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ABSTRACT 

 

This thesis puts forward the benefits of a transdisciplinary approach to environmental 

management, using urban New Zealand use and value of freshwater as a case in 

point. In New Zealand, the deficiencies of urban water management have become 

more evident over the last decades spurring a long process of water reform. 

Changing precipitation patterns are increasing the risk of flooding events and water 

shortages; there are regional and seasonal stresses on freshwater resources; and 

peoples‟ attitudes and expectations are poorly understood. Existing pricing structures 

are obscuring signals of both water shortages and wasteful practices.  

This research examined and mapped people‟s awareness, perceptions, attitudes and 

preferences in Auckland City and Christchurch City; two communities with different 

cultural, ecological and political systems of water management. A system-based 

contingent valuation method was developed to establish the level of acceptance for 

including ecosystem services as a part of the water infrastructure equation in the two 

communities. By eliciting a willingness to pay for water related ecosystem goods and 

services, values were coupled with price and consumption. It was found that the old 

mindset seeing water as a free gift from nature prevails in some communities even in 

the presence of higher environmental awareness, encouraging unsustainable 

consumption and potentially creating political inertia about water management 

reforms.  

It was found that there was a positive willingness to pay for ecosystem services in 

both cities, and that motivational factors were stronger predictors than socio-

economic variables for accepting the proposed pricing structure in Christchurch.  The 

systems approach developed in this thesis identified cultural-ecological city identity 

constructs as having a strong potential for building community expectations for 

ecologically sustainable water management. It is recommended that local water 

authorities are established consisting of tangata whenua, stakeholders and experts 

from social, economic and ecological fields, and to be charged with developing local 

visions for water management and restoration programmes for water related 

ecosystems. It is recommended that pricing should include terms for full-cost 

recovery, resource rent, scarcity and investment in natural capital.  
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PREFACE 

 

For years now alarms have been sounding to alert us that human usage of 
freshwater resources is unsustainable. Growing levels of demand coupled with 
rising incidence of droughts and floods have created the urgent need to find 
new ways to protect and preserve our freshwater resources and so sustain the 
ecosystems that depend on them for survival...What must be done? 

Key players within the global water community, including governments, non-
governmental organizations, multinational corporations, and others, agree 
that collaboration and a unified approach is our only hope to solving the issue 
of freshwater sustainability. What we need is a truly global way to unite and 
guide everyone with a stake in the use and stewardship of Earth's freshwater 
resources. The practical challenge is to harness different efforts and viewpoints 
within a cohesive, consensus-oriented approach that will quickly gain global 
recognition and support. 

- Alliance for Water Stewardship (The Nature Conservancy (TNC), the Pacific 
Institute, and the Water Stewardship Initiative (WSI), 2007  

 

Water is a multifaceted resource that plays multidimensional roles in humans‟ lives. 

To understand the value of water is to understand the value of life. To manage water 

is to manage life. To price water is to price life. For over half of the world‟s population 

statements such as these are fundamental. The other half may react with a shrug.  

This thesis started as an exploration of the shrug. By opening the subject of water 

management to a transdisciplinary approach I have allowed the following to take 

place: an investigation of ecological, social, political and economic realities; a 

subjective interpretation of the interface of these three facets; and finally the 

construction of a framework for those that are charged with managing water 

resources for present and future generations.   

There are some challenges inherent in the undertaking of writing (as well as reading) 

a transdisciplinary thesis. Information is gathered from a multitude of management 

fields and academic journals, the languages of which may not always be easily 

communicated outside the discipline from which it came. In my view, it is imperative to 

allow flexibility of form in the communication of complex issues: the low uptake of 

transdisciplinary research at universities and the resistance to embracing ecological 

economics fully in society bears testament to communication failures. As academics 

from the New Zealand Centre for Ecological Economics have expressed:  
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“The transdisciplinary field of ecological economics has struggled to gain a permanent 

institutional foothold in Australian and New Zealand universities and research 

organizations, and remains therefore largely an „un-institutionalised‟ and a 

„marginalized‟ activity in Australasia” (Patterson (2006) on the challenges for 

ecological economics in the region).  

“While ecological economics is about ecologically sustainable scale, economically 

efficient allocation and socially fair distribution, the social fairness question is not often 

explicitly assessed. Social capital is the hardest aspect to understand, communicate 

and therefore quantify, and it is precisely social sustainability with its poverty bottom-

line and improvement of equity through institutions, development and power 

structures, etc., that holds a crucial key to sustainable development, peace and 

prosperity. We can be philosophical and mathematical about this topic; we need both 

and more in a true trans-disciplinary approach...” (M. van den Belt (2009) reviewing 

“Ecological Economics of the Oceans and Coasts” edited by Patterson and Glavovic). 

It is my hope that this thesis will illuminate the kind of contribution transdisciplinary 

science can make to sustainable development. I have enjoyed immensely this journey 

of learning. I sincerely hope that together, with open minds and hearts, communities 

can drive the change required to create truly sustainable societies. I am under no 

illusion that this will come easily if at all: success will take a lot of work; the transition 

will be fraught with difficulties.      

 

Thanks for giving me your time.  

Karen K Creagh, January 2010 
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Mana Depending on the context of its use, mana is the status or the ‘presence’ 
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Matauranga Māori   Traditional knowledge and wisdom  
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Papatuanuku   Earth Mother 
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Tangata whenua   People of the land 
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Wai ora Water in its purest form; also means health 
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Whanau Family / extended family 

 

  

Theoretical terms 

Antipositivism Developed in response to positivism by Max Weber (also known as 

humanistic sociology); closely related to antinaturalism; positing that 

sociology research must use specific tools and methods and 

concentrate on humans and their cultural values (refer positivism, 

logical positivism below). 

Hermenuetic The study of interpretation theory or the theory and practice of 

interpretation. 

Logical positivism   A philosophical doctrine formulated in Vienna in the 1920s, according 

to which scientific knowledge is the only kind of factual knowledge and 

all traditional metaphysical doctrines are to be rejected as meaningless 

(refer antipositivism). 

Positivism   A philosophical system that confines itself to the data of experience, 

excludes a priori or metaphysical speculations, and emphasizes the 

achievements of science (refer antipositivism). 

System dynamics An approach to understanding the behaviour of complex systems over 

time. 

Transdiscipline Transdisciplinarity concerns that which is at once between the 

disciplines, across the different disciplines, and beyond each individual 

discipline. Its goal is the understanding of the present world. 
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Economic terms  

Benchmarking  The practice of comparing own performance with performance of 

competitors. 

Complementarities  Describes the advancement of more than one bottom line 

simultaneously (also referred to as synergies). Complementarities 

may arise when advancing one goal contributes positively to 

another, is positively correlated and causally linked to some other 

action. Complementary benefits may be generated by internalising 

externalities, as it would generally encourage more efficient 

resource use without this being a primary goal of internalisation. 

Resource use decisions that take account of non-economic bottom 

lines aim to identify better outcomes with lesser impacts by 

comparing the complementarities of different scenarios across the 

four bottom lines (NZIER, 2004). For this to be achievable, all 

resource inputs must be properly priced. 

Consumer / producer 

surplus  

Indicates the value to consumers and producers of changes in 

production. Consumer surplus is the difference between the price 

paid for a good and the amount that people would be willing to pay, 

while producer surplus refers to the difference between what 

producers are paid for a good and their cost. 

Cost - benefit analysis 

(CBA)  

A social-economic evaluation tool for projects; producing a net value 
in monetary terms. Use discounted values of costs and benefits. 
Valuation of behaviour usually based on actual choices (revealed 
preference), but stated preference may also be used. 
- Benefits-costs = net benefit 
- Benefits: Costs = benefit: cost ratio. Projects are worthwhile when 

ratio ≥ 1 
Cost-sharing  The allocation of cost between involved parties (government, 

landowner, industry etc.) based on a cost benefit- analysis. 

Demand / Supply   The relationship between the quantity of a product/service people 

are willing to buy (demand) at a certain price, or producers willing to 

produce (supply) at a certain price. 

 

 
Depreciation  The value of assets decreasing with time. Rate of 1% used by Kerr et 

al. (2003) for water supply infrastructure. 

Discount rate  

 

The amount you would have to invest today for it to become one 

dollar at time t in the future. 

 

Demand 

Supply 
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Effectiveness (cost-

effective) 

Getting the best outcome (effect) for the costs incurred.  

Efficiency (allocative 

efficiency, cost-

efficient) 

No-one can be made better off without making someone else worse 

off (allocative); lowest possible per-unit cost of production (cost-

efficient). 

Elasticity  The responsiveness in demand to changes in price. Water is thought 

to be inelastic, that is very little response is seen in consumption due 

to small price changes. 

Environmental offsets  A common approach to mitigation, allowing development to impact 

on the environment if actions taken that will offset these impacts by 

maintaining or improving net environmental stock elsewhere. 

Usually at a trading ratio (e.g. 2:3 = to increase pollution load by 2 

tonnes, must remove by 3 tonnes elsewhere). 

Extended subjective 

utility function  

A utility function that includes utility from sources other than 

consumption such as belief about damage to the environment, 

social norms and personal norms. 

Externality  An effect caused by an action of one or more parties that is borne by 

third parties without invitation or compensation. As the effect is not 

“priced” to the parties to the transaction, there is market failure and 

hence likelihood of inefficient resource use. May be negative (costs) 

that warrant corrective intervention, or positive (benefits) that if is a 

public good that should be consumed more than current level may 

be encouraged by policies.  

Marginal value  The value placed on the next unit of a commodity, as opposed to the 

total value. 

Merit goods  Goods that the State supports because it believes consumption 

should be greater than is currently observed, such as cultural events 

and museums, and roads providing accessibility to places. 

Insufficient consumption is a problem with merit goods.  

Public goods  Goods and services that are characterised by consumption that is 

non-rival (such that one persons use does not detract from that 

available to others) and non-excludable (such that once provided to 

one person, others cannot be excluded from receiving the benefits). 

Pure public goods are relatively rare (national defence provides one 

commonly stated example) but are found in varying degrees. Public 

goods are commonly provided by taxing the receiving community as 

private suppliers cannot recover full cost of supply (NZIER, 2004). 

Reciprocal relation  Can be defined as a series of bidirectional transfers, independent of 

one another yet interconnected. Independence implies that each 

transfer is in itself voluntary; but a transfer from one side is 

reciprocated by another from the opposite side. Thus, a reciprocal 

relation is one that takes “an intermediate position between market 

exchange and pure altruism” (Zamagni, 2004). 

Rent  In economics, resource or economic rent is a surplus value, i.e. the 

difference between the price at which an output from a resource 

can be sold and its respective extraction and production cost, 

including normal return (Sharp 2003, Scherzer and Sinner 2006).  
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Trade-offs  Relates to the advancement of one bottom line at the expense of 

another, or when advancing one objective has a detrimental effect 

on progress towards another goal. Trade-offs may occur within each 

bottom line category as well as between them (NZIER, 2004). 

Tradeoffs are unavoidable in resource management and inevitable 

conflicts are resolved in the public policy process. An incentive is 

created to find the most net beneficial option across all the bottom 

lines when externalities are recognised and internalised into the 

decision process (NZIER, 2004). 

User pays  Full cost allocation of economic transactions. 

Utility  In economics, utility is a measure of the relative satisfaction from, or 

desirability of, consumption of various goods and services. 

Utility function  An abstract, mathematical way of saying that people are trying to 

attain a goal (by maximising utility). 

Willingness to pay 

(wtp) / contingent 

valuation methods 

(CVM)  

Measure consumer surplus of non-market goods and services by 

asking the question how much (more) are you willing to pay for 

added environmental benefits? 

- Used in Cost-Benefit Analysis (CBA) 

- Stated values are often thought to be exaggerated compared to 

hard market choices (revealed values). At the same time, MacDonald 

et al. (2004) observe that revealed values have limits in that they are 

retrospective, and can only reveal use values. 
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Thirty spokes share the wheel’s hub;  

It is the centre hole that makes it useful. 

Shape clay into a vessel; 

It is the space within that makes it useful. 

Cut doors and windows for a room; 

It is the holes that make it useful. 

Therefore profit comes from what is there; 

Usefulness from what is not there. 

 

 

-Lao Tsu, 2500 b.p. 
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CHAPTER 1 INTRODUCTION 

 

"When we try to pick out anything by itself, we find it hitched to everything else in the 
Universe." 

-Muir (1911) 

 

SCOPE OF THE THESIS 

AIM 

The two overarching aims of this thesis are (1) to assess the inherent potential in 

urban water management to advance the progress of sustainable urban development 

by strengthening our understanding of the interface of ecological, social and 

economic water systems in urban communities; and (2) to enhance our capacity to 

coherently bridge the chasm between these through the application of a 

transdisciplinary framework. 

THESIS OUTLINE 

Chapter one begins with definitions and introductions of the main themes of the 

thesis: it gives condensed reviews of the literature on sustainable development, 

transdisciplinary research, systems thinking, water management and the idea of 

valuing ecosystem services as water infrastructure. The discourse is kept broad; each 

theme will receive more consideration in the following chapters. For example, water 

issues will be introduced in general terms here, but water management is the main 

focus of chapter two, and community preferences are the focus of chapters three 

(social aspects) and four (economic aspects). The themes of sustainable 

development, transdisciplinarity and systems thinking will be revisited in different 

contexts in various chapters and delimit the discussion of chapter five. Chapter one 

concludes with a summary of the scope, aims and objectives of the research. 

Chapter two provides the background on water management from both a global and 

New Zealand perspective. It details the supply side of the water service equation, 

including the main hydrological conditions, the legislative framework, infrastructure 

and asset investment focus, and the current arrangement of urban potable water 

services and charging policies. Gaps in current systems that prohibit the 
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implementation of sustainable development objectives are identified, and the potential 

for this research to aid the progression of development in those areas is discussed. 

Chapter 2 concludes with a description of the two case study sites of Auckland and 

Christchurch cities. 

Chapter three sets out the methodology of the empirical components of the research. 

It is a stand alone chapter and presents the methods, results and discussion of the 

survey data. In particular this chapter explores community awareness and 

preferences related to water and ecosystem management. The main objectives are to 

characterise and compare the two case study communities, and to discuss these 

results in the composition of ecological identities as influenced by existing social 

constructs and water management policies. Chapter 3 thus describes the demand 

side of the water service equation. 

Chapter four is also a stand alone chapter, presenting the method, results and 

discussion of the contingent valuation section of the household survey.  The main 

objectives are to quantify and qualify the two communities‟ willingness to pay for 

ecosystem services related to water resources. The chapter explores the two 

communities‟ acceptance of valuing ecosystems as water infrastructure. 

Chapter five brings the discussion back to urban sustainability objectives, 

development progress and potential for advancement through the adoption of a 

transdisciplinary framework. The discussion binds together the results from the 

previous two chapters, and the discourse is aiming to build our capacity to understand 

and manage a complex system as a whole, providing insight into how incentives, 

disincentives and adaptive management techniques might benefit urban sustainability 

progress.  

Chapter six reiterates the main findings from the previous chapters. Firstly, the 

implications of the research are reflected on and related to the fields of sustainable 

development and water management. This is followed by a list of conclusions. Finally, 

recommendations aimed at water managers and decision-makers conclude the 

thesis.  

The next sections of this chapter will present the themes central to this thesis in a 

logical sequence. The overarching aims of the thesis are to contribute to the progress 

of sustainable development. This theme is thus presented first. As the framework I 
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use is transdisciplinary, I explain this concept next. Transdisciplinary research is 

based around systems thinking, and this is the third theme to be introduced. The final 

three sections of this chapter relate to urban water management as the case in point, 

water and people, and the idea of counting ecosystems as water infrastructure.  

 

SUSTAINABLE DEVELOPMENT 

Concerns for the state of the environment from pollution, overuse of resources and 

land use changes intensified over the last half of the 20 th century (Odum, 1953; 

Carson, 1962; Meadows et al., 1972; Lovelock, 1987). Attention was also drawn to 

the inequitable allocation of resources and of the burdens of pollution, and much 

focus was put towards understanding the interplay of economic development of 

poorer nations and the protection of natural resources. The United Nation‟s (UN) 

World Commission on Environment and Development, also called the Brundtland 

Commission, placed the concept of sustainable development firmly on the 

international agenda with the publication of the report “Our Common Future” in 1987.  

DEFINITION 

Sustainable development -   

Sustainable development is development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs. 

It contains within it two key concepts - (1) the concept of „needs‟, in particular 

the essential needs of the world‟s poor, to which overriding priority should be 

given; and (2) the idea  of limitations imposed by the state of technology and 

social organisation on the environment‟s ability to meet present and future 

needs. 

-World Commission on Environment and Development (1987). 

BRIEF HISTORY 

The first international meeting that specifically looked at the effects human economic 

activity had on the natural environment was the UN Stockholm Conference on the 

Human Environment in 1972 (UNEP, 1972). This coincided with the publication of 

Meadows et al. (1972) “Limits to growth”. The authors were predicting that current 

trends of population growth, resource depletion and pollution would eventually cause 
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ecological and economic collapse (Diesendorf and Hamilton, 1997). The 

establishment of community-based environmental organisations, and later green 

political parties, pushed the momentum of inter-governmental meetings over the next 

two decades.  

Eventually, in 1983, the UN General Assembly convened a commission that would 

specifically “define shared perceptions of long-term environmental issues and the 

appropriate efforts to deal successfully with enhancing the environment”. The 

Brundtland Commission clearly stated the need to consider environmental problems 

with a holistic approach, and the need for policy development that considered 

ecological, economic, trade, energy, agricultural, industrial and other dimensions at 

the same time, within the same national and international institutions (WCED, 1987). 

Their definition thus directed the consideration of the capacity of the biosphere to 

absorb waste from human activities, the limitation of non-renewable resources and 

the dependency on ecosystems for life-supporting goods and services, while meeting 

the need for economic growth to sustain increasing human populations through 

development. In addition, the concepts of inter- and intragenerational equity and the 

precautionary principle were central to this definition (Bosselmann and Taylor, 1995).    

The UN Conference on Environment and Development, the Earth Summit, in Rio de 

Janeiro, 1992, brought together 179 senior officials of governments, and produced the 

Rio Declaration and Agenda 21. Together, the 27 principles of the declaration and the 

implementation blueprint declared the main objective for sustainable development “to 

improve or restructure the decision-making process so that consideration of socio-

economic and environmental issues is fully integrated and a broader range of public 

participation assured” (UNCED, 1992).  The principles agreed on in Rio provided the 

basis for a somewhat amended understanding of sustainable development 

(Wolfenden, 1999): 

Current economic activity must be undertaken in such a way as to minimise the 

risk to the environment, and to provide fairly for the material, environmental 

and other needs of people today and in the future.  

In 2000, world leaders came together in New York to adopt the United Nations 

Millennium Development Goals (MDG), a blueprint for the achievement of eight goals 

by a target date of 2015. Another UN Earth Summit was convened in Johannesburg 

2002 (Rio 10+), from which 37 principles were declared including the undertaking to 
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implement Agenda 21 and the MDG. Another World Summit in 2005 reinforced the 

commitment from the world‟s governments to achieve the MDG by the target date.  

A recurring debate concerns the difference between sustainable development and 

ecological sustainable development (ESD), or the concepts of weak and strong 

sustainability.  In particular, economists have tended to place economic growth at the 

centre of development and hold a belief that there is substitutability between human, 

natural and built capital (Boven, 2003, Diesendorf, 1997). In contrast, strong 

sustainability reflects the views of ecological economists that “a minimum condition for 

sustainable development is the maintenance of the total natural capital stock at or 

above the current level. While a lower stock of natural capital may be sustainable, 

society can allow no further decline in natural capital given the large uncertainty and 

dire consequences of guessing wrong”, and the benefits gained from engaging the 

community with restoring ecosystems are many and significant (Costanza and Daly, 

1992, Craig and Vesely, 2007).  

Despite 30 years of high-level political rhetoric, the planet‟s life-supporting ecosystem 

services continue to decline. Polluted waters, loss of soils, altered water-tables, 

salination of aquifers, accumulation of heavy metals through the food chains, loss of 

biodiversity, loss of stored carbon, reduced carbon assimilation ability, and changes in 

the gas composition of the biosphere continue as illustrations of the compromised 

environmental conditions resulting in large from the industrialisation and trade 

systems of the West (Millennium Ecosystem Assessment, 2005).    

The development of an economy totally separated from environmental capacity has 

been, and continues to be, a major contributing factor to those effects (Costanza et 

al., 1997; Hardin, 1968; Hartley, 1997; Max-Neef, 2005; Meadows, 2008; Sachs, 

2008). Sachs (2008) considers the tradition of water allocations based on „first come, 

first served‟ policies as having caused one of the greatest manifestations of the 

tragedy of the commons (see Hardin, 1968).  

In other words, the debate is ongoing with regards to both the goals of sustainable 

development and the means of achieving those goals.  As a response to the inertia 

resulting at least in part from ongoing academic debate, non-governmental 

organisations (NGOs) and consultative groups, such as The Natural Step (Robèrt, 

2000) and Business Round Table for Sustainable Development, have created models 

to aid the setting and implementation of goals.  
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PLACE IN THESIS 

National and international goals of sustainable development require sustainable 

resource management, including freshwater management. The critical nature of urban 

water management issues worldwide has become more evident over the last decades 

due to continued rapid urban growth and more severe weather conditions (droughts 

and rainstorms). Water shortages, stormwater overflows and increasing stress on the 

receiving environments have illuminated the short-comings of current management 

practices in arid as well as in traditionally wet regions.  

To support sustainable development, an infrastructure policy must be concerned with 

efficiency of resource use to obtain more from less and reduce waste (NZIER, 2004). 

The New Zealand government‟s Infrastructure Stocktake report (CEDC, 2003) 

describes the following overarching objective for infrastructure policy: “To enhance 

infrastructure‟s net contribution to economic growth and societal wellbeing over time, 

while reducing the incidence and severity of service failures and adverse effects on 

the environment.” The CEDC (2003) identified the following issues as critical to 

achieve sustainability objectives: sustainable use of scarce resources; demand 

management through pricing, education and other behaviour changing instruments 

(which in many instances require alternative modes of service to be available to 

users); efficiency improvements in supply; and innovative solutions such as use of 

smaller scale alternatives and alternative supply sources. The report goes on to state 

that “at the highest level, the Government‟s … role is to ensure that infrastructure 

makes its full contribution to sustainable management”, and that “poorly developed 

policies can, on the contrary, result in over-reliance of supply rather than demand 

management, failure to align sector performance to government objectives, inefficient 

pricing and deterrence of timely investment in new capacity” (CEDC, 2003). 

PricewaterhouseCoopers assessment of the quality of current and future 

infrastructure identified insufficient development of pricing mechanisms as an issue, 

resulting in impeded demand management (CEDC, 2003). 

Newman (2001) considers „sustainable urban design‟ a process which draws together 

market, government and civil society values to create a system which reduces the 

ecological footprint of development (resource inputs and waste outputs) while 

improving the quality of life for its inhabitants (in McLean, 2004). Sustainable urban 

design should also have site specific emphasis on conserving natural areas with high 
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conservation value and on improving areas that have been subjected to degradation 

as a result of inappropriate management approaches (McLean, 2004). 

Sustainable management of urban water relies on our ability to integrate knowledge 

from social, ecological and economic disciplines, and our capacity to examine the 

functioning of the system as a whole. This means integration across management 

fields, and a holistic consideration of the four waters, potable water, stormwater, 

wastewater and natural water bodies, as a part of one system (Landcare Research, 

2003). It also requires the integration of the built form into the strategic planning, as 

well as demand management and water recycling schemes across several scales 

(e.g. allotment, street, and estate scales) (McLean, 2004). Last, but not least, it 

requires the integration of cultural values in general, and indigenous peoples‟ 

relationship with their freshwater resources in particular. 

Ecological Sustainable Development indicators have been used to varying degrees to 

establish if the New Zealand water industry is currently meeting international 

benchmarks for sustainable water management, as will be discussed further in 

Chapter 2. This research will focus on the roles of pricing in particular: pricing in 

relation to water infrastructure‟s contribution to sustainable development objectives 

(Chapters 2 and 3), pricing in demand management, and the potential role of pricing 

for the maintenance of ecosystems capacity to provide life-supporting services 

(Chapters 3, 4 and 5).  

 

TRANSDISCIPLINARY RESEARCH 

With improved understanding of the interconnectedness in nature and the 

complexities of environmental problems emerging at an increasing rate through the 

second half of the last century, the deficiencies of discipline-based research in dealing 

with these problematiques (problems of global and long term impact) also became 

increasingly evident (Odum, 1953; Meadows et al., 1972; Naess, 1973; Lovelock, 

1987; Ehrlich and Ehrlich, 1993; Max-Neef, 2005). As a consequence, multi-

disciplinary research teams, inter-disciplinary research projects and transdisciplinary 

frameworks have evolved (Nicolescu, 1996; Becker, 2002; Max-Neef, 2005; 

Shellenberger and Nordhaus, 2005). 
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DEFINITION 

Transdiscipline - That which is across the disciplines, between the disciplines and 

beyond and outside all disciplines.  

-B. Nicolescu (2002) 

 

BRIEF HISTORY 

The origin of „transdisciplinarity‟ can be traced from several discourses on social and 

scientific enquiry. Hirsch Hadorn et al. (2008) in “the Handbook of Transdisciplinary 

Research” provide a comprehensive account of the evolution of the concept from the 

origins of natural science, through the debates and development of the social 

sciences, as well as the current lack of cross-fertilization between disciplines. 

