regression analysis

In order to test if the VBN theory contributes to the understanding of water use in the study
area, a multi-linear regression model was executed for three variables representing water uses:
perceived total water use ‘wu’, shower time ST, and saving devices ’SD’. The multi-linear re-
gression model was performed with the Ordinary Least Squares method ‘OLS’ and the statistical
Python package called ‘Statsmodels’ (Seabold and Perktold, |2010).

The coefficient of determination R? measures the proportion of the total variability in the de-
pendent variable that is explained by the regression model and the p — value (threshold is max

0.05) determines which variables are significant (Sarstedt et al., [2019).

In subsection the results of the descriptive statistical analysis of the data and the sig-

nificant parameters for "wu’, ’ST’, and ’SD’ using the forced entry method will be presented.

27
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Additionally, in subsection the significant parameters using the hierarchical method for
the three variables and the explained variance for these variables related to the VBN framework

will be presented.

4.2.1 Significant parameters forced entry method
Descriptive Statistic

The survey results show that out of the 793 respondents, 269 (33.9%) are male and 524 (66.1%)
are female. The average number of inhabitants per household is close to 4 people (3.7) with
a standard deviation (Std) of 1.38. The average age of the respondents is in the range of 36
to 45 years old. Regarding the level of education, most of the people surveyed have attended
primary or secondary school (77.9%), with a small minority having completed a master’s degree
(7.94%), followed by technical education (11.6%), and 2.5% reported having no education. The
living areas of the respondents are situated at elevations between 989 and 1,173 meters above
sea level. As for the occupation of the surveyed community, 48.8% reported having employment
and 30.4% being involved in household chores; volunteer work represents 10.4%, students 7.3%,
and unemployed nearly (3%). See figure for the concentration distribution.
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Figure 4.1: Histogram for the dependent variables and SEC factors

The average water use among the respondents (“wu’) is approximately 273.47 (I« hab/day), with
a Std of 99.57, ranging from a minimum of 84.7 to a maximum outlier of 1016.6. The ’SD’ index
has a mean of 0.10 and a Std of 0.18, with values ranging from 0.00 to 1.00 (%). The ST’ has

a mean of 9.30 minutes with a Std of 6.25, ranging from 0 to an extreme of 60 minutes.
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Regarding the VBN factors, the average for 'Limit_my _use’ is 3.97 (Std = 0.83), and for 'Ade-
quate_use’ it is 4.08 (Std = 1.03), both ranging from 1.00 to 5.00. The mean for ’Limit_use_conservation’
is also 3.97 (Std = 0.92), while ’Limit_use_for_others_present_future’ averages 4.26 (Std = 0.63).
"Limit_use_Everyone_right_Water’ has a mean of 4.29 (Std = 0.62), and ’'Limit_use_Water_conservation’
is at 4.27 (Std = 0.61).
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Figure 4.2: Histogram for 12 VBN Factors

For the "Vulnerable_people_water’ factor, the mean is 4.24 (Std = 0.88). ’Aware_water_conflicts_1’

and '_water_supply’ have means of 3.97 (Std = 0.83) and 4.08 (Std = 1.03), respectively. The

mean score for "Interest_Own_supply’ is 3.97 (Std = 0.92), while "Waterproblems_responsibility_everyone’
averages 4.26 (Std = 0.63).

Other VBN factors include "Waterproblems_responsibility_Aqueduct’ with a mean of 4.29 (Std
= 0.62), "Waterproblems_responsibility_Government’ at 4.27 (Std = 0.61), and "Waterprob-
lems _responsibility_environmental-authority’ with a mean of 4.24 (Std = 0.88). The average
score for "Waterproblems_responsibility_economic_sector’ is 4.08 (Std = 1.03). Figure shows
a histogram with the 12 VBN factors mentioned.

Furthermore, the 'Droughts_Village’ and 'Droughts_Only_Property’ factors have means of 3.97
(Std = 0.83) and 4.08 (Std = 1.03), respectively. The "Excessive_w.intake region’ factor has a
mean of 3.97 with a Std of 0.92, while ’Saving-water_regardless-others’ averages 4.26 (Std =
0.63). Finally, 'Everyone_can-save-water’ and ’Guilty_waste-water’ have a mean of 4.29 (Std =
0.62) and 3.84 (Std = 0.96), respectively. The histograms from the other missing VBN factors
are presented in figure
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Figure 4.3: Histogram for the other 12 VBN Factors

In figure [£.4] the correlation matrix for all factors evaluated in this study is presented. Typically,

a correlation value greater than 0.8 is considered to indicate a high correlation, while values below

this threshold correspond to a low correlation (Schober et al., 2018)). Therefore, since no factor

reached a correlation value greater than 0.8, we can conclude that the factors in this study
are not strongly correlated. In Appendix the phyton code and the results for each of the

regressions analysed in this chapter are presented.

Forced entry for total perceived water used ‘wu’

The regression results showed that 6 of the 31 variables are significant (p_value < .05). The
6 variables are: trying to limit water use performing household tasks (Limit_my_use), feeling
morally obliged to save water regardless of others (savingwater_regardlessothers), in which zone
the house is located (zone_1.0), number of household inhabitants (inhab_house), the gender of the
respondent (Gender_2) and the level of education received (Education_level). These significant
variables with corresponding statistical values are shown in table The regression accounted
for approximately 19% of the variance in "wu’. When all 6 variables are equal to zero, [y is

expected to be approximately 267.28 litres per inhabitant per day [L * hab/day].

The coefficient of determination R? measures the proportion of the total variability in the de-
pendent variable that is explained by the regression model. In this case, R? has a value of 0.22
and Adj. R? of 0.19. This means approximately 19% of the variability in ‘wu’ can be explained

by the independent variables included in the model.
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Figure 4.4: Correlation values between all the factors studied

The significance of the regression is measured through the F test. The F test is performed to
determine whether the observed relationships inside the regression are statistically significant.
A small p-value indicates that the observed results are unlikely to be due to chance, suggesting
a significant association between the independent and the significant dependent variables. The
values of the F test of this regression are F'(31,793) = 6.31,p < .001(4.33E — 24).

The S coefficient is a parameter that represents the relationship between an independent variable
(predictor/factors) and the dependent variable. Each beta coefficient 8 measures the expected
change in the dependent variable for each unit change in the associated independent variable,
while keeping all other independent variables in the model constant. In this inferential analysis,
the value ‘Limit_my_use’ (5 = —12.66,(793) = —2.56,p = .011) is an ordinal categorical variable
measuring the awareness of utilising individual water use when performing household tasks. The
interpretation of the categorical variables depends on the positive or negative sign next to f.

In this case, the variable exhibits a negative regression coefficient, indicating that a higher
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Table 4.1: Significant variables for wu using forced entry method.

Variable type Significant Variables I} p-value
SEC zone_1.0 48.52 0.004
SEC inhab_house -16.94  0.000
SEC Gender_2 15.29 0.052
SEC Education_level 24.45 0.000
Bio Limit_my_use -12.66 0.011
N saving — water_regardless — others -10.35 0.043

Note: F(31,793) = 6.31,p < .00L.R? = 0.22 and RZ,; = 0.19.

Bio=Biospheric, N=Norm.

awareness of the personal environmental impact, and therefore limiting the use of water during

household tasks, decreases the perceived water use.

Similarly, for the personal norm ‘saving-water_regardless-others’ (5 = —10.35,¢(793) = —2.03,p =
.04). The negative coefficient indicates that the stronger a person feels morally obliged to save

water, independently of the opinion of others, the lower the reported perceived water use is.

The regression coefficient of SEC variable "Education_level” (§ = 24.45,¢(793) = 5.93,p < .001)
is positive, which indicates that the higher the level of education a respondent attained, the

higher the reported water use.

Furthermore, for SEC factors ’Gender 2’ (8 = 15.3,t(793) = 1.95,p = .05) and "Zone_1.0
(8 =48.5,t(793) = 2.87,p = .004) results show that women and the ‘peri-urban’ population are
more likely to report to have a higher perceived water use than men and of people living in the

rural area.

Regarding the SEC variable ‘inhab_house’ ( = —16.9,#(793) = —6.98,p < .001) result reveals
that as the number of inhabitants per house increases, there is a corresponding decrease in the

perceived water use per capita.

Three main observations can be made based on the results. Firstly, individuals who are conscious
of their water use and feel a personal moral obligation to conserve water tend to reside in
households with multiple inhabitants, resulting in lower perceived water use per capita. Secondly,
individuals with higher levels of education typically exhibit higher perceived water use per capita
compared to those with lower educational attainment. Lastly, women as well as individuals

residing in peri-urban areas, have on balance reported higher perceived water usage per capita.

Forced entry for Shower Time ST’

The regression shows that 4 of the 31 variables were significant, with a p_value<.05, namely:
'zone_1.0’, "Education_level’, "Limit_my_use’, ’saving-water_regardless-others’. Table shows
the significant variables and their respective statistics values. The regression accounted for ap-
proximately 16% of the variance in ’ST’. When all four predictors are equal to zero, Sy ‘ST’ is

expected to be around 7.15 minutes.
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Table 4.2: significant variables for ST forced entry method

Variable type Significant Variables 15} p-value
SEC zone_1.0 3.53 0.001
SEC FEducation_level 1.57 0.000
Bio Limit_my_use —1.09 0.001
N saving — water_regardless — others  -0.76 0.020

Note: F(31, 793)=5.4, p<.001. R?2 = 0.2 and Ridj = 0.16. Bio=Biospheric, N=Norm

In this inferential analysis, the value ‘Limit_my_ use’ (8 = —1.1,¢(793) = —3.5,p = .001) is an
ordinal categorical variable measuring awareness of individual water use. The variable shows a
negative regression coefficient, indicating that higher awareness lowers the time people spend

taking a shower.

The same is the case for the personal norm ‘saving-water_regardless-others’ (5 = —0.76,¢(793) =
—2.32,p = .02). The coefficient indicates that the more morally obliged a person feels to save

water, independently of the opinion of others, the lower is the perceived shower time reported.

The SEC binary variable 'zone_1.0°, (8 = 3.53,¢(793) = 3.27,p = .001) results indicate that the
‘peri-urban’ population is more likely to report spending more time in the shower than people

living in rural areas.

The ’education_level’, ordinal categorical, (f = 1.57,¢(793) = 5.95,p < .001) has a positive
coefficient, suggesting that the higher the level of education of a person is the longer their

perceived shower time.

This indicates that the respondents who are aware of water use and feel a personal moral
obligation to save water, typically live in a rural area and don’t have higher education. They
report less time spent showering than those with higher education, living in peri-urban areas,
who are less aware of saving water and are not as concerned about what others might think of

their water use behaviour.

Forced entry for Saving Devices ’SD’

From the regression 6 of the 31 predictors were significant, with a p_value<.05, namely: ’zone_1.0,
"education_level’; 'limit-use_for-others_present&future’, 'unlimited _water_supply’, 'guilty_waste-
water’ and ’if_saves-water_better-person’. Table below shows the significant variables and
their respective statistics values. The regression accounted for approximately 31% of the vari-
ance in '’SD’. When all six predictors are equal to zero, the variance of ’SD’ is expected to be
around 15%.

In this inferential analysis, the altruistic value ’limit-use_for-other_present&future’ (8 = 0.06,¢(793) =
3.79,p < .001) and the norm ’if saves-water_better-person’ (8 = 0.021,¢(793) = 2.33,p = .020)
are ordinal categorical variables that assess the concern and agreement for short and long-term

well-being of others and the community. The positive regression coefficient indicates that a higher
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Table 4.3: significant variables for SD forced entry method

Variable type Significant Variables I3 p-value
SEC zone_1.0 —0.25 0.000
SEC FEducation _level 0.028 0.000
Alt limit — use_for — others_present& future  0.062 0.000
Ego unlimited_water_supply —0.014 0.001
N guilty_waste — water -0.021 0.022
N 1f_saves — water_better — person 0.021 0.020

Note: F(31, 793)=11.45, p<.001. R? = 0.34 and Ridj = 0.31. Alt=Altruistic, Ego=Egoistic, N=Norm

level of concern is associated with a higher percentage of installed saving devices per household.
Comparable to the previous variables, SEC ‘education_level’ (f = 0.028,¢(793) = 4.0, p < .001)
follows a similar trend, where the positive coefficient suggests that the higher the level of edu-

cation a person attained, the higher the percentage of saving devices.

Contrarily, the following are also ordinal categorical variables but with a negative coefficient.
The egoistic value 'unlimited _water_supply’ (5 = —0.014,¢(793) = —3.28,p = .001), measures
the level of agreement with the right to use water based on individual needs and that water
use and supply should be unlimited. The variable ’guilty_waste-water’ (5 = —0.021,¢(793) =
—2.3,p = .022), is measuring a personal norm regarding guilt when not using water rationally.
The negative coefficients point out that a higher agreement with the respective statements is

associated with a smaller percentage of installed saving devices.

