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Highlights

e  First large-N study on values and public water policy preferences in Brazil

e Empirical identification of two alternative value landscapes (groups of values)

e Value landscapes relevant for determining people’s water policy preferences

e Fundamental values relate equally to governance-related values and assigned values
e Findings may help to explain environment vs. development conflicts globally



Value landscapes and their impact on public water policy preferences

Abstract

A growing body of research suggests that people’s values may be important predictors of their
preferences regarding water governance and policy. However, this assertion is rarely tested
empirically. The present study summarises the results of a large-scale quantitative study on the link
between public water policy preferences and people’s values, based on data from a representative
sample of the general population collected in a household survey in the Upper Paraguay River Basin,
Mato Grosso, Brazil (n=1067). Structural equation modelling is applied to represent the clusters of
values, or ‘value landscapes’, that shape attitudes and water policy preferences, in this case, for or
against the construction of the highly controversial Paraguay-Parand Waterway across the Pantanal
wetland. Results demonstrate that opponents of the waterway share a value landscape composed of
closely related self-transcendence values, democratic governance-related values, and ecological and
cultural water values, whereas supporters hold self-enhancement values, economic governance-
related values, and economic water values. Beyond this individual case study and beyond water
governance, our findings may explain the protracted nature of, and seeming impossibility to resolve,
environmental conservation vs. economic development conflicts more broadly.
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1 Introduction

It has been argued that studying values can help to better understand water governance and water
policy, may potentially contribute to mitigating conflicts in water governance, and help to assess the
political legitimacy of water policy (Bjornlund et al. 2013; Glenk & Fischer 2010; Groenfeldt 2013;
Grotenbreg & Altamirano 2017; Hermans et al. 2006; loris 2012; Pradhananga et al. 2017; Salvaggio
et al. 2014; Sanderson et al. 2017; Schulz et al. 2017a). There are a number of alternative theoretical
conceptualisations of values, typically delimited by disciplinary boundaries (Dietz et al. 2005; loris
2012; Lockwood 1999; Schulz et al. 2017a).

One of the many existing conceptualisations is associated with environmental and social psychology,
where values are understood as abstract guiding principles (fundamental values) that may influence
human decision-making, attitudes, and behaviour, such as e.g. biospheric values, which emphasise
caring about the intrinsic value of nature and the environment and may be associated with pro-
environmental behaviour (Dietz 2016; Fulton et al. 1996; Rokeach 1973; Schwartz et al. 2012; Steg
2016).

Alternatively, values may be assigned to objects and places (Brown 1984; Chan et al. 2012; Ives &
Kendal 2014; Lockwood 1999), for example water resources (Seymour et al. 2011), nowadays often
conceptualized as water ecosystem services, e.g. water supply or hydroelectric power generation
(Grizzetti et al. 2016; Hackbart et al. 2017; Martin-Ortega et al. 2015; Small et al. 2017). Assigning
values in this way is common to a number of disciplines, including ecological and environmental



economics, and human geography, among others (Brown 1984; Chan et al. 2012; Ives & Kendal 2014;
Lockwood 1999).

For the applied field of water governance, some scholars (Glenk & Fischer 2010; Schulz et al. 20173;
Schulz 2018) have suggested to study a third category of values, i.e. governance-related values, which
are those values that express desirable characteristics of water governance, e.g. efficiency or social
justice. Such values are currently often the topic of normative work on good governance principles
(Akhmouch & Correia 2016; Lockwood et al. 2010; Mostert 2015).

There are relatively few attempts to systematically integrate these different branches of the
environmental social science literature, hampered not least by the use of different terminologies and
by misunderstandings that can result from the multitude of potential meanings of the term ‘value’
(Brown 1984; Lockwood 1999; Pascual et al. 2017; Tadaki et al. 2017). In this context, Schulz et al.
(2017a) have proposed an interdisciplinary conceptual framework that describes the complex
relationships between different types of values and their links with water governance metaphorically
as ‘value landscapes’ (Schulz et al. 20173, 2017b) that forms the theoretical basis for the present study.

The value landscapes metaphor serves as a short-hand reference for groups of values that are
frequently connected to each other in people’s minds, i.e. values that should be closely linked to each
other cognitively, but less closely to other groups of values, e.g. ‘economic efficiency’ as a governance-
related value might be linked with ‘hydro-electrical power production’ as an assigned value and
‘power’ and ‘achievement’ as fundamental values (Schulz et al. 2017a). Thus, value landscapes
simultaneously incorporate the abstract level of fundamental values and principles, the more concrete
level of assigned values of water and the environment, as well as the level of values implicit in
governance. The conceptual innovation of the Value Landscapes Approach lies in this simultaneous
consideration of said three types of values (fundamental values; governance-related values; assigned
values), their interrelations, and links to water governance, including water policy preferences, as
further explained in section 2.

The water policy case study investigated in this article is the controversy over the Paraguay-Parana
Waterway, a water infrastructure project that would engineer the Paraguay River of Mato Grosso,
Brazil, to facilitate year-round aquatic transport with large barges, and to connect Brazil’s interior with
global shipping routes (ANTAQ 2013; Figueiredo et al. 2012; Hamilton 1999; UFPR/ITTI 2016). In many
ways, this project represents a classical environmental conservation vs. economic development
conflict, given that it would impact the biodiversity of the world’s largest freshwater wetland, the
Pantanal (Fearnside 2001; Gottgens et al. 2001; loris 2013; Junk et al. 2006), but is advocated to
accelerate economic integration of South American countries (Gioia 1987; Pires & da Silva 2009), as
well as economic growth in Mato Grosso’s agribusiness sector (ANTAQ 2013; Arévalo 2015).

To investigate the relationships between types of values and water policy preferences within the
conceptual framework of the Value Landscapes Approach, we employ structural equation modelling
(SEM). SEM is an established method to understand attitudes and behavioural intentions in the
context of applied social and environmental psychological studies (see e.g. Kaida & Kaida 2016;
Rahnama & Rajabpour 2017; Shin et al. 2017; Toma et al. 2011) and one that allows to uncover
complex relationships between latent constructs such as values (Garson 2015; Kline 2011).

With regard to water-related issues, a number of studies have focussed specifically on understanding
psychological factors motivating support for water conservation and protection behaviour using SEM.
These include beliefs and worldviews (Corral-Verdugo et al. 2008), attitudes and awareness (Cooper
2017; Floress et al. 2017; Yazdanpanah et al. 2014), perceptions (Hurlimann et al. 2008; Tang et al.



2015; Yazdanpanah et al. 2014), perceived behavioural control and norms (Cooper 2017; Yazdanpanah
et al. 2014), as well as people’s values (Pradhananga et al. 2017), within theoretical frameworks
including modifications of the Theory of Planned Behaviour (Ajzen 1985, 1991), Values-Beliefs-Norms
Theory (Dietz 2016; Stern et al. 1999), or of the Cognitive Hierarchy model (Fulton et al. 1996; Homer
& Kahle 1988; Vaske & Donnelly 1999).

Pradhananga et al.’s (2017) integrated moral obligation model, for example, highlights the positive
association of collectivistic values (i.e. prioritising group goals over personal goals, and defining ‘self’
primarily as part of a group) and biospheric-altruistic values (i.e. of caring about the environment for
its own sake as well as for improved human welfare) with people’s norms (e.g. “I feel a personal
obligation to use conservation practices on my land/property.”; Pradhananga et al. 2017: 217)
regarding water conservation behaviour. However, beyond the specific issue of water conservation
there is a paucity of empirical evidence on the link between values and water policy preferences of
the general public. An exception is Glenk and Fischer (2010), who investigated links between
fundamental and governance-related values, beliefs, attitudes, and willingness to pay for flood
mitigation.

The present study makes an empirical contribution to the interdisciplinary literature on values, water
governance, and water policy by presenting the first attempt to test the aforementioned Value
Landscapes Approach using quantitative methods. It is also the first large-scale study on people’s
values and public water policy preferences in Latin America. It builds on previous qualitative research
on the value landscapes of major stakeholders from water-related sectors in the area (Schulz et al.
2017b), seeks to operationalise value landscapes for quantitative survey research, as well as to test
their impact on water policy preferences using SEM techniques, based on survey data collected in a
representative household survey in the Upper Paraguay River Basin, Mato Grosso, between April and
June 2016. This article thus shows how the framework can be operationalised, and demonstrates its
real-world relevance of providing a better understanding of water-related conflicts, and eventually of
pathways for their resolution. By incorporating concepts from a wide range of literatures and
disciplines, we also seek to contribute to interdisciplinary scholarship in general, despite the
challenges associated with combining thoughts from various research traditions that may have
different epistemological backgrounds and terminologies (Lockwood 1999; Norton 2017; Pascual et al.
2017).

2 The Value Landscapes Approach: Conceptual overview

The Value Landscapes Approach was introduced by Schulz et al. (2017a, 2017b) and refers to a
conceptual framework that aims at ‘mapping’ people’s values with the objective of achieving a better
understanding of their positions and preferences in water governance, including in situations of
conflict. The purpose of the Value Landscapes Approach is to systematise our understanding of the
role of values in water governance from an interdisciplinary perspective. The metaphor of ‘value
landscapes’ for groups of closely related values does not refer to actual geographical landscapes, but
cognitive landscapes of values that are related in people’s minds, inspired by the fact that landscapes
are typically defined by the features of connectivity and (physical) closeness of various elements, e.g.
in ecology (Taylor et al. 1993).

Justification for the introduction of a new conceptual framework were i) that many existing studies
apply a single theoretical, monodisciplinary perspective, despite potential additional insights that may
arise from combining the findings of multiple disciplines (see also Hermans et al. 2006); and ii) that



existing interdisciplinary studies that argue for the need to take values into account for better water
governance (e.g. van Schie et al. 2011) have paid limited attention to clearly distinguishing value types.
For example, some authors may treat diverse values such as ‘equity’ or ‘economic water values’ as if
they belonged into one single category of ‘values’, despite considerable differences in scope and
nature of these values, which could be taken into account by distinguishing between fundamental,
governance-related, and assigned values (Schulz et al. 2017a).
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Figure 1: Schematic overview of the Value Landscapes Approach (adapted from Schulz et al. 2017a); arrows
represent theoretically expected relationships of influence between variables

The Value Landscapes Approach brings together these three types of values (fundamental,
governance-related, and assigned values), as well as their interrelationships and impacts on water
governance and vice versa (see Figure 1). Arrows in Figure 1 represent theoretically-expected
influence of some kind, i.e. the universally relevant fundamental values are expected to influence the
more concrete governance-related values and assigned values / water values of people, but not vice
versa (see also Brown 1984; Glenk & Fischer 2010; Seymour et al. 2010). For example, people who
prioritise ‘universalism’ as a fundamental value may also favour ‘social justice’ as a governance-related
value and ‘ecological values of water’ as an assigned value, but we would not normally assume that a
preference for ecological water values is the more general cause of prioritising fundamental values;
and the concrete context of water governance in a given place and time may also impact on people’s
values, as experimental evidence shows that interacting within market institutions may erode moral
values, for example (Falk & Szech 2013). Similarly, one could expect an increased concern for the
governance-related value of ‘social justice’ in a situation where a concrete water governance project
would have strong negative impacts on vulnerable minorities. Here, our focus lies on the impact of
values on water policy preferences, however.

The definition of water governance underpinning the Value Landscapes Approach is inspired by Treib
et al.’s (2007) more general definition of governance as the combination of i) water polity (the
institutional framework); ii) water politics (power relations between political actors); and iii) water
policy (the mechanisms and instruments used to achieve certain outcomes). While the Value
Landscapes Approach covers all three elements of water governance from a theoretical point of view,
the present case study will focus on water policy, which we found most suitable for application within
a survey with members of the general public.



Based on insights from various disciplines, but especially ecological economics, the Value Landscapes
Approach i) assumes a strong interconnectedness between water governance and values; ii) analyses
values at different levels of abstraction, with influence from more abstract to more concrete values;
iii) is based on the idea of value pluralism as an empirical reality that can be studied (Schulz et al.
2017a), i.e., it does not seek to translate values into one ultimate category (Martinez-Alier et al. 1998).
Moreover, two broad hypotheses follow from this conceptual framework: i) if we know people’s
values in a given time and location, this may help to understand their preferences and behaviour in
water governance; and ii) if we compare values expressed by actual water governance (e.g. a specific
water policy with an implicit value content) with values held by members of the general public
(especially governance-related and assigned values), we can assess the political legitimacy of existing
water governance in a given time and location (Schulz et al. 2017b). While the Value Landscapes
Approach was developed in the context of water governance, it could conceivably be adapted for the
analysis of other fields of environmental governance more generally.