The origin of science from the ancient Greeks was conceived around the ideas of 

science as episteme (theory of knowledge) on one hand, and the knowledge of the 

life-world for productivity, action and deliberation on the other (Hirsch Hadorn et al., 

2008).  The conception of modern science is shaped by the dissociation of the natural 

sciences from philosophy and later the dissociation of history from philosophy, 

accompanied by progressive methodological division within the sciences.  Misgivings 

of this trend was however noted as early as the 17th century, when F. Bacon (1561-

1626) pointed to the benefits to society of progress in science and technology as the 

core argument for the collaboration of scientists, an idea which was to be instrumental 

in the formation of the Royal Society in 1662. Despite Bacon‟s observations, modern 

positivist science is commonly heralded as free from extra-scientific influences such 

as societal values. However, philosophers and scientists have since then continued to 

debate the validity of this claim.  

Max Weber (1864-1920), a pioneer of sociology, argued the „neutrality of science in 

societal value issues‟ where empirical sciences distinguish „true‟ from „false‟, but the 

distinction in the sphere of values is of „right‟ from „wrong‟. Weber also states that the 

benefit from the social sciences for practical life is an instrumental one (Hirsch Hadorn 

et al., 2008). Weber was a central figure in the establishment of methodological 

antipositivism; presenting sociology as a non-empirical field which must study social 

action through resolutely subjective means (Kim, 2008). The practical implications of 
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his work relate to transdisciplinary research acknowledging the need to incorporate 

realities that are not always empirically measurable, but qualitative.  

In 1968, J. Habermas in “Knowledge and Human Interests” also critiqued positivism 

and argues for three types of scientific rationality: (1) the instrumental rationality of the 

empirical sciences and their standards of quantification and experimental testing; (2) 

the rationality of the historical sciences which concerns the role of knowledge in 

creating meaning for life and constituting personal identity in societal context, based 

on rules for hermeneutic [theory of interpretation] interpretation; and (3) the sciences 

of action which are about societal transformation [...]. In addition, Habermas‟ thesis 

confers that the participants engage in deliberation.  

Habermas‟ construct constitutes one of the transformative changes in the conception 

of science; from the dichotomy posited by the early philosophers, to one that relates 

science with different types of interests: production, action and deliberation (Hirsch 

Hadorn et al., 2008). Following this, the argument is put that positivism, the idea that 

all science is testable and independent of the observer, fails to take into account the 

way modern science and technology is embedded in economic activities, cultural 

orientations and political measures (Hirsch Hadorn et al., 2008). Transdisciplinary 

research builds on the need for active participation from deliberating agents, and the 

need for understanding the relations of scientific rationalities.  

A second tributary to the discourse on transdisciplinary science has been the 

concerns raised about the progressive fragmentation of the sciences into increasingly 

specialised disciplines and fields. In addition, the differentiation of research, higher 

education and segregation of social institutions in general, have led to a growing 

perception that modern societies are at risk due to the failure of a discipline to 

recognise potential negative side-effects, and that work contained within one 

disciplinary field causes lack of cross-fertilisation and synergy of outcomes (Hirsch 

Hadorn et al., 2008).  

A restructuring of higher education into an education-innovation system was proposed 

as a result. Jean Piaget first coined the word "transdisciplinarity" before a 1970 

workshop by the Organisation for Economic Co-operation and Development (OECD) 

on science and society in education (Jantsch, 1972). Jantsch (1929-1980) proposed 

that knowledge be organised into hierarchical goal oriented systems, or 

transdisciplinary frameworks, as the study of organisations by the means of systems 
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theory (Hirsch Hadorn et al., 2008). Four levels were distinguished within such a 

framework, relating to the purposive (values); the normative (social systems design); 

the pragmatic (physical technology, natural ecology, social ecology) and empirical 

(physical inanimate world, physical animate world, human psychological world) levels. 

In addition, activities in all levels of this transdisciplinary education-innovation system 

must be coordinated towards a common purpose (Jantsch, 1972).  The concept of 

transdisciplinary research was adopted as a „charter‟ at a United Nations Education, 

Scientific and Cultural Organisation (UNESCO) co-hosted conference (Lattanzi, 

1998), and universities were urged to accept research and doctorate theses that went 

into the realms of transdisciplinarity (Nicolescu, 1997). Motivations for transcending 

boundaries in research may include unity of knowledge in general, the understanding 

of the complexity of concrete issues, or innovation of basic research.  

Today‟s use of the term transdisciplinarity is at times ambiguous: some authors use 

the term as more or less synonymous with or a special case of interdisciplinarity, 

considering that if you transgress the boundaries of disciplinary science it becomes 

transdisciplinary (weak transdiscipline). Other authors herald it as “the introduction of 

a kind of quantum logic breaking with linear logic and the assumption of a single 

reality” (strong transdiscipline) (Max-Neef, 2005).  

The theoretical foundation of the strong transdisciplinary approach rests on three 

pillars: (I) Levels of Reality, (II) the Axiom of the Included Middle and (III) Complexity.  

The first pillar relates, for example, to the discoveries of quantum physics and the 

discontinuity of the laws of macrophysics (Heisenberg, 1952 in Max-Neef, 2005). 

These new laws forced an acknowledgment of the potential existence of many levels 

of reality and can also encompass „constructed realities‟ such as economics or law. 

The second pillar challenges the mutually exclusive terms of classical linear logic (A is 

A; A is not non-A) by the inclusion of a third term T that at the same time is A and 

non-A. The final pillar heeds the interconnectedness in nature, and encourages 

system-thinking (Nicolescu, 1996; Max-Neef, 2005).  

Thus, transdisciplinary research is not antagonistic but complimentary to disciplinary, 

multidisciplinary and interdisciplinary research. It is however considered radically 

different because of its goal of gaining an understanding of the present world opposed 

to the knowledge aptly produced by each discipline (Nicolescu, 1997). 

Transdisciplinary activities include problem definition, problem representation and 
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problem solving (Sholtz et al., 2000). It is suggested that uptake of transdisciplinary 

research at universities in particular will better address the complex socio-

environmental problems currently undermining sustainable development efforts 

(Nicolescu, 1996; Sholtz et al., 2000; Becker, 2002). 

As a working episteme, Max-Neef (2005) suggests the following “laws of 

transdisciplinarity”: 

 The laws of a given level of reality are not self-sufficient to describe the totality of 

phenomena occurring at that same level; 

 Every theory at a given level of reality, is a transitory theory, since it inevitably 

leads to the discovery of contradictions situated in new levels of reality; 

 Only because of what is not there, it is possible that there is what is there; and 

only because of what is there it is possible that there is not what is not there. 

The first “law” refers to the inadequacy of one system of knowledge (i.e. biology/ 

physiology) to fully understand all the agents of it and their interactions; illustrated 

aptly in the allegory of the elephant and the blind men (e.g. Saxe 1816-1887): 

 
So oft in theologic wars, 
The disputants, I ween, 

Rail on in utter ignorance 
Of what each other mean, 

And prate about an Elephant 
Not one of them has seen! 

 

The second “law” refers to the journey of scientific inquiry, and the continuous 

evolution of theories, challenging the acceptance of „truths‟.  

An allegory to a third “law” is provided by the poem by Lao Tsu (see Preface p. XVII), 

about the wheel, the empty space of the vessel, the hole in the window... “only 

because of what is not there it is possible that there i; and only because of what is 

there it is possible that there is what is not there”.  

PLACE IN THESIS 

The economist Max-Neef „s (2005) discourse on transdisciplinary research argues 

that “only in so far as transdiscipline can penetrate and transform the economic vision 

of the world can we aspire to find solutions to situations such as poverty, 
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unemployment and sustainability”(p.10).  He further accuses economics of being 

“stubbornly engaged with linear reason”, whilst being a discipline that most influences 

decision making, affecting both nature and society.  

As noted in the introduction of sustainable development, single reality perspectives, 

such as the conceptual separation of the human and natural environments, is 

commonly blamed for the divergence in ecological and economic management of the 

environment and inefficient or damaging environmental decision-making (Hardin, 

1968; Daily, 1997; Hartley, 1997; Wackernagel et al., 2002; Craig, 2004; 

Shellenberger and Nordhaus, 2005). The field of economics has developed models 

for both dealing with environmental effects by internalising damage to the 

environment (Coase, 1960), and by the creation of markets establishing opportunity 

costs to previously acknowledged public goods and providing fiscal value to non-

market goods and services (Diamond and Hausman, 1994; Portney, 1994). 

Interdisciplinary fields such as ecological economics offer a range of methods 

(including natural resource accounting, the ecological footprint concept, sustainable 

business management systems) awarding use and non-use values to ecological 

goods and services (Coase, 1960; Diamond and Hausman, 1994; Costanza et al., 

1997; Costanza, 2000b; Tacconi, 2000; Wackernagel et al., 2002; Turner et al., 2003; 

Costanza et al., 2004, Craig, 2004; Statistics New Zealand, 2004a).  

Costanza (2003) explains that ecological economics is transdisciplinary and must 

pursue interdisciplinary goals, that the economic system is a subsection of the larger 

ecosystem, and that a shift is required from focussing on the sub-system to the 

connection of that subsystem with the global ecological system. Unfortunately, 

ecological economics and transdisciplinary research struggle to get a foothold within 

the New Zealand educational institutions, and “remains therefore largely an „un-

institutionalised‟ and a „marginalized‟ activity in Australasia” (Patterson, 2006). 

This thesis puts forward the benefits of a transdisciplinary approach to environmental 

management, using urban New Zealand use and value of freshwater as a case in 

point. It posits that a transdisciplinary approach may assist the development of 

management practices that are better aligned with sustainable development goals, 

and address unsustainable urban water management trends through a framework 

that draws from the disciplines of urban ecology, resource economics, ecological 

economics, engineering, water industry and planning/policy science from a values 
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perspective (Figure 1.1).   

 

  

 

 

 

 

 

Figure 1.1. A transdisciplinary framework for urban water management (adapted from 

Max-Neef, 2005). Note: Max-Neef adapted the names of the levels from Jantsch (1972) 

original sequence which had the levels 1) empirical; 2) pragmatic; 3) normative and 4) 

purposive (meaning values).  

 

SYSTEMS THINKING 

You think that because you understand ‘one’ that you must therefore understand 
‘two’ because one and one make two. But you forget that you must also understand 
‘and’. 

-Sufi Teaching Story (Meadows, 2008) 

 

 DEFINITION 

System - A system is an interconnected set of elements that is organised in a way 

that achieves something.  

 

D. Meadows (1941-2001) provides the above definition in “Thinking in Systems - A 

Primer” (Meadows, 2008). The definition contends that a system is more than the sum 

of its parts, that a system consists of elements and the relationships between them, 

and that it has a purpose, it achieves something. Various generalised system types 

can be used to assess a real life system based on the stocks, flows and presence of 

feedback loops.   
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BRIEF OVERVIEW 

Hirsch Hadorn et al. (2008) consider the writings on „systematology‟ by the 

mathematician, philosopher and natural scientist J.H. Lambert (1728-1777) as the 

forerunner of systems thinking (p. 21). His writings included organising complexity into 

a set of interrelated elements, and of constructing systems to realise a desired state 

by uniting objectives and means.  

Systems theory since then arose in many independent fields of study, including 

biology (L. Von Bertalanffy, 1901-1972); cybernetics (N. Wiener, 1894-1964); game 

theory (J. Von Neumann, 1903-1957); information theory (C.E. Shannon, 1916-2001); 

and in sociology (N. Luhmann, 1927-1998). Systems theory studies the abstract 

organisation of phenomena, independent of their substance, type, or spatial or 

temporal scale of existence (Hirsch Hadorn et al., 2008). System representation 

varies from simple schematic diagrams to complex computer models, but in every 

instance the aim is to simplify for the purpose of understanding a complex reality.  

 A system can be generalised and classified into a specific „archetype‟ depending on 

its characteristics (Meadows, 2008). The understanding of these archetype system 

characteristics has further allowed the identification of what the system modelling 

community labels leverage points, which are places where intervention in the system 

can be levied in order to bring about change (Meadows, 2008). In increasing order of 

effectiveness, such leverage points have been listed as: numbers (constants and 

parameters such as taxes, subsidies, and standards); buffers (the sizes of stabilising 

stocks relative to flows); stock-and-flow structures (physical structures and the nodes 

of intersection); delays (the lengths of time relative to the rates of system change); 

balancing feedback loops (the strength of the feedback relative to the impacts they 

are trying to correct); reinforcing feedback loops (the strength of the gain driving the 

loop); information flows (the structure of who does and who does not have access to 

information); rules (incentives, punishments, constraints); self-organisation (the power 

to add, change, or evolve system structure); goals (the purpose of the system); 

paradigms (the mind-set out of which the system - its goals, structure, rules, delays, 

parameters arise); and finally, transcending paradigms (the potential to keep 

unattached in the arena of paradigms, to realise one‟s purpose). Meadows 

emphasises that the list is incomplete, that the order may vary, and finally that the 

higher the leverage point, the more the system will resist changes to it.   
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Systems theory now underlies most approaches to the advancement of sustainable 

development: from theoretical discourses such as game theory, organisation theory, 

and the learning organisation, to management models (ecosystem management 

models, integrated catchment management models, The Natural Step framework, 

etc.). However, the most appropriate approach to policy analysis in a transdisciplinary 

framework is through system dynamics modeling. System dynamics models the 

dynamics and interactions of populations, ecological and economic systems using 

feedback loops (Forrester, 1987, 1995; isee Systems, 2009).). Stock and flow 

connections are used to run "what-if" simulations to test certain policies. Such a 

model can greatly aid in developing an understanding of how a system changes over 

time (Richmond, 1994; Forrester, 1995; Costanza et al., 2001; Costanza and Ruth, 

2001; Meadows, 2008).  

PLACE IN THESIS 

Figure 1.2 is a schematic representation of the water system elements that are all in 

themselves sub-systems, also consisting of stocks, flows and feedback loops. Each 

sub-system (represented by a sphere) on this wheel will be considered in further 

detail in the coming chapters. Note that the direction of influence between systems 

can go both ways and across to other spheres. 

Chapter 2 will be describing the current system conditions of each sphere in more 

detail (thought not in the exact same order), and make a qualitative assessment as to 

the extent in which each is meeting sustainable development objectives; Chapters 3 

and 4 enter into empirical analysis of sphere 4 (community values and acceptance) 

and sphere 7 (consumption and demand) enhancing the understanding of the 

interface between the empirical and value levels of the system (refer also figure 1.1).  
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Figure 1.2. The Urban Water System. (1-4) are system preconditions. These all 

influence (5) resource management paradigms, which in turn influence (6) urban 

planning and development, and finally influencing consumption patterns. Influences 

may flow both ways and also across to other elements.  Number (8) represents the 

overall state and/or desired outcomes. 

 

WHY URBAN WATER 

Water is a perfect example of a sustainable development challenge encompassing 

environmental, economic and social dimensions. Reconciling these three aspects is a 

significant policy challenge for governments (OECD, 2003b). Water is essential for 

life, and is considered a human right. Unfortunately, the phrase „human right to water‟ 

has become confused with „the right to abuse‟. Agenda 21 (UNCED, 1992) states “In 

developing and using water resources, priority has to be given to the satisfaction of 

basic needs and the safeguarding of ecosystems. Beyond these requirements, 

however, water users should be charged appropriately”.   

At 3.3 billion, urban populations currently account for about 50% of the world‟s 

people; this is predicted to reach 5 billion by 2030 (UNFPA, 2007). It is thus 

imperative to sustainable development that urban populations reconnect with the 
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ecosystems on which they depend. Through a transdisciplinary management 

framework, water, being ubiquitous in human life experience, may have the potential 

to bring together the economic and ecological systems for urban inhabitants, thus 

forging stronger ecological identities needed to drive the progression of sustainable 

development.  

BRIEF OVERVIEW 

Only 2.5 percent of all water on earth is freshwater. Freshwater is a unique raw 

material, essential for life, economic activity, and cultural identity. According to OECD 

and the World Water Assessment Programme (WWAP), global trends show a 

quadrupling in water demand due to industrialisation and irrigation and a decline in 

available water supplies by 40% since 1970; an increase in costs relating to more 

distant and poorer water quality supplies; with a corresponding increase in energy 

consumption to meet water demands (OECD, 2003b; World Water Assessment 

Programme, 2005). Freshwater, once considered the ultimate renewable resource, is 

currently utilised in terms of combined take and degradation at a rate exceeding the 

rate of natural replenishment in many regions of the planet. The old mindset that 

water is a free gift from nature continues to encourage squandering of the resource. 

Increasing occurrences of water scarcity on a global scale (Emerton and Bos, 2004; 

Gleick, 2006), the pollution and contamination of rivers and harbours, the 

disturbances to ecosystem integrity and ecosystem services, and thinly stretched 

fiscal resources available for infrastructure investments have combined to provide 

strong incentives for municipal governments to revisit the old water management 

paradigms (European Commission, 2002; OECD, 2003c). United Nations reports 

predict that by 2025 two thirds of people on the planet will face water shortages 

(World Water Assessment Programme, 2005). 

CURRENT TRENDS 

Cities across the world are today looking at alternative water management strategies 

to meet the demand for potable water and develop better ways of dealing with 

increasing amounts of nuisance run-off water. These new strategies include improved 

physical, technical and economic efficiency. 

The UNESCO Marseille 2001 Statement specifically recognises that the current state 

of urban waters worldwide requires actions that will: 
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 Facilitate and develop innovative ways for the delivery and financing of water 

services, including mixes of private and public ownership; and 

 Emphasize the development of novel approaches using emerging technologies 

that will reduce the use of treated water for sanitation, reduce leaks and waste, 

take advantage of rainwater as a resource, and that will lead to a fuller recycling 

and reuse of urban water. 

The statement further recommends: 

 Adoption of total integrated water cycle management in urban areas, by firstly 

identifying barriers to integrated management, and secondly, to search for means 

of improving co-ordination; 

 Integrated water cycle management should include conservative water and 

wastewater management through the integration of stormwater, groundwater, and 

surface water use, re-use of treated wastewater, and recycling; and 

 Striving towards efficient, effective and sustainable urban water systems based on 

appropriate full cost recovery, including the application of well-conceived, socially 

sensitive, subsidies ensuring affordability of service. 

The Millennium Ecosystem Assessment 2005 reports as its goal 7 to “halve the 

proportion of the worlds‟ population currently living without access to improved water 

by 2015”. 

PEAK ECOLOGICAL WATER 

In The World‟s Water 2008-2009, Palaniappan and Gleick discuss the current 

predictions of water stress, comparing the global water situation with the global 

situation of oil resources (Palaniappan and Gleick, 2008). Oil is a finite, non-

renewable resource that is consumed during its use; therefore, oil production will 

inevitably decline. Peak oil, thus, means the end of cheap, easy-to-access sources of 

petroleum, and any new sources of liquid fuel will be harder to reach and more 

expensive to extract. Water is a renewable resource and is not consumed in the 

global sense; therefore, water uses within renewable limits can in theory continue 

indefinitely.  

Further, oil is routinely transported over long distances from extraction to use, making 

it a global resource. Conversely, water cannot be economically transported over long 
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distances, making it primarily a local resource. Consequently, there is a global limit to 

oil production but constraints on water are only manifested regionally. One example is 

the use of groundwater beyond normal recharge rates. This follows a peak oil type 

curve including a peak followed by a steep decline in water production (Gleick and 

Palaniappan, 2010).  

Furthermore, while many water uses can be reduced or eliminated, a basic amount of 

water is necessary for life to exist and for which, unlike oil, there are no substitutes. 

As water supply projects increase water extraction from a watershed, the ecological 

services provided by water declines (Palaniappan and Gleick, 2008). At a certain 

point, the value of water provided through supply projects is equal to the value of the 

ecological services. Beyond this point ecological disruptions exceed the benefits of 

increased water extraction. Palaniappan and Gleick (2008) name this point „peak 

ecological water‟.  

Defined this way, many regions of the world have already surpassed peak ecological 

water; human inhabitants use more water than the ecosystem can sustain without 

significant deterioration and degradation. Another resonance in the concept of peak 

water is that like „peak oil‟ it signals the end of cheap and easy to access water, aiding 

the recognition of the value of water,  and the drive towards a paradigm shift in the 

way water is managed and priced. In this way, the concept of peak water helps move 

us towards using water in ways that improve the productivity, equity, and efficiency of 

water use. Though the concept „peak water‟ is flawed in key ways, it presents a 

direction for protecting and preserving precious water resources, a necessary step for 

a sustainable water future (Palaniappan and Gleick, 2008). 

PEOPLE AND WATER  

The way people regard themselves influences the effectiveness of demand 

management tools such as education, conservation policies and pricing. It is thus 

important for water resource managers (service providers and policy makers) to 

understand the community they are providing for, and specifically design pricing 

structures and other tools to a target audience. And vice-versa, greater public 

understanding of the issues related to environmental and economic water 

management may promote the change in paradigm and water conservation ethic 

needed to make the policy changes (Boven, 2003; Chapman et al., 2003; Landcare 

Research, 2003). 
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A „culture‟ can be thought of as the values, beliefs and norms that a group of people 

share; in that sense, „culture‟ conditions individuals, influences what they consider 

important and suggests courses of actions that are considered appropriate or 

inappropriate (Nelson, in  Millennium Ecosystem Assessment, 2005 p. 75). The 

demand for a certain good or service is thus influenced by the culture of that society, 

and is an important driver of environmental changes associated with the consumption 

of those goods and services (Millennium Ecosystem Assessment, 2005). Thus the 

demand for water for agriculture and industry, demand for water in the house, 

demand for water in situ as well as the demand for the maintenance of ecosystem 

services is constantly  influenced by the culture of a community.  

The reverse is also true: water has a significant influence on the culture and 

conditions of a society. Human settlements have always been closely associated with 

freshwater resources (Pearce, 2006). Loss of water resources have been the undoing 

of civilisations through over-use, water wars and terrorism (Gleick, 2006). The 

significance of the relationship between humans and rivers is illustrated by the word 

„rival‟, originally referring to those who share a common stream, a meaning closer to 

our present word for companion. Later, the word began to be applied to the 

competition that so often happens between persons seeking a common goal, 

depending on the same resource (Dictionary.com, 2009).   

People from every religion and culture also have spiritual connections to water, albeit 

dissociated with the water consumed for agriculture, in the house or in production. 

From the aesthetic values of water in nature, recreational uses, and religious rituals 

that often include water as symbolism, to its use in healing procedures, and the 

importance of its integrity for its life-sustaining purposes, a spiritual connection to 

water is commonplace in the modern world (see for example www.grander.com).  The 

interface of science and spirituality, and the interface of spirituality and economics, 

are areas left untouched by water managers and decision-makers.  

In the urban context the association with nature is to a large degree removed from 

reticulated water supplies. Only from events causing duress such as droughts, floods, 

and stormwater pollution events, are people reminded of the origins of freshwater and 

its place in ecosystems. However, without a clear connection made visible and 

explicit, the values of ecosystem services related to water remain vague concepts for 

the majority of people.   
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COUNTING ECOSYSTEMS AS WATER INFRASTRUCTURE 

Conventional water policies are generally steered towards lowest cost and highest 

profits, theoretically achieving the allocation of water to highest value use.  Policies 

also generally consider the cost of supply and value of demand in the pricing of goods 

and services. However, ecosystems, and their contributions to both the supply and 

demand side of the equation, are frequently ignored. 

WATER - GLOBAL AND NATIONAL 

On the global arena it has been recommended by the World Panel on Financing 

Water Infrastructure that for the global community to meet the Millennium 

Development Goals (MDG) to halve the size of the proportion of people in the world 

currently without access to safe water by 2015, financial flows to water infrastructure 

must at least double (Emerton and Bos, 2004). The World Health Organisation 

estimates the total annual cost of meeting the 2015 MDG target at US$9.5 billion, and 

for the United States the estimate of bringing water supply and sewage infrastructure 

up to current standards will cost more than US$1trillion over the next 20 years (World 

Water Assessment Programme, 2009). Most urban water pricing systems barely 

recover the cost of operations, and do not recover capital cost (World Water 

Assessment Programme, 2009).  

The importance of ecosystem integrity in delivering water related ecosystem services 

is well understood in both agricultural and urban settings. Current trends affecting 

water services include the intensification of land use and conversion from native 

vegetation to agriculture, increasing the soil erosion rates by an estimated  10 to 100 

times; climate change related effects from earlier snow melt causing downstream 

flooding, but delayed snow melt due to increased winter snow fall for higher altitudes; 

changes in wetland functioning due to decreasing water volumes, higher 

temperatures and higher intensity rainfall; reduced aquifer recharge rates from 

increased runoff rates in high precipitation areas, and from increasing drought 

intensities in lower precipitation areas; continued loss of freshwater species with 

reduced population sizes due to loss of water quality from pollution,  eutrophication, 

and temperature increases; fragmentation of water bodies due to damming; and 

reduced instream flows due to increasing competition for water use (World Water 

Assessment Programme, 2009).   
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Given that these trends are unlikely to abate, the potential for success in dealing with 

the financial challenge rests with the ability of planners, decision-makers and 

investors to take environmental effects into consideration. There is a need to make 

explicit the links between healthy ecosystems and secure water supplies, the 

importance of secure water supplies for healthy ecosystems, and the relationship 

between ecosystem status and water infrastructure (Emerton and Bos, 2004). 

Emerton and Bos (2004) suggest that there is another potential bonus from being 

explicit: that making ecosystem values visible and integrated into existing economic 

arrangements may lead to a new field of incentives and value-chains improving 

human well-being.  