Finally, concerning to SEC factor 'zone_1.0’ (8 = —0.25,¢(793) = —8.83,p < .001), the negative
coefficient is indicative of its association with the rural population. This shows that individuals
in rural areas are more likely to have a higher percentage of saving devices installed than those in
peri-urban areas. In other words, the peri-urban population is associated with a lower percentage

of saving devices compared to the rural population.

The findings indicate that individuals residing in rural areas, who demonstrate significant con-
cern for both the short and long-term well-being of others, tend to have a higher percentage
of installed water-saving devices. In contrast, those living in peri-urban areas prioritize unlim-
ited water supply, experience guilt regarding wasting water, and perceive themselves as better

individuals when they save water.

When summarizing the results from the previous regressions for the three dependable variables
("wu’, 'ST’, ’SD’), we can observe that 'zone’ and ’education_level’ are the contextual factors
which were most significant. The biospheric value ’limit_my_use’ was a significant parameter
common in ‘wu’ and ‘ST’ regressions next with the personal norm ’saving water regardless
others’. The ’SD’ regression did not share significant VBN factors with the regressions of "wu’
and ’ST".

It was expected that 'zone’ and ’education level’ are significant parameters in domestic water

use in the study area, since several other studies have found these factors as relevant contextual
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Table 4.4: Common factors across the regressions

Significant Variables

wu ST SD
SEC zone_1.0 SEC zone_1.0 SEC  zone_1.0
SEC inhab_house SEC Education_level sec  Education_level
SEC Gender_2 Bio Limit_my_use Alt  limit-use_for-others present&future
SEC  Education level N saving-water_regarless-others ~ Ego unlimitated_water_supply
Bio Limit_my_use N guilty waste-water
N  saving-water_regarless-others N if saves-water better-person

Note 1: In yellow are the common factors along the 3 regressions. In green are the common factors from VBN.

Note 2: Bio= biospheric, N= Norm

factors, which influence water use (Sanchez et al., [2023).

We could see that ’limit my use’, a biospheric value, and the personal norm ’saving water
regardless others’ are the common VBN factors in "wu’ and ST’. However, the VBN factors for
’SD’ are different: one altruistic 'value limit-use for-other present&future’, one egoistic 'unlimited

water supply’, and two personal norms: 'guilty waste-water’ and ’if saves-water better-person’.

This could be because ’SD’ is driven by different VBN factors in the study zone. Since it is
another type of domestic water use behaviour, where the water saving comes from high-efficiency

water appliances or installed saving devices.

4.2.2 Significant parameters from the Hierarchical method

The hierarchical regression was conducted to investigate the contribution of the VBN factors to
the variance explained by using the contextual factors as control factors. Specifically, with the
aim to determine the extent to which psychological factors interact with contextual variables in

explaining the variance in the three types of domestic water use studied and previously specified
("wu, ST, 'SD’).

The next subsections, ’hierarchical method for wu’, ’hierarchical method for shower time ST’
and ’hierarchical method for saving devices SD’, present tables with results for statistically
significant regression factors that are likely to have a real effect with a p_value < .05 on the
three dependent variables. The results, discussion and conclusion will be centred around the

VBN significant variables.

Hierarchical method for wu

In this part, the results of the significant factors found in the hierarchical models run for wu

and the variance explained are presented.

The first model, the control model, is predicting "’wu” only from SEC variables. This ac-
counts for a variance of Adj. R? = .166, F(7,793) = 16.82,p < .001(8.67E — 28), meaning
that SEC is able to explain almost 17 % of the variance of ‘wu’. The addition of the second
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Table 4.5: Hierarchical for wu

: % added
A Adj R? o
: : A R? value by
Variable o . 5 Adj. per :
Model Significant Variables B p-value R Explain VBN
type R? Block of
: by VBN  compared to
variables
SEC
zone_1.0 51.28 0.000
i -17.30 0.000
SEC inhab_house S ik
Model 1 Gender_2 1585  0.042
Education_level 24.23 0.000
zone_1.0 56.29 0.000
inhab_house -17.26 0.000
SECHV
Gender_2 15.56 0.046 0.206 0.185 0.019
Model 2 =
Education_level 24.58 0.000
Bio Limit_my_use -12 93 0.008
zone_1.0 52.02 0.001
SRR inhab_house -17.15 0.000
+
Gender_2 16.47 0.036 021 0181 -0.004
Model 3
Education_level 24.25 0.000
Bio Limit_my_use -13.18 0.008
zone_1.0 4852 0.004
inhab_house -16.94 0.000
VBNSEC Gender_2 15.29 0.052
Model 4 Education_level 2445 opopo 0221 0186  0.005 0.020 12.048
Bio Limit_my_use -12.66 0.011

saving-water_regarless-
- others 1038 0.043

Note: Bio= biospheric, N= Norm

block of variables corresponding to ‘values’ slightly increased the variance accounted for in
“wu’, Adj.R? = 185, F(17,793) = 9.99, p < .001(1.11E — 27). The third model, with the addi-
tion of the ’beliefs’ factor, decreased the explained variance ‘wu’, Adj.R?> = .181, F(25,793) =
7.24,p < .001(1.15E — 24). The last model, considering the SEC and all VBN factors, led to an
increase in the amount of explained variance of wu”, Adj.R?> = .186, F(32,793) = 6.31,p <
.001(4.33E — 24) and overall accounted for approximately 19% of the variance in *’wu”. Only
six of the 31 predictors were significant, p < .05, namely: ’zone_1.0’, ’inhab_house’, ’gender_2’,
‘education_level’, 'limit_my_use’ and ’saving-water_ regardless-others’. When all six predictors

are equal to zero, *wu’’ is expected to be around [y = 267.28[L * hab/day].

For "wu’, Table [4.5] shows that the total variance explained by SEC and VBN combined is
18.6%, of which SEC explains 16.6% and the Values, Beliefs, and Norms account for 2%. Values
contribute 1.9% and norms add 0.5% to the explained variance. However, the "beliefs’ component
decreases the explained variance by 0.4%. The added explanation by VBN on top of SEC is 12%.
This is the relative increase of the variance explained by SEC, when the VBN factors are added.

Hierarchical method for ST

Table [4.6] shows that the first model, the control model, is predicting 'ST” from SEC, and
accounts for a variance of Adj. R? = 0.13, F(7,793) = 12.5,p < .001(2.33E — 20). In the

second model, with the addition of ‘values’, the variance accounted for in ST’ increased slightly
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Adj.R? = 0.16, F(17,793) = 8.34p < .001(1.85E — 22). The third model, with the addition of the
"beliefs factor’ decreased the explained variance for ‘ST’, Adj.R?> = 0.15, F(25,793) = 6.13p <
.001(5.75E — 20). The last model, with the SEC and all VBN factors, led to an increase in the
amount of explained variance of 'ST’, Adj.R? = 0.16, F((31,793) = 5.42,p < .001(1E — 19).

Table 4.6: Hierarchical for ST

A Adj. R? ARZ % added
Variabl Adj. Block ti
Independent anaple Significant Variables B p-value R? ,] it Explain saencle il
type R of by VBN by VBN on
variables top of SEC
sEc sec zone 10 362  0.000
Model 1 SEC Education_level 152 ooop 0138 0127 = -
SEC Occupation_5 -1.54 0.052
SEC zone_1.0 3.83 0.000
SECY Education_level 1.58 0.178 0.156 0.029 -
Model 2 il - ’ 0.000 ' ’ .
Bio Limit_my_use -111 0.000
SEC zone_1.0 3.70 0.000
cEEL VA 5EC Education_level 1.55 0.000 0.183 0.153 -0.003 =
Model 3
Bio Limit_my_use -1.14 0.000
SEC zone_1.0 3.53 0.001
Nt SEC Education_level 1.57 0.000 cioe I i o ot o
Model 4 Bio Limit_my_use -1.09 0.001 : . ) : ’
saving-water_regarless-
others -0.76 0.020

Note: Bio= biospheric, N= Norm

The final model, SEC + VBN, accounted for approximately 16% of the variance in 'ST’. Four of
the 31 predictors were significant, p < .05, namely: ’zone_1.0’, ’education_level’; ’limit_my _use’
and ’saving-water_ regardless-others’. When all four predictors are equal to zero, ST is expected

to be around By = 7.15minutes.

For ’ST”, the total variance explained by SEC and VBN combined is 16%, of which SEC explains
12.7% and the Values, Beliefs, and Norms account for 3.3%. Values contribute 2.9% and norms
added 0.7%, while beliefs decreased the explained variance by 0.3%. The added explanation by
VBN on top of SEC is 26%.

Hierarchical method for SD

Table shows that the first model, the control model, is predicting >’SD”’ from SEC factors
alone and accounts for a variance of Adj. R? = .27, F(7,793) = 30.25,p < .001(1.82E — 49).
The addition of the second block of variables corresponding to ‘values’ slightly increased the
variance accounted for in ‘SD’, Adj.R? = 0.30, F(17,793) = 18.34,p < .001(1.57E — 52). The
third model, with the addition of the beliefs factor slightly increased the explained variance for
'SD’, Adj.R? = 0.31, F(25,793) = 13.5p < .001(1.01E — 49). The last model, with all the SEC
and VBN factors taken into account, led to an increase in the amount of explained variance of

'SD’, Adj.R? = 0.31, F(31,793) = 11.45,p < .001(2.52F — 48).
As can be seen in the table the final model includes all the factors. Overall, the model

accounted for approximately 31% of the variance in ’SD’. Six of the 31 predictors were signif-
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Table 4.7: Hierarchical for SD

A Adj. R? AR?2 % added
Variable i i r per Explain  explanation
2 2
Independent Type Significant Variables B p-value R Adj. R Block of by by VBN on
variables VBN top of SEC
zane_10
SEC SEC -0.283 0.000 0,379 037 R B :
Madel 1 SEC Education_level 0.020 0.000
SEC zone_10 -0.287 0.000
SEC Education_level 0.027 0.000
SECHV Bio Adeguate_use 0.021 0.000
o RS 0322 0305 0035 : -
Model 2 Alt limit-use_for-others_present&future 0.063 0.000
Alt aware_water_conflicts_1 0.028 0.015
Ego unlimitated_water_supply -0.013 0.002
SEC zone_1.0 -0.275 0.000
SEC Education_level 0.028 0.000
Bio Adequate use 0.015 0.002
SEC+ VB o
Model 3 Alt limit-use_for-others_present&future 0.083 0000 0331 0306 0.001 = z
Alt gware_water_conflicts_1 0.025 0.040
Ego unlimitated_water_supply -0.016 0.000
BIf waterproblems_responsability_Government  -0.022 0.045
SEC zone_1.0 -0.249 0.000
SEC Education_level 0.028 0.000
WBNSEC Al limit- for-oth mt8fut 0.052 0.000
S et i b 0332 031 0004 0040 14.81
Madel 4 Ego unlimitated_water_supply 0.014 0.001

guilty_waste-water -0.021 0.022
if_saves-water_better-person 0.021 0.020

Note: Bio= biospheric, Alt=Altruistic, Ego=Egoistic, Blf=Beliefs, N= Norm
icant, p < .05, namely: ’zone_1.0’, ’education_level’, "limit-use_for-others_present&future’, 'un-
limited_water_supply’, ’guilty _waste-water’ and ’if_saves-water_better-person’. When all six pre-

dictors are equal to zero, 'SD’ is expected to be around [y = 15[%].

For ’SD’, the total explained variance by SEC and VBN combined is 31%, of which SEC explains
27% and the Values, Beliefs, and Norms account for 4%. Values contribute 3.5%, beliefs add
0.1% and norms 0.4% to the explained variance. The added explanation by VBN on top of SEC
is 15%.

Hierarchical method comparison

The results show that the absolute increase of ‘wu’ (2%), is the lowest compared to ‘ST’ (3.3%)
and 'SD’ (4%), as well as the relative increase (12%) versus 26% and 15% respectively. The
increase of 3.3% for ’ST’ is lower than the absolute increase of ’SD’ is 4%, however, the relative
increase of ST’ is approx. 26% while the relative of ’SD’ is only 15%. Therefore, however the
absolute increase of 'SD’ is larger than ST, the added explanation of VBN on top SEC is the
biggest for 'ST".



Chapter 5

Discussion

In this chapter, the key results will be discussed. Firstly, a summary of the results will be
provided. In the second section the results will be interpreted, and compared with other studies
and the implications of the findings will be discussed. Finally, the limitations of this study will
be presented and suggestions and recommendations will be made for future research. Contextual
factors will not be discussed in this chapter as they have been studied extensively and were proven
to have a significant influence on domestic water use as mentioned in the literature review. The
focus will therefore be on VBN factors and their significant relationship with domestic water

use in the study area.