The Value Landscapes Approach shares some features with other existing conceptual frameworks.
While a full discussion of commonalities and differences would be beyond the scope of the present
paper, it should be noted that the Value Landscapes Approach’s emphasis on identifying values at
different levels of abstraction has similarities with the Cognitive Hierarchy Model (Fulton et al. 1996;
Homer & Kahle 1988; Vaske & Donnelly 1999), Values-Beliefs-Norms Theory (Dietz 2016; Stern et al.
1999), as well as the Advocacy Coalition Framework (Sabatier 1988; Sabatier & Weible 2007), which
are all based on the analysis of a number of constructs at varying levels of abstraction that are to some
degree causally related.

As opposed to the social psychological Cognitive Hierarchy Model and Values-Beliefs-Norms Theory,
the Value Landscapes Approach has an explicit interdisciplinary focus that aims to integrate various
value concepts from environmental and social psychology and beyond, given the centrality of the
concept of value in disciplines such as ecological and environmental economics, human geography,
and many others (see details below). Furthermore, it does not aim to represent an exhaustive model
of human behaviour which is common to social psychological frameworks, but rather ‘zooms in’ on
the concept(s) of values, and their relationship with governance.

Unlike the Advocacy Coalition Framework, the Value Landscapes Approach aims to understand
interlinkages between values and governance as they exist in people’s minds in general, beyond those
specific actors that might have the opportunity to directly influence policy in their field (as part of an
‘advocacy coalition’). In line with Henry and Dietz (2012: 251), it should be noted that despite their
common focus on environmental cognition, the various conceptual frameworks listed here should be
seen as complementary rather than competing, given that they aim to explain “different phenomena
in different contexts”.

2.1 Fundamental values

The concept of fundamental values has its origin in social psychological theory; these values are
generally defined as abstract goals and principles that guide people’s decision-making across
situations (Dietz 2016; Fulton et al. 1996; Rokeach 1973; Schwartz 1992; Schwartz et al. 2012; Steg &
de Groot 2012; Steg 2016). The label ‘fundamental values’ is taken from Fulton et al. (1996), but
numerous alternative terms exist that roughly fit the same definition, such as ‘basic individual values’
(Schwartz et al. 2012), ‘terminal values’ (Rokeach 1973), or ‘transcendental values’ (Raymond &
Kenter 2016).



One of the most popular theoretical frameworks for fundamental values is Schwartz’ theory of basic
individual values (Schwartz 1992; Schwartz et al. 2012), which in turn was inspired by earlier work of
Rokeach (1973; Schwartz & Bilsky 1987). In its original form, Schwartz (1992, 1994) proposed the
existence of ten basic values that are universally recognised among humans across cultures, only
varying in the relative importance given to them by different people across different situations. These
values are particularly salient in situations of value conflict, i.e. decision-making situations where two
alternative choices would reinforce different or opposing values (Schwartz 1992, 1994).

The ten fundamental values are universalism, benevolence, conformity, tradition, security,
achievement, power, hedonism, stimulation, and self-determination, arranged in a circular structure
that can be subsumed under two broad pairs of opposing higher-order dimensions (self-enhancement
vs. self-transcendence and openness to change vs. conservation), which broadly translate into concern
about oneself vs. concern for others, and a preference for novelty and innovation vs. a preference for
keeping the status quo via order, self-restraint and traditions (Schwartz 1992, 1994).

While Schwartz and Boehnke (2004) note that these higher-order dimensions are but one of many
possibilities to classify the ten basic values, a large number of empirical studies have found that self-
transcendence values tend to be positively correlated with pro-environmental behaviour, norms, and
attitudes, whereas self-enhancement values tend to be negatively correlated (Evans et al. 2013;
Kilbourne et al. 2005; Schultz et al. 2005; Steg & de Groot 2012). Considerably less consistent empirical
evidence has been found for a relationship between pro-environmental behaviour and the dimensions
of openness to change vs. conservation (but see Poortinga et al. 2004), although from a theoretical
point of view one can easily construct such hypotheses, e.g. assuming that political conservatism goes
along with reduced concern for the environment (Dietz 2016).

In the applied field of environmental psychology, the subset of fundamental values that are strongly
correlated with environmental concern and pro-environmental behaviour in modified versions of the
Schwartz value theory (1992, 1994), such as biospheric or altruistic values (i.e. of caring about the
environment for its own sake as well as for improved human welfare) (Steg, Perlaviciute et al. 2014;
Stern et al. 1998) are often referred to as ‘environmental values’ (Dietz 2016; Steg & de Groot 2012).
Thus, in environmental psychology, ‘environmental values’ typically stands for (personally held)
‘values and abstract goals that inform pro-environmental behaviour, norms, and attitudes’. However,
it is important to note that the same term can also mean ‘values of the environment’, i.e. assigned
values (see section 2.3), which is a typical use in disciplines such as ecological economics or human
geography, or where environmental valuation is concerned (Arias-Arévalo et al. 2017; Norton &
Steinemann 2001; Seymour et al. 2011; Spash & Vatn 2006; Tadaki et al. 2017). This polysemy (i.e.
multiple related meanings of the same words) may cause some confusion, which we avoid here by
using the conceptual framework proposed by Schulz et al. (2017a).

Analogous to biospheric and altruistic values as elements of the self-transcendence dimension, a
number of individual fundamental values have been identified in the literature that tend to correlate
negatively with pro-environmental behaviour, norms, and attitudes. These are egoistic and hedonic
values (i.e. a concern about one’s personal resources; or for improving one’s feelings and reducing
effort), which fall into the broader dimension of self-enhancement (Steg, Bolderdijk et al. 2014; Steg
& de Groot 2012), although hedonic values are also sometimes categorised as pertaining to the
openness to change dimension (Dietz 2016; Schwartz 1992, 1994).

From the perspective of the practitioner in environmental management, research in environmental
psychology suggests that better knowledge of environmental values can contribute to better design
of incentives for pro-environmental behaviour (Crompton et al. 2010), including environmental policy.



For example, the recently proposed ‘Integrated Framework for Encouraging Pro-environmental
behaviour’ (IFEP) outlines multiple pathways for encouraging pro-environmental behaviour, such as
the activation of biospheric values via situational cues or the reduction of perceived costs associated
with such behaviour (Steg, Bolderdijk et al. 2014). Given the relatively stable nature of fundamental
values across an individual’s lifetime (and across generations), their activation via situational cues (e.g.
in the context of marketing or information campaigns) seems indeed a much more viable strategy
than simply aiming to ‘change’ values in general.

Value change involves timescales of generations and is thus difficult to control (Manfredo et al. 20173,
2017b), although Ives and Fischer (2017) suggest that short-term value change is sometimes possible,
and that, even if difficult and slow, intentional value change should remain an important priority e.g.
for conservationists. Also, it is important to remember that people may hold multiple and competing
values that may contradict each other (Schwartz 1992, 1994). Yet, ‘value activation’ strategies will be
more successful with individuals who hold stronger pro-environmental values than others in the first
place (Steg, Bolderdijk et al. 2014; Steg & de Groot 2012). In any case, all cited studies emphasise the
real-world relevance of research on people’s (environmental) values in the context of concrete
decision-making situations, as well as their relevance for understanding environmental cognition more
broadly (Dietz 2016; Steg 2016).

2.2 Governance-related values

In the Value Landscapes Approach, governance-related values are defined as idealised characteristics
or properties of water governance that are expressed as desirable by individuals and groups (Schulz
et al. 2017a). The concept is less established as a distinct analytical category than fundamental values
(Schulz 2018), although governance-related values themselves, such as equity or sustainability, have
been the subject of philosophical and normative debates for centuries (see e.g. Du Pisani 2006; Young
1994). They also frequently appear in the general public administration literature, where a separate
body of research on the topic is consolidating (Beck Jgrgensen & Bozeman 2007; de Graaf et al. 2016;
Rutgers 2015; Tsanga Tabi & Verdon 2015).

Applied to the field of water governance, studies often evaluate the degree of various governance-
related values such as sustainability (e.g. Antunes et al. 2009; Iribarnegaray & Seghezzo 2012; Kuzdas
et al. 2014; Milman & Short 2008), legitimacy, efficiency and effectiveness (e.g. Lieberherr et al. 2012;
Moss & Newig 2010; van Meerkerk et al. 2015) or social justice (e.g. Lukasiewicz et al. 2013; Patrick
2014; Perreault 2014) associated with different governance options. Many of these studies develop
sophisticated systems of indicators aimed at measuring and evaluating the level of realisation of such
governance-related values in practice (see e.g. van Leeuwen et al. 2012 for a list of 24 indicators
measuring the sustainability of urban water governance). In their level of detail, these indicator
systems go far beyond the general definition of each respective value, e.g. of sustainability as the
possibility for a process to continue within long, potentially indefinite time-scales (Johnston et al. 2007)
or the notion of safeguarding natural resources for future generations (Daly 1990). Yet by looking at
individual values only, they fail to consider inevitable trade-offs and/or conflicts between various
governance-related values (de Graaf et al. 2016; Grotenbreg & Altamirano 2017), such as between
social justice and economic efficiency. Nevertheless, the existence of such a large body of literature
on individual governance-related values points to high levels of interest in this specific category, and
provides additional justification for the inclusion of this type of values into the conceptual framework
underpinning our empirical analysis.



Governance-related values may thus serve as abstract guiding principles in decision-making in water
governance, or represent properties of water governance that may or may not have been realised yet.
They are different from fundamental values as they are located at the intersection of internal, abstract
goals, and external values assigned to elements of governance (such as a concrete policy), taking a
middle position between fundamental and assigned values in the Value Landscapes Approach (Schulz
et al. 2017a). Sustainability or social justice are both abstract goals as well as properties assigned to
elements of governance.

Holders of governance-related values are not only actors and stakeholders within water governance,
but also members of the general public (Glenk & Fischer 2010; Schulz et al. 2017a; Schulz 2018).
Despite numerous case studies on individual values as cited above, and a number of conceptual
overview papers on natural resource governance principles (Akhmouch & Correia 2016; Kooiman &
Jentoft 2009; Lockwood et al. 2010; Moreno Pires et al. 2017; Mostert 2015), Glenk and Fischer (2010)
note a lack of quantitative research on governance-related values, especially in the environmental
economics and psychology literatures. In the absence of an established comprehensive governance-
related values theory and associated measurement instruments, it is thus left to individual researchers
to define their own set of governance-related values to be studied on a case-by-case basis (Schulz
2018).

2.3 Assigned values / water values

The concept of assigned values refers to the concrete values that people attach to the environment,
environmental resources, landscapes and places (Brown 1984; Chan et al. 2012; Ives & Kendal 2014;
Lockwood 1999; Schulz et al. 2017a; Seymour et al. 2010). As such, this category of values is the most
prevalent type in the environmental valuation literature, although terminologies may vary widely,
with the most common conceptualization currently used being the ecosystem services framework
(Grizzetti et al. 2016; Hackbart et al. 2017; Martin-Ortega et al. 2015; Small et al. 2017). Here we prefer
to use the more open-ended term ‘assigned values’ as opposed to the more prescriptive term
‘ecosystem services’, which is associated with a particular normative vision of environmental
management and human-nature relationships (Schroter et al. 2014) that may not necessarily match
with the normative vision that the average person subscribes to (Braito et al. 2017).

The term ‘water values’ simply stands for assigned values of water resources. It may refer to their
value for irrigation, human consumption, bathing, navigation, or their role in sustaining ecosystems,
as well as to more intangible values such as cultural, aesthetic and spiritual values. It is used as a short-
hand reference for such assigned values in a significant part of the literature, especially in human
geography and related areas (see e.g. Barber & Jackson 2011; Bark et al. 2011; Berry et al. 2018; Euzen
& Morehouse 2011; Gibbs 2010; loris 2012), but also in environmental economics (e.g. Bjornlund &
O’Callaghan 2005; Saliba et al. 1987). Similar terms exist for other important environmental resources,
e.g. ‘forest values’ (Bengston 1994; Brown 2013; Brown & Reed 2000; Manning et al. 1999; MclIntyre
et al. 2008). Assigned values have been measured using a wide range of methods from focus group
research to survey approaches, but due to their variability and context-specific nature (which is
typically emphasised by human geographers, e.g. Gibbs 2010; loris 2012), their classification and
measurement is usually customised to fit the specific research context at hand (lves & Kendal 2014,
Seymour et al. 2010).

Lockwood (1999) noted that assigned values are conceptually close to environmental attitudes (i.e.
psychological tendencies to favour or disfavour certain attitude objects) in the environmental



psychology literature, e.g. where attitudes towards specific ‘environmental objects’ such as hazardous
waste dumps are concerned (Stern et al. 1995), not least because both assigned values and
environmental attitudes are comparatively more concrete than fundamental values (i.e. abstract
transsituational goals), and relate to external objects (Lockwood 1999). Nevertheless, here we follow
Dietz et al. (2005) who suggest that attitudes are far more specific than values, giving the example of
the (assigned) value of ‘wilderness’, and the attitude of ‘opposing oil development in a wildlife refuge’.
We also prefer the terminology of ‘values’ to that of ‘attitudes’, given that values are generally seen
as more stable than attitudes, which in turn may change more easily (Dietz et al. 2005; Homer & Kahle
1988; Shin et al. 2017).