By failing to invest in the ecosystems which maintain water quality and quantity, the 

lifespan and future profits from investments will be reduced and running costs may 

increase. There are current examples from around the world showing that investing in 

an ecosystem‟s capacity to deliver water services is cost-effective and have been 

preferred over traditional infrastructure solutions (e.g. in the Catskills Ranges, see the 

“New York Water Management Plan” (Isakson, 2002) and the Napa River Project 

(Napa County, 2008)).  

Current management of freshwater resources in New Zealand cities has been 

described as unsustainable and likely to develop into significant economic dis-benefits 

on regional and national scales (PCE, 2000a). Since the initiation of water reforms in 

New Zealand in the late 1990‟s, efforts have been made to improve the performance 

on both the supply and the demand side of the water equation. The Water NZ 2009 

conference theme was “Water 2020, From Fragmentation to Efficiency”, reflecting the 

concerns voiced by actors in the current water policy reforms including Chen (2009): 

“The key problems are that the extant system of water management is fragmented 

and that there are no mechanisms to draw it together to ensure that consideration is 

given to the whole of the system and whole of water catchment issues”.  

PRICING 

The Parliamentary Commissioner for the Environment (PCE) (2000) summarises that 

there are existing pricing deficiencies in water management throughout New Zealand. 

It is suggested that these are: a combination of historic distortions from subsidies; 

insufficient provision for renewals; an investment practise of funding debt but not 

equity; limited use of economic instruments to modify demand; no customer choice; 
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and social and political policies affecting pricing without transparency. Water in New 

Zealand is thus both underpriced and undervalued (Wilson, 1998). 

Research into water management in the Murray-Darling Basin propose examples of 

how different market and trading mechanisms may work on water prices, 

consumption and associated environmental effects across several political boundaries 

(Hatton-MacDonald and Young, 2001). The concepts of externalities, property rights 

and sustainability combined in an eclectic approach have contributed to 

understanding the problems of water management in the Murray-Darling Basin 

(Quiggin, 2000). Although the environmental issues are inherently different, a similar 

eclectic approach can be used to derive pricing and allocation policies compatible 

with low impact urban development designs in New Zealand. 

COMMUNITY PREFERENCES: ECONOMIC AND ENVIRONMENTAL 

A discrepancy between communities‟ values, perceptions and expectations on one 

hand, and water consumption behaviour on the other, can be explained by the 

decoupling of water as an ecological good and water as an economic good. The 

argument pursued in this thesis proposes that an analysis of consumers‟ 

understanding of pricing policies and their willingness-to-pay response to alternative 

pricing structures could clear the way for incorporating an extended subjective utility 

function, recognising that water is value-pluralistic. This means accounting for the 

socio-cultural and ecological values of water, and the value of ecosystems for water 

services. This would in turn allow resource managers to develop pricing policies 

reflecting the ecological values of water and a cost-benefit analysis based on such a 

function is likely to support the investment in decentralised, water-shed based 

reticulation models for low impact urban design.   

DAWN OF A NEW PARADIGM 

According to Boven (2002) the traditional dominant economic paradigm can be 

summarised as follows: 

 Individuals are rational and self-interested. They maximise subjective expected 

utility. Utility comes from consumption (Karmack, 2002; Samuelson and Nordhaus, 

1989). 

 The role of economic policy is to deliver the output to provide the consumption that 

individuals want. Production is constrained by capital and labour. Production 
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provides goods and services for consumption, and replenishes or increases stocks 

of capital and labour (Penz, 1986). 

 There are free gifts from the environment and free disposals may be made to the 

environment (Perrings, 1987; Samuelson and Nordhaus, 1989). 

 If activity damages the environment then prices or technology will remedy the 

problem; or property rights, taxes, tradable emission rights, quotas or prohibitions 

can be introduced to ensure adequate protection (Nordgaard, 1994; Nordhaus, 

1992; Prugh, 1999; Simon, 1990). 

 Economic activity is small relative to the potential of the environment. Technology 

will allow more efficient exploitation of the physical environment. If environmental 

stocks do become depleted then substitutes can be used (Lomborg, 2001; 

Nordhaus, 1992; Prugh, 1999). 

 Business activity in competitive markets, whether carried out by corporations or 

individuals, is useful because it is an efficient way to deliver the goods and 

services that provide utility for individuals. Business activity should be constrained 

as little as possible to ensure efficiency (Eichner, 1983; Prugh, 1999; Samuelson 

and Nordhaus, 1989). 

 Governments provide leadership. If environmental issues arise then governments 

have the obligation to resolve them (Woodwell, 2002). Despite this, governments 

should minimise interventions that restrict the freedom of business and individuals 

to pursue their own interests (Eichner, 1983; Samuelson and Nordhaus, 1989). 

 Beliefs and values are personal issues. “...Orthodoxy holds that people have an 

inalienable right to create their own values; accordingly any attempt to judge these 

values or replace them with others...is taken as anti-liberal and ultimately fascist” 

(Ophuls and Boyan, 1992). 

 Individuals cannot solve environmental issues. The best means to address 

environmental issues is socially responsible business (Robèrt et al., 2002) or 

government intervention (Saunders, 1999). 

 The paradigm may not be perfect but its deficiencies are at the margin. Outcomes 

can be improved by making the world behave more closely to the way the 

paradigm assumes it should (Wiles, 1983), and by selective use of environmental 

protection policies.  

Boven‟s (2002) thesis argued that each of the above paragraphs relating the 

dominant economic paradigm to the management of environmental resources 

contains a fundamental flaw and proposes changes that will aid managers to better 

understand how these inhibit the development of effective response to environmental 

issues. He proposes a revised paradigm, recognising that: 

 Individuals are rational and self-interested. They maximise subjective expected 

utility. Utility comes from consumption and may come from other sources including 

environmental outcomes, outcomes for others, social norms and personal norms. 
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 The role of economic policy is to deliver the output to provide the consumption that 

individuals want and to ensure sufficient environmental stocks remain to provide 

for future production. Production is constrained by capital and labour and inputs 

from the environment. Production provides goods and services for consumption, 

and replenishes or increases stocks of capital and labour, and may reduce 

environmental stocks. 

 Production depends on input from the environment. Activity may deplete 

environmental stock leading to eco-costs that reduce utility from consumption. 

Maximising activity does not necessarily lead to maximising output or utility. 

 If activity damages the environment then prices or technology will remedy the 

problem; or property rights, taxes, tradable emission rights, quotas or prohibitions 

can be introduced to ensure adequate protection. These policies may be difficult to 

implement because of opposition from corporate or individual business interests.  

 Economic activity is large relative to the potential of the environment so there is a 

risk of overshoot crisis as the transition ends. Technology may allow more efficient 

exploitation of the physical environment and help preserve or increase 

environmental stocks. If environmental stocks do become depleted substitute 

options may be limited. 

 Business activity in competitive markets, whether carried out by corporations or 

individuals, is useful because it is an efficient way to deliver the goods and 

services that provide utility for individuals. Constraints on business activity may be 

needed to protect environmental stocks. 

 If environmental issues arise then governments have the obligation to resolve 

them. Governments tend to follow the lead of business interests so a lot of support 

from individuals may be needed to get policies implemented. 

 Beliefs and values affect choices about activity. Influencing beliefs and values may 

be used as part of a strategy to influence economic and environmental outcomes.  

 Individuals can not solve environmental issues. The best means to address 

environmental issues is socially responsible business or government intervention.  

 The paradigm may not be perfect but its deficiencies are at the margin. Outcomes 

can be improved by making the world behave more closely to the way the 

paradigm assumes it should and by selective use of environmental protection 

policies. 

 

SUMMARY  

If ecological sustainability is a goal for society, policies must be developed that allow 

accounting for socio-cultural and ecological values. It is posited that a 

transdisciplinary research framework can identify system leverage points and barriers 

in the consideration of the urban water management systems currently hindering the 

adoption of sustainable development objectives in many urban centres.   
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First, the underlying system conditions must be described (Chapter 2) and the 

ecological identity construct of a community based on predominant attitudes be 

understood (Chapter 3). Then the willingness of the community to accept change 

towards more sustainable policies should be evaluated (Chapters 3 and 4); before 

finally a willingness to pay estimate for resource protection and ecosystem restoration 

can be interpreted (Chapter 4). Hopefully, this exercise provides the required input for 

developing a framework; and the integration of the findings can be used to assign 

appropriate value to the resource. In addition, understanding community preferences 

can be a way to assign value to behavioural changes, and be used to encourage a 

paradigm shift towards sustainable management of natural resources for urban 

communities (Chapter 5).  

 

AIMS AND OBJECTIVES 

The research can be divided into three main components: 1) an analysis of urban 

water sustainability; 2) an analysis of water usage and the pricing structure of water 

supply; and 3) an analysis of expected acceptance of a restructured and sustainable 

urban water system by user communities.  

Auckland City and Christchurch City are at the opposite ends of the water resource 

management spectrum in terms of their physical resources, charging policies and 

public relations. Subjecting consumers from both cities to the same survey  allows for 

understanding the influence of an identity construct on: 

 water use behaviours, 

 attitudes to and perceptions of water service provision,  

 attitudes to and perception of water charges,  and  

 the socio-ecological values of water resources and the local environments.  

This evaluation will provide the  baseline for a discussion on the role of a construed 

city identity in influencing management and policies that impede or encourage 

sustainable pathways, factoring in attitudes to water management, water use, water 

pricing and sustainable development. The objectives are addressed through the 

following research questions: 
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Research Question 1:  Is current New Zealand water management practice 

sustainable (Chapter 2)?  

a) Review best practise case studies, in particular policies and operating systems; 

b) Conduct a sustainability gap analysis on water management; and 

c) Identify changes needed. 

Research Question 2: What are the current consumer values and behaviour patterns 

regarding water use (Chapter 3)? 

a) Assess current attitudes amongst consumers towards water and water service 

provision; and  

b) Identify leverage points and suggest targeted drive for change. 

Research Question 3: What is the current consumer surplus for water related 

ecosystem services (Chapter 4)?  

a) Calculate consumer surplus estimates for Auckland and Christchurch; 

b) Compare Auckland and Christchurch willingness to pay motivations; and 

c) Assess the relationship between pricing practice and attitudes towards water. 

Research Question 4: What would a transdisciplinary framework for water 

management entail (chapter 5)? 

a) Assessing the most appropriate pricing structure; 

b) Guiding principles for a sustainable water authority; 

c) Building communication and understanding across management fields and 

with the community; 

d) A recommended  pathway for reform; and 

e) A recommended itemised assessment schedule.   
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CHAPTER 2 NEW ZEALAND WATER 

 

“Water goes where water goes” 

- Chinese proverb 

 

CHAPTER OUTLINE 

This chapter assesses the current condition of the New Zealand water sector, and 

explores the so far untapped potential in water management to make a major 

contribution to sustainable development by being the agent that connects urban 

social, economic and ecological systems. Firstly, the hydrological conditions in New 

Zealand are described (Figure 1.2 sphere 1).  The chapter then provides a brief 

history of the development of the legislative framework and presents some of the 

current challenges facing water policy reforms, including the issue of indigenous 

ownership rights (Figure 1.2 sphere 5). Infrastructure and asset investment for urban 

water services will be discussed (sphere 2), followed by a section on current pricing 

policies (sphere 3). Social conditions and community values, and their connection to 

consumption are described next (spheres 4 and 7), before the idea of counting 

ecosystems as water infrastructure is presented. Finally, risk factors associated with 

climate change brings the description of the systems full circle. Each section identifies 

gaps in meeting sustainable development objectives, and how this research may aid 

the progression of development in those areas. The chapter concludes with a more 

detailed description of the case studies; Auckland and Christchurch cities.  

AIMS 

To identify gaps within the New Zealand water management framework and to 

highlight how attention to those gaps may assist sustainable development progress.  

In particular, consideration will be given to the interfaces of the social, economic and 

ecological systems, and will be further developed in the specific context of the two 

case studies. 

 

INTRODUCTION 

Sustainable development can be described as seeking progress across quadruple 
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bottom lines - economic, social, cultural and environmental - in which none take 

precedent over the others (PCE, 2000a; Chapman et al., 2003). One of the main 

challenges for sustainable development is to identify paths that advance the four 

bottom lines simultaneously; especially in the context of the management of 

freshwater and urban environments.  

Through the process of urbanisation, the connection between urban consumption and 

ecosystem services is commonly obscured, causing the ecological health in urban 

environments to be under-valued, under-funded and often compromised. In fact, it 

could be argued that the decoupling of economic and ecological systems for the 

urban populations at large, could explain the current lack of progress towards 

achieving sustainable development objectives. Water, being at once an economic 

good, ecological good, a socio-cultural good, and a product of and the producer of 

ecosystem services, may have the potential to become an „agent‟ through which 

urban communities can reconnect with life-sustaining ecosystem services, creating 

public support for (re-) investment in natural capital, and the restoration of degraded 

ecosystems (Emerton and Bos, 2004; Craig and Vesely, 2007).  

Over 85 % of New Zealanders now live in towns or cities.  The urban populations, and 

their consumption footprints, continue to grow rapidly (MfE, 2003). The current trend 

of decreasing household size causes the number of households to increase at a rate 

greater than the net population growth, thus amplifying stresses on water supplies in 

some places, water and wastewater infrastructure, stormwater management, and 

associated ecosystem processes (Liu et al., 2003, OECD, 2003a).  As a 

consequence, the New Zealand water sector has over the last decade been 

undergoing reforms to its governance structure, pricing policies, level of stakeholder 

involvement and improved accounting of environmental effects (PCE, 2000b; PCE, 

2002; MfE, 2003; MfE and MAF, 2003; PCE, 2004; Smith, 2009).  

This chapter examines how current policies and infrastructure investment strategies 

fail to contribute to sustainable water management, as set against the current 

legislative framework governing the use of natural resources. It draws from both New 

Zealand and international literature regarding challenges and opportunities of water 

management reform. A few major reports have been commissioned that specifically 

aim to provide sustainable water management solutions, each with a different focus. 

They include the following: 
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Innovative governance and regulatory design: managing water resources. By N. 

Gunningham for Landcare Research Manaaki Whenua LTD, August 2008. The report 

concerns the Canterbury Region, and was part of the Old Problems New Solutions 

project.  

Sustainable Freshwater Management: towards an improved New Zealand 

approach. By Aqualink Research LTD for New Zealand Business Council for 

Sustainable Development, August 2008. Its scope was to develop a robust water 

allocation model to meet a mixed planning and market-based framework and to 

assess the transition from the current model.  

New Zealand Water Management Reform. By Frontier Economics Pty, LTD for 

Meridian Energy, February 2007. The scope of the report was to develop a 

sustainable water management policy in New Zealand, based on a clean-slate 

approach and drawing from international experience in water reforms.  

Resource rent: have you paid any lately? By Scherzer and Sinner for Ecologic, 

December 2006. A report aimed to increase the understanding of the concept of 

economic / resource rent as it may relate to water management.  

By combining the findings of these reports with an extension of the literature where 

necessary, the chapter attempts to present a comprehensive picture of the current 

reform process and the challenges entailed within. Further, the chapter identifies the 

lack of understanding the interface of cultural-ecological values and consumption as 

an area in need of further consideration.  

 

HYDROLOGICAL CONDITIONS  

New Zealand is considered a „water rich‟ country (OECD, 2003b) with an annual 

precipitation between 300,000 million and 600,000 million cubic metres (m3). The 

World Resources Institute (2009) lists the actual available renewable water resources 

per capita for the world as 8200 m3 per annum, for Australia as 23,900 m3 and for 

New Zealand as 79,900 m3. The numbers represent the maximum theoretical amount 

of water actually available, but in reality, a substantial portion of this water may be 

inaccessible to people (World Resources Institute, 2007). 
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New Zealand is located in the mid-latitudes (35°05‟S to 46°26‟S) and has a climate 

that ranges from the sub-tropical in the north to temperate zones in the south, and 

that is heavily influenced by local topography and the surrounding oceans. In most 

areas rainfall is high in the winter and low in the summer (Statistics New Zealand, 

2004b). The highly varied terrain on both islands, with the South Island being virtually 

split lengthwise by the Southern Alps, means that rainfall varies in space and time 

(Aqualink Research LTD, 2008). This geography combined with prevailing westerly 

winds is creating precipitation distribution patterns of a dry east and a wet west, 

yielding regional occurrences of droughts and water scarcity on one hand, and storm 

events on the other (MfE, 1990; MfE and MAF, 2003). For instance, the annual 

precipitation in the West Coast region is 430 times higher per person than the 

Auckland region (Statistics New Zealand, 2004b). Rainfall patterns in New Zealand 

are also affected by the El Nino Southern Oscillation and the Interdecadal Pacific 

Oscillation, influencing the prevailing westerly winds.  A drought caused in the east of 

the country in 1997-98 by the El Nino weather pattern was estimated to have cost 

New Zealand around 1 billion dollars overall, and had significant effects on the 

economy (Aqualink Research LTD, 2008).  

Water storage in glaciers, snow, aquifers and lakes provides buffers from the 

seasonal fluctuations of water availability.  

WATER DISTRIBUTION 

In New Zealand, 60% of the allocated water comes from rivers and streams, 34% 

from groundwater resources, and 6% from lakes and reservoirs (Aqualink Research 

LTD, 2008, Berry and Hunter, 2008).  Urban water consumption accounts for 

approximately 9% of the total take of water, with industrial production accounting for 

some 11% and the balance (84%) is drawn for agricultural purposes (Aqualink 

Research LTD, 2008). Information from regional council‟s water take permits has 

shown a 50% increase in the allocation of water between 1999 and 2006, due to the 

increase in land area under irrigation (Aqualink Research LTD, 2008; Berry and 

Hunter, 2008). The allocations are far from evenly distributed between regions; 

Canterbury alone takes 58% of the total allocated water, Otago around 18%, all other 

regions making the remainder 24% (Frontier Economics, 2007; Landcare Research, 

2008).  

The World Resources Institute lists the 2007 world average per capita total withdrawal 
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as 632 m3 per person, and the New Zealand annual withdrawal as 553 m3 per person.  

Statistics New Zealand (2004) reports the 2001 total municipal and domestic take of 

water in New Zealand at 636 million m3, which in effect was 166m3 per person per 

year, or 455 litres of water per person per day.  

SUMMARY 

New Zealand is a water rich country, but with variable precipitation patterns according 

to latitude and topography. Freshwater resources are mainly from surface run-off, but 

in some areas aquifers are significant providers of water for consumption. Current 

challenges include establishing stock accounts and monitoring frameworks, for the 

quantity, quality and value of significant natural water bodies. This research aims to 

contribute to understanding to what degree people are influenced by the state of the 

current hydrological and ecological environment as seen in their attitudes towards 

water use and water pricing.  

 

LEGISLATIVE CONDITION 

The New Zealand Institute of Economic Research (NZIER) (2004)  posited that in the 

evaluation of infrastructure development and policies meeting  sustainable 

development goals, two key questions to be answered were: (1) are there governing 

institutions in place to dynamically take account of environmental and social 

externalities associated with infrastructure; and (2) how well do these work? Aqualink 

(2008) reports two main shortcomings of the current legislative framework in New 

Zealand: (1) the current planning process is lacking capacity when determining 

instream and water take values from a values-based framework and in the integration 

of community expectations; and (2) current allocation policies of water takes are not 

being optimised towards highest value use.  

THE RESOURCE MANAGEMENT ACT  

Regional councils regulate water allocation and make provisions for water usage in 

regional plans in accordance with the principles of the Resource Management Act 

(RMA) (1991). The hierarchical structure of the RMA sets out statutory and non-

statutory requirements for the preparation of national, regional and district plans and 

policy statements.  Regional councils are required to prepare regional policy 

statements, governing the use of regional resources including land, water, air and 
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coastal management. Territorial Local Authorities (TLA‟s) regulate water supply, while 

water services and wastewater treatment is provided by trading enterprises (private or 

publicly owned) in accordance with the Local Government Act (2002). Regional 

councils may prepare regional plans (non-statutory), however district and city councils 

have a mandatory requirement to prepare plans regarding land use planning, noise 

and subdivision controls (Dixon, 2005). Under the RMA resource use is allocated 

according to the attainment of a resource consent, the application for which requires 

the preparation of an Environmental Effects Assessment (EEA) of the proposed 

activity.  

Thus, under the RMA (1991) regional councils/unitary authorities have the primary 

responsibility for managing freshwater in New Zealand. They have the power to: 

 Control land use to maintain and enhance water quality and aquatic ecosystems, 

and maintain water quantity; 

 Control the use, taking, damming and diversion of water and the quantity, level 

and flow of water in water bodies, including setting maximum and minimum flows, 

and controlling the range and rate of change of flows or levels; 

 Control the discharge of contaminants and water into water; and 

 Establish rules in a regional plan to allocate: 

o the taking of water; and 

o the capacity of water to assimilate a discharge of a contaminant. 

TLA‟s and local service providers are responsible for infrastructure asset 

management and investment, development of pricing policies and management of 

demand. 

ALLOCATIONS 

The provisions set out above allow regional/ unitary authorities to create rules 

regarding allocation of freshwater among competing uses such as instream 

environmental uses, irrigation, hydropower generation, and recreation (Gibbs and 

Bennett, 2007). A range of approaches to water allocations exist. The best known 

policy in water rich environments is based on the first-in-first-served model. Other 

policies for allocations in water stressed catchments include the setting of minimum 

environmental flows, capping the take, moratoriums on new allocations until existing 
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ones expire or water becomes available, rationing schemes adjusting existing 

allocations and the right for anyone to apply for a water conservation order (Chen, 

2009).  Water conservation orders can protect water for its value as habitat or fishery, 

for wilderness, recreational, historic, spiritual, cultural and scenic purposes (Chen, 

2009).  

The first-in-first-served model should in theory prevent over-allocation because permit 

applications are considered in order of application, and when granted, a second 

permit cannot be granted if this would reduce the amount of water available to the first 

consent. In fully allocated catchments, a new applicant must obtain a transfer of an 

existing permit or wait for an existing permit to expire. However, Aqualink (2008) 

proposes that as more catchments move into a water reality that is constrained with 

increasing competition between different uses and creating a changing value base of 

the competing uses, a value-based framework should replace the effects-based 

model. With the number of fully allocated catchments rising, the idea of water trading 

also requires serious consideration (Gibbs and Bennett, 2007).   

PLANNING 

One recurring concern voiced in New Zealand is the lack of central strategic direction 

for resource management and infrastructure investment. Lack of foresight and 

planning has been blamed for shortcomings regarding the delivery of public goods 

and services including the management of water resources. 

Dixon (2005) points to the significant omission from the RMA of a strategic 

environmental planning, or a Strategic Environmental Assessment (SEA) 

requirement, and that the RMA makes no reference to „planning‟. She also notes that 

there is no specific requirement to report on sustainability as a part of the planning 

process (other than to meet section 32 requirements of an analysis of costs and 

benefits), that no provision is made for an independent review of the SEA planning 

process, and concludes that the mandate for strategic environmental assessment is 

thus limited within the act.  

Dixon (2005) also identifies the revised Local Government Act (2002) as having a 

stronger focus on planning, in which Council Community Plans are intended to 

become the strategic planning document within councils.  In conclusion, Dixon (2005) 

argues that the level of SEA practice within New Zealand resource management 
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depends largely on the linkages between the two statutes (LGA and RMA), and the 

integration of these with central government initiatives such as the Sustainable 

Development Programme of Action  (MfE, 2003). 

The water sector has similarly suffered from a lack of central government guidance. In 

particular, some districts have been disadvantaged by the lack of resources for water 

monitoring, and for the development of pricing and allocation policies. In many 

districts, both urban and rural, access to unlimited water is perceived as an 

entitlement rather than a privilege, associated with a reluctance to accept changes in 

pricing policies (Keogh, 2009).  

NEW START FOR FRESH WATER 

The RMA was reviewed and amended in 2005, and included changes to improve 

national leadership in water management. These include that a National Policy 

Statement (NPS) directing Regional Policy Statements and Plans to contain certain 

objectives and policies must now be implemented as soon as practicable, without 

using Schedule 1, but with public notification of the changes within 5 days of changes 

taking effect (s.55); that directives can be issued for Regional Statements and Plans 

to address a certain resource management issue; and finally,  it is giving the Minister 

of the Environment the capacity to bring projects of „National Importance‟ before an 

appointed Board of Inquiry. Amendments were also made to improve resource 

allocations, giving councils the power to include rules to allocate water in regional 

plans; to consider consent applications with priority to existing consent holders but to 

assess on efficiency, good industry practice and compliance history; and to allow the 

transfer of discharge permits if this does not worsen the effect on the environment.  

A cabinet paper titled „A new start for fresh water‟ was published in 2008. The report 

sets out a three pronged approach to cement the current water reforms (Smith, 2009): 

 A stakeholder led Land and Water Forum collaboration process, which seeks 

consensus on directions; 

 Continue negotiations with Māori regarding cultural and economic values, and the 

co-management processes of the Waikato River Settlement;  

 Central government work to be continued: A proposed NPS for Freshwater 

Management is in progress, currently under review by a Board of Inquiry which is 

due to make its recommendations by January 2010; also four National 
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Environmental Standards (NES) are in effect or are under development, including 

two related to this thesis: (1) Human Drinking Water, in effect from 20 June 2008; 

and (2) Measurements of Water Takes, approved February 2008; Ecological 

Flows and Levels; and On-Site Waste Water Systems.  

One of the main challenges currently voiced is the historically contentious relationship 

between the Crown and Māori with regards to water management and water rights. 

The next section provides an overview of the issues present.  

 

THE RELATIONSHIP OF MĀORI WITH WATER 

 

“Ko au te Awa, Ko te Awa ko au” 

(I am the river and the river is me) 

- Whakatauki (proverb) of the Whanganui people 

 

The RMA (1991) s.6 requires the recognition of matters of „national importance‟, 

including “the relationship of Māori and their culture and traditions with their ancestral 

lands, water, sites, waahi tapu (sacred sites), and other taonga (treasures)”. Further, 

section 7 requires that particular regards be had to kaitiakitanga (guardianship). 

