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Abstract
The main aims of the work presented in this dissertation are 1) the elicitation of locallyheld values for the marine and coastal ecosystem services in south-eastern Tasmania and 2) the
development of the methods used to address certain technical issues present in the methods. This
dissertation employs a diverse range of methods to elicit values held for marine and coastal
ecosystem services in the Derwent estuary and Storm Bay in Tasmania, Australia. The range of
methods used also allows the demonstration of preference heterogeneity (and the areas in which
there is overlap) that can occur when different methods are used. In the context of environmental
decision-making, it is advantageous to obtain information regarding the values held, the effect of
elicitation methods on these values, and value heterogeneity, to ensure that common resources
such as ecosystem services are managed by taking into consideration a wider, richer range of
preferences. Three methods were used to uncover the benefits provided by the Derwent estuary to
the inhabitants of south-eastern Tasmania. These methods investigated both individual/selfregarding and community/shared values, and they include an online participatory mapping
exercise (participatory geographic information systems - PGIS), an online discrete choice
experiment survey, and a deliberative monetary valuation workshop exercise utilising a discrete
choice experiment survey as a valuation tool.
The main information collected through the participatory mapping experiment was the
ranking by local inhabitants of a set of marine and coastal ecosystem services as well as their
perceptions of the location, presence, and quality of these services. The ranking of ecosystem
services in this experiment provided information regarding the relative value of each service,
both in relation to the other services and the built infrastructure present at the marine and coastal
sites. The marine and coastal recreational activities engaged in by participants and their

perceptions of conflicts, overall environmental quality, and other issues were investigated. The
methodological advance made in this application of PGIS was that participants were asked to
recall and map the activities they carried out at marine and coastal sites and during the mapping
process questioned about their perception of the presence and quality of ecosystem services at
the sites they used for recreation. This local knowledge in conjunction with expert input from
CSIRO and IMAS 1 scientists formed the basis of the design and framing of a choice experiment,
0F

ensuring that the framing and content were relevant to the area. The locally relevant choice
experiment was used in both the online choice experiment survey and deliberative monetary
valuation workshop to allow for comparisons to be made between the choice experiment
treatments. The main output of the choice experiment survey were monetary values for the
marine and coastal ecosystem services identified as important in the participatory mapping study.
The marine and coastal ecosystem services valued in the choice experiment were: ‘Water
quality’, ‘Seafloor health’, ‘Coastal and marine litter’, and ‘Safety of marine food (for
consumption)’.
The online treatment of the discrete choice experiment was used to explore traditional
monetary values held for the marine and coastal environment using a method that is wellestablished in the literature. The results showed a significant positive willingness to pay for an
improvement of the ecosystem services identified as most important by participants in the mapping
survey. The service whose levels of improvement were most highly valued was ‘Seafloor health’,
followed by ‘Coastal and marine litter’. The levels of improvement of ‘Water quality’ and ‘Safety
of marine food’ were valued significantly lower.

1

The Commonwealth Scientific and Industrial Research Organisation and the Institute for Marine and
Antarctic Studies.

A series of deliberative monetary valuation workshops investigated both selfregarding/individual and shared/social values and preferences for ecosystem services in the
estuary. The deliberative workshops utilised a method that was intended to address certain
shortcomings or limitations of traditional choice experiments such as an imperfect understanding
of the complex choice experiment attributes and the focus on self-regarding/individual values
(shared/social values are not captured). These workshops began with participants completing the
choice experiment individually as in the online treatment of the choice experiment. Following this,
participants engaged in a deliberative phase involving the group completing the choice experiment,
all participants discussing the choices being made and arriving at a consensus. In order to conduct
the ‘group choice experiment’, participants individually ascribed weightings to each attribute
(ecosystem services) of the good valued prior to deliberation. These weightings were aggregated
and used to develop a heuristic to make choices across choice tasks. The workshop groups
discussed choices from the point of view of the community and were asked to select options which
would benefit most people. When the group was dissatisfied with the choice outcome, the group
weightings were altered until the choice made best represented the needs, preferences, and values
of the community, future generations, and non-human users of the environment. The willingness
to pay (WTP) estimates from the individual completion of the choice experiment (before and after
the group discussion) were compared to the deliberative WTP estimates. A significant difference
was found showing that the two elicitation methods drew upon different value sets (self-regarding
values for the individual completion and shared/social values for the deliberative treatment, as
described by Kenter et al. (2015)). The workshop groups placed emphasis on keeping the cost of
improvements down. They stated that although they were individually happy to pay more than the
choices selected by the group, they felt uncomfortable with the experiment leading to a policy

recommendation that may require sections of the community to pay more than they could afford.
Through deliberation, the ecosystem service ‘Seafloor health’ weighting increased, while the
weight on other ecosystem services decreased. Qualitative investigation during the group
discussions revealed that this was due to a better understanding of and more familiarity with the
attribute, as well as increased comprehension of the independence of the attributes in the choice
experiment (e.g. that reducing levels of coastal and marine litter would not result in an
improvement for all other attributes). The choice experiment was completed individually pre- and
post-deliberation and the choices actually made were compared to the choices inferred from
participants’ individual weightings. The deliberative phase led to post-deliberation individual
choices that were more accurate based on the preferences inferred from participants’ individual
weightings. Additionally, 29% of participants who changed their responses from the business-asusual alternative selected an alternative aligned with the values expressed through their individual
weightings.
These results show that individual (online and pre- and post-deliberative) and
deliberative choice experiments result in a different set of values being accessed by the respondent.
Depending on the ecosystem services being managed, the valuation method should be carefully
selected to elicit self-regarding or shared/social values. Additionally, the pre- and postdeliberative experiment results show that deliberation may help participants make choices that are
more consistent with their internal heuristics. Deliberation can also result in WTP estimates from
a smaller sample that are more consistent with those obtained from a much larger sample, resulting
in the ability to accomplish the valuation at a lower cost.
The WTP estimates produced by the different treatments were compared. It was found
that the pre- and post-deliberation individual WTP estimates were statistically more different to

the deliberative group WTP estimates than to the online individual WTP estimates. This
strengthened the conclusion that the pre- and post-deliberation treatments saw participants drawing
upon a different set of values and preferences (individual values) in their responses. The postdeliberative WTP estimates were statistically less different to the online WTP estimates than the
pre-deliberative WTP estimates. This led to the conclusion that the deliberative process enabled a
better representation of individual preferences in the post-deliberative treatment.
The information from the three methods and the comparison of the WTP results from
the treatments of the choice experiment are intended to provide local, relevant, and high-quality
information to support the environmental decision-making in south-eastern Tasmanian marine and
coastal ecosystems, as well as adding to the national set of value estimates. This dissertation
provides a novel demonstration of the way multiple techniques across various disciplines can feed
into and complement one another. The innovations developed aim to address technical issues with
the methods and increase the calibre of information that goes on to support decision-makers in the
sustainable management of these rare and treasured natural areas.

1. Introduction
1.1. The marine and coastal environment, ecosystem services, and threats
The oceans and seas are home to many important environmental processes that support
and allow for the prosperous development of the life that started within them. They play a key role
in the water cycle, the cycle of nutrients, and climate regulation. Although they contain only 15%
of known species on Earth (Grosberg et al., 2012), or an estimated 1% of the biomass (Bar-On et
al., 2018), all life depends upon the oceans and seas and the ecosystem services they produce and
support (Mendler de Suarez et al., 2014).
Based on data from 2003, it was estimated that 41% of the world human population 2 lives
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within 100 km of the coast (United Nations, 2005). Human attachment to the marine environment
is explained by the myriad rich additions to the human experience offered by the oceans and seas.
The oceans are an important source of resources such as food (Duarte et al., 2009; Tibbetts, 2004)
and medicine (Jaspars et al., 2016; Malve, 2016); they offer opportunities for travel and
exploration, have inspired awe in humankind, including artists and cultural leaders worldwide, and
can inspire a deep connection to spirituality (United Nations, 2017). The benefits to humanity also
include therapeutic value, educational value, and protection of coastal habitats from erosion and
extreme weather events by certain coastal/marine ecosystems such as mangroves and seagrass
(Barbier, 2017).
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This is the most recent official figure on the topic, though this number is likely to have increased.
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1.1.1. Ecosystem services
Ecosystem services (ES) are defined as the benefits human beings receive from the
healthy functioning of the natural environment (Haines-Young and Potschin, 2009; MEA, 2005;
TEEB, 2010). One of the first conceptual frameworks devised to classify and explain ES (upon
which the Millennium Ecosystem Assessment (Corvalan et al. 2005) was based) proposed four
categories of ecosystem goods and services: supporting, provisioning, regulating, and cultural
services. The classification bridged the gap between ecology and social sciences, considering
ecosystems and their processes in the context of the support they provide towards human survival,
well-being, and development (economic and other). The ecosystem services framework, enhanced
by the work done in the Millennium Ecosystem Assessment, was widely adopted in the scientific
community (Daily and Matson, 2008), and used in various disciplines including economics
(Gómez-Baggethun et al., 2010). The ecosystem services framework has provided a structured
method to consider the benefits provided by the natural environment, particularly aiding in the
classification and valuation of the environmental goods and services that are not traded in markets.
1.1.2. Threats
As global population continues to rise, the development of businesses and infrastructure
in natural areas and the use of resources and ecosystem services to accommodate human needs
grow, resulting in increasing pressure being exerted on ecosystems. In particular, economic
activities taking place within the oceans and seas have increased in several sectors, such as fishing,
aquaculture, tourism and recreation, oil and gas mining, and shipping. The increase in pollution
(e.g. fertilisers, plastics, industrial chemicals), and the direct and indirect dangers industry can pose
to marine habitats (e.g. seabed mining, trawling, oil spills) are threatening the resources and
ecosystem services that humankind depends on for its well-being and survival (IPCC, 2013).
Climate-driven changes are also gravely impacting on the integrity and resilience of the marine
2

environment: the rising temperatures and acidification of the oceans have triggered mass species
migration and mortality events for those species that cannot move such as corals (Bruno and Selig,
2007; Hoegh-Guldberg et al., 2014). As a result, there has been a major decline in marine and
coastal animal populations (Living Planet Index, 2018) and habitats such as mangroves, corals,
and seagrass (Barbier, 2017).

1.2. The environmental management of the seas
The value of the oceans, seas, and coasts has not gone unnoticed (Hoegh-Guldberg et al.,
2015) and the decline of ecosystem quality is of concern to policymakers worldwide, as well as to
those whose well-being depends on the oceans and seas. In environmental management, coastal
and marine ecosystem services are treated as global public goods and services whose benefits are
to be shared or as common pool resources to whom access must be governed for public net benefit3
(Costanza, 2008; Costanza and Liu, 2014). Central to environmental management is knowing
which ecosystem services are of most value to human and non-human users of the environment
(i.e. the services necessary for the support of human activities and well-being and the support of
other life and environmental processes), in order to ensure the conservation of these services. The
investigation of the human values held for ecosystem services is a process of environmental
management used to assess the contribution of these services to the normative goals of
environmental management (Bennett and Satterfield, 2018).
The monetary valuation of ecosystem services is a widely used method for assessing the
values held, as in a decision-making context the knowledge of a monetary value gives ecosystem
services a place in the trade-offs made between development opportunities and environmental
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This may be a slight over-generalisation – indeed, certain global commercial elements are not entirely
governed for public net benefit and are instead treated as private benefits.
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protection (Turner et al., 2010). Certain marine and coastal ecosystem services, such as seafood,
are traded within markets, providing a market value. However, there is a lack of relevant data on
the non-commercial economic value of coastal and marine resources (Viana et al., 2017) such as
biodiversity, or water quality.
Marine and coastal systems have presented some of the largest challenges for ecosystem
service valuation: there have been issues ranging from identifying the reference population, to a
lack of knowledge about the underlying ecosystem functions of the marine and coastal
environment, both within the public and the scientific community (Drakou et al., 2017; HimesCornell et al., 2018; Martin et al., 2016; Milon and Alvarez, 2019; UK NEA, 2011). Additionally,
many of the services which may be considered particularly related to the marine and coastal
environment – such as the resilience and resistance of the natural environment, therapeutic values,
cultural values, or mental well-being – are only recently being studied and investigated by
ecosystem service practitioners, with further research required to fully elucidate their value
(Barbier, 2007; Iniesta-Arandia et al., 2014; Jacobs et al., 2016; Leong et al., 2019; Nieto-Romero
et al., 2014).
Attempts to manage certain aspects of the use of the sea and coasts individually (known
as single sector-based or individual resource management) – such as the European Water
Framework Directive (European Council, 2013) – are not a holistic means of ocean and coastal
conservation. They do not take into account the interactions present in ecosystems which can result
in lower effectiveness (as stated by e.g. Tallis and Polasky, 2009). Indeed, due to the nonexcludable nature of the natural assets, or the conflicts between stakeholders over access and
conditions of rivalrous resources, and the cumulative effects of these pressures, single-sector forms
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of management do not attain holistic maintenance and protection of ocean and coastal ecosystem
goods and services (Arkema et al., 2006; Grumbine, 1994).
Two other forms of management have been proposed and widely adopted (Curtin and
Prellezo, 2010): ecosystem-based management and environmental governance. Söderström et al.
(2016) wrote a comprehensive review of the similarities and dissimilarities between these two
methods and the literature using the terms. According to their review, ecosystem-based
management and environmental governance originated from two different literatures, natural
sciences and social sciences respectively. Although they are very similar in many ways, there has
been little crossover or interaction between the two approaches. Ecosystem-based management is
a smaller-scale, place-based approach that often focusses on a specific area, while environmental
governance is a broader approach that champions collective decision-making, renovating the
governmental structures and regulations in place to better take the environment into account, and
operates within a global context (Söderström et al., 2016). In marine and coastal ecosystem-based
management, all processes and interactions occurring in the marine and coastal environment –
including human activities and needs – are taken into account in decision-making rather than
attempting to manage these separately (Christensen et al., 1996). The integration of all actors
operating within the natural environment into the management process is one of the main
similarities between ecosystem-based management and environmental governance. Both
approaches also place emphasis on the inclusion of all human stakeholders in decision-making, as
well as recognising that ecosystem processes and human activities operate on a number of levels
(or scales) which need to be considered when attempting to establish regulations.
The main aim of ecosystem-based management or environmental governance is to
maintain the environment in a state that allows it to continue to support human activity for present
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and future users, as well as to be able to support biodiversity and natural processes (Bennett and
Satterfield, 2018; Curtin and Prellezo, 2010). Environmental governance has been widely applied
to complex problems in natural resource systems. It is used to describe the interventions aimed at
changing “environment-related incentives, knowledge, institutions, decision making, and
behaviors” of an array of actors including market, state, and non-state actors in the form of hybrid
governance (Lemos and Agrawal, 2006, pp. 298). The aim of environmental governance
interventions is to resolve conflicts over resources (Costanza and Liu, 2014; Paavola, 2007) within
the normative context of sustainable development. Creating decision-support tools for
environmental governance is one aspect of the research presented in this dissertation. The value of
ecosystem services can be mapped using value frameworks. The frameworks upon which the
research in this dissertation is based are described in the following section.

1.3. Value frameworks and valuation techniques
The Total Economic Value (TEV) framework and the Shared and Social Value (SSV)
framework are used to map the value of marine and coastal ecosystem services in this dissertation.
1.3.1. Total Economic Value (TEV) framework
The TEV framework was originally described by Randall (1987) based on work
conducted by Krutilla (1967). It was recently described as the “main framework for valuing
biodiversity in monetary terms” by Laurila-Pant et al. (2015, pp. 3) based on texts and research
such as Oxford Economics (2009), Pearce and Moran (2013), and Rolfe and Windle (2010) and
has been used in many environmental valuation applications. The central tenet of the TEV
framework is that individuals can hold a multiplicity of values for the environment at the same
time, including both use and non-use values (Hanley et al., 2016; Pearce and Turner, 1990). It is a
particularly useful framework for those environmental goods and services that are not traded in
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existing markets. There are many sources from which to draw upon to explain the concepts within
the framework and the Valuing Ecosystem Services report by the National Research Council
(2005) was used for the following description due to the clarity of the explanation provided.
The TEV framework describes use values and non-use values held for the environment
as follows: use values often involve direct or indirect interaction between the environment and the
person holding the value and non-use values do not involve any interaction. An illustration of the
TEV framework is presented in Figure 1 adapted from Laurila-Pant et al. (2015) and Sharp and
Kerr (2005).

Figure 1: TEV framework
Use values comprise:
-

Commercial values: The value of marketable goods, services, or experiences.

-

In situ use values: Values arising from in situ use of the natural environment. These
can be direct, such as recreation or resource use, or indirect, such as storm protection
or nutrient recycling.
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-

(Quasi-)Option values: The existence of goods and services not currently used but the
existence of which will allow them to be used in future in a known way, such as
genetic material which may be used for medicines. Due to the very indirect nature of
option values, they are sometimes also classified as non-use values. Quasi-option
values refer to the value in delaying the commitment of a resource to a particular use
when it is suspected that all the possible uses of this resource are not yet known
(OECD, 2019).

Non-use values traditionally comprise:
-

Bequest values: The value derived by the continued existence of goods and services
which may then be used by other generations.

-

Existence values: The value of the existence of environmental processes, locations,
or species, even when they are of no direct or indirect use to a given individual.

The TEV framework is a useful tool in the valuation of ecosystem goods and services, as
it ensures that all aspects of the value of these goods and services are considered. Stated preference
methods were selected for use in this dissertation as they are able to investigate all the dimensions
of value outlined in the TEV framework, in particular the non-use dimensions of value (Hanley et
al., 2016). Environmental decision-making is dependent on the understanding of shared, social,
and plural values held for the environment in order to ensure that the valuation and conservation
of environmental goods and services best serves the maintenance of human well-being at a
collective level (e.g. Chan et al., 2019). The methodological explorations and improvements
developed in this dissertation aim to address some of these limitations.
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-

Table 1 presents examples of marine and coastal ecosystem services and goods
classified into use and non-use values, adapted from Barbier (1994) and Barbier et al.
(1997).

The TEV framework is a useful tool in the valuation of ecosystem goods and services, as
it ensures that all aspects of the value of these goods and services are considered. Stated preference
methods were selected for use in this dissertation as they are able to investigate all the dimensions
of value outlined in the TEV framework, in particular the non-use dimensions of value (Hanley et
al., 2016). Environmental decision-making is dependent on the understanding of shared, social,
and plural values held for the environment in order to ensure that the valuation and conservation
of environmental goods and services best serves the maintenance of human well-being at a
collective level (e.g. Chan et al., 2019). The methodological explorations and improvements
developed in this dissertation aim to address some of these limitations.
Table 1: Examples of marine and coastal ecosystem services and goods classified into use and
non-use values
Use Values
Direct

Non-use Values
Indirect

Existence and Bequest

Commercial and recreational
fishing

Nutrient retention and
cycling

Existence of cultural heritage

Aquaculture

Flood control

Resources for future generations

Transportation

Storm protection

Existence of charismatic species

Wild resources

Habitat function

Existence of wild places

Potable water

Shoreline and riverbank
stabilisation

Recreation
Genetic material
Scientific and educational
opportunities
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1.3.2. Shared and social Value (SSV) framework
The shared and social value framework can capture the monetary amounts4 that a society
2F

as a whole would be willing (and able) to pay for an ecosystem good or service, or the amount
society would be willing to accept to relinquish said good or service (Farber et al., 2002; Hanley
et al., 2016; Kenter et al., 2015). This framework and the concepts within are used in this
dissertation in order to complement the TEV framework and address the limitations it presents (i.e.
the individual nature of the values elicited).
Shared and social values are a complex vector of sub-values, including “transcendental,
cultural/societal, communal, group, deliberated and other-regarding values, and value to society”
(Kenter et al., 2015, pp. 86). Considering the shared and social value framework when designing
value elicitation research helps to ensure that the values elicited are not simply the aggregation of
individually held values (Klamer, 2003), but the shared collective interests that society holds for
the ecosystems and processes that support its well-being and development. Shared and social
values can be useful in decision-making, as they represent the wishes, preferences, and needs of
the relevant communities as whole (Kenter et al., 2015). These values are formed whilst
considering the needs of others, rendering them different from the self-regarding individual values
that are elicited through traditional stated preference methods.
When considering the preferences of the inhabitants of an area for the conservation of
natural goods and services, individual and shared and social preferences can yield very different
policy recommendations; the use of community/shared values ensures that the recommendations
are based upon preferences which take into consideration not only one’s individual needs but also
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Shared and social values are not always monetary, but the research in this dissertation focusses on the
expression of deeper-held values in the form of monetary amounts.

10

the interaction between their needs and other, sometimes opposing, needs. Through methods such
as deliberative monetary valuation, participants can discuss differing opinions and arrive at a
compromise, which involves them in the decision-making process and renders the compromise
more palatable to the community.
When goods are considered along a scale from simple (e.g. market goods) to complex
(non-market goods with other dimensions of value), and the benefits these goods provide are
considered along a scale from individual benefits to shared and social benefits, the combinations
of good and benefit can be associated with the methods and techniques that are used to elicit
monetary values. Figure 2 (inspired by Stoeckl et al. (2018)) presents these value elicitation
methods. When the goods considered are non-market and the benefits they provide are shared and
social, the recommended value elicitation method is deliberative monetary valuation. This method
facilitates the valuation of complex goods in which many people have a vested interest, i.e. goods
that are difficult to value and manage.
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Figure 2: Value elicitation methods for goods of varying levels of complexity and benefits
1.3.3. Techniques for the monetary valuation of ecosystem services
As stated in section 1.2., the monetary valuation of marine and coastal ecosystem services
is regarded as a significant input to and basis for environmental decision-making and management.
In this context, the monetary valuation of ecosystem services can support decisions about their
management to ensure their continued contribution to human well-being, as well as promoting the
increase of public interest in and understanding of (sometimes little-known or understood)
ecosystem services (Costanza et al., 2014). However, many ecosystem services are not traded in
markets and do not have a readily available monetary value associated with them for inclusion in
cost-benefit analyses and other decision-support tools. Many ecosystem services present the
characteristics of public good, such as the presence of natural spaces for recreational activities or
12

recreational fish stocks. In order to obtain willingness to pay (WTP) values for these non-market
goods and services (the amount an individual/group would be happy to pay, the value they ascribe),
alternative valuation methods are used, including revealed and stated preferences (Farber et al.,
2002).
In economic research, revealed preference methods involve the observation of purchasing
decisions made in markets that are related to ecosystem services in some way. For example, when
an individual chooses to travel to a natural area, the cost of their travel can be used as a proxy for
the value they place on the ecosystem services in the area (travel cost method). Another revealed
preference method is hedonic pricing, based on the theory that the value of a property (or any other
good with an environmental aspect) purchased by an individual is based on the attributes of the
property, which include the structural characteristics, location, and natural setting of the property.
One downside of these techniques is their failure to assess the non-use value categories of the TEV
framework (Pascual et al., 2010).
In economic research, stated preference methods involve surveys posing hypothetical
valuation scenarios, where participants express their willingness to pay for improvements in
ecosystem services (or the amount they would be willing to accept for a decrease in quality). The
two main stated preference monetary valuation techniques are contingent valuation (requiring
valuation in a single hypothetical scenario) and discrete choice experiments (requiring trade-offs
and valuation decisions to be made in multiple scenarios presenting at least two alternatives)
(Bateman et al., 2002; Hanley et al., 2016). Stated preference techniques are able to assess the
values of all use and non-use components of the TEV framework (Christie et al., 2012).
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1.4. Research problem, questions, and methods
Environmental management of the oceans and seas is vital. Effective management of
these ecosystems will allow them to continue to produce the ecosystem goods and services upon
which human well-being as well as human and non-human life depend. Decision-making processes
of environmental management call for and are improved by the provision of high-quality, accurate
information regarding the value of the ecosystem goods and services to be managed and
protected/maintained (Farrell, 2009; Gómez-Baggethun et al., 2010). This information can be
provided via studies based in the TEV and SSV frameworks.
In this dissertation, a variety of methods which aim to provide useful information for the
decision-making and management of marine and coastal ecosystems are explored. The overall
aims of this dissertation are to determine the value of ecosystem goods and services using the
methods described (the substantive aim) and to further develop these methods to address specific
limitations and technical issues faced by these methods and the frameworks in the provision of
useful information for environmental decision-making (the methodological aim).
1.4.1. Research questions
The main research problem explored in this dissertation is the need for the improvement
of methods used in environmental valuation in order to better support the application of the SSV
and TEV frameworks in decision-making concerned with ecosystem services. This dissertation
aims to contribute to this improvement of environmental valuation methods, leading to more
appropriate research contributions to and decision support for environmental decision-making.
The work presented herein explores the insights and benefits originating from these
improvements. A case study was used to address the research problem, as supported by authors
such as Morgan (2012) and Gerring (2004). The south-eastern region of Tasmania was selected as
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a study area due to the many coastal and marine conservation assets and available ecological data,
as well as the presence of extractive and resource-intensive primary production industries (with a
high degree of proposed additional development in industries such as aquaculture), contestation
between different user groups and interests including local coastal residents, and marine spatial
planning initiatives being considered and underway in the area. The study area is described in more
detail in section 1.6. The environmental management of south-eastern Tasmania requires relevant,
high-quality information to support decision-making and the research described in this dissertation
was able to provide the information as well as address the main research problem described above.
The substantive research questions specific to the case study are:
1) Which coastal and marine ecosystem services are most important to the
inhabitants of the region of south-eastern Tasmania?
2) How can the identified ecosystem services be ranked and used to inform the
framing of a choice experiment to best represent the local context in the region of
south-eastern Tasmania and ensure relevance to the respondents in the area?
3) Following established economic theory, what are the monetary values held by
Tasmanians for the ecosystem services in south-eastern Tasmania?
The specific methodological research questions are:
4) How can the set of techniques used in this dissertation be applied and integrated
to improve the accuracy of the identification of shared and social preferences for
marine and coastal ecosystem services?
5) How can the use of weightings aid in the identification of shared and social
preferences for marine and coastal ecosystem services and enrich the deliberation
process?
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6) Does the deliberative process affect the responses given in a traditional choice
experiment?
7) Do the shared and social values elicited through DMV differ from those elicited
using a traditional choice experiment?
Table 2 presents specific research questions and the methods used to address them, as
well as the relevant chapters of this dissertation.
Table 2: The methods used to address the research questions
Research questions
1)
Substantive
2)
3)
4)
5)
Methodological
6)
7)

Methods
PGIS
PGIS
OCE
PGIS, OCE, and DMV
DMV
DMV
OCE and DMV

Chapters
2
2
0
2, 0, 5
5
5
0, 5, 6

(PGIS: Participatory geographic information systems, OCE: Online choice experiment, DMV: Deliberative
monetary valuation)

1.4.2. Methods
Three methods are used in this dissertation: participatory geographic information systems
(participatory GIS or PGIS), discrete choice experiments (referred to as choice experiments
throughout this dissertation), and deliberative monetary valuation (DMV). The three methods are
briefly outlined in the following sub-sections and a more thorough description can be found in the
relevant chapters (chapter 2. for PGIS, chapters 3. and 0. for choice experiments, and chapter 5.
for DMV). These three methods were chosen to address certain methodological limitations of
value elicitation and details of this are provided in the relevant sub-sections. All three techniques
elicit values and each fed into the other: the PGIS results informed the choice experiment framing
and attribute design (used online and in DMV) and the results of the deliberative and online
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treatments of the choice experiment informed each other. This dissertation makes use of these
methods to address south-eastern Tasmania-focussed research questions with the aim of supporting
environmental decision-making as well as conducting an exploration of possible improvements to
the techniques.
1.4.2.1. Participatory GIS
Participatory GIS is a survey method where a sample of participants complete a survey
which includes mapping questions. The participatory mapping discipline is divided into a number
of sub-disciplines whose methods vary in the intention of the research and the way the research is
conducted (see Chapter 2 for a detailed explanation). In this dissertation, PGIS was mainly used
to gain a deeper understanding of local knowledge regarding the presence and value of coastal and
marine ecosystem services, impressions of the general state of the environment, and the perceived
presence of conflicts and environmental issues. The information was useful in informing the design
of a choice experiment to ensure the local relevance of the experiment themes and items to be
valued (after the validity of the information was confirmed by local marine and coastal scientists
from CSIRO and IMAS 5).
3F

The research presented in this dissertation also demonstrates a novel PGIS method in the
form of a variation to the classically implemented mapping exercise (e.g. Brown et al., 2017;
Brown and Weber, 2013; Kobryn et al., 2017). This novel application aimed to aid participants in
their recall of the presence and quality of ecosystem services at local marine and coastal sites.
Rather than asking participants to map ecosystem services where they thought they might be,
participants were asked to map the activities they undertake in the marine and coastal environment
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The Commonwealth Scientific and Industrial Research Organisation and the Institute for Marine and
Antarctic Studies
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and report the presence and quality of ecosystem services at the locations mapped. This frames the
PGIS application in an experienced utility and remembered utility context (a more complete
discussion of experienced and remembered utility is provided by Read (2007)). In essence,
experienced utility is the ‘true’ utility experienced by an individual, which becomes remembered
utility when a participant is questioned about it. This differs significantly from decision utility,
which is elicited when a participant is completing a choice experiment. Read (2007) uses the
example of a smoker: a smoker decides to smoke a cigarette because the choice is expected to
increase their utility, although their health would have benefitted from not doing so, which results
in a decrease in utility (decision utility predicts an increase in experienced utility and is incorrect).
The investigation of experienced utility (as measured through recalled or remembered
utility) is relevant in preference elicitation studies such as those conducted in this dissertation. The
experience of ecosystem services and their quality provides a measure of the value added by the
services to the human experience. In other similar studies it is possible that participants may map
ecosystem services where they have a vague impression they should be, as opposed to considering
their actual experiences of an area.
1.4.2.2. Online choice experiment
A choice experiment is an economic exercise that requires participants to make trade-offs
between different scenarios and select their preferred scenario. Choice experiments are one of
many stated preference methods that are useful in eliciting values for non-market goods. These
experiments are a recognised tool in environmental decision-making and the method is widespread and rooted in economic theory and literature (e.g. Hanley et al., 2002; Kermagoret et al.,
2016; Potoglou et al., 2020; Soto et al., 2018). Choice experiments are particularly useful in an
environmental decision-making setting as they allow all values included in the TEV framework to
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be measured. However, choice experiments also face several limitations (see section 5.2.5. for a
review of these), one of which is that participants draw upon their individual self-regarding values
and preferences when making choices (Ward et al., 2003). While this is very useful when
investigating preferences for market goods (e.g. so that production can be altered accordingly), for
certain classes of non-market goods these values may not provide sufficient decision-support for
environmental management.
Decision-makers managing at a community level may be more interested in the shared,
social, plural, community values such as those described by the SSV framework, as these values
take into account altruistic preferences as well as self-regarding preferences, providing information
that can support the creation of policies benefiting everyone (Stagl, 2004).
Choice experiments involve a number of concepts:
-

Choice tasks: The individual tasks requiring participants to choose between a set of
scenarios (also known as alternatives). There are often several choice tasks faced by
each participant, as the more tasks are completed, the richer the dataset. In this
dissertation, each choice experiment comprised 12 choice tasks.

-

Alternatives: The scenarios proposed among which a choice must be made. The
alternatives are composed of various combinations of attribute levels and may be
associated with a monetary cost. In this dissertation, an alternative termed the
‘business as usual’ alternative remained constant for each choice task and
represented the state of each attribute if no action to improve the state of ecosystem
services was taken on behalf of the bodies managing the environment. The ‘business
as usual’ alternative incurred no cost, while the non-business as usual alternatives
were associated with a cost. This indicated that if the improvements proposed were
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preferred and selected in the choice task, there would be an increase in water rates so
that the changes could be implemented.
-

Attributes: A good can be broken down into its component attributes. For instance,
an apple comprises a set of attributes (e.g. colour, flavour, size, level of bruising,
origin, and price) and individuals hold preferences for variations in these attributes
(called attribute levels).

-

Attribute levels: The various levels of an attribute. For example, the colour of an
apple can be red, green, yellow, etc. The flavour can be sweet, sour, etc. In this
experiment, the attribute levels represented the levels of improvement in the
environmental attributes that were possible to achieve through various levels of
action.

-

Action: The ways in which attribute levels can be made to vary. For example, apples
could be farmed organically manner, which raises production costs. In the main
choice experiment survey, there were four levels of action (leading to four attribute
levels for each attribute): No action, Some action, More action, and Extensive action.
The ‘business as usual’ attribute levels all required No action to achieve.

Non-business as usual alternatives are designed to present some combination of
attribute levels and a cost. The design aims to maximise the number of trade-offs made between
attribute levels by participants in order to ensure a rich dataset for analysis that will result in more
reliable monetary estimates of the value of attributes and their levels.
1.4.2.3. Deliberative monetary valuation
Deliberative monetary valuation is a method that allows for the elicitation of shared and
social values by combining group discussion with an economic valuation tool (often contingent
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valuation as stated in Bunse et al., 2015 for example). Deliberation can act as a bridge between the
SSV and TEV frameworks (Dryzek and List, 2003): deliberation engages the shared, social, and
community values held by participants and the stated preference economic valuation tool assesses
the values of the components of the TEV framework.
One of the many raisons d'être of DMV is that it constitutes a multidisciplinary approach
that is used to address the potential value gaps in more traditional stated preference methods. As
described in section 1.3.2., the more complex a good and the more individuals have a stake in it,
the more challenging it is to measure and manage. Socially formed preferences for public goods
such as ecosystem services take into account a multiplicity of opinions while explicitly considering
the needs of other humans, future humans, and non-humans 6. These types of preferences are
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relevant to policymakers looking to fulfil the needs of all those they govern, as well as the needs
of future generations and the non-human members of the ecosystem that support and are supported
by key environmental processes.
In the application of DMV presented in this dissertation, a choice experiment is used as
the valuation tool. Choice experiments allow for the relative ranking of the attributes of a good, as
well as providing a richer information set both due to the trade-offs being made and the repeat
measures taken from a single participant (multiple choice tasks completed per individual). The use
of a choice experiment as the valuation tool in DMV is relatively novel in itself, with only a handful
of previous examples in the literature (explored further in section 5.3.). This application of DMV

6

It should be noted that the economics literature has investigated altruism in the responses made to stated
preference methods in various ways (e.g. Aabø and Strand, 2004; Flores, 2002; Lusk et al., 2007; Umberger et al.,
2009; Vázquez Rodríguez and León, 2004). However, deliberative monetary valuation allows for the explicit
consideration of the needs and preferences of other, non-present humans, future humans, and non-humans whilst
making choices in a choice experiment survey, by mentioning and discussing these needs and preferences openly and
deliberately during the deliberative process.

21

in this dissertation differs even further through the use of a novel deliberation tool to ensure that
all individual preferences are included in the group discussion. The tool involves participants
weighting the attribute levels used in the choice experiment. These weightings are then aggregated
at the workshop group level and used to select the preferred alternatives in the choice tasks
presented to the group. This weighting tool seeks to address a commonly recognised failing of the
use of group discussions in a valuation context: the use of deliberation raises questions about
potential biases. Eloquent participants may lead the discussion, causing a lack of diversity in the
opinions expressed, with the result being that not all opinions are included in the preferences
elicited (the preferences are not truly social preferences).
With the weighting tool to provide a starting point for the group’s choices, all opinions
are explicitly incorporated into the discussion and group valuation exercise. This helps to combat
the effects of an eloquent speaker or the modal voice driving the discussion: not only are all
opinions a quantitative part of the discussion through the weightings but the aggregation of
individual weightings shows participants the importance of all preferences being included and
taken into account in decisions.

1.5. Study design: the combination of methods
The multiple methods used in this dissertation feed information into one another, allowing
investigations into the improvement of their design and implementation. For example, the
information gathered through PGIS is used to frame the choice experiment used in the online and
deliberative experiments: PGIS informed the selection of attributes, the drivers of change, and the
environmental interests and issues explored in the online choice experiment and DMV workshops.
The methods are also complementary, in the sense that one method (DMV) attempts to address the
limitations of another (traditional choice experiments).
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Table 3 presents the three methods, the information they provide, and their benefits. The
final row in the table presents the analysis made possible by the combination of these methods and
the research questions (RQs) addressed are noted in italics in the Methods column. While Table 3
presents the rationale for the combination of the three methods, methods were not carried out in
the order presented: an online pilot for the choice experiment survey used in DMV and the OCE
was conducted prior to these two experiments and DMV was carried out before the online choice
experiment. This was in order to use the results from the deliberative study to inform the efficient
design of the discrete choice experiment (for further discussion, see Appendix 3). Figure 3 presents
the timeline of the study and the order in which the methods were used.
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Table 3: A presentation of the three methods used in the dissertation
Methods

Participatory GIS
RQs 1), 2), and 4)

Information gathered
• The importance of marine and
coastal services to locals
• Local impressions of the overall
quality of the area
• Local perceptions of issues and
conflicts

Benefits of use
A method focussing on the collection
of local spatial knowledge. This
information can then inform other
experiments, ensuring their local
relevance.

This method is based in neoclassical
economic theory and the literature and
previous research in the discipline
• Monetary values for the marine support the validity of the monetary
Online choice
and coastal ecosystem services
estimates produced. The use of this
experiment
• Benchmark for the comparison method allowed for a larger sample
RQs 3), 4), and 7)
of monetary values
size than the deliberative method due
to the resources available, which
increased statistical power of the
models.
The deliberative method allows for
the provision of shared and social
values for the ecosystem services,
• Shared and social preferences
Deliberative
taking into account multiple
and monetary values for the
monetary valuation
viewpoints and contrasting needs
ecosystem services
RQs 4), 5), 6), and
within the population. The individual
• Pre- and post-deliberative
7)
completion of a choice experiment
individual monetary values
pre- and post-discussion allows for the
investigation of the effects of
deliberation on individual preferences.
The integration of multiple value
elicitation methods making use of the
Choice experiment • Comparison of the values
same choice experiment allows for the
comparison
produced by the different
investigation of the effect of the
RQs 4) and 7)
elicitation methods
elicitation method on the values
obtained.
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PGIS informed the selection of attributes and framing of the choice experiment used in the online and
deliberative treatments, DMV informed the efficient design of the online choice experiment, and the
combination of the three methods allowed for the design of a very locally relevant choice experiment as
well as the comparison in monetary values obtained using different methods.

Figure 3: Order of methods
Figure 4 shows how each method and its results fed into the other methods. At the time
of writing and to the best of the author’s knowledge, the results of PGIS studies have not been
used to inform the framing, attribute selection, and design of a choice experiment. PGIS is
particularly apt at uncovering the local knowledge and perceptions of a target area, information
that is particularly valuable in advising environmental decision-making (hence its inclusion in this
dissertation). The design of the choice experiment was based on local knowledge and perceptions
to ensure the relevance to participants of the themes explored in the choice experiment. The online
treatment of the choice experiment was implemented to achieve a broad sample size, as well as to
have values firmly anchored in neoclassical economic theory and literature with which to compare
the results of the deliberative treatment of the choice experiment. The issues tackled in the choice
experiment were sources of local interest and conflict and the use of deliberation allowed for
multiple opinions and preferences to be expressed in the group decision-making. Additionally, the
deliberative process allowed the elicitation of social preferences for the condition of the marine
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and coastal ecosystem services of the Derwent estuary and Storm Bay, as well as an investigation
of a novel method (weightings) and of the effect of deliberation on individual preferences. Finally,
the combination of methods applied to the same study area and population allowed for
comparisons to be made between methods.

The methods are presented in blue boxes, the results in yellow boxes, and the study design and analysis
tasks are presented in grey boxes. A black solid arrow leading from a method to a result indicates that the
result was produced by said method, while a dashed grey arrow leading from a result to a method indicates
that the result informed the method (generally in the framing of the method, or the design of the choice
experiments).

Figure 4: How methods informed one another

26

1.6. Study area
1.6.1. Study area description
The studies in this dissertation were conducted in Tasmania, an Australian island-state in
the south-east of the country (shown in Figure 5). The study focussed specifically on the Derwent
estuary and Storm Bay in the south-east of the state, as presented in Figure 6.

Figure 5: Location of Tasmania
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The study area is outlined in black and shown in more detail in the map on the right.

Figure 6: Tasmanian population by Local Government Area and the dissertation study area
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The River Derwent, originating from Lake St Clair in the Central Highlands of Tasmania,
leads into the Derwent estuary 7 in the south-east of the state. Within the Derwent estuary is the
5F

Port of Hobart, one of the deepest sheltered natural harbours in the world (Discover Hobart, 2017).
Human occupation of Tasmania by aboriginal inhabitants began 30,000 – 40,000 years BP (before
present) (Lourandos, 1993; Pardoe, 1991). There is evidence that the Tasmanian aboriginal
population managed their natural environment through the use of fire to change the vegetation and
landscape, contributing to the present state and shape of the environment (Gammage, 2008).
The Port of Hobart was originally settled by non-aboriginals in 1803 as a penal colony
(In Helicon, 2018) and Hobart became the capital of Tasmania in 1812. The deep, sheltered natural
harbour along with the fertile soils of the region relative to the rest of Tasmania (Roe and Peter
Scott, 2019) as well as the abundance of whales (which would lead to the development of a very
successful whaling industry until the collapse of the whale populations) (Evans, 2006) is likely to
have made the site attractive for settlement by Europeans.
The Derwent estuary boasts a range of geographical features which lead to a heterogeneity
of depth, seafloor type, and shelter for wildlife and human settlement alike. The geographical
diversity of the estuary gives rise to the wide range of ecosystems and the functions and services
they support. Many of the environmental issues raised in this dissertation stem from a need for
more sustainable management of the environment supported by relevant local information.
The semi-enclosed body of water which the Derwent estuary feeds into is called Storm
Bay. Storm Bay is bordered by Bruny Island to the west, the South Arm Peninsula to the north,
and the Tasman Peninsula to the east. The complex oceanographical attributes and climate of the

7

. Information regarding the study area was mainly sourced from the Derwent Estuary project reports and
publications. The publications and reports can be found at https://www.derwentestuary.org.au/.
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area lead to sizeable variations in water temperature and salinity, as well as the in concentration of
nutrients (Clementson et al., 1989; Harris et al., 1987; Ridgway, 2007; Wu et al., 2012). Storm
Bay is one of the busiest waterways in Tasmania due to shipping, fishing, recreational boating,
and extensive aquaculture activity (Compton, 2018).
The Greater Hobart Area holds the largest metropolitan population in the state, with about
41% of the Tasmanian population living on the shores of the Derwent estuary (Ursula and
Stapleton, 2019). Tasmania’s population is rising, though it is also aging, a phenomenon driven
by multiple factors 8. Additionally, the University of Tasmania attracts overseas and interstate
6F

migrants to its study programs (Eccleston et al., 2018). Finally, tourism is booming in Tasmania
(Denny, 2018), with 58% more visitors annually in 2019 than in 2008 (Tourism Tasmania, 2019).
Overall, the increases in population and tourism have augmented the historical pressures placed
on Tasmanian ecosystems.
The high concentration of human users when compared to the rest of Tasmania (not only
due to higher population as seen in Figure 6, but also due to tourism) leads to a variety of interests
and stakes in the area and the range of available ecosystem services, which can in turn lead to
conflicts over the uses being made of the estuary. Tasmania, replete with national parks and
protected areas, is often said to be one of the last great temperate wildernesses (e.g. McKinnon,
2010; UNESCO, 2017). Politically, the state is green-leaning (Crowley and Tighe, 2017; Marshall,
2019), home to one of the world’s first Green parties (Rainbow, 1992), and home to people who
are generally considered as being very in tune with and highly valuing nature. Whilst there is some
truth to the generalisation, there are a variety of relationships with nature in the state.