5.1 Results recap

Summarizing the results of the previous regressions for the three dependent variables (‘wu’,
‘ST’ and ’SD’), we can observe that "Zone’ and "Education level’ are the contextual factors that
were found to be significant variables in all three regressions. It was expected that 'Zone’ and
"Education level’ are significant parameters in domestic water use in the study area since several
other studies have found these contextual factors are relevant and influence water use behaviour
(Callejas Moncaleano et al.| (2023);Corbella and i Pujol (2009)).

Regarding the VBN factors, the results show that the biospheric value ’limit my use’, and the
personal norm ’saving water regardless others’ are the VBN factors which significantly influence
the total water use 'wu’ and shower time ’ST’ behaviour. However, the ‘SD’ regression did not
share significant VBN factors with the ‘wu’ and ST’ regressions. The significant factors asso-
ciated with ’SD’ are the altruistic 'value limit-use for-other present&future’, the egoistic value
‘unlimited water supply’ and two personal norms: 'guilty waste-water’ and ’if saves-water better-
person’. In the next sections, each of the significant parameters associated with the domestic

water use behaviour in the study zone will be discussed.

5.2 Discussion forced entry method

In this section, the results of the forced entry method will be discussed, taking into account

the three dependent variables: total water use per day ’"wu’, shower time ’ST’, and an index

39
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for water saved through water-saving devices ’SD’. The discussion focuses on the significant
VBN factors influencing these three variables, as the relevance of contextual factors has been
researched extensively and this study aims to contribute by providing more insights into the

psychological behavioural factors.

5.2.1 Total Water Use ’‘wu’

Two VBN factors were identified that significantly influenced the total daily water use. The first
one is the biospheric value: 'Limit my use’ (f = —12.66,p = 0.011). This indicates that people
with a strong commitment to limit water use or natural resources in general, for environmental
reasons, tend to use less water. This supports the VBN theory’s proposition that biospheric

values drive pro-environmental behaviour, as in this case using less water and water conservation.

The second significant VBN factor influencing “wu’ is the norm: ’Saving water regardless of
others’ (f = —10.35,p = 0.043). Meaning that individuals who feel a moral obligation to save
water, independent of the actions of others, use less water. This inverse relationship can be
explained by several considerations. Firstly, people who have strong personal norms related
to water conservation often develop more sustainable and conscious habits regarding the use
of natural resources and pro-environmental behaviour. This personal norm could indicate a
high level of internalisation of pro-environmental values (like limit my use), which means that
these individuals do not rely on social pressure or the actions of their community to act in an
environmentally responsible manner. This is in line with the VBN theory’s emphasis on personal

norms as key motivators of pro-environmental behaviour.

5.2.2 Shower Time ST’

Regarding the time individuals spend in the shower, the same two VBN factors as "wu’ were iden-
tified as having significant influence. First, the biospheric value: "Limit my use’ (8 = —1.09,p =
0.001). This means that individuals with strong biospheric values, are committed to limit the use
of scarce resources, and tend to reduce their shower time and take shorter showers, reinforcing

the idea that biospheric values consistently advance water-saving behaviour.

The other significant factor is the personal norm: ’Saving water regardless of others’ (8 =
—0.76,p = 0.020). The person must be aware of the consequences, plus accept personal re-
sponsibility, these two activate their personal norm. The personal norm then activates their
behavioural intentions and behaviours. The indication from the research is that 'feeling obliged
to save water regardless of others’, leads to shorter shower times, aligning with the VBN theory’s

focus on personal norms influencing specific pro-environmental actions.

5.2.3 Water Saving Devices ’SD’

Regression results for the water-saving devices ’SD’ index show significant relationships with

several values and personal norms. The implications of these findings are discussed below. Four
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VBN factors significantly influenced the ‘SD’ index, an altruistic value, an egoistic value, and

two norms.

The altruistic value, 'Limit use for others present & future’ (5 = 0.062,p < 0.001) is interpreted
as individuals who consider limiting water use for the benefit of others are more likely to install
water-saving devices. This is measured by the importance of sustainable water use to ensure
short- and long-term well-being for the whole community, which means the bigger the index of
’SD’ the more water is saved in the household due to the installation of water-saving appliances.
This index reflects the volume of water saved through the installation of water-saving devices
in the households in the study zone. This is consistent with the VBN theory’s assertion that

altruistic values drive pro-environmental behaviour.

The second significant factor is 'Unlimited water supply’ an egoistic value (8 = —0.014,p =
0.001). There is a significant inverse relationship between this egoistic value and the index of
water-saving devices. As a result, it shows that people who desire an unlimited water supply
are less likely to install water-saving devices, indicating that egoistic values negatively impact

water-saving actions.

The observation that people who desire an unlimited water supply are less likely to install
water-saving devices, indicating that egoistic values negatively impact water-saving actions,
is supported by several studies as mentioned in the literature review. Egoistic values focus
on personal benefits and gains. Individuals with strong egoistic values tend to prioritise their
immediate comfort and convenience over long-term environmental benefits. Consequently, they
may be less inclined to adopt practices they perceive as limiting their comfort or convenience,
such as installing water-saving devices. This behaviour contrasts with those driven by altruistic
or biospheric values, who are more likely to engage in pro-environmental behaviours because

they prioritise the well-being of others and the planet.

Research has shown that individuals with high egoistic values often need additional incentives,
such as cost savings, to motivate them to adopt environmentally friendly practices. For example,
the study by [Wan Hussain et al.|(2021) indicates that while egoistic values can contribute to pro-
environmental behaviour, they are often less effective than altruistic values unless supported by
other benefits. Similarly, another study by [Sarpong et al.| (2021) suggests that perceived benefits,
which appeal to egoistic values, can influence the willingness to purchase efficient water-saving
appliances, but these benefits must be significant enough to outweigh the perceived inconve-

nience.

Furthermore, the norm 'Guilty for wasting water’ (5 = —0.021, p = 0.022) also has a significant
inverse relationship with the index of water-saving devices ’SD’, which is an interesting finding.
This result may seem contradictory at first, but it offers several perspectives for discussion,
as this means individuals who feel guilty about wasting water are less likely to install water-
saving devices. Feeling guilty about wasting water can, in some cases, lead to a lack of action if
the guilt is not translated into constructive behaviours (Tangney et al., [1996]). People may feel
powerless to make significant changes, decreasing the likelihood of installing water-saving devices.

Another possible reason is that people with a strong personal norm towards water saving may
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be more aware of the need for efficient water use. That is, although they may spend more time
in the shower, they are using techniques to minimise water waste, such as low-flow showering,
turning off the tap while soaping, or employing quick and efficient soaping techniques. Finally,
an explanation could be that they would like to save water but do not have the budget or means
to buy ’SD’. This contradicts the role of guilt as a personal norm in driving pro-environmental

behaviour (Tangney et al.l [1996).

The last significant factor is the norm ’If saves water, better person’ (5 = 0.021,p = 0.020)
is deemed significant in the results. It shows the belief that saving water makes one a better
person and also promotes the installation of water-saving devices, showing how personal norms

can positively influence water conservation actions.

5.2.4 VBN theory

The findings align well with VBN theory, which states that values, beliefs, and norms are critical
in shaping pro-environmental behaviour. The significant impact of biospheric values and personal
norms on total water use and shower time illustrates the applicability of theory to understanding
these behaviours. However, the different set of significant VBN factors for the ’SD’ index suggests
that the motivations behind adopting technical water-saving measures may be more complex

and varied, involving altruistic and egoistic values as well as different personal norms.

5.3 Discussion Hierarchical method
5.3.1 Hierarchical for Total Water Use ‘wu’

The hierarchical regression for total water use ’wu’ showed that the SEC factors explained
approximately 17% of the variance in water use. Adding values slightly increased the explained
variance to 18.5%, but the inclusion of beliefs slightly reduced it to 18.1%. Finally, including
norms, resulted in an adjusted R? of 18.6%, indicating that VBN factors together contributed
an additional 2% of the variance. The added explanation by VBN on top of SEC is 12%. The
significant predictors were zone_1.0, inhab_house, Gender_2, Education_level, Limit_my_use, and

saving-water_regardless-others.

The modest increase in variance explained by the VBN factors suggests that while values and
norms do play a role, still socioeconomic factors are stronger predictors of total water use.
This aligns with previous studies indicating that demographic and contextual factors, such as
household size and education level, are critical determinants of water usage. Even though the
impact of VBN factors on water use may be small compared to socioeconomic factors, their
inclusion in analysis is crucial for a holistic understanding of water consumption behaviors. VBN
factors provide insights into the psychological, cultural, and moral behaviour that SEC factors

cannot. This can enable more targeted, effective, and sustainable interventions by policymakers.
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5.3.2 Hierarchical for Shower Time ST’

For shower time ’ST’, SEC factors explained 13% of the variance. After including values, the
explained variance increased to 16%, while adding beliefs reduced it to 15%. The final state,
including norms, accounted for 16% of the variance. The added explanation by VBN on top
of SEC is 26%. Significant predictors included zone_1.0, Education_level, Limit_my_use, and

saving-water_regardless-others.

The fact that values contributed 3% and norms 0.7% to the explained variance highlights the
importance of personal environmental values and norms in determining specific water use be-
haviours like shower time. This is consistent with the VBN theory, which states that values influ-
ence beliefs about environmental conditions and our relationship with the environment, which in
turn shape personal norms (feelings of moral obligation) to engage in pro-environmental actions
(Sternl [2000).

5.3.3 Hierarchical for Saving Devices ’SD’

The hierarchical regression results for saving devices ’SD’ showed that SEC factors accounted for
27% of the variance. Adding values to the SEC factors increased this to 30%, and the inclusion
of beliefs slightly increased it further to 31%. The final model, including norms, maintained an
explained variance of 31%. Significant predictors were zone_1.0, Education_level, limit-use_for-
others_present&future, unlimited_water_supply, guilty_waste-water, and if_saves-water_better-

person.

The VBN factors explained an additional 4% of the variance, with values contributing 3.5%,
beliefs 0.1%, and norms 0.4%. The added explanation by VBN on top of SEC is 15%. This
suggests that the adoption of water-saving devices is more strongly influenced by personal values
and norms compared to the other behaviours studied. Previous research supports this finding,
the adoption of environmental technologies often correlates with strong environmental values

and norms (Bamberg and Moser, [2007)).

Comparing these results, ‘wu’ has the lowest absolute 2% and relative 12% increase in variance
explained by VBN, whereas ‘ST’ shows a lower absolute increase (3.3%) compared to 'SD’ (4%),
but a higher relative increase (26% vs 15%). Thus, despite the larger absolute increase in ’SD’,
the added explanation of VBN on top of SEC is most significant for ’ST". This result suggests that
the VBN framework is more applicable in explaining specific, environmentally motivated actions
(like installing saving devices) and shower time ST’ compared to more general behaviours like
overall water use 'wu’. Installing water-saving devices is a one-time action with high impact
that aligns with individuals’ values and beliefs. People who hold strong biospheric and altruistic
values are more likely to make substantial commitments to reduce their environmental footprint,
such as installing water-saving devices (Steg and Vlek, 2009) if having the means to buy this
water-saving appliances (Addo et al.l 2018al).

Curtailment behaviours, such as reducing shower time, require ongoing effort, and as results

suggested, may be influenced by immediate biospheric values and personal norms and contextual
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factors. While values and norms play a role, the daily routine is more susceptible to changes in
motivation and externals such as social norms and immediate convenience. Thus, strategies to
encourage water-saving through curtailment should not only emphasize values and norms but

also consider habit formation (Verplanken and Wood, 2006}).

7

The modest contribution of VBN factors to the variance explained in total water use "wu
shows the complexity of influencing total water use behaviour. Since the socioeconomic factors
explained a significant portion of the variance, this highlights the importance of considering
demographic and contextual influences when designing interventions aimed at reducing water
use. The significant predictors, zone, number of inhabitants per household, gender, and education

level suggest that targeted policies should consider these demographic characteristics.

The hierarchical regression analysis demonstrates that while the VBN framework contributes
to explaining domestic water use behaviours, the impact varies across different types of be-
haviours. The framework is particularly effective for predicting the adoption of water-saving
devices and shower time. For ’SD’ personal values and norms play a significant role. For cur-
tailment behaviours like reducing shower time, a combination of values, norms, and contextual
factors should be considered. These findings underscore the importance of tailored interventions

that align with the specific drivers of each type of water use behaviour.

5.4 Compare results to other studies

In this section, the results of the thesis will be discussed and compared to previous research
and studies. First, the variables ‘Total Water Use’ and ‘Shower Time’ will be analysed based on
the significant found biospheric values and personal norms. Secondly, the variable Water Saving
Devices will be discussed based on the significant altruistic and egoistic values and personal

norms.

5.4.1 Total Water Use ’wu’ and Shower Time ST’
Biospheric Values

The biospheric value ’Limit my use’ was found to significantly reduce total water use per day
(8 = —12.66,p = 0.011) and shower time (5 = —1.09,p = 0.001). The research performed by
(Jorgensen et al.l [2009) has shown that individuals with strong environmental values tend to
engage in water-saving behaviours. These studies reported that biospheric values are associated
with reduced household water consumption, aligning with the findings (Sauri, |2013)). This is in
line with the research of (De Groot and Steg, 2010) which determined that individuals with

biospheric values were more self-determined to act pro-environmentally.