Section 8 states that all persons exercising functions and powers under the RMA 

“shall take into account the principles of the Treaty of Waitangi”. The next section of 

this chapter gives an overview of the current situation between the government and 

Māori in terms of water management reforms. 

Water is central to Māori cultural and personal identity, and well-being. Rivers 

and lakes carry ancestral connections, identity and wairua (spirit) for whanau 

(family), hapu (sub-tribe) and iwi (tribe). Also, through the cultural practices 

associated with food gathering, matauranga Māori (traditional knowledge and 

wisdom) is retained and celebrated for future generations (MfE, 2008b).  

Oliver and Steele (2009) refer to a passage of the NZ Waitangi Tribunal Whanganui 

River report (Wai 167), 1999):  
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Water, whether it comes in the form of rain, snow, the mist that falls upon the 

ground and leaves the dew, or the spring that bursts from the earth, comes 

from the longing and loss in the separation of Rangi-o-te-ra and Papatuanuku 

in the primal myth. The tears that fall from the sky are the nourishment from the 

land itself. The life-giving water is founded upon a deep quality of sentiment 

that, to Māori, puts it beyond the realm of a mere commodity and places it on a 

spiritual plane… (NZ Waitangi Tribunal, 1999 p.4.). 

And continue:  

Wai (water) is a taonga (treasure) of paramount importance to Māori as it 

forms an integral part of both the ecosystem and the cosmology of the 

environment. Water has mauri (life-force) and as such must be kept in its 

natural state as far as it is possible to do so. Water as Wai ora (the purest 

form) sustains, protects and enhances life. It is essential for the wellbeing and 

nourishment of all things whether it be in the physical or spiritual realm. It is 

avoided if it is unclean whether physically or spiritually, and cannot be purified 

without effort. As such the protection of water is essential and as Ngatiwai we 

have our own kaitiaki (guardian) and taniwha (spiritual guardian inhabiting 

water) to enforce such. This relationship with water is indivisible and as such 

cannot be viewed within the precepts of western ownership (NZ Waitangi 

Tribunal, 1999p.5). 

Māori believe there has been a reduction in the mauri of the water through the 

reduction of the relevance and importance of the kaitiakitanga (the exercise of 

guardianship by tangata whenua) ethos (MfE, 2008b). 

INDIGENOUS OWNERSHIP RIGHTS 

The statutory position under the RMA section 354 maintains the sole right to take, 

use, dam, divert or discharge into natural waters is vested in the Crown. The key 

restrictions on the taking and use of, and discharge into, water are contained in 

sections 14 and 15. In essence, this suggests that unless allowed “as of right” under 

paragraphs 14(3) (b)-(e), the taking and use of water and discharges into water 

remain prohibited unless expressly authorised by a resource consent, or a rule, in a 

regional plan or relevant proposed plan (Gibbs and Bennett, 2007). However, Māori 

argue that they have aboriginal rights to water and that these rights have not been 
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extinguished by either common law or by statute, and that there at least seems to be 

room for this argument to be upheld where traditions are observed by relevant local 

groups.  

Gibbs and Bennett (2007) also explain how strengthened co-management 

arrangements could satisfy Māori claims to ownership of the resource (Waikato River 

– draft agreement):  

Māori argue that the current system of water allocation does not protect Māori 

rights to water nor does it provide for sufficient consultation with Māori. 

Concerns have been raised that the implementation of the Sustainable Water 

Programme of Action (SWPA) will create property rights to water without 

adequate recognition of Māori rights to the resource. These are based on two 

main arguments, firstly, Māori claim customary rights to water and water 

bodies, and secondly, water is taonga and should as such be protected under 

article 2 of the Treaty of Waitangi. The government response [has been] that 

water is a public resource and does not support the notion of tribal ownership 

of natural resources.  

This question has still not been dealt with directly in the courts or in legislation. 

Although no legislation dealing with water acknowledges any pre-existing Māori rights 

in waterways, it would be incorrect to conclude that that all Māori customary rights 

relating to water and water ways in New Zealand have been extinguished. Māori call 

for these issues to be directly addressed in the SWPA (Gibbs and Bennett, 2007).  

Stebbing (2008) has set out the outcomes sought by Māori from the current reform 

process (in Chen, 2009): 

 Enhanced recognition and participation in decision-making at national and regional 

level; 

 Incorporation of tangata whenua interests and values into relevant policies, 

including NPS and NES affecting freshwater; 

 Provision for economic and cultural use for Māori in allocation decisions; 

 Involvement in future allocation mechanisms and possible tradable rights; and 

 Ultimately, a national settlement of Māori rights and interests in water. 

Although the SWPA acknowledges Māori claims to freshwater and their aspirations to 
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participate in freshwater decision making and management as Treaty partners, the 

proposed action is to “work with Māori to develop and implement opportunities for 

engagement, to improve participation in statutory decision-making processes, and to 

develop guidance for councils on incorporating Māori values in policy-making and 

planning” (MAF and MfE, 2006; Cabinet paper: Sustainable Water Programme of 

Action, Implementation Package, in Gibbs and Bennett, 2008).   

The current cabinet position as presented in the Turnbull Group Report has been to 

acknowledge Māori interest in water and referring to co-management of freshwater 

resources, with the issue of ownership interests remaining absent (Chen, 2009).  

However, participation from Māori in the water reform process is seen as fundamental 

to the success of the process, and the presence of iwi at the current Land and Water 

Forums is seen as a gesture of goodwill (Smith, 2009). 

SUMMARY 

Thus it appears that a legal platform is currently being constructed from which the 

ecological, social, cultural and economic bottom lines can be sought. One of the main 

challenges remains the issue of indigenous ownership rights, and the consideration of 

consultation vis-à-vis co-management arrangements such as with the Waikato River 

Settlement. Another challenge relates to establishing good practice for strategic 

environmental planning, especially with regards to integrated water management. It 

also appears that effort is needed to acquire a greater understanding of communities‟ 

expectations of future water services, and value-based allocation models as 

catchments experience higher resource constraints. The importance of participatory 

decision-making in natural resource management, and the opportunities inherent in 

co-management structures are in particular highlighted by a transdisciplinary 

management framework.  

 

INFRASTRUCTURE 

The aim of this section is to review literature concerned with the current transition 

from the old linear „big-pipe‟ to the „source for purpose‟ and „catchment water balance‟ 

management strategies and the current provision for, or impediments to, sustainable 

water management in urban New Zealand.  
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BRIEF HISTORY 

The “big-pipe-in big-pipe-out” centralised water management strategies have been 

the norm in almost all industrialised cities for the last 150-200 years, driven by the 

huge health benefits experienced as a result of improved sanitation in the mid to late 

1800‟s (Livingston et al., 2004). The rapid rate of urban development that continued 

through the following century was in large facilitated by improvements in 

infrastructure. The designs of these systems reflect the general paradigm related to 

natural resources of the time, considering water a gift from nature and assuming free 

disposal of polluted water to the environment. In most cities, pipe sizes and water 

pressure are based on predicted population growth and fire-fighting needs, thus 

allowing in particular household water pressure to supersede needs and thereby 

contributing to wastage. 

Many industrialised cities commenced major infrastructure expansions during the 

1930‟s economic depression. Infrastructure components are commonly replaced or 

upgraded approximately every 80 years (OECD, 2003b). As one such cycle is 

currently drawing to an end most OECD countries have taken stock (i.e. CEDC, 2003) 

and explored management alternatives for the coming century. Indeed, both water 

supply and the built environment are considered core issues in the worldwide effort to 

realise sustainable development goals (World Water Assessment Programme, 2009).  

Although reform is taking place, the main role of governments remains: to establish 

the regulatory policy framework stipulating that resources from water sector 

stakeholders including users, financial markets, capital markets, local government 

budgets and trading enterprises be mobilised to achieve agreed goals cost-effectively. 

Today, sustainable development rhetoric has broadened the goals to include the four 

bottom lines. Also, the assumption is now that governments should neither finance all 

or most environmental infrastructure projects (OECD, 2003a).  

A recent report  “Financing Water for All” by the World Panel on Financing Water 

Initiative, estimates that to meet the goals of the World Summit in Johannesburg 

(2002) to “halve the population without access to safe water and basic sanitation by 

2015”, the total global annual expenditure needs to double (OECD, 2003a). It is 

imperative for governments to create environmental financing strategies, thus 

providing a framework for costing environmental targets. In the absence of such a 

strategy, there is a risk of ad-hoc prioritisation potentially resulting in a non-optimal 
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distribution of investment funds (OECD, 2003a). It is also stressed that the process of 

preparing a strategy is as important as the fiscal calculations, that the inclusion of all 

stakeholders promotes consensus building and effective implementation.  A financing 

strategy aims to close the gap between required and available finances, mainly 

through a combination of (1) cost reduction related to efficiency improvements; (2) 

increased supply of finance; and (3) a reduction of the target.  

Although efficient provision of clean, high quality drinking water combined with the 

removal of waste as far and as quickly as possible from residential congregations 

remains the focus of infrastructure policy and planning, concerns for the environment 

and the effects of urban growth on water cycles have in the last few decades attained 

more and more attention (Livingston et al., 2004). For water, as for many other 

renewable natural resources, the idea of free gifts and free disposal must today be 

considered somewhat archaic (Boven, 2003). Indeed, it is highly appropriate to 

conduct thorough investigations into traditions of wasteful behaviour, economically 

and/or ecologically inefficient water supply. 

INFRASTRUCTURE AND SUSTAINABLE DEVELOPMENT 

Infrastructure supports growth and sustainable development by providing services as 

input to other productive processes (e.g. energy and transport) and as outputs going 

directly to final consumption (e.g. potable water, sanitation). Traditionally, 

infrastructure assets have the following characteristics (NZIER, 2004): 

 capacity can only be adjusted in large “lumpy” increments; 

 high initial fixed cost and low marginal cost of supply; 

 high sunk costs and risk of asset stranding as conditions (such as tastes and 

technology) change; 

 multiple end users of the services, spanning production and final consumption; 

 externalities not reflected in service charges (so may be regulated); and 

 scale and regulatory hurdles create long lead times for installing new capacity. 

The magnitude of capital investment in infrastructure sectors places great importance 

on the effective and efficient management of the assets, including reinvestment and 

maintenance practices (CEDC, 2003). Water related assets include water capture, 

treatment (including wastewater treatment), bulk distribution, local reticulation and 



42 New Zealand water 
 

42 
 

irrigation. For example, drinking water and sewage assets owned by local government 

in New Zealand in 2003 were valued at over $3,000 million (CEDC, 2003). The report 

“Funding Auckland Regional Stormwater” prepared by Infrastructure Auckland, 

PricewaterhouseCooper, and Territorial Authorities in the Auckland region, notes that 

up to six times the current level of funding dedicated to stormwater management may 

be needed to meet the issues associated with the region‟s stormwater management 

(CEDC, 2003).  

Linkages between economic growth, productivity and infrastructure are described by 

O‟Fallon (2003). The research reviews recent literature mainly commissioned by the 

World Bank and OECD, and in particular points to the evidence provided for the 

existence of a link between productivity, economic growth and the provision of 

adequate infrastructure (incl. physical networks associated with energy, gas and 

water supplies, transport, telecommunications sanitation and waste, drainage and 

flood protection). Inadequate supply of infrastructure or unreliability in services may 

inhibit the investment of productive capital or restrict/reduce output; efficient 

infrastructure use and management has the possibility of greatly affecting economic 

productivity (O'Fallon, 2003).  

The literature does, however, indicate that the causality is ambiguous (does growth 

support improved infrastructure, or do infrastructure improvements initiate growth?). 

Further, it is suggested that infrastructure does not create economic potential, only 

develops it where appropriate conditions (such as labour and private capital) exist. 

Kessides (1993) identifies four conditions necessary to realise positive economic 

growth impacts: (1) a macro-economic climate conducive to efficient resource 

allocations; (2) the presence of sufficient other inputs (e.g. labour); (3) demand 

considerations of service prices and demand elasticity, and not just projections of 

physical capacities needs; and (4) the application of user-charges that reflect demand 

conditions and non-market externalities to ensure economic and environmental 

efficiency (in O'Fallon, 2003).  

These conditions imply that (1) planning of supply should consider all possible 

alternatives, including demand management, to generate the services demanded; (2) 

choosing between options requires a benefit-cost analysis which should consider total 

economic costs and benefits; (3) demand orientation require performance indicators 

reflecting provision of information, quality and user satisfaction, not just physical asset 
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and financial performance.  

In relation to the efficient use of infrastructure, O‟Fallon (2003) identifies authors 

(Willoughby, 2002; Canning and Pedroni, 1999; and Hulten, 1997 in O'Fallon, 2003) 

positing that there might be an optimal level of infrastructure maximising the growth 

rate, and that infrastructure construction may even have a perverse effect on growth if 

it draws scarce resources away from maintenance and operation of existing stock.  

Canning and Pedroni (1999) pose the question of “what is the net effect of more 

infrastructure taking into account that infrastructure construction diverts resources 

from other uses?” as opposed to “what is the effect of more infrastructure holding 

everything else constant?” This proposition would imply a national benefit-cost 

framework that makes explicit trade-offs between types of infrastructure investment, 

not just different options for a type of infrastructure. Haugwout (2002) provides 

evidence that the price of land embodies improvements to geographically localised 

infrastructure services and, thus, that the benefits of such services are privately 

captured (in O'Fallon, 2003).  

Some of the conditions considered to maximise infrastructure‟s contribution to 

economic growth include the application of user charges that reflect supply and 

demand conditions and externalities (Pinnacle Research, 2003, in CEDC, 2003). 

Questions remain about whether there are any externalities that are not assigned in 

this process and what the implications are for infrastructure services provision 

(O'Fallon, 2003).  

The CEDC (2003) Attachment 3 also identified the following issues as critical to 

achieve sustainability objectives:  

 sustainable use of scarce resources; 

 demand management through pricing, education and other behaviour-changing 

instruments (which in many instances require alternative modes of service to be 

available to users); 

 efficiency improvements in supply; and 

 innovative solutions such as use of smaller scale alternatives and alternative 

supply sources. 

The report goes on to state that “at the highest level, the Government‟s infrastructure 
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role is to ensure that infrastructure makes its full contribution to sustainable 

management”, and that “poorly developed policies can, on the contrary, result in over-

reliance of supply rather that demand management, failure to align sector 

performance to government objectives, inefficient pricing and deterrence of timely 

investment in new capacity” (CEDC, 2003).  

NZIER (2004), propose the following rationale for infrastructure policy, consistent with 

outcomes inferred from various government documents: 

 Security and reliability in the provision of infrastructure services; 

 Provision of services at reasonable cost, i.e. one that reflects full input costs 

(including environmental costs), and provides both competitive prices for 

consumers and sufficient return to ensure continuing investment; and 

 Inclusion of environmental accountability, so that adverse effects on the natural 

environment and cultural interests, or the cost of remedying those effects, are 

reflected in the resource input prices, or otherwise taken into account in 

consumption and investment decisions. 

Government policy directives relating to infrastructure‟s role in sustainable 

development include the Sustainable Development Programme of Action (SDPoA) 

and the Growth and Innovation Framework (GIF). In these directives, water allocation 

and use; drinking water quality and land use management; and the identification and 

protection of water bodies of national importance, have been identified as issues of 

concern (PCE, 2000a; MfE, 2003; MfE and MAF, 2003).  

Table 2.1. Key questions in practical policy assessment in relation to water supply 
(adapted from NZIER (2004)). 

Is there a problem? Yes; increasing demand and increasing 

stormwater/wastewater output 

If so what causes it? 
Urban development and population increase, climate, slow 

uptake of alternative technology, water pricing policies 

(under-pricing). 

What can be done to resolve it? Policy changes encouraging behavioural change, supporting 

cost recovery, investments in non-asset components 

(rainwater tanks etc.) 

Who is best placed to remedy 
it? 

MfE; TLA’s; iwi and stakeholders in collaboration 
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The key questions about infrastructure performance in contributing to well-being over 

time, as related to urban water management, is summarised in Table 2.1. The most 

important question to answer in terms of success may be the last on the list: if there is 

a problem who is best placed to remedy it? In water management, the failure to 

consider this, and the failure to embrace the answer fully, will construct lasting 

barriers to the uptake of, and commitment to, sustainable development objectives 

across all sectors.  

NZIER (2004) suggests the following as a possible articulation of an economic bottom 

line for infrastructure policy based on the overarching GIF directive: to return New 

Zealand to the top half of the OECD and to maintain that standing. Implicit in this goal 

is reliable infrastructure services at reasonable cost that do not pose impediments to 

new investment across the economy. The efficiency of operation is a common 

measure of urban water management performance. Traditional economic efficiency is 

often assessed by benchmarking, and will give the water utility companies a 

comparative measure of performance in the delivery of service at least cost (Atkin, 

2002, Chapman et al., 2003).  To meet sustainable development objectives however, 

an alternative eco-efficiency perspective is a more appropriate measure. Eco-

efficiency considers resource input, such as electricity, chemicals and water itself, and 

pollutant output, such as greenhouse gasses, per cubic metre of water delivered 

(Sydney Water, 2000; Chapman et al., 2003). 

The Auckland Water Group has since 2004 published annual performance reviews for 

all service providers in the Auckland region (Auckland Water Industry, 2004). With 

that model, Water New Zealand (previously New Zealand Water and Waste 

Association) recently published the results for a pilot performance review comparing 

service providers from around the country for the following indicators: three waters 

infrastructure assets (pipe length, volumes); environmental well-being (water loss, 

combined sewer system lengths, overflow events); social well-being (written 

complaints response times, consultation policy, unplanned interruptions, pricing - 

equity concerns); and economic well-being (revenue, costs)  (Water New Zealand, 

2009a). No account is made for energy use, stand alone infrastructure components or 

catchment water balance. 

SUMMARY 

The global perspective on environmental infrastructure is changing; the water sector 
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is undergoing reform in many countries. It has been suggested that the over-provision 

of infrastructure draws resources away from other efforts to sustain growth, and that 

demand management thus may be the more efficient strategy. Current trends include 

a change in the treatment of water services as public goods fully funded by 

governments towards a shared private-public financing model; moving from the linear 

„big-pipe-in-big-pie-out‟ water use model towards a „catchment water balance‟ model, 

including new technologies for water recycling and fit for purpose sourcing; and from 

an industry being measured purely by economic efficiency towards the reporting of 

eco-efficiency criteria and quadruple bottom line reporting. Overall however the 

progress is slow, and for the most part New Zealand regional water reforms remain in 

the initial planning phase regarding eco-efficiency and catchment water balance 

reporting. This research will explore the role of the pricing structure in particular in 

directing infrastructure investment towards water balance and fit-for use-sourcing 

models, and the current level of uptake of conservation devices in the communities.  

 

ECONOMIC CONDITIONS 

 

“Water is a complex multi-faceted good in time, space and consumer preferences, and 
has unique characteristics from other commodities”. 

-Pashardes et al., (2002b). 

 

Water management economics, such as demand functions and estimation of price 

elasticity, is by nature complex, posing unique challenges when designing pricing 

structures and other demand management strategies. Even if people were to accept 

the neoclassical economics‟ notion that we are all utility maximising rational 

consumers, the relationship between price and demand remains complicated. 

Pashardes et al. (2002) suggests this complexity often has the unfortunate result of 

the imposition of inefficient (not achieving the best result possible with available 

resources) or ineffective (not producing the intended outcomes) policies. Predicting 

water consumption is further complicated by behaviour patterns, values and norms in 

consumer communities which in turn are affected by the provision of imperfect 

information, historic policies and cultural values (Nancarrow et al., 2004; Nauges and 

Thomas, 2002). 



47 New Zealand water 
 

47 
 

The traditional economic approach to infrastructure development considers water a 

public good, funded in full by government agencies.  This paradigm has commonly 

produced significant manifestations of the tragedy of the commons (Boven, 2003). In 

the more constrained environments of present times, water is understood also as a 

private good that once consumed no longer is available at the same quality 

downstream, and that competition for water increases with increasing scarcity.    

PRICE ELASTICITY 

Literature and practice during the 1980-1990‟s reveal various attempts to improve the 

efficiency of water economics (OECD, 2000; Garcia and Reynard, 2004). Moves have 

included adjustment in the pricing of services, and user-pay structures that improve 

investment signalling (NZIER, 2004). The Earth Policy Institute reports that over a five 

year period, municipal water rates increased by an average of 27 % in the United 

States, 32 % in the United Kingdom, 45 % in Australia, 50 % in South Africa, and 58 

% in Canada (Clark II, 2007). However, inefficient pricing (such as rates funded rather 

than volumetric water supply) and various other cross-subsidies, is still widespread 

through OECD countries (OECD, 2000). 

Econometric analysis has dominated the literature on domestic water demand 

(Thomas and Syme, 1988; Garcia and Thomas, 2002). Studies from the USA and 

Europe have used consumer demand analysis tools to estimate effects of price on 

water demand, with the overall findings indicating that the price elasticity for water is 

significantly different from zero (Pashardes et al., 2002a). Short-run price elasticises 

have been estimated for Denmark (-0.10), Sweden (-0.20), the South and in Eastern 

France (-0.17 and -0.26 respectively) (Nauges and Thomas, 2002). 

These water demand elasticity estimates are based on aggregate data in a static 

framework based on current price and income (+/- other socioeconomic variables). 

Nauges and Thomas (2002) argue that low prices for water have over the years built 

consumption patterns that may be responsible for slow responses to price increases, 

and propose a dynamic model that includes past water use which account for 

consumer habits and stock durables, such as the life-expectancy of washing 

machines. Empirical results from the dynamic model gave a price elasticity 1.5 times 

greater (-0.4) when run over six years than the static model for the same period 

(Nauges and Thomas, 2002). The practical implications of this study point to the 

necessity of using long-run price elasticity of demand for water in assessing the 
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effects of pricing structures on consumption and consumer welfare (Pashardes et al., 

2002a).  

Alternative approaches to demand estimation have been developed to circumvent 

some of the above complications. Thomas and Syme (1988) posited that contingent 

valuation (CV) methods be used to better understand the different price elasticity 

between various uses within the household, and for different groups of households. 

Price elasticity for water demand in Perth 1981-82 was estimated by a CV approach 

to be -0.2, and was particularly low for households with low usage, high incomes, and 

for people who considered water to be unimportant to their lifestyle (Thomas and 

Syme, 1988). Outdoor water use was found to be more elastic than indoor use and 

about one third of respondents indicated willingness to save water at a price increase 

of around 50%. What percentage this was of household income is not presented in 

the study, but confirmed that elasticity was higher for households with larger bills. 

The New Zealand literature is still sparse on demand functions for water; most studies 

concern estimates of total economic value of water bodies. White et al. (2001) provide 

an estimate for the productive value of water consumed (or capitalised economic 

value of water) in New Zealand at $24-25 billion, as extrapolated from use values for 

water in the Waimea Plains, Nelson. The total economic value would also need to 

consider non-consumptive uses such as recreation and non-use values.  

In particular, Statistics New Zealand (2004) Water Stock Reports consider the 

information on water for domestic supplies, for stock and for industry, insufficient for 

the Environmental Accounting Framework purposes.  White et al. (2006) review the 

literature on the economic valuation of water for domestic supply, stock water and 

industrial water in New Zealand.  They stress that demand functions and price 

elasticity should ideally be based on water demand over many observed price 

variations which is not currently available for New Zealand municipalities. In places 

where water is metered and charged per volume, the current price indicates a lower 

bound estimate for willingness to pay, but provides little insight into the marginal 

willingness to pay for water (White et al., 2006). In an unpublished study by the 

authors of the review and G. Kerr of Lincoln University, a mean willingness to pay to 

maintain high quality groundwater supplies in Christchurch was found to be $628-640 

per year per household, indicating there is a willingness to pay greater than the cost 

of supply for the city (White et al., 2006).  The review finally makes a comparison of 
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the cost of water for households providing their own supplies through drilling 

(including pump, power and depreciation over 10 years) being estimated to $0.3/m3 

per year. Getting water transported to the household in the event of shortage 

however, was for Waimea Plains, Nelson estimated to be delivered at around $12/m3; 

again indicating that willingness to pay increases when the supply is constrained. 

 

EFFICIENCY  

In contrast to many resource economists‟ interpretation of the concept of efficiency, 

Pashardes (2002) contends that in water resources economics, efficiency signifies the 

ability of a water resource to sustain human needs including ecological needs; it 

implies both technical and allocative efficiency (productive efficiency), as well as 

efficient management and the design of effective policies.  

Firstly, management efficiency describes how well interventions allocate the water 

resource. If deviations between the social and private optimums can be identified; 

regulation, public investment or public ownership and regulation may be used to 

induce a more socially-optimal use (Pashardes et al., 2002a). Secondly, management 

efficiency relates to policy, an efficient policy being one that achieves at a minimum 

cost the targets set by social welfare maximisation. Public intervention in water 

management is usually required in situations where there is no (or poorly developed) 

water market, where there are externalities, or when water resources have open 

access characteristics (Pashardes et al., 2002a). 

Technical demand-side efficiency relates to efficiency standards on water use 

appliances such as showerheads, toilets, washing machines etc. Studies in the US 

between 1970 and the 1990‟s describing urban water use found that about two thirds 

of urban water is used domestically, and of the indoor residential use most goes to a 

small number of household appliances (36% toilet, 28% bath/shower, 20% laundry). 

These discoveries motivated policy-makers to subsidise or make mandatory water-

saving appliances in many water-scarce regions (Timmins, 2002).  