8

Tasmanian youth have a tendency to depart from the state between the ages of 15-29 (Easthope and
Gabriel, 2008), while retirees migrate into Tasmania from interstate and overseas (Denny, 2018).
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1.6.2. Ecological values and characteristics
1.6.2.1. Habitats
The Derwent Estuary and Storm Bay have a diversity of ecosystems and habitats with
some of the most fecund, diverse, and productive being the estuarine wetlands, rocky reefs,
intertidal mudflats, and salt marshes (Coughanowr et al., 2015). The coastline is varied, including
white sanded beaches, sheer cliffs, and fertile agricultural floodplains (Coughanowr et al., 2015).
The diversity of these features is reflected in the variety of coastal vegetation present, including
eucalypt woodland (54%), agricultural, urban, and exotic vegetation (34%), weed cover (10%),
and saltmarsh/wetland (2.8%) (The D’Entrecasteaux & Huon Collaboration, 2015). The wood and
wetlands provide important breeding and foraging habitat for many species (including over 40
threatened species such as Swift parrots and Tasmanian devils (Coughanowr et al., 2015)). A
survey of the quality of 11 sites around the Huon river showed that the vegetation was in “lowmedium” condition, apart from in certain saltmarshes (The D’Entrecasteaux & Huon
Collaboration, 2015, pp. 13). In 2009, the Derwent retained 49% of its native vegetation, including
12 threatened communities (Whitehead et al., 2010). The ecosystems and habitat types within the
Derwent Estuary and Storm Bay are described in further detail in the following paragraph.
South-east Tasmania is replete with temperate coastal saltmarshes which are important
habitats that support the animals and plants in the area. However, these habitats and the life they
support are in danger from sea level rise, erosion, land use (e.g. land reclamation, conversion to
recreation or agricultural areas), invasive weed species, and pollution from stormwater events.
Saltmarshes suffer the negative impact of a number of weeds, including 27 declared species, 8 of
which are Weeds of National Significance. Weed management strategies are in place for these
habitats in the study area (Derwent Valley Council, 2015). Wetlands, defined here as shallow
seagrass areas, are important habitat for fish, birds, and vegetation. Black ducks and swans (a
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charismatic Tasmanian species) gather in this habitat to forage and other important and valued
species (such as bream, trout, mullet, or eel) congregate in wetlands and use them as nursery
habitats (Coughanowr et al., 2015). These habitats have previously been impacted by disturbances
(the main threats once more being sea level rise, erosion, and land use), leading to historically low
levels of environmental quality. However, in recent years, seagrasses have significantly recovered
in some areas (Coughanowr et al., 2015).
In the areas of south-east Tasmania that are always underwater (known as sub-tidal areas)
the seabed is mostly constituted of un-vegetated soft sediments with a few rocky reefs and seagrass
beds (Coughanowr et al., 2015). Rocky reefs and seagrasses are important habitats which act as
nurseries and provide shelter for a range of species. As with many reefs around the world, they are
seen as biological hotspots of the marine environment.
1.6.2.2. Flora and fauna: ecological communities
Many species of fish and algae are present in the waters of south-east Tasmania. After a
period of biodiversity loss spanning the past few decades, a rise in the abundance and diversity of
fish species has been observed in certain areas (such as the Tinderbox reserve). Additionally, many
species of marine mammals (such as southern right and humpback whales, common and bottlenose
dolphins, seals, and the rare sperm whale) and birds, inhabit or visit the estuarine ecosystem.
Seals and birds have frequent interactions with the finfish aquaculture farms, resulting in
entanglement and the occasional death (though most animals can be released safely) (Tassal Group
Limited, 2014). Pacific and silver gulls are of particular concern: 70% of gulls counted in southeast Tasmania were found at finfish farms (The D’Entrecasteaux & Huon Collaboration, 2015).
The industry is attempting to address these issues through seabird rescue strategies and predatorproof pens (Tassal Group Limited, 2014).
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A number of Fairy Penguin colonies (also known as Little Penguins) are present in the
Derwent estuary and around Storm Bay. Regular surveying of the species has shown fluctuation
in population numbers. In 2009, an increase in penguin breeding pairs was observed around the
Derwent, but surveys conducted between 2011 and 2014 revealed the disappearance of some
colonies of penguins in the Huon and D’Entrecasteaux area (due to predation, loss of habitat,
drowning, and interactions with recreational fishing nets) (Coughanowr et al., 2015; The
D’Entrecasteaux & Huon Collaboration, 2015; Whitehead et al., 2010). The 2014/15 period was
once more identified as a good breeding year for the penguins (Coughanowr et al., 2015).
The Spotted Handfish is a critically endangered and endemic marine species in Tasmania
which is found exclusively in the Derwent. Studies of Spotted Handfish colonies in 2015
concluded that in certain areas (e.g. Battery Point) Handfish numbers are stable or increasing,
while in other areas (e.g. Sandy Bay) numbers have declined (Coughanowr et al., 2015). At all
sites surveyed, there were very few juvenile fish. In order to help remedy this, over 2000 artificial
spawning habitats have been planted at important sites to improve breeding rates.
One of the most important recreational fishing species in the region are flathead. Research
has found a decrease in flathead above the threshold size limit in the Huon and D’Entrecasteaux
channel (The D’Entrecasteaux & Huon Collaboration, 2015). Additionally, recreational abalone
catch has recently increased drastically (by a factor of three in the past two years). Annual
commercial and recreational Rock lobster catches have been steady over the past years
(Coughanowr et al., 2015). The commercial scallop fishery has been reduced to a low level of
activity (down by 85% since 2010) due to high levels of biotoxins in the area and commercial
divers preferring to work elsewhere (Coughanowr et al., 2015). Due to overfishing and poor
recruitment, recreational scallop fishing has been prohibited since 2012 (Coughanowr et al., 2015).
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1.6.3. Human uses
The coast is one of the main areas of development in the south of Tasmania. Development
of the coastal area for residential, agricultural, recreational, tourism, and industrial uses has caused
a decline in numbers for coastal animal and plant communities (Coughanowr et al., 2015). The
main uses of the coastline in the Derwent estuary and Storm Bay are:
-

Recreational use: marine, coastal, and near shore activities.

-

Boating: sailing, powerboating, kayaking, tourism (wildlife cruises and other
recreational activities), and commercial (mainly fishing and shipping).

-

Fishing: both recreational and commercial.

-

Industry: A few decades ago, the Derwent estuary was one of the most heavily
impacted estuaries in the world by industry. Some intensive industry activity remains,
though the estuary has since seen a recovery due to increased regulations.

Chapter 2. investigates in more detail the use of and ecosystem services and conflicts in
the Derwent estuary and Storm Bay.
1.6.4. Environmental issues
There are a range of environmental issues in the Derwent estuary and Storm Bay which
are in part due to the heavy use of these areas and the growing population of the Greater Hobart
region and south-eastern Tasmania generally. These impacts include:
-

Heavy metal contamination.

-

Introduced marine pests & weeds.

-

Loss of estuarine habitat and species.

-

Intermittent faecal contamination of recreational waters leading to:
o Depressed oxygen levels and organically enriched sediments.
o Elevated nutrient concentrations.
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o Environmental flows and barriers.
-

The impacts of climate change: sea-level rise, erosion, and habitat loss.

1.6.4.1. Pollution: the types and sources
There are two different sources of pollution: point sources and diffuse sources. Table 4
provides examples of the point and diffuse sources of pollution around the Derwent estuary and
Storm Bay.
Table 4: Point and diffuse sources of pollution around the Derwent estuary and Storm Bay
Pollution type
Nutrients

Source
Point source

Faecal bacteria Diffuse sources
Heavy metals
Organic matter
Resin acids

Point source
Point source
Point source

Examples
Sewage treatment plants
Stormwater – urban runoff and inputs from
smaller rivers feeding into the Derwent estuary
Pasminco zinc smelter groundwater emissions
Norske Skog paper mill
Norske Skog paper mill

Point sources are small areas, for example a factory, from which pollution can be washed
into the river. Point sources in south-east Tasmania include sewage plants, large industries such as
the Norske Skog paper mill and the Pasminco Hobart zinc smelter, and marine aquaculture
(Coughanowr et al., 2015).
Diffuse sources are generally larger areas from which pollution makes its way into the
estuary. An example of a diffuse source of pollution is city streets. The waste in city streets, such
as litter or animal faeces, is washed into the river by rain: this is called urban runoff (Coughanowr
et al., 2015). Because the waste is not from one contained source, the best way to reduce the amount
of waste that gets to the river is by filtering and treating stormwater before it reaches the river.
Some diffuse sources of pollution in south-east Tasmania are urban runoff, sites where
contaminants have seeped into the ground and slowly leak into the river (both on land and the
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riverbed itself), catchment inputs (from land activities such as agriculture and forestry), old rubbish
tips, air pollution, and pollution from shipping, ports, and marinas. When rainfall is high, more
pollutants are observed – stormwater has a considerable effect on water quality (Coughanowr et
al., 2015).
Both point and diffuse sources of pollution have a range of impacts. Heavy metals are
toxic to plants and animals (Coughanowr et al., 2015). They bio-accumulate in seafood and pose
a health risk to local anglers. Excessive nutrients can trigger algal blooms, which reduce water
clarity, smother fish, and deplete the oxygen in the water (Coughanowr et al., 2015). Lower levels
of water oxygenation can cause fish deaths, sulphurous odours, and the release of more nutrients
and heavy metals from the riverbed sediments (Coughanowr et al., 2015). Sewage treatment plants
are the biggest source of bioavailable nutrients, followed by catchment inputs, stormwater, and
finally, the paper mill. Pathogens from human sewage, the presence of which can be measured by
investigating the quantities of faecal indicator bacteria, present a human health risk. Suspended
sediments reduce the light available to aquatic plants and animals, impeding their healthy growth
(Coughanowr et al., 2015).
Marine litter and debris, particularly floating plastics and ghost fishing gear (a source of
great danger to marine mammals and birds), was an important issue in the Huon and
D’Entrecasteaux channel in 2016 due to expansion of the population and industries in the area
(The D’Entrecasteaux & Huon Collaboration, 2017). The main sources of marine debris in the
estuary and surrounds are aquatic (“pleasure craft, commercial vessels and fish farming activities”
(The D’Entrecasteaux & Huon Collaboration, 2015, pp. 5)) and land-based (“coastal litter and
runoff from urban stormwater drains and the broader catchment”, including unmanaged erosion
from construction sites (The D’Entrecasteaux & Huon Collaboration, 2015, pp. 5)). Joint efforts
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made by industries and the community allowed the identification of the main areas of marine debris
as well as the reduction through more efficient waste management (The D’Entrecasteaux & Huon
Collaboration, 2017). In 2013, 32 m2 of marine debris were collected by the aquaculture industry
from the shorelines they had adopted and in 2014, 25 m2 were collected from the same shorelines
(The D’Entrecasteaux & Huon Collaboration, 2015). The amount of marine debris produced by
the aquaculture industry decreased by 8% in 2014, but aquaculture was still the main source of
marine debris, contributing 80% of total debris volume (The D’Entrecasteaux & Huon
Collaboration, 2015).
1.6.4.2. Introduced marine pests, or invasive species
There are a great number of marine pests introduced into the Derwent estuary and Storm
Bay, including the Northern Pacific Sea Star, Japanese Seaweed, European Clam, the Feral Pacific
Oyster, Toxic Gymnodinium dinoflagellate, Dead Man’s Fingers seaweed, and New Zealand
Screw Shell (Coughanowr et al., 2015). The Northern Pacific Sea Star, Japanese Seaweed, and
European Clam are being managed via National Control Plans and New Zealand Screw Shell is
being controlled through intense community effort in eight sites with significant coastal values
(Coughanowr et al., 2015). These pests can endanger local plants and animals through either direct
impact or by providing competition for resources and habitats (Coughanowr et al., 2015).
1.6.4.3. Estuarine flow
The River Derwent is the largest river in south-eastern Tasmania. It is heavily used for
hydropower generation, public and industrial water supplies, fish farms, and irrigation. On
average, it flows at 90 m3/sec, which is about 70% of the flow observed in the 1920s (Coughanowr
et al., 2015). The health of the estuarine environment is closely linked with the freshwater inputs
from adjoining rivers which regulate the salinity of the habitat, provide “flushing flows”, and
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playing a role in fish migration (Derwent Estuary Program, 2003). In 2015/2016, a period of
relative drought reduced the flow of the river (Derwent Estuary Program, 2016). This prompted
an improvement in certain measures of water quality 9, as all the issues with runoff were avoided.
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However, it was cautioned that a wet summer might reverse all improvements. Particular concern
was given to the continuing search to identify and mitigate sources of faecal contamination
(Derwent Estuary Program, 2016).
1.6.4.4. Sediment heavy metal contamination
The levels of heavy metals bound to the riverbed sediments are among the highest in
Australia due to the high levels of industrial activity in the history of the area (see section 1.6.1.).
The sediments in the Derwent are mostly fine-grained and organic-rich, with heavy metal levels
significantly above the national sediment quality guidelines for zinc, copper, mercury, lead,
cadmium, and arsenic. The metals are strongly bound to the sediments and do not tend to leech
into the water above unless there is a low oxygen event (when heavy metals dissociate from
sediments and become bioavailable).
In 2009, surveys suggested that the amounts of heavy metals in the sediment were on the
decline, particularly in the middle estuary area where sediments are most heavily contaminated.
These declines were attributed to improved industry practices (Whitehead et al., 2010). In 2012,
confirmation of the levels of contamination in different areas was obtained: levels are highest in
the mid estuary and in the deeper regions, and slight improvements in contamination levels were
observed (Coughanowr et al., 2015).

9

Lower flow rates in the estuary can impact on the levels of dissolved oxygen in the system, which has
implications for the mortality of species in the estuary during these periods (Derwent Estuary Program, 2016).
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1.6.4.5. Nutrient levels
The upper Derwent estuary is home to extensive meadows of aquatic plants, which are
responsible for nutrient removal, stabilising riverine sediments, and providing food and habitats
for fish, birds, and other animals (Coughanowr et al., 2015). Aquatic plants are useful indicators
of environmental health – when the plants are failing to cope with the changes to the environment
from human inputs, the rest of the ecosystem is not far behind (Coughanowr et al., 2015). Aquatic
plants are at risk from the pressures of human activity and the environmental changes these
activities cause, especially changes such as a restriction of light, changes in temperature of the
water, and variation in nutrient levels and salinity. Increasing development of industries (such as
tourism and aquaculture) in the south of Tasmania has led to more nutrients being released into
the Derwent, causing algal growth which puts aquatic plants at risk.
Although an increase in nutrients could benefit aquatic plants, algae grows much faster,
smothering aquatic plants and decreasing the light which reaches them (Coughanowr et al., 2015).
In 2009, high levels of ‘chlorophyll a’ were observed in Prince of Wales bay and macroalgae levels
increased in multiple other bays (Whitehead et al., 2010). In 2016, dense algal blooms in the upper
Derwent were of great concern (Derwent Estuary Program, 2016). The Huon and D’Entrecasteaux
region experience algal blooms of the toxic dinoflagellate Gymnodinium catenatum periodically,
likely due to aquaculture activity (see Figure 16 in section 2.7.3. for a visualisation of the marine
farming leases present in the area) (The D’Entrecasteaux & Huon Collaboration, 2017). When
nutrient levels rise and algal blooms are stimulated, oxygen levels decrease. Additionally, the
blooming of toxic dinoflagellates negatively impacts food safety (Coughanowr et al., 2015).
Dissolved inorganic nitrogen, known as labile nitrogen, promotes algal growth. There is
also ‘refractory’ nitrogen, which is non-bioavailable to algae. The Southern Ocean provides just
over 50% of labile nitrogen to south-east Tasmania (main source in the winter) and aquaculture is
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the main provider of the other 50% (main source in the summer) (Coughanowr et al., 2015).
Indeed, dissolved nitrogen is the main nutrient offloaded by fish farms and the regulations
surrounding the pollution produced by this industry are mainly focused on this nutrient.
1.6.4.6. Climate change
Climate change has many knock-on effects around the Derwent. Low-lying coastal
communities in the Greater Hobart area and infrastructure such as coastal roads, sewerage,
stormwater systems, and rubbish tips/landfills are in danger of inundation and erosion
(Coughanowr et al., 2015). Additionally, a few important river habitats (tidal wetlands,
saltmarshes, tidal flats) along with the birds, fish and other animals that depend on these habitats
are at risk from sea level rise and the changes to the environment caused by rising water
temperatures (oceanic acidification and invasive species) (Coughanowr et al., 2015).
1.6.5. Impact of environmental issues on marine species
The main impacts of environmental issues on marine species is the contamination of
wildlife, mostly in the form of heavy metals and toxic substances such as those produced by algal
blooms (Coughanowr et al., 2015). For example, oysters and other shellfish are filter feeders which
collect any dissolved toxins or contaminants in the water whilst collecting food. Oysters and
mussels from the Derwent contain high levels of heavy metals, particularly zinc, lead, and
cadmium, while flathead and other finfish contain mercury levels above national guidelines
(Coughanowr et al., 2015). From 2007 onwards, the public were informed that it was unsafe to
consume oysters or mussels from the Derwent estuary and that flathead could only be consumed
2-3 times a week (once a week for pregnant women and children) (Whitehead et al., 2010). In
2014, the guidelines changed to 2 times a week (Coughanowr et al., 2015). In 2009, it was
discovered that contaminant levels in marine life had declined in some regions since 2003 (e.g.
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above the Tasman bridge), but that they were still not within national food standards (Whitehead
et al., 2010).
Mercury contamination is on the edge of acceptable levels, especially in flathead and
bream: in 2016, levels of mercury in these species were above food standards (Coughanowr et al.,
2015; Derwent Estuary Program, 2016). Limited testing of mercury levels in other recreationally
caught fish (e.g. whiting, Australian salmon, mullet, cod and flounder) revealed that these fish
present lower mercury levels (Derwent Estuary Program, 2016). There have also been reports of
unpleasant tasting and smelling water in the Huon river and D’Entrecasteaux channel, as well as
fish deaths (The D’Entrecasteaux & Huon Collaboration, 2015).
A recent study (circa 2016) investigated the levels of heavy metal contamination in
estuary birds and found high levels of mercury contamination in the feathers of sea eagles and
cormorants, elevated levels in penguins and oystercatchers, and low levels in swans, ducks, and
gulls 10 (Derwent Estuary Program, 2016). The need for further research extending to a wider range
8F

of species has been identified. Interest in the heavy metal situation even extended to the local art
scene: MONA, the Museum of Old and New Art, had a range of “Heavy Metal” projects (including
the investigation of heavy metal uptake in oysters, a mapping project on Pacific Oyster Mortality
Syndrome (POMS), trials of an innovative treatment for mining waste, metals in penguin feathers,
biological settlement plates, and a musical performance entitled the ‘Derwent jazz suite’) (Derwent
Estuary Program, 2016).
Toxic dinoflagellates (Gymnodinium catenatum) bloom periodically in the Huon and
D’Entrecasteaux channel (with the Huon river being most affected) and produce biotoxins that

10

The suggestion of bioaccumulation of mercury has implications for the safety of eating larger marine
animals from the area.
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accumulate in filter feeders (The D’Entrecasteaux & Huon Collaboration, 2015). These toxins can
cause Paralytic Shellfish Poisoning (PSP) when eaten by humans. The shellfish in these areas are
monitored through the Tasmanian Shellfish Quality Assurance Program (TSQAP) directed in
tandem by the Tasmanian State Government and the shellfish industry of the area. The monitoring
program impedes shellfish harvesting from occurring when the risk of biotoxins or other pathogens
(e.g. from sewage inputs) is high: shellfish meat is regularly sampled in search of toxins and public
warnings are issued during periods of high risk (The D’Entrecasteaux & Huon Collaboration,
2015). Indeed, in the higher-risk Huon river, shellfish are only harvested in two small areas. One
high-risk area in the channel sees its farms closed for up to 75 days a year, as opposed to the
average of 3-19 days of closure a year in other areas of the channel (The D’Entrecasteaux & Huon
Collaboration, 2015).
Precautionary farm closures sometimes occur when there has been heavy rainfall. No
recreationally sourced shellfish can be consumed, as the unmonitored areas may contain high
levels of toxins or pathogens. Conversely, in the Huon and D’Entrecasteaux channel, finfish are
not subject to the same health risks as the filter feeding shellfish: the levels of heavy metals are
within safe consumption levels (as stated by the Food Safety, Australia and New Zealand (FSANZ)
Food Standards Code, regulated under Commonwealth Law (The D’Entrecasteaux & Huon
Collaboration, 2015)).
1.6.6. Environmental management: actors and roles
The main organisation involved in the environmental management of the Derwent
estuary, Storm Bay, and surrounds is The Derwent Estuary Project. The Local Government Areas
involved in 2016 were Brighton, Clarence, Derwent valley, Glenorchy, Hobart, and Kingborough
(Derwent Estuary Program, 2016). The Derwent Estuary Program was founded through a joint
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effort by the State, Local and Commonwealth Governments in 1999. Its original intention was to
“address environmental quality issues such as industrial and urban water pollution, contaminated
sediments, introduced species and loss of estuarine ecosystems”, with the tackling of foreshore
issues added to the program a little afterwards (Derwent Estuary Program, 2016). In 2000, the state
government, six local councils and three industry/commercial partners (Norske Skog Paper,
Pasminco Hobart Smelter and Hobart Water) signed the Derwent Estuary Monitoring Agreement,
committing to coordinate their monitoring efforts in the Derwent and report back on the results
annually. The Derwent Estuary Project monitors the health of the environment, measuring:
-

Recreational water quality weekly during summer months.

-

General water quality (for a wider number of indicators) quarterly.

-

Mercury levels in flathead and heavy metals in shellfish annually.

The Derwent estuary project also conducts baseline surveys of estuarine habitat types,
their distribution, and of estuarine sediment quality.
1.6.7. Previous study in the area: Your Marine Values
Ogier and Macleod (2013) conducted research in south-eastern Tasmania aimed at the
identification of qualitative non-commercial shared values held by local communities for the
marine and coastal environment. The Your Marine Values study undertook the mapping of public
values (Bozeman and Sarewitz, 2011) to scientifically support policy-making for marine resource
management. The Your Marine Values (YMV) stakeholder workshops took place throughout
February and March 2013 in areas surrounding the D’Entrecasteaux Channel in south-eastern
Tasmania (i.e. the Municipalities of Kingborough and Huon Valley).
The goal of these workshops was to qualitatively investigate the aspects of the coastal and
marine ecosystem that held the most importance to all groups concerned (i.e. locals, marine user
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groups, industries, and government agencies). The workshops, with some follow-up refinement,
resulted in a list of 17 key coastal and marine values and ecosystem services for this area of
Tasmania. The approach lies within the recent literature investigating non-monetary and
qualitative valuation methods, using qualitative techniques or non-economic measures (e.g.
Psychological Well-being surveys encompassing factors such as sense of attachment and
continuity with the past).
In a comparison detailed by Dallimer et al. (2014), it was found that both economic- and
well-being-based measures of value for specific biota types gave essentially analogous results. The
YMV study is a well-developed case study which has been used as a starting point in this
dissertation for the identification and valuation of ecosystem services related to the marine and
coastal environment of the Derwent estuary and Storm Bay. While the approach adopted in the
YMV study did not allow for the relative weighting of the values identified, the qualitative list
produced was a starting point for the research in this dissertation in producing a ranking for a
number of the ecosystem services and values.
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2. Participatory Geographic Information Systems (PGIS)
2.1. PGIS method description
Participatory Geographic Information Systems (PGIS), a participatory mapping method,
was developed from techniques such as Participatory Rural Appraisal (PRA) (Mascarenhas and
Kumar, 1991) and Participatory Learning and Action (PLA) (Abbot et al., 1998; Rambaldi et al.,
2006). The term ‘PGIS’ originated at meetings of the National Center for Geographic Information
and Analysis (NCGIA) 11 and was born from the practitioners’ desire to empower less privileged
9F

groups in society (NCGIA, 1996; Rambaldi et al., 2006). PGIS involves the collection of local
knowledge, preferences, and perspectives, to enrich remotely sensed spatial information, or official
spatial information (made publicly available by the government).

2.2. The original aims of PGIS research
PGIS was created with multiple aims in mind. Firstly, at the inception of PGIS, the main
goal was the collection of local knowledge, sometimes termed ‘indigenous spatial knowledge’, to
enrich spatial information (Abbot et al., 1998; Elwood, 2006a; Laituri, 2002; Nietschmann, 1995).
As such, early participatory mapping initiatives were more focussed on eliciting local spatial
knowledge than on empowering communities and aiding them in communicating their needs to
policymakers (Rambaldi, 2005). Secondly, PGIS was also designed to help avoid “top-down”
planning, by involving communities in the projects and developments that may ultimately affect
them (Abbot et al., 1998, pp. 5). This later evolved into empowering local communities through
enabling them to play a role in improving the management of their local environment (Craig et al.,
2002). According to Sieber (2006, pp. 492), PGIS was the result of combining “‘community-

11

Founded in 1988, the NCGIA met yearly in the 1990’s.
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integrated’ GIS” (Harris and Weiner, 1998, pp. 74) and “counter mapping” (Peluso, 1995, pp. 383)
(defined as “mapping to contest the status quo” (Sieber, 2006, pp. 493)), and was “coproduced”
by many researchers through discussions at conferences and online forums. Thirdly, GIS is a
complex mapping software which enables visualisation as well as spatial analysis and can be
daunting to use for the uninitiated.
The conception of PGIS was in part due to the accusations that GIS was an elitist
technology (e.g. Aitken and Michel, 1995; Carver and Openshaw, 1996; Crampton, 1995; Pickles,
1995a), though it also stemmed from individual work (such as Harris et al.’s work (1995) in
Ground Truth (Pickles, 1995) and Weiner et al.’s work (1995)). In theory, PGIS was intended to
allow non-specialists to have access to the (often expensive) software and its capabilities. This
goal was stated by various authors in the early years of PGIS (e.g. Schroeder, 1996; Weiner et al.,
1995) and, according to Elwood (2006b), it was successfully accomplished by multiple studies.

2.3. The benefits of PGIS method
Whether the conflict is between the governing and the governed or between different land
users, PGIS maps allow for a clear representation of the spatial knowledge and opinions of
different groups. The qualities of different groups (such as the types of land-use they engage in)
can lead to the production of vastly different maps, rendering the representation very ‘human’ and
highly linked to the group that produced it (as well as their opinions and views of a spatial issue)
(Weiner et al., 1995). The resulting visual depiction of the group’s position on an issue can allow
outsiders to better understand the unfamiliar opinion. In this aspect, PGIS is like deliberative
monetary valuation (further discussed in chapter 5. of this dissertation) as it facilitates the
communication of differing ideas between groups and participants.
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The development of land use policies that are acceptable to the communities affected by
them should be important in the decision-making process. Through PGIS, communities
(particularly underprivileged groups) are able to provide input on these issues (Abbot et al., 1998;
Harris and Weiner, 1998; Kwaku Kyem, 2001; Kwan, 2002; Rambaldi et al., 2006; Rocheleau et
al., 1994; Sieber, 2000; Weiner et al., 1995). For example, in McCall and Minang’s (2005) review
of a PGIS application in Tinto, Cameroon, they found that the tool effectively enabled an
improvement of governance 12. Furthermore, various other PGIS applications have accomplished
10F

an assessment of local needs (Elwood, 2002; Ghose and Huxhold, 2001; Sawicki and Burke,
2002).
The visualisation capabilities offered by GIS, coupled with effective communication, can
facilitate problem-solving when multiple stakeholders (local inhabitants, recreational users,
industry, governing bodies, etc.) are involved. This was demonstrated in multiple experiments
carried out by Voss et al. (2004) as well as in various other studies (Belcher and Watson, 1993;
Carver, 1991; Harris et al., 1995; Ozawa, 1993; Rambaldi et al., 2006; Sedogo and Groten, 2000).
This is likely partly due to the capacity of GIS to “reduce complex societal processes to points,
lines, areas, and attributes, potentially reducing the fire of conflict” (Sieber, 2006, pp. 491).
Other examples of complex problems involving multiple stakeholders include: a forest
resource management project involving the community (Kwaku Kyem, 2002), land redistribution
of contested areas (Weiner and Harris, 2003), and the delineation and protection of indigenous
lands (Beltgens, 1995; Bond, 2002; Smith, 1995). In the PGIS study described in this dissertation,
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Good governance was defined as a “set of measures of the relationships between the ‘governed’ […] and
the ‘governing’” (McCall and Minang, 2005, pp. 342). The dimensions of ‘good governance’ that they were concerned
with included ‘legitimacy and participation’, ‘empowerment’, ‘ownership of spatial knowledge and process’, and
‘respect for local people and their knowledge’. All dimensions were found to be enabled or enhanced by the PGIS
application.
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conflicts perceived by the inhabitants and users of a coastal and marine area are explicitly
identified and mapped; this information, when provided to policymakers, enables conflict
management and resolution.

2.4. The multiple fields of participatory mapping research
Various closely related fields and practices have developed around the core goal of
gathering local spatial knowledge (sometimes termed ‘indigenous spatial knowledge’) using
Geographic Information Services (GIS) mapping technology. These methods are PGIS
(participatory geographic information systems), PPGIS (public PGIS), and VGI (volunteer
geographic information). The similarities between these methods have created some confusion
over which term is appropriate for applications involving participatory mapping (Loerzel et al.,
2017). The distinction between PGIS, PPGIS and VGI is not always clear – indeed, although
researchers have attempted to refocus the use of these various terms, caution and flexibility in
categories is suggested (Brown and Kyttä, 2014).
Brown and Kyttä (2014) state that PGIS often refers to community mapping in developing
countries and areas, an endeavour more focused on community empowerment and creating social
capital. PPGIS tends to take place in more developed countries and places a higher emphasis on
the accuracy of spatial information generated and on its use in management and planning. Finally,
VGI generally refers to applications of participatory mapping wherein citizens act as sensors,
voluntarily offering spatial information to contribute to the pre-existing geographic data of an area.
The difference between PGIS 13 and VGI is also explored by Verplanke et al. (2016) in their review
1F

and summary of the conclusions of previous studies. As they state, PGIS is an approach which

13

Hereafter, PGIS will be used to refer to PPGIS and PGIS, as these approaches are very similar.
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places more emphasis on the people involved, aiming to cement community relations, bridge the
gaps between generations, and provide a means for communities to feel more involved in policymaking in their area. VGI, on the other hand, does not involve groups coming together to produce
knowledge, but rather individual knowledge-holders interacting with a data collection interface
(e.g. an online mapping survey). As such, this approach is more focussed on the spatial technology
and data gathered and not on community empowerment benefits.
Additionally, with VGI, the information collected is supplied by self-selected volunteers
who have come into contact with the data collection technology on their own (through advertising,
or chancing upon the data collection software), while PGIS generally relies more on other sampling
techniques (e.g. random sampling, intercept surveys, invitations to workshops, etc.). Each of these
techniques have seen many applications, as reviewed most recently by Sieber, (2006), Mclain et
al. (2013), and Brown and Fagerholm (2015).
The approach adapted in this dissertation is a combination of PGIS and VGI similar to
that used by Loerzel et al. (2017) – participants were invited to participate in an online mapping
survey (VGI) via random sampling (PGIS) and interacted only with the data collection tool, not
with each other or with the researchers (VGI).

2.5. Previous research
At the time of writing and to the best of the author’s knowledge, no other PGIS
applications had made use of the method used herein, i.e. mapping activities and reporting on the
presence and quality of ecosystem services at the sites mapped. The method explored in this
dissertation was built upon a well-established online PGIS 14 survey method pioneered by Gregory
12F
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Gregory Brown and the other authors mentioned in this section prefer the acronym PPGIS (public
participatory GIS).
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Brown (as described in e.g. Brown et al., 2014; Brown and Donovan, 2014). The survey method
involves a Google® Maps interface with digital location markers that participants can drag and
drop within a pre-defined study area. The markers often represent landscape values, i.e. the values
held for the ecosystem services provided by the landscape.
This method has been used in many studies including the main three which informed the
design of the research presented here. In the following paragraph, a brief summary of the three
studies (Strickland-Munro et al. (2016a, 2016b) and Moore et al. (2017), each conducted in the
Kimberly region of Australia) and the way in which the studies fed into this dissertation is
provided.
Strickland-Munro et al. (2016a) carried out an online PGIS application with the aim of
providing spatial information about participant values and preferences regarding the establishment
of marine protected areas (MPAs). In a similar fashion to the study presented in this dissertation,
Strickland-Munro et al.’s study investigated competing values and uses of the marine and coastal
environment. The results were used to identify the marine and coastal ecosystems of highest
importance in the area, as well as potential spatial conflicts in MPA placement. Indeed, the
placement of MPAs requires the consideration of multiple preferences and viewpoints 15 (Flannery
13F

et al., 2016). The main survey activity in Strickland-Munro et al.’s study was the mapping of values
and preferences (words used in their survey to represent ecosystem services) from which the
researchers identified the main value locations and densities, as well as the relationship between
these and the service mapped. This PGIS application forms the foundation of the method used in
this dissertation. It differs, however, in that for the research conducted in this dissertation,

15
The need to consider multiple preferences and opinions is also present in the deliberative monetary
valuation method used later in this dissertation (see chapter 5.) which is informed by the findings of the PGIS method
presented in section 2.6.
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participants are asked to map their recreational use of the environment and reflect on the presence
of ecosystem services in the locations mapped.
The other study conducted by Strickland-Munro et al. (2016b) focussed on using PGIS to
support the development of the tourism industry in the Kimberly region. The same online PGIS
application as described above was used, with the ecosystem services that were specific to the
study area being mapped by participants. This is mirrored in the PGIS study presented in this
dissertation, as the ecosystem services used come from the locally conducted Your Marine Values
study (described in section 1.6.7.).
Finally, Moore et al.’s (2017, pp. 708) study used “face-to-face semi-structured
interviews” to obtain place-based values from participants. Participants were asked to indicate the
location of ecosystem services, then asked, “When thinking of X location, what do you value about
it?”. This PGIS application inspired the use of activity mapping to identify the location and quality
of ecosystem services. Moore et al. investigated conflict by analysing the spatial location of the
values mapped, the value hotspots, and overlaying MPA locations. These researchers did not
directly ask about participant perception of conflicts, a gap which the research presented here
attempts to fill.

2.6. PGIS study methods
The participatory mapping methods used in this study are similar to previous research
with a defining point of difference. In traditional PGIS applications, participants are asked to
directly map a set of ecosystem services (e.g. Alessa et al., 2008; Brown, 2006; Brown and Weber,
2011; Kobryn et al., 2017). Conversely, in this PGIS application, participants were asked to map
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the activities they carry out in marine and coastal settings and once the activity marker 16 was placed
14F

were asked questions pertaining to the ecosystem services present in the location mapped. This
was done for multiple reasons.
Firstly, the active landscape map – showing where local marine and coastal environment
users go and what they do – is a resource of use to local policymakers when working on land- (and
sea-) use planning initiatives. It also opens the door for future studies, such as contingent behaviour
studies (Barry et al., 2011; Bertram et al., 2020; Prayaga et al., 2010), where the effect of changes
in the marine and coastal environment on recreational behaviour could be investigated.
Secondly, ecosystem services are a concept which may prove challenging to grasp in the
short time it takes to complete an online survey. Through the process of remembering specific trips
to a location, the ecosystem services participants may have noticed (without having a name at the
time for the environmental benefits they were experiencing) may be more efficiently recalled. This
draws upon economics research carried out regarding the two forms of utility described by
Kahneman et al. (1997): experienced utility and decision utility. The study of experienced utility
(the utility experienced from an outcome) is recommended over the study of decision utility (the
preference of one outcome over another, due to a higher expected utility from that outcome) (see
also Dolan and Kahneman, 2008). This recommendation stems from the fact that participants in
surveys, much like the wider population, tend to misjudge the desirability of one outcome over
another 17, but are quite good at assessing the utility they are experiencing, or have experienced in
15F

the past.

16

Markers representing various recreational activities, e.g. swimming, boating, etc.
Examples of this can be found throughout economic and other literature, including Harsanyi (1996),
Atanassow (2013), Beck et al. (2007), Dolan and Peasgood (2008), and Kahneman and Thaler (2006).
17
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The survey design borrows from the techniques to minimise recall bias described by
Hassan (2006, pp. 4), namely recommendations number 5) “the instrument should probe detailed
questions […] to help the participants report accurate recalls”, 7) “giving the participants enough
time before answering to reflect and think through a sequence of events in their life history”, and
8) “blinding the study subjects to the study hypothesis and the specific factors being studied”. For
recommendation 5), detailed questions were asked about the locations mapped by participants,
designed to aid them in recalling specific details about their past trips. These questions included
the last time they visited a site, frequency of visitation in the past year, and average duration of
trips. For recommendation 7), participants filled out the online survey at their own leisure, free to
take as much time as required to accurately remember the details of their site usage. For
recommendation 8), the questions about ecosystem services (the main focus of the research in this
dissertation) were presented together with questions about site infrastructure, drawing attention
away from the focus of the study.
2.6.1. Mapping survey provider and participant recruitment
A Finnish company, Maptionnaire (Kahila et al., 2011), hosted the survey over two
periods: from the 21st of October to the 21st of December 2017 and from the 14th of May to the
14th of June 2018. Participants were offered a $15 supermarket voucher to thank them for their
time in completing the survey. For the first sampling timeframe, participants were recruited via a
random sampling technique. Survey invitations (presented in Figure 7) were delivered to
mailboxes in the four Local Government Areas (LGA) targeted: Municipality of Kingborough,
City of Hobart, City of Clarence, and Municipality of Tasman (presented in Figure 8). The
inhabitants of Bruny Island (part of the Municipality of Kingborough) did not receive survey
invitations, as delivery effort remained on mainland Tasmania. Invitations were delivered to every
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second house on one side of randomly selected streets in each LGA. From this sample, 137
respondents fully completed the survey, answering all questions. If the survey was not fully
completed but certain questions answered in full, the responses to those questions were included
in the analysis. For the second sampling timeframe, participants were recruited via posters placed
in frequently visited locations throughout the four LGAs (post offices, supermarkets, council
offices), as well as through posts on various social media pages on Facebook and through a
scientific communication association’s webpage. From this second sample, 156 respondents fully
completed the survey. As with the previous sample, complete responses were used where possible.
In total, there were 467 ‘attempted’ responses to the survey from both samples, i.e. 467 respondents
started the survey, and 293 respondents (137 from the mail drop and 156 from the other recruitment
methods) completed the survey.
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a)

b)

c)

The survey invitation was printed on an A4 sheet and folded in half like a card. a) Front of the card, b) Back
of the card, c) Inside of the card.

Figure 7: PGIS survey invitation
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Figure 8: Areas targetted by the random mailbox drop
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While it is impossible to survey each member of a community, when the goal is to obtain
a community’s overall opinions and views it is important to select a representative sample (McCall,
2003). This is due to the “close connections between identity, subjectivity, and knowledge”
(Elwood, 2006, pp. 199), which translate to participants’ responses generally being affected by
their “race, class, gender, and ethnicity” (Elwood, 2006, pp. 199, who cites: Kobayashi, 2001;
Smith, 2001). The recruitment methods aimed to obtain as representative a sample as possible
without compromising quantity in data collection.
In addition to heterogeneity originating from socio-economic differences, other forms of
heterogeneity may bias project results. The use of solely online methods may be one source of bias
(McCall, 2003): though computers are widespread and can be accessed for free (i.e. at the public
library), computer illiteracy may exclude a portion of the population of interest (Sieber, 2006;
Steinmann et al., 2004). When aiming for a representative sample of a community, the omission
of this group must be considered. Although in recent years this is less of a problem than it was at
the time of early PGIS applications (Lindhjem, 2011; Lindhjem and Navrud, 2011; Olsen, 2009),
it must also be considered that the population sample that complete online surveys can differ from
those completing surveys by a different mode (Pocewicz et al., 2012). Lastly, it is particularly
important to not marginalise under-privileged members of society (Kwaku Kyem, 2001; Rambaldi
et al., 2006). An attempt was made to mitigate these effects in the first wave of recruitment by
targeting neighbourhoods of varied socio-economic backgrounds.
2.6.2. Survey design
The complete survey is presented in Appendix 1 and an in-depth description of the study
area can be found in section 1.6. Before the survey proper, participants were screened in order to
ensure that they were 18 or over and that they had been residing in Tasmania (in one of the four

57

Local Government Areas targeted) for 50% or more of the time in the past year. Following this,
participants were presented with the study information and asked to consent to participation.
Finally, participants were asked how they came into contact with the survey.
The PGIS survey consisted of three parts: 1) questions regarding the relationship between
participants and the marine and coastal environment, 2) the mapping exercise, and 3) socioeconomic questions. In part 1), participants were asked about the activities they had carried out in
marine and coastal settings in the last 5 years and the importance to them of marine and coastal
ecosystem services and site infrastructure. In part 2), participants were asked to map the activities
they carry out in marine and coastal settings in Storm Bay and asked to respond to questions about
their visitation of the sites mapped. These questions included their perception of the presence of
ecosystem services at the sites mapped. Participants were also asked to map conflicts between
users (both industrial and recreational) and provide information on the type of conflict perceived.
In part 3), socio-economic questions were asked, including the Beliefs Supportive of
Environmental Action (BSEA) scale. In the following sections, the questions are described in
further detail.
2.6.2.1. Marine and coastal activities
The activities provided for participants to choose from were grouped into four categories:
boat activities (e.g. sailing, boat fishing), activities on the surface of the water (e.g. kayaking,
surfing, land/beach fishing), underwater activities (e.g. swimming, diving), and onshore activities
(e.g. walking, wildlife viewing, camping), with the option for participants to add activities not
included on the list under ‘other’. The full list of activities and sub-groupings of activities used in
the PGIS survey is presented in Table 5.
Table 5: Activities used in the PGIS survey
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Activity category

Activity
Sailing, Boating, or Anchoring
Boat activities
Boat fishing
Kayaking or canoeing
Surfing, boogie boarding, or (stand-up) paddle boarding
Activities on the
surface of the water Water-skiing, windsurfing, or kite surfing
Other fishing (i.e. land fishing, fishing off of the beach)
Swimming/snorkelling
Underwater activities
Diving
Walking/hiking/running/cycling
Dog walking
Marine and coastal wildlife viewing
Onshore activities
Relaxing
Outing with family or friends
Camping
Anything else to add? Other (Please specify) __________________
This question allows the identification of the most popular activities in conjunction with
the activity mapping question described in section 2.6.2.3. The activity groups also allow the
distinction between activities with high, moderate, or low contact with the water, as a participant’s
level of contact with the water may affect the value or importance of certain ecosystem services to
them (e.g. water quality) (Ringold et al., 2013; Wainger and Mazzotta, 2011).
2.6.2.2. Ecosystem services and site infrastructure
Following the activity question, there was a brief description of ecosystem services and
site infrastructure (which was termed ‘site characteristics’). Participants were asked to rate the
importance to them of first ecosystem services and then site characteristics using a sliding scale
between ‘not important at all’ and ‘very important’ (see Figure 9). The sliding scale was translated
to a number between 0 and 100 in the data by the survey provider. These sliders made the
comparison between ecosystem services and site characteristics very visual and was hoped to
facilitate comparisons (rather than directly asking for a numeric value). This question allowed the
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identification of the most important ecosystem services to respondents and was central to
informing the choice experiment described in chapter 3. and used in chapters 0. and 5.