Another related concept are ‘beliefs’, which have been defined as “facts as an individual perceives
them” (Dietz et al. 2005: 346). Yet, as Schwartz (1992) notes, all (fundamental) values are also beliefs;
and in the same way, all assigned values are also beliefs about the particular qualitative importance
of an environmental resource (e.g. ‘water resources are a source of fish’, or of cultural value), which
typically go along with a quantitative assessment of the resource’s relative importance in comparison
with other assigned values (e.g. ‘the ecological value of water is more important than its aesthetic
value’) (Bengston 1994; lves & Kendal 2014; Mclntyre et al. 2008; Seymour et al. 2010). While all
assigned values are beliefs, not all beliefs are assigned values, so we prefer to use the term ‘assigned
value’ throughout our analysis, which is more parsimonious and can avoid confusion with beliefs
beyond the realm of values. This is not to say that we oppose the simultaneous investigation of values
and beliefs-beyond-values, which is established practice e.g. in values-beliefs-norms theory (Dietz
2016; Stern et al. 1999).

3 Applying the Value Landscapes Approach to the conflict over the Paraguay-Parana Waterway,
Mato Grosso, Brazil

In this article, we apply the Value Landscapes Approach to the case study of a conflict over the
construction of the Paraguay-Parand Waterway (Hidrovia Paraguai-Parand) in the state of Mato
Grosso, Brazil. This is a typical environmental conservation vs. economic development conflict. The
waterway is part of a strategic national plan for Brazil’s inland navigation infrastructure and has the
objective of facilitating year-round aquatic transport and the export of agricultural products such as
soybeans and cotton from Mato Grosso to world markets (ANTAQ 2013). This would reduce transport
costs significantly, and likely further fuel the expansion of soybean production in Mato Grosso
(Fearnside 2001), already Brazil’s leading producer (Arvor et al. 2018; loris 2016), with strong trade
links to China (Lathuilliere et al. 2014; Peine 2013). While the full waterway extends over 3442 km
from Caceres, Mato Grosso, Brazil, to the port of Nueva Palmira in Uruguay, crossing Paraguayan and
Argentinean territory further downstream, the main controversy concerns the upriver segment on the
Paraguay River in Mato Grosso, near Caceres, which would run across the Pantanal wetland (da Silva
et al. 2004; Figueiredo et al. 2012; Ledo et al. 2013; Schulz et al. 2017b).

The Pantanal is often considered a global natural heritage, recognised e.g. by UNESCO or the Ramsar
Convention, due to its status as an important refuge for endangered biodiversity (Calheiros et al. 2012;
loris 2013; Junk et al. 2006). Implementing the waterway there would require major engineering
works, such as dredging of shallow sections, removal of rocks, and straightening of curves (Hamilton
1999), which would impact on the hydrology and ecology of the Pantanal, including its characteristic
‘flood pulse’, with associated repercussions for local biodiversity, flood protection downstream, as
well as local people’s livelihoods (da Silva et al. 2004; Gottgens et al. 2001; Junk et al. 2006). As of



2016, the project has passed a technical, economic, and environmental impact assessment (UFPR/ITTI
2016), but construction has not yet started, likely due to Brazil’s ongoing political and economic crisis.

In a previous study, which laid the foundation for the present study, Schulz et al. (2017b) investigated
the controversy over the Paraguay-Parand Waterway using qualitative research techniques and
focussing exclusively on professionals from water-related sectors in the state of Mato Grosso, rather
than members of the general public, as is done here. The waterway is chiefly supported by the state
government of Mato Grosso and the local agribusiness sector, and opposed by many
environmentalists and fishermen who are concerned about impacts on biodiversity and fish stocks. A
comparison of the values expressed by supporters of the waterway in the interviews with the values
of those opposed suggested that among relevant stakeholders, support or opposition to the project
went along with two very different value landscapes.

One value landscape consisted of a cluster of governance-related values such as efficiency,
pragmatism, and order (in the sense of legal certainty, security, and the ability to plan more generally),
which relate well to a general vision of Mato Grosso as a place of strong economic development and
growth. These governance-related values were complemented with assigned values such as
navigation, agriculture, tourism, and aquaculture, i.e. mostly economic water values. Values of this
first value landscape were typically expressed by supporters of the waterway, especially
representatives of the agribusiness sector. A second value landscape emerged with an alternative
focus on governance-related values such as equity, social justice, conservation/tradition and solidarity,
and assigned values mostly related to culture, such as subsistence fishing, traditional festivities along
the rivers, aesthetic values, as well as ecological values of water. This value landscape was closely
associated with opposition to the waterway and typically found among traditional fishermen in the
Pantanal, as well as NGO activists and academics opposed to the project (Schulz et al. 2017b).

Thus, in line with the Value Landscapes Approach and the previous qualitative work of Schulz et al.
(20173, 2017b), in the present study we specifically aim to test the following two broad hypotheses:

H1: We can identify people’s value landscapes operationalised as statistically identifiable relationships
among the three different types of values (fundamental values, governance-related values, and
assigned values), with fundamental values being the most abstract construct ‘predicting’ both
governance-related values and assigned values.

The present study thus serves to test whether the hypothetical relations of influence outlined in the
Value Landscapes Approach (visualised by the arrows on the left side of Figure 1) can indeed be
identified empirically. Here the various types of values are operationalised via survey statements, with
survey results then feeding into the design of a structural equation model (see sections 4 and 5 below).
If such a structural equation model cannot be rejected, this could be seen as a form of empirical
evidence and validation of the many different conceptual considerations that fed into the
development of the Value Landscapes Approach. While a ‘cascade’ from more abstract concepts
influencing more concrete concepts that people subscribe to is the basis of many theoretical
frameworks (see e.g. Brown 1984; Glenk & Fischer 2010; Homer & Kahle 1988; Lockwood 1999;
Seymour et al. 2010; Stern et al. 1999), no previous empirical evidence exists of the interrelatedness
of fundamental, governance-related, and assigned values simultaneously. One study has investigated
the link between fundamental and governance-related values (Glenk & Fischer 2010), while there is
some limited evidence of systematic links between fundamental values and assigned values (e.g. Hicks
et al. 2015; van Riper & Kyle 2014), but not between all three value types at once.



Hicks et al. (2015) suggested that assigned values (referred to as ecosystem services in their study)
can be directly associated with certain fundamental value domains (e.g. a preference for fish as an
assigned value/provisioning service of a marine ecosystem is an expression of the fundamental value
dimension of self-enhancement), which is in line with our conceptual framework; however, the study
relied on the researchers to ‘match’ assigned values with corresponding fundamental values based on
qualitative interview transcripts, whereas our study is using more established psychometric
measurement instruments to elicit fundamental values (although admittedly such statistical
approaches are less suited to detect individual outliers), and the links with further value categories
are based on statistical evidence, rather than manual coding.

Van Riper and Kyle (2014), in turn, compared how people holding strong pro-environmental
fundamental values identified various assigned values in a specific geographical area as opposed to
more neutral research participants, using Public Participation Geographical Information System (PPGIS)
methods (Sieber 2006) and a Social Values for Ecosystem Services (SolVES) mapping application
(Sherrouse et al. 2011). The study demonstrated that those with stronger pro-environmental
fundamental values gave much higher importance to various assigned values related to
environmentalism, such as the assigned value of biodiversity, visualised in strikingly different maps of
assigned values generated by pro-environmentalists’ and a more neutral group’s answers. These
findings are in line with our conceptual framework, but again, our method of analysis is different. Also,
neither van Riper and Kyle (2014) nor Hicks et al. (2015) considered governance-related values as a
separate category of relevance to water governance / environmental governance more generally.

H2: There is a measurable impact of people’s value landscapes on their water policy preferences.

Beyond understanding interrelations between values, we also aim to test the hypothesis that people’s
values influence their preferences in water governance (in this case, their water policy preferences),
which follows from the various conceptual considerations on which the Value Landscapes Approach
is based (as visualised by the arrows linking value landscapes and water governance in the middle of
Figure 1).

This is a relevant hypothesis for multiple reasons; it enhances the real-world relevance of values
research, given the applied nature of water governance, and further validates the idea that values are
deeply embedded and connected to society and culture in multiple ways (Manfredo et al. 2017a),
including in water governance (Groenfeldt 2013); it would demonstrate that values matter for water
policy preferences, as opposed to other variables such as interests, which are defined as needs or
desires for resources such as time, space, money or natural resources (Kouzakova et al. 2012), which
one could expect to have played a larger role e.g. for the stakeholders interviewed by Schulz et al.
(2017b). This is especially significant considering that conflicts about values (as opposed to mere
material interests) are more likely to turn emotional or escalate (Kouzakova et al. 2012), which makes
them much more difficult to resolve (Harinck & Druckman 2017; Illes et al. 2014). Furthermore,
measuring the impact of people’s value landscapes on their water policy preferences with statistical
methods and survey data from members of the general public as opposed to stakeholders is also
important given that people may express different values in their capacity as group representatives
(e.g. of a certain institution), as opposed to when consulted as private citizens (Cramer et al. 1993;
Manfredo et al. 2017a).

4 Methodological approach

4.1 Structural equation modelling



Structural equation modelling (SEM) is a statistical technique that allows empirical testing of complex
theoretical relationships between multiple variables, including latent variables such as people’s values.
Specifically, SEM studies typically combine path analysis (to test hypothesised causal structures
between variables) and confirmatory factor analysis (to measure latent variables using several
observed indicators) (Garson 2015; Kline 2011). As mentioned earlier, it is an established tool for the
statistical analysis of underlying motivations for people’s preferences and behaviour (e.g. Glenk &
Fischer 2010; Pradhananga et al. 2017; Toma et al. 2011; Yazdanpanah et al. 2014) and thus very
suitable for the analysis of value landscapes and their impact on water policy preferences.

4.2 The sample

Our structural equation model relies on survey data collected among members of the general public
(n=1067) in the Upper Paraguay River Basin in Mato Grosso between April and June 2016 with the
help of trained local interviewers. The Paraguay-Parand Waterway would be constructed in this
hydrographic area, which also encompasses large parts of the Pantanal wetland as well as major
population centres of Mato Grosso, such as the state capital Cuiabd (see Figure 2). The exact
boundaries of the river basin were identified using a map from the Brazilian National Water Agency
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Sampling occurred during two stages. First, 40 census tracts (i.e. small geographical units created by
the Brazilian Institute for Geography and Statistics, IBGE, to facilitate household sampling) within the
Upper Paraguay River Basin were randomly sampled with probability proportionate to size sampling
as outlined in Turner (2003), then 30 households within each census tract, using sample frames and
address lists from IBGE (IBGE 2011a, 2011b, 2011c) were sampled (see supplementary material S1 for



the list of sampled census tracts). Generally at least two attempts were made to interview a member
of a specific household that was randomly sampled from address lists. In case of repeated non-
response, replacement rules were in place which defined how to randomly select an alternative
household from the respective address list. Within-household selection of respondents was
determined by the household, limited to adults, as is often done in survey research (Gaziano 2005).
The overall response rate (completed interviews at targeted households divided by number of
households approached) was 43.77%, the size of the working sample for subsequent analysis was
N=1028 for the full structural equation model. In case of missing data, cases were deleted listwise,
which affected no more than 3.94% of overall observations at any point. This is below the 5% threshold
that Garson (2015) recommends for using listwise deletion.

To assess the representativeness of our sample, socio-demographic characteristics of respondents
were compared with data from the 2010 IBGE census (see Table 3/Appendix A and supplementary
material S2). Our sample approximates representativeness as only the difference in proportions for
the variable ‘occupational status’ is statistically significant, likely in part due to increased
unemployment levels in 2016 as a result of economic recession in Brazil.

4.3 Questionnaire design

The questionnaire used in our survey consisted of five sections that were analysed for the present
study (socio-demographics; fundamental values; governance-related values; assigned values; water
policy preferences regarding the Paraguay-Parand Waterway). To measure a respondent’s
fundamental values, we used Schwartz’ universal value framework, and specifically, the Portrait Value
Questionnaire (PVQ) with 21 items introduced by Schwartz (2001). It has been translated into
Portuguese for the European Social Science Survey and was developed precisely to allow easy
application to any type of respondent irrespective of age, cultural, or educational background.
Furthermore, it has been tested in numerous studies around the globe, including in Brazil (Tamayo &
Porto 2009). Another advantage of using the PVQ instead of alternative measurement instruments for
fundamental values typically used e.g. in environmental psychology studies is its broad applicability
beyond purely environmental topics. While the measurement instruments developed e.g. by Steg,
Perlaviciute et al. (2014) or Stern et al. (1998) were explicitly developed to measure values that might
influence a person’s attitudes towards the environment and pro-environmental behaviour, these
instruments do not have any obvious connection with governance and governance-related values.
This is why we selected Schwartz’ PVQ (Schwartz 2001), which measures very broad personal values
that would be equally relevant to both governance-related values as well as specific environmental
issues and values. The exact list of the 21 survey items of the PVQ that we used in our study can be
found in Schwartz (2001: 284-286; see also supplementary material S3).