Personal Norms

The personal norm ’saving water regardless of others’ was significant for both total water use
(8 = —10.35,p = 0.043) and shower time (8 = —0.76,p = 0.020). (Dolnicar and Hurlimann)
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2010) found that personal norms, such as feeling a moral obligation to conserve water, are
strong predictors of water-saving behaviours. Similarly, the study by (Russell and Fielding;,
2010) emphasize the role of personal norms in motivating individuals to adopt water conservation

practices.

5.4.2 Saving Devices ’SD’
Altruistic Values

The altruistic value ’limit-use for others present and future’ positively influenced the installation
of water-saving devices (5 = 0.062,p < 0.001). Studies by (Clark and Finley, [2007) and (Lam,
2006) have demonstrated that altruistic values, such as concern for future generations and the
community, are linked to higher adoption rates of water-saving technologies. Another research
found that the more respondents were altruistically oriented the more they were self-determined

to act pro-environmentally (De Groot and Steg, [2010).

Egoistic Values

The egoistic value 'unlimited water supply’ had a negative relationship with the adoption of
water-saving devices (8 = —0.014,p = 0.001). (De Groot and Steg), |2008) found that individuals
with strong egoistic values are less likely to engage in water-saving behaviours. This suggests that
those who prioritize immediate needs and comforts may resist installing water-saving devices.
Furthermore, a following study by De Groot and Steg| (2010) found that people who endorse

egoistic values were less likely to act in a pro-environmental manner compared to others.

Personal Norms

The results of this study show that the norms ’guilty wasting water’ (5 = —0.021,p = 0.022)
and 'if saves-water better-person’ (f = 0.021,p = 0.020) significantly influenced the adoption
of water-saving devices. (Gkargkavouzi et al., |2019) reported that feelings of guilt and personal
moral obligations are significant predictors of adopting water-saving practices and technologies.

This supports that personal norms are crucial in motivating the adoption of water-saving devices.

5.5 Implications of findings

In this section, the implications of the findings for water conservation and awareness will be

discussed, as well as practical situations where these can be implemented.

5.5.1 Implications for water conservation and awareness

The results suggest that promoting biospheric and altruistic values, along with reinforcing per-

sonal norms about water conservation, could contribute in reducing water use and encourage the



46 Discussion

adoption of water-saving devices. Campaigns and educational programs aimed at strengthening
these values and norms could play a crucial role in fostering sustainable water use behaviours. By
highlighting the importance of sustainable use of water for the community, initiatives can pro-
mote greater installation of saving devices, thus contributing to sustainable water management
in rural areas. This result is consistent with the VBN theory, which postulates that personal
values can significantly influence environmental actions. In this case, the altruistic value acts as

a catalyst for the adoption of devices that contribute to water conservation.

In agreement with the results from this study, the biospheric values such as ‘limit my use’
play a crucial role in shaping sustainable behaviours related to domestic water use. This study
reinforces the importance of considering psychological factors as values in the design of water

conservation interventions and policies.

The reduction in shower time ‘ST’ is particularly relevant, given that showers account for a
significant share of domestic water consumption. According to previous studies, showers can
account for up to 20% of total household water use (WaterSense, 2017)). Therefore, the fact
that individuals with high concern for the biospheric value (limit my use) tend to shorten their

shower time may have a considerable impact on domestic water conservation.

The personal norm ‘saving water regardless of others’ suggests that environmental education
campaigns and programs that seek to promote water conservation could benefit from focusing
on strengthening personal norms related to water conservation. When water conservation is
driven by personal norms, the behaviour tends to be more sustainable over the long term. This
is because it is not dependent on external factors, such as social pressure or temporary incentives,

which might decrease over time.

For example, campaigns in Australia that emphasized the importance of individual action in
water conservation (regardless of what others or the community was doing) helped maintain
water-saving behaviours even after the immediate crisis had passed (Fielding et al., 2012). Dur-
ing periods of severe drought, many Australian cities implemented educational campaigns that
focused on personal responsibility for water conservation. These campaigns, which appealed to
personal norms and the moral duty to conserve water, were successful in significantly reducing
water use (California Department of Water Resources, |2017). The promotion of such personal
norms can be crucial in reducing overall water use and addressing the challenges related to water

resource management in rural areas of Valle del Cauca and Restrepo.

The positive relationship between the altruistic value ‘limit-use for-others present’ and ‘SD’
underlines the importance of community awareness in the adoption of pro-environmental be-
haviours (represented through the installation of water-saving appliances). People who recog-
nize the importance of rational use of water for the well-being of the entire community are more
motivated to take concrete measures to save water, through the implementation of technologies
to save water, such as installing water-saving devices. This finding highlights the power of altru-
istic values in promoting sustainable practices and it is in line with the VBN theory argument
that altruistic values are also linked with the encouragement of pro-environmental behaviours.

Adopting these technologies can significantly reduce water use, relieving pressure on local water
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resources and ensuring a more equitable supply for all community members.

In communities where common well-being is highly valued, these values are likely to translate
into actions, such as the adoption of water-saving devices. Understanding these dynamics can
help design more effective strategies to promote sustainable practices. In summary, the direct
relationship between altruistic value and the water-saving devices index highlights the impor-
tance of personal values in the adoption of sustainable technologies. Promoting altruistic values
that emphasize the importance of rational water use for community access may be an effective
strategy to increase the adoption of water-saving devices in rural areas. This approach not only
benefits individual households but also contributes to water sustainability and the well-being of

the entire community.

The egoistic value ’Unlimited Water Supply’ with has an indirect relationship with ‘SD’ in-
dicating that the desire for unlimited water supply could discourage sustainable behaviour.
People with this egoistic value may perceive water-saving measures as unnecessary or restric-
tive, reducing their willingness to adopt water-conserving technologies, or believe that water is
an unlimited resource, and they are less likely to see the need for conservation. This is in line
with expectations, the VBN theory considers egoistic values as drivers of unsustainable or less

pro-environmental behaviour.

Environmental education campaigns should address this egoistic value, highlighting the im-
portance of water conservation even when supply appears plentiful. For example, to effectively
address this the campaigns should employ strategies that connect personal benefits with sustain-
able practices, such as showing water conservation not only as an environmental responsibility,
but it also has financial benefits. For instance, campaigns can highlight how water savings devices

can lead to significant cost savings on utility bills.

The significant direct relationship between the personal norm of believing that ’if you save water,
you are a better person’ and the water-saving devices ’SD’ index underlines the positive impact

of personal norms on the adoption of conservation technologies.

These findings highlight how personal norms that associate water saving with a sense of positive
and moral identity can drive pro-environmental behaviours, which is in line with the VBN theory
(Stern [2000). People who believe that saving water makes them better people are more inclined
to take concrete steps, such as installing water-saving devices. Campaigns that encourage this
personal norm can be effective in increasing the adoption of water-saving technologies. Messages
that reinforce the connection between water conservation and the development of a positive,

moral identity can motivate more individuals to engage in sustainable practices.

Furthermore, these results could have practical implications for water management policies and
community leaders. Awareness campaigns that promote biospheric values could be effective in
encouraging water-saving behaviours. For example, campaigns that highlight the importance of
limiting the use of natural resources at home tasks, provide practical strategies for reducing
water use and reinforce the personal norm of saving water regardless of others. This will be

further discussed in the next section.
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5.5.2 Practical Implications

These findings have important implications for policy formulation and implementation of water
conservation programs. Given that biospheric values appear to be a significant factor, educational
and awareness-raising campaigns that reinforce these values could be effective in encouraging
more sustainable water use. However, it is also crucial to address contextual factors that may

facilitate or hinder the adoption of pro-environmental behaviours.

To implement these findings, community-based programs should focus on:

° Educational initiatives: Raising awareness about the environmental impacts of water use
and the importance of conservation

° Norm reinforcement: Encouraging social norms that prioritize water saving, such as public
commitments and social recognition for water-saving behaviours

° Technical support: Providing access to and information about water-saving devices to

facilitate their adoption

To turn feelings of guilt into positive actions, it is essential to provide people with the tools
and support necessary to adopt water conservation technologies. Programs that offer subsidies,
accessible information, and technical assistance can facilitate the transition toward more sus-
tainable behaviours. The reason is that some people would like to save water but does not have

the budget to buy water saving appliances and people could just give up and stop feeling guilty.

Together, these results underscore the importance of understanding how personal values and
norms influence the adoption of water-saving technologies. Intervention strategies should con-
sider both positive motivators, such as the ’better person’ norm, and potential obstacles, such
as selfish values and guilt. By addressing these complex dynamics, more effective programs can
be designed to encourage sustainable water use in rural areas, which goes in line with the VBN

theory.

5.6 Limitations

One of the limitations of the research performed is the data being self-reported. The reason
for this approach is that it was not feasible to install water meters or retrieve the data from
water utility companies. This is not a perfectly accurate measurement as there is reliance on
the participant to be able to remember the usage correctly and be honest about their water
use. In general, self-reported data can be influenced by a social desirability bias, which is a
response bias that has the tendency of survey respondents to answer questions in a manner
that will be viewed favourably by others thereby overstating their positive behaviour. Social
desirability is not always visible in environmental behaviours (Milfont, 2009), but the results of
this research should be interpreted with caution given that we did not measure social desirability
directly. Additionally, it is important to note that the data for this study was collected during
the COVID-19 pandemic.

The fact that one person in the household was interviewed for this study can be seen as another

limitation. The research assumes that the behaviour of the individual interviewed is similar to
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the rest of the household inhabitants or that this person can guess the total water use of the

household reasonably accurately.

It is important to take into account that before making a strong statement about causality in
statistics caution is necessary. Since, there are limitations and challenges in causal inference,
such as the presence of unobserved variables, the risk of spurious correlation, and the possibility
of bias. Causal inference relies on a combination of theoretical knowledge, statistical methods,
and careful consideration of research designs. For example, it is not possible to determine the re-
lationship between water conservation intention and behaviour and water-efficient infrastructure
without longitudinal data, and the installation of water-saving devices does not always result in
the expected reductions in water use (Stewart et al., 2010). Longitudinal studies involve repeated

observations of the same variables over long periods of time.

Finally, the survey questions generally align well with the components of the VBN theory’s
values, beliefs, and norms. However, there are areas where adjustments could further enhance

their clarity and effectiveness.

For example, some questions addressing biospheric, and altruistic values may benefit from more
precise wording to ensure that respondents clearly understand the intended value being targeted.
The questions ‘Do you try to limit or reduce your water use while performing household tasks?’
and ‘How necessary is it for you to use water adequately or rationally?’ (biospheric value) might
be open to varying interpretations. In general, a possible answer to this question could be linked
to a biospheric, altruistic, or egoistic value. The value behind the person’s behaviour can not be
certain obtained from this question. Therefore, the questions should be more explicitly linked to
specific values that are to be considered. This is to ensure that the respondents’ answers focus
only on the given questions and are not open to interpretation. For example, the first question
above mention could be linked directly with biospheric values if it is asked as "How important

is it for you to conserve water to protect the environment?’

The current set of questions covers many critical aspects of beliefs related to water use, particu-
larly regarding ascription of Responsibility (AR) and awareness of Consequences (AC). However,
questions regarding the New Environmental Paradigm (NEP) are not included in the survey. To
fully implement the VBN theory, it would be helpful to add questions that explicitly address
the NEP to capture the general environmental beliefs of the study zone. This comprehensive
approach will provide a more robust understanding of the applicability of the VBN framework

in explaining domestic water use behaviour.

The questions assessing norms are well aligned with the VBN theory, particularly in how they
focus on personal moral obligations and feelings of guilt related to water use and conservation
behaviours. However, the question “Anyone could do any action to use water rationally” might
be more relevant to beliefs rather than norms, since it addresses what people think is possible
rather than what they feel morally obliged to do. To further strengthen these questions, it could
be considered to ensure that they directly address personal moral norms, as these are central
to the VBN framework. Including scenarios or specific examples to contextualise these norms

could also enhance the respondents’ understanding.
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5.7 Recommendations for future research

Future research that can access data retrieved from metered records would be desirable to verify
these results using observational rather than self-reported data. Furthermore, it should aim to
deepen the understanding of how the VBN theoretical framework interacts with other contextual
and socioeconomic factors to influence domestic water use behaviour. For example, future studies
could explore additional variables that may mediate or moderate the relationship between VBN

factors and water use, such as cultural influences, social norms, and economic incentives.