Figure 9: Sliding scale
The ecosystem services used for this survey were selected from a study conducted by
Ogier and Macleod (2013), described in section 1.6.7. The ecosystem values and services in Ogier
and Macleod’s study were identified by a sample of the communities targeted by this dissertation,
rendering their report an appropriate source from which to draw the ecosystem services for the
survey. The set of ecosystem services presented to participants was:
1) Natural settings for recreation (sports, relaxing, family/friendly outings)
2) Nice coastal view
3) Interesting coastal features (cliffs, boulders, the shape of a bay, an isthmus, etc.)
4) High water quality (cleanliness, water clarity)
5) Seafood (Fish, abalone.)
6) Materials (seaweed, driftwood.)
7) Many plants, of different types
8) Many animals, of different types
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Participants in the pilot stage were asked to approve the site characteristics to be assessed
in the survey. At the end of the pilot stage, the site characteristics were:
1) Site is easy to access (e.g. well-paved roads)
2) Enough parking available
3) Enough BBQs at the site
4) Enough picnic benches at the site
5) Enough public toilets at the site
6) Enough showers at the site
7) Enough jetties at the site
8) Enough boat ramps at the site
9) Enough moorings at the site
These same items were used every time ecosystem services and site characteristics are
mentioned in the rest of this dissertation.
Following the ‘measure of importance’ question, participants were asked about the
ecosystem services and site characteristics important to them for specific recreational activities.
Participants selected the intersection between an activity category and an ecosystem service or site
characteristic, which indicated that they considered the service or characteristic important to them
for the recreational activities they engage in. The format of this question is presented in Figure 10.
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Figure 10: The format of the question ‘Which ecosystem services/site characterstics are important for your recreation?’
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2.6.2.3. Activity and conflict mapping
The mapping exercise involved two separate tasks: mapping recreational activities and
mapping perceived conflicts between users of the marine and coastal environment.
For the first task, participants were asked to drag and drop activity markers onto a map of
Storm Bay, within a green border representing the outer limits set for the area. These limits, defined
in the pilot phase with local users of Storm Bay, are presented in Figure 11. The full set of
recreational activities to choose from and map were the same as those presented in the first question
of the survey (see section 2.6.2.1.), with the addition of “jetties, boat ramps, and moorings”, as
requested by participants in the pilot stage 18.
16F

Figure 11: Storm bay boundaries for PGIS mapping exercise

18
Participants did not feel that they selected sites related to jetties, boat ramps, and moorings in the same
way or for the same reasons that they selected the boating sites. They requested that a separate marker for the former
sites be added, distinct to the “boating” marker.
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For the second task, there was only one marker available to be mapped: the conflict
marker. This marker was used to map conflicts between various sets of recreational users (and
residents), or between recreational users, residents, and the forms of industry which use the marine
environment. As stated by Moore et al. (2017), identifying conflicts between users is crucial for
marine spatial planning. In their 2017 study, they employ an inductive method to assess conflict
potential between marine users. Here, identification of conflicts was incorporated into the survey,
allowing the investigation of whether participants perceive conflict in areas where activities were
densely mapped. When a marker was placed, participants were questioned on the following topics
via a pop-up:
1) Type of conflict perceived at the site:
a) Between the participant themselves and other recreational users or marine
industry.
b) Between other groups of recreational users.
c) Between other recreational users and marine industry.
2) The types of activities or users causing and being affected by the conflict.
3) A brief description of the conflict for clarification if needed
4) Whether the environment and ecosystem services were affected by this conflict.
2.6.2.4. Beliefs supportive of environmental action (BSEA) scale
The ‘beliefs supportive of environmental action’ (BSEA) scale was developed by Ryan
and Spash and explained in detail in their 2010 paper. It was developed from the Awareness of
Consequences (AC) Scale: a psychological scale created to measure the environmental beliefs
formed by people as a direct result of their value orientations, as per the Value-Belief-Norm model
(described in Stern, 2000 and Stern et al., 1999). In the 2010 Ryan and Spash study, meta-analysis
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was conducted on three applications of the AC Scale (Snelgar, 2006 and two unpublished studies
decribed in the acknowledgments of Ryan and Spash, 2010) in order to assess the propensity of
the AC Scale to accurately reflect the Value-Belief-Norm structure as opposed to an entirely
separate cognitive process.
Through confirmatory factor analysis, the study identified two factors underlying the
items of the AC Scale, dubbed ‘beliefs that are supportive of environmental inaction’ and ‘beliefs
that are supportive of environmental action’. The items grouped under ‘beliefs that are supportive
of environmental action’ were then combined into the BSEA scale and used in a plethora of further
studies (e.g. Hoyos and Mariel, 2012; Obeng and Aguilar, 2018; Paci et al., 2018; Ryan and Spash,
2011). In keeping with these studies, the work presented in this dissertation only uses the BSEA
scale, and not the other items. Participants were asked to state their level of agreement on a fivepoint scale (1 – Strongly disagree, 5 – Strongly agree) with the following nine statements:
1) Environmental protection will provide a better world for me and my children.
2) Environmental protection is beneficial to my health.
3) The effects of pollution on public health are worse than we realise.
4) A clean environment provides me with better opportunities for recreation.
5) Environmental protection benefits everyone.
6) Environmental protection will help people have a better quality of life.
7) Pollution generated here harms people all over the earth.
8) Tropical rain forests are essential to maintain a healthy planet earth.
9) Over the next several decades, thousands of species will become extinct.
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2.7. PGIS analysis and results: using local data to inform choice experiment design
The data collected through the PGIS experiment and analysis thereof was used to provide
a local basis for the framing of the choice experiment survey described in chapter 3. and used in
chapters 0. and 5. Firstly, the questions regarding marine and coastal activities were used to
investigate the profile of recreational users in Storm Bay, as well as the importance of ecosystem
services to recreational users as they engaged in the activity of their choice. Following on from
this, the data regarding the importance of ecosystem services were analysed to uncover the
combinations of services that were of greatest interest to the population sampled in order to include
them in the choice experiment as attributes. The mapped locations of activities and perceived
conflicts were explored for overlap. Finally, the descriptions of conflict and additional comments
provided by participants at the end of the survey were used to provide context and drivers of change
for in the choice experiment framing.
2.7.1. Sample location
A total of 467 participants opened the survey. Of these 467 participants, 455 responded to the
question about the Local Government Area they live in.
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Table 6 presents the percentage of participants from each of the four targeted Local
Government Areas in four ‘slices’ of the sample: the mail drop sample (137 participants), the
sample recruited by other means (156 participants), these two samples combined (293
participants), and all participants that responded to the Local Government Area question (455
participants). In each of these four slices, the Tasman and Kingborough participants are
overrepresented (as are the Hobart participants in all but the 156-participant slice), and the
Clarence participants are underrepresented.
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Table 6: Location of the PGIS sample
Sample location
Hobart
Kingborough
Tasman
Clarence

Percentage Percentage Percentage Percentage 2016
(of 137)
(of 156)
(of 293)
(of 455)
census
46.72%
35.26%
40.61%
39.12%
36.31%
25.55%
42.31%
34.47%
36.04%
24.98%
7.30%
8.97%
8.19%
8.79%
1.63%
20.44%
13.46%
16.72%
16.04%
37.08%

2.7.2. Marine and coastal activities
Table 7 presents the count of respondents who indicated they participate in the marine
and coastal activities listed in the survey. A total of 416 participants responded to this question
(response rate of 89.2%) and the percentages presented are either of this sample of 416, or of the
entire sample of participants having opened the survey (467 respondents). These results have been
compared to the results of a community survey undertaken for the Derwent Estuary Project in 2013
(Myriad Research, 2013). The activity categories used in the 2013 survey were slightly different,
but the comparable categories are included in the final column of the comparison table. The 2013
study, carried out by Myriad Research, was conducted via phone interviews with a randomly
selected sample of people (above the age of 18) from households in areas surrounding the Derwent
Estuary (the council areas of Clarence, Hobart, Kingborough, Glenorchy, Brighton, and Derwent
Valley).
The most popular activities were onshore, coastal activities such as walking, hiking,
running, cycling, relaxing, and going on an outing with family and friends. The majority of the
sample, i.e. 89.2% of all respondents (having at least started the online survey), reported that they
engage in one or more activity. This is comparable to the 83% of respondents in the 2013 survey
reporting they undertook activities “in, on, or around the [river]” (Myriad Research, 2013, pp. 3)
in the year prior. Just over 67% of the sample swim and/or snorkel. This is noticeably more than
the 31% of respondents from the Myriad survey and is possibly due to the self-selection for the
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PGIS survey of participants who regularly use the marine environment. Broadly, the popularity of
activities is very similar in both the PGIS survey and the 2013 survey.
Table 7: Participant engagement in marine and coastal activities (PGIS)
Activity

Count

Walking/hiking/running/cycling
Relaxing
Outing with family or friends
Swimming/snorkelling
Marine and coastal wildlife viewing
Sailing, Boating, or Anchoring
Dog walking
Camping
Kayaking or canoeing
Boat fishing
Surfing, boogie boarding or (stand-up)
paddle boarding
Other fishing (i.e. land fishing, fishing off
of the beach)
Diving
Other
Water-skiing, windsurfing, or kite surfing

357
293
287
279
220
207
207
183
179
158

Percentage Percentage
(of 416)
(of 467)
85.82%
76.61%
70.43%
62.88%
68.99%
61.59%
67.07%
59.87%
52.88%
47.21%
49.76%
44.42%
49.76%
44.42%
43.99%
39.27%
43.03%
38.41%
37.98%
33.91%

141

33.89%

30.26%

125

30.05%

26.82%

67
52
37

16.11%
12.50%
8.89%

14.38%
11.16%
7.94%

2013
survey
69.30%

31.00%
31.70%

29.30%

19.70%

Participants were asked to indicate which ecosystem services were important to them for
the activities they chose earlier in the survey (see Figure 10). Table 8 presents the ecosystem
services that were important to participants engaging in the five marine and coastal activity
categories (i.e. Boat activities, Surface activities, Underwater activities, Onshore activities, and
Other). The bottom row of the table presents the number of parti cipants engaging in one or more
activities in an activity category and is the number from which the percentages were calculated.
Across all activity categories, water quality was the most important ecosystem service for
recreational activities, followed by natural settings, view, and features. Water quality was most
important to participants engaging in activities that involved some contact with the water
(underwater, surface of the water, and boat activities), but was still deemed important by more
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than half of participants engaging in onshore activities. Above-water ecosystem services such as
natural settings, view, and features were not very important to participants engaging in underwater
activities. Of note is the finding that the presence of biodiversity in plants and animals was most
important for onshore activities, as biodiversity may be thought to be beneficial for other activities,
adding excitement to activities such as snorkelling, diving, or kayaking. It is possible that this
finding is due to the fact that direct use and indirect use of the biodiversity ecosystem service are
not of the same importance to respondents.
Table 8: Importance of ecosystem services for the engagement in specific activities
Activity categories
Ecosystem
services

Boat
activities
67.2%
Natural settings
(178)
64.9%
View
(172)
60.8%
Features
(161)
66.4%
Water quality
(176)
54.7%
Food
(145)
25.7%
Materials
(68)
27.2%
Plants
(72)
41.9%
Animals
(111)
Total in activity
265
categories

Surface Underwater Onshore
activities activities activities
76.3%
45.1%
78.0%
(219)
(133)
(323)
67.2%
23.1%
72.9%
(193)
(68)
(302)
63.4%
31.2%
69.8%
(182)
(92)
(289)
86.8%
79.3%
51.0%
(249)
(234)
(211)
28.2%
38.6%
20.0%
(81)
(114)
(83)
29.6%
29.8%
42.3%
(85)
(88)
(175)
32.4%
35.9%
66.2%
(93)
(106)
(274)
44.3%
42.0%
61.8%
(127)
(124)
(256)
287

295

414

Other
59.6%
(31)
51.9%
(27)
42.3%
(22)
50.0%
(26)
21.2%
(11)
28.8%
(15)
34.6%
(18)
42.3%
(22)

Average
65.2%
56.0%
53.5%
66.7%
32.6%
31.2%
39.3%
46.5%
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(Colour scale: Red = lower percentage, Green = higher percentage)

2.7.3. The importance of ecosystem services and site infrastructure
The results from the level of importance questions were used to select the ecosystem
services which would serve as attributes in the choice experiment. This selection was made by
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looking at the relative levels of importance of the ecosystem services through their summary
statistics, as well as by conducting a principal component analysis (PCA). Table 9, Table 10, and
Table 11 present the summary statistics of the perceived importance of marine and coastal
ecosystem services and site characteristics as provided by the mailbox drop sample (𝒏

𝟏𝟑𝟕)

𝟏𝟓𝟔) (sample 2), and both samples pooled together (𝒏

𝟐𝟗𝟑).

(sample 1), online sample (𝒏

The value in the ‘Order’ column is the order in which the ecosystem services and site
characteristics were presented.
Table 9: The importance of marine and coastal ecosystem services (sample 1)
Order
4
1
2
3
8
7
5
10
13
9
6
12
15
16
11
17
14

Ecosystem services and
site characteristics
Water quality
Natural settings
View
Features
Animals
Plants
Food
Parking
Toilets
Access
Materials
Picnic
Jetties
Ramps
BBQ
Moorings
Showers

Average

Median

92.59
90.91
86.11
81.48
73.70
70.95
59.86
57.94
57.26
55.11
53.31
38.83
36.56
35.06
33.37
27.63
27.23

100
100
91
83
80
76
70
63
63
61
60
34
29
26
25
14.5
19.5

Standard
deviation
14.19
14.64
16.61
18.69
26.50
26.96
34.42
30.79
32.64
32.01
31.78
31.79
31.82
33.66
31.10
31.25
29.05

Ecosystem services are presented in bold and site characteristics are presented in italics. In the ‘Average’,
‘Median’, and ‘Standard deviation’ columns, a darker shade of green or red indicates a higher number.
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Table 10: The importance of marine and coastal ecosystem services (sample 2)
Order
4
1
2
3
8
7
13
10
9
6
5
12
15
16
11
14
17

Ecosystem services and
site characteristics
Water quality
Natural settings
View
Features
Animals
Plants
Toilets
Parking
Access
Materials
Food
Picnic
Jetties
Ramps
BBQ
Showers
Moorings

Average

Median

92.70
89.47
87.07
82.33
73.73
68.16
65.76
65.42
62.69
59.79
56.73
43.73
41.26
39.04
38.58
33.41
32.73

100
100
92
85
80
74.5
69.5
72
70
68
67
40
36
33
31
24
26

Standard
deviation
13.91
15.53
15.83
18.43
27.94
28.88
27.40
29.50
29.54
31.32
36.75
32.71
32.10
33.86
33.10
32.09
31.55

See previous table note.

Table 11: The importance of marine and coastal ecosystem services (both samples combined)
Order
4
1
2
3
8
7
10
13
9
5
6
12
15
16
11
14
17

Ecosystem services and
site characteristics
Water quality
Natural settings
View
Features
Animals
Plants
Parking
Toilets
Access
Food
Materials
Picnic
Jetties
Ramps
BBQ
Showers
Moorings

Average

Median

92.65
90.16
86.61
81.92
73.71
69.50
61.83
61.67
59.07
58.23
56.68
41.38
39.00
37.13
36.08
30.45
30.28

100
100
92
84
80
75
68
68
65
69
64
37
33
30
29
21
20

See previous table note.
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Standard
deviation
14.03
15.11
16.20
18.54
27.23
27.97
30.32
30.29
30.94
35.64
31.67
32.33
32.02
33.78
32.22
30.79
31.47

For both samples, similar sets of ecosystem services and site characteristics are of highest
importance. Ecosystem services are overall perceived as more important than site characteristics;
participants place a higher level of importance on the natural benefits that a healthy ecosystem can
provide at recreation sites than on the human-made structures and amenities. ‘Materials’ and
‘Food’ are two notable exceptions to this, which may relate to the difference in the values they
represent relative to other ecosystem services: both services are able to be extracted from the
environment for use by a recreational user. All other ecosystem services presented hold both use
and non-use value and do not involve extracting anything from the environment to provide benefits
to recreational users. Figure 12 presents an illustration of the average perceived importance of
marine and coastal ecosystem services and site characteristics as provided by both samples pooled
together (𝒏

𝟐𝟗𝟑).

Participant perceptions of the level of importance of ecosystem services were used in a
principal component analysis (PCA) to tease out the possible groupings of services which begin
to appear through the preliminary examination of summary statistics. PCA is a dimension
reduction technique which investigates the correlation between variables (Jolliffe and Cadima,
2016). PCA allows the reduction of the number of variables whilst conserving the information and
variation contained in the data. This is accomplished by exploring whether there are linear
combinations of the variables, known as components, which explain the better part of the variation
in the data.
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Ecosystem services are presented in green with a bold text label and site characteristics are presented in blue with an italics text label.

Figure 12: Average importance of marine and coastal ecosystem services and site characteristics
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As the complexity of a choice experiment is increased with the number of attributes,
which may cause choice consistency and accuracy to decrease (DeShazo and Fermo, 2002;
Hensher, 2006), PCA was of use in reducing the number of ecosystem services down to a set of
components more suitable for inclusion in a choice experiment as attributes. This was done not
only to reduce cognitive load, but also to avoid attribute dependence (where the attributes are
closely interrelated). In the PGIS survey, the importance of eight ecosystem services were
investigated and they were reduced to four attributes for the choice experiment.
Table 12, Table 13, and Table 14 present the correlations between the levels of importance
for the eight ecosystem services investigated in the PGIS survey for sample 1, sample 2, and both
samples combined respectively.
Table 12: Level of ecosystem service importance correlations (sample 1)
Natural
Water
View Features
settings
quality
Natural
settings
View
Features
Water
quality
Food
Materials
Plants
Animals

Food Materials Plants Animals

1
0.461
1
0.348 0.394

1

0.355 0.370

0.155

1

0.072
0.250
0.399
0.417

0.150
0.335
0.404
0.315

0.268
0.194
0.303
0.363

0.161
0.130
0.241
0.185

1
0.549
0.261
0.296

1
0.561
0.563

1
0.641

1

Correlations above 0.45 are shown in bold and red text and correlations above 0.3 are shown in red text.
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Table 13: Level of ecosystem service importance correlations (sample 2)
Natural
Water
View Features
settings
quality
Natural
settings
View
Features
Water
quality
Food
Materials
Plants
Animals

Food Materials Plants Animals

1
0.386
1
0.194 0.412

1

0.486 0.286

0.209

1

0.089
0.170
0.198
0.083

0.191
0.255
0.270
0.186

0.073
0.104
0.195
0.132

0.241
0.182
0.185
0.173

1
0.589
0.318
0.361

1
0.567
0.453

1
0.740

1

Correlations above 0.45 are shown in bold and red text and correlations above 0.3 are shown in red text.

Table 14: Level of ecosystem service importance correlations (both samples combined)
Natural
Water
View Features
settings
quality
Natural
settings
View
Features
Water
quality
Food
Materials
Plants
Animals

Food Materials Plants Animals

1
0.419
1
0.265 0.403

1

0.423 0.328

0.183

1

0.083
0.201
0.289
0.234

0.171
0.294
0.331
0.247

0.164
0.148
0.245
0.241

0.201
0.159
0.209
0.178

1
0.562
0.294
0.332

1
0.555
0.502

1
0.694

1

Correlations above 0.45 are shown in bold and red text and correlations above 0.3 are shown in red text.

The underlying concept of ‘benefits provided by the natural environment’ is strongly
present in each ecosystem service, resulting in similar participant levels of importance for these
interrelated concepts. This results in the importance measures all being positively correlated to
some degree with the importance of other ecosystem services. Despite this, groupings of ecosystem
services can be identified, with a slightly different story told by each sample.
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The importance of natural settings for recreation is most highly correlated with the
importance of nice view in sample 1 (S1: 0.461) and most highly correlated with water quality in
sample 2 (S2: 0.486). In the combination of both samples, the correlation between the importances
of natural settings and water quality is slightly stronger than the correlation between the
importances of natural settings and view (0.423 and 0.419 respectively). The importances of view
and interesting coastal features are also highly correlated in both samples (S1: 0.394, S2: 0.412,
both: 0.403). There seem to be two factors at play here: natural settings suitable for recreation
and water quality are ecosystem services related to the enjoyability of an environment in its use
for recreation, while view and features both relate to the pleasantness of the aesthetic properties of
the environment.
There are also high correlations between the importances of food and materials (S1:
0.549, S2: 0.589, both: 0.562), as well as materials and many plants, of different types (S1: 0.561,
S2: 0.567, both: 0.555), materials and many animals, of different types (S1: 0.563, S2: 0.453, both:
0.502), and animals and plants (S1: 0.641, S2: 0.740, both: 0.694). This may point to the very
related notions of marine food, with plants and animals being considered materials that can be
extracted from the marine and coastal environment, as well as the intricately related notions of
plants and animals – the living aspects of the marine and coastal environment that many intuitively
know rely on each other to survive in a balanced ecosystem.
From the above, it is reasonable to expect that up to four components may be at play: 1)
The enjoyability of the natural environment (suitable natural settings for recreation and water
quality), 2) the aesthetic value of the environment (nice view and interesting coastal features).
3) marine and coastal food (food, plants, and animals as extractable materials), and 4) plants
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and animals (plants and animals holding existence value as opposed to the value in consuming
them).
In deciding the number of components (often referred to as factors) to extract in PCA, it
is useful to look at the scree plot 19: a visual representation of the eigenvalues of each factor plotted
17F

against the number of factors. Eigenvalues are a measure of how evenly or unevenly the variances
of a correlation matrix between two variables are spread and they indicate the importance of factors
within the data. Although it is common practice to extract only the factors that have eigenvalues
over 1, it has been argued by Norman and Streiner (2008) and Field et al. (2012) that placing the
cut-off point at 1 as per Kaiser (1960) is too strict. Jolliffe (1986) suggests a cut-off eigenvalue of
0.7 for factors to be retained. Figure 13, Figure 14, and Figure 15 present the scree plots for sample
1, sample 2, and the combined samples and Table 15 presents the eigenvalues of and variances
explained by the factors for sample 1, sample 2, and the combination of both samples.

Figure 13: Scree plot (PGIS sample 1)

19

This holds particularly true for samples of 200 and up (Stevens, 2002). Sample 1 had 198 participants
and sample 2 had 215.
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Figure 14: Scree plot (PGIS sample 2)

Figure 15: Scree plot (both PGIS samples combined)
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Table 15: Eigenvalues and variances explained (PGIS)
Sample 1
Component

Eigen.

Sample 2

Both

Variance
Variance
Variance
explained
Eigen.
explained
Eigen. explained
(Cumulative)
(Cumulative)
(Cumulative)

1

3.344

41.80%
(41.80%)

2.998

37.48%
(37.48%)

3.139

39.24%
(39.24%)

2

1.296

16.20%
(58.00%)

1.561

19.52%
(56.99%)

1.406

17.58%
(56.82%)

3

0.931

11.64%
(69.64%)

0.947

11.84%
(68.83%)

0.887

11.09%
(67.91%)

4

0.822

10.28%
(79.92%)

0.814

10.18%
(79.00%)

0.831

10.39%
(78.30%)

5

0.538

6.73%
(86.65%)

0.591

7.39%
(86.40%)

0.572

7.15%
(85.46%)

6

0.427

5.33%
(91.98%)

0.518

6.48%
(92.88%)

0.529

6.611%
(92.07%)

7

0.338

4.22%
(96.21%)

0.358

4.48%
(97.35%)

0.355

4.44%
(96.50%)

8

0.303

3.79%
(100 %)

0.212

2.65%
(100%)

0.280

3.50%
(100%)

Eigen. = eigenvalues. The ‘Variance explained (Cumulative)’ column presents the percentage of variation
in the data explained by the factors, with the cumulative percentage of variation explained presented in
parentheses.

Where the number of factors is between 1 to 4, over 78% of the variance in the dataset is
accounted for in all three samples and these factors have eigenvalues of over 0.7 (the cut-off point
suggested by Jolliffe (1986) for the inclusion of factors in models). Consequently, 4 factors are
extracted in the PCA conducted on this data.
In PCA, rotation is used to differentiate between the components extracted. This is
necessary in most cases as variables will load most strongly onto the primary factor 20. There are a
18F

20

Factor loadings are, in their simplest definition, the correlation coefficients between the variables and the
factors. This definition changes slightly when the rotation used in PCA is oblique as opposed to orthogonal.
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few different types of rotation that may be used in PCA which can be broadly classified into two
types:
1) Orthogonal rotation: In orthogonal rotation, factors are unrelated to each other and
not allowed to correlate at all.
2) Oblique rotation: In oblique rotation, factors are related to each other and allowed a
certain degree of correlation.
Generally, oblique rotations (such as the promax rotation) are considered to be better than
orthogonal rotations (such as the varimax rotation) to identify simple structures 21 when there is
19F

significant correlation between factors (Finch, 2006). Due to the highly interrelated nature of
ecosystem services as discussed above, there is theoretical grounds for using an oblique rotation.
To strengthen the grounds for using an oblique rotation, it is prudent to conduct a PCA with an
oblique rotation and investigate the component correlation matrix for any significant (>0.3)
correlation between components (as suggested by Tabachnick and Fidell, 2007). To this end, a
PCA extracting four components with promax rotation was conducted on each of the samples and
the component correlation matrices are presented in Table 16.
Table 16: Component correlation matrices
Sample
Sample 1
Components 1
2
3
4
1
1
2
0.39 1
3
0.22 0.38 1
4
0.37 0.05 -0.02 1

Sample 2
2
3

1
4
1
0.16 1
0.45 0.18 1
0.23 0.36 0.30 1

Both
2
3

1
1
0.21 1
0.42 .17
1
0.30 0.39 0.25

4

1

Correlations above 0.4 are shown in bold and red text and correlations above 0.3 are shown in red text.

21
Simple structures are defined by strong relationships between factors and their associated variables
(indicated by very high factor loadings) and no relationship between factors and the variables that are not associated
with them (indicated by very low factor loadings).
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These results indicate correlation between components, supporting the use of an oblique
rotation over an orthogonal rotation.
To test whether the sample is suitable for use in PCA, Kaiser-Meyer-Olkin’s measure of
sampling adequacy (KMO’s MSA) is used. When KMO’s MSA is equal to 0.5 it signals low
sampling adequacy and a KMO’s MSA above 0.8 indicates a very good sample for PCA. Bartlett's
test of sphericity compares the sample correlation matrix with the identity matrix, to investigate
whether it is likely that the correlations could have been obtained from a population with no
correlations. This test produces an approximate chi-square value, the significance of which
determines whether PCA is relevant for the dataset: small values of significance (p

0.05)

indicate that PCA may be conducted. Table 17 presents the results of these tests for each of the
three samples.
Table 17: KMO’s MSA and Bartlett’s test of sphericity (PGIS)
Tests

Sample 1 Sample 2

KMO’s MSA
Bartlett’s test
of sphericity

Both

0.76

0.67

0.74

Approximate chi-square

493.22

519.15

947.14

Degrees of freedom

28

28

28

p-value

< 0.001

< 0.001

< 0.001

All three samples have a KMO’s MSA above 0.65: while a bit low, all samples are
suitable for PCA. This is compounded by the significance of Bartlett’s test of sphericity being
0.001 for all three samples.
In promax rotation, two factor loading matrices are produced. These are the pattern and
structure matrices: the pattern matrix presents the weights calculated via regression by which
factors predict variables and the structure matrix presents the correlations between factors and
variables. The pattern matrix is most commonly used to interpret factors because it represents the
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individual investment of a factor into a variable. Table 18 presents the loadings from the pattern
matrix for each sample.
Table 18: Pattern matrix loadings
Sample
Factors
Variables
Natural settings
View
Features
Water quality
Food
Materials
Plants
Animals

Sample 1
1
(A)

2
(B)

Sample 2

3
4
(C) (D)

1
(A)

4
(B)

Both

2
3
(C) (D)

1
(A)

4
(B)

0.86
0.73
0.90

0.59
0.84
0.89

0.65
0.94
0.86

0.94
0.50

0.90
0.98
0.71

0.91
0.91

3
(D)

0.72

0.69
0.95
0.91

2
(C)

0.99
0.57
0.90
0.88

Weights below 0.5 are not shown.

For each of the three samples, there is a factor (A) which strongly loads plants and
animals, a factor (B) which strongly loads view and features, a factor (C) which strongly loads
(natural settings and) water quality, and a factor (D) which strongly loads food and materials.
These loadings support the ideas ventured above and the factors can be interpreted as: (A)
existence value of plants and animals, (B) aesthetic value of the environment, (C)
enjoyability/safety of the natural environment for use in recreation, and (D) marine and
coastal food. These four concepts were taken forward as the most important groupings of
ecosystem services to be included as attributes in the choice experiment.
2.7.4. Activity and conflict mapping
A total of 317 participants mapped at least one activity or perceived conflict, with 1759
activity points mapped (≈6 per person) and 119 conflict points. The number of times each activity
was mapped (summed across all participants) is presented in Table 19 and the types of conflict
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mapped are presented in Table 20. Below Table 19, the ‘other’ activities mentioned by participants
are detailed.
Table 19: Number of activities mapped
Activity category

Activity
Sailing, Boating, or Anchoring
Boat activities
Boat fishing
Jetties, boat ramps, moorings
Kayaking or canoeing
Activities on the Surfing, boogie boarding, or (stand-up) paddle boarding
surface of the water Water-skiing, windsurfing, or kite surfing
Other fishing (i.e. land fishing, fishing off of the beach)
Swimming/snorkelling
Underwater
activities
Diving
Walking/hiking/running/cycling
Dog walking
Marine and coastal wildlife viewing
Onshore activities
Relaxing
Outing with family or friends
Camping
Anything else to
Other (Please specify) __________________
add?

Number
206
100
163
151
98
17
40
202
29
271
128
61
98
109
50
36

‘Other’ activities were often already present in the survey but missed by participants due
inattention or differences in wording. These included “rowing” (kayaking/canoeing), “mountain
biking” (cycling), “sailing”, “swimming”, “bird watching” (marine and coastal wildlife viewing),
and “coasteering” (a mix of scrambling/swimming/running/climbing along the coast). Certain
participants specifically mentioned activities that had not been included in the survey:
-

Artistic practices such as photography, painting, sketching, rock carving, playing
music, and installing public art pieces.
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-

Sports such as beach volleyball, pétanque, and flying kites. (Participants who
mentioned these activities also ticked the onshore activities that came close to
these such as outing with family and friends, walking, etc.)

-

Participating in or leading tours and cruises. (Participants largely also ticked
boating, outing with family and friends, and wildlife viewing.)

-

Site exploring and foraging for materials and food. (Onshore activities were often
also engaged in.)

-

Spiritual activities: “scattering ashes and remembering the dead”.

-

Stargazing.

-

Volunteering in conservation activities, which can be argued to be recreation for
some. These activities included such things as picking up litter and participating
in land-care activities.

Some participants who had not fully understood the focus on coastal and marine
recreation included details about their work that led them to be spending time in the coastal and
marine environment, such as walking track maintenance, weed eradication, environmental
monitoring of shellfish farms, “surf life-saving training activities”, and teaching.
Table 20: Types of conflict mapped
Conflict category
Between the participant and industry
Between other recreational users and industry
Between the participant and other recreational users
Between other recreational users
Other form of conflict
Undescribed conflicts

Number
36
26
16
16
4
21

The majority of conflicts that were described (≈ 63%) involved recreational users and
industry. Participants were provided with space to write a description of the conflict they were
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mapping and space at the end of the survey to note any additional thoughts they had regarding the
general subject of the survey. Based on these text responses, the industries perceived as causing
conflict were aquaculture, fisheries, sewage treatment facilities and other factories, tourism, and
coastal development (for both housing and industrial purposes). Complaints included noise, light,
and odour pollution, increased litter from industry and tourism, decreased water quality and
seafloor health from industry activity, lower fish stocks, difficulty navigating marine infrastructure
and debris from industry activity, increased erosion from development, and high congestion at
sites. Users also reported conflicts between recreational users, particularly between jet-skiers and
swimmers/beachgoers, as well as between dog-walkers and participants who were not fond of
dogs.
Figure 16 presents a summary of the mapped activities and conflicts in Storm Bay,
presented as a heatmap of activity density (number of activities mapped within 10 meters),
superimposed with the 119 conflict points mapped and the marine farming leases in and around
Storm Bay. The map shows that the highest density of activities mapped is co-located with the
highest density of points of conflict between recreational users, lending credibility to the perceived
conflicts. Additionally, the points of conflict between users and industry are mostly located around
marine farming leases.
When participants mapped their activities, they were asked to reflect upon the presence
and quality of ecosystem services at the sites. Figure 17 and Figure 18 present the presence and
quality of ecosystem services grouped into the factors identified in section 2.7.2. These factors (A)
existence value of plants and animals (the ecosystem services plants and animals), (B) aesthetic
value of the environment (the ecosystem services view and features), (C) enjoyability/safety of
the natural environment for use in recreation (the ecosystem services natural settings and water
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quality), and (D) marine and coastal food (the ecosystem services food and materials) are each
presented in a separate map.

Figure 16: Activities and conflicts in Storm Bay
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a)

b)

a) presents factor (A) existence value of plants and animals (the ecosystem services plants and animals) and b) presents factor (B) aesthetic value
of the environment (the ecosystem services view and features).

Figure 17: Perception of the presence of ecosystem services (Factors (A) and (B))
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a)

b)

a) presents factor (C) enjoyability/safety of the natural environment for use in recreation (the ecosystem services natural settings and water
quality) and b) presents factor (D) marine and coastal food (the ecosystem services food and materials)

Figure 18: Perception of the presence of ecosystem services (Factors (C) and (D))
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2.7.5. Beliefs supportive of environmental action (BSEA) scale
Table 21 presents agreement with the BSEA statements, i.e. the selection of levels 4 and
5 of the five-point scale. The values were calculated as a percentage of the actual responses to the
individual statements as certain participants did not respond to each statement.
Table 21: Agreement with the BSEA statements
BSEA statements
Environmental protection will provide a better world for me and my children
Environmental protection is beneficial to my health
The effects of pollution on public health are worse than we realise
A clean environment provides me with better opportunities for recreation
Environmental protection benefits everyone
Environmental protection will help people have a better quality of life
Pollution generated here harms people all over the earth
Tropical rain forests are essential to maintain a healthy planet earth
Over the next several decades, thousands of species will become extinct

4&5
87.2%
86.4%
68.8%
88.1%
84.2%
83.3%
69.0%
83.3%
70.5%

These values indicate that overall, the respondents hold beliefs that are supportive of
environmental action. It is interesting to note that the statements with the lowest level of agreement
were “The effects of pollution on public health are worse than we realise” and “Pollution generated
here harms people all over the earth” (68.8% and 69.0% respectively). This is likely due to
Tasmania being a very green-leaning state politically which prides itself in being very clean in
terms of pollution. Notably (when considering Tasmania’s part in causing the extinction of the
charismatic Tasmanian Tiger), participants also indicated a lower level of agreement with the
statement “Over the next several decades, thousands of species will become extinct” (70.5%).
Agreement with the remaining 6 statements was consistently above 83%.
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2.8. Discussion
From the exploration of the questions regarding marine and coastal activities, it is clear
that the natural coastal and marine areas in Storm Bay were used by most survey respondents for
some form of recreational activity. Additionally, the ecosystem services provided by the
environment were deemed important to recreational activities.
The four factors identified in the principal component analysis represent groupings of
ecosystem services by levels of importance to participants in the PGIS survey and were used as
attributes of the ‘good’ that is ‘a healthy Derwent estuary ecosystem’ in the choice experiment.
The four attributes were informally discussed with a small number of experts from the Institute for
Marine and Antarctic Studies (IMAS) and the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) to identify a key environmental issue of local interest and importance in the
Derwent estuary and surrounds that could be associated with each factor. The conclusions drawn
from this discussion are presented in the following paragraphs.
Factor (A) existence value of plants and animals was represented in the choice
experiment by benthic (seafloor) health. The health of the seafloor and of the organisms inhabiting
are extremely important in the healthy functioning of an ecosystem. Benthic organisms provide a
variety of services, such as the breaking down of organic matter which is then made available to
other animals in the water column, or as elements of the food chain providing sustenance to
bottom-feeders (e.g. Frid, 2003). This attribute is perhaps the most unfamiliar attribute of the four
in the choice experiment for participants – as stated by Hynes et al. (2013) (who also used benthic
health as an attribute in a choice experiment), the layperson is unlikely to understand or be familiar
with the value of a healthy seafloor. In Hynes et al.’s experiment, benthic health was explained to
participants via the effect that it had on macrofauna: increased seafloor health causes an increase
in biodiversity and abundance. When this effect is large enough, there is a higher chance of seeing
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marine and coastal species. For this choice experiment, benthic health was said to support marine
and coastal animals (birds, fish, and marine mammals) and it was stated that the abundance of
macrofauna increased with seafloor health engendering two knock-on effects: 1) a higher chance
of seeing charismatic marine species when visiting the marine and coastal environment and 2)
better ecosystem function due to a healthy balance of species and numbers. The use of this
unfamiliar attribute was part of the justification for the use of the deliberative method: the
unfamiliar attribute could be discussed amongst the participants and with the moderator, leading
to better understanding and increased familiarity.
Factor (B) aesthetic value of the environment was translated to the presence of coastal
and marine litter. The release of litter into the Derwent estuary has become of increasing concern
with the growth of businesses, tourism, and population in south-eastern Tasmania. Participants in
the PGIS survey pointed to litter in their text responses as having a negative effect on their
experience of the aesthetic and use value of the environment, for example: “lots of litter in the
bush”, “Bruny is much busier with more rubbish very evident”, “on-shore pollution has increased
markedly”, “the amount of plastic there from the southern ocean was truly shocking”, “More
plastic is evident on beaches and in ocean”, “there is a lot more litter”, “general […] rubbish in the
water and along shoreline”, and “waste has fouled bays and beaches”. Other aesthetic values were
not considered, as litter is an issue of current interest and other aesthetic properties could not as
easily be made to vary marginally (such as the quality of the View from a beach, or the presence
of Natural features such as an isthmus).
Factor (C) enjoyability/safety of the natural environment for use in recreation was
presented in the choice experiment as the number of weeks (out of 17 weeks in the summer) that
swimming was not considered safe for at least 3 of the 39 recreational and environmental sites
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monitored around the Derwent Estuary by the Derwent Estuary Project. From 2015-2018, for an
average of 6/17 weeks in the summer, contact with the water was not recommended at 3/39
recreational and environmental sites due to stormwater runoff containing pollutants such as
nutrients, sewage, and construction debris. Swimming was selected as the recreational use of the
environment to be affected, as swimming was identified as a popular activity around the Derwent
estuary. The three activities that were more popular (outing with family and friends at 69.3%,
relaxing at 70.8%, and walking/running/hiking/cycling at 86.2%) did not involve contact with the
water and due to the terrestrial nature of these activities it would have been difficult to design an
attribute that was not too similar to the ‘Coastal and marine litter’ attribute.
Factor (D) marine and coastal food was represented as the safety of marine food for
consumption. The Derwent estuary was once referred to as one of the most polluted waterways in
the world (Bloom and Ayling, 1977) and the levels of heavy metals in the estuary sediment remain
some of the highest in Australia (Derwent Estuary Program, 2016). In 2016, the public was advised
to only consume two to three fish a week from the Derwent estuary due to their high levels of zinc,
cadmium, and lead, while certain species (bream and all shellfish) were declared entirely unsafe
to consume.
The issues identified have all been caused or worsened by anthropogenic activity and
could thus be addressed by some form of action taken by the governing bodies and communities
around the estuary (be it regulations, enforcement, clean-up operations, infrastructure, etc.). For
participants to be willing to pay to improve the condition of an attribute, they need to believe that
the actions funded will have an impact on the attribute level. The anthropogenic origin of or
influence on these issues provided credibility to the scenarios proposed in the experiment.
Additionally, the issues identified could be improved in a marginal fashion, which allowed for
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attribute levels to be devised when designing the experiment. Finally, the issues could be argued
to be independent, i.e. one issue was not the main driver of change for another issue. This allowed
participants to consider each attribute in its own right: if one attribute was the main driver of
changes in another attribute, participants might disregard certain attributes and focus on others.
The information gleaned from the activity and conflict maps indicated that participants
have been feeling the effects of the development of the coastal and marine environment.
Participants indicated an increase in the use of the environment, both recreational and industrial.
Congestion and certain types of litter are seen to be increasing due to tourism, development of
housing and other infrastructure around the bay are seen to put additional pressure on the
environment, and industries such as aquaculture and fisheries are seen as causing in increase in
certain types of litter, decrease in fish stocks, and decrease in overall environmental quality. These
pressures were taken forward as drivers for change and used in the choice experiment survey
framing, as described in chapter 3.
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3. Choice experiment survey
This chapter contains a full description of the choice experiment survey used in the two
experimental treatments presented in chapters 0. and 5. These experiments were an online
treatment of the choice experiment survey (chapter 0.) and a deliberative monetary valuation
workshop using the choice experiment survey as the valuation tool (chapter 5.). The choice
experiment survey design was heavily informed by Johnston et al.’s (2017) comprehensive guide
for best survey practice. The guide urges researchers to strive for validity (limitation of bias in
responses) and reliability (limitation of variability in responses) for results to be applicable to the
wider population sampled and for them to be useful in the creation of relevant policies. The guide
also advises survey design to be as incentive compatible as possible, i.e. where the best strategy
for the respondent is to respond truthfully. Consequentiality is a component of incentive
compatibility: it is a condition by which survey participants believe that their responses will affect
future policy changes and that the amount they state they are willing to pay will be required for
the changes they have selected to be implemented. An example of how this was achieved is the
use of cheap talk, as is discussed in sections 3.3.2. and 3.4.2.

3.1. Survey differences between the online and deliberative treatments
There were a few differences in structure between the online choice experiment survey
and the deliberative workshop choice experiment survey. In the deliberative treatment, participants
completed the Derwent estuary choice experiment individually twice, once before the deliberative
phase and once after the deliberative phase. Additionally, in the deliberative treatment, participants
completed the bulk of the socio-economic questions in a separate online survey before attending
the workshop. In the online treatment of the choice experiment, participants faced socio-economic
questions after completing the rest of the survey. This description of the choice experiment survey
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details the questions in the order they appeared online. Figure 19 presents a diagram of the major
differences in the two survey treatments.

Figure 19: Differences in the deliberative and online survey treatments
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3.2. Survey information and informed consent
Firstly, information was provided regarding the experiment, detailing either the online
choice experiment, or the deliberative monetary valuation (DMV) group workshop. Participants
were asked to provide consent to participate in the activity, including consenting to being recorded
during the group discussion phase for the DMV experiment.
In the online version of the survey, a few screening questions were included at this
juncture. These included the participant’s postcode, suburb, age, gender, and a question as to
whether participants rented or owned their home.

3.3. Forestry choice experiment
The first item in the survey was a short 6-task choice experiment about the management
of forestry practices in Tasmania. This survey was designed in conjunction with guidance from
the Forest Practices Authority and the attributes selected reflected the current areas of interest and
change in forestry management in Tasmania. See Appendix 2 for further detail regarding the
forestry choice experiment (i.e. attributes, framing, and design).
The purpose of including this choice experiment in a survey which mainly regarded
marine and coastal ecosystem services was to reduce participant learning effects in the main
Derwent estuary choice experiment. Learning effects are the familiarity and knowledge that can
be gained from the repetition of a task (e.g. Brazell and Louviere, 1998; Brouwer et al., 2010;
Carlsson et al., 2012; Savage and Waldman, 2008). In choice experiments, participants are asked
to repeat a task involving making a choice between various alternatives, with only one aspect
differing between task: the specific characteristics of the alternatives they face. As the participant
completes tasks, they learn more about the way the choice is made, i.e. the mechanics of
completing the task, as well as learning more about their preferences (choice heuristics). Due to
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this, a shift in choice consistency and accuracy may be observed from the first task completed to
the final task completed. Learning effects have been shown to have an influence on preferences in
previous research (Bansback et al., 2014) and as such the forestry choice experiment was included
in this survey so that a direct comparison between the pre- and post-deliberation experiments could
be carried out. Bansback et al. (2014) also identify that fatigue may be an issue. In the deliberative
valuation workshops which saw participants completing upwards of 40 choice tasks in total (6
forestry tasks, 12 individual Derwent estuary tasks, 10+ deliberative group tasks, and 12 individual
tasks), breaks were given to participants and the moderator attempted to ensure that participants
were paying attention.