With regards to governance-related values and assigned values, no existing measurement instruments
were readily available. For the case of governance-related values we were not aware of any
instrument that would have been widely tested and developed, whereas assigned values are too
context-specific to be elicited with a standardised measurement instrument (Ilves & Kendal 2014;
Seymour et al. 2010). Thus we relied on the list of values identified by Schulz et al. (2017b) (and Schulz
& loris 2017) in an exploratory study with local stakeholders to design our survey items, assuming that
these would be appropriate in the local context (see Tables 1 and 2). For both governance-related
values and assigned values, respondents first picked their ‘most important item’, and were then asked
to rate the relative importance of remaining items on a scale from 1 to 5, with 5 indicating equal
importance, and 1 indicating no importance. This combination of a qualitative value description with



a relative rating exercise is in line with the definition of assigned values presented earlier, which
combines qualitative and quantitative aspects (Brown 1984; lves & Kendal 2014; Mclintyre et al. 2008)
(see supplementary material S3 where the exact question stems for assigned values and governance-
related values are listed).

The items were classified into three factors (i.e. latent variables) each, using exploratory factor analysis
(EFA), although one factor within governance-related values was later excluded from the analysis (see
supplementary material S4). Respondents were also asked whether they would support or oppose the
waterway if a hypothetical referendum was held about its construction. This question was preceded
by a brief description of the controversy that aimed to be as neutral and balanced as possible, citing
advantages and disadvantages that have been mentioned in the media, academic literature, and in
stakeholder interviews (Schulz et al. 2017b) (see supplementary material S5 for the full description of
the advantages and disadvantages of the Paraguay-Parana Waterway that survey respondents were
given).

Table 1: Assigned values (i.e. water values): List of items

Traditional lifestyles, for example artisanal fishing or use of clay for ceramics,
Cultural water depend on rivers.
values Mato Grosso’s culture has a strong relationship with the rivers and
waterbodies, for example during traditional festivities.
The state’s economy depends on water abundance, especially for agriculture
and cattle ranching.
The rivers produce almost all electric energy that is used in Mato Grosso.

Economic water
values

] The rivers sustain the nature of the Pantanal wetland.
Ecological

water values  The rivers and waterbodies are important for the survival of wildlife, for
example jaguars, birds, caimans etc.

Table 2: Governance-related values: List of items

. Follow the opinion of the majority of the
Democratic governance-related values P Jortty

. . R population.
democratic legitimacy and social justice S
( & i J ) Care about the poor and minorities.
Economic governance-related values Not to waste public money.

(economic efficiency and rule of law/order) Everyone follows the law.

5 Results and discussion
5.1 Support and opposition to the construction of the Paraguay-Parand Waterway

Overall, 64.4% of respondents were opposed to the waterway and 33.6% were in favour (while 0.3%
refused to answer and 1.7% didn’t know), which is in itself an interesting result with clear policy
relevance. To ascertain that this result was not driven by a potential implicit bias among interviewers
or the description of the project, we also asked respondents, beforehand, whether they already knew
about the project (64.8% didn’t, 35.2% did). Among those respondents who stated to know about the
project, 60.1% opposed it and 39.9% favoured it, which is close to the overall ratio of approval.
Assuming that those respondents who knew about the project had already formed an opinion, this
suggests that no obvious bias was induced through interviewers or the information provided.



5.2 A structural equation model of value landscapes and their impact on water policy preferences

The ‘final’ empirical output of the present paper is a structural equation model of our respondents’
value landscapes and their impact on respondents’ water policy preferences, in this case in favour or
against the construction of the Paraguay-Parand Waterway in the Pantanal wetland of Mato Grosso,
Brazil (visualised in Figure 3; full model parameters in Table 4/Appendix B). Due to limitations of space,
we cannot outline the entire model development process here, which consisted of exploratory factor
analyses (EFAs) for governance-related values and assigned values, confirmatory factor analyses (CFAs)
for fundamental, governance-related, and assigned values (to validate the measurement model of our
structural equation model), as well as conceptual considerations informing the final structure or path
model of our structural equation model. Most details of EFAs and CFAs are instead presented in the
supplementary material (sections S5 and S6).

The structural equation model was estimated with the lavaan package within R (v. 0.5-23.1097)
(Rosseel 2017). Having ordinal data, we used polychoric correlations for this analysis, which assumes
that an underlying continuous variable is measured in a number of discrete categories (Garson 2015);
a plausible assumption for people’s values. Furthermore, we applied diagonally weighted least
squares (DWLS) as a model estimation method, which is appropriate for categorical and ordinal data
with sample sizes of around 1000 (Bandalos 2014). To evaluate model fit, we relied on a combination
of absolute and incremental fit indexes (RMSEA, SRMR, CFl, TLI, and model ¥ significance) as is widely
recommended in the SEM literature (Garson 2015; Hu & Bentler 1999; Kline 2011). All indexes
indicated good fit (i.e. RMSEA<0.06; SRMR<0.08; CFI/TLI>0.95), except model x?, which is sample-size
sensitive, and according to Garson (2015) may reject most models with a sample size above 200. All
factor loadings are 0.45 or higher, indicating that our measurement model is acceptable (Stevens
2009).

From a conceptual point of view, the model was based on the two main hypotheses developed in
section 3. That is, it was designed to apply the general framework of the Value Landscapes Approach
(see Figure 1, section 2) to the case of public preferences regarding the Paraguay-Parana Waterway,
taking into account previous empirical research findings of the wider literature as well as of Schulz et
al. (2017b). Here we discuss our findings regarding each hypothesis and their respective components.
Based on ample previous evidence (Evans et al. 2013; Kilbourne et al. 2005; Schultz et al. 2005; Steg
& de Groot 2012), we assumed that self-transcendence and self-enhancement would be the main
divergent relevant dimensions at the level of fundamental values, informing people’s views on
environmental issues. We then related these two main dimensions with the more concrete constructs
of governance-related values and assigned values, which indeed produced mostly statistically
significant links within each value landscape (see Figure 3). Given that Schulz et al. (2017b) had
identified two separate value landscapes among their interviewees, we designed our model here
accordingly, with no interlinkages between value landscape 1 (consisting of self-transcendence values,
democratic governance-related values, cultural and ecological water values) and value landscape 2
(self-enhancement values, economic governance-related values, economic water values).
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Figure 3: A structural equation model; dashed paths indicate non-statistically significant relations; * indicates significance
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5.3 Value landscapes relationships (Hypothesis 1)

Findings with respect to Hypothesis 1 are split up into a number of components below, which all
correspond to individual arrows in our structural equation model (see Figure 3).

Finding 1: Self-transcendence values relate positively with democratic governance-related values.

We expected that self-transcendence would have a positive association with democratic governance-
related values, given that the survey items measuring this type of values (see Table 2) both emphasise
caring about other people and their views, which in turn relates well with the values of benevolence
and universalism in the Schwartz survey (Schwartz 1992, 1994, 2001). We did find such a positive link
that is statistically significant. This suggests that self-transcendence values are reflected in people’s
preferences for governance-related values such as social justice and democratic legitimacy.

Finding 2: Self-enhancement values relate positively with economic governance-related values.

We expected the self-enhancement dimension to relate positively with economic governance-related
values, due to the emphasis of the related survey items (see Table 2) on efficiency and legality, which
could plausibly be associated with the fundamental value of achievement in the self-enhancement
dimension. We did find such a positive link that is statistically significant. This suggests that self-
enhancement values are reflected in people’s preferences for governance-related values such as
economic efficiency and rule of law/order.

Finding 3: Self-transcendence values relate positively with ecological water values.

We expected that self-transcendence would relate positively with ecological water values, again in
line with previous literature on environmental values more generally (Schultz et al. 2005; Steg & de
Groot 2012), as well as specific literature on the link between fundamental values and assigned values,
as summarised in section 3 (Hicks et al. 2015; Van Riper & Kyle 2014). This assumption is indeed
confirmed by our data and model with statistically significant links.

Finding 4: Democratic governance-related values relate positively with cultural water values.

The status of cultural water values was less clear, but for the concrete case study context, we
hypothesised that democratic governance-related values would relate positively with cultural values,
given that in the Upper Paraguay River Basin, the conservation of water-related traditions, festivities,
and culture rests upon marginalised and poor riparian communities (Schulz et al. 2017b), which in turn
are the focus of the survey item for ‘social justice’, i.e. democratic governance-related values. We did
not relate it with either fundamental value dimension in our model, given that we would expect
cultural water values to be most closely related with Schwartz’ (1992, 1994) conservation dimension
(i.e. traditional values), which is not part of our model here. This relationship is found, too. We would
be cautious to generalise this finding beyond the context of Mato Grosso, however, given that the link
between culture, traditions and marginalisation (which could be addressed by better social justice and
democratic legitimacy) is especially strong in this particular geographical area but might be less so in
other contexts.

Finding 5: Self-enhancement values relate positively with economic water values.

We expected self-enhancement to relate positively with economic water values. This would be in line
with previous findings of e.g. Kilbourne et al. (2005) who found that material values relate positively
with self-enhancement (and one could conceive of economic water values produced by agriculture
and hydroelectric power as material values). While this relationship does not appear as statistically
significant in the full structural equation model presented in Figure 3, we found that this is entirely



due to mediation effects, i.e. a situation where an independent variable has an effect on a dependent
variable through a third (mediating) variable (Baron & Kenny 1986; Zhao et al. 2010). It appears that
in our model, the effect of the independent variable self-enhancement on the dependent variable
economic water values is affected by the mediating variable economic governance-related values.
Evidence for that is that if we delete the mediating variable economic governance-related values from
the model, the relationship between self-enhancement and economic water values becomes
statistically significant (p-value of 0.021), with a coefficient of 0.119. This is in line with our assumption
that fundamental values may have an impact on both governance-related values and assigned values.

Finding 6: Economic governance-related values relate positively with economic water values.

The link between economic governance-related values and economic water values would be in line
with the findings of Schulz et al. (2017b), where stakeholders typically expressed a preference for both
efficiency and legality, as well as economic water values. This relationship was found and thus confirms
the qualitative research of Schulz et al. (2017b). This link is especially significant given that it relates
the level of governance-related values and of assigned values (as Finding 4), suggesting that these do
indeed combine in value landscapes, as proposed in the Value Landscapes Approach.

5.4 Impact of people’s value landscapes on their water policy preferences (Hypothesis 2)

Finding 1: Self-transcendence and ecological water values of value landscape 1 relate negatively with
support for the Paraguay-Parand Waterway (as an example of a water policy preference).

In the preceding qualitative study (Schulz et al. 2017b), stakeholders tended to oppose the
construction of the Paraguay-Parand Waterway when they also emphasised the importance of
ecological and cultural water values, as well as governance-related values such as social justice and
equity (i.e. democratic governance-related values), which are all related in value landscape 1 here.
One could thus plausibly expect a negative link between these values and support for the waterway,
not least also in line with environmental psychology literature on linkages between self-transcendence
and pro-environmental attitudes and behaviour (Dietz 2016; Schultz et al. 2005; Steg & de Groot 2012)
and a study of Bjornlund et al. (2013) who found that pro-environmental fundamental values go along
with support for pro-environmental water policies. However, only one value (ecological water values)
was found to display a statistically significant relationship with the expected direction in the full model.
In this case, mediation effects are only in part responsible for this (i.e. further unknown variables not
accounted for in our model may also be relevant) — if one deletes ecological water values from the
full model, the negative link between self-transcendence and the water policy preference becomes
statistically significant (p-value of 0.037; coefficient of -0.240). No mediation effect was found for
democratic governance-related values, despite its strong links to self-transcendence and cultural
water values in value landscape 1, which suggests that this value by itself is unrelated to opposition
to the waterway. The same applies to cultural water values.

Finding 2: Self-enhancement (of value landscape 2) and economic water values relate positively with
support for the Paraguay-Parand Waterway.

Stakeholders in Schulz et al. (2017b) tended to support the waterway when they also emphasised
economic water values and governance-related values such as efficiency and order (i.e. economic
governance-related values), which are all related in value landscape 2 here. Thus it seemed plausible
that these values would relate positively with support for the project, not least considering the
environmental psychology literature on the negative links between self-enhancement values and pro-



environmental attitudes and behaviour (Dietz 2016; Schultz et al. 2005; Steg & de Groot 2012), as well
as the findings of Bjornlund et al. (2013) who reported that ‘utilitarian values’ (with a similar focus on
economic aspects) went along with support for water policies aimed at enhancing economic activities
in their survey. Again, only one value (self-enhancement) was found to display a statistically significant
relationship with the expected direction. Moderator effects, where a third variable impacts on the
relationship between an independent and a dependent variable (Baron & Kenny 1986), are in part
responsible (i.e. further unknown variables not accounted for in our model may also be relevant).
When deleting the moderating variable of cultural water values (which in line with Preacher & Hayes
2008 was linked to economic water values via residual covariances, see Table 4/Appendix B), the
positive link between economic water values and the water policy preference becomes statistically
significant (p-value of 0.028), with a coefficient of 0.329.