Timmins (2002) posits that technical devices are most effective when adopted in 

conjunction with price increases at the margin - when the consumers willingly adopt 

technology as a response to prices reflecting water scarcity. In Los Angeles, 
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increasing block tariff schedules combined with subsidised devises resulted in a 12% 

reduction in water consumption despite a growing population. The increasing block 

tariffs used translated to a tripling of marginal price if the household exceeded 13,000 

gallons per month (equivalent of 1600 litres per household per day) (Timmins, 2002).   

The use of a water-saving device policy as a main demand management tool may, 

however, only be efficient in the short term: initial water-saving gains have been seen 

to be offset in the long term by water authorities pursuing more aggressive under-

pricing policies. This can be explained by the reduction in scarcity of water caused by 

the low-flow appliance, as well as objections to pricing policies on equity or political 

grounds (Timmins, 2002).  

Specific technical demand side efficiency policies are lacking in New Zealand. There 

are no incentives available for the upgrade from older, inefficient appliances to water 

efficient appliances, water recovery / recycling devices, or rainwater tanks. Only in 

areas of volume-based charges would there be any benefits to the consumer.  

FULL COST RECOVERY 

Charges for water consumption are typically set by local utility operators, in many 

cases owned or subsidised by local government.  Urban water consumption contains 

two major components of cost, one in terms of infrastructure and storage, the other in 

terms of supply operations – the treating and pumping of water over large distances. 

The cost recovery process therefore entails two components, to cover the investment 

in infrastructure assets, and the marginal cost of water use (O'Fallon, 2003; Garcia 

and Reynard, 2004). Costs associated with water supply will inevitably increase as 

extending capacity will generally be more costly than existing supply.   

Shifting trends in water pricing in OECD countries have seen an increase in the use of 

full cost recovery pricing structures, and an increasing use of volume based charges 

(two thirds of OECD countries now meter 90% of single family households). Where 

subsidies still exist however, they tend to be made more transparent (OECD, 2000; 

OECD, 2003c).  

The concept of „user pays‟ expects the consumer to meet the cost they impose on a 

system (Chapman et al., 2003). Commonly used water pricing structures split the cost 

between a fixed tax / fee and volume-based charges. By having a higher fixed charge, 
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the water utility companies achieve a certain protection against volatility in water 

consumption, but the practice usually under-prices water, sending economically 

misleading signals to the consumer. Residential water use under this pricing structure 

tends to take the characteristics of a luxury service, and to have adverse effects on 

the environment (Garcia and Reynard, 2004).  

While the target of most developed countries is full-cost recovery, in most 

environmental financing strategies reviewed in OECD (2003a) the established 

benchmark level for the household water (including sanitation) charge is at 4% of 

average household income. 

In New Zealand, Section 19 of the LGA (2002) allows local government to apply user-

pays charges for potable water, but does not oblige them to do so. It also prevents 

user-pays charges for TLA provided wastewater services. The application of a user 

pays approach would imply full cost recovery of capital as well as operational costs, 

and the avoidance of cross-subsidisation among user groups (Chapman et al., 2003; 

Garcia and Reynard, 2004). Full-cost recovery should in principle also include 

externalities.  

The pricing structure can encourage conservation by volume-based increasing block 

tariffs (price per unit increases with increasing use) (Chapman et al., 2003). Although 

volume-based charges are becoming more widespread, the pricing structures in some 

places still involve decreasing block tariffs (cheaper rates when the use is higher), 

especially in irrigated rural economies (Chapman et al., 2003).  

Responsiveness to price in New Zealand is not well understood at present. Pricing 

mechanisms differ between cities, and a variety of fees, rates and volume based 

charges are currently used. According to Water New Zealand‟s policy statement on 

pricing, only 11 out of 73 TLA‟s are currently metering and charging per volume 

(Water New Zealand, 2009b). In the jurisdictions where metering is fully implemented 

(e.g. Auckland) daily water consumption typically sits around 200 litres per person, 

compared to usage in some unmetered jurisdictions of 700 litres daily per person. The 

document also gives an example of one TLA‟s investment of $92 million on domestic 

metering systems enabling deference of upgrades to the water supplies of $75 million 

for 10-12 years, and wastewater infrastructure of $30-40 million for eight years (Water 

New Zealand, 2009b). 
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White et al. (2006) provides a list of 11 municipal supply charges, ranging from 

$0.14/m3 in Christchurch, to $1.18/m3 in Auckland. In the Auckland region, two 

councils (Papakura and Auckland City) implemented a full-cost charge on wastewater 

by volume in 1996 resulting in a marked difference in water usage from the remaining 

five councils where wastewater collection and treatment is subsidised through rates 

(Figure 2.1) (Craig, 2004).  Christchurch residents pay for their usage by rates with no 

mechanism in place that signals the real value of water for the city (Kerr et al., 2003).  

 

 

Figure 2.1. Auckland water consumption 1997-2002. Standardised water use in the 

seven Auckland districts (Metrowater unpublished data). Rolling 12-month total of 

water demand with (♦) and without (■) waste-user charges. Arrow shows the time at 

which wastewater charges were initiated (from Craig, 2004).  

The PCE (2000) summarises that there are existing pricing deficiencies in water 

management throughout New Zealand. It is suggested that these are due to a 

combination of historic distortions from subsidies; insufficient provision for renewals; 

that there is an investment practise of funding debt but not equity; there is little use of 

economic instruments to modify demand; no customer choice; social and political 

policies affecting pricing without transparency; and that water in New Zealand is both 

under-priced and under-valued (Wilson, 1998; PCE,2000a). PricewaterhouseCoopers 

assessment of the quality of current and future infrastructure identifies insufficient 

development of pricing mechanisms as an issue, resulting in impeded demand 

management (CEDC, 2003). Chapman et al. (2003) recommends that externalities 

should also be taken into account in policy decisions on consumption to ensure that 
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demand management reaches its full potential, and in infrastructure investment to 

ensure that supply options are adopted only where needed. To achieve this, a 

combination of pricing solutions and attitudinal change including information provision 

and Quadruple Bottom Line (QBL) reporting is required (Chapman et al., 2003).   

However, charges may not always represent the best policy choice, as the outcomes 

are determined by factors such as responsiveness to price, which may not be well 

understood at the time of implementation (McDonald and Patterson, 2004). If, for 

instance, the response to charges has been overestimated, a much larger increase in 

price would be needed to reduce demand to a level required for the desired outcome. 

Thus, charges should be considered as but one component in the water management 

framework.  

EQUITY 

Chapman et al. (2003) points out that equity is often presented as a trade-off with 

efficiency, but that it is possible to design tariff structures that achieve equity goals. 

Policies are being used in several OECD countries to ensure equity (in terms of 

accessibility to water supply). In England and Wales, equity is ensured through 

Human Rights by the right to stay connected to the supply network, even in case of 

non-payment (Frontier Economics, 2007). In the Netherlands it is possible to get 

financial support for the water bill. Other policy options include the provision of a 

social tariff for the poor, for households with disabled members or large families 

(Chapman et al., 2003), or the provision of a base volume free of charge.  

MARKET AND TRANSFERABLE RIGHTS 

The creation of a water market is a mechanism to ensure proper consideration of 

opportunity costs and maximising allocation to the highest value use, where water 

prices would reflect scarcity, and encourage conservation during droughts (Chapman 

et al., 2003). Water trading seeks to improve productivity and promote the economic 

and environmental sustainability of, for example, the irrigation industry. Transferable 

permit systems have been used with varying degrees of success in dealing with non-

point source pollutants, gas emissions, and solid waste, and have much to offer in 

terms of dealing with water quality issues in agricultural regions. Whereas the 

revenue from charges is usually retained by the collecting agency, transferable 

permits tend to be preferred by producers that can reduce consumption and therefore 
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make a profit from selling permits (Hatton-MacDonald et al., 2004).  

The Murray-Darling Basin provides a worked example of how different market and 

trading mechanisms work on water prices, consumption and associated 

environmental effects across several political boundaries (Hatton-MacDonald and 

Young, 2001). In striving towards sustainability, the concepts of externalities and 

property rights resulted in the establishment of the Murray-Darling Basin Commission, 

an Integrated Catchment Management Policy, and the Murray-Darling Basin Cap (an 

overall limit for abstraction is set and allocated; users may trade superfluous 

allocations). Permanent water trading was introduced in Murray-Darling Basin in 

1995. Since 1998, an interstate water trading trial has been conducted between New 

South Wales, Victoria and South Australia. Transferable permits resulting from the 

Cap means users may trade superfluous allocations (Murray-Darling Basin Ministerial 

Council, 1996; Quiggin, 2000; Hatton-MacDonald et al., 2004). The benefits that have 

been achieved by the Cap so far include: stabilising access rights to existing users; a 

greater emphasis on achieving water use efficiencies as a means to obtain water for 

further development; a subsequent reduction in the percolation of groundwater with 

fewer consequent problems from waterlogging and soil salinisation; a better 

framework for trading in water entitlements both within states and between individuals 

in different states; less deterioration in water quality; less deterioration in the health of 

natural ecosystems; and activation of water trading (Department of the Environment, 

2004). 

Although the environmental issues are inherently different, a similar eclectic approach 

may be used to derive pricing and allocation policies compatible with low impact 

urban design and development principles in New Zealand, depending on the 

acceptance to iwi in particular.  

ENVIRONMENTAL LEVIES, RESOURCE RENT 

Resource (or economic ) rents are defined as the difference between the price one 

could get for a resource output, and the production costs including normal returns 

(Sharp, 2003). In other words, the total economic value (use and non-use values) for 

a freshwater resource, minus the costs (including normal returns for investment and 

externalities where measurable), equals resource rent.  

The omission of collecting rent leads to inefficient allocation and failure to achieve 
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ethical objectives. Inefficient allocation may arise from allowing low-value use to take 

priority over high-value use and exploitation and overuse of a „free‟ resource 

(Scherzer and Sinner, 2006).  Collection of rent can also be justified on ethical 

principles, such as the inter-generational equity principle inherent in the strong 

sustainability model (Sharp, 2003; Scherzer and Sinner, 2006). Also, if present but 

not collected, rent is in fact captured by someone other than the resource owner, 

usually the resource user. However, neither the identification nor estimation of 

resource rent is straight forward: it will depend on current market conditions, provision 

of information, the state of technology and the system of property rights (Sharp, 

2003). 

The ownership of water resources in New Zealand is contested, as is the use of 

monetary evaluation systems. Therefore, any attempt to recover resource rents in 

New Zealand would need careful consideration with particular regard to indigenous 

people‟s values. Taking that into account, it could be more acceptable to consider 

resource rent for the ecosystems that provide freshwater resources, and that are 

under stress or affected by polluted water.  In a policy climate where there is 

deficiency in accounting for externalities, collection of resource rents by governments 

can capture these, and the rents be used to compensate for those externalities; „good 

water quality‟ is a product, and rent can be collected and put towards maintaining the 

quality.  

OTHER ECONOMIC INSTRUMENTS FOR WATER RESOURCES MANAGEMENT 

COST-SHARING 

One issue emerging as the use of economic instruments in natural resource 

management has increased, relates to ways the government can protect publicly 

funded on-ground works, specifically non-asset components such as rainwater tank 

installations.  

The challenge is ensuring the maintenance and ongoing environmental benefits from 

investments on private land (Murray-Darling Basin Ministerial Council, 1996; Feeney, 

2004). Cost-sharing is the allocation of cost where environmental protection and 

benefits can be increased through on-ground work on private land, and the cost of 

this work will be carried by several parties: central or local governments, affected 

communities and private landholders. Contracting landowners (and their successors) 
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to continue the provision of benefits in exchange for such things as tax concessions 

may adequately address these issues, and such programmes have been successfully 

implemented in the UK, USA and Australia (Murray-Darling Basin Ministerial Council, 

1996).  

ENVIRONMENTAL OFFSETS 

The practice of environmental offsets can be broadly grouped as involving either 

pollution or biodiversity (Hatton-MacDonald et al., 2004). Environmental offsets can 

be negotiated bilaterally between stakeholders, or through private or public offset 

banks.  

Water reuse operations could hypothetically offset high wastewater /stormwater loads 

at the community/neighbourhood level.  In particular, issues related to drinking water 

quality and non-point pollution of catchments may benefit from the offset approach. 

Offsets have limitations as they will only affect new development, may affect 

distribution of benefits at a community level, and may require high administration 

costs, however offsets may be used in conjunction with and compliment to other 

instruments (Hatton-MacDonald et al., 2004).  

SUMMARY 

The economic system of water management in New Zealand leaves much to be 

desired in terms of meeting sustainable development objectives. The focus of reform 

so far has been the shift from rates-based water supply charges to volumetric 

charges. There is no move towards establishing a mechanism that takes account of 

resource constraints, of the non-use and ecological values of water. The economic 

system thus remains severed from the ecological system.   One of the main aims of 

this research is to recouple the economic and ecological systems of water 

management, and in particular to assess the acceptance of an extended pricing 

function.  

 

SOCIAL CONDITIONS 

As our cities grew bigger over the past half a century, peoples‟ relationship with 

nature became more removed and the causal relationships between consumption and 

the environment have become obscured. Thus, traditional water economics 
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influenced how urban communities value water (Nauges and Thomas, 2002): the 

common perception that water is „free‟ has led to a lack of any individual sense of 

responsibility for water conservation. The combined result of environmental 

degradation, the pressures to meet ever increasing needs for water and energy, and 

the increasing costs associated with expanding supplies has been a shift in the focus 

of water resource managers from the supply to the demand side of the equation. 

VALUES AND CONSUMPTION 

Various strands of research have looked at the links between community values and 

water consumption behaviour (Thomas and Syme, 1988; Syme et al., 1999; 

Wolfenden, 1999; Stern, 2000; Kolokytha et al., 2002; Nauges and Thomas, 2002; 

Boven, 2003; Craig, 2004; Livingston et al., 2004; Nancarrow et al., 2004; van den 

Bergh, 2008). Broadly, they encompass the fields of environmental behaviour theory, 

consumption and preference theory, economics and psychology. It is clear that how 

people view themselves and their environments (i.e. their value systems) are inter-

linked, whereas the connections between these values and consumption appear 

disconnected. 

From studies of Australian and Greek communities, it has been found that people 

consistently place their household attitude to water use into one of four broad 

categories: lifestylers, conservationists, utilitarians and indifferents (Nancarrow et al., 

2004). Typically, the lifestylers value water in all aspects of their lives; 

conservationists strongly consider water conservation important and do not see water 

as a consumer item; utilitarians treat water purely as a consumer item, and believe 

they should not be limited in their use; and finally, the indifferents feel that water is not 

significant in any way. Interestingly, it was also revealed that the attitudes were not 

indicative of how much water was consumed, that conservationists did not use less 

water than utilitarians. Income, on the other hand, correlated strongly with water use 

in both Australian and Greek communities, as did household size and appliance 

ownership (Kolokytha et al., 2002, Nancarrow et al., 2004). 

Kumar and Kumar (2008) point to the relationship between values and consumption 

from a psychological perspective, and emphasise the importance of understanding 

the cultural-ecological identity of a community when assessing preferences. The 

authors challenge the traditional economic understanding of rationality, and support 

the notion that with our limited understanding of the world, utility optimising behaviour 
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may not be compatible with its attainment (Kumar and Kumar, 2008, Zamagni, 2004). 

In other words, consumption choices made in isolation from other value systems may 

not in the long term optimise an individual‟s utility.  

Boven (2003) sets out the different aspects of the „economic man‟ (stemming from the 

old resource rich environments) and the „ecological man‟ (paradigm shift stemming 

from a resource constrained environment), and the changes expected to the utility 

function of the ecological man. Despite efforts in progressing towards sustainable 

development, a connection between the values and beliefs commonly held, and 

consumption behaviour, appear to be wanting. Thus, there appears to be a need for 

an „agent‟ to connect our urbanised cultural-psychological-economic systems and the 

life-sustaining ecosystems. 

CULTURAL HEALTH 

Although Māori proclaim a special relationship with water, have inherent strong 

“views” on, and are sensitive to, water management and the protection of mauri, there 

are many other cultural considerations related to water.   

In particular, issues relating to ideologies that see water as a free “gift of nature”, and 

the idea that public goods should not be charged to households but be fully funded by 

society as a whole, continue to influence the current management paradigm and to 

slow the transition of policy and behaviours to better align with sustainable 

development objectives (e.g. P. Bright, Auckland Water pressure Group, NZ Herald 

Online, 03.06.2007).  

Cultural expectations are also present in regards to water quality supporting 

recreational fishing, swimming, and the aesthetic experiences of water in the natural 

environment. In the urban context cultural differences may dictate the attitudes to 

water use in the home.  

A clear definition of a cultural bottom line for integrated water management has not 

yet been described. The NZIER (2004) provide the following tentative formulation of 

such an infrastructure objective: “to provide infrastructure services in a way that 

protect cultural heritage, give due consideration to customary interests in natural 

resource use, and allow participation of Māori as Treaty  partners, in decisions 

regarding natural resources”.  
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A SOCIAL BOTTOM LINE 

Accessibility and affordability is a recurring theme in both national and international 

water service policy objectives. NZIER (2004) points to the lack of indication of what 

affordability may mean: “is it just that prices are to be as low as possible, or is it 

aiming to restrain prices of services to some ceiling proportion of household 

expenditure”. Auckland has the highest charge per m3 for water in New Zealand. In 

the Auckland region the average household spends less that 0.8% of their total 

income on water and sanitation services.  In comparison, the OECD literature 

considers water and sanitation expenses below 4% of household income affordable.  

It should be noted that an index of social deprivation should be used rather than the 

average household income when discussing affordability of essential services.  

In practice, per capita income is currently being used as an indicator of social well 

being. NZIER (2004) tentatively formulates as a social objective to provide 

“infrastructure services in a way that are widely accessible, affordable and do not 

detract from health, safety and cohesion of the communities they affect”. In principle, 

however, the social bottom line should present a composite measure of per capita 

income as well as indicators of environmental, social and cultural health (Max-Neef, 

1995; Costanza, 2000b).  

Achieving safety standards for drinking water has been suggested to represent one 

measure of the nation‟s well-being in terms of managing the risks and prevention of 

waterborne diseases, and in terms of projecting a positive image for trade and tourism 

(Chapman et al., 2003).  Ministry of Health data of July 2003 showed that 9% of the 

population receives drinking water that is unsatisfactory in terms of quality and/or risk 

management, and that would fail to meet the Ministry of Health‟s Drinking Water 

Standards (2000).  In addition, irrigation and stormwater discharge issues, including 

the “semi-regular occurrences of stormwater and sewage overflows in cities and 

towns during heavy rain, which can cause human health issues and environmental 

degradation” were referred to as future “soft-spots” and in need of further 

investigation. Due to a lack of benchmarking, the extent and impact of such overflows 

remain relatively unknown (CEDC, 2003). 

Changes to water allocation and/or usage charges tend to effect contention within 

communities as opposed to cohesion. Examples of water conflict can be drawn from 

the dawn of civilisation, from across every continent, right up to modern urban 
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environments under enforced water restrictions through droughts, or from 

restructuring of water charges (Gleick, 2006). The establishment of the Water 

Pressure Group in Auckland in response to the implementation of wastewater 

charges is but one example, and other water related issues are frequently part of 

political agendas (e.g. Hendry, NZ Herald 07.07.2000; Rudman, NZ Herald, 

29.06.2001). These value-based issues relate to equity and fairness concerns (as 

discussed above in the pricing section) as well as different cultural expectations and 

interpretations of resource management.  

It is perhaps less contentious to the community to consider an extra charge to sustain 

ecosystems. If so, there could be a higher acceptance level for the maintainance of 

ecosystem services, than that of a price increase seeming only to boost the water 

service provider‟s balance sheets.  

SUMMARY 

Social conditions such as community values and acceptance of charging structures 

remain poorly understood in most New Zealand water districts. Reporting on social 

bottom lines is only just emerging within the water industry; however there is much 

scope to improve on the indices being used. Cultural health, water resource 

awareness, and occurrences of water related conflicts could potentially be included in 

a social index for water services. This research aims to enhance our understanding of 

community attitudes and expectations for water management.  

 

CLIMATE CHANGE AND RISK ASSESSMENT 

Climate change is expected to affect both the supply and demand of water 

management on global, national and local scales in the future. More severe weather 

patterns are expected worldwide, with effects similar to those of the El Nino of 

1997/98, which caused a loss of 2100 lives and an estimated USD$33 billion worth of 

damage (Aini et al., 2001; Suplee, 1999). Consideration of climate change is thus 

imperative in natural resource planning and decision-making, as potential changes 

relate to all subsystems (spheres) of the integrated water system (Figure 1.2). 

In general terms, health, economic and cultural consequences for most New Zealand 

communities should be anticipated. Increasing periods of heavy rain and severe 

storm events, increased occurrences of  stormwater and sewage flooding, drainage 
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problems, salination of low-lying streams currently used for water supply, and  the 

increased risk of water pollution from exposed rubbish dumps must be taken into 

account in management planning (Bosselmann et al., 2002). Different effects are 

predicted for the more arid regions including increasing droughts, potential saltwater 

intrusion to groundwater reservoirs, and problems with drainage (Bosselmann et al., 

2002, MfE, 1990). Further, current buffer structures in the water cycle, such as 

glaciers, functioning wetlands and moisture held in the soil, will be affected by 

changing temperatures making the effects of flooding and draught more severe.  

In addition to the direct effects on the water cycle from changing climates, migration 

and immigration patterns are expected to change with climate change, making 

population growth predictions less reliable, and predictions of demand and asset 

investment more complex.   

 

ECOSYSTEMS AS WATER INFRASTRUCTURE  

It is well understood that poor water management affects ecosystem integrity in 

numerous ways. Increased pollution loads from non-point sources along water ways 

and untreated stormwater overflows, high suspended solid loads, as well as reduced 

waterflows are degrading lakes, rivers, streams, and harbours. Further, reduced 

waterflows affect habitat quality and aquatic nutrient cycles. Over-abstraction of 

groundwater may cause aquifer collapse, surface slumping and saltwater 

contamination due to inward movement of saltwater/freshwater interface. Increased 

reticulation of streams and loss of wetlands may cause biodiversity decline, and 

ecosystem services such as flood protection and water purification by wetlands may 

be compromised (e.g. MfE, 1990; Murray-Darling Basin Ministerial Council, 2001; 

Kerr et al., 2003; Emerton and Bos, 2004). 

Ecological effects can be articulated in economic terms by the calculation of 

ecological footprints, carbon footprints, production functions, cost avoidance functions 

or by contingent valuation methods, and if perceived as a scarce resource, by careful 

consideration of opportunity costs related to use and non-use values (Costanza et al., 

1997; Sydney Water, 2000; Kerr and Sharp, 2003; Kerr et al., 2004; Jenerette et al., 

2006).  

The New York City‟s Watershed Management Plan for the Catskills provides one 
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illustration of the efficiency of counting ecosystems as water infrastructure (Isakson, 

2002). A new regulation introduced by the US Environmental Protection Agency 

(EPA) forced New York City to consider options to comply with surface water 

treatment regulation at the lowest cost possible. After comparing the costs of building 

a new water treatment plant with catchment land management alternatives, the city 

eventually established a broad system of payments to improve the management of 

the Catskills watershed from which it is obtaining its drinking water. The creation of a 

payment for environmental services system allowed the city to comply with the new 

EPA regulation at one-fifth of the cost of building a new treatment plant (Isakson, 

2002).  

Sydney Water adopted Ecological Sustainability Development (ESD) principles in 

their environmental management approach in 2000, which include the precautionary 

principle, inter- and intra-generational equity, conservation of biodiversity and 

ecological integrity, and improved valuation and pricing of environmental resources. 

The management plan listed a suite of 29 indicators against which to measure 

company performance, including measures of eco-efficiency in terms of their 

ecological footprint (Sydney Water, 2008). The ecological footprint for 2001/2002 was 

71,800 hectares per customer, with greenhouse gas emissions from energy 

consumption, building materials and transportation responsible for approximately 74 

per cent (Sydney Water, 2002). These findings suggested that huge environmental 

cost savings could be made by reductions in transport of water, resulting in the 

development of the Sydney Water Environment Plan (2008-2013). Results from 

Ecological Footprint scenario calculations were also used to illustrate that small 

changes in water consumption habits such as the installation of water-saving 

showerheads can result in quite significant reductions in customer‟s personal 

Ecological Footprint. These results support the key messages delivered by Sydney 

Water‟s „Demand management‟ and „Water conservation‟ programmes which are 

aimed at achieving the ambitious target of a 35% reduction in per-capita water usage 

by 2010 based on 1990 levels. With the overarching goals of reducing the carbon 

footprint (current target: carbon neutral by 2020) and the ecological footprint; 

undertakings to improve efficiency, reduce water leakage, reduce demand, supply 

recycled water and increase stormwater harvesting, as well as reducing greenhouse 

gas emissions by switching to renewable energy are set out in the five-year plan.  The 

plan also covers community water awareness programmes, stream quality monitoring 
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and ocean beach programmes. Sydney Water has clearly staked out a path making 

ecosystems visible in the water management systems; however the link between the 

economic and ecological systems remains unspecified in the pricing structure.  

SUMMARY 

An environmental bottom line for the development of an integrated water 

infrastructure strategy should be closely aligned with the purpose of the RMA (s.5(2)): 

to safe-guard the life-supporting capacities of air, water, soil and ecosystems, and 

avoiding, remedying or mitigating  adverse effects of activities on the environment 

(NZIER, 2004). Yet, under the current pricing and allocation policies, there are no 

considerations of wider ecosystem integrity or uncertainty and no facility for 

investment in natural capital. Thus, the current pricing structure will be steering 

investment to traditional infrastructure solutions, including increased reliance on 

investment of secondary treatment facilities to counter the effects of urban 

development and to restore water quality. A transdisciplinary framework must 

consider risks posed by changing climates to natural and built infrastructure.  