3.4. Derwent estuary choice experiment
The Derwent estuary choice experiment was the focus of the survey for both the online
and deliberative treatments. Information was presented relating to the issues faced by the Derwent
Estuary and surrounds, namely ‘Water quality’, ‘Seafloor health’, ‘Coastal and marine litter’, and
‘Safety of seafood (for consumption)’.
3.4.1. Derwent estuary choice experiment attributes
The Derwent estuary experiment comprised four environmental attributes with four levels
each and a ‘Cost’ attribute with six levels. The environmental attributes, designed from the results
of the ‘importance of ecosystem services’ question in the PGIS survey, as outlined in section 2.7.2.,
are presented in Table 22. The ‘Water quality’, ‘Coastal and marine litter’, and ‘Safety of marine
food’ attributes all had discrete levels and were treated as continuous variables in model
estimation. Utility and WTP are hypothesised to decrease with an increase in the number of weeks
where swimming is not recommended, to decrease with increasing amounts of litter released into
the environment, and to increase with increasing food safety. The ‘Seafloor health’ attribute had
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categorical levels and it was hypothesised that as seafloor health increased, utility would increase.
Status quo levels are underlined.
Table 22: Derwent estuary choice experiment attributes and levels
Attributes

Water
quality

Seafloor
health

Coastal and
marine litter

Safety of
marine food
consumption

Cost

Description

Levels
Water contact will not be recommended at
3/36 sites for…
Water quality in terms of the
- … 8 weeks per year*
pollutants that are washed into the
- … 6 weeks per year*
river by stormwater. The attribute is
- … 4 weeks per year*
described in terms of “weeks when
- … 2 weeks per year*
swimming is not recommended”.
*out of the 17 weeks that the beaches are
open and monitored in the summer months.
Seafloor health is explained as
- Decrease of seafloor health
being linked to the overall healthy
- Maintenance of current seafloor health
functioning of estuarine
- Increase of seafloor health
ecosystems, as well as to
- Increase of seafloor health and greater
biodiversity and the abundance of
chance of seeing marine species
animals.
- Up to 500 more tonnes of litter…
The litter attribute is set out with
- Up to 300 more tonnes of litter…
the base level of litter being
released into the environment (2500 - No additional tonnes of litter…
- Up to 200 fewer tonnes of litter…
tonnes) either being increased or
… will be released
decreased slightly.
- Higher advisory level: advised to eat up to
1 fish per week from the Derwent
The safety of marine food
- Current advisory level: advised to eat up
consumption is described as the
to 3 fish per week from the Derwent
number of fish one can safely eat in
- Medium advisory level: advised to eat up
a week, without fear of toxin
to 4 fish per week from the Derwent
ingestion or illness.
- Lower advisory level: advised to eat up to
6 fish per week from the Derwent
The price of policy changes put in $230, $190, $150, $110, $70, $30, and $0
place
for the business as usual alternative

3.4.2. Derwent estuary choice experiment framing
As outlined in section 2.8, the framing for the Derwent estuary choice experiment was
largely guided by the concerns and conflicts recognised and expressed by participants in the PGIS
survey, as well as input from environmental scientists at CSIRO and IMAS.
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The four attributes in this experiment were ‘Water quality’, ‘Seafloor health’, ‘Coastal
and marine litter’, and ‘Safety of marine food’. In the Derwent experiment, the ‘status quo’
alternative was framed as a ‘business as usual’ alternative, presenting the attribute levels that could
be expected (as per expert opinion) in five years if no action was taken to reduce human impacts
on attribute quality. Each attribute had three levels that represented gradual improvement from the
business as usual levels: the first was achievable with “some action”, the second with “more
action”, and the third with “extensive action” over the course of five years. The precise nature of
the actions that could be taken to improve attribute quality were described in detail for each
attribute. The wording of the attributes referred to the way participants and communities might
benefit from or be affected by any changes made, to ensure that changes and consequences thereof
would be understood by the lay-public.
The ‘Water quality’ attribute focussed on the number of weeks in the summer (out of 17
total weeks) that swimming was not recommended for at least 3 of the 39 environmental and
recreational sites monitored. Around the Derwent, the Beach Watch (for recreational sites) and
Bay Watch (for environmental sites) programs report on the water conditions every week, with a
grade assigned to the site of PASS (water contact is safe), RETEST (retest needed), or FAIL (water
contact is not recommended). From 2015-2018, water contact was not recommended for an
average of 6/17 weeks of summer for at least 3 (and up to 18) of the 39 sites monitored due to
enterococci levels in excess of 140 MPN (Most Probably Number) 100 mL-1. The attribute level
proposed if no action was taken (business as usual level) was an increase in the average number
of weeks where contact with the water was not recommended from 6 to 8 weeks. If some action
were to be taken, the weeks of no swimming would remain at the current level of 6 weeks
(constituting the first level of improvement over the business as usual alternative). With more
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action, the weeks of no swimming would decrease to 4 weeks (second level of improvement) and
with extensive action, the weeks of no swimming would further decrease to 2 weeks (third level
of improvement). The actions proposed consisted of “Building stormwater filters and more water
treatment plants”, “Protecting existing wetlands and creating more to capture stormwater”, “More
regulations and enforcement of existing rules for businesses and activities which contribute to
coastal and marine pollution”, and “More regulations and neighbourhood clean-up teams to limit
the amount of contamination from pet faeces”.
The ‘Seafloor health’ attribute was perhaps the attribute with which the layperson was
most unfamiliar, as well as being a complex, non-continuous, and qualitative attribute. Focus group
participants identified that using values such as the quantity of heavy metals in the seafloor
sediments (a major issue of interest in the Derwent estuary due to the industrial activity towards
the mouth of the river) would render the attribute even more complex than it already was.
Participants were informed of the link between the health of the organisms living within the
seafloor and the well-being of bird, fish, and marine mammal populations and told that a decrease
in seafloor health could result in a decrease of macrofauna populations. It was explained that this
decrease could have several negative “knock-on effects”, including a lower chance of seeing these
charismatic species on visits to the coast, as well as the loss of ecosystem balance and function.
The attribute level structure was similar to that of ‘Water quality’, in that the business as usual
level (no action) was a decrease in the attribute quality (“decrease of seafloor health”), with some
action the current attribute level could be maintained (“current seafloor health” – first level of
improvement), and with more and extensive action attribute quality would increase (“increase of
seafloor health” and “increase of seafloor health and greater chance of seeing marine species” –
second and third levels of improvement). The actions suggested were “planting and protecting […]
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additional seagrass, kelp, and reed beds which minimise human impacts on the seafloor” and
encouraging “marine and coastal businesses currently releasing nutrients into the water to reduce
emissions”, involving “monitoring and policing, […] and restoration projects, and possibly
subsidising the businesses agreeing to adopt eco-friendly behaviours”.
The ‘Coastal and marine litter’ attribute related to the release of increasing amounts of
litter into the marine and coastal environment due to population increase, increase of tourism, and
growth of businesses. Waste was explicitly referred to as “Toilet rolls, and other rubbish left behind
by visitors”, “ Sanitary products that get washed out of sewers”, “Plastic waste”, and “Large pieces
of waste from industries, such as plastic fishing nets”. From the Hobart CBD, 2500 tonnes of litter
were estimated to make their way into the Derwent estuary annually. The business as usual level
for this attribute was an additional 500 tonnes being released into the Derwent estuary. With some
action, this could be reduced to 300 additional tonnes released (first level of improvement), with
more action, this could be reduced to 0 additional tonnes released (second level of improvement),
and with extensive action, this could be reduced to 200 fewer tonnes released (third level of
improvement). The actions proposed were “clean-up operations”, “increased monitoring and
policing of litter practices at landfills and coastal and marine businesses”, “infrastructure such as
more bins on site and trash and recycling facilities”, and “more frequent trash collection”.
The ‘Safety of marine food consumption’ attribute pertained to the number of fish that it
was safe to eat from the Derwent estuary per week. Due to high levels of heavy metals in the waters
of the Derwent which are absorbed by the animals inhabiting it, it is unsafe to consume over a
certain quota of fish from the Derwent weekly. All shellfish, which have a particularly high level
of metals in their flesh due to filter feeding, are unsafe to consume. Bream are also unsafe to
consume, as they have a longer lifespan and accumulate more heavy metals than other fish. For
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other fish species, the guideline in 2016 was 2-3 fish per week (excepting children and pregnant
women, who were advised to limit consumption to 0-1 fish per week). The attribute level structure
for ‘Safety of marine food’ was similar to those of ‘Water quality’ and ‘Seafloor health’, with a
business as usual level presenting a decrease in the number of fish it was safe to eat in a week to 1
fish, some action maintaining the current level of 3 fish (first level of improvement), more action
leading to 4 fish being safe to eat in a week (second level of improvement), and extensive action
leading to 6 fish being safe to consume in a week (third level of improvement). The actions
included “regulations for businesses and activities which contribute to the problem”, and “cleanup operations”.
In the description of the ‘Cost’ attribute it was clearly explained to participants that the
improvements they may wish to see in the attributes would be paid for through an increase in their
household water rates. The description was written to minimise hypothetical bias, which occurs
when participants do not believe they will need to pay for the scenario selected, resulting in a
higher WTP estimate. Minimising hypothetical bias was accomplished through the use of cheap
talk, a script reminding participants that choices should be made as though they were actually
paying for the options (List et al., 2006; Morrison and Brown, 2009; Tonsor and Shupp, 2011).
The script included the fact that the information regarding participant preferences would be
provided to the relevant local government agencies, adding that the prices they stated they would
be willing to pay would inform decisions and programs to be implemented. It was stated that in
2016-17, Hobart council rates were a total of $3239 per household per year (Maloney, 2018) and
that the increase in water and sewerage rates to cover improvements would range from $30 to $230
per household per year for five years.
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3.4.3. Derwent estuary choice experiment design
Focus groups were conducted in November 2018 to test the language of the survey. A
utility balanced choice experiment design was created to conduct an online 50-respondent pilot in
December 2018 and the results (estimated coefficients) were used as priors to inform a Bayesianefficient, 2-block design used in the deliberative treatment of the choice experiment. The priors
for the design of the online choice experiment were sourced from the results of the deliberative
treatment of the Derwent estuary experiment. The code used for these designs as well as a brief
discussion of Bayesian-efficiency is presented in Appendix 3.
3.4.4. Confidence in choices
After each of the 12 choice tasks, participants were asked to rate their confidence in the
choice made on a scale between 0 and 10. Confidence in choices, or choice certainty, is extensively
studied in psychology economics and is an important cognitive process which influences human
behaviour. Our confidence in our choices influences the planning of future actions, as well as
impacting how we explain our opinions (and what drives our choices) to others (Daw et al., 2005;
Dayan and Daw, 2008; McDougall, 1921; Sumner, 1898; Varilly and Chandler, 2012).
Additionally, choice certainty is related to accuracy in choices (Petrusic and Baranski, 2003;
Varilly and Chandler, 2012). A choice is ‘accurate’ when the choice made is the best choice for
the individual making it. This can mean that the choice maximises the individual’s utility or
follows pre-stated ‘rules’ defined by the individual.
An example of this can be found in De Martino et al.’s 2013 study: the choices
participants made between two food options (without needing to pay for either option) were
compared to the monetary value participants held for each food option. The choices between food
options were made first and at the end of the session, participants’ WTP for each food option was
elicited via an “incentive compatible [bidding] procedure” (De Martino et al., 2013, pp. 105)
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known as the Becker-DeGroot-Marschak mechanism (Becker et al., 1964). When participants
selected the food option that they then stated a higher WTP for, the choice was considered accurate.
The study results led to the conclusion that higher levels of confidence in choice are related to
systematic value comparisons between alternatives that accurately reflect participant preferences.
3.4.5. Motivation for making a choice and protest bids
Once participants had completed the choice experiment, they were asked to state the main
driver of their choices between the four environmental attributes and cost, or to state whether
something else drove their choices. Deliberative participants were asked to count the number of
times they selected option A: the business as usual, $0 cost option (in the online treatment, the
count occurred automatically). When option A was selected more than six times (more than half
of the time), both deliberative and online participants were asked to state the reason. The options
provided were:
1) My household has better things to spend that money on
2) I think the government and not households should be paying to protect the
environment
3) My household cannot afford these improvements
4) I don’t believe in the combinations offered
5) I don’t like one or more of the ecosystem services
a. Weeks of no swimming
b. Seafloor health
c. Coastal and marine litter
d. Safety of Marine Food
6) None of the above, I mostly chose option A because…
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This question was used to identify the nature of protest responses, as is described in
section 4.4.5.
3.4.6. Online vs. deliberative survey
In the deliberative version of the survey, following the first individual completion of the
Derwent estuary choice experiment, participants allocated subjective weightings of importance to
the attributes and attribute levels and then went through the deliberation process (as described in
section 5.4.1.). Following this, participants completed the Derwent estuary choice experiment
individually a second time. In the online version of the choice experiment, participants only
completed the Derwent estuary choice experiment once before moving on to the socio-economic
questions.

3.5. Socio-economic questions
The deliberative participants completed most socio-economic questions in a short online
survey before arriving at the workshop in order to shorten workshop duration. Following the
Derwent estuary experiment, participants responded to the question regarding attitudes towards
development in Tasmania. This question and the results for the deliberative sample are presented
in Appendix 4. In the online version of the survey, all socio-economic questions were answered
after the completion of the Derwent estuary choice experiment.
3.5.1. Marine and coastal activities
Respondents answered the same marine and coastal activities question used in the PGIS
survey (see section 2.6.2.1.). The question was used in both surveys to identify whether a similar
set of coastal and marine recreational activities were popular in both samples. The same list of
activities was used, with the option for participants to add an activity that was not included on the
list under ‘other’.
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3.5.2. Ecosystem services
The importance to participants of the ecosystem services from the PGIS survey (in the
question described in section 2.6.2.2.) was also investigated in this survey. Unlike in the PGIS
survey, where participants were asked to slide a circle on a line between ‘not important at all’ and
‘very important’ to indicate the importance of an ecosystem service to them, in this survey,
participants were asked to rate the items on a scale from 0 to 10. The ecosystem services, presented
in a random order, were:
1) Materials (seaweed, driftwood.)
2) Seafood (Fish, abalone.)
3) High water quality (cleanliness, water clarity)
4) Nice coastal view
5) Interesting coastal features (cliffs, boulders, the shape of a bay, an isthmus, etc.)
6) Natural settings for recreation (sports, relaxing, family/friendly outings)
7) Many plants, of different types
8) Many animals, of different types

3.6. Utility theory and development of choice experiments
Utility theory is the basis of choice experiment methods. It was first established by
Bentham in 1789, in his seminal text “An Introduction to the Principles of Morals and Legislation”.
It has since undergone extensive changes as most recently summarised by Witt (2016), who
criticises these changes as having introduced too much distance between utility theory as it is
currently taught and its basis in moral philosophy. Utility was originally a synonym for happiness
in Bentham’s description of utilitarianism, and utility was related to hedonistic concepts of
pleasure and pain. It was stated that people make rational decisions to take (or not to take) action
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based on the consequences of these actions – i.e. choosing to take an action if it would bring about
pleasure or help to avoid pain. Utility was thus an attribute of an action, such as consuming a good,
as opposed to an attribute of the good itself. Pleasure and pain were considered able to be felt by
an individual simultaneously and formed the positive and negative components of utility, the
summation which resulted in the overall measure of utility. This measurable, observable quantity
could be assigned a monetary value by observers external to the individual experiencing utility
(Witt, 2016). This ‘objective’, monetary measurement of utility could then be summed across
individuals and used to evaluate whether policy decisions that affect vast numbers of people are
overall beneficial to society (overall positive utility, i.e. more pleasure than pain felt).
There are a few equity implications to this idea: an individual’s pleasure and pain can be
thought of as subjective, not a value that can be observed and quantified externally. Additionally,
the idea of an overall positive utility associated with an action can be detrimental: classifying an
action as ‘good’ may allow the justification of actions which cause pain to one individual if the
pleasure brought to another individual is sufficiently great.
Witt (2016) outlines the subsequent evolutions in utility theory. He delves into Jevons’
“Theory of Political Economy” (1871), where certain simplifications were made to Bentham’s
concept of utility. Firstly, utility was considered an attribute of the good as opposed to an attribute
of an action. This neutralises the subjective aspect of utility identified above, as utility would no
longer be a matter of opinion dependent on the characteristics of the individual experiencing it,
but dependent on the characteristics of the good, which do not vary between individuals. Secondly,
utility was no longer viewed as the simultaneous experience of various pleasures and pains, it was
considered a single ‘feeling’ of overall satisfaction. Jevons postulated that the composite utility
described by Bentham was not objectively measurable, that it was subjective
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These modifications brought about positive and negative outcomes. The simplified
notion of utility was well-suited to be expressed as a mathematical equation, rendering it into a
modellable concept. However, the idea that utility was a singular ‘feeling’ that justified one’s
actions made it difficult to relate it directly to motivations such as desires, wants and needs. These
motivations are the basis for most behavioural and social sciences and the simplification proposed
by Jevon rendered the interconnection between these sciences difficult.
In the beginning of the 20th century, there was a revolution in utility theory, moving
towards a more positivist and behavioural approach (Kahneman and Sugden, 2005), as can be seen
through the works of e.g. Marshall (1890) (conceptualised utility as a marginally quantifiable
driver of economic decisions), Pareto (1906) (investigated the pairwise comparison of utilities),
and Fisher (1927) (identified utility as a measure of the preferences involved in decision-making).
For the next thirty years, utility theory stagnated (Colander, 2007), until Lancaster’s began
considering the characteristics of a good and the way in which these contributed to overall utility
(Lancaster, 1966). This ‘characteristics’ theory of utility – a neoclassical move away from
Bentham’s views – allowed for researchers such as Rosen (1974) to develop hedonic theory, which
is the basis for various forms of non-market environmental valuation, including revealed
preference methods such as hedonic valuation and stated preference methods such as discrete
choice experiments.
Ben-Akiva et al. (2019) recently wrote a comprehensive history of stated preference
methods, which will be briefly summarised here. They specify that stated preference methods
originated in the 1930s with Thurstone’s 1927 paper describing the law of comparative judgment:
a method to elicit indifference curves directly as opposed to observing them indirectly from market
behaviour. Although his work was groundbreaking for its time, Thurstone failed to verify if the
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experimental conditions he was implementing were similar enough to making choices in a real
market situation. Thus, the experimental responses could not be used to predict market demand.
Many practitionners disagreed with Thurstone’s method on this basis over the following decades,
including Wallis and Friedman (1942) who stated that no economic experiment could or should
be used for market demand analysis. They were instead used in the study of choice under
uncertainty.
The use of stated preference methods was repopularised from the 60s and 70s through
Luce and Tukey’s (1964) and Luce and Suppes’ (1965) conjoint measurement theory, which was
applied by various researchers through conjoint analysis to the investigation of consumer
preferences for common, well-known goods such as cars (e.g. Green, 1974; Huber, 1975; Johnson,
1974; Louviere, 1988; Srinivasan, 1988). Two tenets of conjoint analysis which would trickle
down and inform the choice experiment method are the experiemental designs allowing for
preference elicitation, and repeated measurements allowing for consistency checks and preference
refinement. In the 80s, conjoint analysis was further polished by Louviere and Woodworth (1983)
and Hensher and Louviere (1983) to better emulate real market decisions; this was called choicebased conjoint elicitation. McFadden (1986, 1974) and McFadden et al. (1986) showed that it was
possible to analyse the choice-based conjoint elicitation using discrete choice analysis and random
utility maximisation, allowing for the experimental data to provide more accurate predictors of the
demand for goods.
Choice experiment methodology is based upon Lancaster’s economic theory of value
(Lancaster, 1966) and Hedonic Price Theory (Rosen, 1974): the value of a good is assumed to be
a function of the underlying attributes of the good, rather than simply the good itself. Ben-Akiva
and Lerman (1974) are often credited with the first application a choice experiment and publication
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of the first textbook covering discrete choice analysis in 1985. Train (2009) and Hensher et al.
(2015) have since published reference texts describing the creation (design and framing) of a
choice experiment and the logit models used to analyse the choice data. These texts are used
(among other references) to define the models described in sections 4.4.1., 4.4.3., and 4.4.4. There
are countless examples of choice experiments in the non-market valuation literature (see e.g.
Alfnes and Rickertsen, 2011; Alpizar Rodriguez et al., 2003; Hoyos, 2010; Rakotonarivo et al.,
2016 for reviews), and it has become a popular method in the assignation of values to non-market
goods such as ecosystem services.
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4. Online choice experiment
Choice experiments are a variety of stated preference valuation method. In stated
preference economic valuation methods, a representative – often stratified – sample of the study
population fills out a survey and the survey responses are used to generate estimates of economic
value. These methods are widely used to value environmental goods that are not traded in markets
(Adamowicz et al., 1998; Hanley et al., 1998, 2006; Robinson et al., 2008). Relevant to this study,
choice experiments have also been used to value use as well as non-use values such as unfamiliar
coastal and marine ecosystem services (Jobstvogt et al., 2014). Such goods can be difficult to
incorporate into cost-benefit analyses and can thus be disregarded in policy-making, resulting in
inadequate protection of ecosystem services and ultimately the collapse of communities and
businesses which depend on the environment for well-being (Carrasco et al., 2014; Chee, 2004;
Guerry et al., 2015; Salzman et al., 2001).
Another set of methods for valuing non-market environmental goods are revealed
preference methods such as hedonic valuation and travel-cost studies. Revealed preference
methods include real expenditure but are often limited in scope due to data availability.
Additionally, non-use values (such as existence values, option values, bequest values, etc.) and
preferences for these cannot be observed through revealed preferences. Stated preference surveys
are often the only method which can provide a relevant monetary value to allow ecosystem goods
and services to be considered in policy, despite facing some criticism given their hypothetical
nature (which can lead to respondents over-estimating values held for ecosystem services) (Frey
and Stutzer, 2005; Matthews, 2006; MEA, 2005). It is therefore important that practitioners
account for potential sources of bias within the experimental design. Discrete choice experiments
can account for some sources of bias identified in contingent valuation studies, such as affective
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responses, starting point and range bias (Loomes, 2006), and relative and absolute values
(Kahneman, 1999).

4.1. Online choice experiment
4.1.1. Online choice experiment sample
The survey (described in chapter 3.) was administered online through Online Research
Unit (ORU, 2019) in July 2019. ORU have a wide panel of respondents across Australia and rely
on both online and offline recruitment methods to provide a representative sample of the target
population. A sample of 459 respondents over 18 years old from across Tasmania completed the
survey, with participants taking 20-25 minutes on average. The representativeness of the sample
is important to consider for the socio-economic choice modelling that can be carried out. For
example, these models can elucidate the variations in WTP values across different levels of income
and other socio-economic factors, leading to a better understanding of the effectiveness of the
payment vehicle chosen. Though the incorporation of socio-economic variables in the choice
analysis is out with the scope of this dissertation, Table 23 presents a comparison of the average
socio-economic information for the participants in the study and the information from the 2016
and 2017 Tasmanian censuses.
Table 23: Comparison of online CE participant and Tasmanian socio-economic information
Attribute
Sample Mean
Tasmanian Mean Census year
Age
55.43
40.05
2017
Gender
52.3 % female
50.5% female
2017
Income
$95949
$49898
2016
Post-school qualifications
74.3%
55.7%
2016
Children
1.59 per household
1.8
2016
Although the ORU employ varied sampling techniques and a representative sample was
requested, the online panel is not perfectly representative of the Tasmanian population. As
113

compared to the Tasmanian average, the sample is older, slightly skewed towards female
participants, higher income participants with more post-school qualifications, and participants with
fewer children per household. The ORU online Tasmanian panel is relatively small (a total of 6000
people) and not stratified. However, theirs is the most representative online panels of this small
island state.
4.1.2. Participant engagement in marine and coastal activities
Several activities were more popular in the CE survey than in the PGIS survey. However,
overall, the popularity of activities is similar, with coastal activities being most popular. The lower
popularity amongst the CE participants of swimming/snorkelling, and of sailing, boating, and
anchoring is likely due to the profile of the PGIS participants: regardless of sampling technique
(random mail-drop or online recruitment) these participants self-selected upon being invited to
participate and were likely to be more active users of the environment who were engaged and
interested in the survey topic. Additionally, this difference may be due to the slightly different
sample used in this experiment (all of Tasmania for the online choice experiment as opposed to
the four Local Government Areas around Storm Bay for the PGIS study).
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Table 24 presents the responses to the question regarding participant engagement in
marine and coastal activities. The table also presents the percentages of activities from the
participatory GIS (PGIS) study, and a survey carried out in 2013 regarding the use of the Derwent
estuary (Myriad Research, 2013). The 2013 study, carried out by Myriad Research, was conducted
via phone interviews with a randomly selected sample of people (above the age of 18) from
households in areas surrounding the Derwent Estuary (the council areas of Clarence, Hobart,
Kingborough, Glenorchy, Brighton, and Derwent Valley).
Several activities were more popular in the CE survey than in the PGIS survey. However,
overall, the popularity of activities is similar, with coastal activities being most popular. The lower
popularity amongst the CE participants of swimming/snorkelling, and of sailing, boating, and
anchoring is likely due to the profile of the PGIS participants: regardless of sampling technique
(random mail-drop or online recruitment) these participants self-selected upon being invited to
participate and were likely to be more active users of the environment who were engaged and
interested in the survey topic. Additionally, this difference may be due to the slightly different
sample used in this experiment (all of Tasmania for the online choice experiment as opposed to
the four Local Government Areas around Storm Bay for the PGIS study).
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Table 24: Participant engagement in marine and coastal activities (online CE)
Activity

Count

Walking/hiking/running/cycling
Relaxing
Outing with family or friends
Marine and coastal wildlife viewing
Dog walking
Camping
Swimming/snorkelling
Other fishing (i.e. land fishing, fishing off
of the beach)
Kayaking or canoeing
Boat fishing
Sailing, Boating, or Anchoring
Surfing, boogie boarding or (stand-up)
paddle boarding
Diving
Water-skiing, windsurfing, or kite surfing
Other

333
308
279
197
180
146
178

Percentage Percentage
(CE)
(PGIS)
72.55%
76.61%
67.10%
62.88%
60.78%
61.59%
42.92%
47.21%
39.22%
44.42%
31.81%
39.27%
38.78%
59.87%

125

27.23%

26.82%

122
128
110

26.58%
27.89%
23.97%

38.41%
33.91%
44.42%

75

16.34%

30.26%

36
31
12

7.84%
6.75%
2.61%

14.38%
7.94%
11.16%

2013
survey
69.30%

31.00%

29.30%
31.70%

19.70%

CE = Choice experiment responses, PGIS = Participatory GIS responses, 2013 survey = responses from the
2013 study. Activities whose level of popularity is different between the PGIS and the CE survey are
presented in red text.

4.1.3. Importance of ecosystem services
Apart from Animals and View, the order of importance of ecosystem services is the same
for both samples. Animals were perceived as more important by participants in the CE sample than
by those in the PGIS sample: they moved from 5th most important service to 2nd most important
service.
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Table 25 presents the average responses to the question regarding the importance of
ecosystem services (on a scale from 0 to 10). The responses from the PGIS survey are also included
for comparison’s sake, as the order of presentation of the ecosystem services was randomised in
the online study, and it was not randomised in the PGIS survey.
Apart from Animals and View, the order of importance of ecosystem services is the same
for both samples. Animals were perceived as more important by participants in the CE sample than
by those in the PGIS sample: they moved from 5th most important service to 2nd most important
service.
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Table 25: The importance of marine and coastal ecosystem services (online CE)
Ecosystem services
Water quality
Animals
View
Natural settings
Features
Plants
Food
Materials

CE
8.93
8.08
8.05
7.91
7.91
7.84
7.47
6.85

PGIS
9.27
7.37
8.66
9.02
8.19
6.95
5.82
5.67

Ecosystem services whose relative order is different in the PGIS survey and the CE survey are presented in
red text.

4.2. Hypotheses
As detailed in chapter 3., from discussion with local CSIRO and IMAS scientists (as well
as reference to the literature), it was anticipated that the public would gain utility from a reduction
in litter, improvements in benthic health, a reduction in the number of weeks with advisories
against swimming, and from increased safety of marine food for consumption. The ‘Cost’ attribute
is expected to be negative (in line with standard economic theory) as it is anticipated that the public
would not want to spend more to achieve similar outcomes. Table 26 summarises these hypotheses.
Table 26: Choice experiment attribute hypotheses
An increase in the attribute
is expected to ____ utility
Coastal and marine litter
Decrease
Seafloor health
Increase
Weeks of no swimming
Decrease
Safety of marine food
Increase
Increase in water rates
Decrease
Attribute
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Expected coefficient sign
+
+
-

4.3. Analysis
4.3.1. Random utility and conditional logit models (MNL)
The results from choice experiments are analysed using unordered choice models, which
are based on random utility models. For an individual 𝑖 faced with a total of 𝐽 alternatives in a
choice set 𝑠, the utility of the specific choice 𝑗 is described in equation 1:
𝑈𝑖𝑗𝑠

𝜃𝑛 𝑧𝑛𝑖𝑗𝑠

𝜀𝑖𝑗𝑠

(1)

Where:
- 𝑈 : Utility of an alternative 𝑗 for individual 𝑖 and choice set 𝑠.
- 𝜃 : Coefficients for the set of 𝑛 independent variables. They give the incremental
change in utility 𝑈 for a one-unit change in variable 𝑧 .
- 𝑧 : A set of 𝑛 independent variables related to individual 𝑖, alternative 𝑗, and choice
set 𝑠.
- 𝜀 : Error term. This is assumed to be identically and independently distributed
(homoscedastic with Gumbel type I extreme value distribution).
If a participant (individual) 𝑖 chooses alternative 𝑗 in particular (over an alternative 𝑘 for
example), then the utility derived from alternative 𝑗 must be superior to the utility associated with
alternative 𝑘 for the individual. The statistical model analysing choice experiment data is thus
directed by the probability of making choice 𝑗 in choice set 𝑠, as described in equation 2:
Prob 𝑈

for all 𝑘

𝑈

𝑗.

(2)

The conditional logit model (an extension of the multinomial logit model, henceforth
referred to as MNL) used to evaluate this probability is described in equation 3 (drawn from
McFadden (1974)):
Prob 𝑌

𝑗

∑

Where:
- 𝑌 : The variable presenting the choice made for each choice set.
- 𝑗: The alternative selected.
- 𝜆: A positive scale parameter, which differs for each participant.
- 𝑈 : Utility of an alternative 𝑗 for individual 𝑖 and choice set 𝑠.
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(3)

The scale parameter 𝜆 and variable coefficients 𝜃 (contained within 𝑈
above) cannot be estimated separately: only scaled parameters (𝜃 ∗

in the equation

𝜆𝜃 ) can be estimated.

Response data were largely analysed using PythonBiogeme (Bierlaire, 2016; Rose and
Zhang, 2017). Some additional testing was conducted in STATA (StataCorp, 2019). Willingness
to pay (WTP) estimates were generated by dividing the attribute parameter by the cost parameter,
and confidence intervals were estimated using the Delta method. The Delta method (described by
e.g. Greene (2008)) produces estimates of the variance of a non-linear function containing two or
more variables and is one of the most widespread methods used in calculating confidence intervals
for WTP values. The estimates are produced by calculating the variance of a first-order Taylor
expansion around the mean of the variables. The formula used to calculate standard errors for the
WTP confidence intervals for an attribute 𝑘 is shown in equation 4:
𝑆𝐸 𝑊𝑇𝑃

𝑉𝑎𝑟 𝛽

𝐶𝑜𝑣 𝛽 , 𝛽

𝑉𝑎𝑟 𝛽

4

Where:
-

𝛽 : Estimated cost coefficient.
𝛽 : Estimated coefficient for the variable.
𝑉𝑎𝑟: Variance.
𝐶𝑜𝑣: Covariance.

The ‘Swim’, ‘Food’, and ‘Litter’ variables were continuous variables, and ‘Seafloor health’ was a
dummy variable 22. The model estimates, robust standard errors, significance levels, WTP
estimates, and confidence intervals of the MNL model are presented in
20F

22

Due to there only being one dummy variable in the model, effects coding was not required to differentiate
between the base levels of the attribute.
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Table 27.
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Table 27: Multinomial logit model results (online CE)
Parameter name

Parameter
Robust SE
estimates
0.392
0.113
-0.0053
0.0117
-0.0371
0.00759
0.698
0.0565
0.751
0.0632

ASC
Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
1.06
greater chance of seeing species
Safety of marine foods
0.032
Coastal and marine litter
-0.00131

0.0774

p

𝑾𝑻𝑷𝒌

-95%

95%

< 0.01
< 0.01
< 0.01 -$7.00 -$9.97 -$4.03
< 0.01 $131.70 $103.67 $159.72
< 0.01 $141.70 $110.35 $173.05
< 0.01 $200.00 $163.70 $236.30

0.0117
< 0.01 $6.04
0.0000971 < 0.01 -$0.25

$1.87
-$0.30

$10.20
-$0.20

Number of observations: 459, log likelihood: -5214.39. Robust SE = Robust standard errors, p = p
values, 𝑾𝑻𝑷𝒌 = willingness to pay estimates, (-) 95% = 95% confidence intervals.

All parameter estimates conformed with hypotheses (see section 4.3.) and were
significant at p < 0.01. Additionally, the ASC parameter (a dummy variable equal to 1 for the nonbusiness as usual alternatives, i.e. alternatives 2 and 3) was positive and significant: participants
tended to select a non-business as usual alternative, indicating that this choice led to an increase in
utility. This suggests that the participants are interested in more action to enhance marine and
coastal ecosystem services which may have been lost in the relative trade-offs they made.
Using the marginal WTP estimates, it is possible to calculate the value of the three levels of
improvement for each ecosystem service for one household (each person in the online sample
represented a household). The values in
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Table 28, illustrated in Figure 20, represent the amount a household would be willing to
pay every year for 5 years to achieve each level of improvement in the ecosystem services
proposed.
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Table 28: Values of the first, second, and third levels of improvement (MNL, online CE)

Ecosystem service

First level of
improvement

Improvement level
Second level of
improvement

Weeks of no swimming

$14.00
($8.06 – $19.94)

$28.00
($16.12 – $39.88)

Third level of
improvement
$42.00
($24.18 – $59.82)

$141.70
$200.00
$131.70
($103.67 – $159.73) ($110.35 – $173.05) ($163.70 – $236.30)

Seafloor health
Safety of marine foods

$12.08
($3.74 – $20.41)

Coastal and marine litter

$49.43
($40.00 – $58.87)

$18.11
($5.61 – $30.62)

$30.19
($9.35 – $51.03)

$123.58
$173.02
($100.00 – $147.17) ($140.00 – $206.04)

95% confidence intervals are presented in parentheses.

$250
$200
$150
$100
$50
$0
Weeks of no swim

Seafloor health

First level

Safety of marine
foods

Second level

Coastal and marine
litter

Third level

Error bars present 95% confidence intervals.

Figure 20: Values of the first, second, and third levels of improvement (MNL, online CE)
These results show that participants value the first, second, and third levels of
improvement differently for each environmental attribute. The three levels of improvement are
least valued for the ‘Swim’ and ‘Food’ variables. It seems that participants have relatively low
WTP values for reducing the number of weeks of no swimming out of 17 weeks in the summer
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for at least 3/39 sites and for increasing the number of fish that can be consumed from the Derwent
estuary in a week. This observation is broadly reflected in the responses to the question “What was
most important to you in making the choices?” which directly followed the choice experiment.
The responses to this question (presented in Table 29) show that in making their choices,
participants felt they were mostly driven by concern over ‘Seafloor health’ and ‘Litter’.
Additionally, ‘Cost’ was of greater importance in making choices to a higher number of
participants than either ‘Food’ or ‘Swim’. The Adjusted Count column in Table 29 was generated
by looking at the text responses written by participants who chose option 6. Generally, these
participants felt that all attributes (including ‘Cost’), or some combination of the environmental
attributes were equally important to them in making their choices. Their responses were added to
the count for options 1 - 5 as a fraction of the number of attributes they felt were important. (e.g.
“A balance between seafloor health and litter” led to an addition of 0.5 each to the count of options
2 and 3.)
Table 29: Importance of attributes in making choices (online CE)

1
2
3
4
5
6

Response options
Count Adjusted Count
Weeks of no swimming
17
19
Seafloor health
130
133
Coastal and marine litter
167
172
Safety of marine foods
42
44
Increase in water rates
80
92
None of the above, I was thinking of...
23
0

The ‘Seafloor health’ valuation results (shown in
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Table 28 and Figure 20) are noteworthy, as ‘Seafloor health’ was identified in focus
groups as the most unfamiliar variable and the levels of improvement for this variable are those
most highly valued. Additionally, ‘Seafloor health’ is the sole attribute presenting strictly non-use
values (in two of the three levels of improvement proposed): improvement in ‘Swim’ and ‘Litter’
provide better conditions for recreation, and improvement in ‘Food’ provides higher levels of
seafood that is safe for consumption. The business as usual level for ‘Seafloor health’ identified a
decrease in benthic health if no action was taken over the next five years. Respondents were willing
to pay $131.70 to maintain the benthic environment in its current condition and willing to pay
$141.70 for an improvement. These two levels represented non-use values, i.e. there would be no
additional chance of participants seeing species and the improvement would not be directly
experienced by participants. The third level included use values, stating that there would be a
higher chance of seeing more marine and coastal species. This level was valued significantly
higher than the first, with a WTP estimate of $200 (and 95% confidence intervals that do not
overlap with those of the first level of improvement, although they overlap with the confidence
intervals of the second).
The WTP results for ‘Seafloor health’ slightly contradict those found in Hynes et al.’s
2013 study. In their study, Hynes et al. determined that a small improvement (non-use value) was
valued at 4.77€/person/year ($6.85 AUD) and a large improvement (which also included a higher
chance of seeing species, thus use value) was valued at 4.84€/person/year ($6.95 AUD) 23. The
21F

difference between use and non-use values was not significant: the existence value of benthic
health and the species it supports made up a large portion of the value held for benthic health. Our
results indicate that whilst there are significant positive non-use existence values for the protection

23

On average, 1€ in 2013 was equal to $1.4353 AUD (Pound Sterling Live, 2019).
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of the benthic environment there are also significant use values in terms of increased chance of
seeing species for the sampled population. It may be noted that Tasmania and the UK present stark
differences in weather conditions and use of the marine and coastal environment. The more
favourable weather in Tasmania leads to heavier use of these environments and is likely to lead to
higher use values.
It must be noted that the attributes and the ecosystem goods and services they represent
are not considered to be directly comparable (i.e. the number of fish it is safe to eat cannot be
directly compared to levels of seafloor health, number of weeks when swimming is not
recommended, or tonnes of litter being released into the environment). The calculation of WTP
provides a means of comparing these incommensurable goods. Whenever comparison is made in
this dissertation between the value of the levels of improvement of these attributes (as could be
achieved through “some”, “more”, or “extensive” action), it is done in order to compare the relative
values of the attribute levels from model to model and from treatment to treatment.
4.3.2. Independence of irrelevant alternatives assumption
A conditional logit model presents restrictive assumptions which can be relaxed when the
distributions of the alternatives are independent and identically distributed, or homoskedastic (with
Gumbel type 1 extreme value distribution) as in equation 5.
𝐹 𝜀

exp

𝑒𝑥𝑝

𝜀

(5)

This is called the independence of irrelevant alternatives (IIA) assumption. The IIA
assumption can be tested using a Hausman test: described by Hausman and McFadden (1984), the
Hausman test of the IIA assumption omits a subset of the choice set from the model (i.e. an
alternative) and investigates whether the estimates remain consistent. If the IIA assumption holds
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in the Hausman test, the estimates produced should remain consistent, even though they become
inefficient as not all attributes are included in the analysis.
The χ2 calculated using the Hausman test package24 offered by Stata is negative. Another
2F

suggested test is the ‘suest’ version of the Hausman test package 25. This test solves a problem
23F

caused by the classic Hausman test: the classic Hausman assumes that one of the estimators is
efficient (i.e. that it has minimal asymptotic variance). The assumption of an efficient estimator is
violated when data are clustered, which is the case here (they are clustered by respondent).
The Hausman test results are 𝜒

215.90, Prob

χ

0.0000. The IIA assumption

must be rejected: a conditional logit model will not produce efficient and consistent estimates and
a model which relaxes the IIA assumption should be considered. The models selected to analyse
the choice experiment data (the latent class and mixed multinomial logit models) are further
discussed and described in the following sections.
4.3.3. Latent class (LC)
A latent class (LC) model allows some heterogeneity to enter the model by assuming that
there are several distinct groups of participants (latent classes) with homogenous preferences
within these groups. Heterogeneity is allowed to exist between these classes (𝑐). The preference
structure of the sample is determined by a unique utility function for each class, with 𝐶

1

functions defined following the structure shown in equation 6 adapted from Hensher et al. (2017):
𝑈𝑖𝑗𝑠|𝑐

𝜉𝑐

𝜃𝑛|𝑐 𝑧𝑛𝑖𝑗𝑠

𝜀𝑖𝑗𝑠|𝑐

(6)

Where:
- 𝑈 | : Utility of an alternative 𝑗 for individual 𝑖 belonging to class 𝑐 for choice set 𝑠.
- 𝜉 : A vector of unknown parameters for class 𝑐.
- 𝜃 | : Coefficients for the set of 𝑛 independent variables for class 𝑐.

24
25

Test described here: https://www.stata.com/manuals13/rhausman.pdf.
Test described here: https://www.stata.com/manuals13/rsuest.pdf.
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-

𝑧 : A set of 𝑛 independent variables related to the alternatives and to the individuals
for choice set 𝑠.
𝜀 | : Error term for class 𝑐.

The probability of selecting an alternative 𝑗 is dependent on the characteristics of each
individual and the class to which they belong. This probability is shown in equation 7:
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Prob 𝑌

𝑗

|

∑

( 7)

|

Where:
- 𝑌 : The random variable presenting the choice made for each choice set 𝑠.
- 𝑗: The alternative 𝑗 selected out of 𝐽 alternatives.
- 𝑈 | : Utility of an alternative 𝑗 for individual 𝑖 belonging to class 𝑐 for choice set 𝑠
- 𝑐: Class 𝑐 of total classes 𝐶.
The results of the online choice experiment were analysed using a two-class LC model.
Both a three- and four-class LC model were also attempted, see 0 for details. Table 30 presents the
estimated coefficients and WTP values for each of the two classes.
Table 30: Latent class model results
Parameter name
Class
ASC (1)
Cost (1)
Weeks of no swimming (1)
Current seafloor health (1)
Increased seafloor health (1)
Increased seafloor health, greater
chance of seeing species (1)
Safety of marine foods (1)
Coastal and marine litter (1)
ASC (2)
Cost (2)
Weeks of no swimming (2)
Current seafloor health (2)
Increased seafloor health (2)
Increased seafloor health, greater
chance of seeing species (2)
Safety of marine foods (2)
Coastal and marine litter (2)

Parameter
Robust SE
estimates
1.18
0.168
1.94
0.159
-0.00484
0.000851
-0.0486
0.0107
0.905
0.0792
1.08
0.0902
1.41
0.0649
-0.00156
0.744
-0.0246
-0.0355
0.426
0.686
0.755
-0.00955
-0.000538

p

𝑾𝑻𝑷𝒌

-95%

95%

< 0.01
< 0.01
< 0.01
< 0.01 -$10.04 -$14.86 -$5.22
< 0.01 $186.98 $109.03 $264.93
< 0.01 $223.14 $139.89 $306.39

0.119

< 0.01 $291.32 $145.91 $436.73

0.0165
0.00013
0.318
0.0021
0.0289
0.136
0.194

< 0.01
< 0.01
0.02
< 0.01
0.22
< 0.01
< 0.01

0.234
0.0423
0.000313

$13.41
-$0.32

$6.75
-$0.45

$20.07
-$0.19

-$1.44
$17.32
$27.89

-$3.67
$6.12
$19.49

$0.78
$28.52
$36.29

< 0.01 $30.69

$12.79

$48.60

-$3.79
-$0.05

$3.02
$0.00

0.82
0.09

-$0.39
-$0.02

Number of observations: 459, log likelihood: -4066.895. Robust SE = Robust standard errors, p = p
values, 𝑾𝑻𝑷𝒌 = willingness to pay estimates, (-) 95% = 95% confidence intervals, (1) = Results for class
1, (2) = Results for class 2.
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The class constant is positive and significant, indicating a valid class structure. The class
constant is used to estimate the probability of membership to each class following equation 8:
𝛭

or 𝛭

1

( 8)

Where:
- 𝛭 or 𝛭 : The probability of belonging to class 1 or 2.
- 𝐶𝑙𝑎𝑠𝑠: The class constant.
For the above LC model with two classes, 76.5% of respondents belong to class 1 and
23.5% to class 2. The results suggest that participants in class 1 have higher probability of selecting
an alternative with improvements to the environmental attributes than participants in class 2 and
that participants belonging to class 1 place less weight on the ‘Cost’ attribute. For class 1, all
parameter estimates conform to hypotheses and are highly significant. For class 2, the estimates
for ‘Swim’ and ‘Food’ are insignificant, and the estimate for ‘Litter’ is only significant at the 10%
level. The ‘Seafloor health’ parameter conforms to hypotheses and is significant, although the
values are ≈10 times lower than those expressed by class 1. The ASC parameter was positive and
significant for both classes, though lower for class 2. This indicates that the probability of selecting
a non-business as usual alternative is positive and significant for both groups, with class 1 more
likely to select a non-business as usual alternative.
As with the MNL results, it is possible to calculate the value of the three levels of
improvement for each ecosystem service for one household. The values in Table 31, illustrated in
Figure 21, represent the amount a household would be willing to pay every year for 5 years to
achieve each level of improvement in the ecosystem services proposed, for class 1, class 2, and
the weighted average (WTP values were calculated based on the percentage of participants
belonging to each class).
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Table 31: Values of the first, second, and third levels of improvement (LC, online CE)

Ecosystem service

First level of
improvement

Improvement level
Second level of
improvement

Weeks of no swimming
(Class 1)

$20.08
($13.50 – $26.67)

$40.17
($20.88 – $59.45)

Seafloor health
(Class 1)

Third level of
improvement
$60.25
($31.32 – $89.18)

$186.98
$223.14
$291.32
($109.03 – $264.94) ($139.89 – $306.39) ($145.91 – $436.73)

Safety of marine foods
(Class 1)

$26.82
($13.50 – $40.14)

$40.23
($20.25 – $60.20)

$67.05
($33.75 – $100.34)

Coastal and marine litter
(Class 1)

$64.46
($38.00 – $90.93)

$161.16
$225.62
($95.00 – $227.31) ($133.00 – $318.24)

Weeks of no swimming
(Class 2)

$2.89
(-$7.58 – $16.24)

$5.77
(-$3.12 – $17.55)

$8.66
(-$4.68 – $5.76)

Seafloor health
(Class 2)

$17.32
($6.12 – $39.08)

$27.89
($19.49 – $39.09)

$30.69
($12.79 – $24.02)

Safety of marine foods
(Class 2)

-$0.78
(-$7.58 – $5.64)

-$1.16
(-$11.37 – $8.26)

-$1.94
(-$18.95 – $9.43)

Coastal and marine litter
(Class 2)

$4.37
($0.00 – $15.31)

$10.93
($0.00 – $26.24)

$15.31
($0.00 – $15.31)

Weeks of no swimming
(Weighted average)

$16.04
($8.55 – $24.22)

$32.08
($15.24 – $49.60)

$48.12
($22.86 – $69.57)

Seafloor health
(Weighted average)

$147.11
($84.85 – $211.86)

Safety of marine foods
(Weighted average)

$20.33
($8.55 – $32.03)

$30.50
($12.82 – $48.00)

Coastal and marine litter
(Weighted average)

$50.34
($29.07 – $73.16)

$125.85
$176.20
($72.68 – $180.06) ($101.75 – $247.05)

$177.26
$230.07
($111.6 – $243.58) ($114.63 – $339.75)
$50.83
($21.37 – $78.98)

95% confidence intervals are presented in parentheses, negative values are presented in red, and significant
coefficient estimates are presented in bold.
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a) Class 1
$500
$400
$300
$200
$100
$0
Weeks of no swim

Seafloor health

First level

Safety of marine
foods

Second level

Coastal and marine
litter

Third level

Error bars present 95% confidence intervals.

b) Class 2
$500
$400
$300
$200
$100
$0
Weeks of no swim

Seafloor health

First level

Safety of marine
foods

Second level

Coastal and marine
litter

Third level

Error bars present 95% confidence intervals.