Although the VBN theory traditionally has a linear progression from values to beliefs to norms,
emerging evidence suggests that the relationships among these factors might be more complex
and bidirectional in certain areas. While the VBN theory proposes that values shape beliefs,
which in turn activate norms, research in social psychology indicates that norms themselves can
also influence beliefs and values over time (Ly, 2024). For example, when individuals consis-
tently engage in pro-environmental behaviours due to normative pressure (social expectations
or personal moral obligations), these behaviours can lead to a shift in their underlying beliefs
and values. This is sometimes referred to as cognitive dissonance reduction and suggests that
people often adjust their beliefs to align with their behaviours to maintain internal consistency
(Harmon-Jones and Mills| 2019)).

Norms can act as catalysts for change in values, particularly when individuals recognise that
their behaviours are consistent with values, they might not have previously prioritised. Under-
standing that norms can influence values and beliefs is crucial for designing interventions aimed
at promoting pro-environmental behaviours. Interventions that initially focus on establishing
strong social norms around environmentally friendly practices, such as water conservation, could
eventually lead to deeper, more sustainable changes in the underlying values and beliefs of in-
dividuals. For example, studies by |Keizer and Schultz (2018) and Farrow et al.| (2017) discuss
how pro-environmental behaviours driven by social norms can lead to the development of more
robust environmental values and beliefs. This perspective not only broadens the applicability
of VBN theory but also provides a strategic framework for designing interventions that aim to
foster lasting pro-environmental change. Therefore, it would be recommended for future research

to explore these bidirectional relationships between the VBN factors.

Additionally, it is important to highlight that while the VBN theory focuses on personal norms,
these norms do not exist in a vacuum. Social norms, as part of contextual factors, indirectly
shape personal norms through socialisation and shared community values (Bamberg et al., 2015;
Schwartz, 1977). Therefore, the recommendation is that future research considers social norms
as an integral part of the theoretical framework alongside the VBN theory when analysing

pro-environmental behaviour (Ly, 2024)).

Longitudinal studies could provide insights into how changes in values and norms over time
impact water use behaviours. A longitudinal approach that also includes participant interviews
would provide a more nuanced understanding of how householders interact with water efficient
infrastructure and the subsequent effect on household water use and captures shifts in behaviour.

This approach would offer deeper insights into how behavioural changes evolve and what triggers
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them.

Furthermore, expanding the geographical scope of the research to include diverse rural and peri-
urban settings could help generalise the findings and identify region-specific drivers of water
conservation behaviours. This expansion will help in identifying region-specific drivers of water
conservation behaviours, allowing for the development of more targeted and effective interven-

tions.

Future research could further enhance the clarity and effectiveness of the survey questions tar-
geting values and add questions that explicitly address the New Environmental Paradigm to
capture broader environmental beliefs. Furthermore, by addressing personal moral obligations
and norms and including scenarios or specific examples to contextualise these norms, the re-

spondents’ understanding could be enhanced, and thereby the results.

Also, a mixed-method approach combining quantitative analysis with qualitative insights from
interviews or focus groups could offer a more comprehensive understanding of the motivations

and barriers individuals face regarding water conservation.

The lack of significant influence of beliefs suggests the need to further explore the complex inter-
actions between values, beliefs, norms and behaviour. This could involve exploring alternative
belief constructs or measuring beliefs in different ways (with other questions) in addition to
adding the NEP questions that do not take part in these survey questions. Comparative studies
with different populations or settings could also shed light on why beliefs may play a more or

less significant role in different contexts.

Finally, intervention-based studies that test the effectiveness of different educational and policy
initiatives informed by the VBN framework could provide practical guidance for developing
strategies and policies to promote sustainable water use at the community level. These policies
could include incentives for the adoption of water-efficient technologies, regulations on water use,
or educational programmes that align with the values and norms identified through the VBN
framework. By following these recommendations and actions, future research can validate the
current findings but also provide more detailed insights into the complex dynamics that drive
domestic water use behaviour. This would ultimately contribute to the development of more

effective strategies for promoting sustainable water use in various contexts.
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Chapter 6

Conclusion

The purpose of this exploratory study was to determine to what extent the theoretical framework
of Values, Beliefs, and Norms (VBN) contributes to the understanding of domestic water use
in rural areas, with a specific focus on the municipalities of Restrepo and Cali in Colombia.
To achieve this, three main objectives were set: background study of the VBN theory, adapting
the VBN theoretical framework to the context of domestic water use and assessing whether the

VBN framework could explain domestic water use behaviours in rural areas of Valle del Cauca.

The study followed a structured approach, beginning with an extensive literature review to un-
derstand the current state of the VBN theory. The VBN framework was then used to study
domestic water use behaviour, conceptualizing that beyond basic needs, the amount of water
used for household tasks can be viewed as a form of environmental behaviour. This conceptual
framework was empirically tested using multi-linear regression analysis. Two regression meth-
ods were used: forced entry to identify significant factors influencing domestic water use, and
hierarchical regression to determine the amount of variance in water use behaviours explained
by VBN factors.

The forced entry regression analysis revealed several significant predictors of domestic water use.
For total water use (‘wu’), significant predictors included awareness of water use limitations and
personal norms regarding saving water, with these VBN factors contributing to a reduction in
perceived water use. Socioeconomic factors such as education level, gender, and living zone also
played significant roles. For shower time (’ST’), predictors included awareness of water use,
personal norms, education level, and living zone. For the use of water-saving devices (’SD’),
predictors included altruistic values, egoistic beliefs about unlimited water supply, and personal

norms related to water conservation.

The hierarchical regression analysed the contribution of VBN factors in explaining variance in
domestic water use. The VBN theory accounted for an additional 2% of the variance in total
water use, 3.3% in shower time, and 4% in the use of water saving devices, in addition to the
variance explained by socioeconomic factors. Values were the most consistent contributors across

the different behaviours, while beliefs had minimal impact.

The conducted research has shown that psycho-social, behavioural, sociodemographic and con-

textual variables all have a role in determining household water conservation intentions and

93
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domestic water use. Contextual factors such as household size and income are important deter-
minants of water use but cannot be controlled by policymakers. However, this study clearly shows
that psycho-social and behavioural factors are also modest determinants of water conservation

intentions and household water use and should be considered as well.

The findings of this study indicate that the VBN theoretical framework contributes to under-
standing domestic water use behaviours in rural areas, although its impact varies by the type of
behaviour. VBN factors play a significant role in specific water use behaviours, such as shower
time and the adoption of water-saving devices, where personal values and norms are more di-
rectly connected to individual actions. However, for broader measures of water use, such as total

household water consumption, the influence of VBN factors is more diffused and less pronounced.

The findings suggest that interventions aimed at promoting water conservation should be tailored
to the type of behaviour being targeted. For specific curtailment behaviours and the adoption
of water-saving technologies, campaigns should leverage the existing environmental values and
personal norms within the community. Education and awareness programs can be particularly

effective in enhancing these values and norms, thereby encouraging water-saving behaviours.

For broader water usage, integrating socioeconomic factors with strategies to gradually shift
values and norms may be more effective. Policymakers and environmental educators should
focus on reinforcing the importance of individual actions in contributing to collective water
conservation goals. By highlighting the connections between water use behaviour and broader
environmental impacts, it is possible to promote a more sustainable approach to domestic water

use in rural areas.

In conclusion, while the VBN framework provides valuable insights into specific water use be-
haviours, its overall impact on total domestic water use is moderated by a range of contextual
and socioeconomic factors. Future research should continue to explore these dynamics, with an
emphasis on developing tailored interventions that address both the psychological and contextual

determinants of water use behaviour.
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Appendix A

Variables coding

Droughts_Village,
Excessive_w.intake_region,
water_regardless-others,
water, guilty_waste-water,
Device,

if_saves-water_better-person

waterproblems_responsibility _economic

sector,

Droughts_Only_Property,

saving-

everyone_can-save-
if_$_buy-Saving-

Obligation_save-water_d.activities,

Variable Final scale
Limit_my _use, limit_use_conservation 1: never

2: rarely

3: sometimes

4: often

5: always
Adequate_use 1: it is not very much neces-

sary

2: it is not necessary

3: Neutral

4: Tt is necessary

5: It is very much necessary
limit-use_for-others_present&future, 1: not at all important
limit-use_Everyone_right_Water, limit- | 2: low importance
use_Water_conservation 3: Neutral

4: Important

5: very important
unlimited_water_supply, interest_Own_supply, | 1: strongly disagree
waterproblems_responsibility everyone, water- | 2: disagree
problems_responsibility _Aqueduct, waterprob- | 3: neutral
lems_responsibility_Government, waterprob- | 4: agree
lems_responsibility environmental-authority, 5: strongly agree
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Variables coding

Variable Final scale
aware_water_conflicts 0: yes

1: No
Zone 0: Rural

1: Peri-urban
Gender 1: Male

2: Female
Vulnerable_people_water 1: not at all concerned

2: a little concerned

3: neutral

4: very concerned

5: extremely concerned
inhab_house Numerical
Education_level 1: none

2: incomplete/completed

primary School
3: incomplete/completed

secondary School

4: incomplete/completed
technician
5: completed profes-
sional /Master
altitude 1: altitude < 989
2: 989 > altitude < 1173
3: 1173 > altitude < 1381
4: 1381 > altitude < 1612
5: altitude > 1612
Occupation 1: full time/ part time em-

ployed/Independent / self-
employed

2: Full time student / study
only

3: household labours / engage-
ment in home duties

4: unemployed

5: volunteer work and other
e.g., social leader / retired /
pensioner / option 7 and other
between 1 & 9
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Variable

Final scale

Age

1: age < 24
124 > age < 35
135 > age < 45
145 > age < 55
s age > HH

Tt o W N
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Appendix B

Phyton code

In the following code, the multilinear regression for the forced entry and hierarchical methods

are presented next to their results.

Note: in the phyton coding, 'wuse’ stands for "wu’.

endog = df vbnsec[ 'wuse']

exog = sm.add constant(df vbnsec[['Limit_my use’, 'Adequate use', "limit use conservation’,
‘limit-use for-others present&future', 'limit-use Everyone right wWater’,
'limit-use Water conservation', 'vulnerable people water', 'aware water conflicts 1°',
‘unlimitated water supply', ‘"interest Own supply’,
‘waterproblems responsability everyone’,
‘waterproblems responsability Aqueduct’,
‘waterproblems responsability Government',
‘waterproblems responsability environmental-authority’,
‘waterproblems responsability economic sector', 'Droughts village',
‘Droughts Only Property', 'Excesive w.intake region’,
'saving-water regarless-others', 'everyone can-save-water',
‘guilty waste-water', 'if $ buy-Saving-Device',
‘Obligation_save-water d.activities', 'if saves-water better-person’,
‘zone 1.8', 'inhab _house’,
‘Age', 'Gender 2', 'Education level', 'Occupation 2', 'Occupation 3',
‘Occupation 4', 'Occupation 5', 'altitud']])

# Fit and summarize OLS model
mod = sm.OLS(endog, exog)

results = mod.fit()
print(results.summary())

Figure B.1: forced entry method code for "wu’ depending on VBN and SEC
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OLS Regression Results

Dep. Wariable: wWuse  R-squared: 8.