It seems plausible that, contrary to our initial expectations, economic governance-related values
relate negatively to support for the waterway (coefficient of -0.674 with a p-value of 0.093). In practice,
that would mean that concern for economic efficiency and legality of governance might combine with
opposition to the project, possibly due to a concern with corruption and waste of public funds. The p-
value of that link falls below the more lenient 0.1 threshold for statistical significance that is
occasionally applied, even if not typically recommended (El-Masri & Tawadrous 2013). While our
analysis should thus not be interpreted as conclusive empirical evidence on this specific link, it would
resonate with academic literature on the waste of public funds in the context of large infrastructure
projects in Mato Grosso (Crabb 2016) and Brazil more generally (Joly 2017; Signor et al. 2016),
especially under the centre-left governments of Presidents Luiz Indcio ‘Lula’ da Silva and Dilma
Rousseff (Armijo & Rhodes 2017). This issue was particularly salient during fieldwork in 2016, i.e. when
Brazilian news were dominated by the revelations about large-scale corruption following the
investigations within ‘Operation Car Wash’ (Melo 2016; Winter 2017) that eventually resulted in the
impeachment of President Dilma Rousseff (Santos & Guarnieri 2016).

6 Implications, general discussion, and conclusions

Implementing a Value Landscapes Approach in empirical research more generally may (i) help to
understand people’s preferences and behaviour in water governance, including their water policy
preferences and (ii) may serve to assess the political legitimacy of water governance in a given place
and time by comparing values held by members of the general public with those values expressed in
actual water governance. Specific relations between values and water policy preferences were amply
discussed in the preceding sections. Here, instead, we aim to situate our research findings in the wider
literature. Our finding that preferences for or against the construction of a waterway across Mato
Grosso’s Pantanal wetland can be linked to people’s values is in line with the general environmental
psychology literature, which has a long history of establishing linkages between fundamental values,
other psychological constructs, and people’s preferences (Dietz 2016; Fulton et al. 1996; Homer &
Kahle 1988; Steg & de Groot 2012; Steg 2016). Our study confirms what Manfredo et al. (2017a) have
called the ‘embedded nature of values’ in society; values are not just psychometric constructs that can
be measured via survey instruments, but are realised in many different ways in society, including in
material objects, such as plans to build a waterway in our case.

Understanding conflicts and controversies as conflicts of values is highly significant with practical
implications, given that value conflicts tend to activate people’s emotions, escalate quickly, and often
persist over significant timespans (llles et al. 2014; Korper et al. 1986; Kouzakova et al. 2012).
Addressing such conflicts requires particular conflict resolution techniques that go beyond a mere



comparison of all stakeholders’ interests. Harinck and Druckman (2017) report that using the help of
mediators who affirm the positive qualities of other parties in joint negotiations might be a promising
conflict resolution strategy for value conflicts, because this reduces threats to the identity of each
conflicting party that arise whenever people’s values are concerned. Our findings suggest that the
conflict around this water project is indeed a conflict of values as proposed by Schulz et al. (2017b).
This would explain its long conflict history and the emotional disputes around it, which at an earlier
stage attracted attention by local and international NGOs (da Silva et al. 2004; Figueiredo et al. 2012;
Ledo et al. 2013).

Beyond our individual case study, our findings indicate that other classical environmental conservation
vs. economic development conflicts may be rooted in people’s values, too. While such a statement is
in line with findings by environmental psychologists on linkages between values and environmental
attitudes or preferences (Dietz 2016; Schultz et al. 2005; Steg & de Groot 2012) and the finding of
Drews and van den Bergh (2016) that self-enhancement (and conservation) values might be correlated
with a preference for economic growth, we are not aware of previous research that has sought to
interpret these environment vs. development conflicts generally as conflicts of fundamental values.
The environment-development interface is more typically discussed from an economics or
international development perspective (e.g. Aguilar-Stgen et al. 2016; Halkos & Managi 2017; Paavola
2002; Xepapadeas & Stefan 2014) or in the context of localised conflicts between environmental
conservation and economic activities (e.g. Arvor et al. 2018; Hoyman & McCall 2013; Martin-Lopez et
al. 2011; Rajwade 2015). Where values are mentioned in this context, they usually concern assigned
values (e.g. Bergseng & Vatn 2009; Karjalainen & Jarvikoski 2010).

Interpreting environment vs. development conflicts as conflicts of fundamental values would explain
why these are so widespread not just in Mato Grosso and Brazil (see e.g. Arvor et al. 2018; Nascimento
& Griffith 2012; Schulz et al. 2015; Zhouri 2010), but globally, and why they are so frequently perceived
as intractable and difficult to resolve. Moreover, it could explain why attempts to overcome the divide
between environmental conservation and economic development ring hollow to many, e.g. when
researchers express their discomfort with monetary valuation of the environment (e.g. Harvey 1996;
Kallis et al. 2013; Spangenberg & Settele 2010; Spash & Vatn 2006) or when they express their doubts
about the adequacy of the ‘green growth’ concept (e.g. Bina 2013; Death 2014; Schulz & Bailey 2014;
Springett 2013). It also suggests that individual cases of environment vs. development conflicts could
be addressed with conflict resolution techniques which have proven effective specifically for situations
of value conflict (see e.g. Harinck & Druckman 2017; llles et al. 2014; Karjalainen & Jarvikoski 2010;
Kouzakova et al. 2012), even if the broader dynamics of conflict between environment and
development dimensions are unlikely to disappear.

Our structural equation model confirmed the existence of links between fundamental values and
assigned values that had been identified with different methodological approaches previously (Hicks
et al. 2015; Van Riper & Kyle 2014), especially the link between self-transcendence and assigning
ecological values to water. Yet, by including governance-related values as well, our study adds a new
facet of the value concept to the analysis that is not typically included in environmental psychology
research, despite its importance for water governance (Glenk & Fischer 2010; Grotenbreg &
Altamirano 2017; Schulz 2018) and public administration (Beck Jgrgensen & Bozeman 2007; de Graaf
et al. 2016; Rutgers 2015; Tsanga Tabi & Verdon 2015). Further research on value landscapes, and the
role of governance-related values therein, should thus be conducted to evaluate their importance for
understanding water governance preferences, based on our initial findings here.

Finally, the empirical evidence presented in this study strengthens the case of political ecologists and
critical scholars who claim that water governance in Brazil (and possibly in many other countries) is



driven by elites and ignores preferences of the public and weaker stakeholder groups (e.g. loris 2009;
Lemos & de Oliveira 2004; Martins 2015; Schmitt 2016; Siegmund-Schultze et al. 2015). The values
and preferences expressed by the general public in our survey do not match the values and
preferences expressed by Mato Grosso’s water governance, i.e. the plans to build a waterway in the
Pantanal wetland, as evidenced by the fact that almost two thirds of respondents opposed it. The
economic water values that would be realised through the waterway may thus not align with the
predominantly environmental values of water that the majority of the population seems to prioritise.
This points to problems with its political legitimacy, if understood as majority support of the
population (Bekkers & Edwards 2007). It may also indicate that the pessimism of many water
professionals in Mato Grosso about lacking environmental awareness among the general population
(Schulz & loris 2017) may not necessarily be justified. Rather, environmental degradation would be
the result of the disproportional political clout of a minority who prioritise economic water values.
Not least, our study also serves to demonstrate that statistical analysis techniques have their place in
answering questions of relevance to political ecologists, whose publications are dominated by
gualitative and conceptual research approaches.

Conceivably, the research approach adopted here could serve for the analysis of other controversial
projects, e.g. the construction of further waterways and large dams in the Brazilian Amazon (see e.g.
Carvalho 2006; Fearnside 2015), as well as in many other countries around the globe which are
currently experiencing a boom in hydropower development (Richter et al. 2010; Zarfl et al. 2015). And
while the Value Landscapes Approach was developed in the context of water governance, it may also
be of use for investigating any other aspect of environmental governance more generally that may be
characterised by conflicting underlying value landscapes.
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Appendix A

Table 3: Pearson x? test of difference — Sample vs Upper Paraguay River Basin to evaluate sample representativeness; **
Difference between sample and UPRB is significant at the .01 level (2-sided).

2

Variable X Degrees of freedom (df) p-value
Location 0.799 1 0.371
Gender 1.672 1 0.196
Age 6.408 12 0.894
Household size 1.839 5 0.871
Formal education 4.405 3 0.221
Occupational status** 7.133 1 0.008
Monthly household income 9.112 5 0.105

Appendix B

Table 4: A structural equation model of value landscapes and their effect on water policy preferences.

N X2 df (degrees of P-value CFI TLI RMSEA 90% conf.int. SRMR
(used) freedom) () (RMSEA)
1028 464.808 153 .000 966 958 .044 .039, .048 .057
LATENT VARIABLES
Latent variable Item/indicator Estimate  Std.err. z-value P(>|z|) Std. est.
Self- universalism 1 1 (fixed) .597
transcendence  universalism 2 .964 .056 17.305 .000 .575
universalism 3 1.224 .062 19.735 .000 731
benevolence 1 1.220 .061 19.928 .000 .728
benevolence 2 1.213 .060 20.198 .000 724
Self- achievement 1 1 (fixed) .559
enhancement achievement 2 1.137 .065 17.475 .000 .636
hedonism 1 1.205 .072 16.831 .000 .674
hedonism 2 1.031 .064 16.140 .000 .576
Democratic derpocratm 1 (fixed) 636
governance legitimacy
social justice 1.176 .107 11.043 .000 748
Economic ecc.)n.omlc 1 (fixed) 579
governance efficiency
rule of law/order .832 .107 7.800 .000 476
Cultural water t.radltlonal 1 (fixed) 652
values lifestyles
traditional 1.026 086 11.908 000 670
festivities
Economic agriculture 1 (fixed) .655
water values hydroelectric 871 107 8.148 000 570
power
Ecological Pantanal’s nature 1 (fixed) .800
water values wildlife .885 .098 9.070 .000 .708

REGRESSION PATHS




De|?endent Ind.ependent Estimate  Std. err. z-value P(>|z|) Std. est.
variable variable
Democratic Self- 353 053 6.603 .000 331
governance transcendence
Economic Self- 234 076 3.089 002 229
governance enhancement
Ecological Self- 555 078 7.123 000 414
water values transcendence
Economic Self- -.053 080 -0.664 506 -.046
water values enhancement
Economic 694 103 6.711 000 606
governance
Cultural water ~ Democratic 504 072 6.933 .000 491
values governance
Paraguay- Self- -230 237 968 333 -137
Parana transcendence
Waterway Self- 483 211 2.290 022 270
policy enhancement
preference Democratic 631 560 1.127 260 401
governance
Economic -1.178 701 -1.679 093  -674
governance
Cultural water 026 248 105 916 017
values
Economic water 485 262 1.849 064 318
values
Ecological water _367 157 2.343 019 -294
values
COVARIANCE
L iable L iable 2
1atent variable Latent variable Estimate  Std. err. z-value P(>|z]) Std. est.
Self- Self- 200 015 13.079 000 598
transcendence  enhancement
RESIDUAL COVARIANCES
L iable L iable 2
1atent variable Latent variable Estimate  Std. err. z-value P(>|z|) Std. est.
Democratic Economic
278 032 8.696 .000 834
governance governance
Cultural water ~ Economic water 161 028 5.809 000 539
values values
Ecological water 277 032 8.586 .000 .669
values
Economic Ecological water 150 031 4.772 000 391

water values

values




Supplementary material for manuscript:

Value landscapes and their impact on public water policy preferences

Supplementary material S1: List of sampled census tracts

Table 5: Sampled census tracts in the Upper Paraguay River Basin

Census tract no. Municipality Neighbourhood No. of Percent
interviews (total)
510125805000006 Araputanga Centro/Santo Antbnio 30 2.8
510170405000015 Barra do Bugres Uniao 31 2.9
510250405000032 Caceres Santos Dumont 30 2.8
510250405000103 Caceres Monte Verde 29 2.7
510300710000006 Chapada dos Guimaraes  Various rural areas 21 2.0
510340305410011 Cuiaba Porto 31 2.9
510340305410071 Cuiaba Alvorada 29 2.7
510340305410137 Cuiaba Santa Rosa 21 2.0
510340305420012 Cuiaba Bau 18 1.7
510340305420074 Cuiaba Pocao 22 2.1
510340310400010 Cuiaba Morada da Serra 28 2.6
510340310400067 Cuiaba Morada da Serra 29 2.7
510340310420002 Cuiaba Jardim das Américas 28 2.6
510340310420064 Cuiaba Jardim Renascer 28 2.6
510340310420128 Cuiaba Alphaville 0 0
510340310430054 Cuiaba Tijucal 29 2.7
510340310430107 Cuiaba Jardim Industriario 29 2.7
510340310430162 Cuiaba Tijucal 29 2.7
510360105000004 Dom Aquino Centro 30 2.8
510480705000015 Jaciara Santo AntoOnio 30 2.8
510520005000015 Juscimeira Cajus 29 2.7
510590305000006 Nobres Sdo José 29 2.7
510623205000015 Nova Olimpia Jardim Ouro Verde 25 2.3
510650505000018 Poconé Areido/Jurumirim 30 2.8
510700805000013 Poxoréu Centro 30 2.8
510726305000012 Santo Afonso Various rural areas 25 2.3
510760205000055 Rondondpolis Jardim Tropical 30 2.8
510760205000126 Rondondpolis Vila Olinda 29 2.7
510760205000240 Rondondpolis La Salle-AG 32 20 1.9
510760205000368 Rondondpolis Recanto Maria Flavia 12 1.1
510760230000078 Rondondpolis Jardim Sumaré 30 2.8
510780010000003 Sto. Antbnio do Leverger  Various rural areas 30 2.8
510795805000045 Tangard da Serra Vila Goias/Jard. Acapulco 30 2.8
510795805000123 Tangard da Serra Jardim Paraiso 25 2.3
510840205000039 Varzea Grande Mapim 27 2.5
510840205000096 Varzea Grande Costa Verde 25 2.3
510840205000154 Varzea Grande Nova Varzea Grande 28 2.6
510840205000217 Varzea Grande Santa Isabel 30 2.8
510840220000006 Varzea Grande Construmat 31 2.9
510840220000062 Viarzea Grande Construmat 30 2.8




Supplementary material S2: Representativeness of sample

Table 2 compares characteristics of the sampled respondents with those of the general population in
the Upper Paraguay River Basin (based on data from IBGE, see footnotes for the exact sources).