Figure 21: Values of the first, second, and third levels of improvement (LC, online CE)
The results for both classes are similar to those of the MNL model (insignificant estimates
of class 2 notwithstanding). The levels of improvement of ‘Seafloor health’ are most highly valued,
followed by those of ‘Litter’, and with the levels of improvement of ‘Food’ and ‘Swim’ valued
considerably less. For class 2, ‘Swim’ and ‘Food’ were insignificant, and the lower bound of the
confidence intervals for ‘Litter’ show a WTP of $0 for all three levels of improvement. However,
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the three levels of improvement of ‘Seafloor health’ are positive and significant, and as with the
model coefficient estimates, the WTP values for class 2 are ≈10 times lower than those for class
1. In terms of the two classes holding significantly different values for ‘Seafloor health’, these
results are in line with those found by Hynes et al. (2013) for their LC model – a small
improvement in benthic health was significant and valued at 7.13€/person/year for class 1 and
1.27€/person/year for class 2 (with a large improvement in benthic health presenting very similar
results to the small improvement).
4.3.4. Mixed multinomial logit (MMNL)
The mixed multinomial logit (MMNL) model is a formulation of the multinomial logit
model with random coefficients. The main difference is the parameter specification in the
parameter distribution across the individuals, and is shown in equation 9 (adapted from Hensher
et al. (2017)):
𝛽

𝛽

𝛤𝑢

( 9)

Where:
- 𝛽 : Parameter specification.
- 𝛽: The constant vector.
- 𝛤: The lower triangular Cholesky matrix.
- 𝑢 : a vector of 𝐾 random variables with zero means, known variances and zero
covariances.
In order to estimate the model, the log-likelihood function is estimated. Direct integration
to calculate the probabilities of alternative 𝑗 being chosen must be simulated, as the distribution of
the original error term 𝜀

and the random part of the coefficient is unknown. The probability is

presented in equation 10:
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𝐸 P

P 𝛽 𝑓 𝛽|𝛺 𝑑𝛽

(10)

Where:
- 𝑃 : The probability of choosing an alternative 𝑗.
- 𝑓 𝛽|𝛺 : The multivariate probability density function of 𝛽.
Following this simulation method, the log-likelihood and its derivatives were simulated
using 1000 Modified Latin Hypercube Sampling draws (Hess et al., 2006). This allowed the values
which maximise the simulated log-likelihood to be found.
One of the advantages of the MMNL model is that it allows for preference heterogeneity
for each attribute across the sample, which relaxes the IIA assumption. Parameters are assumed to
be randomly distributed in the population sampled and the mean and variances of the randomly
distributed parameters are estimated. The distribution followed by the random parameters needs
to be assumed, with common distributions including normal and log-normal distributions. A
normal distribution was assumed in this study due to the overly restrictive conditions of the lognormal distribution (which constrains the parameter coefficients to be of the same sign for all
participants) as well as the relative consistency in responses (on average, for a given choice task,
51% of participants selected the same alternative).
All parameters in this study were randomly distributed, apart from levels 1 and 2 of
‘Seafloor health’ and the ‘Cost’ parameter. Levels 1 and 2 of ‘Seafloor health’ (i.e. ‘current
seafloor health’ and ‘increased seafloor health’) were originally included as random parameters,
but the standard deviations associated with these variables were not significant resulting in the
variables being estimated solely as a mean preference. ‘Cost’ is assigned a lognormal distribution
in order to ensure that the cost estimate could not be equal to 0 (resulting in infinite WTPs). It
should however be noted that the lognormal distribution can result in overestimated (higher than
is accurate) WTP values (Bliemer and Rose, 2013; Sillano and de Dios Ortúzar, 2005). The WTP
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estimates and confidence intervals for the random parameters in the model were generated by
applying the Krinsky and Robb (1990, 1986) and Delta (for the parameters estimated as means
alone) methods as described in Bliemer and Rose (2013). As the ‘Cost’ attribute has been allowed
to vary, the median has been used in the WTP and confidence interval calculations. The WTP
estimates and confidence intervals for the non-random parameters were calculated using the delta
method as described in section 4.4.1. The estimation and WTP results are presented in Table 32.
Table 32: Mixed multinomial logit model results
Parameter
estimates
ASC (m)
3.95
ASC (s)
3.13
Cost (m)
-4.88
Cost (s)
1.99
Weeks of no swimming (m) -0.0602
Weeks of no swimming (s)
-0.152
Current seafloor health
1.4
Increased seafloor health
1.86
Increased seafloor health, greater 2.3
chance of seeing species (m)
Increased seafloor health, greater -0.726
chance of seeing species (s)
Safety of marine foods (m)
0.121
Safety of marine foods (s)
-0.211
Coastal and marine litter (m) -0.00254
Coastal and marine litter (s)
0.00266
Parameter name

p

𝑾𝑻𝑷𝒌

-95%

95%

0.426
0.391
0.139
0.123
0.0153
0.0271
0.106
0.123
0.151

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

-$8.07

-$9.04

-$7.10

0.166

< 0.01

0.0217
0.0289
0.000199
0.000208

< 0.01 $15.91 $14.46
< 0.01
< 0.01 -$0.34 -$0.36
< 0.01

Robust SE

$185.59 $178.14 $193.04
$246.57 $239.42 $253.72
$304.46 $287.50 $321.42

$17.37
-$0.31

Number of observations: 459, log likelihood: -3425.326. Robust SE = Robust standard errors, p = p
values, 𝑾𝑻𝑷𝒌 = willingness to pay estimates, (-) 95% = 95% confidence intervals, In italics = parameters
estimated solely as a mean, (m) = mean, (s) = standard deviation.

The RP model results reflect those of the previous two models: all estimates are signed
as hypothesised and significant.
The value of the three levels of improvement for each ecosystem service for one
household were calculated. The values in Table 33, illustrated in Figure 22, represent the amount
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a household would be willing to pay every year for 5 years to achieve each level of improvement
in the ecosystem services proposed.
Table 33: Values of the first, second, and third levels of improvement (MMNL, online CE)

Ecosystem service
Weeks of no swimming
Seafloor health

First level of
improvement

Improvement level
Second level of
improvement

Third level of
improvement

$16.14
($14.20 – $18.08)

$32.28
($28.40 – $36.16)

$48.42
($42.60 – $54.24)

$185.59
$246.57
$304.46
($178.14 – $193.04) ($239.42 – $253.72) ($287.5 – $321.42)

Safety of marine foods

$31.82
($28.92 – $34.72)

Coastal and marine litter

$68.00
($62.00 – $74.00)

$47.73
($43.38 – $52.08)

$79.55
($72.30 – $86.80)

$170.00
$238.00
($155.00 – $185.00) ($217.00 – $259.00)

95% confidence intervals are presented in parentheses.
$350
$300
$250
$200
$150
$100
$50
$0
Weeks of no swim

Seafloor health
First level

Safety of marine foods

Second level

Coastal and marine
litter

Third level

Error bars present 95% confidence intervals.

Figure 22: Values of the first, second, and third levels of improvement (MMNL, online CE)
The valuation of the three levels of improvement for each environmental attribute
followed much the same pattern for the MMNL model as for the MNL and LC models, though the
confidence intervals were much tighter for the MMNL model. The three levels of improvement of
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‘Seafloor health’ were most valued, followed by those of ‘Litter’, and with those of ‘Food’ and
‘Swim’ valued much less.
4.3.5. Protest bids
Protest responses occur when participants’ choices do not reflect their true preferences
for the environmental goods in question. They either state a WTP of $0 when their true value for
the good is higher, or strategically state a higher WTP (Lindsey, 1994), resulting in unreliable
WTP estimates. As summarised by Olsen (2009), protest responses can be caused by participants
rejecting some part of the study premise, answering the survey without a good understanding of
the questions or themes, or through strategic behaviour (Boyle, 2003). There is no established or
standardised method for identifying protest responses in choice experiments (or in contingent
valuation), and different methods for treating protests can lead to significantly different WTP
estimates (Boyle and Bergstrom, 2001; Rollins et al., 2010). Removal of protest responses can lead
to much improved model fit (Barrio and Loureiro, 2013), though it can also introduce bias in
responses, as protesting can be considered a valid way to respond (Adamowicz et al., 1998a;
Dziegielewska and Mendelsohn, 2007; Meyerhoff and Liebe, 2009).
In this dissertation, a question regarding choice reasoning was posed to participants having
selected the business as usual option over 50% of the time in the choice experiment.
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Table 34 presents the 6 possible responses to question and the numbers for each response.
Responses that were considered as indicating true protesters are underlined.
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Table 34: Protest responses
Protest verification options
1) My household has better things to spend that money on
2) I think the government and not households should be
paying to protect the environment
3) My household cannot afford these improvements
4) I don’t believe in the combinations offered
5) I don’t like one or more of the ecosystem services
6) None of the above, I mostly chose option A because…

Number of responses
5
19
26
4
0
8

Participants who selected responses 2) and 4) were considered as protesting – these
responses indicate some refusal of the payment vehicle or survey mechanism. Responses 1) and
3) were counted as true ‘zero bidders’, or participants with a legitimate preference for the business
as usual scenario. Response 6) was assessed on an individual basis, and of the eight respondents
who selected this response, seven were determined to be protesters on the basis that they rejected
the scenarios proposed, the cost vehicle, or entire premise of the experiment. The respondent who
was not determined to be a protester stated that they could not afford more (and should have
selected option 3)). Participants were able to select more than one response and were counted as
protesters when their selections included 2), 4), or 6). A total of 53 participants selected the
business as usual, $0 cost option 6/12 or more times, and 29 of these respondents were identified
as protesters.
The MNL model presented in section 4.4.1. was also run without the responses made by
the 29 protesters identified. The model estimates, robust standard errors, significance levels, WTP
estimates, and confidence intervals are presented in Table 35.
As with the full dataset, the model results were signed as hypothesised and significant at
p < 0.01. Indeed, the WTP estimates produced are very similar to those from the full dataset, which
is to be expected given that protesters only made up 6.3% of the sample.
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Table 35: MNL model results (protesters excluded, online CE)
Parameter name
ASC
Cost
Weeks of no swimming

Parameter
Robust SE
p
𝑾𝑻𝑷𝒌
estimates
0.796
0.115
< 0.01
-0.00571
0.000536 < 0.01
-$7.27
-0.0415
0.00801
< 0.01

(-$7.00)

Current seafloor health

0.747

0.06

< 0.01

Increased seafloor health

0.843

0.0667

< 0.01

Increased seafloor health and
greater chance of seeing species

1.14

0.084

< 0.01

Safety of marine foods

0.0436

0.0124

< 0.01

Coastal and marine litter

-0.00136

0.000101

< 0.01

-95%

95%

-$10.24

-$4.29

(-$9.97)

(-$4.03)

$130.82 $100.65 $161.00
($131.70) ($103.67) ($159.72)

$147.64 $113.11 $182.16

($141.70) ($110.35) ($173.05)

$199.65 $158.87 $240.43
($200.00) ($163.70) ($236.30)

$7.64

$3.50

$11.77

($6.04)

($1.87)

($10.20)

-$0.24

-$0.29

-$0.19

(-$0.25)

(-$0.30)

(-$0.20)

Number of observations: 430, log likelihood: -5214.39. The original model results with the protesters
included are presented in parentheses below the present model results. Robust SE = Robust standard error,
p = p values, 𝑾𝑻𝑷𝒌 = willingness to pay estimates, (-) 95% = 95% confidence intervals.

4.4. Discussion
The results of the various model specifications indicate that the population is willing to
pay a significant amount to prevent the degradation of the Derwent estuary ecosystem services
included in this choice experiment. There is a strong preference for the conservation of the health
of the benthos, an ecosystem underpinning and supporting the wider ecological functions of the
estuarine system. This preference is notable due to a potential relative unfamiliarity with the
attribute among the lay-public, as was uncovered in the focus groups that were used to pilot choice
experiment. Within this attribute, participants are willing to pay significantly more (i.e. confidence
intervals do not overlap) for changes which enhance their use values of the environment, i.e. where
the chances of seeing marine and coastal animals increase. This effect is also observed in class 1
of the LC model and in the MMNL model, though not in class 2 of the LC model.
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The investigation of the value of benthic health in this survey can be compared to the
investigation of the value of deep-sea ecosystem services conducted by Jobstvogt et al. (2014).
The choice experiment conducted by Jobstvogt et al. involved the valuation of an environment the
lay public is largely very unfamiliar with, and whose benefits are not well-known. Through a
deliberative exercise, they found that by using simple attributes and levels, participants seemed to
be able to form and express preferences for the unfamiliar goods presented (high confidence
indicated by participants in their decisions, and good fit of the choice models estimates). The
ability to quickly learn about and form preferences for an unfamiliar good was also demonstrated
in the experiment in this dissertation.
The LC model results point to two different classes in the sample – class 1 highly values
improvements to all ecosystem services in the Derwent estuary and places a lower importance on
the cost of these improvements. Class 2 places a higher importance on the cost of improvements,
and only seems to value improvements to ‘Seafloor health’ (although WTP estimates were ≈10
times lower than those of class 1). There is a 76.5% probability of membership to class 1, and
23.5% probability of membership to class 2. The weighted average WTP estimates are higher than
the MNL values on average by 22.4%. The two classes point to an interesting divide in the values
held by the community. Such a stark difference in the WTP values lends itself to further
investigation via such methods as deliberative monetary valuation. Indeed, though there are two
contrasting groups and value sets (improvement of environmental attributes vs. maintaining lower
water rates), there is likely to be a set of values that best reflect the community’s preferred scenario
which could be uncovered through group discussion.
The mean taste parameters (m) estimated using the MMNL model are all signed as
hypothesised and significant – this indicates that the mean preference and WTP for each attribute
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are positive and significant. The MMNL model provides estimated coefficients and WTP which
are on average 63.6% higher than those estimated using the MNL model, and on average 31.8%
higher than the weighted average LC model values.
Whilst the MNL model is the simplest model presented (identifies the probability of
making a choice across the population on average), it is possibly also the clearest in the context of
decision-making for environmental policy. Once heterogeneity across groups or individuals is
introduced in modelling, the policy message can be somewhat diluted. Whilst statistical rigour can
lead economists to present more complex models, the MNL itself does not contradict the message
conveyed in policy terms. The inclusion of the WTP estimates for environmental attributes in costbenefit analyses allows the environment to be considered in the trade-offs accomplished via these
widely used tools. However, decision-makers should be informed that the WTP values are
theoretical estimations of monetary value: no participant will actually have made the payment
suggested in the choice tasks and no participant will actually have observed the changes in
ecosystem services suggested. Stated preference methods are a tool to assist in decision-making,
and the uncertainties involved are made clear to decision-makers when values are provided.
It may be argued that the environment is priceless, as at the most basic level, without the
environment supporting humankind, survival would be impossible. However, these stated
preference experiments provide an indication of the aspects of the environment that the public
values, allowing policymakers a strong basis upon which to make decisions. Often, decisions
regarding the use of environmental spaces and resources are politically motivated. As such,
evidence of the value of the environment at the expense of unsustainable growth is doubtless
worthwhile. However, in the context of decision-makers who have not made that association, a
presentation of information which is simple to comprehend, representative of all models
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developed, and which does not introduce unnecessary uncertainty may be a more conservative
approach.
Out with the scope of this dissertation was the inclusion of socio-economic factors in the
choice models. Such models can be valuable tools in understanding the variation of preferences
across levels of e.g. income, education, or age. This rich information set could point towards equity
considerations of value to policymakers. These models could be explored in further research.
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5. Deliberative monetary valuation (DMV)
5.1. Definition
Deliberative monetary valuation (DMV) is a process by which participants arrive at a
consensus regarding the monetary valuation of a feature of interest through moderated group
discussion. The attribute of interest is often a complex good or one with which participants are
unfamiliar, as group discussion can help participants to reconsider any pre-formed preferences or
form new preferences, while hearing and discussing the preferences of others.

5.2. Why use deliberation? Evidence from previous work
Deliberative methods were designed using deliberative democratic theory, which holds
that decisions regarding the management of public goods should be made based on the
shared/social preferences that are revealed through deliberation, as opposed to the aggregation of
individual preferences (the method used in traditional voting) (Alvarez-Farizo and Hanley, 2006;
Sagoff, 1998). In deliberative monetary valuation (DMV), the monetary values and preferences
expressed are shared values (Kenter et al., 2016a; Niemeyer, 2004). These differ from the selfregarding, individual values that are elicited through traditional stated preference methods which
are then aggregated across the population sampled to obtain an idea of the population’s preference.
Additionally, while the individual values elicited through traditional stated preferences may be
more short-term, immediate values, the plural and shared values elicited through deliberative
processes tend to be more long-term and take into greater consideration the needs of future
generations (Ward et al., 2003). DMV is the answer to the call for open discussion that scholars
such as Jacobs (1997) and Sagoff (1998) made as they deemed such a discussion necessary before
any valuations were made or any decisions were undertaken regarding public environmental
goods.
145

Deliberative democracy originated in Ancient Greece, on the slopes of the Πνύκα
(/ˈpniːkɑ/ – Pnyx), a hill opposite the Acropolis in Athens. Citizens – which at the time only
included non-enslaved males over 18 who were born in Athens (approximately 20% of the
population) – gathered on the Πνύκα for democratic (popular) assemblies. During these popular
assemblies, the main political issues of the time were discussed, and decisions were made
regarding the functioning of the city. A number of approaches to deliberative democracy have been
developed, including consensus conferences (Joss, 1998), citizen’s juries (Smith and Wales, 1999;
Ward et al., 2003), and deliberative opinion polls (Fishkin, 1995). While it is still an emerging
field, there are a range of justifications for the use of DMV in providing appropriately informed
values for use in policy. The more recent developments of DMV approaches are explored in section
5.2.1. and sections 5.2.2. to 5.2.5. outline the main benefits of using deliberative processes
combined with stated valuation methods.
5.2.1. The development of deliberative monetary valuation methods
Over the last few decades, deliberative monetary valuation (DMV) has emerged as an
interdisciplinary method combining economics and social sciences with a view to addressing some
of the concerns with traditional stated preference methods (Bunse et al., 2015; Spash, 2007; Völker
and Lienhoop, 2016). This method is particularly useful in the non-market monetary valuation of
ecosystem services (Aanesen et al., 2015; Rauschmayer and Wittmer, 2006). Ecosystem services
have historically been challenging to incorporate into cost-benefit analyses (O’Neill and Spash,
2000), resulting in these essential attributes of our natural environment being undervalued or not
considered at all in policy-making (Daily et al., 2009).
Studies that are based solely in economic methods and placing a monetary value on
ecosystem services often fail to capture the entirety of their contribution to human well-being
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(Kenter et al., 2015). Studies based on neoclassical economic principles, where the individual is
assumed to be a utility-maximising agent, are not specifically designed to capture the value
individuals hold for ensuring the well-being and meeting the needs of others (altruistic values), of
future generations (bequest values), and of other, non-human life (existence values) as described
in the Total Economic Value (TEV) framework (Niemeyer and Spash, 2001; Pearce and Moran,
2013). Stated preference methods designed based on the TEV framework are the only monetary
valuation methods allowing the collection of information regarding the non-use values described
above. Revealed preference methods, for example, are only able to capture information regarding
use-values (Bunse et al., 2015).
The idea of placing a monetary value on environmental attributes may be argued against,
as it may be seen as collapsing the complex set of multiple values held for the environment down
into one metric. Individuals may question the reason and justification for environmental valuation:
ascribing a monetary value to services implies they can be ‘bought off’ (though if we paid to be
able to pollute water until there was no potable water left, money would be a moot point) (Aldred,
2006; Dallimer et al., 2014; Gómez-Baggethun and Ruiz-Pérez, 2011; McCauley, 2006; Niemeyer
and Spash, 2001; O’Neill and Spash, 2000; Spash, 2001). However, it is sensible to consider
valuing ecosystem services ‘at the margins’, i.e. not suggesting that it is possible to value the
concept of water quality as a whole, but rather changes in water quality (Hanley et al., 2016). This
monetary value provides a very useful metric for decision-makers in understanding the
consequences (at least in terms of economic loss) of the degradation of environmental resources
(Costanza et al., 1997).
Along with their strengths, stated methods also have their weaknesses (as is further
discussed in section 5.2.5.) and deliberative methods seek to address some of these weaknesses. In
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their review of deliberative methods applied to ecosystem service valuation, Bunse et al. (2015)
provide a history of the development of these methods, summarised here. DMV methods evolved
from citizen’s juries, in which small representative groups of citizens are brought together over a
few days to discuss social issues from a societal perspective, a practice originating in Germany
and the USA in the 1970’s (Coote and Lenaghan, 1997; Ward, 1999). Citizen’s juries encouraged
participants to engage their plural, shared, social values, as opposed to the individual values
engaged through referendums and other means of investigating citizen preferences (Bunse et al.,
2015; Kenyon et al., 2001). They also allowed for participants to learn more about the issue at
hand through the information provided in writing or by experts and witnesses present in person
(Kenyon et al., 2001).
Various disciplines subsequently applied tenets of the deliberative process in their
research, such as group interviews conducted in social sciences and marketing studies (as reviewed
by Burgess et al. (1988)), or workshops carried out to determine stakeholder values (both monetary
and non-monetary) in land-use planning (Beierle and Konisky, 2001; Gregory and Keeney, 1994).
The consequence of such a widespread adoption of deliberative valuation techniques was a lack of
a standardised method for practicing the techniques and divergence in the theory behind
applications. For example, a set of literature branching off from the work conducted by Gregory
and Slovic (1997) is dubbed ‘analytic-deliberative approaches’ and focusses on human behaviours,
decisions, and cognition, as opposed to being a tool to elicit values for use in policy-making. In
2007, Spash provided the moniker ‘deliberative monetary valuation’ (DMV) for the approaches
more focused on value elicitation for use in policy.
In their review of DMV applications, Bunse et al. (2015) included 29 theoretical papers
and case studies. They found that there was a difference in the aims, theoretical basis, and
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justification of the use of DMV, as well as the value type investigated in these studies. In
theoretical studies, deliberative democratic theory guided the studies. DMV methods were
societally oriented: they encouraged the valuation of ecosystem services from a collective point of
view, considering issues of equity and the public goods nature of ecosystem services, and
informing decision-makers about the need for and usefulness of ecosystem service valuation. The
valuation was to be made on the basis of an ethical decision, to provide the highest level of benefits
for society as a whole (reminiscent of Bentham’s early work in utility (1789)) and the aim of using
the method was scientific and technical. In contrast, the case studies were based in neoclassical
economics. The use of DMV was more focused on the individual: the deliberative process was
thought to help individuals make more reasoned decisions (“more time to think, better information
about complex or unfamiliar goods and facilitating preference formation through deliberation and
exposure to different views” (Bunse et al., 2015, Table 3)), which would lead to more considered
and informed monetary estimates of value (Armitage et al., 2008; Kenter et al., 2016b; Lienhoop
and Völker, 2016). Valuation was to be made based on individual preferences, with the final values
presented as an aggregation of the perceived benefits to the individual.
The aim of using DMV in this context was to provide estimates of value that do not carry
through certain limitations of the stated preference method. Since Bunse et al.’s review, the number
of DMV approaches in the literature has increased and the studies have evolved from the
dichotomy observed in the review. Recent empirical work has proposed a more even footing in
both economics and democratic theory (Bartkowski and Lienhoop, 2018). These approaches
combine the strengths of better individual preference elicitation with the consideration of
ecosystem service valuation from a societal perspective, aiming to engage shared values over selfregarding ones in the valuation process.
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5.2.2. The elicitation of shared and social values when valuing public goods
When considering the purchase of a private good and the value of the attributes of that
good, one’s individual, self-regarding values come into play (e.g. ‘Would I like to buy a red apple
or a green apple? Which flavour do I prefer? Which colour appeals to me more?’). This is because
the purchase of the private good is likely to only affect the individual making the purchase (though
as the good is private, purchasing the good excludes another from purchasing it). Ecosystem
services have public good characteristics in that they are non-excludable and largely non-rivalrous
(e.g. one cannot block access to a scenic view and when one is enjoying a view it doesn’t
necessarily stop someone else from doing so).
A different set of values can come into play when assessing the preferences held for
ecosystem services: the shared, social, or plural values for these shared resources held by the
community (either the community using the good, or a community that value a good that they are
not using) (Chee, 2004; Kenter et al., 2015). There can be substantial divergences between
individual and social preferences when it comes to environmental management (Blamey, 1996;
Russell et al., 2003; Sagoff, 1998; Vatn, 2004). The scenarios favoured when social preferences
are engaged often aim to maximise the utility experienced by the group and these socially preferred
scenarios are not always individually preferred. From a decision-making perspective, there is more
to be gleaned from the social preferences for a public ecosystem service as these take into account
the multiplicity of values present in the group which will ultimately be impacted by decisions
(Irvine et al., 2016). Deliberation encourages participants to place more focus on the plural, shared,
or community values in making their choices than when a choice experiment is completed
individually (Alvarez-Farizo and Hanley, 2006; Spash, 2008a; Wegner and Pascual, 2011).
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5.2.3. The social construction of shared values
The values people form for public goods are socially decided upon, constructed, and
learnt (Spash, 2008a). The understanding of more complex social issues involves group discussion
in the relevant society. Social preferences for public goods directly relate back to the ethics and
normative beliefs which are formed and held as a part of a society’s culture (Kenter et al., 2014)
and are subject to change (Slovic, 1995; Vatn, 2004). People’s preferences are often said to be
formed at the time a question is posed (Hoehn and Randall, 2002; Pelletier et al., 1999; Schkade
and Payne, 1994; Schläpfer et al., 2008; Spash, 2002; Urama and Hodge, 2006) and when public
goods are in question, social preferences may be more relevant to decision-makers than selfregarding preferences.
The use of deliberation in the valuation process allows for the social learning and value
formation that occurs in wider society to occur in an experimental setting. As a result, the values
obtained are social preferences (Alvarez-Farizo and Hanley, 2006; Habermas, 1984; Spash, 2008a,
2007; Wegner and Pascual, 2011). Social learning has a significant effect on the WTP values
formed: they are more logically consistent and converge towards shared, social values (Grainger
and Stoeckl, 2019). Additionally, members of a community are likely to make collective decisions
regarding the value of public goods and how to conserve them with the other people in their
community who also benefit from these goods (Sagoff, 1988; Spash, 2007; Wegner and Pascual,
2011). For example, on a smaller scale, when it comes to the management of a community garden,
groups of people make decisions as to the best courses of action together (Glover et al., 2005).
5.2.4. Decision-making based on the consensus of those affected by decisions
Deliberation allows for a group discussion and consideration of complex issues, as well
as the thorough investigation of the preferences and values which underlie decisions. Differing
points of view are allowed and encouraged to engage with one another to develop a solution based
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on consensus (Wegner and Pascual, 2011). As stated by Wilson and Howarth (2002), the public
goods nature of the environment and ecosystem services means that their valuation and
management affects all those who live near and use natural areas. Wilson and Howarth argue that
policies (based on individual measures of value) that are too far-removed from the public’s
assessment of their values and needs will fail to ensure adequate environmental protection.
As with Participatory GIS, the deliberative process can provide people with the
opportunity to learn more about the issues that affect them, as well as the opportunity to be a part
of the decision-making that directly affects them (Beierle and Konisky, 2001; Irvin and Stansbury,
2004). DMV also provides participants with the chance to express their deeply held values in a
way that traditional stated preference methods do not allow (Niemeyer and Spash, 2001).
5.2.5. Deliberative monetary valuation vs. traditional methods of stated preference
valuation
Traditional methods of stated preference valuation used in cost-benefit analysis (such as
the choice experiment method presented in chapter 3.) have a strong focus on economic efficiency.
Introducing a deliberative element to these established methods allows the addressing of other
concerns which may be of more interest to policymakers, such as the well-being of all members
of a community, equity between the richer and poorer members of society, and the importance to
people of the resilience of ecosystems (Wegner and Pascual, 2011). Deliberation also allows for
the interests of other voiceless groups (such as future generations and other living creatures
affected by policy decisions) to be considered (O’Neill, 2001; Spash, 2008a).
There have been various shortcomings identified with stated preference methods such as:
participant ignorance, unfamiliarity and uncertainty around environmental issues, imperfect
participant information regarding the goods (and thus regarding participant preferences), and the
manipulation of participant preferences through the participant-specific societal groups,
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advertising, and media they are exposed to (Niemeyer and Spash, 2001; Robinson et al., 2008;
Urama and Hodge, 2006). The assumption in neoclassical economics that participants come into a
choice experiment with well-formed preferences is not applicable when participants are evaluating
goods with which they are unfamiliar (Alvarez-Farizo and Hanley, 2006; Spash, 2008b, 2007).
Deliberation allows for the head-on tackling of these issues; certain studies confirm that allowing
for increased provision of information, group discussion, and time to consider choices are all
factors which improve the quality of decision-making (Arrow et al., 1993; Hoehn and Randall,
2002; MacMillan et al., 2006; Niemeyer and Spash, 2001; Urama and Hodge, 2006; Whittington
et al., 1992). Incomplete information is tackled through moderated group discussion, informed by
experts, where participants receive detailed explanations of the attributes and levels of the choice
experiment and have the opportunity to ask questions.
Participant preferences for the values of public goods are formed socially, through the
group discussion (Kenter et al., 2016b). Finally, deliberation is by its nature a process through
which individual opinions (informed by each participant’s particular situation, social groups, and
the advertising and media they are exposed to) may be challenged by dissimilar opinions and a
middle ground may be found by combining the experiences and preferences of the group (AlvarezFarizo and Hanley, 2006; Bentley et al., 2017; Spash, 2008a; Spash and Vatn, 2006; Wegner and
Pascual, 2011).
Choice experiments, especially those with a large number of attributes or whose attributes
are highly complex or unfamiliar, can be a very difficult task to complete 26 (DeShazo and Fermo,
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2002; Lancsar and Louviere, 2006; Mangham et al., 2009). The deliberative process can lessen the
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The economic literature is split on this; other authors suggest that the relevance of attributes and levels is
more important than the number included in the experiment (Hensher, 2006).
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cognitive burden (Lienhoop and Völker, 2016), especially for ecosystem services, a particularly
difficult set of concepts to grasp (Braga and Starmer, 2005).

5.3. Previous deliberative discrete choice experiments
Choice experiments have a significant advantage over contingent valuation: they allow
for the valuation of multiple attributes of the good simultaneously and for trade-offs to be made
between attributes (Adamowicz et al., 1998b; Hensher et al., 2015). Additionally, participants are
provided with multiple opportunities to trade-off between attributes and levels as they are
presented with a series of choices, allowing for a richer dataset (Alvarez-Farizo and Hanley, 2006;
Schläpfer et al., 2008).
In previous work, to the best of the author’s knowledge, there are four examples of a
discrete choice experiment being used in a deliberative setting (or in close conjunction with
deliberation): in Alvarez-Farizo and Hanley (2006), Ito et al. (2009), Kenter et al. (2011), and one
choice experiment described by Völker and Lienhoop (2016) and Lienhoop and Völker (2016).
Alvarez-Farizo and Hanley’s 2006 study described a series of group workshops where
two citizens’ juries completed a choice experiment. These citizens’ juries each attended three
workshops, held 3-4 days apart. Participants filled out a socio-economic questionnaire which
included the choice experiment and were instructed to complete the experiment whilst considering
their personal preferences and keeping their income and other possible purchases they might need
to make in mind. A group discussion was then prompted, wherein participants were able to ask
questions and request clarifications concerning the exercise of the moderator, as well as debate
upon the contents of the survey and raise any issues. Participants were asked to use the break
between workshops to discuss the issues with their personal networks and/or to learn more about
the issues from individual research. The second jury session began with deliberation about the
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issues and questions which had occured to participants between the two sessions. Following this,
participants completed a choice experiment identical to that administered in the first session, but
were prompted to think about the options on behalf of all community members, present and future.
In session 3, participants discussed the community’s responsibility to contribute to the design of
the river management plan. The choice experiment was then completed a third time and
participants made choices together as a group with community values and needs in mind. Majority
vote was used to decide upon the alternative selected, though if an alternative was vehemently
opposed by a participant, the alternative was not selected. The results showed that the WTP values
changed significantly between sessions 1 and 3: the researchers surmised that this shift in values
was attributable to the elicitation of collective rather than individual values. The differences in
WTP lead to substantially different policy recommendations. If the session 1 values were used,
more development around the river would have been reccommended. If the session 3 values were
used, more importance would have been placed on the riverine ecology.
Ito et al. (2009) investigated the difference made in collective decision-making by two
rules: the consensus rule and the majority rule. With the consensus rule in place, groups needed to
discuss a choice and arrive at a decision agreed upon by all. The majority rule led to a vote for
each choice and the decision with the support of >50% of the group was selected. The study,
conducted in Kushiro City, Japan, gathered 36 participants to partake in a three-session
deliberative experiment. At the recruitment stage, participants were asked to conplete a survey at
home (Survey 0) regarding a wetland restoration plan, which they would then bring with them to
the delibertaive sessions. In the first session,participants individually completed the same choice
experiment from the take-home survey (Survey 1). In the second session, participants were splilt
into groups, with half of the groups assigned the consensus rule and the other half assigned the
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majority rule. The decision-making rules and process were explained, followed by a 20-minute
discussion between participants. Once again, participants individually completed the choice
experiment survey (Survey 2). In the third and final session, participants made decisions
collectively following the decision-making rule assigned to their group (Survey C). The parameters
for each of the three treatments were compared using a log-likelihood ratio test and it was found
that: the presentation of information by the moderators and the chance to ask questions was
important in the choices made in Survey 1, the group discussion alone did not have a significant
impact on choices, andthere was a shift in participant values from individual values to community
values between Survey C and Surveys 1 and 2. Choice satisfaction was also investigated – the
variables representing ‘unsatisfied’ responses were statistically significant in the majority group,
but not in the consensus group, which shows that participants are more likely to be satisfied with
a decision made by consensus as opposed to a decision made by majority vote.
Kenter et al. (2011) investigated the values held for ecosystem services by locals in
Kahua, Makira, in the Solomon Islands through a choice experiment and other exercises completed
as a group. The focus groups, which took place over 3-4 hours, consisted of a series of exercises
completed together by the group. These exercises included 8 choice tasks completed as a group
(first pass of the group choice experiment). After the first pass of the group choice experiment,
participants engaged in two ‘intervention exercises’, designed to encourage participants to
consider the monetary valuation of use-values provided by forest ecosystem services, as well as
the impact of economic growth on local customs. Following the interventions, the group completed
the eight choice tasks again (second pass of the group choice experiment) and the sessions closed
with participants stating their main learning outcomes. Deliberation significantly affected
preferences relating to subsistence vs. cash crops and made participants more familiar with the
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economic activity and human impacts on the environment. Deliberation encouraged the
consideration of deeper held beliefs such as cultural values, community solidarity, altruism,
generosity, and bequest values (the desire for future generations to benefit from the natural
environment). Through analysis of participant learning outcomes, it was discovered that
deliberation helped the groups which were less aware of the effects of socio-economic and
environmental change to achieve a similar awareness to other groups which had more experience
of these changes (due to the development of their area). The authors argue that social learning
prompted by deliberation led to better understanding of the consequences of land privatisation on
cultural and environmental values, elicitation of deeper held values, better understanding of the
use value of non-market subsistence resources, and greater awareness of the influence of human
actions on the environment.
Völker and Lienhoop’s 2016 DMV study (also described in Lienhoop and Völker (2016))
was carried out in West Saxony, Germany, to investigate the German public’s preferences for
afforestation. The group worshops used the Market stall approach to valuation. Participants
completed the pre-discussion choice experiment individually. The group then engaged in a
discussion regarding the increase of tree cover and the importance of the ecosystem services
explored in the survey. Subsequently, the post-discussion choice experiment was completed
individually. Before the end of the meeting, there was a final short discussion around the values
participants drew upon in completing the post-discussion choice experiment. Participants were
sent home with a third choice experiment (identical to the first two) to complete after one week.
During this interval, participants were encouraged to further think about and discuss the issues and
themes of the experiment with their personal networks. Völker and Lienhoop argued that the
discussion affected valuation estimates and that the effects varied between groups whose initial
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opinions were homogenous and groups with heterogenous initial opinions. However, the effects
of the group discussion were not found to be significant at the 10% level. They also argued that
choice certainty increased, though this was not statistically significant. Lienhoop and Völker found
that group discussion allowed participants to take more complex consequences of afforestation
into account whilst making choices. They also found that participants focus on the their indivual
needs pre- and post-discussion, though they place higher importance on the needs of future
generations post-discussion. Participant preferences were different in the choice experiment
completed after a week had passed, though these differences were once more insignificant.

5.4. Study methods
In this study, a discrete choice experiment was used as the tool in deliberative monetary
valuation allowing group discussion, evaluation, and the formation of community values for
various aspects of the marine environment. For a full description of the choice experiment, the
underlying theory, and the attributes used, see chapters 3. and 0.
5.4.1. Workshops
Ten workshops with a total of 100 attendees were held between the 5th and 13th of
December 2018. The ten groups of between 8 and 11 participants were each moderated by the
same researcher and followed the same schedule (presented in Figure 23). Slight variations from
the schedule occurred when participants arrived late or took longer than expected to complete
various parts of the survey.
At the beginning of the workshops, participants were presented with the survey in the
form of a paper booklet (a version of which can be found in Appendix 7). The workshop process
was then explained. This included an explanation of Booklets 1, 2, and 3, which contained the
choice experiments the participants would need to fill out and which were called for at various
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points in the main survey document. A version of Booklet 1 is presented in 0 and Appendix 6
presents a version of Booklets 2 and 3 (which were identical, presenting the exact same choice
experiment). The choice experiment in Booklet 1 was a short 6-task experiment on forestry
management in Tasmania included to mitigate the impact of any learning effects. This experiment,
including details about the attributes and levels, is detailed in section 3.3. The choice experiment
in Booklets 2 and 3 was the main 12-task experiment regarding the ecosystem services of the
Derwent estuary and surrounds (an estuarine, coastal, and marine area). This experiment is fully
described in section 3.3.3. The following sections describe the way the workshops were conducted.
1) First period (45 min.)
a) Introduction (20 min.)
b) Experiment details (5 min.)
c) Individual choice experiment (10 min.)
d) Preparation for group discussion (10 min.)
2) Break (5 min.)
3) Second period (50 min.)
a) Deliberation (20 min.)
b) Arriving to a consensus (30 min.)
4) Break (5 min.)
5) Third period: Final choice experiment (15 min.)
Figure 23: Deliberative workshop schedule
5.4.1.1. First period
In the First period, participants began by reading the survey information and providing
consent to both participate in the experiment and to be recorded during the deliberative phase.
They then read through the forestry information and completed the forestry choice experiment in
Booklet 1. The forestry experiment was administered as an attempt to mitigate learning effects in
the completion of the main Derwent Estuary choice experiment (for a discussion of learning
effects, see section 3.3.). The inclusion of this preliminary experiment was deemed necessary due
to the nature of the comparative analysis to be conducted between the two identical Derwent
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estuary choice experiments. One Derwent estuary choice experiment was completed predeliberation in the First period and the other identical experiment was completed post-deliberation
in the Third period of the workshop and minimising of learning effects in the pre-deliberation
Derwent estuary choice experiment allowed comparison between the two choice experiments.
Following the forestry experiment, participants were asked to read through information
describing the Derwent estuary choice experiment attributes and levels. Booklet 2, containing the
first individual 12-task Derwent estuary choice experiment, was completed at the end of the
information text. After each choice task, participants were asked to rate their confidence in the
choice on a scale between 0 and 10. Once the choice experiment in Booklet 2 was completed,
participants answered a few questions regarding their motivations for making choices. When the
Business as usual, $0 cost option, was selected 6 or more times, they were asked to state the reason
from a set of options as described in section 3.4.5.
Deliberation was conducted in the Second period of the workshops. Right before the
break between the First and Second periods, participants were provided with 20 small wooden
cubes and a mat with a representation of each attribute and level (including ‘Cost’), as shown in
Figure 24.
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The yellow rectangles represent the five attributes (four ecosystem services and cost) and the green ovals
represent the levels of each attribute, labelled with the degree of action necessary to achieve each attribute
level.

Figure 24: Deliberative weighting tool, used with wooden cubes
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The 20 wooden cubes represented the relative importance (referred to as “weighting”) of each
attribute and level and were all initially placed on ‘Cost’. Participants were instructed to spread
the cubes between the attributes (including ‘Cost’) in a way that showed the relative importance
of each attribute to them. It was made clear to participants that leaving all 20 cubes on cost
indicated that the ‘Cost’ attribute (represented by an increase in water rates) was the only attribute
of importance to them, i.e. that it was of highest importance to them that water rates not change. It
was explained that this was the same as choosing the $0 cost option in every choice in the preceding
choice experiment survey. Alternatively, for every cube that was moved from the ‘Cost’ attribute
to an ecosystem service, they were indicating that it was acceptable to them that water rates
increase by a certain amount 27, so long as the increase went towards improving that ecosystem
service. Within the ecosystem service attributes, the three levels (of improvement) are represented
by green ovals, labelled with the degree of action necessary to achieve the attribute level as
described in the attribute information text. Once participants determined the relative importance
to them of each attribute, they were asked to consider the value of each level of improvement. It
was explained that when a value in cubes was placed on the first or second levels of action, this
weighting value was additive: 1 cube on the first level and 2 cubes on the second level led to
weighting of 1 for level one and a weighting of (1+2=) 3 for level two.
25F
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When clarification of this amount was requested, the moderator reminded participants that the maximum
increase in water rates used in the choice experiment was $230, so each cube could represent up to $11.50.
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Table 36 illustrates this weighting mechanism and shows how the number of cubes placed
by a participant on each level of action translated into attribute level weights.
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Table 36: Weighting atribute levels using the deliberative tool
Water quality
Attribute
Level of action Some
More Extensive
# of cubes
2 cubes 1 cube
1 cube
Weighting
2
(2+1=) 3 (3+1=) 4
Attribute
Litter
Level of action Some
More Extensive
# of cubes
1 cube 0 cubes 2 cubes
Weighting
1
(1+0=) 1 (1+2=) 3
Attribute
Cost
# of cubes 8 cubes
Weighting
8

Seafloor health
Some
More Extensive
1 cube 1 cube
2 cubes
1
(1+1=) 2 (2+2=) 4
Safety of marine food
Some
More Extensive
1 cube 0 cubes 0 cubes
1
(1+0=) 1 (1+0=) 1

Once all participants had determined their personal levels of importance for each attribute
and level of action (attribute level), the weightings were summed up into an initial ‘aggregated
group weighting’ for each attribute and level across all participants, including ‘Cost’. ‘Cost’ was
a linear attribute, meaning that the weight of each ‘Cost’ level was determined to be linearly
increasing from 0 to the total weight on cost. If 8 cubes were placed on ‘Cost’, the maximum cost
($230) had a weight of 0, the minimum cost ($0, only appearing in the status quo) had a weight of
8 and intermediate levels received proportions of that total weight ($30 had a weight of 6.67, $70
had a weight of 5.33, $110 had a weight of 4.00, $150 had a weight of 2.67, and $190 had a weight
of 1.33).
Weightings were also used in Kenyon’s 2007 study regarding the flood-risk management
options in Scotland. In this study, participants were assessing different strategies to reduce flooding
in the homes and businesses of three different at-risk areas around Scotland. As a part of the study
method, participants were asked to rank six criteria describing the different flood management
options (e.g. cost, looks, safety, nature, maintenance) from 1 to 6, which was translated to a
weighting by the researchers. This is quite different from the weightings used here: while the
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weightings in this study could be translated to rankings, they also provide richer information about
participant preferences.
5.4.1.2. Second period
After the break, the deliberation phase was carried out wherein a choice experiment was
used as a deliberative tool to discuss the group’s aggregate attribute and level weightings. The
intent of deliberation was to expose participants to a variety of opinions differing from their own
and encourage them to consider the benefits of the alternatives presented in the choice tasks to the
community as a whole. This allowed the expression of group preferences and the investigation of
whether these social preferences were different to a simple aggregation of individual preferences.
The deliberative tool consisted of a 60-task choice experiment designed using the same
attributes and levels faced by participants in the choice experiment completed in the first period of
the workshop. This experiment was designed using a Bayesian-efficient single block design with
60 tasks. The code used and design produced may be found in Appendix 3. In each workshop,
participants did not complete all 60 tasks as a group: each workshop group faced between 10 and
20 choice tasks.
Initially, the aggregated individual weights for attributes and levels were used to
determine the choice the group would make in a choice experiment. This was done by summing
up the weights for each attribute level presented in the three alternatives (A, B, and C) of a choice
situation, leading to the selection of the alternative with the highest weighting. An example of this
is shown in Figure 25. The workshop weights used for the example presented are the weights from
workshop #5, which took place on the 11th of December 2018 at 5:30 pm. Firstly, participants’
individual weights were summed up to the 1) initial aggregated group weights. These weightings
were used to 2) make choices, by summing up the weights for each attribute level within an
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alternative. Participants then discussed and agreed upon the weightings that they felt represented
the best interests of the community as a whole through 3) Deliberation, by looking at the choices
made by the initial aggregated weightings and discussing whether the choice best represented
community preferences. When it was felt that a choice did not represent the best thing for the
community as a whole, weightings were adjusted to change the choice in 4) making choices. This
iterative process of editing the weights resulted in 5) deliberated community group weightings.
By the design of this tool, the business as usual option (option A) was assigned a
weighting which did not vary between choice task for a given group. This fixed weighing for
option A was the weight attributed to cost, which differed between groups (and stayed constant
between choice tasks). The weights of options B and C fluctuated for each task.
Group weightings were deliberated upon by presenting participants with the choice made
based on the aggregate group weightings and following the process described in Table 37. The
choice tasks were not presented in a pre-determined order: this order was different for each
workshop group. For each group, a spreadsheet was used to identify choices with varying levels
of difference between alternative weights. In the early stages of deliberation, a choice task with a
large gap in the weightings of the alternative automatically selected and the runner-up alternative
was identified. This indicated a choice task for which the aggregate individual weightings signalled
a significant preference for the chosen alternative over the runner-up. The group was asked the
questions presented in Table 37 resulting in the actions also presented in Table 37. Another choice
was then selected from the 60 choice tasks with decreasing gaps in the weightings between the
chosen alternative and the runner-up alternative. These decreasing gaps signalled choices for
which preferences were likely to be a bit more complex, requiring more focussed discussion which
would lead to better defined weightings.
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Figure 25: Deliberative tool (excel spreadsheet that automatically made choices in the choice experiment based on weights)
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Table 37: The deliberative process
Deliberative questions

1. Does everyone agree with this
choice?

2. If you do not agree, which choice
would you have made?
3. Please describe to the group why
you think that your choice is better
for the community as a whole, or
for minorities that you feel need to
be considered.

4. Does the group agree to changing
the community weighting of
ecosystem services and water rates
so that the choice changes?

5. Discuss the new weightings.

Actions taken
If yes: No more questions were asked.
If no: The discussion moved on to question 2.
If participants did not respond: Discussion was prompted.
Participants were encouraged to discuss the attribute levels
in the choice made based on the aggregate weightings, often
resulting in a “yes” or a “no” to the first question, allowing
deliberation to continue.
If multiple participants raised their hands in response to
deliberative question, each was asked to state which choice
they would have made and why they prefer it to the choice
made by the aggregate weightings. This allowed
participants whose preferences were not fully expressed by
the group weightings to have their say and gave them an
opportunity to convince the rest of the group that the
alternate choice was better for the community or underrepresented groups.
Once the arguments were given for alternate choices,
discussion was encouraged between all members of the
group to ascertain whether the reasoning presented
appealed to the majority. The change of choice in the task
was put to a vote after deliberation. If the bigger part of the
group agreed to a change in choice the change in weightings
and relative importance of attributes and levels that would
lead to the preferred choice was discussed.
The weighting system tended to be better understood as
more tasks were discussed by the group. For the first tasks,
the moderator explained where the weight needed to be
redistributed (often, more importance was placed on ‘Cost’
and moved away from other attributes for the preferred
choice to be made) and in the following tasks, participants
were able to decide weight distributions with more
independence. In these stages, weight tended to be moved
between non-cost attributes and attribute levels.