Model: oL Adj. R-squared: 8,135
Method: Least Squares  F-statistic: £.318
Date: sat, 15 Mar 2824 Prob (F-statistic): 4,32e-24
Time: 14:33:55  Log-Likelihood: -4E674.4
Mo. Cbservaticns: 793 AIC: 2419,
Df Residuals: 758 BIC: 5582,
Df model: 34

Covariance Type: nonrobust

coef std err t P>t [@.825 2.975]

const 267.27638 52.216 c.119 B.eaa 164,772 369,782
Limit_my_use -12.6567 4.9%8 -2.557 8.e11 -22.374 -2.5948
Adequate_use -2.9379 3.628 -@.81e 2.418 -1@.881 4,185
limit_use_conservation -2.3672 4.812 -8,513 2.588 -11.421 &.687
limit-use_for-others_present&future @.5555 9.752 8.857 8.955 -18.588 19.699
limit-use_gwveryone_right wWater 8.5625 12.942 8,661 a.58s -16.858 33,982
limit-use_water_conservation 9.5819 12.8396 8,785 B.432 -14,224 33,248
Vulnerable_pecple water 2.7683 3.997 8,683 2.488 -5.878 12,614
aware_water_conflicts_1 7.5587 7.219 1.832 8.2683 -6.816 21.918
unlimitated water supply 2.6854 2.622 @8.993 8.321 -2.543 7.752
interest_own_supply -3.9084 2.724 -1.427 2.1%4 -2.,287 1.485
waterproblems_responsability_ewverycne 2.5848 5.587 &.145 2.224 -18.887 11,615
waterproblems_responsability_squeduct -2.2784 4.811 -@,472 8.537 -11.715 7.175
waterproblems_responsability_Government -3.2158 5.535 -8.587 8.5612 -16.145 9.513
waterproblems_responsability_envircnmental-authority a.711e E.2c8 g.112 2.918 -11.579 12,881
waterproblems_responsability_economic sector 3.9865 5.23% 8.7E8 2.242 -6.882 13,895
Droughts_Village -2.7885 3.242 -@.838 2.4684 -9.872 3,855
proughts_only_Property -1.8476 3.51@ -@.528 8.539 -8.738 5,843
Excesive w.intake_region 1.8779 3.121 6,345 8.738 -S.8a8 7.285
saving-water_regarless-others -18,3557 5.18s -2.828 2.242 -2@,3282 -2.229
everyone_can-save-water -9.83858 5.925 -1.534 8.128 -28.717 2,545
suilty_waste-water 1.7776 5.259 6,325 2.745 -8.958 12,514
if_% buy-Saving-Device 4.1273 5.111 @, 588 2.428 -5.885 14,162
cbligation_ save-water d.activities £.4585 5.826 1.1e7 8.269 -4,992 17.916
if saves-water better-person -5.B404 5.255 -8,926 8.355 -15.7538 S.E53
Ione_1.8 48,5215 16.913 2,869 8.eaq 15.328 21.7232
inhab_house -15,%444 2,426 -6.,985 2.208 -21.7@7 -12.182
Age -2.2955 3.862 -8.,857 8.923 -5.387 5.715
Gender_2 15.2922 7.855 1.947 8.852 -8.128 3. 713
Education_level 24,4589 4,125 5.928 . eaa 16,354 32.548
occupation_2 9,59094 13.568 a,.73g .48 -16.728 36.519
Occupation_ 3 -5.3472 5.238 -@, 782 2.4583 -24.889 11.385
Gccupation_4 1.4362 19.291 @,874 2.941 -35.,433 39.386
Gccupation 5 -17.8972 12.347 -1.452 8.1458 -42.135 65.341
altitud -£,3584 5.191 -, 522 .48l -14,558 5.831

Figure B.2: forced entry method results for ‘wu’ depending on VBN and SEC
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endog = df vbnsec['S T']
exog = sm.add _constant(df vbnsec[['Limit my use', 'Adequate use', 'limit use conservation’,
‘limit-use for-others present&future', 'limit-use Everyone right Water',
‘limit-use Water conservation', 'Vulnerable people water', 'aware water conflicts 1',
‘unlimitated water supply', 'interest Own supply’,
‘waterproblems responsability everyone',
‘waterproblems responsability Aqueduct’,
‘waterproblems responsability Government',
‘waterproblems responsability environmental-authority',
‘waterproblems responsability economic sector', 'Droughts Village',
'Droughts_oOnly Property', 'Excesive w.intake region’,
‘saving-water regarless-others', ‘everyone can-save-water’,
‘guilty waste-water', 'if $%$ buy-Saving-Device’,
‘Obligation save-water d.activities', 'if saves-water better-person’,
‘zone 1.@', 'inhab _house', 'Age', 'Gender 2°',
'Education level', 'Occupation 2', 'Occupation 3', 'Occupation 4', 'Occupation 5',
‘altitud’]])

# Fit and summarize OLS model
mod = sm.OLS(endog, exog)
results ST = mod.fit()
print(results ST.summary())

Figure B.3: forced entry method code for ‘ST’ depending on VBN and SEC
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. OLS Regression Results

Model: oLs  adj. R-squared: B.1:8
Method: Least Squares  F-statistic: S.222
Date: Wed, 21 Aug 2824 Prob (F-statistic): 1.88e-1%
Time: 15:22:56  Log-Likelihood: -2491.4
MNo. Cbservaticns: 793 AIC: 5863.
Df Residuals: 758  BIC: 5218.
Df Model: 34

Covariance Type: nonrobust

coef std err t Pxlt]| [e.825 2.975]
const 7.1584 3.328 2.148 8.832 a.&61s8 13,884
Limit_my_use -1.8927 2.3l -3.483 8.8a1 -1.712 -2.473
Adegquate_use -8.1367 8.231 -8.5581 8.555 -8.591 8.317
1imit_use_conservation -2,2139 2.294 -8.728 @267 -8.791 @.363
limit-use_for-others_present&future -2, 1685 B.622 -8.271 8.786 -1.389 1.852
1imit-use_Everyone_right_wWater 2.6729 2.825 &.315 2,415 -8,847 2.293
limit-use_Water_ccnservaticn 2.65998 8.771 8.982 @.354 -8.814 2.213
Vulnerable pecple water a.2828 8.255 6.382 @424 -8.295 a.78s
aware_water_ conflicts 1 2.3899 8,257 8.335 2,284 -8.,526 1.365
unlimitated_water_supply 2.2279 2.167 1.363 8.173 -8.12@ 8.555
interest_Own_supply -2, 35842 2.174 -1.747 8.881 -8, 845 2.838
waterproblems_responsability_ewveryone 2,815 8.351 g.842 @.965 -8.674 2.785
waterproblems_responsability_sgqueduct -2, 2669 a.287 -8.872 @.384 -8.859 @.335
waterproblems_responsability_covernment -2.1538 8.217 -8.269 @.712 -8,972 2.EEL
waterproblems_responsability_envircnmental-autherity -2,1687 8.399 -8.418 B.676 -@,858 8,517
waterproblems_responsability_economic sector 2.2284 23.324 8.679 @.487 -8.415 @.857
Droughts village -g. 2858 &.2a87 -1.811 8.312 -8.615 8.197
Droughts only_Property e 2.224 -8.225 @.822 -@.498 @.389
Excesive w.intake_region 2.1839 8.199 8.929 @.353 -8.285 @.575
saving-water_regarless-others -2.7571 2.326 -2.325 8.828 -1.3395 -2,118
everyone_can-save-water -2.5157 8.378 -1.385 2.173 -1.257 2.226
guilty_waste-water 8.1287 8.342 8.369 8.712 -8.555 @.813
if ¢ buy-Saving-Device @.1e59 8.328 8.5e9 8.611 -@.,474 2. 885
cbligation_save-water_d.activities 2.44e8 8.372 1.2e1 @.228 -8.283 1.177
if_saves-water_better-perscn -2, 38E8 2.348 -8.882 B.378 -8,82% 8.376
zone_1.8 3.5285 1.878 3.273 8.8a1 1.412 5,545
inhab_house -8.8%89 2.155 -8.,588 8.557 -8.,324 2.213
Age -2, 8189 8.195 -8.897 6.923 -@,482 2,384
Gender_2 @.8228 2,581 1.843 2.181 -8.168 1.6
Education_level 1.5655 2.263 5.556 8.ea8 1.858 2.882
Occupation_2 2.6558 2.854 8,763 8.4432 -1.832 2.362
Cccupation 2 -2.1584 8.576 -8.2681 8.734 -1.281 2.981
Cocupation 4 -2.427% 1.22@ -g.348 8.728 -2.842 1.986
Cocupation_s -1,2551 8.787 -1.595 8.111 -2.0ea 8,298

altitud -2,2223 8.321 -8.672 @.582 -8.872 @.427

Figure B.4: forced entry method results for ‘ST’ depending on VBN and SEC
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endog = df vbnsec['S D']

exog = sm.add constant(df vbnsec[['Limit my use', 'Adequate use', 'limit use conservation',
‘limit-use for-others present&future', 'limit-use Everyone right water',
‘limit-use uWater conservation', 'Vulnerable people water', 'aware water conflicts 1°,
‘unlimitated water supply’, 'interest Own_supply’,
‘waterproblems responsability everyone',
‘waterproblems responsability Aqueduct’,
‘waterproblems responsability Government',
‘waterproblems responsability environmental-authority',
‘waterproblems responsability economic sector', 'Droughts village',
‘Droughts _oOnly Property', 'Excesive w.intake region',
‘saving-water regarless-others', 'everyone can-save-water',
‘guilty waste-water', 'if $ buy-Saving-Device',
‘Obligation save-water d.activities', 'if saves-water better-person’,
‘zone 1.8', 'inhab house', 'Age', 'Gender 2',
'Education_level', 'Occupation 2', 'Occupation 3', 'Occupation_4', 'Occupation 5°',
‘altitud']])

# Fit and summarize OLS model
mod = sm.OLS(endog, exog)
results SD = mod.fit()
print(results SD.summary())

Figure B.5: forced entry method code for ‘ST’ depending on VBN and SEC
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Phyton code

Dep. Variable: S D R-squared: 8.338
Model: 0OLS  Adj. R-squared: 8.318
Method : Least Squares F-statistic: 11.45
Date: Wed, 21 Aug 2024 Prob (F-statistic): 2.52e-48
Time: 15:23:83 Log-Likelihood: 398.22
No. Observations: 793 AIC: -726.4
Df Residuals: 758  BIC: -562.8
Df Model: 34
Covariance Type: nonrobust

coef std err t Pxt]| [@.825 @8.975]
const 0.1516 6.e87 1.742 8.082 -90.e19 8.323
Limit_my_use B.6021 6.ees8 0.258 8.802 -96.814 8.e18
Adeguate_use 0.6183 6.ee6 3.824 6.003 0.606 8.830
limit_use_conservation 8.8037 g.808 9.483 @8.629 -9.811 6.819
limit-use_for-others_present&future 0.0616 0.916 3.787 0.600 e.030 6.893
limit-use_Everyone_right_Water -9.68171 g.822 -8.794 .427 -9.868 6.825
limit-use_Water_conservation -9.8385 0.820 -1.513 8.131 -0.687@ 0.ea89
Vulnerable people water -9.8824 6.ea7 -9.356 8.722 -8.815 8.e11
aware_water_conflicts_1 9.8267 8.812 2.192 @.e29 9.883 6.851
unlimitated_water_supply -9.8143 8.2084 -3.28@ 2.801 -8.023 -8.286
interest_Own_supply 0.6083 8.ee5 1.831 9.067 -9.e01 8.e17
waterproblems_responsability_everyone -9.8094 0.8089 -1.829 9.384 -9.827 .889
waterproblems_responsability Aqueduct 9.0112 g.e88 1.393 0.164 -8.885 6.827
waterproblems_responsability Government -8.6288 8.811 -1.912 @.056 -9.842 g.ee1
waterproblems_responsability_environmental-authority 9.0163 6.218 1.562 8.119 -9.684 8.e37
waterproblems_responsability_economic sector -9.60868 g.208 -9.886 8.421 -8.823 a.818
Droughts_Village B.6063 B.eas 1.185 @.244 -8.084 @.e17
Droughts_0Only_Property 0.6006 6.ee6 8.098 9.922 -9.e11 @.e12
Excesive_w.intake_region -9.8879 8.885 -1.52@ 0.129 -9.618 6.e082
saving-water_regarless-others 8.80883 g.880 0.977 @.329 -9.888 6.825
everyone_can-save-water -0.8837 6.el1e -@.:372 8.71e8 -9.823 8.0816
guilty waste-water -8.8289 G.680 -2.206 8.822 -8.839 -a.a83
if_%_buy-Saving-Device o.ee84 6.ee9 0.058 ©9.960 -0.e16 8.e17
Obligation_save-water_d.activities -9.8885 0.810 -9.879 ©.380 -9.028 8.e11
if_saves-water_better-person 9.8212 g.e89 2.334 @.028 8.883 a.838
zZone_1.8 -9.2491 6.828 -8.837 ©@.0ee -6.3684 -8.194
inhab_house 0.60089 .84 B.228 8.828 -0.e07 @.8e9
Age 0.6062 8.ees 1.213 @.225 -6.864 @.816
Gender_2 -8.68846 B.813 -9.354 8.723 -8.83@ @.e21
Education_level 0.8275 6.ee7 4.801 @.0ee 8.614 G.841
Occupation_2 -8.8299 B8.823 -1.321 8.187 -8.874 8.e15
Occupation_3 -9.8228 8.e15 -1.512 8.131 -9.852 @.ee7
Occupation_4 -9.6284 8.e32 -6.884 @.377 -0.892 8.835
Occupation_5 B.6855 B.821 B.269 8.788 -8.835 8.e46
altitud -9.61e5 6.ee9 -1.2088 8.227 -0.827 @.ee7

Figure B.6: forced entry method results for ’SD’ depending on VBN and SEC

endog = df vbnsec['wuse']

exog = sm.add constant(df vbnsec[['zone 1.8', 'inhab_house’,
‘Age’,
‘Occupation 4°,

'Gender_2', ‘'Education level®, 'Occupation 2', 'Occupation 3°,
'Occupation 5', 'altitud’']])

# Fit and summarize OLS model
mod = sm.OLS{endog, exog)
results = mod.fit()
print(results.summary())

Figure B.7: Hierarchical method code for "wu’ depending on SEC
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OLS Regression Results

Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

OLS
Least Squares
Sat, 16 Mar 2024

R-squared:

Adj. R-squared:

F-statistic:

Prob (F-statistic):
Log-Likelihood:

AIC:
BIC:

8.67e-28

-4696.0
9414.
9465.

zone 1.0
inhab_house

Age

Gender 2
Education level
Occupation_2
Occupation 3
Occupation_ 4
Occupation_ 5
altitud