Table 6: Representativeness of sample

Upper Paraguay

Sample River Basin (UPRB)

Location! Urban 92.9% 89.3%

Rural 7.1% 10.7%

Gender’ Male 40.6% 49.7%

Female 59.4% 50.3%

18-19 3.9% 5.2%

20-24 8.6% 13.7%

25-29 8.3% 13.4%

30-34 11.5% 12.6%

35-39 9.4% 11.1%

40-44 9.7% 10.0%

Age' 45-49 9.9% 8.7%

50-54 8.6% 7.3%

55-59 9.7% 5.6%

60-64 6.6% 4.3%

65-69 6.7% 3.1%

70-74 4.0% 2.2%

75 or more 2.9% 2.8%

Refused 0.1% -

1 resident 7.6% 12.7%

2 residents 23.0% 21.7%

Household 3 residents 25.1% 24.2%

size? 4 residents 21.0% 22.1%

5 residents 12.7% 11.3%

6 or more residents 10.6% 7.9%

No formal schooling / incomplete primary 28.6% 42.2%
school

Form.al . Primary school complete / incomplete high 17.6% 17.0%
education school

High school complete / incomplete higher 38.0% 29.5%

education

1 Source: Table No. 1552, Census of 2010, IBGE, Rio de Janeiro (accessed through
http://www?2.sidra.ibge.gov.br ). Numbers for the UPRB were compiled using data at the district level for
adults (18 years or older); see below for the exact list of districts.

2 Source: Table No. 3219, Census of 2010, IBGE, Rio de Janeiro (accessed through
http://www?2.sidra.ibge.gov.br ). Numbers for the UPRB were compiled using data at the district level; see
below for the exact list of districts.

3 Source: Table No. 3540, Census of 2010, IBGE, Rio de Janeiro (accessed through
http://www?2.sidra.ibge.gov.br ). Numbers for the UPRB were compiled using data at the level of municipalities
for adults (18 years or older); see below for the exact list of municipalities.
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Complete higher education 15.8% 11.4%

Occupational  Economically active 50.8% 69.3%
status® Not economically active 49.2% 30.7%
Up to 1 minimum salary 8.6% 16.7%
1-2 minimum salaries 34.7% 20.5%
Monthl 2-5 minimum salaries 33.8% 36.5%
househo‘lld 5-10 minimum salaries 10.0% 16.4%
. 10-20 minimum salaries 5.2% 6.8%
income®

More than 20 minimum salaries 1.1% 3.1%

Refused 4.8% -

Don’t know 1.7% -

Note that the following municipalities were considered to be part of the Upper Paraguay River Basin:

Acorizal — MT; Alto Paraguai — MT; Araputanga — MT; Arenapolis — MT; Bardo de Melgaco — MT; Barra
do Bugres — MT; Caceres — MT; Chapada dos Guimardes — MT; Cuiaba — MT; Curvelandia — MT; Denise
— MT; Dom Aquino — MT; Figueirépolis D'Oeste — MT; Gléria D'Oeste — MT; Guiratinga — MT; Indiavai
— MT; Itiquira — MT; Jaciara — MT; Jangada — MT; Jauru — MT; Juscimeira — MT; Lambari D'Oeste — MT,;
Mirassol d'Oeste — MT; Nobres — MT; Nortelandia — MT; Nossa Senhora do Livramento — MT; Nova
Brasilandia — MT; Nova Olimpia — MT; Pedra Preta — MT; Poconé — MT; Porto Esperidido — MT; Porto
Estrela — MT; Poxoréo — MT; Sdo José dos Quatro Marcos — MT; Reserva do Cabacal — MT; Rio Branco
— MT; Santo Afonso — MT; S3o José do Povo — MT; Sdo Pedro da Cipa—MT; Rondondpolis — MT; Rosdrio
Oeste — MT; Salto do Céu — MT; Santo Antonio do Leverger — MT; Tangard da Serra — MT; Vérzea
Grande — MT; Nova Marilandia — MT.

Note that the following districts were considered to be part of the Upper Paraguay River Basin:

Acorizal - Acorizal — MT; Baus - Acorizal — MT; Aldeia - Acorizal — MT; Alto Paraguai - Alto Paraguai —
MT; Capdo Verde - Alto Paraguai — MT; Lavouras - Alto Paraguai — MT; Araputanga - Araputanga — MT;
Arenapolis - Arenapolis — MT; Bardo de Melgago - Bardo de Melgago — MT; Joselandia - Bardo de
Melgaco — MT; Barra do Bugres - Barra do Bugres — MT; Assari - Barra do Bugres — MT; Tapirapua -
Barra do Bugres — MT; Caceres - Caceres — MT; Bezerro Branco - Caceres — MT; Caramujo - Caceres —
MT; Horizonte do Oeste - Caceres — MT; Nova Caceres - Caceres — MT; Chapada dos Guimaraes -
Chapada dos Guimardes — MT; Agua Fria - Chapada dos Guimardes — MT; Rio da Casca - Chapada dos
Guimaraes — MT; Cuiaba - Cuiabd — MT; Coxipd da Ponte - Cuiabd — MT; Coxipd do Ouro - Cuiabd — MT;
Guia - Cuiaba — MT; Curvelandia - Curvelandia — MT; Denise - Denise — MT; Dom Aquino - Dom Aquino
— MT; Entre Rios - Dom Aquino — MT; Figueirépolis D'Oeste - Figueirdpolis D'Oeste — MT; Gldria
D'Oeste - Gléria D'Oeste — MT; Monte Castelo D'Oeste - Gléria D'Oeste — MT; Vale Rico - Guiratinga —
MT; Indiavai - Indiavai — MT; ltiquira - Itiquira — MT; Jaciara - Jaciara — MT; Celma - Jaciara — MT;
Jangada - Jangada — MT; Jauru - Jauru — MT; Lucialva - Jauru — MT; Juscimeira - Juscimeira — MT,;
Irenépolis - Juscimeira — MT; Santa Elvira - Juscimeira — MT; Sdo Lourenco de Fatima - Juscimeira — MT;

4 Source: Table No. 616, Census of 2010, IBGE, Rio de Janeiro (accessed through

http://www?2.sidra.ibge.gov.br ). Numbers for the UPRB were compiled using data at the level of municipalities
for adults (18 years or older); see below for the exact list of municipalities.

5 Source: Table No. 3562, Census of 2010, IBGE, Rio de Janeiro (accessed through
http://www?2.sidra.ibge.gov.br ). Numbers for the UPRB were compiled using data at the level of
municipalities; see below for the exact list of municipalities. Note that in 2010, a minimum salary was RS 510,
whereas in 2016, it was RS 880.
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Lambari D'Oeste - Lambari D'Oeste — MT; Mirassol d'Oeste - Mirassol d'Oeste — MT; Sonho Azul -
Mirassol d'Oeste — MT; Nobres - Nobres — MT; Bom Jardim - Nobres — MT; Coqueiral - Nobres — MT;
Nortelandia - Nortelandia — MT; Nossa Senhora do Livramento - Nossa Senhora do Livramento — MT;
Pirizal - Nossa Senhora do Livramento — MT; Ribeirdo dos Cocais - Nossa Senhora do Livramento — MT;
Seco - Nossa Senhora do Livramento — MT; Nova Brasilandia - Nova Brasildandia — MT; Riolandia - Nova
Brasilandia — MT; Nova Olimpia - Nova Olimpia — MT; Pedra Preta - Pedra Preta — MT; Sdo José do
Planalto - Pedra Preta — MT; Poconé - Poconé — MT; Cangas - Poconé — MT; Fazenda de Cima - Poconé
— MT,; Porto Esperidido - Porto Esperidido — MT; Porto Estrela - Porto Estrela — MT; Poxoréo - Poxoréo
— MT; Alto Coité - Poxoréo — MT; Jarudore - Poxoréo — MT; Paraiso do Leste - Poxoréo — MT; Sdo José
dos Quatro Marcos - S3o José dos Quatro Marcos — MT; Santa Fé - Sdo José dos Quatro Marcos — MT;
Reserva do Cabacgal - Reserva do Cabagal — MT; Rio Branco - Rio Branco — MT; Santo Afonso - Santo
Afonso — MT; Sdo José do Povo - Sdo José do Povo — MT; Nova Catanduva - Sdo José do Povo — MT;
Sdo Pedro da Cipa - S3o Pedro da Cipa — MT; Rondondpolis - Rondonépolis — MT; Anhumas -
Rondondpolis — MT; Nova Galiléia - Rondondpolis — MT; Boa Vista - Rondondpolis — MT; Vila Operaria
- Rondondpolis — MT; Rosario Oeste - Rosario Oeste — MT; Arruda - Rosdrio Oeste — MT; Bauxi - Rosario
Oeste — MT; Marzagdo - Rosdrio Oeste — MT; Salto do Céu - Salto do Céu — MT; Cristindpolis - Salto do
Céu — MT; Vila Progresso - Salto do Céu — MT; Santo Ant6énio do Leverger - Santo Antonio do Leverger
— MT; Engenho Velho - Santo Antonio do Leverger — MT; Mimoso - Santo Antonio do Leverger — MT,;
Caité - Santo Antonio do Leverger — MT; Varginha - Santo Ant6énio do Leverger — MT; Tangara da Serra
- Tangara da Serra — MT; Progresso - Tangard da Serra— MT; Sdo Joaquim - Tangard da Serra — MT; Sao
Jorge - Tangara da Serra — MT; Varzea Grande - Varzea Grande — MT; Bom Sucesso - Varzea Grande —
MT; Passagem da Conceicdo - Varzea Grande — MT; Porto Velho - Varzea Grande — MT; Capdo Grande
- Varzea Grande — MT; Nova Marilandia - Nova Marilandia — MT.

Supplementary material S3: Question stems for assigned, governance-related, and fundamental
values

Assigned values were elicited with the following 2-tiered question stem:

“Now | would like to talk about the rivers and waterbodies of Mato Grosso. | will mention 6 reasons
why the rivers and waterbodies here are important, and | would like you to tell me which one is the
most important one for you, in your personal opinion:

1) Traditional lifestyles, for example artisanal fishing or use of clay for ceramics, depend on
rivers.

2) The state's economy depends on water abundance, especially for agriculture and cattle
ranching.

3) The rivers sustain the nature of the Pantanal wetland.

4) Mato Grosso's culture has a strong relationship with the rivers and waterbodies, for example
during traditional festivities.

5) The rivers produce almost all electric energy that is used in Mato Grosso.

6) The rivers and waterbodies are important for the survival of wildlife, for example jaguars,
birds, caimans etc.

Now, that you mentioned [answer chosen above] as the most important value: please compare with
the other values, what is the level of importance?”

[All 6 options are read again, except the one already selected above as most important, with the
following answer options:]



“Equally important (5); almost as important (4); a bit less important (3); much less important (2); not
important (1)”

Governance-related values were elicited with the same 2-tiered system, making use of this question
stem:

“Now | would like to know your opinions about some principles that could guide the authorities when
they take decisions about water. Please tell me which of the following principles should be the most
important for the authorities, in your opinion?

1) Think about the impact for future generations.

2) Not to waste public money.

3) Follow the opinion of the majority of the population.
4) Consult studies and experts.