Groups faced between 10 and 20 choice tasks together to refine their weightings. They
were then shown the difference between the initial aggregated individual weightings and the
finalised deliberated group weightings. The final weightings reflected the groups’ community
values as the appropriateness of each choice for the community as a whole was thoroughly
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discussed whilst endeavouring to take into consideration the interests of under-represented
minorities and the group was encouraged to consider the specific attribute levels that they felt
would be most important to and most benefit the community. The 60 choices made by the
deliberated weights for each group were analysed as a 60-task choice experiment completed by 10
‘individuals’. These results are shown and discussed in section 6.1.2.
5.4.1.3. Third period
Following a short break, participants were asked to complete the choice experiment in
Booklet 3, which was the same 12-task choice experiment presented in Booklet 2. All tasks were
presented in the same order and followed by the 11-point confidence scale. The interest of having
the exact same choice experiment before and after deliberation was to investigate whether WTP
estimates changed post-deliberation and explore the effects deliberation had on participants’ WTP
and confidence in their choices.
Once the choice experiment in Booklet 3 was completed, participants were again asked
to indicate which attribute mainly drove their choices (with the option of specifying an alternate
reason for the choices they made). They were also requested to count the number of times they
selected the business as usual option (Option A) and to supply their reasoning for selecting Option
A when it was selected more than 6 times.

5.5. Analysis and results
The deliberative weights were used in a variety of ways to explore the group’s preferences
for the ecosystem services in the Derwent estuary choice experiment. Firstly, in order for the
deliberation process to occur, the weights were used to automate the choices in a 60-task choice
experiment (as described in section 5.4.1.2., with analysis described in section 6.1.2.). The
differences between the aggregate weights and the deliberated group weights were investigated,
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as is described in section 5.5.2. Finally, the individual participant weights and group weights were
used to automate the 12-task choice experiment completed by participants and these automated
choices were compared to the choices participants actually made as is described in section 5.5.4.
5.5.1. Aggregate and deliberated group weightings
The attribute level weightings assigned individually by each participant were summed up
within each group prior to deliberation taking place, producing the aggregate group weightings.
During deliberation, these weightings were changed when the group felt that the trade-off and
ultimate decision made by the aggregate weightings did not represent the best outcome for the
community to their minds. The modified weightings at the end of the deliberative process are
called the deliberated group weightings. The aggregate and deliberated group weightings for each
attribute level are presented in Appendix 8. These weights are discussed and interpreted in the
following section.
5.5.2. Pre- and post- deliberation weights
Figure 26 presents the average weights placed on each attribute level pre- (white bars)
and post-deliberation (dotted bars). The ‘Cost’ attribute is linear, thus only the weight placed on
the highest-valued level is shown and should be compared to the third level of improvement of
other attributes.
A paired single-tail Welch’s t-test was used to compare the averages pre- and postdeliberation. Welch’s version of Student’s t-test allows for the test to be conducted on populations
with normal distributions and unequal variances and investigates whether the means of the two
samples compared are significantly different. When all pre- and post-deliberation averages were
tested for differences at the same time, as one dataset, the averages were not found to be
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significantly different (𝑝

0.703) (though this result may be due to the small sample size and

large amount of variation within the dataset).
Further investigation for differences was conducted: the average weights for the attributes
were tested individually (e.g. the pre- and post-deliberation weights for ‘Swim’ 1, 2, and 3 were
tested for differences) and significant differences were found for the ‘Seafloor health’ attribute
0.051) and for the ‘Cost’ attribute (𝑝

(𝑝

0.003). Finally, the pre- and post-deliberation

weightings for each attribute level were individually tested. Significant differences were found for
the second and third levels of improvement of the ‘Swim’ attribute (𝑝

0.001 and 𝑝

0.011

respectively), as well as for the first and third levels of improvement of the ‘Seafloor health’
attribute (𝑝

0.023 and 𝑝

Average weightings (% of cubes)

‘Litter’ attribute (𝑝

0.012 respectively) and for the first level of improvement of the

0.054).
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Attribute levels of improvmenet
Average pre-delib.

Average post delib.

Swim = Water quality, Seafloor = Seafloor health, Litter = Coastal and marine litter, Food = Safety of
marine food, Cost = increase in water rates.

Figure 26: Average weights placed on each attribute level pre- and post-deliberation
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As can be seen in Figure 26, the average weight placed on ‘Cost’ decreased slightly postdeliberation. Figure 27 presents the pre- and post-deliberation weights for each group and shows
that though 7/10 groups either maintain or increase the importance of the ‘Cost’ attribute, the
importance of ‘Cost’ lowers significantly for the 3 remaining groups (Which tend to be the groups
with the greatest weighting on ‘Cost’). As before, likely due to the small sample size and high
variability in the data, the difference in means is not found to be significant via Welsh’s t-test (𝑝

Average weightings (% of cubes)

0.215)
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Figure 27: Pre- and post-deliberation weight on the highest level of the ‘Cost’ attribute
On average, the first level of improvement of all environmental attributes is awarded
slightly more importance after deliberation. The difference between the weighting exercise and the
choice experiment exercise may have caused participants to consider the levels of improvement in
a different manner. Indeed, in the choice experiment, participants are asked to trade-off between
attributes and ‘Cost’ very explicitly, while these trade-offs are presented in a more abstract manner
in the weighting process. Deliberation, using the choice experiment as a support for discussion,
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once more encourages participants to think of trade-offs in a more explicit and perhaps policyrelevant way, which may cause a shift in importance.
There is no clear pattern for the second and third levels of improvement of the
environmental attributes. The importance of the second and third levels of improvement for
‘Swim’ and ‘Food’ decrease after deliberation – this is in keeping with the discussions which
occurred during the deliberation phase. Upon group discussion which centred around alternatives
and actual use of these services, participants often considered them as less important, stating that
they would be more likely to relocate their swimming to alternative beaches, or to eat seafood from
outside the Derwent, than to support an increase in water rates.
The second level of improvement increases in importance for ‘Litter’ and the third level
decreases. Indeed, in the deliberative phase, participants prioritised ‘Litter’ over ‘Food’ and
‘Swim’ (leading to the second level rising in importance), but seemed to consider that the second
and third levels of improvement (releasing 200 fewer tonnes of litter and keeping the amount of
litter released constant) were not as different in value from each other as the initial aggregated
weightings suggested.
All levels of ‘Seafloor health’ see a marked increase in importance after deliberation.
‘Seafloor health’ was the most unfamiliar environmental attribute included in the survey, as the
link between benthic health and biodiversity is not common knowledge. As a result of this,
participants were not expected to initially approach the survey with perfect knowledge of their
preferences. The deliberation phase allowed the importance of benthic health to be discussed and
understanding of the variable to be reinforced. The deliberation phase also allowed for the
independence of each attribute to be further clarified, i.e. poor water quality (which does not allow
for human contact without the risk of falling ill) does not necessarily negatively affect the plants
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and animals living in the marine environment (and may even have positive effects). When
participants better understood that the attributes were independent, the values held for them
changed, particularly in the case of ‘Seafloor health’.
To visualise the evolution of weights pre- and post-deliberation, Figure 28 to Figure 31
present the pre- and post-deliberation weights and averages for each attribute. These figures
present only the weights of the highest levels of improvement, which equate to the total weight
placed on the attribute.
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Figure 28: Pre- and post-deliberation weight on the ‘Swim’ attribute
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Figure 29: Pre- and post-deliberation weight on the ‘Seafloor health’ attribute
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Figure 30: Pre- and post-deliberation weight on the ‘Litter’ attribute
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Figure 31: Pre- and post-deliberation weight on the ‘Food’ attribute
As was shown in Figure 27, each group placed a different importance on the increase of
water rates, which resulted in varying levels of importance for the four environmental attributes in
each group. To get a better idea of the way weightings were redistributed among the environmental
attributes through the deliberative process, the weightings were standardised: each weighting was
calculated as a proportion of the total weight on environmental attributes alone. These standardised

Average weightings (% of
cubes)

weightings are presented in Figure 32.
50%
40%
30%
20%
10%
0%
Water quality

Seafloor health
Litter
Environmental attribute

Pre-delib. average

Safety of food

Post-delib. average

The error bars present the standard deviation for both series using the post-deliberation averages.

Figure 32: Percentage of weight on each environmental attribute
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Based on the standardised weights, the importance of ‘Seafloor health’ rises considerably
(increasing by 28.2% post-deliberation), while ‘Litter’, ‘Food’, and ‘Swim’ all decrease in
importance (by 6.7%, 8.8%, and 15.2% respectively). ‘Swim’ sees the highest decrease in
importance. In the full description of the attribute, it was stated that no swimming was
recommended for 𝑥 weeks out of 17 in the summer, for 3 out of 39 recreational and environmental
sites. Group discussion often revolved around the 36 alternative beaches still available for use:
participants generally agreed that they would rather increase their travel time, cost, and effort in
looking for another beach at which to swim than support higher water rates being imposed upon
everyone in the community. Safety of marine food described the number of fish it was safe to eat
from the Derwent per week (between 1 and 6, with the current advisory being 3 fish at the time of
writing the survey).
Via deliberation, participants agreed that the community mostly fished recreationally
from the Derwent with no expectation of consuming the fish once they were caught and that they
would prefer to source their seafood from elsewhere than see an increase in water rates to address
the issue. Finally, ‘Coastal and marine litter’ was on average the most important attribute to groups
pre-deliberation and was relegated to second place post-deliberation. Once a better understanding
of the unfamiliar ‘Seafloor health’ attribute was attained through deliberation, the overall weight
on ‘Litter’ decreased in importance on average (though not as much as ‘Food’ and ‘Swim’).
However, though the overall weight declined, the importance of the second level of improvement
rose significantly (as discussed above).
5.5.3. Pre- and post-deliberation standard deviations
Figure 33 presents the pre- and post-deliberation standard deviations. The ‘Cost’ attribute
is linear and only the standard deviation of the highest-valued level is shown, to be compared to
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the third level of improvement for the other attributes. Three standard deviations are presented:
SD1 is the standard deviation for the 10 groups pre-deliberation calculated using the predeliberation values and averages (spotted bars in the figure), SD2 is the pre-deliberation standard
deviation calculated using the post-deliberation averages (white bars), and SD3 is the postdeliberation standard deviation calculated using the post-deliberation averages (lined bars). SD2
was calculated to investigate whether deliberation caused the weightings to converge to values that
were similar in each group. This would signal that the values were shared not only by participants
within groups, but also shared by all the groups and that the shared and social values elicited had
some degree of universality.
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SD1 (with pre-delib. averages)

SD2 (with post-delib. averages)
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Swim = Water quality, Seafloor = Seafloor health, Litter = Coastal and marine litter, Food = Safety of
marine food, Cost = increase in water rates.

Figure 33: Pre- and post-deliberation standard deviations
A paired single-tail Welch’s t-test was used to compare the standard deviations pre- and
post-deliberation (comparing both SD1 (pre-deliberation with pre-deliberation averages) and SD2
(pre-deliberation with post-deliberation averages) with SD3 (post-deliberation with postdeliberation averages). The results of these tests are presented in Table 38.
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Table 38: Welch’s t-test results
SD1

SD3

SD2
Significantly different:
Not significantly different - Overall: (𝑝 0.037)
(𝑝 0.421)
- Seafloor health (𝑝 0.002
- Cost (𝑝 0.006

There is a decrease between SD2 and SD3 for most attribute levels (bar the first level of
improvement of the ‘Swim’ attribute and the first and second levels of improvement for the ‘Litter’
attribute). This suggests that through discussion, groups overall converged towards similar values
for attribute levels via the deliberative process.
5.5.4. Choice accuracy in the individual choice experiment
During analysis, participant individual weights for attributes and levels were used to
automatically make choices in the 12-task choice experiment that participants faced individually
in the first and third periods of the workshop. This allowed for a consistency check to be conducted
between the choices participants actually made (actual selections) and the choices that they
‘should’ have made based on their weightings (weight choices). This relates back to the concept
of reliability (a limitation of variation in responses) that researchers are urged to strive for in order
for results to be applicable to the wider population. As both exercises were designed with the goal
of preference elicitation, actual selections should closely match weight choices. An allowance was
made when the weightings of the actual selection and weight choices were within 2/20 cubes: this
indicated a very small difference in preference between the weight choice and the actual selection
leading to the selection being considered accurate. Figure 34 and Figure 35 present these adjusted
frequencies of choice accuracy (based on the comparison between actual selections and weight
choices) pre- and post-deliberation.
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Figure 34: Adjusted frequencies of choice accuracy (based on individual weights, predeliberation)
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Figure 35: Adjusted frequencies of choice accuracy (based on individual weights, postdeliberation)
Post-deliberation, participants’ actual selections were more consistent with the weights
they placed on attributes and levels – only 8/100 participants made actual selections that were
inconsistent with their weight choices more than 5/16 times (compared to 12/100 participants predeliberation). Regardless, both pre- and post-deliberation, the individual weightings were broadly
representative of participants’ preferences determined through the trade-offs made in the choice
experiment.
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Deliberative group weightings were also used to automatically make choices in the choice
experiment and these deliberative weight choices (which were the same for every member in a
group) were compared to participants’ actual individual selections pre- and post-deliberation.
Figure 36 and Figure 37 present these adjusted frequencies of choice accuracy (based on the

Number of participants

comparison between actual selections and deliberative weight choices) pre- and post-deliberation.
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Figure 36: Adjusted frequencies of choice accuracy (based on deliberative weights, predeliberation)
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Figure 37: Adjusted frequencies of choice accuracy (based on deliberative weights, postdeliberation)
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The deliberative weight choices very rarely predicted the actual selections made by
participants pre-deliberation (9% of actual selections were represented 6/12 or more times) and
post-deliberation this gap widens (2% of actual selections were represented 6/12 or more times).
The weights that the group decided upon together through deliberation are not directly
representative of each group member’s individual preferences. This indicates that the preferences
elicited during deliberation were based on different value sets than the value sets engaged in the
individual experiments: the deliberative exercise elicited shared, social values, where the
individual survey elicited personal, self-regarding values.
Post-deliberation, 17 people from 9 different group workshops changed their individual
responses from the business as usual alternative in the pre-deliberative survey to a paid, nonbusiness as usual alternative between 1/12 and 9/12 times. This led to reduced choice accuracy for
3/17 participants (average of 12.5%), the same choice accuracy for 7/17 participants, and increased
choice accuracy for 7/17 participants (average of 29.8%). There was a 52.5% positive correlation
between the number of times a change was made from the status quo and the change in choice
accuracy. The deliberative process and deeper reflection on one’s personal values that it
encourages appears to have helped certain participants more accurately represent their preferences
(as expressed through the individual weightings) when responding to the survey as opposed to
responding in protest.
5.5.5. Confidence in choice
As described in section 3.4.3., participants were asked to rate their confidence in the
choice they made on a scale from 0-10 for each of the 12 choice tasks in the individual choice
experiments. Their confidence in their choices was recorded for both the pre- and post-deliberation
choice experiment treatments, allowing a comparison to be made. Overall average confidence in
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choices in the pre-deliberative choice experiment was 6.94/10 and in the post-deliberative
experiment the overall average confidence was 7.39/10. The difference in confidence was tested
for significance using a paired single-tailed Student’s test and the difference was statistically
significant (𝑝

5.05 ∗ 10 ).

Average change in choice confidence was calculated for each participant using the
following equation:
𝐴𝑣𝑒𝑟𝑎𝑔𝑒

𝑃𝑜𝑠𝑡𝐶𝑜𝑛𝑓

𝑃𝑟𝑒𝐶𝑜𝑛𝑓

(11)

Where:
- 𝑛: Choice task number (𝑛 1 to 𝑁 12).
- 𝑃𝑜𝑠𝑡𝐶𝑜𝑛𝑓 : The measure of confidence in choice task 𝑛 post-deliberation.
- 𝑃𝑟𝑒𝐶𝑜𝑛𝑓 : The measure of confidence in choice task 𝑛 pre-deliberation.
Although confidence in choices varied both positively and negatively between the preand post-deliberation confidence measures, overall confidence in choices rose by an average of
0.56/11. A total of 22/100 participants reported lower confidence in choices (-0.54/11 on average),
8/100 participants reported no net change in confidence levels, and 70/100 participants reported
increased confidence levels (0.97/11 on average). Heightened confidence in choice was associated
with higher choice accuracy – there was an average increase in accuracy of 1.31% for participants
who reporting higher confidence in choices post-deliberation. Participants reporting a decrease in
choice confidence saw their choice accuracy decrease by 0.56% on average.
5.5.6. Information gleaned from the deliberative workshops
An unforeseen benefit of deliberative monetary valuation was that the physical presence
of participants and the group discussions allowed for the collection of anecdotal information
regarding participant perceptions of the choice experiment (themes, complexity, understanding,
choice motivations, etc.). These are briefly touched upon in the following list:
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-

Participants were able to inform us that Swift Parrots – one of the species of birds that
the forestry choice experiment was investigating – are perceived as “doomed”: certain
participants have “given up” on the species, considering them impossible to save.

-

The “Additional sites for recreation” attribute in the forestry experiment was
misunderstood by most participants: participants interpreted this as additional sites
for recreation to be established in areas that are currently forestry reserves (no activity
allowed). The attribute was reworded to make clear that the new sites for recreation
would be opened in areas that are not currently managed reserves.

-

In the group discussion, participants indicated that they did not fully understand the
process by which the growth of marine businesses impacts the environment.

-

The light moderation of the group discussion served to periodically remind groups
that the decisions they were making in the deliberation phase were decisions on behalf
of society, including future generations, and that they must take into account shared,
social, and altruistic preferences to the best of their ability.

-

Participants were vocal about the fact that individually, their households would be
willing to pay more for ‘Seafloor health’ and ‘Litter’ than the deliberative results may
suggest. They stated awareness of the inequality in household incomes and
understanding that not all households could afford the increase in water rates. This
indicates that for a sample of the south-eastern Tasmanian population, it may be wise
to use progressive taxes such as income tax to pay for environmental policy as
opposed to a fixed rate such as increase in water rates that would be the same for every
household.
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5.6. Discussion
The results of this experiment show that deliberation was a useful tool in promoting the
understanding of complex or unfamiliar attributes for a lay-person sample of participants. In this
experiment, the ‘Seafloor health’ variable was the unfamiliar attribute prompting the use of
deliberative methods. Although it has been shown that participants are able to form opinions and
express preferences for unfamiliar goods whilst taking a survey (Jobstvogt et al., 2014), the use
of deliberation to further increase familiarity and understanding, with the ability to address
participant questions immediately and assess the effectiveness of the learning process, was of
interest in this study.
Focus groups and feedback from the online pilot and deliberative experiment showed that
the ‘Seafloor health’ attribute was the hardest for participants to understand and the attribute with
which they were most unfamiliar. Through deliberation and moderator input, participants gained
a more in-depth understanding of and familiarity with the attribute and their preferences for the
attribute changed. The assumption that reducing litter would act as a panacea (as discussed in
section 5.5.2.) was corrected and participants gained a deeper understanding of the relationship
between benthic health and macrofauna populations, leading to an increase in the importance of
benthic health for participants.
Accuracy of decisions made in the choice experiment (relating to the preferences
expressed through the individual weights of importance assigned to attributes and levels) increased
post-deliberation. The process of weighting the attributes and levels and of discussing shared and
social values in the Second period of the workshop allowed participants to be more accurate in
their choices, an effect that was particularly pronounced for participants who changed their
responses from the business as usual alternative to a non-business as usual alternative. This
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indicates that the deliberative process may encourage protest respondents to express their actual
preferences for the good in question.
The effect of information provision on selections made in a choice experiment was also
investigated in Schläpfer et al. (2008): participants were provided with ‘simplified heuristics’ (i.e.
they were informed of the choice political parties would have made) which caused a significant
change in WTP between participants who had the information and participants who did not
regardless of education levels. In the deliberative experiment discussed in this chapter, participants
were asked to think of their preferences in a very concrete way: by showing the relative importance
of attributes and levels through the allocation of wooden cubes on a mat. This could have been
used by participants in the post-deliberation individual choice experiment weightings as a guide.
Although there was a slight shift towards higher accuracy, the choices made post-deliberation were
not found to be much more in line with individual preferences. Participants were likely also
affected by other factors in the choices made post-deliberation, including the deliberative process.
Overall, it seems that deliberation helped participants to better understand their personal, selfregarding preferences.
Deliberation had a net positive effect on participant confidence – participants were overall
more confident in their choices post-deliberation. Additionally, increased confidence in choices
was accompanied by more accurate post-deliberation choices as stated above. This further supports
the idea that the deliberative experiment prompted participants to reflect on their own values,
resulting in choices that were more representative of their true preferences post-deliberation.
The deliberative process included the uncovering of group preferences through the
modification of aggregated group weightings to ensure the selection of choices that better represent
the needs of the community as a whole. The shared and social values for the attributes were very
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different from individual values, as evidenced by the inability of the group weightings to predict
individual choices in the pre- or post-deliberation surveys. A different set of values – social, shared
values – was elicited during the discussion, as opposed to the individual values elicited by a standalone survey. The individual post-deliberation choices were even less consistent with the choices
that would have been made by deliberated group weightings. This indicates that, in this
experiment, deliberation did not cause participants to change their individual values to be more in
line with shared and social values, but rather led to participants better understanding their
individual values and making choices that were more consistent with the individual preferences
expressed through their individual weightings.
Although most participants made choices consistent with the importance weightings they
had ascribed, a small number (12 pre- and 8 post-deliberation) were inconsistent in their choices
at least 6/12 times. This may be due to the fact that although participants were prompted to place
weightings reflective of their personal opinions, they were informed that the weightings would be
aggregated and discussed as a group. There may have been a more social rather than private
consideration of the value of the attributes, with the weightings expressing the values they thought
might be most socially acceptable, or the values expected by the moderator, as opposed to their
own values. Additionally, though the weighting exercise was designed to be simple to complete
(with the use of the very tactile and visual wooden cubes), it was possibly a difficult exercise
cognitively for certain participants, leading to large differences between the weights ascribed and
the preferences expressed in the choice experiment.
DMV, and in particular the entirely novel approach taken to DMV in this dissertation
allows an alternative set of values to be investigated. Whilst traditional investigations of the value
of ecosystem services is common in Europe and the US they have, to date, not received the same
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level of acceptance and use in an Australian context. The method developed in this dissertation
advances a clear indication of values from a public policy perspective which whilst consistent with
the findings of the individual DCE represent statistically significantly different results (see chapter
6 below). It has been argued that DMV develops a more appropriate basis for public policy analysis
given the public good nature of environmental attributes (Kenter, 2016). The DMV results provide
a policymaker with public perceptions of the social rather than individual preferred outcome upon
which to base decisions.
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6. Comparing choice experiment results across treatments
Throughout this dissertation, various treatments of the Derwent estuary choice
experiment were implemented, including the experiment being used in deliberative monetary
valuation workshops and an online treatment. This chapter investigates the differences between
the willingness to pay (WTP) estimates for each treatment to ascertain whether there was any effect
on values and thus on the policy recommendations emerging from the study.
Firstly, the results of the three choice experiment treatments that occurred during the
deliberative workshop (the 12-task pre-deliberation and post-deliberation experiments and the 60task deliberative experiment) are presented. Following this, the WTP estimates of the deliberative,
online, pre-, and post-deliberation experiments are tested for differences using a Poe test (Poe et
al., 2005) (see section 6.2. for details regarding this test).

6.1. Deliberative workshop choice experiment results
6.1.1. Pre- and post-deliberation individual choice experiment
In the First and Third periods of the deliberative workshop, i.e. pre- and post-deliberation,
participants individually completed a 12-task choice experiment. Data were analysed using a
Multinomial Logit model (MNL) in PythonBiogeme (Bierlaire, 2016) and confidence intervals
were calculated using the Delta method, as described in section 4.4.1. An MNL model was the
most appropriate model for the analysis of the deliberative group choice experiment data due to
the nature of the ‘individuals’ considered: each ‘individual’ in the model represented the group of
individuals present at the workshop. This resulted in a total of 10 ‘individuals’. Choice models
such as latent class and mixed multinomial logit models allow for heterogeneity in either a
continuous or discrete manner and could not be used for the deliberative group choice experiment
dataset due to the very small number of ‘individuals’ across which to analyse this heterogeneity.
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Parameter and WTP estimates are presented in Table 39 for the pre-deliberation
experiment and Table 40 for the post-deliberation experiment.
Table 39: Multinomial logit results (pre-deliberation individual experiment)
Parameter name

Parameter
Robust SE
estimates
0.646
0.323
-0.00618
0.000781
-0.0813
0.0157
0.898
0.184
1.48
0.184

ASC
Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
1.01
greater chance of seeing species
Safety of marine foods
0.106
Coastal and marine litter
-0.00126

p

𝑾𝑻𝑷𝒌

-95%

95%

< 0.01
< 0.01
< 0.01 -$13.16 -$18.51 -$7.80
< 0.01 $145.31 $77.60 $213.02
< 0.01 $239.48 $174.39 $304.57

0.112

< 0.01 $163.43 $118.46 $208.40

0.0195
0.000141

< 0.01 $17.15
< 0.01 -$0.20

$10.31
-$0.26

$24.00
-$0.15

Number of observations: 100, log likelihood: -966.277. Robust SE = Robust standard errors, p = p
values, 𝑾𝑻𝑷𝒌 = willingness to pay estimates, (-) 95% = 95% confidence intervals.

Table 40: Multinomial logit results (post-deliberation individual experiment)
Parameter name

Parameter
Robust SE
estimates
1.34
0.346
-0.00729
0.000786
-0.058
0.0189
0.939
0.189
1.49
0.184

ASC
Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
0.909
greater chance of seeing species
Safety of marine foods
0.0543
Coastal and marine litter
-0.00188

p

𝑾𝑻𝑷𝒌

-95%

95%

< 0.01
< 0.01
< 0.01 -$7.96 -$13.31 -$2.60
< 0.01 $128.81 $67.42 $190.19
< 0.01 $204.39 $139.10 $269.68

0.156

< 0.01 $124.69 $71.46 $177.93

0.0194
0.000208

< 0.01 $7.45
< 0.01 -$0.26

$1.89
-$0.33

$13.01
-$0.19

Number of observations: 100, log likelihood: -850.966. Three participants did not respond to all choice
tasks and these results are based on the remaining 97 responses. Robust SE = Robust standard errors, p = p
values, 𝑾𝑻𝑷𝒌 = willingness to pay estimates, (-) 95% = 95% confidence intervals.

In both pre- and post-deliberation results, all parameters were highly statistically
significant and showed a positive willingness to pay for an improvement of marine and coastal
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ecosystem services. Additionally, the ASC parameters were positive and significant, showing a
higher probability of selecting an alternative other than the business-as-usual scenario.
The value of each level of improvement for each ecosystem service can be calculated for
one household (each person in the deliberative sample represented a household). The values in
Table 41 (illustrated in Figure 38) and Table 42 and (illustrated in Figure 39), represent the amount
a household would be willing to pay every year for 5 years to achieve each level of improvement
proposed for the ecosystem services.
Table 41: Values of the first, second, and third levels of improvement (pre-deliberation
individual experiment)

Ecosystem service

First level of
improvement

Improvement level
Second level of
improvement

Weeks of no swimming

$26.31
($15.60 – $37.02)

$52.62
($31.20 – $74.04)

Seafloor health

$145.31
($77.6 – $213.01)

Safety of marine foods

$34.30
($20.62 – $47.99)

$51.46
($30.93 – $71.98)

Coastal and marine litter

$40.78
($30.00 – $51.55)

$101.94
$142.72
($75.00 – $128.88) ($105.00 – $180.44)

95% confidence intervals are presented in parentheses.
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Third level of
improvement
$78.93
($46.80 – $111.06)

$239.48
$163.43
($174.39 – $304.57) ($118.46 – $208.40)
$85.76
($51.55 – $119.97)

$350
$300
$250
$200
$150
$100
$50
$0
Weeks of no swim

Seafloor health
First level

Safety of marine
foods

Second level

Coastal and marine
litter

Third level

95% confidence intervals are presented in parentheses.

Figure 38: Values of the first, second, and third levels of improvement (pre-deliberation
individual experiment)
Table 42: Values of the first, second, and third levels of improvement (post-deliberation
individual experiment)

Ecosystem service

First level of
improvement

Improvement level
Second level of
improvement

Weeks of no swimming

$15.91
($5.20 – $26.62)

$31.82
($10.40 – $53.25)

Seafloor health

Third level of
improvement
$47.74
($15.60 – $79.87)

$128.81
$204.39
$124.69
($67.42 – $190.19) ($139.10 – $269.68) ($71.46 – $177.92)

Safety of marine foods

$14.90
($3.78 – $26.01)

Coastal and marine litter

$51.58
($38.00 – $65.16)

95% confidence intervals are presented in parentheses.
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$22.35
($5.67 – $39.02)

$37.24
($9.45 – $65.04)

$128.94
$180.52
($95.00 – $162.89) ($133.00 – $228.04)

$350
$300
$250
$200
$150
$100
$50
$0
Weeks of no swim

Seafloor health
First level

Safety of marine
foods

Second level

Coastal and marine
litter

Third level

Error bars present 95% confidence intervals.

Figure 39: Values of the first, second, and third levels of improvement (post-deliberation
individual experiment)
The three levels of improvement of the ‘Swim’ and ‘Food’ attributes are the least valued
in both the pre- and post-deliberation experiments. In the pre-deliberation experiment, the levels
of these two attributes were valued at almost the same amount, with those of ‘Food’ valued slightly
higher than those of ‘Swim’. In the post-deliberation experiment, the levels of improvement for
‘Swim’ and ‘Food’ are valued less than in the pre-deliberation experiment and those of ‘Swim’
are valued higher than those of ‘Food’. In the pre-deliberation experiment, the three levels of
improvement of ‘Seafloor health’ are valued higher than the three levels of ‘Litter’ and in the postdeliberation experiment, the second and third levels of ‘Litter’ are valued more than the first and
third levels of improvement for ‘Seafloor health’.
The pre- and post-deliberation values are reflected in the responses to the question “What
was most important to you in making the choices?” which directly followed both choice
experiments (presented in Table 43 and Table 44). The Adjusted Count column was generated by
looking at the text responses written by participants who chose option 6. Generally, these
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participants felt that all attributes (including ‘Cost’) or some combination of the environmental
attributes were equally important to them in making their choices. Their responses were added to
the count for options 1-5 as a fraction of the number of attributes they felt were important. (e.g.
“A balance between seafloor health and litter” led to an addition of 0.5 each to the count of options
2 and 3.)
Table 43: Importance of attributes in making choices (pre-deliberation individual
experiment)

1
2
3
4
5
6

Response options
Count Adjusted Count
Weeks of no swimming
11
12
Seafloor health
28
30
Coastal and marine litter
29
31
Safety of marine foods
7
9
Increase in water rates
14
15
None of the above, I was thinking of...
8
0

Table 44: Importance of attributes in making choices (post-deliberation individual
experiment)

1
2
3
4
5
6

Response options
Count Adjusted Count
Weeks of no swimming
6
7
Seafloor health
22
25
Coastal and marine litter
42
45
Safety of marine foods
2
3
Increase in water rates
19
20
None of the above, I was thinking of...
9
0

Pre-deliberation, most participants felt that their responses were driven equally by
‘Seafloor health’ and ‘Litter’ (about three times more than by ‘Swim’ or ‘Food’). The ‘Cost’
attribute also drove choices more than the ‘Swim’ or ‘Food’ variables. Post-deliberation, the
number of participants reporting that ‘Litter’ drove their choices in the choice experiment rose by
almost 75%. The importance of the ‘Cost’ attribute in choices increased as well, while the
importance of all other attributes fell (‘Seafloor health’ decreasing the least).
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The parameter value and WTP estimate for the third level of improvement of the ‘Seafloor
health’ attribute is unexpected: in both the pre- and post-deliberative choice experiments, the third
and highest level of improvement was valued less than the second level of improvement. This
finding does not make intuitive sense, as the second level of improvement is “increased seafloor
health” and the third level of improvement is “increased seafloor health and a greater chance of
seeing species”. This result implies that the “greater chance of seeing species” not only does not
increase participant utility but decreases it. The finding is not in line with the results of the online
treatment of the survey and the deliberative weighting exercise: in both of these experiments,
participants expressed a higher preference for the third level of improvement than for the second
level for the ‘Seafloor health’ attribute.
Due to this finding, the design for the choice experiment was tested using the deliberative weights
– the weights identified by the 10 groups were used to make choices for all 24 tasks in the twoblock design. This test was conducted in order to see whether the preferences clearly expressed in
the weightings would translate to corresponding WTP values, or whether a design artefact was
driving results. The use of deliberative weights to automatically make choices uncovers design
artefacts due to the inherent consistency in the choices made with the underlying heuristics driving
each choice. There is no room for human error: the choices are made based on the weightings
ascribed to each attribute level. The parameter and WTP estimates from this test are presented in
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Table 45.
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Table 45: Multinomial logit results (design artefact test)
Parameter name

Parameter
Robust SE
estimates
-0.0216
0.00389
-0.416
0.026
2.65
0.389
3.79
0.927

Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
3.73
greater chance of seeing species
Safety of marine foods
0.516
Coastal and marine litter
-0.00587

p

𝑾𝑻𝑷𝒌

-95%

95%

< 0.01
< 0.01 -$19.26 -$24.77 -$13.75
< 0.01 $122.69 $79.76 $165.61
< 0.01 $175.46 $83.38 $267.54

0.468

< 0.01 $172.69 $119.42 $225.95

0.0512
0.000929

< 0.01 $23.89
< 0.01 -$0.27

$16.19
-$0.35

$31.59
-$0.20

Number of observations: 10, log likelihood: -65.926. Robust SE = Robust standard errors, p = p
values, 𝑾𝑻𝑷𝒌 = willingness to pay estimates, (-) 95% = 95% confidence intervals.

These results show that participant preferences are not driving the unexpected valuation
of the third level of ‘Seafloor health’. As described in Appendix 3, the experiment was designed
using NGENE (ChoiceMetrics, 2012) with a Bayesian-efficient design and priors informed by a
pilot survey as is recommended practice (Reed Johnson et al., 2013; Rose and Bliemer, 2009).
However, regardless of this, there appears to be a design artefact driving the result. Fortunately,
the comparison of the pre- and post-deliberative experiments (presented in section 6.3.) is still
possible, as the same design was used and the artefact is present in both sets of results.
6.1.2. Deliberative valuation group choice experiment
As described in section 5.4.1.2., the deliberative weights were used to make the choices in a 60task choice experiment. The resulting choices were analysed using a multinomial logit (MNL),
with each group analysed as an ‘individual’ (resulting in 10 individuals making 60 choices). WTP
estimates were generated using the Delta method (see chapter 0. for a detailed description of MNL
models and the Delta method). The model estimates, robust standard errors, p values, WTP
estimates, and confidence intervals are presented in
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Table 46.
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Table 46: Multinomial logit results (deliberative group experiment)
Parameter name

Parameter
Robust SE
estimates
-0.303
0.348
-0.0255
0.00465
-0.42
0.0546
1.14
0.256
2.08
0.543

ASC
Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
3.02
greater chance of seeing species
Safety of marine foods
0.509
Coastal and marine litter
-0.00657

p

𝑾𝑻𝑷𝒌

-95%

95%

0.32
< 0.01
< 0.01 -$16.47 -$20.37 -$12.57
< 0.01 $44.71 $26.12 $63.30
< 0.01 $81.57 $42.13 $121.01

0.248

< 0.01 $118.43 $104.39 $132.47

0.0773
0.000619

< 0.01 $19.96
< 0.01 -$0.26

$15.02
-$0.28

$24.90
-$0.23

Number of observations: 10, log likelihood: -247.652. Robust SE = Robust standard errors, 𝑾𝑻𝑷𝒌 =
willingness to pay estimates, (-) 95% = 95% confidence intervals.

It is possible to calculate the values of each of the three levels of improvement for each
ecosystem service for one deliberative group, or ‘individual’. These are presented in Table 47. The
values represent the amount an ‘individual’ would be willing to pay every year for 5 years to
achieve each level of improvement in the ecosystem services proposed.
Table 47: Values of the first, second, and third levels of improvement (deliberative group
experiment)

Ecosystem service

First level of
improvement

Improvement level
Second level of
improvement

Weeks of no swimming

$32.94
($21.44 – $44.44)

$65.88
($42.88 – $88.88)

$98.82
($64.32 – $133.32)

Seafloor health

$44.71
($21.17 – $68.24)

$81.57
($42.19 – $120.95)

$118.43
($73.84 – $163.02)

Safety of marine foods

$39.92
($32.18 – $47.66)

$59.88
($48.27 – $71.49)

$99.80
($80.45 – $119.15)

Coastal and marine litter

$51.53
($38.00 – $66.00)

$128.82
$180.35
($95.00 – $165.00) ($133.00 – $231.00)

95% confidence intervals are presented in parentheses.
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Third level of
improvement

Figure 40 presents a visual representation of the monetary values held for the first, second,
and third levels of improvement for the ecosystem services. The main difference between the
deliberative WTP values and the values from other treatments of the choice experiment is that the
levels of improvement of the ‘Swim’ and ‘Food’ attributes are valued only slightly lower than the
levels of improvement of ‘Seafloor health’ and ‘Litter’. In other treatments, the three levels of
improvement for ‘Swim’ and ‘Food’ were valued much lower than those of the other attributes.

$250
$200
$150
$100
$50
$0
Weeks of no swim

Seafloor health
First level

Safety of marine foods

Second level

Coastal and marine
litter

Third level

Error bars present 95% confidence intervals.

Figure 40: Values of the first, second, and third levels of improvement (deliberative group
experiment)
The deliberative weightings were also used to make choices in an orthogonal design with
108 choice tasks. This was done to investigate whether the WTP values for the first, second, and
third levels of improvement of the environmental attributes would vary significantly when faced
with another design that presented even more trade-offs than the 60-choice task design used in the
deliberative workshops. The results are presented in Appendix 9 and confirm the conclusion drawn
above from the 60-task design: the deliberative weightings lead to higher relative valuation of the
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levels of improvement of the ‘Food’ and ‘Swim’ variables than in individual treatments of the
choice experiment survey. Additionally, these results demonstrate the effect that design can have
on WTP values and the resulting policy recommendations that come from such studies.

6.2. Poe test
In their 2005 article, Poe et al. present a test for computationally measuring the difference
between two distributions. The test is often used to compare willingness to pay estimates produced
by different treatments of the same choice experiment (see e.g. Brouwer et al., 2010b; Koetse,
2017; Mørkbak et al., 2010; Morrison et al., 2002). The complete combinatorial approach
compares a number of random draws (10,000 draws were used here) from the WTP distributions,
as defined by the estimated WTP values and their standard errors, returning the proportion of WTP
values from the first distribution that are greater or smaller than the WTP values from the second
distribution. Using this test in the sections below, statistical divergence between the WTP estimates
is identified for cases where there is over 90% confidence that the results are not the same.

6.3. Comparing pre- and post-deliberation choice experiments
A Poe test (as described in section 6.2. above) was used to compare the willingness to pay estimates
produced by the pre- and post-deliberation experiments. The MNL results and resulting WTP
estimates show that the post-deliberation confidence intervals overlap the pre-deliberation
confidence intervals for every attribute. Due to this, a significant amount of overlap may be
expected in the Poe test. The results of the test are presented in
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Table 48.
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Table 48: Poe test results (pre- vs. post-deliberation)
Attribute
Post > Pre
Weeks of no swimming
8.85%
Current seafloor health
35.93%
Increased seafloor health
22.14%
Increased seafloor health and
14.23%
greater chance of seeing species
Safety of marine foods
1.58%
Coastal and marine litter
88.21%

Post < Pre
91.15%
64.07%
77.86%
85.77%
98.42%
11.79%

Values of 90% and above are presented in bold. Post = post-deliberation WTP estimates, Pre = predeliberation WTP estimates.

As expected, the pre- and post-deliberation WTP estimates for all attributes save ‘Food’
overlap by more than 5%, with the post-deliberation WTP estimates for ‘Food’ significantly lower
than the pre-deliberation estimates at the 5% level. The post-deliberation WTP estimates for
‘Swim’ are significantly lower than the pre-deliberation estimates at the 10% level and the postdeliberation estimates for ‘Litter’ are largely higher than the pre-deliberation estimates. As is
discussed below in section 6.5., this difference is of interest when comparing the pre- and postdeliberation estimates to the online estimates of WTP.
Although deliberation had some effect on individual willingness to pay estimates, the
effect was slight. Alvarez-Farizo and Hanley’s 2006 study showed significant differences in
individual preferences post-deliberation: participants were encouraged to go home and research or
discuss their thoughts with friends and family during the break (multiple days) before the next
choice experiment survey was administered, which may explain the differences. They hypothesise
that time, as well as a chance to reflect and discuss with personal networks, had a role in forming
opinions that differ from the preferences expressed in the original individual experiment. Other
research (e.g. Hynes et al., 2013; Tinch et al., 2015) finds that preferences can be more rapidly
impacted through immersion in the natural environment and exposure to information imparted by
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expert witnesses. However, the impact may be temporary, as the lasting effect of these treatments
were not tested.

6.4. Comparing the deliberative choice experiment to all other treatments
The deliberative experiment stands alone in that the choices were made by a group of
people together (as opposed to individually). Participants in the group were encouraged to keep in
mind the interests, needs, and values of the greater community to the best of their abilities when
making their decisions. This resulted in the values and preferences expressed being shared, plural,
social, and community values, as opposed to the individual, personal, self-regarding values that
are engaged when participants complete an experiment individually.
Poe tests were conducted to investigate the differences in WTP estimates between the deliberative
treatment and the pre-deliberation, post-deliberation, and online treatments. The results of these
tests are presented in Table 49, Table 50, and

204

Table 51. Due to the design artefact driving the value observed for the third level of
improvement of ‘Seafloor health’, this level was not considered relevant in the comparison and is
not discussed.
For most attributes, the WTP values presented are significantly different at the 5% or 1%
level. The post-deliberation and online WTP estimates for ‘Swim’ were significantly lower than
the deliberative WTP estimates, indicating that social preference for ‘Swim’ is higher than
individual preference. The pre-deliberation, post-deliberation, and online WTP estimates for
‘Seafloor health’ were significantly higher than the deliberative WTP estimates. This shows that
individual WTP for the maintenance and improvement of benthic health is higher than social WTP
values. The post-deliberation and online WTP estimates for ‘Food’ were significantly lower than
the deliberative estimates, showing a higher shared and social value for the safety of marine food
for consumption. Finally, the pre-deliberation WTP estimates for ‘Litter’ were significantly lower
than the deliberative WTP estimates, a difference which is not observed in the post-deliberative
and online treatments.
Table 49: Poe test results (pre-deliberation vs. deliberative)
Attribute
Delib > Pre
Weeks of no swimming
85.61%
Current seafloor health
0.27%
Increased seafloor health
0.00%
Increased seafloor health and
3.53%
greater chance of seeing species
Safety of marine foods
76.46%
Coastal and marine litter
95.06%

Delib < Pre
14.39%
99.73%
100.00%
96.47%
23.54%
4.94%

Values of 90% and above are presented in bold. Due to the design artefact, the third level of improvement
for the ‘Seafloor health’ attribute is presented in grey italics and not considered. Delib = deliberative WTP
estimates, Pre = pre-deliberation WTP estimates.

Table 50: Poe test results (post-deliberation vs. deliberative)
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Attribute
Delib > Post Delib < Post
Weeks of no swimming
99.76%
0.24%
Current seafloor health
0.47%
99.53%
Increased seafloor health
0.01%
99.99%
Increased seafloor health and
40.95%
59.05%
greater chance of seeing species
Safety of marine foods
100.00%
0.00%
Coastal and marine litter
50.04%
49.96%
Values of 90% and above are presented in bold. Due to the design artefact, the third level of improvement
for the ‘Seafloor health’ attribute is presented in grey italics and not considered. Delib = deliberative WTP
estimates, Post = post-deliberation WTP estimates.

206

Table 51: Poe test results (online vs. deliberative)
Attribute
Delib > Online Delib < Online
Weeks of no swimming
100.00%
0.00%
Current seafloor health
0.00%
100.00%
Increased seafloor health
0.07%
99.93%
Increased seafloor health and
0.01%
99.99%
greater chance of seeing species
Safety of marine foods
100.00%
0.00%
Coastal and marine litter
63.18%
36.82%
Values of 90% and above are presented in bold. Delib = deliberative WTP estimates, Online = online WTP
estimates.