14:33:54

793

782

1@

nonrobust

coef std err
3658 29.363
2824 14.653
3829 2.406
0372 2.913
9506 7.839
2316 4,062
4157 13.489
4141 8.975
1875 19.279
0821 12.337
5694 5.832

P>|t| [0
0.000 170
0.000 22
0.000 122
0.725 -6
0.042 0
0.000 16
0.533 -18
0.246 -28
0.951 -36
0.075 -46
0.364 <14,

Figure B.8: Hierarchical method results for ‘wu’ depending on SEC

endog = df vbnsec[ 'wuse']

exog =
‘hge',

'Occupation 4',

"Occupation 5",
"limit use conservation’,

'altitud’,

'limit-use Everyone right Water',

sm.add_constant(df vbnsec[['zone 1.8"', 'inhab_house’,
"Gender 2", 'Education level’,

"Limit my use’,

"limit-use Water conservation', 'Vulnerable people water’,

"aware water conflicts 1°,

‘interest Own_supply' 11)

# Fit and summarize OLS model

mod = sm.0LS(endog, exog)

results =

mod.fit()

print(results.summary())

‘unlimitated water supply’,

"Occupation 2', 'Occupation 3°,

'Adequate use',

"limit-use for-others present&future’,

Figure B.9: Hierarchical method code for "wu’ depending on SEC and V
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Phyton code

Dep. Variable: wuse
Model: oLs
Method: Least Squares
Date: Sat, 16 Mar 2024
Time: 14:34:00
No. Observations: 793
Df Residuals: 772

Df Model: 20
Covariance Type: nonrobust

zone 1.0

inhab_house

Age

Gender 2

Education_level

Occupation_2

Occupation_3

Occupation_4

Occupation 5

altitud

Limit_my_use

Adequate_use
limit_use_conservation
limit-use_for-others_present&future
limit-use Everyone right Water
limit-use_Water_conservation
Vulnerable_people water

aware water conflicts 1
unlimitated water supply
interest_Own_supply

R-squared: 9.206
Adj. R-squared: 9.185
F-statistic: 9.990
Prob (F-statistic): 1.11e-27
Log-Likelihood: -4682.0
AIC: 9406.
BIC: 9584,
coef std err i P>t
221.7111 43.093 5.145 0.0600
56.2920 15.@30 3.745 0.000
-17.2614 2.419 -7.137 0.000
-8.9235 3.038 -@.364 9.761
15.5577 7.784 1.999 9.046
24.5786 4.077 6.029 0.000
8.3763 13.427 0.624 0.533
-7.2030 8.945 -0.805 9.421
3.3984 19.118 8.177 ©9.859
-19.8227 12.276 -1.615 0.107
-3.7744 5.103 -0.740 9.460
-12.9317 4.854 -2.664 ©.008
-3.7176 3.518 -1.@57 0.291
-4.4395 4.387 -1.e12 9.312
-0.3769 9.680 -8.039 0.969
9.3298 12.824 0.728 0.467
8.5476 12.025 8.711 0.477
1.1779 3.857 9.3085 9.760
12.7@72 6.771 1.877 9.061
2.4251 2.424 1.001 9.317
-4.1232 2.684 =1.536 0.125

025 0.975]
118 306.304
788 85.796
089 -12.514
888 5.041
277 30.838
576 32.581
982 34.734
762 10.356
139 40.919
921 4.275
192 6.243
460 -3.403
624 3.189
951 4.172
3719 18.625
844 34.504
@59 32.154
394 8.750
584 25.998
333 7.183
392 1.145

Figure B.10: Hierarchical method results for “wu’ depending on SEC and V
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endog =

exog =

df_vbnsec|[ 'wuse']

sm.add constant(df vbnsec[['zone 1.8"', "inhab_house’,

‘Age', 'Gender 2', 'Education level', 'Occupation 2', 'Occupation 3',
"Occupation 4', 'Occupation 5', 'altitud', 'Limit my use', 'Adequate use’,
'limit use conservation', 'limit-use for-others present&future’,
"limit-use_Everyone right Water',

‘limit-use Water conservation’', 'Vulnerable people water’,

‘aware water conflicts 1', 'unlimitated water supply’,

‘interest Own_supply', 'waterproblems responsability everyone',
'waterproblems responsability Aqueduct’,

'waterproblems responsability Government',

"waterproblems responsability environmental-authority',
'waterproblems responsability economic sector', 'Droughts Village',
‘Droughts Only Property', 'Excesive w.intake region' ]])

# Fit and summarize OLS model
mod = sm.OLS(endog, exog)
results = mod.fit()
print(results.summary())

Figure B.11: Hierarchical method code for "wu’ depending on SEC and VB
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Dep. Variable: wWuse R-squared: 9.218
Model: OLS Adj. R-squared: 0.181
Method: Least Sguares F-statistic: 7.243
Date: Sat, 16 Mar 2024 Prob (F-statistic): 1.15e-24
Time: 14:34:00 Log-Likelihood: -4679.9
No. Observations: 793 AIC: 9418.
Df Residuals: 764  BIC: 9553.
Df Model: 28
Covariance Type: nonrobust

coef std err t Px|t] [B.825 8.975]
const 243.7776 50.394 4,837 @.900 144.851 342.705
zone_1.9 52.8229 15.904 3:271 @.901 20.802 83.243
inhab_house -17.1532 2.428 -7.866 @.800 -21.919 -12.388
Age -0.7814 3.057 -0.256 9.798 -6.783 5.220
Gender_2 16.4738 7.860 2.996 @.936 1.043 31.9@3
Education_level 24.2322 4.116 5.887 a.000 16.152 32.312
Occupation_2 8.3549 13.528 8.618 8.537 -18.201 34.911
Occupation_3 -6.1217 9.060 -0.676 @.499 -23.908 11.664
Occupation_4 1.4345 19312 2.974 9.941 -36.476 39.345
Occupation_5 -19.5369 12.361 =1.581 9.114 -43.802 4,728
altitud -4.2589 5.169 -8.824 a.410 -14.406 5.888
Limit_my_use -13.1786 4,921 -2.678 9.008 -22.839 -3.518
Adequate_use -3.4392 3.622 -@.949 9.343 -10.55@ 3.672
limit_use conservation -4.6675 4.456 -1.047 9.295 -13.416 4,881
limit-use_for-others_present&future -8.8717 9.730 -0.06e7 @.994 -19.173 15.829
limit-use_Everyone_right_Water 9.9189 12.887 0.770 9.442 -15.378 35.216
limit-use_Water_conservation 7.9678 12.113 8.658 6.511 -15.81@ 31.746
Vulnerable people water 1.4369 3.962 08.363 @.717 -6.341 9.215
aware_water_conflicts_1 9.3610 7.209 1.299 0.194 -4.791 23.513
unlimitated_water_supply 3.2984 2.586 1.272 6.204 -1.787 8.368
interest_Own_supply -4.08571 2.738 -1.482 9.139 -9.432 1.318
waterproblems responsability everyone -8.7879 5.472 -9.144 9.886 -11.53@ 9.954
waterproblems_responsability_Aqueduct -2.6120 4.800 -8.544 8.586 -12.835 6.811
waterproblems_responsability_Government -3.4255 6.546 -8.523 @.601 -16.276 9.426
waterproblems_responsability_environmental-authority B.7183 6.266 8:113 6.918 -11.591 13.912
waterproblems_responsability economic sector 4.7103 5.882 8,927 9.354 -5.266 14.687
Droughts_Village -3.4397 3.172 -1.684 8.279 -9.666 2.787
Droughts_Only_Property =1.917h 3.453 -8.555 a.579 -8.696 4.860
Excesive_w.intake_region 0.6980 3.109 8.224 9.822 -5.486 6.801

Figure B.12: Hierarchical method results for “wu’ depending on SEC and VB

endog = df vbnsec['S T']
exog = sm.add constant(df vbnsec[['zone 1.8', 'inhab house', 'Age', 'Gender 2°',
'Occupation 4°,

‘Education level’,

‘altitud']])

# Fit and summarize OLS model

mod = sm.OLS(endog, exog)

results =

mod.fit()

print(results.summary())

‘Occupation 2°,

'Occupation 3°,

‘Occupation 5',

Figure B.13: Hierarchical method for ’ST’ depending on SEC
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OLS Regression Results

Dep. Variable: S T
Model: oLs
Method: Least Squares
Date: Wed, 21 Aug 2024
Time: 15:22:56
Mo. Observations: 793
Df Residuals: 782
Df Model: 19
Covariance Type: nonrobust

coef std err
const 2.6758 1.886
zone_1.8 3.6235 8.541
inhab_house -B.1193 8.155
Age -0.1e63 @.189
Gender_2 6.84092 @.583
Education_level 1.5182 8.261
Occupation_2 8.5393 8.866
Occupation 3 -@.3419 @.576
Occupation_4 -0.3996 1.238
Occupation 5 -1.5392 e.792
altitud -B.2676 @.323
Omnibus : 473.138
Prob(Omnibus): 8.000
Skew: 2.439
Kurtosis: 16.115

R-squared: @.138
Adj. R-squared: 0.127
F-statistic: 12.52
Prob (F-statistic): 2.33e-20
Log-Likelihood: -2518.8
ATC: 5868
BIC: 5111.
t P>lt] [0.925 9.975]
1.419 8.156 -1.826 6.277
3.851 8.86e 1.776 5.471
-8.772 8.448 -8.423 8.134
-9.562 8.574 -8.477 8.265
1.669 8.9395 -9.148 1.828
5.828 a.8e0 1.886 2.830
B.623 8.534 -1.161 2.246
-8.593 8.553 -1.473 8.789
-8.323 e.747 -2.838 2.831
-1.943 a.a852 -3.894 @.816
-90.828 a.488 -8.982 @.267
Durbin-Watson: 1.917
Jarque-Bera (JB}: 6469.175
Prob(JB): 0.0
Cond. No. 608.9

Figure B.14: Hierarchical method results for ‘ST’ depending on SEC

endog = df vbnsec['S T']

exog =

sm.add constant(df vbnsec[['zone 1.8', 'inhab house’,

‘Age', 'Gender 2', 'Education_level’,

‘Occupation 2', 'Occupation 3°,

'Occupation 4",
'limit use conservation',

‘limit-use for-others present&future’,

"limit-use Everyone right Water',
'limit-use uWater conservation', 'Vulnerable people water’,

'aware water conflicts 1°',
"interest Own_supply’ 11)

# Fit and summarize OLS model
mod = sm.OLS(endog, exog)
results = mod.fit()
print(results.summary())

‘unlimitated water supply’,

Figure B.15: Hierarchical method code for ST’ depending on SEC and V

'Occupation 5', 'altitud', 'Limit my use', 'Adequate use’)
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Phyton code

Dep. Variable:
Model:
Method:
Date:
Time:

No.

Observations:

Df Residuals:

Df Model:
Covariance

Type:

R-squared:
Adj. R-squared:
Least Squares  F-statistic:

Sat, 16 Mar 2024

14:34:01 Log-Likelihood:
793 AIC:
772 BIC:
20
nonrobust

Prob (F-statistic):

8.342
1.85e-22
-2500.1
56042,
5140.

const 3.3561 2.751 1.220 0.223 -2.044 8.756
zone_1.0 3.8301 0.959 3.992 0.000 1.947 5.714
inhab_house -0.1107 9.154 -0.717 0.473 -0.414 0.192
Age -0.0673 0.194 -0.347 0.729 -9.448 9.313
Gender_2 9.8258 0.497 1.662 0.097 -9.150 1.801
Education_level 1.5776 0.260 6.062 0.000 1.067 2.088
Occupation_2 ©.5490 0.857 0.640 9.522 -1.134 2.232
Occupation_3 -0.1535 0.571 -0.269 0.788 -1.274 0.967
Occupation 4 -@.19%0 1.220 -0.163 0.871 -2.595 2. 19T
Occupation_5 -1.4011 0.784 -1.788 0.074 -2.939 0.137
altitud -0.2187 0.326 -0.671 0.502 -9.858 09.421
Limit my use -1.1@72 0.310 -3.573 0.000 -1.715 -0.499
Adequate_use -0.2052 9.225 -0.914 0.361 -0.646 9.236
limit_use_conservation -9.3352 0.280 -1.197 0.232 -0.885 0.215
limit-use for-others present&future -9.2259 0.618 -0.366 0.715 -1.439 0.987
limit-use_Everyone_right_Water 0.7112 9.819 0.869 0.385 -0.896 2.318
limit-use_Water_conservation 0.6219 0.768 0.810 0.418 -0.885 2:129
Vulnerable_people_water 0.0764 9.246 0.310 09.757 -0.407 0.560
aware_water_conflicts_1 0.7666 9.432 T3 0.077 -0.082 1.615
unlimitated_water_supply 0.2128 9.155 1.375 0.169 -0.091 0.516
interest_Own_supply -@.3188 0.171 -1.861 9.063 -8.655 0.017