 

CHAPTER SUMMARY 

In summary, the increasing occurrences of water scarcity on the catchment level, the 

pollution and contamination of lakes, rivers and harbours, the disturbances to 

ecosystem integrity and ecosystem services and thinly stretched fiscal resources 

available for infrastructure investments, have combined to provide strong incentives 

for municipal governments to revisit the old water management paradigms. Cities 

across the world are today looking at alternative water management strategies to 

meet the demand for potable water, develop better ways of dealing with increasing 

amounts of nuisance run-off water and protect natural water bodies. However, very 

few metropolitan centres have made the link between resource consumption and 

ecosystem services economically explicit.  

This chapter primarily aimed to answer the research question „Are current New 

Zealand water management practices sustainable?‟ The preceding analysis identified 

gaps in the current management and reform processes in all the seven spheres of 

urban water management in general. Suggestions were made to address these gaps, 

and to the extent this research would contribute to the process.  The economic 
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system in particular leaves much to be desired. Although a shift from rates-based 

water supply charges to volumetric charges has been initiated in some districts, there 

is no move towards establishing a mechanism that takes account of resource 

constraints, of the non-use and ecological values of water. The economic system thus 

remains severed from the ecological system.    

Chen (2009) summarises what she considers are the prevailing challenges as follows:  

gaps in the processes, information, scientific and technical capability needed to 

manage water well; development of allocation models which firstly set ecological 

bottom lines and makes allocations for public purposes, then maximise the economic 

return from the remaining water available for consumptive use; and finally, improving 

the management of water demand in both urban and rural contexts. Thus put, these 

challenges affirm the justification of the stated overarching objectives of this thesis; to 

improve the understanding of the interface of the sub-systems of water management, 

and to build our capacity to bridge the chasm between them.  

 

 

Figure 2.2. Water consumption. A system analysis illustrating gaps and direction of 
influence (flow of information) in most water districts in New Zealand. Clear boxes 
indicate components that are currently not utilised or that are under-utilised (light 
grey) as part of the whole management system. Ecological conditions underlie the 
physical system, yet have been excluded from the economic and social systems. 
Dashed arrows show potential of influence with a new pricing model. 

Figure 2.2 shows a segregated, linear urban water consumption system. The clear 
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boxes show components where New Zealand water management is currently lacking 

in technological and/or policy implementation and asset investment. These inactive 

elements are not believed to influence price. Likewise, none of the sub-systems allow 

the pricing to influence stocks or flows. Adding to the complexity is the fact that 

stormwater, potable water and natural water bodies are commonly managed by 

separate entities and have separate economic systems, resulting in a fragmented 

social response to management solutions.  

ESD water management monitoring indicators should cover demand-side factors 

such as consumption, the quality of the service, user satisfaction and diminishing 

rates of water related conflicts; as well as supply-side measures such as physical 

asset stocks, ecological conditions and  financial performance (eco-efficiency) 

(CEDC, 2003). It is also imperative that cultural health and in particular the concerns 

of tangata whenua are considered. Table 2.2 outlines issues related to water supply 

and sustainability, and suitable indicators for monitoring performance and progress of 

those issues and includes indicators that are currently missing from the industry 

reporting practice.  

Finding a way through competing interests, conflicting expectations, as well as 

contested science, to achieve sometimes differing expectations of equity, efficiency, 

effectiveness, and political acceptability involves a substantial governance challenge 

(Landcare Research, 2008). A greater public understanding of the issues related to 

environmental and economic management  may help to promote a better water 

conservation ethic needed to make the urban water services more sustainable 

(Boven, 2003, Chapman et al., 2003, Landcare Research, 2003).  

How people regard themselves will influence the effectiveness of demand 

management tools such as pricing, education and conservation policies. It is thus 

important for water resource managers (service providers and policy makers) to 

understand the community they are providing for, and specifically design pricing 

structures and other tools for their target audience.  

The second part of this chapter describes in more detail the two case study 

communities, Auckland City and Christchurch City, in terms of water service 

provision, pricing, and environmental considerations.  
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Table 2.2. Infrastructure policy issue and suggested indicators (adapted from 

Chapman, 2003; bold types are additional suggestions).  

Infrastructure policy issue Suggested indicators 

What is the economic performance of the 
water supply? 

Rate of return on water supply utility assets; 
including ecological infrastructure 

How efficient (including eco-efficient) is 
the utility? 

Production cost (incl. labour) per cubic metre of 
water produced; Watergy (Energy use per unit of 
supply); alternative sources / non- asset 
components, catchment balance calculations 

Does the utility address both supply and 
demand issues? 

Unaccounted for (non-revenue) water (distribution 
losses, flushing), demand management strategy 

Does the tariff structure encourage cost-
effective water conservation? 

Price structure: volumetric rates, increasing block 
tariffs, seasonal charges; scarcity; 
Ratio fixed/volumetric charges; lower is better 
Share of total cost covered by water bills/ Amount 
of cross subsidisation from rates; 
Externalities; uncertainty term 

What are the need and scope for 
promoting demand management? 

Water use trends per sector and per capita 
residential use; 
Water efficient appliance upgrade / household?   

Is there equitable access to water? Total cost of services for typical household (% of 
total); relief for low-income households 

Are community drinking water supplies 
meeting NZ standards? 

MoH statistics of quality grading 

Are cultural issues considered in supply 
infrastructure decisions? 

Records of consultation with tangata whenua on 
supply issues, including  those affecting mauri  
Strategy for co-management 
Mapping of values, attitudes and awareness 

Environmental performance, abstraction 
effects on  critical catchments 

Compliance with resource consents;  
Abstracted percentage of  total river flow; Times of 
river flows below optimal for biota;  
River water quality during dry periods; 
Percentage of urban water supply catchments 
protected by environmental flow requirements 
Activities / projects maintaining or restoring 
ecosystem process related to water services 

Wider internalisation (attitudinal change): 
Does the public accept the need for water 
conservation? 
What is public understanding of the issues 
concerning urban water management? 
What activities are carried out to increase 
this understanding? 

Surveys of customer awareness of water issues; 
Reports on public education activities; 
Quadruple Bottom Line Reporting; 
Ecological footprint reporting 
Willingness to pay for maintaining ecosystem 
services 
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CASE STUDY 1: AUCKLAND CITY 

Auckland is the largest city in New Zealand, and is also considered the economic 

centre of the country. Auckland‟s nickname „the City of Sails‟ confirms that water is 

considered important to the people in Auckland City (Auckland City, 2009).  Access to 

two sheltered harbours, numerous beaches within the city and in surrounding 

recreational reserves and regional parks, contribute significantly to define the city 

identity. Access to safe reliable drinking water is considered a „right‟.  Auckland is fast 

growing, both in regards to sprawl (extending its borders with new developments) and 

infilling (increasing density in already built-up suburbs) (Auckland City, 2009). The 

current population (June 2008) is at 438,100 and is predicted to reach 600,000 within 

the next 25 years (Auckland City, 2009). Auckland is situated on a narrow isthmus but 

has a large footprint due to its history of low-to-medium density housing preferences. 

The central business district itself is relatively compact. 

Auckland City is currently governed by Auckland City Council and Auckland Regional 

Council, however changes to the governance structure will see the creation of a 

„super city‟ combining the current seven district and city councils and the regional 

council  into one unitary council (New Zealand Government, 2009).  

STATE OF THE WATER ENVIRONMENT 

Auckland enjoys a subtropical climate with humid summers and mild winters, average 

summer high temperatures of 24°C (low 12°C), the winter high at 15°C (low 9°C). 

Average rainfall varies with the topography across Auckland, and is highest in the 

Waitakere Ranges (2030 mm/year), and lowest in the Hauraki Gulf Islands (950 mm/ 

year), with a regional mean of 1240 mm/year. Southwest winds prevail for much of 

the year. Sea breezes often occur on warm summer days. Winter usually has more 

rain and is the most unsettled time of year. In summer and autumn, storms of tropical 

origin may bring high winds and heavy rainfall from the east or northeast (MfE, 

2008b).  

Freshwater resources in the region include 10 dams in two major catchments, the 

Hunua Ranges (57%) and the Waitakere Ranges (26%), and an aquifer in Onehunga 

(3%). In the summer period between late 1994 and early 1995, the Auckland region 

was subjected to a drought interrupting the city‟s water supply. The return period for 

this event, based on 12 month cumulative rainfall totals, was found to be 1:25 years 
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(Auckland Engineering Lifelines Project, 1997 in Auckland City, 2009).  The impact of 

this drought spurred the construction of a supply pipe importing water from the 

Waikato River (current supply approximately 14%). All water is treated by Watercare 

Services LTD to meet the MoH (2000) drinking water standards, and is sold on to the 

regions six local network operators.  

One of the main physical challenges of water management in Auckland is declining 

water quality in the streams and harbours. The vast majority of the Auckland region‟s 

streams are in rural land uses, representing 63% of the region by area. The 

remainder of the streams are in native forest (21%), urban (8%), and commercial 

forestry (8%) land uses (Auckland Regional Council, 2005).  Figure 2.3 below shows 

the limited exposure Auckland residents have to streams; Oakely Creek, Meola 

Creek, Motions Creek, Cox Creek, Waiaterua and Omaru Creek being the most 

visible.  

 

 

Figure 2.3. Auckland streams, a scarce resource (Source: Auckland Waterways by 

Metrowater and Auckland City, 2007). 
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The Auckland Regional Council‟s State of the Environment Monitoring Report 2000-

2004 found urban sites with a low degree of disturbance (10-25% of catchment in 

urban land use) had degraded (“fair” on the scale poor-fair-good-excellent) biological 

conditions, indicating that impacts occurred in the early stages of urban development, 

and high degree of disturbance sites (40% of catchment in urban land use) had “poor” 

biological conditions. The report also states that biological quality was strongly 

associated with habitat quality in rural and urban catchments and the poorest water 

quality was found at urban sites (Auckland Regional Council, 2005).  The water 

quality of urban streams can be improved with riparian planting in the urban 

environment, and by improved management of the rural streams, also including 

riparian planting.  

Contributing to the poor stream and harbour water quality is the number of sewer and 

stormwater overflow events and the non-point source run-off entering waterways 

throughout the city. Auckland City collected water samples throughout the 25 week 

summer season of 2008/09, and found 2.6 % gave „alert‟ results for quality below the 

recommended recreation standards. Water infrastructure assets in Auckland are 

presently being upgraded, with one of the major financial commitments being the 

removal of combined sewer and stormwater pipes (Auckland Water Industry, 2008).  

Scientists estimate that temperatures in Auckland could increase by 3°C over the next 

70-100 years, and that flooding could become up to four times as frequent. At the 

same time, longer drier summer spells will put pressure on the regional water supply 

system (MfE, 2008a). If extreme weather events become more frequent or severe, the 

costs and damages associated with them are also likely to increase. The cost of 

dealing with stock losses, replacing or repairing damaged roads, bridges, houses and 

stormwater drains, and dealing with increased soil erosion and loss of soil nutrients 

can be formidable (MfE, 2008a).  

SERVICE PROVISION AND PERFORMANCE  

Like the governance structure, seven water service providers will in the near future 

amalgamate. At the time of writing however, Watercare Services is the bulk supplier 

of water to all but one of the providers, and Metrowater LTD, a 100% ratepayer 

owned stand alone business formed in 1997, is managing the Auckland‟s water 

supply, wastewater and stormwater. Watercare Services LTD provides educational 
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facts on its website, including water consumption per week compared to same week 

last year, water storage levels (hourly updates) and energy use. Watercare is 

currently 44% energy self-sufficient (Watercare Services LTD, 2009).  

One of Metrowater‟s strategic goals has been to be the industry leader in efficient, 

sustainable, delivery of water services, including caring for the community, staff and 

the environment. Metrowater has an environmental policy, an educational webpage 

including tips on conservation and water facts, and produces a corporate social 

responsibility report. Some of the Auckland Water Industry Annual Performance 

Review 2006/2007 indicators are reported in  

Table 2.3. Metrowater customers pay a small fixed fee in addition to volumetric 

charges for water and wastewater, the average household annual bill for water and 

wastewater combined was $670 for the 2006/2007 period.  

 

Table 2.3. Metrowater and Watercare performance indicators 2006/2007 

Indicator Report 

Population serviced 423,700 (167,000 residential; 19,000 businesses) 

Consumption 739 litres per property per day 

Wet weather overflow Events data from Metrowater was not submitted, Auckland 

City reports 1,420 (combined sewer/stormwater pipes); 

Water care Services: 484 (combined pipes) and  49 (in 

separate pipes) 

Dry weather overflow Auckland City: 13 (combined); Metrowater 39 (separate); 

Watercare services: 6 

Real system water loss 7,185,000 m3 (15% non-revenue water), 323,000 m3per 

100km pipe-length; or the Auckland average of 100 litres per 

property per day (Metrowater 120 litres per property per day) 

Annual costs-revenue per property 

 Water supply Wastewater Stormwater 

Total cost * $ 301 445 144 

Capital expenditure $ +65 +124 +200 

Revenue $ -325 -506 -155 

Total (cost) per property $  45  63 189 

Note: * includes operations, maintenance, depreciation and interests 
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CASE STUDY 2: CHRISTCHURCH CITY 

Christchurch is the largest city in the South Island, with a population of 340,000. The 

main physical features of the city‟s environment include the western Port Hills, its 

beaches and coastline, and the city's rivers. Christchurch maintains a colonial identity, 

reflected in its nick-name “The Garden City”. Christchurch city itself is generally flat.  It 

lies on the coastal fringe of a broad alluvial plain. Christchurch is the biggest New 

Zealand city to be built on a flood plain, with a gentle west to east slope (CCC, 2008). 

Christchurch enjoys a temperate, relatively dry, climate with average high summer 

temperatures of 22°C and low 12°C, the winter average high at 12°C and low 3°C. 

The prevailing south-westerly winds and the presence of the Southern Alps produce a 

rain-shadow effect for Canterbury; the average rainfall in Christchurch City is around 

650mm/ year (CCC, 2009). 

STATE OF THE WATER ENVIRONMENT 

Christchurch residents enjoy some of the best drinking water in the world; the city‟s 

artesian reservoirs provide high quality water at low cost, with no treatment required 

(CCC, 2009). Altogether, the city has over 100 reservoirs and other storage facilities. 

This natural high quality water is a source of pride to Christchurch residents (Opinions 

Market Research LTD, 2007). In addition, the city‟s rivers, The Avon, the Heathcote 

and their numerous tributaries, create natural water environments for the residents to 

enjoy (Figure 2.4). 

Water has rapidly become a political, environmental and economic issue in 

Canterbury; recent reporting shows that Christchurch residents are increasingly 

dissatisfied with the way the city‟s rivers and streams are managed (Environment 

Canterbury, 2009). 

Christchurch residents have for some time voiced concerns that their water supplies, 

in terms of both quality and quantity, are under threat (Opinions Market Research 

LTD, 2007). Both potable supplies and urban streams originate from the aquifers. 

Urban water-take periodically causes diminished waterflows in the Christchurch 

streams, affecting both ecological and recreational values.  
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The community‟s willingness to pay for the retention of stream flows in Christchurch 

rivers was investigated and found to be relatively high, suggesting that Christchurch 

communities readily accept that environmental protection has benefits (Kerr et al., 

2003).  

 

 

Figure 2.4. The Avon and Heathcote rivers system (Environment Canterbury, 2008). 

Dots indicate water monitoring sites used by Christchurch City Council. 

 

In addition, contention bewteen people concerned for natural water bodies and 

increased dairy farming on the Canterbury Plains is growing, and calls have been 

made for a moratorium on granting consents (Water Rights Trust (WRT), 2007; 

(Landcare Research, 2008). Currently, land used for dairy farming constitutes 34% of 

all irrigated land, other pastures 26% and arable land 27% (Whitehouse et al., 2008).  

The WRT (2007) claims 80% of lowland waterways assessed by Environment 

Canterbury (2005) as being in poor or very poor ecological health, increasing from 

around 50% in 1999. Over the summer months, many lowland rivers and streams run 

dry or become seriously depleted (Water Rights Trust, 2007).  

With rising sea levels it is likely that Christchurch will face increased flooding in some 

areas, particularly around the lower Avon River and the area where it flows into the 

sea (MfE, 2008a). Other effects include potential saltwater intrusion into aquifers and 
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increased erosion.  

SERVICE PROVISION AND PERFORMANCE 

The pilot National Water Service Performance Review, 2007/2008 reports for 

Christchurch City Council water services (Table 2.4).  

Christchurch City has no customer charter, however a customer consultation strategy 

presented on its website includes key objectives and principles and „levels of 

consultation‟.  

Christchurch residents pay for their usage by rates only, and have no mechanism in 

place that signals the value of water for the city (Kerr et al., 2003). Water is charged 

at a rate of around $0.3/$1000 of capital value, wastewater at $0.46/$1000 of capital 

value. The average capital value 2007/2008 was $377,000. This would give the price 

per annual water consumption of 200 m3 per property at $117; and the annual 

wastewater service from 200 m3 per property at $173. Unplanned interruptions to 

water supply per 1000 properties was 6, giving a total of 914. 

 

Table 2.4. Christchurch City performance indicators 2007/2008 

Indicator Report 

Population serviced 348,114 (142,000 residential; 15,000 business) 

Consumption 866 litres / property /day 

Stormwater overflows 33, 000 m3 

Real system water loss 5,000,000 m3 (12% non-revenue water), 290,397 m3 per 100 

km pipe-length 

Annual costs -revenue per property 

 Water supply Wastewater Stormwater 

Total cost * $ 127 215 88 

Capital expenditure $ +58 +385 +57 

Revenue $ -34 -51 -5 

Total (cost) per property $ 151 549 140 

Note: * includes operations, maintenance, depreciation and interests 
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CHAPTER 3 AWARENESS, ATTITUDES AND IDENTITY 

 

“How is it that so many people claim to be concerned about the environment while at 
the same time making life-style choices that lead to environmental destruction?”  

-Kumar and Kumar (2008) 

 

CHAPTER OUTLINE 

In accordance with the transdisciplinary goal of understanding the system, a 

comprehension of the value level is required as the ultimate driver of subordinate 

systems (Figure 1.1 Chapter 1, p.13). In this chapter, empirical research exploring the 

value systems of two New Zealand communities is presented. The chapter first 

reviews recent literature related to environmental behaviour, sense-of-place, 

ecological identity and ecosystem services valuation; then briefly introduces the 

issues of „warm glow effects‟ in willingness-to-pay estimates. This is followed by a 

summary of the two case study communities described in Chapter 2. The 

methodology for the empirical research is detailed, and the results relating to 

perceptions, attitudes and water use behaviour is presented and discussed. A 

summary concludes the chapter.  

AIMS 

To assess how people view their (water) environments in two contrasting New 

Zealand communities; and to provide a „baseline‟ understanding of consumption and 

attitudinal variables that influence willingness to pay for ecosystem services as water 

infrastructure. 

 

INTRODUCTION  

Consumption and production of urban waters (potable, wastewater, stormwater and 

natural water bodies) create a complex system, containing numerous interacting 

component systems (sub-systems) as indicated by Figure 1.2 (Chapter 1, p.16) and 

Figure 2.2 (Chapter 2, p.64). The governing rules of the component systems were 

made under conditions created by the paradigms of the times, some subsequently 

reformed,  but each one in separation from the others and none with a coherent 
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understanding of the value-system underlying them all. Water consumption and 

environmental behaviours, including water conservation, stormwater production, and 

the perceived values of natural water bodies, depend on societal values, individual 

attitudes, perceptions of the resource and access to information about the resource. 

Although the way people view themselves and their environments are inter-linked, 

connections between attitudes and consumption appear disconnected (Nancarrow et 

al., 2004).  

A large body of literature has developed over the last two decades on the 

understandings of environmental behaviour. More recently, the importance of the 

psycho-cultural aspects of environmental valuation and the mapping of attitudes, 

perceptions and motivations behind willingness to pay for ecosystem goods and 

services have come into focus. At the same time, research that combines attitudinal, 

motivational and behavioural variables with contingent valuation remain sparse (van 

den Bergh, 2008).   

It has been said that it is the range of values that people attach to water which 

differentiates water from other commodities (Emerton and Bos, 2004; Murray, 2009), 

yet community perceptions and the willingness to accept policy change remain poorly 

understood. There is also little understanding at the policy formulation level of the 

motivations and factors that impact on people‟s decision-making processes about 

their water supply systems, and hence, their water using behaviours (Nancarrow et 

al., 2004). As a consequence, industrial and political precaution (or inertia) prohibits 

the implementation of existing technological and policy improvements, affects asset 

investment decisions, and continues to foil attempts to create sustainable, low impact 

urban communities.  

This research is investigating the latent potential in water, being arguably the most 

valuable natural resource with an established direct link to the economic system, to 

reconnect urban societies with local ecosystems; and thus contribute to cementing 

into one whole system the currently separated systems of water management.  

CHANGING PARADIGMS: A SHIFT TO WHAT? 

As our cities grew over the last century, peoples‟ relationship with nature became 

more removed and a causal relationship between natural resources and consumption 

became obscured. In addition, the economic paradigm and corresponding general 
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resource abundance through the industrial era fostered the perception that water was 

free, leading to a lack of individual sense of responsibility for water conservation 

(Boven, 2003; Craig, 2004; Daily et al., 2000; Diesendorf, 1997).   

During the last two to three decades municipalities around the world have 

experienced varying degrees of constraints on freshwater supplies and the fiscal 

resources available for infrastructure investments, and have identified a range of 

externalities resulting from the water service provision practices. As a consequence, 

attempts have been made to reverse the direction of the old paradigm towards a 

utilitarian resource management paradigm (e.g. OECD, 2000; The European 

Parliament‟s Water Framework Directive (Directive 2000/60/EC); European 

Commission, 2002). Most OECD countries now have metered water supplies and at 

least partly volume-based charges for potable water (OECD, 2003). Water 

consumption has as a result slowed, and even decreased, in many municipalities 

(OECD, 2003c). However, values, attitudes and learned behaviours are notoriously 

slow to adapt (van den Bergh, 2008), and decision-makers and consumers are 

frequently stuck in lengthy lag-times between having good information and 

technologies available but being unable to implement required policy changes 

(Nauges and Thomas, 2002).  

The introduction of volumetric charges, water quality standards and polluter pays 

policies, steered the water consumption and production systems towards a different 

water management ethos; most significantly, the inclusion of environmental 

externalities in decision-making processes, and the valuation of ecosystem services. 

These changes mark the shift towards a different paradigm, the sustainable 

management paradigm. However, actual environmental benefits from the charging 

policies that have been implemented are often not reported.  

System thinkers recognise that systems resist change. Bringing about a shift in 

paradigms is the most effective way to change a system, but will also be met with 

most resistance (Meadows, 2008).  If a transition from the free public resource to a 

utilitarian resource management, and further, towards a sustainable management (as 

the ideal, giving standing to both socio-cultural and ecological environments) 

paradigm is taking place, we would expect there to be measurable improvements in 

both social engagement and ecological health. In other words, policy changes alone 

do not seem to have successfully translated into ecological health improvements so 
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far. It may be suggested that the lack of transdisciplinary understanding of the roles of 

values and ecological identity in resource management is thwarting the shift in 

paradigms.  

ATTITUDES, PERCEPTIONS AND BEHAVIOUR 

A large body of research from a range of disciplines (psychology, social science, 

economics, etc.) has, in recent years, considered theories of „environmental 

behaviour‟ (for a coherent review of social science research see Stern, 2000, for 

economic research see e.g. Spash, 2008b for psychological related research see 

Kumar and Kumar, 2008; Zamagni, 2004).  From a social science perspective, the 

consensus is that a wide range of interrelated factors are affecting environmental 

behaviour, and these can be described as contextual, social and psychological.  In 

summary:  

Contextual factors are the circumstances that make certain behaviours more or less 

prevalent because of either social infrastructure (institutions, regulations, pricing 

policies, use of incentives/disincentives, access to information, physical infrastructure) 

or the individual‟s position in the world (age, gender, income, knowledge etc.).  

Social factors consider the socio-cultural framework (dominant world view, norms and 

values, and social expectations) and the extent to which these are presented / 

enforced in the media, in the general culture, or through social marketing campaigns.  

Psychological factors include individuals‟ background environmental characteristics 

(i.e. expectations), level of adaptation (e.g. generational amnesia), events (i.e. crisis 

effect) and the locus of control of the impact. Recent research have strengthened the 

understanding of behaviour as motivated by the intrinsic satisfaction (self worth) 

gained from showing behavioural competence, being frugal and participating in 

maintaining the community (Barr, 2002). 

Research also shows that although values and norms do affect behaviour, there is but 

a weak association, and that people‟s outward stated attitudes do not always reflect 

behaviour (Nancarrow et al., 2004).  

From an economic/consumption perspective, factors that affect water use behaviour 

include price (elasticity), household income, access to information about supply and 

demand, access to new technology and appliances, learned behaviours, perceptions 
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of resource management and the predominant world-view. Again, research suggests 

that differences in attitudes do not necessarily translate to differences in water use. 

Studies from Australia and Greece found in both cases that the water use behaviour 

of people who stated a conservationist attitude was no different from those that stated 

more utilitarian values (Kolokytha et al., 2002; Nancarrow et al., 2004). The research 

found that price, income and appliance ownership did affect use behaviour 

(Nancarrow et al., 2004).  