6.5. Comparing the online experiment to the pre- and post-deliberation treatments
The pre- and post-deliberation choice experiments were also compared to the online treatment to
investigate the effect deliberation had on the post-deliberation estimates: do post-deliberation
results converge to similar values as those produced by the online estimates? Due to the design
artefact driving the value observed for the third level of improvement of ‘Seafloor health’, this
level was not considered relevant in the comparison. Table 52 and
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Table 53 present the results of these tests.
Table 52: Poe test results (pre-deliberation vs. online)
Attribute
Online > Pre
Weeks of no swimming
2.43%
Current seafloor health
35.49%
Increased seafloor health
0.36%
Increased seafloor health and
89.19%
greater chance of seeing species
Safety of marine foods
0.35%
Coastal and marine litter
87.99%

Online < Pre
97.57%
64.51%
99.64%
10.81%
99.65%
12.01%

Values of 90% and above are presented in bold. Due to the design artefact, the third level of improvement
for the ‘Seafloor health’ attribute is presented in grey italics and not considered. Pre = pre-deliberation WTP
estimates, Online = online WTP estimates.
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Table 53: Poe test results (post-deliberation vs. online)
Attribute
Online > Post Online < Post
Weeks of no swimming
37.60%
62.40%
Current seafloor health
52.19%
47.81%
Increased seafloor health
4.24%
95.76%
Increased seafloor health and
98.89%
1.11%
greater chance of seeing species
Safety of marine foods
34.12%
65.88%
Coastal and marine litter
40.47%
59.53%
Values of 90% and above are presented in bold. Due to the design artefact, the third level of improvement
for the ‘Seafloor health’ attribute is presented in grey italics and not considered. Post = post-deliberation
WTP estimates, Online = online WTP estimates.

The online choice experiment was completed by a much larger sample than the individual
pre- and post-deliberation completions of the choice experiment (459 online vs. 100 deliberative
respondents). It can be argued that more responses increase the statistical power and precision of
the choice models used to analyse the data, allowing for more reliable parameter estimates and a
higher probability of the preferences uncovered reflecting the preferences of the population
sampled (de Bekker-Grob et al., 2015; Rose and Bliemer, 2013). As such, for comparisons sake,
it has been assumed that the online choice experiment results may be a more accurate
representation of the population’s individual preferences as there is more statistical power 28.
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The post-deliberation WTP estimates are statistically less different to the online WTP
estimates than the pre-deliberation estimates are to the online WTP estimates: it appears that the
deliberative process resulted in post-deliberative individual preferences that are similar to the
preferences that emerged from the online treatment of the experiment. Additionally, as discussed
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It should be noted that with different sampling methods come different strengths and weaknesses. In the
deliberative setting, it is possible that choices are more consistent and accurate than in an online setting. With an online
sample, it is impossible to verify whether participants are properly applying themselves to the choice tasks, or whether
they are just ‘clicking through’ the experiment without carefully considering their choices in order to get to the
monetary reward at the end.
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in sections 5.5.4. and 5.5.5., choice accuracy and participant confidence in choice increased postdeliberation. This may indicate that the issues of statistical power due to a smaller sample size can
be mitigated by the deliberative process.

6.6. Discussion
Although the pre- and post-deliberation results were found to be relatively similar, the
pre-deliberation WTP estimates were generally slightly higher than the post-deliberation WTP
estimates. This may be due to interviewer bias (as described by e.g. Cook, 2010): the presence of
the moderator in the room may have encouraged participants to place less importance on the ‘Cost’
attribute in favour of the environmental attributes. Additionally, during the deliberative process,
the importance of considering all attributes in making a choice was emphasised, which may have
mitigated the presence of the moderator. Comparison of the WTP values with the online estimates
of WTP present an interesting finding: post-deliberation, participant preferences are statistically
significantly less different to those expressed in the online survey. This finding is particularly
interesting in that it implies that the deliberative workshops can be the only method conducted in
a valuation scenario, without needing to rely on a large panel and online choice experiment survey
to elicit consistent individual values that are representative of participant preferences.
Overall, the profile of the online, pre-, and post-deliberation WTP values are similar: the
levels of improvement of the ‘Swim’ and ‘Food’ attributes are valued less than the levels of
improvement of the ‘Seafloor health’ and ‘Litter’ variables. In all three treatments, the levels of
‘Seafloor health’ are valued most. The deliberative WTP estimates do not follow this profile: the
levels of improvement of the ‘Swim’, ‘Seafloor health’, and ‘Food’ variables have more similar
values and the levels of improvement of ‘Litter’ are valued most. This indicates that the
deliberative WTP estimates are likely based upon a different set of preferences and values than the
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preferences elicited in the individual treatments of the choice experiment. The more even
importance of the Derwent estuary ecosystem services is likely due to the diversity of opinions
and preferences that make up the plural, social values called upon in the deliberative process.
Additionally, individual households (as represented by the individual participants) expressed that
they were willing to pay more for ‘Seafloor health’ and ‘Litter’ than the choices made in the
deliberative group experiment suggest, as they were aware of the spread of cost in the community
and fairness.
Whilst it is unlikely that many would argue against the consideration of ecosystem
services providing value to society, the development of a range of values reflecting individual and
plural values is likely to provide decision-makers with more information upon which to base any
decisions. If the decision-maker’s focus is upon the results of an election, individual values will
likely best inform their decision-making. However, if their concern is more related to public policy
(with the aim of best providing long term value to the public), an application of DMV such as the
one developed in this dissertation may produce estimates of more relevance.
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7. Discussion and conclusions
The studies and methods presented in this dissertation spanned a series of disciplines and
were used in a complementary manner to assess the preferences held by local residents for marine
and coastal ecosystem services in south-eastern Tasmania. Techniques were focussed on the
elicitation of local knowledge and preferences, borrowing insight from economics, geography,
social, and decision sciences. The combination of disciplines and methods uncovered a richer
information set than any one of these used independently.
In the Participatory mapping study (PGIS), participants were asked to list their coastal
and marine recreational activities, then asked to rate the importance of ecosystem services and site
characteristics. This information was collected from both a randomly selected local sample and an
online sample, with the two samples yielding similar results. The preferences uncovered were used
to identify groupings of ecosystem services that were used as attributes in a choice experiment.
This ensured the local relevance and importance of the attributes and choice experiment framing.
The PGIS study also provided information on the state of Storm Bay and the Derwent estuary as
perceived by local inhabitants. This included information regarding the perceived conflicts
between recreational users, residents, and coastal and marine industries (mainly aquaculture,
coastal development, and tourism). This data, along with input from local coastal and marine
scientists (in particular when assessing the independence of the choice experiment attributes, e.g.
an increase in water quality does not necessarily result in an increase in seafloor health), was used
to frame the choice experiment and the drivers for change used in the survey.
The choice experiment survey was used in a number of different treatments designed to
elicit preferences based upon differing sets of values. Individual, self-regarding values and
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preferences were obtained through the individual treatments and social, shared, plural values were
obtained through the group deliberative treatment.
The online treatment of the choice experiment was based on neoclassical economic theory
and random utility theory, allowing results to be incorporated into cost-benefit analyses. The
willingness to pay (WTP) estimates indicate a lower valuation of two attributes (‘Weeks of no
swimming’ and ‘Safety of marine food’) and a higher valuation of the remaining two (‘Coastal
and marine litter’ and ‘Seafloor health’) for the three potential levels of improvement. Reducing
the weeks during which swim is not recommended in the summer (‘Swim’) and increasing the
safety of the consumption of marine food from the Derwent estuary (‘Food’) were less valued than
reducing the amount of coastal and marine litter (‘Litter’) and the health of the benthic environment
(‘Seafloor health’) for the three levels of improvement. In the PGIS survey, food and materials
were the two lowest ranked ecosystem services29, which is in line with the choice experiment
results.
In the deliberative treatment, participants indicated that the lower valuation of the safety
of marine foods for consumption was due to the fact that participants mostly perceived the seafood
originating from the Derwent as inedible and that they preferred to source their seafood elsewhere.
The ‘Swim’ attribute was designed to represent the use value of the ‘Water quality’ ecosystem
service, which was the highest ranked ecosystem service by the participants of the PGIS survey29.
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This divergence in valuation indicates that participants value the existence of clean water more
than their ability to use it. Southern Tasmanian waters are relatively cold (especially when
compared to the rest of Australia) even in summer: under 40% of online respondents indicated that
they engaged in swimming. The deliberative treatment clarified this issue even further, with

29

Rankings which held in the online sample, as shown in section 4.2.
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participants indicating during the group discussion that they would rather increase their travel costs
and time to find a suitable beach for swimming than accept increases in water rates. The online
survey results and WTP estimates were used as a benchmark for the individual values held for the
coastal and marine ecosystem services in south-eastern Tasmania against which the values from
other individual treatments were compared.
The deliberative choice experiment workshop involved three treatments of the choice
experiment: the pre-deliberation individual completion of the experiment, the deliberative group
completion of the experiment where participants made decisions together, and the postdeliberation individual completion of the experiment. The workshops also involved an innovative
tool to ensure that the opinions of all workshop participants would influence the group decisions:
participants carried out a wooden cube-based weighting exercise allowing them to indicate their
preference for each environmental attribute and level, as well as for the ‘Cost’ attribute. These
weightings were aggregated for each group and used to automatically complete choices in a choice
experiment. The weights provided a starting point for the elicitation of social preferences. A series
of choices made by the weightings were discussed by the group with the interests, needs, values,
and preferences of the larger communities they belonged to in mind. When the choice made by the
aggregated group weightings did not align with the group’s perception of shared and social values,
the weightings were changed to reflect the preferences, resulting in a change of choice and the
production of deliberated group weightings. The deliberative weightings allowed participants to
better understand the way trade-offs were made in the experiment and the weightings were able to
express the underlying heuristics in a concrete way.
The WTP estimates from certain choice experiment treatments (between the online, predeliberative, deliberative, and post-deliberative) differ significantly: the online, pre-, and post-
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deliberative treatments share a similar valuation profile while the deliberative treatment stands
alone. This is likely due to the values and preferences elicited, i.e. individual versus shared and
social values for ecosystem services, which are a public good used by and benefitting individuals
and communities alike.
The deliberative, shared values lead to more even and balanced WTP estimates for the
three levels of improvement proposed for all ecosystem services. Although participants
individually do not value the levels of improvement of the ‘Swim’ and ‘Food’ attributes as highly
as those of the ‘Seafloor health’ and ‘Litter’ attributes, these attributes are given more relative
weight in the deliberative process. Their value to the wider community, whose preferences are not
perfectly known, are perceived to be higher by the group workshop participants. Future generations
were also noted by participants as being more explicitly considered in the deliberative treatment
than in other treatments. Finally, the post-deliberation estimates were analogous to the online
estimates in a manner that the pre-deliberation estimates are not and post-deliberation, participant
choices in the experiment were more accurate according to the preferences expressed through the
weighting exercise. This suggests that the deliberative process (weightings, group discussion, and
group completion of the choice experiment) may strengthen participant understanding of the
valuation problem and their individual preferences for the attributes proposed, as well as reducing
the bias potentially created by the researcher being present in the room as a moderator.
The following sections explore the public policy-relevant conclusions to be drawn from
this study, as well as limitations encountered and the resulting recommendations and directions for
future research.
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7.1. Policy implications
The Derwent estuary was once notorious for being one of the most polluted waterways in
the world (Bloom and Ayling, 1977) due to the industrial activities taking place on its shores. The
effects of these industrial activities (mainly the zinc factory and paper mill) are still present today
in a seafloor severely polluted with heavy metals. Additionally, new pressures are placed on the
estuarine environment each year through population increase and increase in tourism, recreation,
construction, aquaculture, and other factors. The Derwent estuary and Storm Bay are extremely
attractive environments for human activity, as they are home to an abundance of ecosystem
services and natural capital. The many competing users of and interests in the Derwent estuary and
Storm Bay call for the guidance and regulations of environmental management. As outlined in
section 1.2., environmental management aims to settle conflicts in the use of the natural
environment within the framework of sustainable development. Environmental decision-making
takes the needs and preferences of the area’s stakeholders into account, guiding development to
conserve natural resources whilst allowing for continuing development (economic and other).
The wide range of methods used in this study provide a diverse information set regarding
the value of the marine and coastal environment in south-eastern Tasmania to the inhabitants of
the area. The purpose of this information is to support the creation of policies that will benefit local
inhabitants by considering their preferences for environmental management and the appropriate
use of government funding and resources in management and conservation efforts, ensuring that
policies made and actions taken are in their best interest and reflect their needs.
7.1.1. PGIS survey
The PGIS study provides a number of policy insights including an indication of the
importance of ecosystem services to south-eastern Tasmanians, the spread of activities and
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conflicts in lower Derwent estuary and Storm Bay, and local opinions on the state of the
environment and the changes observed over the past decade. The importance of ecosystem services
is complementary information to studies such as the Your Marine Values study (Ogier and
Macleod, 2013): whilst such studies provide a qualitative list of the ecosystem services in an area,
the PGIS study allows these services to be ranked.
Knowledge of the areas most heavily used for recreation allows infrastructural,
developmental, and clean-up support to be targeted at the most popular recreational sites
experiencing high traffic. Awareness of the types of recreation occurring at each site can help to
further narrow down the types of support needed in these areas. The complaints of conflict between
recreational users (complete with a specific location for the perceived conflict) open avenues for
mediation to occur. These complaints help to identify the need for signage or the presence of an
arbitrator to aid in dispute resolution. The perceived conflicts between recreational users, residents,
and industry (also attached to a specific location) can be explored by relevant groups to identify
whether the addition of regulations on the industries at play or more open communication between
industries and other users could reduce the disturbances and conflicts.
The opinions and perceptions of change from participants’ text responses can be used to
assess the need for information provision to the general public about developments occurring in
the area. Although the information may be readily available online, many may be intimidated at
the thought of reading a wordy report on the subject. The presence of informative signage or
posters may lessen confusion in locations where participants question the presence of sludge on
beaches or the perceived reduction of fish species. A proportion of the PGIS data analysis was
outside the scope of this dissertation: see section 7.2. for a discussion of the analysis to be used in
future research.
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7.1.2. Choice experiment (online and deliberative treatments)
The multiple treatments of the choice experiment provide several unique information sets
that can feed into policy. The online treatment of the experiment is a standard application of a
choice experiment based in neoclassical economic theory which produces WTP measures and
confidence intervals that would typically be used in cost-benefit analysis (McIntosh, 2006). The
monetary estimates for the improvement in quality of the coastal and marine ecosystem services
provide an indication to policymakers of compensating surplus that could be requested from the
public to implement conservation and improvement strategies. The WTP estimates also provide a
ranking of importance of the services, signalling the services in which locals would most
appreciate an improvement.
The attribute (i.e. the levels of improvement proposed for the attribute) that locals valued
most was ‘Seafloor health’, followed by ‘Coastal and marine litter’, ‘Water quality’, and ‘Safety
of marine food’. The individual treatments of the experiment from the deliberative workshop serve
a dual purpose: they support the WTP estimates from the online survey based on individual values
and provide evidence that one of the effects of the deliberative process is the focussing of personal
preferences and increase in choice accuracy, leading to very similar WTP estimates to those found
in the online treatment. The deliberative WTP estimates inform policymakers of a different set of
preferences: participants engaged their social, shared values when making choices in the
deliberative treatment of the experiment. When engaging shared and social values, participants are
considering the best outcome not only for themselves but for the community, as well as taking into
consideration the silent voices of future generations and non-human entities which make use of
the natural environment.
Deliberative valuation allows for a dynamic discussion on some of this information,
which not only facilitates the assimilation of a large amount of complex information by the
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participants, but also enables participants to hear other viewpoints and take them into account
when making choices (plural vs. individual values). The WTP values estimated from the
deliberative treatment are of particular interest to decision-makers, as they reflect the preferred
outcome for the community. Deliberative monetary valuation is a policy tool, providing an
estimate (or a least a proxy) of WTP. Although the method is not standard and renders the
justification of its incorporation into cost-benefit analysis difficult, the WTP estimates and policy
recommendations are appropriate for inclusion in other wide-spread policy tools such as
multicriteria analysis.
The deliberative WTP estimates showed that participants considered ‘Safety of marine
food’ and ‘Weeks of no swimming’ to be important from a shared and social values perspective,
while their individual values for these attributes were found to be much lower. This is interesting,
especially as the sample which took part in the workshops was not perfectly representative of the
Tasmanian population; it is possible that participants were able to altruistically express the
preferences of those who were not present.

7.2. Recommendations and directions for future research
As outlined above, the work presented in this dissertation provides a series of policyrelevant results. However, as with all research, there are ways in which future research could be
enhanced. These will be discussed in the following sections. These opportunities for additional
research are related to the types of methods used as well as the timeframes, funding, and resources
available.
7.2.1. PGIS survey
The spatial analysis of the PGIS survey was not the main focus of this dissertation and
could have formed an independent dissertation. The data provides a screenshot of the location and
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frequency of recreational uses of Storm Bay and the lower Derwent estuary, the perceived presence
of ecosystem services and site characteristics, and the perceived conflicts and is ripe for future
research. For instance, the perception of the presence of ecosystem services and site characteristics
at recreational sites could be compared to remotely sensed data and confirmed using on-site
verification. If perceptions are inaccurate, is this a result of the services and characteristics being
unimportant to the participant (either in general, or for the activity mapped)? Other interesting
avenues to explore are the relationship between the types of activities participants state they engage
in (or map) and the importance of ecosystem services to them.
The PGIS study made use of a novel method for the mapping of ecosystem services:
participants were asked to map the activities they carried out and indicate their perception of the
presence of ecosystem services and site characteristics at the site. In most PGIS surveys concerned
with the mapping of ecosystem services, the markers placed by participants are the services
themselves. The novel method was devised in order to stimulate recollection for participants:
thinking of the location in a very specific way (i.e. remembering visiting that location for a
recreational activity) has been identified to potentially reduce recall bias (Kahneman et al., 2004),
leading to the hypothesis that it would help participants remember the presence of ecosystem
services more clearly.
However, this method does come with limitations, as it focusses on ecosystem services
participants perceive in the areas they utilise. It may be argued that this leads to a limited
knowledge of the presence of non-use values. However, previous studies have found that non-use
ecosystem services tend to be mapped furthest from where participants live (e.g. Brown et al.,
2002), possibly due to participant inability to recognise non-use values close at hand. It may be
that participants expect these values (which they are less familiar with and do not understand as
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well as use-values) to only exist in remote areas. The ecosystem services included for assessment
by participants in this survey include use and non-use aspects (e.g. the presence of many plants
and animals of different types whether participants are there for wildlife viewing or not, or high
water quality whether participants intend to engage in contact with the water or not), meaning that
non-use values had the opportunity to be recognised and mapped. Additionally, requesting that
participants map their activities and then report ecosystem services should result in less
‘guesswork’, as participants are reporting on the presence of ecosystem services in locations they
have physically visited and experienced. Unfortunately, due to a lack of resources, it was not
possible to fully test the effect of the novel method for mapping ecosystem services (which would
have been accomplished through a version of the survey where participants mapped ecosystem
services directly and then identified the activities carried out at the sites mapped). This would be
very interesting to test in future research.
Finally, in the PGIS survey question regarding the importance to participants of
ecosystem services and site characteristics, the services and characteristics were presented as two
separate groups of concepts for evaluation by participants, with ecosystem services appearing first
(see Appendix 1). Due to the limitations of the survey platform, it was not possible to randomise
the order of presentation of the concepts, or the order of presentation of services and characteristics
within the concepts. However, as shown in section 2.7.1., the ordering likely did not have a
substantial effect on perceived levels of importance. Although ordering effects were of concern,
the order of presentation does not directly correlate with the relative importance of ecosystem
services and site characteristics.
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7.2.2. Online choice experiment survey
In the design of the choice experiment survey, the amount of litter found in the Derwent
estuary was a particularly difficult quantity to estimate. The 2009 State of the Derwent Report
Card presented an estimate of 852 tonnes and the State of the Derwent Estuary 2003–2009 report
offered an estimate of “330 kg of litter per hectare […] discharged to the urban stormwater system”
(Whitehead et al., 2010, pp. 50). Both estimates were 7 years old at the time of writing the survey
and only account for the litter in stormwater. There are multiple other sources of litter, including
litter carried to the Derwent by the wind from landfills and at other points in the waste transfer and
management system, as well as litter in sewage. In total it was estimated that 2500 tonnes of litter
made its way into the Derwent estuary from the Hobart CBD annually. Although this is an estimate
based on limited data, it was deemed reasonable upon consultation with local marine scientists.
It would have been interesting to investigate the impact of socioeconomics on participant
choices. The main purpose of the choice experiment analysis conducted in this dissertation was to
enable the comparison of the results with the results of the deliberative treatment of the choice
experiment. Due to the groups being treated as (very complex) individuals, socio-economic
analysis was not possible for this experiment and was external to the scope of the dissertation for
the online and individual completions of the choice experiment. More complex models (such as
hybrid models) were considered but were outside the scope of this dissertation.
The socio-economic, heteroskedastic, and hybrid models with increased complexity are
avenues for future study. It would also be interesting to test the effects of using a design for the
online survey informed by the individual completion of the choice experiment as priors rather than
a design informed by the deliberative weights as priors, due to the fact that the online choice
experiment aims to elicit individual preferences rather than the social preferences represented in
the deliberative parameter estimates. In the study presented herein, this was impossible due to the
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individual completion results from the deliberative workshops being biased by the design. Finally,
another avenue for future research may be the investigation of choice fatigue: in the deliberative
group workshops, participants completed a total of 30 choice tasks individually (6 for the forestry
experiment and 12 pre- and 12 post-deliberation for the Derwent estuary experiment) as well as a
minimum of 10 choice tasks as a group. With such a high number of tasks, decision fatigue may
impair participant ability to make choices that accurately represent their preferences. However, a
number of factors suggest that fatigue may not have significantly impacted participant preference,
including: 1) the fact that workshops were structured with breaks to avoid fatigue, 2) a greater
confidence in choice tasks responses for the post-deliberation choice experiment, 3) the improved
representation of individual weightings for some participants post-deliberation, 4) the insignificant
difference in WTP estimates for the pre- and post-deliberation choice experiments.
In order to ensure the statistical power of the model, a large sample of the Tasmanian
population was requested from the research company. To achieve a large sample, the sampling
could not be limited to south-eastern Tasmania as it had been for the other two methods used in
this dissertation. However, the results were tested for differences: a multinomial logit (MNL)
model was used on the portions of the sample that lived in southern and northern Tasmania and
these results were compared using a Poe test. The results, presented in Appendix 10, were similar.
7.2.3. Deliberative workshops
Of all the methods utilised in this dissertation, the deliberative monetary valuation method
is perhaps the most recently established, which also means that it has the least supporting literature.
Many researchers (e.g. Pelletier et al., 1999; Rauschmayer and Wittmer, 2006; Spash, 2008a) argue
that deliberation has many virtues, including a more in-depth understanding of the topic of the
valuation exercise, the idea that stakeholders involved in deliberation are more likely to accept the
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policy outcomes that they helped to determine, and the legitimising of policy decisions among
wider inhabitants of an area via the democracy inherent in these approaches. However, although
these benefits have been advocated by many, others have raised questions as to whether they hold
true (Shapansky et al., 2008). The issues raised and the ways in which this study attempted to
address them are detailed in the following paragraph.
Ever since the antecedents of what is now Western deliberative democracy emerged from
Ancient Athens, it has been recognised that preference formation can be swayed by those who are
more articulate public speakers (Dryzek, 2010; Elster, 1998). This implies that charismatic people,
certain personality types, and those who express themselves eloquently can bias the values
obtained through deliberative valuation (Aanesen et al., 2015; Macmillan et al., 2002; Turner et
al., 2010; Völker and Lienhoop, 2016). Reserved or conflict-avoiding people are less likely to
voice their opinions (Kidd and Parshall, 2000). Personality dynamics in the group are thought to
heavily impact the results of the deliberative process and there are concerns that not everyone’s
interests (i.e. not all interests relevant to the group members, as well as not all interests relevant to
those not present: the rest of the community and future generations) will be considered, expressed,
and explored (Niemeyer and Spash, 2001). This study attempts to address this through a novel
deliberative method by including the weighting of the attributes and levels completed by each
participant pre-deliberation, resulting in each participant’s personal values entering the discussion
from the beginning. The aggregated group weightings are used to make the choices, while
discussing the group’s acceptance of each choice drives the discussion. Even if a participant finds
it difficult to speak up, or another participant is domineering, each person’s opinion is present in
the discussion through the weightings they individually assigned to each attribute level.
Additionally, reminders were frequently made by the moderator to consider the community’s
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overall interests and the needs of future generations when making their choices in the group
completion of the choice experiment. Finally, each participant was given a vote as to whether the
weightings resulted in a ‘correct’ choice for each task.
Niemeyer and Spash (2001) express concerns regarding a possible lack of communicative
rationality 30 in the group discussion, cautioning that openness and the capacity to put personal
28F

preferences aside when discussing shared values are paramount. During the deliberative process,
the moderator encouraged participants to share their opinions as much as possible, reminding
participants that the values they were expressing in the group choice experiment should reflect
what they believed was preferred and needed by the community. The WTP estimates produced by
the deliberative completion of the choice experiment differ significantly from the WTP estimates
obtained from the individual choice experiment treatments conducted within the workshop and
online. Additionally, the deliberative weightings fail to predict participant choices in the choice
experiments completed individually. This shows that the values elicited and represented by the
deliberative weights represent a different value set than the participants’ individual preferences
and it can thus be concluded that participants were able to put their own preferences aside for the
group discussion. Indeed, in the deliberative stage, participants reacted to individuals who stated
that they and others in similar positions to themselves could not afford certain alternatives. The
hypothetical nature of stated preference experiments can lead to participants stating higher WTP
values, although it appears that considering other community members may reduce this bias, which
should be investigated further.

30
Communicative rationality is defined as participants coming together to discuss as many positions
surrounding an issue as possible, with the avoidance of strategic behaviour. Communicative rationality is only
achievable with a high degree of openness between participants and a temporary disinterest in personal preferences.
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Völker and Lienhoop (2016) found that small groups do not examine issues holistically,
especially when initial preferences are too similar: fewer issues are bought up and discussed. This
can be difficult to avoid, as with larger groups there is a risk of the loss of constructive discussion
among group members. To attempt to mitigate this limitation at the recruitment stage, as varied a
group as was possible based on socio-demographic characteristics was selected for each workshop.
This was hypothesised to help to reduce the chances of initial preferences being too homogenous.
Since deliberative methods traditionally involve group workshops attended by small
groups (≈ 10 people), the use of this method can lead to small sample sizes unless many workshops
are conducted. This is recognised as one of the ways in which deliberative methods may
underperform more traditional valuation exercises, as large numbers of participants are generally
required for statistical power and for results to be representative of the wider population sampled
(Spash, 2001). However, the deliberative process also allows the researcher to understand the
cognitive processes involved in decision-making and choice, which leads to the identification of
participant misunderstandings and allows misconceptions to be corrected, potentially leading to
results based on a greater understanding of the issue at hand.
Finally, Bartkowski and Lienhoop (2017) argue that DMV does not fit neatly within the
neoclassical economic framework, which is a flaw for the determination of reliable monetary
estimates: the values identified may not be indicative of the individual utility maximisation upon
which the framework relies. This potentially limits the usability of the monetary estimates in
classic cost-benefit analyses. Regardless, deliberation allows the establishment of group
preferences for attributes, as well as a ranking for these attributes. It also allows the expression of
values that are not easily elicited through standard stated preference methods. A richer information
set is thus able to be provided to decision-makers than that originating from a simple choice
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experiment, particularly as individual preferences are also elicited during the deliberative
workshop process through the individual completion of the choice experiment. As well as being a
valuable policy tool in itself, the monetary estimates produced by DMV would still be acceptable
components of other policy tools such as multicriteria analysis. In the deliberative process used
herein, the allocation of weights informed by the choice experiment framing allows trade-offs
between attributes to be fully considered.
One aspect of the impact of deliberation was not able to be investigated due to the limited
resources available for the workshops: participants only attended a single workshop session and
the pre- and post-deliberation choice experiments were only separated by a 40-minute discussion.
In other deliberative monetary valuation studies (Alvarez-Farizo and Hanley, 2006; Lienhoop and
Völker, 2016), workshops were separated by multiple days during which participants were
encouraged to discuss thoughts with their personal networks and research the issues raised. The
impact of time, communication with personal networks, and information was not investigated
herein and it is hypothesised that the deliberative process would have had a different impact on
personal preferences (even though Lienhoop and Völker did not find the time away to have a
significant impact). This would be of interest to investigate in future research.
The use of deliberative methods could lead to the explicit capturing of equity
considerations: the deliberative groups were vocal about ensuring that households with lower
incomes would not be overly penalised by increases in water rates. Though in a traditional choice
experiment application the sample is ideally representative of the population studied, allowing for
more in-depth analysis of the variation in WTP across the range of socio-demographic factors, the
group discussion, shared/social values, social learning, and consideration of the needs of future
generations cannot be achieved.
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7.3. Conclusions and overarching recommendations for future applications
In section 1.4.2., the research questions or theses of this dissertation were outlined. The
research question outcomes for the investigation of the substantive and methodological research
questions are presented in Table 54 and Table 55.
The key outcomes and innovations of this research are: the grounding of the PGIS
application in psychological research, the use of a mapping experiment to ensure the local
relevance of the framing and design of the choice experiment, and the innovative deliberative
process. The PGIS application borrowed from the recall bias and day recollection literature, aiming
to ensure that the mapping of the perceived quality and presence of ecosystem services would be
based in participant experience of marine and coastal areas and to stimulate their memory of these
areas. The framing and design of the choice experiment using local knowledge collected through
the PGIS study which was designed using another local study regarding ecosystem services (Ogier
and Macleod, 2013) ensured that choice experiment themes were relevant to participants. This
relevance aimed to promote individual stake in the choice experiment attributes, potentially
leading to engaged group discussion in the deliberative workshops resulting in the elucidation of
shared and social preferences.
The innovative deliberative monetary valuation tool devised, using weightings provided
by each participant individually which were aggregated and then modified as a group, aimed to
minimise known issues with the deliberative process (i.e. the driving of discussions by charismatic
or skilled public speakers impeding the inclusion of all opinions in the group’s assessment of
shared and social preferences). Additionally, the use of a choice experiment as opposed to
contingent valuation is still relatively uncommon, despite the benefits of the former method: more
observations, the assessment of attributes of a good as opposed to the good as a whole, the explicit
trading off between these attributes, and the ease in which welfare can be estimated for packages
228

of attributes as is often required in public policy. Finally, the use of deliberative monetary valuation
elucidated the shared and social monetary values held for environmental attributes, values which
take into account multiple preferences (individual preferences, community preferences, the silent
voices and needs of future generations and non-human users of the environment).
The work presented in this dissertation was carried out over an extended timeframe and
the combination of methods used allowed for the comprehensive assessment of the values held for
marine and coastal ecosystem services in south-eastern Tasmania. As such, it is not expected that
the full suite of methods be used to inform each policy decision. The standard stated preference
methods (such as the traditional choice experiment) are suitable for use where a decision-maker is
only interested in participants’ individual values and preferences or where a robust cost-benefit
analysis is called for (as the deliberative WTP estimates may not be admissible). While the use of
a PGIS application can lead to the creation of locally relevant choice experiment attributes, these
can also be devised through other means such as literature reviews. If spatial planning is in play
and perceptions of the presence and quality of ecosystem services are of interest, the modified
application of PGIS described in this dissertation could be used. For issues regarding common
resources, or involving multiple or complex ecosystem services, a decision-maker may be
interested in the shared/social values that can be elicited through deliberative monetary valuation
as opposed to the simple aggregation of individual values. Finally, the use of a traditional choice
experiment alongside the deliberative monetary valuation workshops in this dissertation was
mainly used as a basis for individual/self-regarding values. In applied settings, using both methods
would not be necessary.
From a cost perspective, the application of the novel DMV method in this dissertation
was similar in cost to a traditional choice experiment application with an online panel due to high
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recruitment costs and the use of a large sample to provide a proof of concept. However, the DMV
method would lend itself to various less costly applications using a smaller sample, for example
applications which involve a small population of stakeholders such as foresters, fishers or
households impacted by a local pollution source. Depending on the level of engagement of those
stakeholders, this method could be applied at very low cost. In addition, outside of an
environmental context, there are a range of possible applications, such as marketing, consumer
research, or employee/student surveys relating to change of direction for a firm/university.
Table 54: Outcomes of the substantive research questions
Substantive research
questions

Which coastal and marine
ecosystem services are
most important to the
1)
inhabitants of the region
of
south-eastern
Tasmania?

How can the identified
ecosystem services be
ranked and used to
inform the framing of a
choice experiment to best
2) represent
the
local
context in the region of
south-eastern Tasmania
and ensure relevance to
the respondents in the
area?
Following
established
economic theory, what
are the monetary values
3)
held by Tasmanians for
the ecosystem services in
south-eastern Tasmania?

Chapters

Outcomes

Policy Outcomes /
Recommendations

2

Based on the PGIS results,
‘Water quality’ is the most
important ecosystem service of
those investigated, followed by
‘Natural settings’ and ‘View’.
(The
choice
experiment
analysis indicated that non-use
values of water were more
important to the residents of the
area than use values.)

These
results
suggest
prioritising an increase in
the attention given to water
quality in the Derwent
estuary and Storm bay.

2

Using PCA on the PGIS data,
the ecosystem services were
grouped into independent
categories for use as attributes
in the locally informed and
relevant choice experiment.

PGIS can be added to the
suite of methods used to
appropriately inform choice
experiment attributes.

0

The monetary values of the
groupings
of
ecosystem
services of were identified
through the choice experiment
results.

Based on the monetary
values, the reduction of litter
and the improvement of
benthic health are priorities
for
the
Tasmanian
population.
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Table 55: Outcomes of the methodological research questions
Methodological research questions

How can the set of techniques used
in this dissertation be applied and
integrated to improve the accuracy
4)
of the identification of shared and
social preferences for marine and
coastal ecosystem services?

How can the use of weightings aid in
the identification of shared and
5) social preferences for marine and
coastal ecosystem services and
enrich the deliberation process?

Does the deliberative process affect
6) the responses given in a traditional
choice experiment?

Chapters

Outcomes

2, 0, 5

The PGIS results were locally focussed,
allowing the choice experiment framing
to be relevant to the participants in the
deliberative workshops. The deliberative
process allowed the elucidation of shared
and social values through the group
discussion,
which
involved
the
integration of dissimilar opinions into
shared and social preferences.

5

The deliberative weighting tool ensured
that all opinions present in the workshop
groups would feed into the group choices
being made, despite the possible presence
of dominant personalities.

5

The pre- and post-deliberative responses
to the individual choice experiment were
different. The online results were
significantly different to the pre- but not
to the post-deliberation responses,
indicating that individual preferences
were likely less affected by the survey
method. Confidence in choices and
choice accuracy with respect to
participant preferences increased postdeliberation.
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Policy Outcomes /
Recommendations
PGIS was found suitable to inform
focus of policy which may impact
on future environmental values.
DMV elicits shared/social values
relevant to decision-making where
overall societal values are the
intended outcome (which may be
particularly relevant for issues
regarding the environment).
This is a major shortcoming of many
existing deliberative methods (along
with the assumption that all
participants accept one response to a
valuation exercise). The novel
method of utilising weightings
improves the quality of outcomes
from a policy perspective.

These results suggest that the
deliberative exercise is identifying
shared and plural values rather than
individual ones and that individual
preferences are relatively stable
suggesting the DCE is robust.

Methodological research questions

Do the shared and social values
elicited through DMV differ from
7)
those elicited using a traditional
choice experiment?

Chapters

Outcomes

0, 5, 6

The deliberative group completion of the
choice experiment uncovered WTP
values that were significantly different
from all WTP values from individual
treatments. During the deliberative
process, participants made choices based
on a different value set: their shared and
social values, as opposed to the individual
values elicited through traditional choice
experiments.
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Policy Outcomes /
Recommendations
The difference in social and
individual values hypothesised by
previous researchers has again been
found in this sample and context.
From a policy perspective, this gives
the decision-maker a set of values to
choose from: values that individuals
think will make their own household
better off or values which are
considered to maximise overall
societal wellbeing. In this context,
the deliberative process also led to
the uncovering of a preference for a
progressive increase in water rates
to cover the cost of improvements as
based on household income.

A range of approaches and methods were applied in answering the outlined theses. From
a methodological perspective, these give not only an application of existing methods to a novel
environmental situation, but also some advances to the PGIS method and an entirely novel
approach to the application of DMV which aim to mitigate existing issues with these approaches.
The novel application of DMV constitutes the largest contribution to the literature and allows for
the identification of appropriate information for policy development in the investigation of shared
and plural values. As is outlined in chapter 5, there are a number of arguments for the investigation
of shared and plural values rather than individual values. The preferences identified may not be
appropriate at the ballot box, but they do demonstrate a vision of societal values which are very
relevant from a community, and thus a decision-making, perspective. Additionally, Kahneman and
Sugden (2005) identified that, proportionally, the environment is likely to contribute more to the
overall utility of lower income households than to the utility of higher income households. These
lower income households tend to be more explicitly considered in deliberative settings than in
traditional stated preference methods (though socio-economic models can capture some of their
preferences). The methods in this dissertation (the combination of them or their individual use)
can inform policy-makers of the shared/social values that explicitly aim to ensure that
underrepresented or disadvantaged groups are taken into account whilst also eliciting the
individual values that participants may be considering when voting for representatives or in
referendums.
The refinement and evolution of tractable methods to generate tangible insights into the
complex preferences and trade-offs that occur in environmental decision-making is necessary to
support decision-making in a substantive way. The combination of methods used to answer the
theses of this dissertation allowed for the methods to inform one another, addressing certain
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technical issues they present, as well as resulting in a rich dataset to support environmental
decision-making in south-eastern Tasmania. The integration of the disparate methods expands the
remit of decision support into dialogic and more inclusive realms, aiming to elicit the preferences
held by individuals as well as those shared by the community as a whole. The methodological
innovations presented address limitations of the methods including the scepticism surrounding the
adequacy of these methods in the capturing of real preferences. The methodological advances and
the combination of methods strengthens the results they produce in order to ensure these results
are valuable contributions to environmental decision-making support.
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– Participatory GIS survey
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– Forestry choice experiment
1. Forestry choice experiment attributes
The forestry experiment comprised three management attributes with four levels each, as
well as a cost attribute with six levels. The attributes and their levels are presented in Table 56.
Table 56: Forestry choice experiment attributes and levels
Attributes

Description

Levels
- No change in current local business support
- Promoting local products
Businesses
Developing local business
- Funding local start-up businesses
- Promoting local products AND funding local
start-ups.
- No change in current protection
- More protection for swift parrots
Protecting rare and endangered
Species
- More protection for wedge-tailed eagles
species
- More protection for both swift parrots AND
wedge-tailed eagles.
- No change to current recreation sites
- 3 new recreation sites
Recreation
Forest access for recreation
- 5 new recreation sites
- 10 new recreation sites.
$100, $82, $64, $46, $28, $10, and $0 for the
Cost
The cost of policy changes
status quo alternative
The Businesses and Species attributes were categorical. It was hypothesised that the third
level for both attributes (“promoting local products AND funding local start-ups” and “more
protection for both swift parrots AND wedge-tailed eagles”), which combined the first and second
levels, would be the most highly valued level. However, no hypothesis was put forward as to the
ranking of and preferences for the first and second levels. The levels of the Recreation attribute
were discrete numbers of additional sites where forest access would be permitted for recreation. It
was hypothesised that as these increased, participant utility and willingness to pay (WTP) would
increase. The ‘Cost’ attribute was continuous and assumed to decrease utility as it increased.
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2. Forestry choice experiment framing
Participants were informed that the Tasmanian government manages forestry activities
with the goal of ensuring that they are carried out in a sustainable fashion. Survey participants
were presented with a list of three governmental management targets: “Developing local
businesses”, “Protecting biodiversity”, and “Providing access to forest recreation areas”. It was
stated that based on participant preferences for these three management targets, improvements
could be made for some or all targets and that the funds for these improvements would be sourced
from household taxes.
The “Developing local businesses” attribute was described as government funding being
allocated to local Tasmanian businesses which process the wood harvested in Tasmania and turn
it into final products, as opposed to outsourcing the wood to interstate/overseas businesses for
processing. One level of improvement directed funding towards the promotion of local products
that are already being produced, ensuring higher quality and a better awareness of these products
on the market. The second level of improvement directed funding at starting-up local woodprocessing businesses, widening the pool of businesses that accomplish this service in Tasmania.
The third level of improvement was the joint provision of the first and second services.
The “Protecting rare and endangered species” attribute involved increasing the protection
of two species of wild birds endangered by forestry activity in Tasmania: swift parrots and wedgetailed eagles. The first level of improvement offered increased protection for swift parrots, the
second for wedge-tailed eagles, and the third offered increased protection for both species of birds.
The increased protection would be provided via regulations on the industry and monitoring
programs.
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The “Forest access for recreation” attribute was framed as fulfilling the need to lessen the
impact of visitation on forest reserves in Tasmania. This would be accomplished by managing
previously inaccessible areas and making them available for recreation and tourism. In the
December 2018 pilot, contrary to hypotheses, the estimates for this variable (when significant)
were negative. During the deliberative monetary valuation phase, the reason for this was made
clear when participants were able to vocally express confusion over this attribute. Participants
interpreted the framing to signify that currently protected and reserved areas of the forest would
be opened to the public, when participants are aware that the closure of these areas is intended to
protect the forests and wildlife. This misconception was explained to all deliberative groups. In
the online choice experiment survey, the text was amended to clearly state that the new recreation
sites would not be converted from reserve areas, but rather converted from currently unmanaged
forest areas not under any specific protection. The proposed levels of improvement for this
attribute were 3, 5, and 10 new recreation sites.
For the ‘Cost’ attribute, it was explained to participants that any improvements to the
attributes would be paid for through an increase in their household taxes. The description was
written to minimise hypothetical bias, which occurs when participants do not believe they will
need to pay for the scenario selected, which may result in a higher WTP estimate. A script known
as ‘cheap talk’ was used to remind participants that choices should be made as though they were
actually paying for the options to minimise hypothetical bias (List et al., 2006; Morrison and
Brown, 2009; Tonsor and Shupp, 2011).

3. Forestry choice experiment design
Focus groups were conducted in November 2018 to test the language used in the survey.
Once the survey language was finalised, a utility balanced choice experiment design was created
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to conduct an online 50-respondent pilot in December 2018. The estimated coefficients from the
pilot served as “priors”: values used to inform choice experiment design in the aim of maximising
efficiency. A Bayesian-efficient 2-block design was used for the deliberative treatment and a
Bayesian-efficient 4-block design used for the online treatment. The 50-respondent pilot priors
were used to design both experiments. The common code used to produce both designs as well as
a brief discussion of Bayesian-efficient choice experiment design is presented in Appendix 3.
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– NGENE design code and designs produced
All choice experiment designs were produced through NGENE (ChoiceMetrics, 2012)
and were Bayesian-efficient. Bayesian-efficient designs are a form of fractional factorial designs,
which are fractions of the full factorial design 31. The main property of Bayesian-efficient designs
29F

is that these designs aim to be as statistically efficient as possible regarding the predicted standard
errors of parameter estimates, in order to ensure the maximum amount of information can be
gleaned from each choice task. This property allows fewer tasks to be incorporated into the design
(in fewer blocks), resulting in a smaller number of tasks for each participant to face (as well as a
smaller sample needed). The technical explanation of the benefits of using efficient choice
experiment designs has been thoroughly explored by Rose and Bliemer (2009).

1. Forestry choice experiment
1.1. Forestry choice experiment NGENE code
The same code and priors were used to design both treatments of the forestry choice
experiment (i.e. the experiment used in the online survey and the experiment used in the
deliberative workshops). The priors used in the design are based on a utility balanced pilot survey
conducted in December 2018. The pilot data were analysed with a multinomial logit. When a
variable estimate was found to be insignificant, 0 was used as a prior in the design. A Bayesianefficient design with priors which were assumed to follow a normal distribution was used in order
to take into account uncertainty around the priors. A normal distribution was selected as is common
practice when preferences are assumed to be concentrated around the mean (Weaver et al., 2016).