Figure B.16: Hierarchical method results for ‘ST’ depending on SEC and V

endog = df vbnsec['S T']

sm.add constant(df vbnsec[['zone 1.8', "inhab house’,

‘Age', 'Gender 2', "Education level', ‘Occupation 2', 'Occupation 3°,
‘Occupation 4', 'Occupation 5', "altitud', 'Limit my use', 'Adequate use’,
‘limit use conservation', 'limit-use for-others present&future’,

exog =

‘limit-use Everyone right Water',

'limit-use uWater conservation', 'Vulnerable people water’,

‘aware water conflicts 1', 'unlimitated water supply’,

‘interest Own_supply', ‘'waterproblems responsability everyone’,
‘waterproblems responsability Aqueduct’,

‘waterproblems responsability Government',

‘waterproblems responsability envircnmental-authority’,
‘waterproblems responsability economic sector', 'Droughts Village',
‘Droughts _Only Property', 'Excesive w.intake region' ]])
# Fit and summarize OLS model

mod = sm.OLS(endog, exog)

mod.fit()

print(results.summary())

results =

Figure B.17: Hierarchical method code for ST’ depending on SEC and VB
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Dep. Variszble: S_ T R-squared: 8.183
Model: OLS  Adj. R-squared: 8.153
Method: Least Squares  F-statistic: 6.127
Date: Wed, 21 Aug 2824  Prob (F-statistic): 5.752-28
Time: 15:22:53  Log-Likelihood: -2497.4
No. Observations: 793 AIC: 5@53.
Df Residuals: 764  BIC: 5188.
Df Model: 28
Covariance Type: nonrobust

coef std err t P> t] [8.825 @8.975]
const 5.7530 3.214 1.799 @.874 -8.557 12.863
zone_1.8 3.6966 1.814 3.644 8.000 1.785 5.688
inhab_house -8.1817 8.155 -9.657 8.511 -8.486 8.2082
Age -8.8526 8.195 -0.270 8.787 -8.435 8.330
Gender_2 8.9834 8.581 1.802 8.e72 -96.881 1.888
Education_level 1.5486@ 8.263 5.896 @.000 1.633 2.863
Occupation_2 6.5848 ©.863 8.678 @.498 -1.189 2.279
Occupation_3 -8.1419 8.578 -9.2456 8.886 -1.276 8.993
Occupation_4 -8.4459 1.232 -9.363 8.717 -2.865 1.971
Occupation_5 -1.37ee 6.788 -1.738 8.083 -2.918 8.178
altitud -9.2271 8.33e -9.689 @.491 -8.874 8.4208
Limit_my_use -1.1399 8.314 -3.632 @.000 -1.756 -8.524
Adequate_use -6.1745 8.231 -9.755 @.458 -0.628 8.279
limit_use_conservation -9.3685 9.284 -1.295 ©.195 -9.926 8.198
limit-use_for-others_present&future -9.2194 8.621 -9.353 8.724 -1.438 g.999
limit-use_Everyone_right_Water 8.7383 8.822 8.808 @.369 -8.875 2.352
limit-use_Water_conservation @.5882 8.773 e.774 @.430 -8.918 2:115
Vulnerable_people_water @.1192 8.253 8.472 8.637 -8.377 6.615
aware_water_conflicts_1 @.5e69 0.468 1.182 8.271 -8.396 1.418
unlimitated_water_supply 9.2664 8.165 1.615 e.187 -8.857 g.598
interest_Own_supply -9.318@ 8.175 -1.821 8.069 -8.661 6.825
waterproblems_responsability_everyone -8.8783 8.34¢2 -9.224 8.823 -8.763 a.687
waterproblems_responsability Aqueduct -9.2863 8.386 -8.935 @.358 -8.887 8.315
waterproblems_responsability Government -9.1661 8.418 -8.398 8.691 -9.986 6.654
waterproblems_responsability_environmental-authority -9.1571 ©.408 -9.393 8.694 -9.942 0.628
waterproblems_responsability_economic sector 8.2702 8.324 8.833 ©.485 -9.366 a.9e7
Droughts_Vvillage -9.2533 0.282 -1.252 8.211 -B.658 G.144
Droughts_Only_Property -9.68672 B8.2208 -9.385 8.760 -9.588 8.365
Excesive_w.intake_region @.1554 g.198 8.783 8.434 -8.234 6.545

Figure B.18: Hierarchical method results for ‘ST’ depending on SEC and VB

endog = df _vbnsec['S D']

exog = sm.add _constant(df vbnsec[['zone 1.@', 'inhab _house', ‘Age’,

‘Gender_2°,

'Education_level ', 'Occupation_2', 'Occupation_3', ‘Occupation_4', 'Occupation_5',

"altitud']])

# Fit and summarize OLS model
mod = sm.OLS(endog, exog)
results = mod.fit()
print(results.summary())

Figure B.19: Hierarchical method code for ’SD’ depending on SEC
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Phyton code

Dep. Variable: 5D R-squared: @.279
Model: OLS Adj. R-sqguared: 8.270
Method: Least Squares F-statistic: 30.25
Date: Wed, 21 Aug 2024  Prob (F-statistic): 1.82e-49
Time: 15:22:02  Log-Likelihood: 363.56
No. Observations: 793  AIC: -785.1
Df Residuals: 782 BIC: -653.7
Df Model: 1@
Covariance Type: nonrobust

coef std err t P>|t] [@.825 ©.975]
const 0. 2485 8.85a 4.834 0.0 9.143 ©.338
zone_ 1.8 -8.2830 8.825 -11.3%6 ©.006 -8.332 -9.234
inhab_house 0.8e29 8.884 8.72a8 0.472 -0.885 8.011
Age B.0088 8.885 1.768 0.877 -8.801 8.819
Gender 2 B.aopl1e B.813 9.874 ©.941 -9.825 B.827
Education_level B.8295 B.0a7 4.284 ©.000 9.016 8.843
Occupation_2 -8.8311 ©.823 -1.360 6.174 -8.876 ©.814
Occupation_3 -8.8285 8.815 -1.874 0.061 -0.858 ©.801
Occupation_4 -8.8263 8.a833 -9.804 08.421 -8.09@ 0.838
Occupation_5 B.8o16 8.821 8.876 ©®.939 -9.839 ©.843
altitud -8.08859 9.889 -0.698 0.486 -0.823 8.811
Omnibus: 264.280 Durbin-Watson: 1.717
Prob(Omnibus): 9.800  Jarque-Bera (JB): 1262.045
Skew: 1.454 Prob(JB): 8.92e-275
Kurtosis: 8.453 Cond. No. 68.9

Figure B.20: Hierarchical method results for 'SD’ depending on SEC

endog = df_vbnsec['S D']
exog =
‘Age',

sm.add constant(df vbnsec[['zone 1.8', 'inhab_ house’,
‘Gender_2', "Education level’,

'Occupation 2', 'Occupation 3°,

"Occupation 4', 'Occupation 5", 'altitud’, 'Limit my use', 'Adequate use',

"limit_use_conservation’,

‘limit-use for-others present&future’,

‘limit-use Everyone right Water',
‘limit-use uWater conservation', 'Vulnerable people water’,

"aware water conflicts 1°',
"interest Own supply® 1]1)

# Fit and summarize OLS model

mod = sm.OLS(endog, exog)
mod.fit()

print(results.summary())

results

‘unlimitated water supply’,

Figure B.21: Hierarchical method for 'SD’ depending on SEC and V
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Dep. Variable: S D

Model: oLs
Method: Least Squares
Date: Wed, 21 Aug 2024
Time: 15:22:54
No. Observations: 793
Df Residuals: Va2
Df Model: 20

Covariance Type: nonrobust

R-squared:

Adj. R-squared:

F-statistic:

Prob (F-statistic):

Log-Likelihood:
AIC:
BIC:

18.34
T-5¥e=b2
388.03
-734.1
=635.98

zone_1.0

inhab house

Age

Gender_2

Education level

Occupation_2

Occupation_3

Occupation_4

Occupation_5

altitud

Limit my use

Adequate_use
limit_use_conservation
limit-use_for-others_present&future
limit-use_Everyone_right Water
limit-use_Water_conservation
Vulnerable_people_water
aware_water_conflicts_1
unlimitated_water_supply
interest_Own_supply

.394

.959
.392
.656
.912
130
.245
.399
.536

Figure B.22: Hierarchical method results for 'SD’ depending on SEC and V
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endog = df vbnsec['S D']

exog = sm.add constant(df vbnsec[['zone 1.8', 'inhab _house’,
‘Age’, 'Gender_2', "Education_level', ‘Occupation_2', 'Occupation 3°,
'Occupation 4°, 'Occupation 5", 'altitud', 'Limit my use', 'Adequate use’,
'limit use conservation', 'limit-use for-others present&future',
‘limit-use Everyone right Water',
‘limit-use Water conservation', 'Vulnerable people water’,
‘aware_water conflicts 1', ‘unlimitated water supply’,
‘interest Own supply’, ‘waterproblems responsability everyone',
‘waterproblems responsability Aqueduct’,
‘waterproblems responsability Government',
‘waterproblems responsability environmental-authority”,
‘waterproblems responsability economic sector’, 'Droughts Village’,
'Droughts _Only Property', 'Excesive w.intake region' ]])

# Fit and summarize OLS model
mod = sm.0LS(endog, exog)
results = mod.fit()
print(results.summary())

Figure B.23: Hierarchical method for ’SD’ depending on SEC and VB
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Dep. Variable: S D R-squared: 9.331
Model: OLS  Adj. R-squared: 0.306
Method: Least Squares F-statistic: 13.49
Date: Wed, 21 Aug 2024 Prob (F-statistic): 1.01e-49
Time: 15:22:54  Log-lLikelihood: 393.21
Mo. Observations: 793 AIC: -728.4
Df Residuals: 764  BIC: -592.8
Df Model: 28
Covariance Type: nenrebust

coef std err t P> |t| [0.825 8.975]
const 19082 @.084 2.265 0.024 9.825 8.355
zone_1.@ 2754 9.026 -1@.394 0.009 -8.327 -0.223
inhab_house .0013 @.004 @.323 @.747 -0.0087 @.e09
Age . 0066 9.085 1.293 0.197 -9.003 @.e17
Gender_2 . 0068 9.013 -0.518 9.605 -9.832 @.e19
Education_level 9283 @.ea7 A4:333 0.08a 8.015 8.842
Occupation_2 9292 @.023 =T 295 0.196 -8.073 8.e15
Occupation_3 8225 @.e15 -1.494 8.136 -8.852 8.e87
Occupation_4 8253 @.832 -8.787 0.431 -8.088 8.838
Occupation_5 . 8065 9.021 @.318 @.751 -9.034 @.e47
altitud .8113 9.009 i B 4 0.188 -0.028 @.0e06
Limit_my_use L9922 9.008 @.274 @.784 -9.014 @.e18
Adequate_use .9187 9.006 3.098 0.082 9.007 @.e31
limit_use_conservation .8819 0.007 9.254 8.799 -6.013 9.016
limit-use for-others_present&future @625 8.816 3.854 0.08a 9.031 8.094
limit-use Everyone_right Water @225 8.821 -1.848 0.295 -8.865 9.8208
limit-use_Water_conservation 8281 8.920 -1.391 8.165 -9.068 8.e12
Vulnerable_people_water 0028 a.ee7 -0.431 0.666 -9.016 0.e16
aware_water_conflicts_1 @247 0.912 2.856 0.049 0.001 9.048
unlimitated_water_supply .8161 0.004 -3.734 0.000 -8.025 -0.008
interest_Own_supply . @885 9.9085 1.873 9.062 -9.009 @.017
waterproblems_responsability everyone . 0088 0.009 -0.964 8.335 -6.027 9.009
waterproblems responsability Aqueduct 8121 0.008 1.512 8.131 -9.084 9.e28
waterproblems responsability Government 8219 8.011 -2.885 0.045 -9.043 -0.000
waterproblems_responsability_environmental-authority 0172 8.918 1.644 8.1081 -9.003 9.838
waterproblems_responsability_economic sector 0089 @.008 -1.853 8.293 -9.026 0.088
Droughts_Village .@e42 ©.085 @.797 09.426 -6.006 @.e15
Droughts_Only_Property L0914 @.806 9.244 9.807 -9.e1@ 9.013
Excesive_w.intake_region . 0068 9.085 =i, 393 0.187 -6.017 @.003

Figure B.24: Hierarchical method results for ‘SD’ depending on SEC and VB
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Phyton code




Appendix C

Definitions

wu: Self perceived total amount of water use per habitant in a day [L*hab/day]
ST: Shower time minutes

SD: saving devices index [%]

VBN: Values Beliefs & Norm theory

V: Values

B: Beliefs

N: Norms

SEC: contextual factors used in this study

NEP: New Environment Paradigm

h: altitude

TPB: Plan behaviour theory
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