5) Care about the poor and minorities.

6) Everyone follows the law.

Now, that you mentioned [governance-related value X] as the most important principle: please
compare with the other principles, what is the level of importance?”

[All 6 options are read again, except the one already selected above as most important, with the
following answer options:]

“Equally important (5); almost as important (4); a bit less important (3); much less important (2); not
important (1)”

Fundamental values were elicited with the Schwartz Portrait Value Questionnaire (PVQ), published
in Schwartz (2001: 284-286), which is freely available online from the following source:
(https://www.europeansocialsurvey.org/docs/methodology/core ess questionnaire/ESS core ques
tionnaire_human _values.pdf)

This part of the questionnaire was introduced as follows:

“The following questions are not going to be about water, but they will help to understand why
people have certain opinions. | will describe people with different characteristics and will ask you to
tell me how much each of these people is or is not similar to you.”

So for example, to measure the fundamental value of ‘benevolence’, the following description was
read to the respondents:

“A person to whom it's very important to help the people around them. They want to care for other
people.”

As another example, the following statement corresponded to the fundamental value of ‘security’:

“A person for whom it is important to live in secure surroundings. They avoid anything that might
endanger their safety.”

Respondents could then answer on a scale from 1 to 6 with the following options:

“Exactly like me (1); Very much like me (2); Like me (3); A little like me (4); Not like me (5); Not like
me at all (6)”


https://www.europeansocialsurvey.org/docs/methodology/core_ess_questionnaire/ESS_core_questionnaire_human_values.pdf
https://www.europeansocialsurvey.org/docs/methodology/core_ess_questionnaire/ESS_core_questionnaire_human_values.pdf

Supplementary material S4: Exploratory factor analyses (EFAs) of governance-related values and
assigned values

Since we developed our own measurement instrument for assigned values and governance-related
values, we used exploratory factor analysis (EFA) to establish how many latent variables our survey
items captured and whether they represented distinct factors. We did this for assigned values and
governance-related values separately, while no EFA was performed for fundamental values whose
structure has been extensively tested in previous research (Schwartz et al. 2012).° For assigned values,
we had strong theoretical expectations, namely that we were measuring three distinct types of
assigned values (cultural, ecological, and economic water values), but employed EFA in any case as
our items had not been tested for the existence of latent variables previously. For governance-related
values, we did not have specific theoretical expectations due to the lack of previous research, and our
approach was fully exploratory (Schulz 2018). For the EFA, we used IBM SPSS (v.22), first with the six
assigned value items, then with the six governance-related value items, which were formulated based
on the previous research by Schulz et al. (2017); see also Tables 1 and 2 of the main manuscript.” As
a factor extraction method, we selected “principal axis factoring” (also known as ‘principal factors’),
which according to Brown (2006) and Fabrigar et al. (1999) is less prone to improper solutions and
does not require distributional assumptions regarding the data. Another advantage of principal axis
factoring is that it is more sensitive in the extraction of weaker factors and everything else being equal,
almost always outperforms maximum likelihood factor analysis (de Winter & Dodou 2012).

To determine the number of factors, we employed the “scree test”, which involves plotting the initial
eigenvalues of the factors against the number of factors (Brown 2006; Costello & Osborne 2005). It
has been suggested as an alternative to the popular, but somewhat arbitrary Kaiser-Guttman rule,
which merely defines that additional factors with eigenvalues below 1.0 should be disregarded, thus
often producing inaccurate results (Bandalos & Boehm-Kaufman 2009). The plot is then inspected to
identify the last substantial decline in the magnitude of eigenvalues to determine a cut-off point for
the number of factors to be extracted. As a factor rotation method, we employed “promax” with
Kaiser Normalisation, i.e. an oblique rotation method that allows latent variable to intercorrelate. This
is opposed to orthogonal rotation methods such as “varimax”, which would constrain factors to be
fully uncorrelated, which we deemed inappropriate for our case, as we expected e.g. some correlation
between cultural and ecological water values (Costello & Osborne 2005). Factor rotation represents a
mathematical transformation of the data which increases their interpretability as it selects those
solutions among the infinite number of factor solutions in which factor loadings are closer to 1 and
more distant from 0, respectively (Brown 2006).

For the EFA of assigned values, we found the last substantial decline in the magnitude of eigenvalues
at around 0.8, thus producing three latent variables or factors. Table 3 shows the rotated pattern

6 An EFA with all indicators/items at once produces two factors: the first consisting of all assigned value items,
and the second consisting of all governance-related items; this merely shows that all assigned value items
indeed measure ‘water values’, and all governance-related value items indeed measure ‘good governance’. For
our study, more detail is judged more useful, despite the criticism of van der Eijk & Rose (2015) and C. van der
Eijk (personal communication, March 23, 2017) who warn about the risk of “over-dimensionalisation” from a
data point of view.

7 Two items measuring a third governance-related value which we called “scientific governance” (see below)
were later dropped from the final structural equation model, so they are not mentioned in the main
manuscript. These were items capturing sustainability and evidence-based policy-making. These were judged
too ambiguous in the present research context, given that sustainability was universally claimed by all
interviewees in the earlier study by Schulz et al. (2017), limiting its usefulness to distinguish between various
value landscapes.



matrix, i.e. the unique relationships between factors and items (‘factor loadings’), with factors serving
as predictors of the items (or ‘indicators’). While there is no consensus in the literature what
represents appropriate cut-off points for factor loadings (Peterson 2000), the results indicate quite
unambiguously the existence of three separate types of water values, measured by two items each.
Factor 1 in the table can be interpreted as ‘ecological water values’, factor 2 as ‘cultural water values’
and factor 3 as ‘economic water values’ as each one of them has relatively high loadings on two items
and consistently low loadings on the remaining four items. While the results are not necessarily
surprising, they confirm that our measurement of assigned values was indeed appropriate. The
weakest loading is found with the item mentioning economic water values, agriculture, and cattle
ranching on the factor ‘economic water values’. From a conceptual point of view, this is probably due
to the fact that some respondents related hydroelectric power production, the second constitutive
item for ‘economic water values’, more with personal consumption than with its economic value
creation. This added some ‘noise’ to the data, caused by the multidimensionality of that item.
However, the loading of 0.428 is still relatively high, thus we do keep ‘economic water values’ as a
separate latent variable in our analysis.

Table 3: Rotated pattern matrix of EFA with assigned values

ASSIGNED VALUE ITEMS EXTRACTED FACTORS
1 (Ecological 2 (Cultural 3 (Economic
water values) water values) water values)
Belatlve mportqnce oftrad|t|9nél 026 540 046
lifestyles, including artisanal fishing
Relatlvg importance of the economy 032 104 128
and agriculture
Relative importance of nature and the 604 013 051
Pantanal
Belatl\./e |mpo.rt.ance of c.ullttljral values, - 025 663 - 038
including traditional festivities
Relative |mpor'Fance of hydroelectric - 028 - 058 568
power production
Relative importance of wildlife, e.g. 652 015 - 052

jaguars, birds, caimans

The results of the EFA of governance-related values were reported in Schulz (2018) and suggested the
existence of three separate governance-related values, namely democratic, economic, and scientific
governance-related values.

Supplementary material S5: Description of the waterway in the survey

To elicit people’s opinions on the construction of the Paraguay-Paranda Waterway, they were first
asked the following question:

“Now | would like to know your opinion about a water-related project. Have you heard already about
the proposal to build a waterway through the Pantanal, on the Paraguay River, beginning near
Céceres?” (Y/N)

Then some background was given to ensure that respondents had sufficient knowledge to given an
informed opinion:



“The waterway will use the river for the transport of products with commercial vessels. The main
objective of the waterway is to facilitate the export of soybeans, corn and other products, because it
is cheaper to transport them on the river rather than on the highways to the ports on the Brazilian
coast. Once the waterway is built, it will benefit the agribusiness sector and for that reason it is likely
that agriculture will grow more.

But there are also concerns that the waterway could have a negative impact on the Pantanal. Scientists
expect that fish numbers will decrease, that the natural environment will be damaged and that it will
be more difficult for the local fishermen and small-scale farmers to sustain themselves.

Now, imagine that the government would do a referendum about the waterway. Would you vote in
favour or against the construction of the waterway?” (FOR/AGAINST/REFUSED/DON’T KNOW)

Supplementary material S6: Confirmatory factor analyses (CFAs) of fundamental values, governance-
related values and assigned values

Confirmatory factor analyses (CFA) were conducted to test the quality of each of the three
measurement models for assigned values, governance-related values, and fundamental values,
respectively and to establish construct validity, using the lavaan package in R (v. 0.5-23.1097). Missing
cases were deleted listwise, which affected no more than 3.94% of overall observations at any point,
which is below the 5% threshold that Garson (2015) recommends for using listwise deletion. Rates of
missing values could overall be kept quite low as interviewers had been trained in probing techniques,
such as reassuring the respondent that there were no right or wrong answers when noticing that they
were hesitant to pick an answer. Having ordinal data, we used polychoric correlations for this analysis,
which assume that an underlying continuous variable is measured in a number of discrete categories
(Garson 2015); a plausible assumption for people’s values. Furthermore, we applied diagonally
weighted least squares (DWLS) as a model estimation method, which is appropriate for categorical
(ordinal) data with sample sizes of around 1000 (Bandalos 2014).

To evaluate model fit, we relied on a combination of absolute and incremental fit indexes (RMSEA,
SRMR, CFl, TLI, and model ¥? significance/p value) as is widely recommended in the CFA and SEM
literature (Brown 2006; Garson 2015; Kline 2011). Model ¥? is sensitive to sample size and it has been
suggested that it rejects most models with sample sizes above 200. This has led many researchers to
ignore it when other fit measures indicate good fit (Garson 2015; Hooper et al. 2008), although the
issue remains controversial (Barrett 2007; Kline 2011). RMSEA is almost universally cited in CFA and
SEM studies and generally considered to be acceptable at 0.06 or lower (Hu & Bentler 1999). Hooper
et al. (2008) state that it is sensitive to the number of estimated parameters in the model, and favours
more parsimonious models, one of the main reasons for its high popularity. Yet Mulaik (2009) finds
no association between RMSEA and model parsimony, so this claim remains disputed. Kline (2011)
recommends reporting RMSEA with a 90% confidence interval. SRMR is recommended to fall below a
cut-off value of 0.08 (Hu & Bentler 1999); the lower it is, the lower the covariance residuals, i.e. the
differences between the observed and predicted covariances (Kline 2011). CFl and TLI should both be
0.95 or higher (Hu & Bentler 1999), indicating that 95% of the covariation in the data can be
reproduced by the specified model as opposed to a null model in which indicator variables are
uncorrelated (Garson 2015). CFl and TLI are not affected by sample size, and TLI additionally penalises
for parsimony. Generally, we also aim to discuss all models from a substantive perspective, i.e.
discussing their actual meaning, instead of relying on purely data-driven strategies, such as the
application of modification indexes, which is typically discouraged in the literature.



A CFA of the fundamental value items indicates acceptable model fit overall (see Table 4), although
model ¥? is significant, possibly due to the large sample size. However, problems can be found with
the measurement of the fundamental value ‘stimulation’. Item ‘stimulation 2’ is not significant with a
p-value of 0.089 and the factor loading of ‘stimulation 1’ on stimulation is unusually high (1.315). The
first item aimed to measure respondents’ appreciation of surprises and the second item measured
their willingness to take risks. Evidently, the risk-seeking item was not suitable for the local context in
Mato Grosso, as risk-seeking in an environment with very high levels of crime and a society in deep
political and economic crisis was perceived to be ironic (a large proportion of respondents literally
laughed at the question). It thus understandably did not form a common latent variable with an
appreciation of surprises. This fundamental value was thus excluded from the analysis altogether. We
can find further issues when studying standardised covariances (i.e. correlations) of various values:
the fundamental value ‘tradition’ has two correlations with values beyond 1 (with universalism and
conformity). This again indicates problems with its measurement, although finding a substantive
explanation is less straightforward than in the case of the fundamental value ‘stimulation’. Notably,
there is also a very high correlation between universalism and benevolence, suggesting that these
could have been modelled as one latent variable rather than two. As noted in the main manuscript,
the Schwartz value framework contains four meta-categories or higher-order dimensions, and
universalism and benevolence fall jointly into the meta-category of self-transcendence, although
Schwartz and Boehnke (2004) note that alternative meta-categorisations are possible.