A more recent addition to the discourses of environmental behaviour is the 

psychoanalytic perspective. Kumar and Kumar (2008) recognise that psychoanalysis 

and economics ask similar questions around human behaviour and the complexities 

involved in the human motivational system. The authors contend however, that 

psychoanalysis moves ahead of economics in recognising that the relationships 

between cause and consequence, stimulus and response, and cost and benefit are 

mediated by motivation and, in particular, by intentions which the authors identify as 

defying conscious, rational modes of functioning. The recognition of intentions is thus 

relevant to understanding the assignment of use and non-use values, and of the 

warm glow effect in contingent evaluation, as will be discussed in the following 

sections. 

VALUATION OF ECOSYSTEM SERVICES 

The discourse on environmental management over the last few decades which 

initiated the transition towards sustainable management necessitated the 

development of methods for valuating externalities, non-market goods and services, 

and, in particular, ecosystem services. The following section presents the relationship 

between ecosystem evaluation (and its stated preference/contingent valuation 

methods) and environmental attitudes and behaviours.   

A large body of research on factors influencing values, and case-specific valuation 

studies estimating willingness-to-pay (wtp) for ecosystem goods and services now 

exist (Costanza et al., 1997; Jorgensen and Syme, 2000; Hatton-MacDonald and 

Young, 2001; Isakson, 2002; Raje et al., 2002; Nunes and Schokkaert, 2003; Richter 

et al., 2003; Cooper et al., 2004; Garcia and Reynard, 2004; Kerr et al., 2004; 

Patterson, 2006; Spash and Vatn, 2006; White et al., 2006; Vesely, 2007; European 

Commission, 2008). Economic methods have been developed enabling the 
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construction of total value frameworks, utilising both revealed and stated preference 

methods in constructing a resource‟s value to society from individual preferences 

(Emerton and Bos, 2004; Millennium Ecosystem Assessment, 2005). The theoretical 

foundations for, and application of, some of these methods will be described further in 

Chapter 4. However, the validity of the stated preference approach remains 

contentious, with many authors urging caution in the interpretation and use of such 

value estimates. There are arguments that wtp estimates overinflate values, due in 

most part to the „warm glow effect‟; and arguments that wtp estimates are too 

conservative, pertaining to the economic assumptions of perfect knowledge, practice 

of reductionism and assumption of rationality. The last argument reflects the 

(non)appropriateness of assigning monetary value to nature vis-à-vis cultural 

sensitivities.  

WARM GLOW 

A lot of attention has been given to the issue of „warm glow‟ since the proliferation of 

stated preference methods (for review see e.g. Jorgensen and Syme, 2000; Nunes 

and Schokkaert, 2003; Spash, 2008a). Warm glow is the term given to the 

phenomenon of over-stating the wtp for a good or service, because doing so lets you 

derive moral satisfaction from the act of giving per se, i.e. according to the more 

conservative economists having the „wrong motive‟ for accepting (Nunes and 

Schokkaert, 2003; Spash, 2008a). Nunes and Schokkaert (2003) extend the line of 

argument to ask that if the individual‟s wtp enters into the individual‟s utility function 

twice, first as a contribution to public good provision, then as a private good 

(satisfaction from warm glow); it is then feasible to suggest that the resulting wtp also 

consists of the two components, warm glow and the public good itself. It is generally 

accepted that warm glow does impact wtp, and methods have been designed to 

identify motivations and adjust value estimates.  The question becomes whether or 

not it is a legitimate component of the utility derived, and thus of the estimated value 

of a service.  

FAILING ECONOMIC ASSUMPTIONS? 

A substantial amount of critical writing relates to the issues of failing to meet neo-

classical economic assumptions outside of traditional markets. The first concern 

attends to the understanding that preferences depend on institutional contexts such 

as how much individuals know about the environment. The outcome of economic 
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valuation is in this respect not more informed than the people whose values are being 

assessed. Thus, reliance on individual preferences to construct societal values has 

serious pitfalls (Daily et al., 2000), which can only be adressed if an effort is made to 

gauge, for example, the aquisition of information. 

The second concern relates to the practice of economic reductionism. Kumar and 

Kumar (2008) calls into question the oversimplification of systems encountered in 

mainstream economics, due in large to “the reductive and deterministic quantification 

and value-loaded assumptions under the guise of offering value-and-culture-free 

assumptions”. This critique is based on the notion  that as economics has sought to 

emulate scientific method, it analytically dissects component parts of the whole into 

sub-components and functions, consequently diminishing the values attached to the 

whole (Zamagni, 2004).   

Yet another concern is the assumption in economic theory regarding the economic 

agents‟ rationality. Kumar and Kumar (2008) suggests that economists need to 

enlarge the scope of the phenomena they define as rationality. They herald the view 

that ecosystem valuation should include analyses of intrinsic values and map the 

ways in which interactions of humans with their natural environment  affect their 

psychological well-being, further alluding to the idea that “conscious pursuit of one‟s 

self-interest may not be compatible with its attainment” (Kumar and Kumar, 2008; 

Zamagni, 2004). In a study pertaining to the validity of benefit transfers from wtp 

estimates, Barton (2002) found that ecosystem service use and environmental 

attitude related variables (sense-of-place motivations), rather than the more readily 

available socio-economic household characteristics (economic rationality), were 

drivers of transfer errors conveying the need to integrate attitudes with economic 

preferences when constructing value estimates.  

CULTURAL-ECOLOGICAL IDENTITY IN NEW ZEALAND AOTEAROA  

As outlined above, important factors influencing environmental behaviour and value 

projections relate to the dominant world-view, personal beliefs and learned 

behaviours, i.e. an individual‟s cultural identity. New Zealand Aotearoa has a unique 

opportunity to draw from two major world-views in resource management decision-

making, as well as a substantial number of minor cultural identities resident in 

significant numbers. As discussed in Chapter 2, having regards to The Treaty of 
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Waitangi and consulting with tangata whenua is prescribed in law in relation to 

resource consent applications (RMA, 1991), in the Local Government Act (2002) and 

other statutory planning documents (i.e. National Policy Statements).  

The latent opportunities within water management however, go beyond consultation 

with Māori.  Māori proclaim a special relationship with water, their holistic world-view 

recognising the mauri (life force) intrinsic to water. Māori have long been champions 

of sustainable, integrated whole catchment management approaches (Harmsworth, 

2005; Sharples, 2009) and have a strong sensitivity towards pollution, wastewater 

disposal, and habitat functionality in particular. At the same time, Māori have 

sensitivity towards a monetary valuation of the intrinsic value of water, creating 

opposition to pricing of water.  

In a transdisciplinary framework for water management, cultural sensitivity to water 

issues must be firstly understood, and secondly fostered, as a powerful incentive to 

create sustainable water solutions.   

SUMMARY 

Social norms direct resource management paradigms. The transition from the current 

free use or utilitarian resource management paradigms to a sustainable management 

paradigm will be hindered or advanced depending on societal value perspectives. 

How resources are managed change with changing perceptions of value, which in 

turn change with improved knowledge of management options and a deeper 

understanding of the consequences for the environment, economy, and society. 

Therefore, the evaluation of community attitudes and expectations with regards to 

resource management, and the mapping of divergent interests, barriers and 

stakeholder conflicts, remains imperative to sustainable development (Craig and 

Mitchell, 2000; PCE, 2002; Tacconi, 2000).    

Ecological identities, like environmental behaviours, stem from contextual, social and 

psychological factors; it can therefore be assumed that the „identity slogan‟ of a place, 

as well as its policies, is likely to affect residents‟ attitudes. In comparing two cities 

that have different „identities‟, different water policies and ecological environments, 

opportunities for social marketing and policy instruments may be identified.  

This research attempts to affix attitudinal understanding to individual preference 
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valuation, bridging the chasm between the economic and social science discourses 

on environmental behaviour and willingness-to-pay. The remainder of this chapter 

characterises two separate communities in terms of attitudes, perceptions, water use 

behaviour and management preferences. The next chapter focuses on these 

communities‟ willingness to pay for ecosystem services related to water consumption. 

Chapter 5 will draw conclusions from them both and discuss sustainable water 

management and sustainable development in broader terms. 

 

CASE STUDIES: AUCKLAND CITY AND CHRISTCHURCH CITY 

New Zealand‟s water management districts have independent water service providers 

and each district is unique in terms of freshwater stocks and flows, bio-physical 

challenges, infrastructure investment procedures, demand management initiatives, 

pricing policies and public relations (Aqualink Research LTD, 2008).  

The climatic, biophysical and regulatory characteristics for each case study were 

described in detail in Chapter 2. Although some water use statistics and attitudinal 

variables have previously been described separately for each city (Kerr and Sharp, 

2003; Opinions Market Research LTD, 2007; Aqualink Research LTD, 2008; 

Auckland Water Industry, 2008; Water New Zealand, 2009a), this is the first survey 

attempting to explicitly compare the attitudes between two communities in New 

Zealand, and to use this information in conjunction with contingent valuation of 

ecosystem services.  Table 3.1 summarises the main characteristics of both cities. 



83 Chapter 3 Awareness, attitudes and identity 
 

83 
 

Table 3.1. Characteristics of Auckland City and Christchurch City water management 

Characteristic Auckland Christchurch 

Climate1 Temperate to sub-tropical, humid, 

plentiful rainfall most years, 

occasional droughts, frequent 

smaller flood events: annual mean 

rainfall 1198mm; 131 wet days; 

mean max temperatures 23.8°C 

(Jan), 14.7°C (Jul).  

Temperate, cool, dry, 

frequent droughts: annual 

mean rainfall 635mm; 84 wet 

days; mean max temperatures 

22.5°C (Jan), 12.2°C (Jul).  

Freshwater resources  Hunua and Waitakere dams, 

Onehunga Aquifer, Waikato River. 

Availability stable since Waikato on 

line since July 2002.  

Around 50 artisan aquifers.  

Environmental challenges2 Waikato river water quality, over -

allocated aquifers, high rate of loss 

of wetlands due to urban sprawl, 

reduced ability to filter and slow 

flow of rainwater to streams and 

harbours, increased stream 

erosion, high suspended solid loads 

in stormwater flows degrading 

stream and harbour water quality, 

old infrastructure with dual 

sewerage / stormwater pipe 

systems.  

Over-allocation of aquifers, 

risk of saltwater intrusion, low 

flow in urban streams and 

wetlands.  

Population (dwellings)3/4 465 000 (143 000) 348  000 (134 000) 

Service provider Metrowater: a stand-alone 

subsidiary of Auckland City, 100% 

ratepayer owned.  

Christchurch City Council: 

water services 

Charging policy Full-cost by volume; separate 

charges for water and wastewater. 

Small fixed price component. 

Part of general rates (6% in 

2007). Meters installed but 

not used for charging. 

Average annual charge 

2008 per property 

(average consumption of 

$200 m3)3/4 

 

$261 

 

$85 

Average daily 

consumption3/4 

Approx 320 L pp/day (total), 164 L 

pp/day residential 

450 L pp/day (total), 267 L 

pp/day residential 

Public relations History of challenges relating to 

public perceptions of profiteering, 

unfair charging for low socio-

economic demographics, recent 

improvements; resistance to 

Waikato pipeline.  

General pride in high quality 

water; contention of 

allocations to dairy farmers 

and other irrigating 

consumers.  

Notes: 
1
Niwa (2009); 

2
Aqualink (2008) AWG (2008), WNZ (2009), 

3
CCC (2008);

4
 Metrowater (2009) 
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RESEARCH HYPOTHESIS 

To answer the main question „What are the current consumer values and behaviour 

patterns regarding water use‟, the following research questions are posed in this 

chapter: 

 How do the Auckland and Christchurch communities  

a) compare in their awareness of water service provision and charging structure; 

b) compare in their water use behaviour; 

c) compare in their attitudes towards water management; and 

d) perceive their water resource and current management? 

 Which factors best discriminate between the two communities?  

 Which factors best discriminate between those that accept and those who don‟t 

accept to pay for ecosystem services? 

It is expected that Auckland residents have a higher awareness of water management 

and charging structures, and have a more utilitarian relationship to water services. It 

is expected that Christchurch residents are less aware of management and charging 

structures, and have a more emotive relationship to water services. It is expected that 

both communities have a poor understanding of their water use patterns.  

 

METHODOLOGY 

Due to time and budget constraints a postal questionnaire was chosen as the survey 

instrument. Postal questionnaires commonly suffer from self-selection biases 

(Whitehead, 2006) producing higher response rates from people who feel strongly 

one way or the other about the issues in question; whereas the more time costly face-

to-face interviews and telephone strategies may yield higher, more representative 

response rates. Further limitations to this strategy lie with the potential barriers for 

people speaking a foreign language, and respondents with difficulty reading as no 

provision was made for getting clarification of any issues. A postal questionnaire, 

however, eliminates the interviewer effect (or social desirability effect) associated with 

face-to-face and telephone surveys, and offers privacy for respondents to answer 

delicate questions, potentially promoting more honest responses. A web-based 

survey was considered to exacerbate self-selection biases. 
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An initial draft was pre-tested on university staff and postgraduate students. The 

questionnaire format and question formulations were then redrafted with input from a 

range of people with experience in willingness to pay surveys, survey design and 

statistical analysis (see acknowledgements); two further pre-tests were conducted on 

random samples of people in Auckland City.  The first pre-test selected a random 

street in Auckland City, where the questionnaire was delivered in person if someone 

was home, or otherwise was left in the letterbox. The questionnaires were collected 

the following day from respondents‟ letterboxes.  The second pre-test involved the 

first 30 people to accept the task when approached in a mall by the researcher, 

asking every second male and female encountered, and were returned by prepaid 

self-addressed envelopes.  

The survey was conducted August-October 2008. The questionnaire was distributed 

to 750 households each in Auckland City and Christchurch City selected from local 

body electoral rolls using standard random-lists selection procedures (Whitehead, 

2006). Respondents were given a period of four weeks to complete the questionnaire 

and were informed that they would receive a reminder during that time. All 

respondents who returned a questionnaire and detached contact details were entered 

into a draw of two prizes in each city of NZD$300. A reminder was sent after two 

weeks. Due to low response rates at the closing date, 300 surveys (200 in Auckland, 

100 in Christchurch) were re-sent to original recipients that had not yet responded. An 

altered information sheet informed the recipients of the low response rates resulting 

from the prior attempt. Surveys returned to sender because the recipients had 

unknown addresses were regarded as invalid and subtracted from the final sample 

size.  

Survey design 

The questionnaire consisted of a participant information sheet, an introduction, four 

sections of questions, and a self addressed prepaid return envelope (Appendix 1). 

Most sections contained a mixture of tick box (yes/no/don‟t know, or item lists), 5 point 

Likert-scales (from Strongly disagree to Strongly agree, and a don‟t know option) and 

open-ended questions.  

The introduction briefly stated the aim of the research. The first section of questions 

primed the respondents to think about their own household and water service 



86 Chapter 3 Awareness, attitudes and identity 
 

86 
 

provision. It then identified those that had ever been responsible for paying the water 

charges and prompted readers to reflect on how much they currently paid for water.   

This was followed by a section on perceptions of current pricing, attitudes to water 

charges and water management, including the valuation question. Section three 

consisted of questions concerning respondents‟ perceptions and knowledge of local 

freshwater resources and an evaluation of preferred management options. Section 

four asked questions on household water use behaviour, before a few demographic 

classification questions and an open comments box concluded the questionnaire. 

Respondents were thanked for their time and reminded to provide contact details for 

the purpose of entering the draw.  

Statistics 

Responses were analysed using SPSS 16.0 providing summary statistics, frequency 

tables and cross-tabulations of key variables for comparison of the two samples. The 

attitudinal variables were analysed using binomial logistic regression according to the 

following decision schedule (Figure 3.1). Variables that were significant in predicting 

the valuation question only (Accept / Don‟t Accept) are presented and discussed in 

Chapter 4.  

 

Figure 3.1. Classification of attitudinal predictors. 

 

  

  

Akl  / Chch 
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 Don't  Accept 

information 
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RESULTS 

The results will be presented in three sections: first general response statistics, 

followed by a summary of characteristics of perceptions and water use behaviours for 

each city; and finally, a comparison between the two cities by binomial logistic 

regression factoring in perceptions and attitudes to water management and the 

environment.  

SECTION 1: RESPONSE STATISTICS 

The response rate was 26 % from the combined valid sample of 1370, with 171 valid 

responses from Auckland and 179 valid responses from Christchurch (Table 3.2). In 

Auckland 45 suburbs and in Christchurch 62 suburbs were represented. Table 3.3 

lists number of respondents from suburbs with 5 or more responses. 

Table 3.2. Response summary. 

 N Auckland Christchurch 

Sent  1500 750 750 

Re-sent 299 199 100 

Returned unknown 130 76 54 

Valid sample size 1370 673 697 

Responses total 351(26%) 171(25%) 180(26%) 

Invalid 2 1 1 

Valid 349 170 179 

 

 

Table 3.3. Suburbs represented by more than 5 respondents (number). 

Auckland  Christchurch  

Mt Eden, Remuera  (14) Fendalton, Redcliffs (8) 

Greenlane, Mt Albert (8) Avonhead, Shirley,  

St Albans 

(7) 

Epsom, Mt Roskill,  

Sandringham, St Heliers 

(7) Bryndwr, Hornby, Ilam, 

Papanui 

(6) 

Kohimaramara, Parnell 

Pt Chevalier 

(6) Burnside, Linwood (5) 

Blockhouse Bay, One Tree 

Hill, Onehunga 

(5)   
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The average time for completing the survey was 24.5 minutes with a standard 

deviation of 12.2 minutes. The valuation question achieved a 100% response rate in 

Auckland, and a 98% response rate in Christchurch. Open-ended questions achieved 

the lowest response and Likert scale questions an average of 93% (89 - 98%). No 

significant difference was found of the response rates of questions between sections, 

and 20% of the total sample made a closing comment.   

SECTION 2: VARIABLES 

Table 3.4 presents all variables (socio economic characteristics, perceptions attitudes 

and behaviour). For each variable, the table indicates whether or not a significant 

difference was found between cities, between those that accepted the alternative 

pricing proposal and those that did not; and finally if there was a significant difference 

when including city and accepting the price as interaction terms. Each set of variables 

will subsequently be presented and explored in detail.  

This section first explores respondents‟ socio-economic characteristics and 

awareness of local water management (A and B Table 3.4 below). Results relating to 

preferred responses and water use behaviour (F and G) follow, before attitudinal 

statements (C, D, E, F) are explored by subsamples representing those that accepted 

and those that did not accept for each city.  

Significant variables were further explored in the logistic regression presented in the 

last section of the results. Qualitative summaries from open-ended questions are 

presented in context of related quantitative sets of questions. Summary tables and 

chi-square statistics are presented in Appendix 3, Table 3(a) and 3(b).  
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Table 3.4. Quantitative explanatory variables, their significance in discriminating for City and 
Accept; as well as the interaction. P-values resulting from chi-square test statistics (categoricals), 
manova (ordinals / continuous), logistic binomial regression (interaction terms) are represented as 
* (p-value <0.05), ** (p-value <0.01). NS= not significant. NA= not applicable.  

Type 
Variable description 

Levels / categories  
(DK= don’t know) City Accept 

Accept
* city 

A. 
Respondent 
characterist
ics 

City Akl / Chch NA ** NA 
Gender Male / female NS NS NS 
Age Continuous NS NS NA 
Highest level education No tertiary / Tertiary NS NS NA 
Household Income 6 (<$20000->$100000) NS ^ ^^ 
Household size Continuous NS NS NA 
Occupation 12 (as Census 06) NS NS NA 
Ethnicity Open  (as Census 06) ** NS NA 
Residence tenure Own / Rent NS NS NS 
Ever paid the water / rates bill Yes / No / DK NS NS NA 

B. 
Awareness 
/ 
perceptions 
/ 
preferences 

Aware of last bill amount  Yes / No ** ** ^^^ 
Service provider name Yes  / No ** * ^^^ 
Service provider status Private / Public / DK ** NS NS 
Ecosystem protection is 
currently included  

Yes / No / Dk ** * * 

Ecosystem protection should 
be included 

Yes / No / DK NS * NS 

Ecosystem restoration is 
currently included 

Yes / No / DK ** NS NS 

Ecosystem restoration should 
be included 

Yes / No / DK NS ** NS 

Majority would accept increase Yes / No / DK ** ** NS 
Water charges should be 
scarcity linked 

Yes / No / DK ** * ^^ 

C. Preferred 
response to 
supply 
constraints 

Offer discounts for reduced use Yes / No / DK NS NS NS 

Increase price  in advance to 
encourage conservation 

Yes / No / DK NS ** NS 

Subsidise water saving 
technologies 

Yes / No / DK ** NS NS 

Increase price to cover higher 
cost if necessary 

Yes / No / DK * ** NS 

Enforce water restrictions Yes / No / DK * NS NS 

D. Water 
use 
 

Would you like use stated on 

your bill 

Yes / No / DK ** ** ** 

Guesstimate of litres used per 
household/day 

7 (<100 to > 2000 +DK) 
or continuous 

NS  NS NA 

Estimate of relative domestic 
water uses 

continuous ** NS NA 

Itemised water use 
characteristics  

5 (Use frequency 1-3, 
don’t have and DK)  

** * NA 

Current water saving 
behaviours 

Yes / No / DK ** NS NA 

Desired water saving 
behaviours 

Yes / No / DK NA NS NA 

Purchasing bottles water Yes / No / DK ** NS NA 
If yes, how often 4  NS NS NS 

 
 ^p-value= 0.06 (Income categories are household incomes not individual, thus the top end is “truncated”) 
^^ Significant difference (p-value 0.01) found for Christchurch but not Auckland by Chi-square statistics 
^^^ Significant difference (p-value 0.01) found for Auckland but not for Christchurch by Chi-square statistics 
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Table 3.4. continued. Quantitative explanatory variables, their significance in discriminating for 
City and Accept; as well as the interaction. P-values resulting from chi-square test statistics 
(categoricals), manova (ordinals / continuous), logistic binomial regression (interaction terms) 
are represented as * (p- value <0.05), ** (p-value <0.01). NS= not significant. NA= not applicable.  

Type Variable description 
Levels / categories  
(DK= don’t know) City Accept 

Accept* 
city 

E. 
Perceptions 
of 
freshwater 
resource 
status 

Plentiful; problems unlikely in 
foreseeable future 

Likert (5 point + DK) NS * NS 

Strong possibility  water will 
become scarce 

Likert (5 point + DK) NS * NS 

Strong possibility  water will 
become polluted 

Likert (5 point + DK) * * NS 

Used wastefully Likert (5 point + DK) ** * NS 
Currently polluted Likert (5 point + DK) ** NS NS 
Current management harming 
city’s natural environment 

Likert (5 point + DK) NS ** NS 

Current management harming 
city’s economy 

Likert (5 point + DK) NS NS NS 

Current management causing 
social harm 

Likert (5 point + DK) NS NS  * 

Water issues are not a priority 
at the moment 

Likert (5 point + DK) NS NS NS 

Don’t care who manages the 
water 

Likert (5 point + DK) * NS NS 

I would like more information Likert (5 point + DK) NS ** NS 

F. Attitudes 
to water 
charging 
 

Households should not pay at 
all  

Likert (5 point + DK) ** ** ** 

Paying cost of supply is right Likert (5 point + DK) * * * 
Price must ensure resource 
sustainability  

Likert (5 point + DK) NS ** NS 

Charge should be combined in 
rates 

Likert (5 point + DK) ** ** * 

Charge should be separate by 
volume 

Likert (5 point + DK) ** ** ** 

Water has cultural and spiritual 
importance 

Likert (5 point + DK) NS NS NS 

G. Attitudes 
to water  
use and 
supply 

Abundant supply important Likert (5 point + DK) NS NS NS 
Use as little as I can Likert (5 point + DK) NS NS NS 
Use what I require  Likert (5 point + DK) NS NS NS 
Never think about how I use 
water 

Likert (5 point + DK) NS NS NS 

Concerned about cost Likert (5 point + DK) ** * NS 
 Good water is a privilege Likert (5 point + DK) ** ** NS 
 It matters where the water 

comes from  
Yes / No / DK ** NS NS 



91 Chapter 3 Awareness, attitudes and identity 
 

91 
 

SOCIO-ECONOMIC CHARACTERISTICS  

The mean household size was 2.8 with a standard deviation of 1.3 (Table 3.5). The 

mean age of all respondents was 49.6 with a standard deviation of 15.8.  

 

Table 3.5. Sample characteristics 

 N Minimum Maximum Mean Std. d 

Age in years 347 18 91 49.6 15.82 

Auckland 169 19 91 49.2 15.03 

Christchurch 178 18 87 50.0 16.57 

Household size 

 Auckland 

349 

170 

1 

1 

8 

8 

2.8 (2.71) 

2.8 (2.91) 

1.3 

1.42 

Christchurch 179 1 6 2.7 (2.51) 1.22 
1Statistics New Zealand 2006 Census TLA data tables 

 

In Auckland 62% of respondents were female, in Christchurch females constituted 

52%. The sample is not representative of the general population age distribution (X2= 

35.2, p-value<0.001). Males and females 40-79 years in Auckland, and males 59-79 

years in Christchurch are overrepresented, whereas Auckland males and females and 

Christchurch males ages 18-39 are under-represented. Chi-square test statistics 

show no significant difference for the female census population and sample in 

Christchurch (X2=7.83, p-value 0.35). Weighting by gender did not affect the main 

question pertaining to the acceptance of proposed price increases and was not 

explored further in the analysis.  

The sample is not representative of the ethnic composition for either city, exhibiting 

under-representation of all ethnic minority groups including Māori (Appendix 2(a)). 