31
A full factorial design is all combinations of attribute levels possible. For the choice experiments used in
this dissertation (particularly the Derwent estuary choice experiment), due to the number of attributes and levels used,
a full factorial design would result in millions of possible choice tasks.
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Design
;alts = alt1, alt2, alt3
;rows = 12
;block = 2
#(4 blocks were used in the online design)
;eff = (mnl,d,mean)
;rdraws = halton(5000)
;bdraws = halton(5000)
; cond:
if(alt1.bizz=0 and alt1.bird=0, alt1.site>0.5),
if(alt1.bird=0 and alt1.site=0, alt1.bizz>0.5),
if(alt1.site=0 and alt1.bizz=0, alt1.bird>0.5)
;require:
alt1.cost<>alt2.cost
;model:
u(alt1)=b1.effects[(n,0.355,0.152)|0|0]*bizz[3,1,2,0]+b2.effects[(n,0.
843,0.164)|0|0]*bird[3,1,2,0]+b3[0]*site[0,1,3,10]+b4[(n,‐ 0.0132,0.003
33)]*cost[10,28,46,64,82,100]/
u(alt2)=b1*bizz+b2*bird+b3*site+b4*cost/
u(alt3)=b6(0.1)$
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1.2. Forestry choice experiment designs
Table 57 presents the attribute levels for each attribute and the corresponding number and
attribute code used in the design. Table 58 presents the 2-block design for the deliberative
treatment and Table 59 presents the 4-block design for the online treatment of the forestry choice
experiment.
Table 57: Forestry attribute names and attribute level numbers used in NGENE code
Attribute name

Attribute code

Developing local
business

Bizz

Protecting rare and
endangered species

Bird

Forest access for
recreation

Site

Cost

Cost

Attribute level
Number in design
No change
0
Promoting local products
1
Funding local start-up businesses
2
Promoting local products AND
3
funding local start-ups
No change
0
More protection for wedge-tailed
1
eagles
More protection for swift parrots
2
More protection for both swift
3
parrots AND wedge-tailed eagles
Current sites
0
1 new site
1
3 new sites
3
10 new sites
10
$10
10
$28
28
$46
46
$64
64
$82
82
$100
100
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Table 58: Forestry choice experiment design (individually completed in the deliberative
workshops)
Choice situation Alternative Block
1
1
2
2
1
1
3
1
1
4
1
2
5
1
2
6
1
2
7
1
1
8
1
1
9
1
1
10
1
2
11
1
1
12
1
2
1
2
2
2
2
1
3
2
1
4
2
2
5
2
2
6
2
2
7
2
1
8
2
1
9
2
1
10
2
2
11
2
1
12
2
2
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Bizz
0
1
2
3
2
3
1
3
1
3
2
0
0
2
3
1
1
1
2
0
0
2
3
3

Bird
3
0
3
1
2
3
2
0
2
1
1
1
0
0
1
3
3
1
1
2
3
2
2
0

Site
0
1
10
3
10
0
10
1
0
10
1
3
3
3
0
1
0
10
1
1
10
0
10
3

Cost
82
46
100
82
10
82
82
10
10
64
28
64
46
64
10
46
100
28
28
64
100
46
100
28

Table 59: Forestry choice experimetn design (individually completed online)
Choice situation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Alternative

Block

Bizz

Bird

Site

Cost

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

4
1
1
2
2
3
2
3
1
2
2
3
4
4
3
3
1
1
4
4
1
4
2
3
4
1
1
2
2
3
2
3
1
2
2
3
4
4
3
3
1
1
4
4
1
4
2
3

3
3
1
0
3
1
1
2
3
3
3
2
2
2
2
0
1
0
2
0
1
1
0
0
0
2
3
2
1
3
0
0
2
1
2
1
1
3
3
2
0
1
0
1
0
2
3
3

1
3
3
0
1
3
2
0
2
3
2
2
0
1
1
2
1
0
3
2
0
1
2
3
3
0
1
2
3
2
3
1
1
2
3
0
1
3
0
0
0
2
2
0
1
3
1
0

1
1
10
3
1
0
10
3
0
10
3
0
10
0
3
1
0
10
3
3
1
0
0
10
10
10
0
1
3
10
0
1
10
0
0
3
1
10
1
3
3
1
3
1
3
1
10
0

82
100
28
46
10
100
64
64
28
100
64
82
28
10
100
82
46
46
28
82
46
10
10
64
28
10
64
100
100
10
28
46
46
10
28
46
82
100
10
64
64
82
64
46
82
100
82
28
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2. Derwent estuary choice experiment
2.1. Derwent estuary choice experiment NGENE codes
Deliberative choice experiment codes
Two Bayesian-efficient designs were used in the deliberative monetary valuation
workshops: one 2-block design with 12 tasks per block and one unblocked design with 60 tasks.
The priors for these two tasks were sourced from an online pilot study implemented in December
2018. When a variable estimate was found to be insignificant or presented an unexpected value, 0
was used as a prior as per economic theory.
The code presented below, developed for the 12-task experiment, was used in both
deliberative choice experiments completed individually (i.e. the experiment completed before the
deliberation phase of the workshop and the experiment completed post-deliberation.

Design
;alts = alt1*, alt2*, alt3
;rows = 24
;block = 2
;eff = (mnl,d,mean)
;rdraws = halton(5000)
;bdraws = halton(5000)
; cond:
if(alt1.swim=8 and alt1.litt=500 and alt1.bent=0, alt1.food>2),
if(alt1.swim=8 and alt1.litt=500 and alt1.food=1, alt1.bent>0.5),
if(alt1.swim=8 and alt1.food=1 and alt1.bent=0, alt1.litt<499),
if(alt1.bent=0 and alt1.litt=500 and alt1.swim=8, alt1.food>2),
if(alt1.bent=0 and alt1.litt=500 and alt1.food=1, alt1.swim<7),
if(alt1.bent=0 and alt1.food=1 and alt1.swim=8, alt1.litt<499),
if(alt1.litt=500 and alt1.litt=500 and alt1.swim=8, alt1.food>2),
if(alt1.litt=500 and alt1.litt=500 and alt1.food=1, alt1.swim<7),
if(alt1.litt=500 and alt1.food=1 and alt1.swim=8, alt1.litt<499)
;require:
alt1.cost<>alt2.cost
;model:
u(alt1)=b1[0]*swim[8,6,4,2]+b2.dummy[(n,0.408,0.157)|(n,1.05,0.169)|
)|(n,0.790,0.152)]*bent[1,2,3,0]+b3[(n,‐ 0.000889,0.000172)]*litt[500,3
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00,0,‐ 200]+b4[0]*food[1,3,4,6]+b5[(n,‐ 0.00283,0.000662)]*cost[30,70,11
0,150,190,230]/
u(alt2)=b1*swim+b2*bent+b3*litt+b4*food+b5*cost/
u(alt3)=b6(0.1) $
The code presented below, developed for the 60-task experiment, was used in the
deliberative choice experiment completed as a group during the discussion phase.

Design
;alts = alt1*, alt2*, alt3
;rows = 60
;block = 1
;eff = (mnl,d,mean)
;rdraws = halton(5000)
;bdraws = halton(5000)
; cond:
if(alt1.swim=8 and alt1.litt=500 and alt1.bent=0, alt1.food>2),
if(alt1.swim=8 and alt1.litt=500 and alt1.food=1, alt1.bent>0.5),
if(alt1.swim=8 and alt1.food=1 and alt1.bent=0, alt1.litt<499),
if(alt1.bent=0 and alt1.litt=500 and alt1.swim=8, alt1.food>2),
if(alt1.bent=0 and alt1.litt=500 and alt1.food=1, alt1.swim<7),
if(alt1.bent=0 and alt1.food=1 and alt1.swim=8, alt1.litt<499),
if(alt1.litt=500 and alt1.litt=500 and alt1.swim=8, alt1.food>2),
if(alt1.litt=500 and alt1.litt=500 and alt1.food=1, alt1.swim<7),
if(alt1.litt=500 and alt1.food=1 and alt1.swim=8, alt1.litt<499)
;require:
alt1.cost<>alt2.cost
;model:
u(alt1)=b1[0]*swim[8,6,4,2]+b2.dummy[(n,0.408,0.157)|(n,1.05,0.169)|(n
,0.790,0.152]*bent[1,2,3,0]+b3[(n,‐ 0.000889,0.000172)]*litt[500,300,0,
‐ 200]+b4[0]*food[1,3,4,6]+b5[(n,‐ 0.00283,0.000662)]*cost[30,70,110,150
,190,230]/
u(alt2)=b1*swim+b2*bent+b3*litt+b4*food+b5*cost/
Online choice experiment code
A Bayesian-efficient design was created for use in the online treatment of the Derwent
estuary choice experiment. The 2-block design with 12 tasks per block used the results from the
60-task deliberative choice experiment as priors.

Design
;alts = alt1*, alt2*, alt3
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;rows = 24
;block = 2
;eff = (mnl,d,mean)
;rdraws = halton(5000)
;bdraws = halton(5000)
; cond:
if(alt1.swim=8 and alt1.litt=500 and alt1.bent=0, alt1.food>2),
if(alt1.swim=8 and alt1.litt=500 and alt1.food=1, alt1.bent>0.5),
if(alt1.swim=8 and alt1.food=1 and alt1.bent=0, alt1.litt<499),
if(alt1.bent=0 and alt1.litt=500 and alt1.swim=8, alt1.food>2),
if(alt1.bent=0 and alt1.litt=500 and alt1.food=1, alt1.swim<7),
if(alt1.bent=0 and alt1.food=1 and alt1.swim=8, alt1.litt<499),
if(alt1.litt=500 and alt1.litt=500 and alt1.swim=8, alt1.food>2),
if(alt1.litt=500 and alt1.litt=500 and alt1.food=1, alt1.swim<7),
if(alt1.litt=500 and alt1.food=1 and alt1.swim=8, alt1.litt<499)
;require:
alt1.cost<>alt2.cost
;model:
u(alt1)=b1[(n,‐ 0.420,0.0406)]*swim[8,6,4,2]+b2.dummy[(n,1.14,0.272)|(n
,2.08,0.297)|(n,3.02,0.307)]*bent[1,2,3,0]+b3[(n,‐ 0.00657,0.000682)]*l
itt[500,300,0,‐ 200]+b4[(n,0.509,0.0592)]*food[1,3,4,6]+b5[(n,‐ 0.0255,0
.00201)]*cost[30,70,110,150,190,230]/
u(alt2)=b1*swim+b2*bent+b3*litt+b4*food+b5*cost/
u(alt3)=b6(0.1) $

2.2. Derwent estuary choice experiment designs
Deliberative choice experiment design
Table 60 presents the attribute levels for each attribute and the corresponding number and
attribute code used in the design. Table 61 presents the design produced for the individual
treatment of the choice experiment in the deliberative workshop.
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Table 60: Derwent estuary attribute names and attribute level numbers used in NGENE code
Attribute name Attribute code

Water quality

Seafloor health

Coastal and
marine litter

Safety of marine
food consumption

Cost

Swim

Bent

Litt

Food

Cost

Attribute level
8 weeks of no swimming at more
than 3 sites
6 weeks of no swimming at more
than 3 sites
4 weeks of no swimming at more
than 3 sites
2 weeks of no swimming at more
than 3 sites
Decreased seafloor health
Current seafloor health
Increased seafloor health
Increased seafloor health and
greater chance of seeing species
Up to 500 additional tonnes of
litter
Up to 300 additional tonnes of
litter
No additional tonnes of litter
200 fewer tonnes of litter
High advisory: up to 1 fish/week
Current advisory: up to 3
fish/week
Medium advisory: up to 4
fish/week
Low advisory: up to 6 fish/week
$30
$70
$110
$150
$190
$230
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Number in design
8
6
4
2
0
1
2
3
500
300
0
-200
1
3
4
6
30
70
110
150
190
230

Table 61: Derwent estuary choice experiment design (deliberative workshops)
Choice situation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Alternative

Block

Swim

Bent

Litt

Food

Cost

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
1
1
2
1
2
1
2
1
2
2
1
2
2
2
2
1
1
1
1
1
2
2
1
2
1
1
2
1
2
1
2
1
2
2
1
2
2
2
2
1
1
1
1
1
2
2
1

2
2
4
2
8
8
6
8
2
8
8
4
2
6
2
4
2
4
8
6
6
6
4
6
8
6
6
8
2
2
4
4
8
2
2
6
8
4
8
6
8
6
2
4
4
2
6
4

0
3
2
2
1
1
1
1
3
3
2
0
2
3
1
0
1
2
0
0
3
1
3
3
3
1
1
2
2
2
2
1
1
0
1
3
1
0
2
3
2
0
3
3
0
3
0
0

-200
-200
-200
300
-200
-200
0
-200
300
300
-200
500
0
500
500
-200
0
300
0
500
300
300
500
0
500
500
500
0
300
500
300
500
0
-200
300
-200
300
-200
-200
500
300
0
0
-200
0
-200
0
300

1
4
1
6
3
1
6
4
6
1
6
1
3
1
3
4
1
3
4
3
4
6
3
3
6
3
6
1
4
6
1
3
1
6
1
4
4
6
4
1
6
3
3
4
3
1
3
4

30
150
230
70
30
190
30
110
230
30
230
110
230
190
70
150
190
150
110
110
150
190
70
70
230
110
30
190
230
70
230
150
30
190
30
150
30
70
230
110
70
150
150
190
110
70
190
190
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Online choice experiment design
Table 62 and Table 63 presents the design produced for the online treatment of the
Derwent estuary choice experiment.
Table 62: Derwent estuary choice experiment design (Block 1, online)
Choice situation Alternative Block
1
1
1
1
2
1
2
1
1
2
2
1
6
1
1
6
2
1
10
1
1
10
2
1
11
1
1
11
2
1
13
1
1
13
2
1
14
1
1
14
2
1
17
1
1
17
2
1
18
1
1
18
2
1
21
1
1
21
2
1
23
1
1
23
2
1
24
1
1
24
2
1

Swim
4
2
2
8
4
6
8
4
4
4
8
6
8
6
6
2
2
8
8
2
4
8
2
4
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Bent
3
2
2
1
3
2
1
0
0
3
0
0
2
0
3
2
0
1
2
1
1
3
2
2

Litt
-200
-200
500
300
-200
0
0
0
300
300
0
500
-200
500
500
-200
-200
500
500
0
500
0
300
0

Food
6
1
4
3
4
4
4
4
6
3
1
1
6
3
1
6
6
1
3
6
1
6
1
4

Cost
150
30
190
30
190
110
110
70
110
110
190
230
190
70
150
190
230
70
70
230
30
230
110
150

Table 63: Derwent estuary choice experiment design (Block 2, online)
Choice situation
3
3
4
4
5
5
7
7
8
8
9
9
12
12
15
15
16
16
19
19
20
20
22
22

Alternative Block
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2
1
2
2
2

Swim
2
8
8
2
4
8
2
8
8
6
6
2
6
4
6
4
4
6
6
2
2
4
6
6
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Bent
3
1
0
3
0
1
3
0
3
0
0
1
2
0
1
3
2
2
1
3
1
3
1
2

Litt
0
300
500
-200
300
-200
0
500
0
500
300
-200
300
-200
0
300
-200
300
300
500
500
0
-200
300

Food
6
3
3
1
1
6
3
4
3
1
6
4
4
6
3
3
3
4
1
6
4
1
4
3

Cost
190
150
230
110
30
150
230
70
230
30
30
70
150
70
110
150
150
190
30
230
30
110
190
70

– Tasmanian attitudes towards development
A set of statements were designed to explore Tasmanian participants attitudes regarding
development. The nine statements were all phrased following the same structure: for proposals
that had already been approved, or past issues, the phrasing “The decision to ALLOW/NOT
ALLOW…” was used and for proposals that were under review, or possibilities for development
that weren’t necessarily under consideration at the time, the phrasing “We should ALLOW/NOT
ALLOW…”. Each statement was linked to one of four overarching concepts (or factors) related
to development. These factors were Development of tourism industry and infrastructure,
Development/change in higher education infrastructure, Regulations and legislation
surrounding industry, and Wildlife management. All statements were relevant to local
Tasmanian or national Australian proposals and issues and were thus targeted to elicit preferences
for development and progressivism specifically from a Tasmanian sample. The statements were
presented in a random order in the online version of the survey and participants were asked to
indicate their degree of agreement or disagreement to the statements on a scale from 0 to 10. The
statements are listed here, organised into factors.
Development of tourism industry and infrastructure:
1) We should NOT ALLOW a cable car on Kunanyi/Mount Wellington
2) We should NOT ALLOW the further development of tourism facilities in Tasmania
Development/change in higher education infrastructure:
3) The decision to ALLOW the UTAS Northern Transformation to go forward was the
right one
4) We should NOT ALLOW the Science, Technology, Engineering, and Maths
departments of UTAS to be moved into Hobart CBD
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Regulations and legislation surrounding industry:
5) We should ALLOW the development of aquaculture in Tasmania
6) The decision to NOT ALLOW the further development of aquaculture in Macquarie
Harbour was the right one
7) We should NOT ALLOW gambling in Tasmanian pubs
8) The decision to ALLOW the development of aquaculture in Oakhampton Bay was
the right one
Wildlife management:
9) We should ALLOW the culling of some animals (e.g. feral cats, sugar gliders) to
protect native animals (e.g. fairy penguins, swift parrots)
When participants were unfamiliar with an issue, they were able to indicate this
unfamiliarity rather than selecting a degree of agreement. The Tasmanian attitudes towards
development question was developed especially for this study population, as the issues are of local
relevance to Tasmanians and to Australians more generally. Principal component analysis (PCA,
a method described in detail in section 2.7.2.) was conducted on the responses to confirm the
underlying factors and to gage support for development in each factor. Due to the factors being
distinct concepts, an orthogonal rotation (varimax) was used. Figure 41 presents the scree plot of
the factors for this dataset and Table 64 presents the eigenvalues of and variances explained by
each factor. All “NOT ALLOW” statements were reverse coded so that the interpretation of factor
loadings for each statement would be the same.
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Figure 41: Scree plot (choice experiment survey)
Table 64: Eigenvalues and variances explained (choice experiment survey)
Component Eigenvalues

Variation explained
(Cumulative)

1

2.539

28.21%
(28.21%)

2

1.344

14.93%
(43.15%)

3

1.146

12.73%
(55.88%)

4

1.077

11.97%
(67.85%)

5

0.796

8.85%
(76.7%)

6

0.672

7.46%
(84.16%)

7

0.557

6.19%
(90.35%)

8

0.500

5.55%
(95.9%)

9

0.369

4.1%
(100%)

Variation explained (Cumulative) = percentage of variation in the data explained by the factors, with
cumulative percentage of variation explained by the factors shown in parentheses.
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Factors 1 to 4 account for over 67% of the variance in the dataset and all have eigenvalues
of over 1. To test whether the sample is suitable for use in PCA, Kaiser-Meyer-Olkin’s measure
of sampling adequacy (KMO’s MSA) is used. When KMO’s MSA is equal to 0.5, it signals low
sampling adequacy and a KMO’s MSA above 0.8 indicates a very good sample for PCA. Bartlett's
test of sphericity produces an approximate chi-square value, the significance of which determines
whether PCA is relevant for the dataset – small values of significance (p

0.05) indicate that

PCA may be conducted. Table 65 presents the results of these tests for each of the three samples.
Table 65: KMO’s MSA and Bartlett’s test of sphericity (choice experiment survey)

Bartlett’s test
of sphericity

Tests

Results

KMO’s MSA

0.68

Approximate chi-square

388.17

Degrees of freedom

36

p-value

< 0.001

KMO’s MSA is above 0.65: while a bit low, the sample is suitable for PCA. This is
compounded by the significance of Bartlett’s test of sphericity being

0.001.

Table 66 presents the component factor loading matrix. The factors originally intended
were confirmed: Factor 1 is Regulations and legislation surrounding industry, Factor 2 is
Development of tourism industry and infrastructure, Factor 3 is Development/change in
higher education infrastructure, and Factor 4 is Wildlife management.
Using the factor loadings and the levels of agreement indicated by participants, the level
of agreement with each factor can be produced, a value also known as the factor score. Factor
scores are an index variable calculated by averaging the level of agreement with each statement
then weighting this average by its factor loading and summing up the weighted average within the
factor. As the Wildlife management factor only has one indicator, the factor score is simply the
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average agreement with that statement. Table 67 presents the scores (between 0 and 11) for each
of the four factors.
Table 66: Component factor loading matrix

Variables
The decision to ALLOW the development of aquaculture in
Oakhampton Bay was the right one
We should ALLOW the culling of some animals (e.g. feral cats,
sugar gliders) to protect native animals (e.g. fairy penguins, swift
parrots)
The decision to ALLOW the UTAS Northern Transformation to go
forward was the right one
We should ALLOW a cable car on Kunanyi/Mount Wellington
We should ALLOW the Science, Technology, Engineering, and
Maths departments of UTAS to be moved into Hobart CBD
We should ALLOW the further development of tourism facilities in
Tasmania
We should ALLOW gambling in Tasmanian pubs
We should ALLOW the development of aquaculture in Tasmania
The decision to ALLOW the further development of aquaculture in
Macquarie Harbour was the right one

Components
1
2
3
4
0.88
0.92
0.78
0.80
0.78
0.84
0.53
0.74
0.63

Weights below 0.5 are not shown.

Table 67: Factor scores
Factor
Regulations and legislation surrounding industry
Development of tourism industry and infrastructure
Development/change in higher education infrastructure
Wildlife management

Factor score
4.24
6.91
4.97
7.84

A factor score of 0 indicates that participants do not believe that the development or
activity described in the statements should be allowed at all, a score of 5 indicates that participants
are indifferent, and a score of 10 indicates that participants fully support the development or
activity. Based on these results, the participants sampled believe that there should be at least
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slightly more regulations and legislation surrounding industry, i.e. overall, the sample somewhat
feels that the development of aquaculture and gambling in pubs should not be allowed. Participants
are mostly indifferent towards the developments and changes in the infrastructure used by higher
education, with a very slight preference towards not allowing changes to go through. Finally,
participants are overall quite supportive of the development of tourism industry and infrastructure
as well as the management of wildlife, even when this management involves the culling of some
species to protect others.
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– Three- and four-class LC models
Table 68 and Table 69 present the estimated coefficients for the three- and four-class LC
models. In both models, the estimates for the third class are insignificant: these models do not
contribute valuable additional information over the two-class LC model.
Table 68: 3-class latent class model results
Parameter name
Class (1)
Class (2)
ASC (1)
Cost (1)
Weeks of no swimming (1)
Current seafloor health (1)
Increased seafloor health (1)
Increased seafloor health, greater
chance of seeing species (1)
Safety of marine foods (1)
Coastal and marine litter (1)
ASC (2)
Cost (2)
Weeks of no swimming (2)
Current seafloor health (2)
Increased seafloor health (2)
Increased seafloor health, greater
chance of seeing species (2)
Safety of marine foods (2)
Coastal and marine litter (2)
ASC (3)
Cost (3)
Weeks of no swimming (3)
Current seafloor health (3)
Increased seafloor health (3)
Increased seafloor health, greater
chance of seeing species (3)
Safety of marine foods (3)
Coastal and marine litter (3)

Parameter
estimates

Robust SE

4.83
6.01
0.743
-0.0246
-0.0346
0.431
0.684

2.24
2.28
0.318
0.00213
0.029
0.137
0.194

0.02
< 0.01
< 0.01
< 0.01
0.27
< 0.01
< 0.01

0.235

< 0.01

0.0422
0.000317
0.163
0.00085
0.0107
0.0798
0.0906

0.8
0.05
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

0.12

< 0.01

0.747
-0.0103
-0.00055
1.95
-0.00486
-0.0485
0.904
1.08
1.41
0.0653
-0.00156
0.55
0.338
-0.359
0.787
0.824

0.0166
0.00013
1.80e+308
1.80e+308
1.80e+308
1.80e+308
339000

p

< 0.01
< 0.01
0.99
1
1
1
1

2.75

39000

1

-5.77
-0.133

17800
416

1
1

Number of observations: 459, log likelihood: -4066.724. Robust SE = Robust standard errors, p = p values,
(1) = Results for class 1, (2) = Results for class 2, (3) = Results for class 3.

Table 69: 4-class latent class model results
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Parameter name
Class (1)
Class (2)
Class (3)
ASC (1)
Cost (1)
Weeks of no swimming (1)
Current seafloor health (1)
Increased seafloor health (1)
Increased seafloor health, greater
chance of seeing species (1)
Safety of marine foods (1)
Coastal and marine litter (1)
ASC (2)
Cost (2)
Weeks of no swimming (2)
Current seafloor health (2)
Increased seafloor health (2)
Increased seafloor health, greater
chance of seeing species (2)
Safety of marine foods (2)
Coastal and marine litter (2)
ASC (3)
Cost (3)
Weeks of no swimming (3)
Current seafloor health (3)
Increased seafloor health (3)
Increased seafloor health, greater
chance of seeing species (3)
Safety of marine foods (3)
Coastal and marine litter (3)
ASC (4)
Cost (4)
Weeks of no swimming (4)
Current seafloor health (4)
Increased seafloor health (4)
Increased seafloor health, greater
chance of seeing species (4)
Safety of marine foods (4)

Parameter
estimates

Robust SE

p

-1.25
-0.5
-37.9
0.452
-0.0334
-0.0482
0.383
0.437

0.17
0.147
1540
0.416
0.0032
0.029
0.209
0.249

< 0.01
< 0.01
1
0.1
< 0.01
0.32
0.08
0.11

0.849

0.479

0.06

0.0389
-0.000128
2.47
-0.0161
0.000307
0.628
0.855
0.854

0.0446
0.000346
0.217
0.00231
0.0284
0.125
0.138

0.52
0.76
< 0.01
< 0.01
0.99
< 0.01
< 0.01

0.184

< 0.01

-0.038
-0.00114
15.1
0.287
-5.45
31.4
26.8

0.0297
0.000285
1.80e+308
1.80e+308
1.80e+308
235000
1.80e+308

10.7

551000

-18.1
0.0085
1.51
-0.00156
-0.0716
1.42
1.71

0.15
< 0.01
1
1
1
0.97
0.59
1

1.80e+308
1.80e+308
0.307
0.00101
0.022
0.17
0.209

0.81
1
< 0.01
0.05
< 0.01
< 0.01
< 0.01

2.15

0.244

< 0.01

0.108

0.0268

< 0.01

Number of observations: 459, log likelihood: -3645.609. Robust SE = Robust standard errors, p = p values,
(1) = Results for class 1, (2) = Results for class 2, (3) = Results for class 3, (4) = Results for class 4.
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– An example of the forestry choice experiment with six choice tasks (Booklet 1).
Each task was presented on a separate sheet of paper in the booklet. There were six different versions of Booklet 1, with different blocks and
different orders of presentation for each of the attributes. Table 70 below outlines the six different versions presented.
Table 70: Versions of Booklet 1
Code
ABC1
ABC2
BCA1
BCA2
CAB1
CAB2

Block
1
2
1
2
1
2

Order of attributes
Businesses, Species, Recreation
Businesses, Species, Recreation
Species, Recreation, Businesses
Species, Recreation, Businesses
Recreation, Businesses, Species
Recreation, Businesses, Species

BOOKLET 1
FORESTRY IN TASMANIA
Name: ____________________________________________________________
Workshop date: ____________________________________________________
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Select one option. (1/6)
Status quo –
Option A

Option B

Species

No change

More protection for wedgetailed eagles

Recreation

Current sites

Businesses

No change

Increase in taxes

$0

Management targets

Option C

Current sites
Promoting local products
AND funding local start-ups
$10

More protection for both
swift parrots AND wedgetailed eagles
10 new sites
Funding local start-up
businesses
$100

Option B

Option C

Choice

Select one option. (2/6)
Management targets

Status quo –
Option A

Species

No change

Recreation

Current sites

More protection for swift
parrots
1 new site

Businesses

No change

No change

Increase in taxes

$0

$64

Choice
280

No change
1 new site
Promoting local products
AND funding local start-ups
$10

Select one option. (3/6)

Species
Recreation

Status quo –
Option A
No change
Current sites

Businesses

No change

Increase in taxes

$0

Management targets

Option B

Option C

No change
3 new sites
Funding local start-up
businesses
$64

No change
1 new site
Promoting local products
$46

Choice

Select one option. (4/6)
Management targets

Status quo –
Option A

Species

No change

Recreation

Current sites

Businesses

No change

Increase in taxes

$0

Option B

Option C

More protection for swift More protection for wedgeparrots
tailed eagles
10 new sites
1 new site
Promoting local products
Funding local start-up
AND funding local start-ups
businesses
$100
$28

Choice
281

Select one option. (5/6)
Management targets

Status quo –
Option A

Species

No change

Recreation

Current sites

Businesses

No change

Increase in taxes

$0

Option B

Option C

More protection for wedgetailed eagles
1 new site
Funding local start-up
businesses
$28

More protection for swift
parrots
10 new sites

Option B

Option C

More protection for wedgetailed eagles
1 new site
Funding local start-up
businesses
$28

More protection for swift
parrots
10 new sites

Promoting local products
$82

Choice

Select one option. (6/6)
Management targets

Status quo –
Option A

Species

No change

Recreation

Current sites

Businesses

No change

Increase in taxes

$0

Choice
282

Promoting local products
$82

– An example of the Derwent estuary choice experiment with twelve choice tasks (Booklets
2 and 3)

BOOKLET 2

As with the forestry choice experiment booklet (Booklet 1,
presented in 0), each Derwent estuary task was presented on a separate
sheet of paper in the booklet. There were eight different versions of
Booklets 2 and 3, with different blocks and different orders of

SOUTHERN TASMANIAN COASTAL AND

presentation for each of the attributes. Table 71 below outlines the eight

MARINE ENVIRONMENT

different versions.
Table 71: Versions of Booklets 2 and 3
Code
Block
ACBD1
1
ACBD2
2
BADC1
1
BADC2
2
CDAB1
1
CDAB2
2
DBAC1
1
DBAC2
2

Order of attributes
Swim, Litter, Seafloor, Food
Swim, Litter, Seafloor, Food
Seafloor, Swim, Food, Litter
Seafloor, Swim, Food, Litter
Litter, Food, Swim, Seafloor
Litter, Food, Swim, Seafloor
Food, Seafloor, Swim, Litter
Food, Seafloor, Swim, Litter

Name: ________________________________________________
Workshop date: ________________________________________
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284

285

286

287

288

– Deliberative choice experiment survey

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

– Aggregate and deliberated group weightings
Table 72 and Table 73 present the aggregate and deliberated group weightings for the
choice experiment attributes and levels. Each table has been split into two tables for readability –
the first table in each case presents the weights for the levels of the ‘Swim’, ‘Seafloor health’, and
‘Litter’ attributes and the second table presents the levels of the ‘Food’ and ‘Cost’ attributes. The
ten groups had varying numbers of participants, resulting in a different number of total cubes once
summed up. As such, the weights are also shown as a percentage of the total available cubes. The
numbers (1, 2, and 3) denote the levels of improvement proposed for each attribute. For cost, the
value of the increase in water rates is shown. These weights are discussed and interpreted in section
5.5.1.
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Table 72: Aggregate group weightings (pre-deliberation)
Workshop
1
2
3
4
5
6
7
8
9
10

Total Cubes
220
200
180
160
220
220
220
220
180
180

Swim 1
5.5
2.5%
13
6.5%
7
3.9%
9
5.6%
9
4.1%
14
6.4%
14
6.4%
15
6.8%
9
5%
10
5.6%

Swim 2
16.5
7.5%
30
15%
18
10%
17
10.6%
19
8.6%
28
12.7%
36
16.4%
34
15.5%
29
16.1%
23
12.8%

Swim3 Seafloor 1 Seafloor 2 Seafloor 3
21.08
14.67
31.17
40.33
9.6%
6.7%
14.2%
18.3%
42
15
32
39
21%
7.5%
16%
19.5%
27
7
18
26
15%
3.9%
10%
14.4%
24
9
16
22
15%
5.6%
10%
13.8%
27
8
19
32
12.3%
3.6%
8.6%
14.6%
46
15
27
43
20.9%
6.8%
12.3%
19.6%
41
14
38
44
18.6%
6.4%
17.3%
20%
51
15
40
58
23.2%
6.8%
18.2%
26.4%
34
5
25
32
18.9%
2.8%
13.9%
17.8%
35
7
17
29
19.4%
3.9%
9.4%
16.1%

Swim = Weeks of no swimming, Seafloor = Seafloor health, Litt = Coastal and marine litter.
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Litter 1
15.58
7.1%
14
7%
7
3.9%
8
5%
8
3.6%
16
7.3%
13
5.9%
14
6.4%
10
5.6%
8
4.4%

Litter 2
31.17
14.2%
28
14%
16
8.9%
18
11.3%
18
8.2%
30
13.6%
30
13.6%
34
15.5%
26
14.4%
22
12.2%

Litter 3
51.33
23.3%
42
21%
27
15%
24
15%
25
11.4%
45
20.5%
47
21.4%
45
20.5%
47
26.1%
39
21.7%

Workshop
1
2
3
4
5
6
7
8
9
10

Total Cubes
220
200
180
160
220
220
220
220
180
180

Food 1 Food 2
7.33
13.75
3.3%
6.3%
13
26
6.5%
13%
8
18
4.4%
10%
9
16
5.6%
10%
8
14
3.6%
6.4%
11
25
5%
11.4%
10
28
4.6% 12.7%
16
34
7.3% 15.5%
8
21
4.4% 11.7%
12
16
6.7%
8.9%

Food3 Cost $0
17.42 89.83
7.9% 40.8%
33
44
16.5%
22%
24
87
13.3% 48.3%
21
69
13.1% 43.1%
18
125
8.2% 56.8%
35
51
15.9% 23.2%
33
72
15%
32.7%
39
27
17.7% 12.3%
26
41
14.4% 22.8%
19
58
10.6% 32.2%

Food = Safety of marine foods, Cost = Increase in water rates.
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Cost $30
74.86
34.1%
36.67
18.3%
72.5
40.3%
57.5
35.9%
104.17
47.4%
42.5
19.3%
60
27.3%
22.5
10.2%
34.17
19%
48.33
26.9%

Cost $70 Cost $110 Cost $150 Cost $190
59.89
44.92
29.94
14.97
27.2%
20.4%
13.6%
6.8%
29.33
22
14.67
7.33
14.7%
11%
7.3%
3.7%
58
43.5
29
14.5
32.2%
24.2%
16.1%
8.1%
46
34.5
23
11.5
28.8%
21.6%
14.4%
7.2%
83.33
62.5
41.67
20.83
37.9%
28.4%
18.9%
9.5%
34
25.5
17
8.5
15.5%
11.6%
7.7%
3.9%
48
36
24
12
21.8%
16.4%
10.9%
5.5%
18
13.5
9
4.5
8.2%
6.1%
4.1%
2.1%
27.33
20.5
13.67
6.83
15.2%
11.4%
7.6%
3.8%
29
19.33
9.67
38.67
21.5%
16.1%
10.7%
5.4%

Table 73: Deliberated group weightings (during the deliberative phase)
Workshop
1
2
3
4
5
6
7
8
9
10

Total Cubes
220
200
180
160
220
220
220
220
180
180

Swim 1
13.75
6.3%
13
6.5%
5
2.8%
9
5.6%
7
3.2%
10
4.6%
14
6.4%
20
9.1%
9
5%
9
5%

Swim 2
17.42
7.9%
25
12.5%
16
8.9%
17
10.6%
14
6.4%
24
10.9%
36
16.4%
33
15%
22
12.2%
17
9.4%

Swim3 Seafloor 1 Seafloor 2 Seafloor 3
21.08
22.00
32.08
39.42
9.6%
10%
14.6%
17.9%
30
17
34
56
15%
8.5%
17%
28%
29
15
33
48
16.1%
8.3%
18.3%
26.7%
24
8
18
24
15%
5%
11.3%
15%
22
16
26
33
10%
7.3%
11.8%
15%
38
12
26
53
17.3%
5.5%
11.8%
24.1%
41
13
28
45
18.6%
5.9%
12.7%
20.5%
45
14
34
56
20.5%
6.4%
15.5%
25.5%
27
13
29
54
15%
7.2%
16.1%
30%
21
20
40
59
11.7%
11.1%
22.2%
32.8%

Swim = Weeks of no swimming, Seafloor = Seafloor health, Litt = Coastal and marine litter.
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Litt 1
17.42
7.9%
16
8%
7
3.9%
9
5.6%
11
5%
20
9.1%
14
6.4%
15
6.8%
8
4.4%
7
3.9%

Litt 2
32.08
14.6%
34
17%
18
10%
16
10%
22
10%
30
13.6%
38
17.3%
40
18.2%
28
15.6%
13
7.2%

Litt 3
41.25
18.8%
44
22%
26
14.4%
22
13.8%
35
15.9%
39
17.7%
44
20%
58
26.4%
38
21.1%
25
13.9%

Workshop
1
2
3
4
5
6
7
8
9
10

Total Cubes
220
200
180
160
220
220
220
220
180
180

Food 1 Food 2
8.25
13.75
3.8%
6.3%
8
15
4%
7.5%
13
20
7.2% 11.1%
9
13
5.6%
8.1%
17
23
7.7% 10.5%
11
25
5%
11.4%
10
28
4.6% 12.7%
16
29
7.3% 13.2%
8
15
4.4%
8.3%
13
15
7.2%
8.3%

Food3 Cost $0
17.42 100.83
7.9% 45.8%
19
51
9.5% 25.5%
24
68
13.3% 37.8%
18
72
11.3%
45%
27
103
12.3% 46.8%
35
55
15.9%
25%
33
57
15%
25.9%
34
27
15.5% 12.3%
20
41
11.1% 22.8%
16
59
8.9% 32.8%

Food = Safety of marine foods, Cost = Increase in water rates.
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Cost $30
84.03
38.2%
42.5
21.3%
56.67
31.5%
60
37.5%
85.83
39%
45.83
20.8%
47.5
21.6%
22.5
10.2%
34.17
19%
49.17
27.3%

Cost $70 Cost $110 Cost $150 Cost $190
67.22
50.42
33.61
16.81
30.6%
22.9%
15.3%
7.6%
34
25.5
17
8.5
17%
12.8%
8.5%
4.3%
45.33
34
22.67
11.33
25.2%
18.9%
12.6%
6.3%
48
36
24
12
30%
22.5%
15%
7.5%
68.67
51.5
34.33
17.17
31.2%
23.4%
15.6%
7.8%
36.67
27.5
18.33
9.17
16.7%
12.5%
8.3%
4.2%
38
28.5
19
9.5
17.3%
13%
8.6%
4.3%
18
13.5
9
4.5
8.2%
6.1%
4.1%
2.1%
27.33
20.5
13.67
6.83
15.2%
11.4%
7.6%
3.8%
39.33
29.5
19.67
9.83
21.9%
16.4%
10.9%
5.5%
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– Deliberative weightings used to make choices in an
orthogonal design
The deliberative weightings were used to make choices in an orthogonal design with 108
choice tasks to investigate whether the WTP values for the first, second, and third levels of
improvement of the environmental attributes would vary significantly when faced with another
design presenting even more trade-offs than the 60-choice task design used in the deliberative
workshops. The model estimates, robust standard errors, p values, WTP estimates, and confidence
intervals are presented in Table 74 below.
Table 74: Multinomial logit results (deliberative weights, orthogonal design)
Parameter name

Parameter
Robust SE
estimates
-1.41
0.42
-0.025
0.00465
-0.56
0.0729
1.19
0.275
2.25
0.533
4.67
0.381

ASC
Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
greater chance of seeing species
Safety of marine foods
0.514
Coastal and marine litter
-0.00719

0.0853
0.000822

p

𝑾𝑻𝑷𝒌

-95%

95%

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

-$22.40
$47.60
$90.00
$186.80

-$28.41
$24.65
$45.39
$149.10

-$16.39
$70.55
$134.61
$224.50

< 0.01 $20.56
< 0.01 -$0.29

$14.40
-$0.36

$26.72
-$0.22

Number of observations: 10, log likelihood: -289.362. Robust SE = Robust standard errors, 𝑾𝑻𝑷𝒌 =
willingness to pay estimates, (-) 95% = 95% confidence intervals.

It is possible to calculate the values of each of the three levels of improvement for each
ecosystem service for one deliberative group, or ‘individual’. These are presented in Table 75
below. The values represent the amount an ‘individual’ would be willing to pay every year for 5
years to achieve each level of improvement in the ecosystem services proposed.
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Table 75: Values of the first, second, and third levels of improvement (deliberative weights,
orthogonal design)

Ecosystem service

First level of
improvement

Improvement level
Second level of
improvement

Weeks of no swimming

$44.80
($32.78 – $56.82)

$89.60
($65.56 – $113.64)

Seafloor health

$47.60
($24.65 – $70.55)

$90.00
$186.80
($45.39 – $134.61) ($149.10 – $224.50)

Safety of marine foods

$41.12
($28.80 – $53.44)

$61.68
($43.20 – $80.16)

Coastal and marine litter

$57.52
($43.69 – $71.35)

Third level of
improvement
$134.40
($98.34 – $170.46)

$102.80
($72.00 – $133.60)

$143.80
$201.32
($109.22 – $178.38) ($152.91 – $249.73)

95% confidence intervals are presented in parentheses.

Figure 42 presents a visual representation of the values of the first, second, and third levels
of improvement for the ecosystem services.
$350
$300
$250
$200
$150
$100
$50
$0
Weeks of no swim

Seafloor health
First level

Safety of marine
foods

Second level

Coastal and marine
litter

Third level

Error bars present 95% confidence intervals.

Figure 42: Values of the first, second, and third levels of improvement (deliberative weights,
orthogonal design)
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The deliberative weights used to make choices in the 108-task choice experiment with an
orthogonal design lead to slightly different WTP values for the first, second, and third levels of
improvement. Most noticeably, the WTP values for ‘Seafloor health’ are higher than those
produced by the 60-task design.
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– Online choice experiment sample split into
northern and southern Tasmania
The online choice experiment sample participants were split into two groups: those
residing in the same postcodes as the participants from the deliberative group workshops (𝑁

290, southern Tasmania), and those residing in the rest of Tasmania (𝑁

169, northern

Tasmania). An MNL model was used, and the model estimates, robust standard errors, p values,
WTP estimates, and confidence intervals are presented in Table 76 and Table 77. These results
were compared using a Poe test, as described in section 6.2. The results of this test are presented
in Table 78.
The WTP and Poe test results show that 4/6 WTP estimates for the Northern and Southern
Tasmania samples are not significantly different. The reduction of ‘Coastal and marine litter’ is of
more value to the southern Tasmanian sample, likely due to the litter being in much closer
proximity to them (Wexler, 1996) and ‘Food’ was insignificant for the Southern Tasmania sample,
a result that is not surprising when considering the feedback received from the deliberative
workshop groups.
The method of testing is imperfect – as it is impossible to guarantee that the southern and
northern Tasmanian sample was administered an even number of experiments from each block to
balance out the design, introducing a slight bias in the results – it is possible to say with sufficient
confidence that the different sample used in the online treatment of the choice experiment does not
overly affect the results and comparisons conducted.

326

Table 76: Multinomial logit results (northern Tasmania)
Parameter name

Parameter
Robust SE
estimates
0.19
0.181
-0.00503
0.000849
-0.0446
0.0117
0.764
0.0917
0.754
0.102

ASC
Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
1.05
greater chance of seeing species
Safety of marine foods
0.0511
Coastal and marine litter
-0.000903

p

𝑾𝑻𝑷𝒌

-95%

95%

0.07
< 0.01
< 0.01 -$8.87 -$14.33 -$3.41
< 0.01 $151.89 $88.15 $215.63
< 0.01 $149.90 $83.90 $215.90

0.126

< 0.01 $208.75 $126.75 $290.75

0.0177
0.000154

0.01 $10.16
< 0.01 -$0.18

$3.02
-$0.26

$17.30
-$0.10

Number of observations: 169, log likelihood: -2005.38. Robust SE = Robust standard errors, 𝑾𝑻𝑷𝒌 =
willingness to pay estimates, (-) 95% = 95% confidence intervals.

Table 77: Multinomial logit results (southern Tasmania)
Parameter name

Parameter
Robust SE
estimates
0.527
0.146
-0.00553
0.000649
-0.0337
0.01
0.666
0.0719
0.755
0.0809

ASC
Cost
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
1.08
greater chance of seeing species
Safety of marine foods
0.0203
Coastal and marine litter
-0.00157

p

𝑾𝑻𝑷𝒌

-95%

95%

< 0.01
< 0.01
< 0.01 -$6.09 -$9.82 -$2.36
< 0.01 $120.43 $85.01 $155.86
< 0.01 $136.53 $95.69 $177.37

0.0989

< 0.01 $195.30 $146.18 $244.42

0.0155
0.000124

0.21 $3.67
< 0.01 -$0.28

-$1.67
-$0.36

$9.01
-$0.21

Number of observations: 290, log likelihood: -3187.228. Robust SE = Robust standard errors, 𝑾𝑻𝑷𝒌 =
willingness to pay estimates, (-) 95% = 95% confidence intervals.
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Table 78: Poe test results (Southern Tasmania vs. Northern Tasmania)
Attribute
Weeks of no swimming
Current seafloor health
Increased seafloor health
Increased seafloor health and
greater chance of seeing species
Safety of marine foods
Coastal and marine litter

ST > NT
20.22%
19.47%
37.25%

ST < NT
79.78%
80.53%
62.75%

39.56%

60.44%

7.89%
96.70%

92.11%
3.30%

Values of 90% and above are presented in bold. Safety of marine foods was insignificant in the Southern
Tasmania results, and is thus not considered in this comparison.
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– Table of the number of observations, log likelihoods, AICs, and BICs of all
models in the dissertation
Table 79 presents a summary of choice model characteristics across all choice models used in this dissertation.
Table 79: Table of choice model goodness-of-fit indices
Choice model

Experiment (number
of choice tasks)

Number of participants
Log likelihood
(number of choices)

Online MNL
Online experiment (12)
Online MNL (protesters
Online experiment (12)
excluded)
Online MNL (Southern
Online experiment (12)
Tasmania)
Online MNL (Northern
Online experiment (12)
Tasmania)
Online 2-class LC
Online experiment (12)
Online 3-class LC
Online experiment (12)
Online 4-class LC
Online experiment (12)
Online MMNL
Online experiment (12)
Pre-deliberative MNL
Pre-deliberative experiment (12)
Post-deliberative MNL Post-deliberative experiment (12)
Deliberative group MNL
Deliberative experiment (60)
108-task MNL
108-task orthogonal design with
(deliberative weights)
deliberative weights (108)
24-task design with deliberative
24-task MNL
(deliberative weights)
weights (108)
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AIC

BIC

459 (5508)

-5214.386

10444.772 10477.805

430 (5160)

-4531.143

9078.286 9110.796

290 (3480)

-3187.228

6390.457 6419.816

169 (2028)

-2005.38

4026.76 4051.799

459 (5508)
459 (5508)
459 (5508)
459 (5508)
100 (1200)
100 (1200)
10 (600)

-4066.895
-4066.724
-3645.609
-3425.326
-966.277
-850.966
-247.652

8167.791
8185.448
7361.218
6878.653
1948.554
1717.931
511.304

8237.984
8292.803
7505.734
6936.459
1969.396
1738.772
513.725

10 (1080)

-289.362

594.724

597.145

10 (240)

-65.926

145.852

147.97
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