Table 4: CFA fundamental values

N X2 df (degrees of P-value CFI TLI RMSEA 90% conf.int. SRMR
(used) freedom) () (RMSEA)
1051 641.897 144 0.000 0.968 0.953 0.057 0.053,0.062 0.053
LATENT VARIABLES
Latent variable Item/indicator Estimate Std.err. z-value P(>|z|) Std. est.
Universalism universalism 1 1 (fixed) 0.566
universalism 2 0.982 0.062 15.836 0.000 0.556
universalism 3 1.281 0.069 18.679 0.000 0.725
Benevolence benevolence 1 1 (fixed) 0.723
benevolence 2 0.995 0.040 24.682 0.000 0.719
Conformity conformity 1 1 (fixed) 0.388
conformity 2 1.240 0.133 9.333 0.000 0.481
Tradition tradition 1 1 (fixed) 0.656
tradition 2 0.750 0.038 19.649 0.000 0.492
Security security 1 1 (fixed) 0.664
security 2 0.964 0.049 19.574 0.000 0.640
Power power 1 1 (fixed) 0.477
power 2 1.052 0.129 8.159 0.000 0.501
Achievement achievement 1 1 (fixed) 0.644
achievement 2 1.249 0.083 14.976 0.000 0.804
Hedonism hedonism 1 1 (fixed) 0.672
hedonism 2 0.837 0.055 15.342 0.000 0.563
Stimulation stimulation 1 1 (fixed) 1.315
stimulation 2 0.120 0.071 1.702 0.089 0.158
Self-direction self-direction 1 1 (fixed) 0.560
self-direction 2 0.706 0.079 8.955 0.000 0.395

COVARIANCES




Latent variable 1 Latent variable 2 Estimate Std.err. z-value P(>|z]) Std. est.
Universalism Benevolence 0.397 0.024 16.829 0.000 0.970
Conformity 0.142 0.018 8.000 0.000 0.645
Tradition 0.403 0.024 16.516 0.000 1.086
Security 0.318 0.023 13.935 0.000 0.844
Power -0.070 0.017 -4.047 0.000 -0.260
Achievement 0.121 0.018 6.862 0.000 0.331
Hedonism 0.234 0.020 11.555 0.000 0.616
Stimulation 0.183 0.023 8.053 0.000 0.245
Self-direction 0.204 0.022 9.176 0.000 0.644
Benevolence Conformity 0.186 0.023 8.039 0.000 0.664
Tradition 0.466 0.021 22.048 0.000 0.984
Security 0.381 0.022 17.602 0.000 0.794
Power -0.021 0.022 -0.956 0.339 -0.060
Achievement 0.146 0.020 7.171 0.000 0.313
Hedonism 0.324 0.022 14.422 0.000 0.666
Stimulation 0.190 0.026 7.192 0.000 0.200
Self-direction 0.316 0.025 12.839 0.000 0.781
Conformity Tradition 0.264 0.026 10.176 0.000 1.039
Security 0.205 0.022 9.231 0.000 0.796
Power 0.047 0.017 2.766 0.006 0.253
Achievement 0.099 0.016 6.056 0.000 0.397
Hedonism 0.087 0.019 4.622 0.000 0.334
Stimulation 0.048 0.020 2.355 0.019 0.094
Self-direction 0.088 0.019 4518 0.000 0.403
Tradition Security 0.386 0.023 16.797 0.000 0.886
Power -0.072 0.023 -3.169 0.002 -0.232
Achievement 0.186 0.022 8.573 0.000 0.440
Hedonism 0.292 0.023 12.763 0.000 0.663
Stimulation 0.179 0.029 6.215 0.000 0.208
Self-direction 0.236 0.025 9.639 0.000 0.644
Security Power 0.001 0.021 0.054 0.957 0.004
Achievement 0.203 0.022 9.365 0.000 0.475
Hedonism 0.265 0.022 11.863 0.000 0.594
Stimulation 0.212 0.026 8.175 0.000 0.243
Self-direction 0.219 0.024 9.267 0.000 0.588
Power Achievement 0.178 0.023 7.597 0.000 0.581
Hedonism 0.133 0.024 5.664 0.000 0.417
Stimulation 0.095 0.025 3.787 0.000 0.152
Self-direction 0.065 0.022 2.927 0.003 0.244
Achievement Hedonism 0.282 0.023 12.187 0.000 0.651
Stimulation 0.262 0.024 10.816 0.000 0.310
Self-direction 0.148 0.022 6.813 0.000 0.410
Hedonism Stimulation 0.358 0.025 14.314 0.000 0.405
Self-direction 0.270 0.026 10.542 0.000 0.717
Stimulation Self-direction 0.259 0.027 9.528 0.000 0.351

Not least because many researchers recommend measuring latent variables with three or more
indicators (Brown 2006; Kline 2011), we thus decided to measure fundamental values in the four
higher-order dimensions of self-enhancement, self-transcendence, openness to change, and



conservation. A second CFA (excluding ‘stimulation’) with these produced similar, slightly improved
model fit statistics (see Table 5). Again, however, we find issues with individual items. Now, ‘power 1’
and ‘power 2’ display very low factor loadings below 0.3 on self-enhancement; ‘conformity 1’ and
‘conformity 2’ possess factor loadings below 0.4 on conservation; and ‘self-direction 2’ loads below
0.4 on openness to change. We thus exclude these items from the analysis as well, using 0.4 as our
cut-off point in accordance with Stevens (2009). This means that indicators used share at least 15% of
their variance with the construct.

ltem ‘power 1’ (which is also the only item not to be significant with a p-value of 0.000) related to
people’s desire to be wealthy, which culturally would have been inappropriate to admit to a stranger.®
The low loading with self-enhancement can thus be explained, as other forms of self-enhancement
(e.g. the ‘achievement’ items) would not have been controversial from a cultural point of view. The
low loadings for conformity might be related to the ambiguity of the items. Some respondents cited
that “behaving properly” and “avoid doing what people would say is wrong” (sentences 1 and 2 of
item ‘conformity 2’) were contradictory as ‘behaving properly’ might involve not listening to other
people’s opinions. It is not clear whether other applications of the Schwartz Portrait Value
Questionnaire faced the same issue; however, this item’s formulation should indeed be reconsidered
generally, beyond our individual study. ‘Self-direction 2’ cited “not depending on others” as a personal
principle to measure self-determination; again some respondents critically remarked that this is an
unrealistic formulation as even the most independent person depends on others in some way or
another. Yet we can only speculate whether that is the reason for this item’s low factor loading on
openness to change.

Table 5: CFA fundamental values (four dimensions)

N X2 df (degrees of P-value CFI TLI RMSEA 90% conf.int. SRMR

(used) freedom) () (RMSEA)

1053 581.107 146 0.000 0.969 0.964 0.053  0.049, 0.058 0.055

LATENT VARIABLES

Latent variable Item/indicator Estimate Std.err. z-value P(>|z|) Std.est.

Self-transcendence universalism 1 1 (fixed) 0.565
universalism 2 0.983 0.063 15.692 0.000 0.556
universalism 3 1.282 0.070 18.357 0.000 0.725
benevolence 1 1.258 0.071 17.703  0.000 0.711
benevolence 2 1.256 0.070 17.875 0.000 0.710

Self-enhancement achievement 1 1 (fixed) 0.643
achievement 2 1.300 0.100 13.049  0.000 0.836
power 1 0.167 0.066 2.530 0.011 0.107
power 2 0.458 0.057 8.064 0.000 0.295

Openness to change  hedonism 1 1 (fixed) 0.643
hedonism 2 0.783 0.056 14.102  0.000 0.504
self-direction 1 0.755 0.057 13.267  0.000 0.486
self-direction 2 0.560 0.056 10.080  0.000 0.360

Conservation security 1 1 (fixed) 0.608
security 2 0.980 0.049 20.133  0.000 0.596
tradition 1 1.166 0.053 22.17 0.000 0.709
tradition 2 0.867 0.050 17.389  0.000 0.527

8 And while we did not perform a statistical test to prove this, we found that independent of their income,
most respondents would be quick to dismiss any personal interest in wealth, from the poorest to the richest.



conformity 1 0.524 0.051 10.272  0.000 0.318
conformity 2 0.648 0.050 12.958 0.000 0.394
COVARIANCES
Latent variable 1 Latent variable 2 Estimate Std.err. z-value P(>|z]|) Std.est.
Self-transcendence Self-enhancement 0.105 0.015 6.882 0.000 0.288
Openness to change 0.268 0.020 13.501 0.000 0.736
Conservation 0.317 0.021 14.935 0.000 0.924
Self-enhancement Openness to change 0.263 0.023 11.435 0.000 0.635
Conservation 0.170 0.018 9.353 0.000 0.435
Openness to change  Conservation 0.259 0.019 13.509 0.000 0.661

The third (and final) CFA of fundamental values thus consisted of a reduced set of fundamental value
items, having excluded potential sources of measurement error and ‘noise’. Model fit statistics are all
remarkably better, except model ¥? significance, again likely due to large sample size (see Table 6). We
see a very high correlation between self-transcendence and conservation (0.962), which is a bit
concerning even though these are neighbouring dimensions. Yet, similar results have been reported
before, e.g. in Glenk and Fischer’s (2010) SEM study. However, we decided to keep these two
constructs separate as from a conceptual point of view, they are not identical.

Table 6: CFA fundamental values (four dimensions) - final version

N X2 df (degrees of  P-value CFI TLI RMSEA 90% conf.int. SRMR
(used) freedom) () (RMSEA)
1059 178.588 71 0.000 0.991 0.989 0.038 0.031, 0.045 0.037
LATENT VARIABLES
Latent variable Item/indicator Estimate Std.err. z-value P(>|z]|) Std.est.
Self-transcendence universalism 1 1 (fixed) 0.577
universalism 2 0.974 0.059 16.472  0.000 0.562
universalism 3 1.263 0.065 19.413  0.000 0.729
benevolence 1 1.226 0.067 18.375  0.000 0.707
benevolence 2 1.228 0.066 18.563  0.000 0.708
Self-enhancement achievement 1 1 (fixed) 0.647
achievement 2 1.234 0.099 12.412  0.000 0.798
Openness to change  hedonism 1 1 (fixed) 0.647
hedonism 2 0.795 0.057 13.889  0.000 0.515
self-direction 1 0.739 0.057 12.997 0.000 0.478
Conservation security 1 1 (fixed) 0.587
security 2 0.976 0.049 20.039  0.000 0.573
tradition 1 1.171 0.054 21.575 0.000 0.688
tradition 2 0.870 0.052 16.807  0.000 0.511
COVARIANCES
Latent variable 1 Latent variable 2 Estimate Std.err. z-value P(>|z|) Std.est.
Self-transcendence Self-enhancement 0.125 0.017 7.546 0.000 0.335
Openness to change 0.270 0.020 13.594  0.000 0.722
Conservation 0.326 0.021 15.291  0.000 0.962
Self-enhancement Openness to change 0.268 0.024 11.231  0.000 0.640
Conservation 0.183 0.019 9.574 0.000 0.482
Openness to change  Conservation 0.269 0.019 13.842  0.000 0.708




Following the CFA of fundamental values, we then proceeded to a CFA of the three governance-related
values identified in the EFA earlier. The findings were reported in Schulz (2018) and largely confirmed
the structure found in the previous EFA.

Similarly the CFA of the three assigned values indicates no need to modify this specific part of our
measurement model (see Table 7). Considering the low number of six degrees of freedom in both
CFAs, it is in fact remarkable that our RMSEA values are so close to 0, given that Kenny et al. (2015)
found that they are often falsely inflated in models with low numbers of degrees of freedom, even
with large sample sizes.

Table 7: CFA assigned values

N X df (degrees of P-value CFI TLI RMSEA 90% conf. int. SRMR
(used) freedom) (Va) (RMSEA)

1057 4245 6 0.644 1.000 1.006 0.000 0.000, 0.033 0.026
LATENT VARIABLES

Latent variable Item/indicator Estimate Std.err. z-value P(>|z|) Std. est.
Cultural water Traditional lifestyles 1 (fixed) 0.664
values Traditional festivities 0.986 0.106 9.261 0.000 0.654
Economic water Agriculture 1 (fixed) 0.749
values Hydroelectric power 0.615 0.120 5.143 0.000 0.461
Ecological water Pantanal’s nature 1 (fixed) 0.850
values Wildlife 0.770 0.140 5.481 0.000 0.654
COVARIANCES

Latent variable 1 Latent variable 2 Estimate Std.err. z-value P(>|z]) Std.est.
Cultural water Economic w. values 0.282 0.034 8.225 0.000 0.568
values Ecological w. values 0.297 0.042 7.105 0.000 0.526
Economic w. values Ecological w. values 0.148 0.043 3.435 0.001 0.232

Finally, it should be noted that the latent variables “conservation”, “openness to change”, and
“scientific governance” were not included in our final structural equation model described in the main
manuscript. While their inclusion would in principle have been possible, we eventually decided to
create a more parsimonious model that included the more relevant and less ambiguous fundamental
and governance-related values only. Self-enhancement and self-transcendence were retained in the
model, given that plenty of previous psychological research has shown that these dimensions relate
better to environmental issues than the dimensions of conservation and openness to change (see e.g.
Schultz et al. 2005; Steg & de Groot 2012). Scientific governance was judged too ambiguous in the
present research context, given that the constituting item on sustainability was universally claimed by
all interviewees in the earlier study by Schulz et al. (2017), limiting its usefulness to distinguish
between various value landscapes.
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