Subsequently, some groups were combined to enable statistical tests: “New 

Zealander” was included in the “European New Zealand/ Pakeha” categories, and 

“Asian”, “Middle Eastern, Latin American and African” were included in “Other” for 

both data sets (Figure 3.2).  

Both Auckland and Christchurch distributions of ethnicity were significantly different 

from the census distributions at the 99% level (Auckland X2=49.3, p-value= 0.00; 

Christchurch X2= 29.2, p-value< 0.01).  
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Figure 3.2. Ethnic composition (combined categories) of sample versus SNZ 2006 

Census data.  

 

There is strong evidence (X2= 83.04, p-value< 0.01) that the sample proportions with 

tertiary/ trade certificate qualifications are different from the general population (Figure 

3.3). In the Auckland sample 69% had tertiary or trade certificate qualifications versus 

the NZ 2006 census of 46%. In the Christchurch sample 60 % had tertiary 

qualifications, versus 33% in the census. There was representation from all 

occupational categories in both cities, but the sample distribution was not 

representative of the population distribution (Auckland X2=36.6, p-value =0.00; 

Christchurch X2= 57.1, p-value=0.00). Both samples over-represent the Professionals 

category, and under-represent the Labourer, Machine driver/operator, Other and 

Unemployed categories. There was no evidence that the representation of 

occupational categories differed between the two cities (X2= 1.1, p-value= 0.99). 
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Figure 3.3.  Occupational categories, sample versus census populations proportions. 

 

The sample distributions of incomes show adequate spread (Figure 3.4). The 

Statistics New Zealand Census 2006 median household income for Auckland was 

$66,100 compared to the Auckland sample‟s median category of $70-100,000. The 

Christchurch Census 2006 median was $48,000 which is also close to the sample‟s 

median category of $50-70,000. Calculation of categorical means (min=1, max =6) 

confirm that the mean for Auckland of 4.5 includes category 4 ($50-70,000) and 5 

($70-100,000). The Christchurch mean remains with category 4 ($50-70,000).  

 
Figure 3.4. Respondents accepting and not accepting the price increase by household 

income before tax for each city.    
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Chi-square statistics found a significant difference between respondents accepting 

and not accepting the price increase by household income categories in Christchurch 

(X2= 14.8, p-value= 0.01), but did not detect a significant difference between those 

accepting and those not accepting the bid by income categories in Auckland (X2= 5.0, 

p-value= 0.417). 

Chi-square test statistics did not detect significant differences in the following 

demographic attributes between the Auckland and Christchurch samples: household 

size (X2= 4.99, p-value= 0.417), number of dependent children in the household (X2= 

0.64, p-value= 0.888), type of dwelling (X2= 0.01, p-value= 0.913), tenure of dwelling 

(X2= 0.59, p-value= 0.443), and whether or not respondents have ever paid the water 

and/or rates bills (X2= 0.95, p-value= 0.331). 

AWARENESS OF WATER SERVICE PROVIDER AND WATER BILL 

Chi-square statistics found strong evidence for differences between the Auckland and 

Christchurch samples in the following attributes (Q6-Q9, Appendix 1): awareness of 

service providers name (X2= 57.8, p-value< 0.001), if service provider is a public or 

private company (X2= 34.0, p-value<0.001), awareness of the amount of the last bill 

paid (X2= 105.5, p-value< 0.001), and the water bill size (X2= 106.6, p-value<0.001).  

 

Figure 3.5. Awareness of service provider and last bill, by city. 
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In Christchurch around 50% did not know the name of the provider and 73% stated 

they were unaware of the amount on the last bill (Figure 3.5). Of Auckland residents 

18% believed the service provider was a private company, however no significant 

difference was found between those believing the company was private and those 

believing it was public in accepting or not accepting the proposed price increase (X2= 

3.9, p-value= 0.14).  A significant difference was found between Auckland residents 

who were aware of the bill and those not aware in whether or not they accepted the 

price increase (X2= 5.9, p-value= 0.02), with those aware more likely to not accept. 

The difference in Christchurch was not statistically significant; however the numbers 

suggest that more unaware respondents accepted than aware respondents. 

Respondents were asked to indicate which of a range of items were included in the 

current water charge (Q10, Appendix 1), and then whether or not they thought those 

items should be included (Q11, Appendix 1). Figure 3.6 shows the percentage of 

respondents for each city stating yes, no, don‟t know (DK), and those who stated 

should be. 

 

 

Figure 3.6. Items believed included / should be included in the water charge for each 

city. * Indicates that significant difference was found between the cities.  

A significant difference was found between the cities for the items thought to be 

included in the water charge (X2=15.5, p-value= 0.00), but not for what items the 

respondents believed should be included in the water charge (X2= 3.59, p-value= 

0.46). In particular, fewer residents in Christchurch (85% versus Auckland 95%) 

believed water collection, storage, treatment and supply to be included.  More 
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residents in Christchurch (40%) believed ecosystem protection and ecosystem 

restoration to be included in the current charge, compared with 28% and 23% in 

Auckland respectively. Most importantly, 60-70% of respondents in both cities 

believed ecosystem protection and ecosystem restoration should be included in the 

water charge. 

PREFERRED MANAGEMENT OPTIONS 

Respondents were asked if they believed the price of water should be linked to 

availability (Q15, Appendix 1).  The majority for both cities said no, but a significant 

difference was found (X2= 11.2, p-value= 0.00) with stronger support present in 

Christchurch (39% yes) than in Auckland (25% yes). In Christchurch people who said 

yes were twice as likely to accept the proposed price increase (X2= 10.7, p-value= 

0.01). 

 

Figure 3.7. Preferred responses to water supply constraints by city. 

 

Respondents were asked to give a preferred option for the service provider to 

respond to a potential supply constraint (Q22, Appendix 1).  Figure 3.7 presents the 

mean response to each option by city where 0= no, 1= yes. The most preferred option 

for both cities was for the provider to offer discounts for reduced use (Akl= 0.9; Chch= 

0.86), the least preferred for both cities was for the provider to increase price in 

advance (Akl= 0.28; Chch= 0.39). Although most people did not prefer to increase 

price to cover cost of supply when and if needed in both cities, the option was 
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significantly more preferred in Christchurch (F= 4.09, p-value= 0.04).   

Similarily,  a majority preferred to apply water restrictions to avoid price increase in 

both cities, but the option had significantly stronger support in Christchurch than in 

Auckland (F= 11.96, p-value= 0.00).   

Respondents accepting the price increase were significantly more likely to prefer the 

option to increase price to cover cost of supply when and if needed (F= 13.41, p-

value= 0).  

Under the open-ended option the following suggestions were made: „encourage water 

saving technologies‟ (Auckland 7, Christchurch 3); „ensuring efficient charging for 

commercial and high users‟ (Auckland 2, Christchurch 1); and „improved education 

and awareness to households‟ (Auckland 1, Christchurch 3).  

 

Figure 3.8 Responses to would like use stated on bill for each city 

 

Respondents were asked questions relating to information on their bill (Q28-Q29, 

Appendix 1). The residents‟ awareness of information of use being stated on their bill 

was significantly different between the cities (X2= 33.38, p-value= 0): in Auckland 25% 

said water use was stated on the bill, 34% said it was not, and 41% did not know.  In 

Christchurch 4% said water use was stated on the bill, 51% said it was not, and 45% 

did not know. There was also a significant difference between the cities when asked if 

they would like use to be stated on their bill (X2= 9.78, p-value= 0.01). In Auckland, 

82% said yes, 6% said no, and 12% were not sure; in Christchurch 67% said yes, 

15% said no, and 18% were not sure (Figure 3.8). In Christchurch, a significant 
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difference was found between those accepting the price increase and those that did 

not (X2= 9.82, p-value= 0.01). A majority wanted use stated (72% for those accepting 

the price increase versus 60% for those that did not).  

WATER USE 

Respondents were asked to provide a best guess of water use per day (Q25, 

Appendix 1). There was no significant difference between the two cities in the best 

guess of household water use per day (X2= 2.15, p-value= 0.91). Figure 3.7 shows 

the best guess water use from the Auckland and Christchurch samples combined, 

and the actual average household consumption for each city.  

 

 

Figure 3.9. Daily household (hh) consumption; combined response frequencies and 

actual average daily household consumption (AWI, 2008, WNZ, 2009). 

Approximately 30% of the sample for both cities stated they had no idea how much 

water their household consumed on average per day. Only 5% of the Christchurch 

sample guessed their household water consumption to fall in the same category as 

the actual average consumption level, whereas 18% of the Auckland sample guessed 

their household consumption to fall in the category of the actual average consumption 

level.  
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A significant difference was found in how respondents thought domestic water was 

used in their household in the summer season (Q26, Appendix1). Figure 3.10 shows 

the means of perceived and actual relative use for both cities.  

 

Figure 3.10 Perceived relative use and actual use of domestic water by city (BRANZ, 

2008; NZWWA, 2009). 

 

Significant differences of the perceived mean relative use were found between the 

cities in the „outdoor‟ (F= 12.2, p-value= 0.00) and „laundry‟ (F= 7.06, p-value= 0.01) 

categories.  Respondents in Auckland and Christchurch were different in some water 

saving behaviours (Q27, Appendix1).   

Figure 3.11 shows that more people in Auckland (84%) save water by having dual 

flush toilets than in Christchurch (70%), more people in Christchurch (32%) use drip 

irrigation systems for their garden than in Auckland (18%), and less people in 

Christchurch (15%) collect rainwater than in Auckland (27%).  About 20% of 

respondents in both cities said they would like to use recycled water for outdoor use, 

and 27% said they would like to be able to collect rainwater for some uses.  
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Figure 3.11. Actual and desired water saving behaviours by city. 

 

Figure 3.12 (a) and (b) below show the reasons given for saving water and reasons 

for not saving water. Water was recycled for use in the garden in both cities; people in 

Christchurch stated the reason to conserve more frequently than people in Auckland, 

and more frequent than any other reason. The reason most frequently given for not 

recycling water, collecting rainwater and for not using drip irrigation was the lack of 

facilities.  

The last questions related to water use, asked about respondents‟ bottled water 

buying behaviour (Q30-Q31, Appendix 1). Again, a significant difference was found 

between cities (X2= 7.44, p-value= 0.01). In Auckland, 51% stated they did purchase 

bottled water; in Christchurch 36% did. From those that did purchase, the frequencies 

of drinking bottled water was not significantly different between the cities. The majority 

drank bottled water once per month or less, and less than 15% in Auckland and 5% in 

Christchurch said they drank bottled water most days. Respondents who accepted 

the price increase were not statistically different to those that did not accept in their 

behaviour.  
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Figure 3.12. Reasons given for saving water by city (a); reasons given for not saving water by city (b). 
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ATTITUDES TOWARDS WATER RESOURCE MANAGEMENT 

Respondents were asked to give three words or phrases that described „good water 

management‟ (Q12, Appendix1). Figure 3.13 ranks the total number of times a word 

was mentioned for each city.   

 

Figure 3.13. Words describing “good water management” by city, ordered by 

Christchurch values; words with less than five entries for either city are excluded. 

Words relating to conservation / minimise waste were given most frequently as the 

first word, most frequently as a second word, and most frequently in total for both 

samples; and much more frequently in Christchurch (26%) than in Auckland (15%). 

Secure supply was also frequently used (Auckland 12%, Christchurch 10%); ensuring 

a secure supply was given second most frequently in total, but less frequently as a 

first word than clean / clear and quality / taste. Words relating to sustainable 

management were the third most frequent in total and third most frequent for both 

cities (8-9%). In Auckland affordability / price featured more frequently than in 

Christchurch (8% and 4% respectively) as did responsible, technologies and cheap.  
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Respondents were asked to indicate the level of agreement to a range of statements 

abaout water charges, water use and the status of local water resources and 

management (Q16,17 and 21, Appendix1). Figures 3.14 - 3.16 show level of 

agreement and if differences between those accepting and not accepting the price 

increase were significant (95% confidence). 

 

 

 

Figure 3.14. Attitudes toward water charges in (a) Auckland and (b) Christchurch.  

 

 

 

 

Figure 3.15. Attitudes toward water use in (a) Auckland and (b) Christchurch. 
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Figure 3.16. Perceptions of water resources management in (a) Auckland and (b) 

Christchurch. 

 

Figure 3.17 presents mean Likert scores (1= strongly disagree, 5 = strongly agree; 

don‟t know excluded) for all statements by City and if differences were found to be 

statistically significant by analysis of variance statistics. The statement most agreed 

with for both cities was that good quality drinking water from the tap is a privilege that 

should not be abused. The statement most disagreed with for both cities was I never 

think about how I use water.  

There is a clear difference between the cities in attitudes regarding how water is 

charged. In Auckland, the majority supports charges by volume; in Christchurch there 

was stronger support for charges to be rates-based. In both cities there was a 

concern for pollution affecting water quality now and in the future, however residents 

in Christchurch were more concerned. In Auckland more people were concerned 

about costs.  
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Figure 3.17. Mean Likert scores for attitude statements (Q16, 17 and 21) by city. 
Statements are grouped by scores above 3 (majority agree) and below 3 (majority 
disagree), don’t know answers are excluded.  
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Figure 3.18. Mean Likert scores for attitude statements Q16, Q17 and Q21 by 
respondents accepting and not accepting the price increase for each city.   
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The statements were also analysed according to the respondents accepting or not 

accepting the price increase. Figure 3.18 compares the two groups for each city, and 

if the difference was significant at the 95% confidence level (ANOVA).  

In Auckland, both  groups agreed that water should be charged by volume, and that 

paying for the cost of supply is right; however there was stronger support from those 

that accepted the increase in price that the price must ensure the sustainability of the 

resource. Respondents who did not accept the increase were more concerned about 

cost, agreed less strongly that water is used wastefully, and disagreed more with the 

statement pollution is likely to become an issue in the future.  

Compared to Auckland, Christchurch residents agreed more with the idea that 

households should not pay at all, and those that accepted the increased charge 

agreed more strongly with paying for the cost of supply. There was a clear difference 

between those that accepted and those that did not accept the increase in level of 

agreement to paying for water in the general rates, with those accepting agreeing 

more. Interestingly, people who did not accept agreed more strongly that I use as little 

as I can and were less suprisingly more concerned abut cost. There was stronger 

agreement from those that accepted that pollution is likely in the future and water is 

being used wastefully.  

Finally, the statements were analysed according to respondents ethnicity  (Figure 

3.19). Only the three largest groups, NZ/European, Māori and Asian, were included in 

the statistical analysis, testing for significant difference at the 95% confidence level 

(ANOVA). As numbers in Māori (n= 13) and Asian (n= 16) were much lower than the 

NZ/European (n= 285) category, p-values less than 0.1 are also noted (^) for 

individual statements. An overall (MANOVA) test of difference was not conducted.  

Of particular note, Māori agree more strongly that the current management is harming 

the economy, and that of all ethnic groups only Māori mostly agree to water has 

cultural importance to me. Also, European/NZ agreed less that water is a free gift 

from nature, and Māori agreed less to the statement that water is a privilege that 

should not be abused. 
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Figure 3.19. Attitude statements by ethnicity groups NZ/European, Māori and Asian. 

Respondents were at the end of the questionnaire invited to make any comments on 

the questionnaire or on water management concerns. Nearly 20% of respondents 

made closing comments; for a full report see Appendix 2(b). The most frequently 

received comments were (1) this questionnaire has made me think about water; (2) 

expressions of gratitude for being allowed a voice; (3) concerns about dairy farming; 

(4) concerns about pollution from farming; (5) fear of profiteering; and (6) authorities 

wasting money.  

SECTION 3: LOGISTIC REGRESSION 

Binomial logistic regression was used to predict the outcome of the categorical 

variable City; the categorical variable Accept; and Accept with City as an interaction 

term with a combination of predictor variables. The predictors are either categorical or 

continuous (c.f. Table 3.4, p.44).  
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From the regression, each predictor is assigned a regression coefficient B; standard 

error, Wald statistics and associated p-values indicating if the inclusion of the variable 

produces a significant effect in the predictive model. From B we get exp (B), the odds 

ratio (with 95% confidence interval). All the models were validated by the Homser and 

Lemeshow Chi-square test, in which the overall model is tested against the data; all 

tests produced non-significance indicating that the models included adequately fit the 

data. The method „enter‟ was used for the regression, where all predictors are 

introduced simultaneously and the coefficients are adjusted by iterations until the best 

fit is reached.  

-2Log-likelihood(-2LL) is a measure of the unexplained variation after the model is 

fitted, analogues to the residual sum of squares. Large values indicate poorly fitting 

models, smaller values better fitting models.  

Nagelkerke adjusted R2 is a coefficient of determination, the proportion of variance in 

one variable explained by a second variable; it is Pearsons R2 adjusted to overcome 

the issue of the statistic not being able to reach its maximum value (1).  

Predictive power is the percentage of observations that were predicted correctly for 

each outcome by the model. The base model‟s predictive power is 50% (predicting 

that 0.5 of all observations belong to each category, or adjusted if sample size 

differs), values above 50% means the new model is doing better.    

The Odds ratio is an indicator of the change in odds resulting from a unit change in 

the predictor: when >1 the odds increase; when <1 the odds decrease. Table 3.6 lists 

the significant variables (95% confidence level) of the models for: (a) predictors of 

City; (b) predictors of Accept; and (c) predictors of both City and Accept. The table 

gives the model summaries (-2LL; Nagelkerke R2; and the predictive power %), the p-

value for the coefficient and associated odds ratios with 95% confidence intervals, 

and an interpretation of the odds ratios. 

In summary, Auckland residents are likely to be more aware of the water service 

charges, less sure if the service provider is a private or public company, and more 

likely to prefer the offer of a discount for reduced use if there is a supply constraint. 

People in Auckland are more likely agree with the statements current management is 

harming the economy and water charges should be separate and by volume. Finally, 

Auckland residents are more likely to think that the majority would not accept the 
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proposed price increase, and that water prices should not be scarcity linked.  

Christchurch residents are likely to be unaware of what amount from the last rates bill 

went to water services, and to be unable to name the service provider. They also are 

likely to have a stronger preference for the enforcement of water restrictions as a 

response to supply constraint. Christchurch residents are likely to agree more strongly 

that good quality water from the tap is a privilege that should not be abused and think 

water quality matters when sourcing the water supply. They also are more likely to 

believe the majority would accept the proposed price increase, or to be unsure.  

Table 3.6. Binomial logistic regression model summaries and significant predictor 

variables for (a) City; (b) Accept; and (c) Accept with city interaction terms.  

 (a) Model summary: City 

-2Log-likelihood = 146.3 Nagelkerke R2= 0.80 Predictive power= 89% 

 
p-

value 
Odds ratio 

(95%  CI) 
Odds ratio interpretation  

Enforce water restrictions 0.01 10.9 

(1.9-60.2) 

11 times more likely to live in Chch if 

yes 

Service provider’s name 0.01 10.0  

(1.8-53.4) 

10 times more likely to live in Chch if  

don't know service provider’s name 

Good water from the tap is a 

privilege that should not be 

abused 

0.00 3.9 

(1.7-8.8) 

4 times more likely to live in Chch the 

more you agree 

Aware of last bill amount  0.00 0.06 

(0.02-0.23) 

94% less likely to live in Chch if  aware 

of last bill 

Offer discounts for reduced use 0.01 0.11 

(0.02-0.59) 

89% less likely to live in Chch if yes 

Service provider’s status 0.01 0.15 

(0.04-0.66) 

85% less likely to live in Chch if don't 

know if the service provider is private 

or public 

Majority would accept the 

proposed increase in price 

0.02 0.15 

(0.03-0.69)   

85% less likely to live in Chch if think 

majority won’t accept 

Quality matters when sourcing the 

water 

0.02 0.2 

(0.05-0.72) 

80% less likely to live in Chch if don’t 

think quality matters  

    

Water charges should be scarcity 

linked 

0.03 0.22 

(0.06-0.8) 

78% less likely  to live in Chch if don’t 

think water should be scarcity linked 

Current management is harming 

city’s economy 

0.00 0.27 

(0.10-0.69) 

73% less likely to live in Chch the more 

you agree 

Charges should be separate by 

volume 

0.01 0.45 

(0.25-0.82) 

55% less likely to live in Chch the more 

you agree 
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 Table 3.6. continued.  Binomial logistic regression model summaries and significant 

predictor variables for (a) City; (b) Accept; and (c) Accept with city interaction terms.  

(b) Model Summary: Accept 

-2Log-likelihood= 148.4 Nagelkerke R2= 0.68 Predictive power=87% 

 
p-

value 

Odds ratio 

(95%  CI) 
interpretation 

Increase price to cover 

higher cost if necessary 

0.00 31.3 

(7-139.7) 

31  times more likely to Accept if yes 

Ecosystem restoration 

should be included in water 

charge 

0.02 8.7  

(1.3-56.9) 

9 times more likely to Accept if think 

ecosystem restoration should be included  

Majority would accept the 

proposed increase in price 

0.03 5.6 

(1.2-26.9) 

6 times more likely to Accept if think 

majority would accept 

Good water from the tap is 

a privilege that should not 

be abused 

0.03 2.2 

(1.1-4.2) 

2 times more likely to Accept the more you 

agree 

I am careful with the water I 

use 

0.02 0.46 

(0.24-0.9) 

54% less likely to Accept the more you agree 

Charges should be 

combined in rates 

0.00 0.47 

(0.28-0.79) 

53% less likely to Accept the more you agree 

Households should not pay 

at all 

0.02 0.55 

(0.3-0.92) 

45% less likely to Accept the more you agree 

 
   

(c) Model Summary: Accept*city 

-2Log-likelihood= 248.2.9 Nagelkerke R2= 0.41 Predictive power=71.4% 

 
p-

value 

Odds ratio 

(95%  CI) 
interpretation 

Increase price to cover 

higher cost if necessary*city 

0.00 27.2 

(3.4-215.4) 

If  live in Akl and yes : 27 times more likely to  

Accept 

Price must ensure 

sustainability*city 

0.01 3.6 

(1.5-8.9) 

If  live in Akl and agree : 4 times more likely 

to  Accept 

Majority would accept the 

proposed increase in price 

*city 

0.05 0.13 

(0.02-0.97) 

If live in Akl and no, 87% less likely to Accept 

Households should not pay 

at all *city 

0.00 0.19 

(0.07-0.5)  

If live in Akl and agree:  80 % less likely to 

Accept 

Supply should be sourced 

locally*city 

0.03 0.2 

(0.05-0.88) 

If live in Akl and no:  80 % less likely to 

Accept 

Current management is 

causing economic harm*city 

0.01 0.21 

(0.06-0.69) 

If live in Akl and agree:  79 % less likely to 

Accept 
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The strongest predictors for accepting the proposed price increase, disregarding 

place of residence, are the preferred response to water supply constrains being to 

increase the cost when and if needed, stronger agreement to ecosystem restoration 

should be included in the water charge and the belief that the majority would accept 

the proposed price increase. Also increasing the likelihood for accepting the proposal, 

was a stronger belief that good quality water from the tap is a privilege(...) , and that 

water charges should be separate and by volume. The strongest predictor for not 

accepting the proposed increase was to consider oneself to be using water carefully, 

a stronger belief that households should not pay at all, and that the charges should be 

combined in the rates. Some of these variables will be discussed further in Chapter 4.  

The following variables were found to affect the odds of accepting differently in the 

two cities: the preference for the service provider to increase the cost when and if 

necessary and believing that the water charge must ensure the sustainability of the 

resource, households should not pay at all, the perceived importance of sourcing 

water locally and current management is causing economic harm. These will also be 

explored further in Chapter 4. 

 

DISCUSSION 

The following discussion is divided into sections about the survey method; the 

findings on awareness, water use and attitudes, and the implications for water 

management for the two communities. A brief discussion of the implications for the 

construction of a generic transdisciplinary framework will be presented, but this will be 

the focus of chapter 5. A summary concludes the chapter.  

Method 

SURVEY VEHICLE 

The response rate was low but as expected given the resources available. Although 

the choice of a postal questionnaire over a telephone survey or face to face interviews 

was made based on fiscal and time constraints, a consistently high question response 

rate and the fact that 20% of respondents made closing comments, suggest that the 

survey response quality may in fact have benefited from this method, as respondents 

seem to have coped well with the rather lengthy design. 
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As an initial scoping study, the results obtained were revealing. As a component of a 

transdisciplinary management framework methodology, several improvements could 

be made. Suggestions for improvements include that in addition to reminders, a 

second full set of questionnaires should be sent to achieve a higher response rate. 

The participation of minority groups underrepresented by self non-selection should be 

boosted by stratified sampling of target groups. Finally, a designated website / 

response address where participants could get clarifications, ask questions and leave 

comments, as well as making background information and the survey results 

available, would enhance the public learning experience from this kind of survey. 

Refinement could also be made to a number of specific questions and the sets of 

questions included.  

REPRESENTATIVENESS AND NON-RESPONSE 

Self-selection tends to favour females, people in higher age groups, and people of 

higher socio-economic standing, i.e. with higher income and higher qualifications, and 

has the potential to cause a non-response bias. However, the inclusion of a lottery 

reward may have ensured adequate spread in the categories of gender, age, 

occupation and income.  

The under-representation of minority groups is the one obvious cause for concern in 

the interpretation of the data, as is low representation of tenants.  In terms of 

comparing and contrasting the communities, the two samples did not differ 

significantly; hence, the results are discussed on the basis of being comparable 

between the two samples, but not necessarily representative of the general 

population.   

Weighting was only explored with gender, and did not have a significant effect on the 

valuation question. Weighting could have been explored further with gender in 

regards to attitudinal variables, and with other respondent characteristics such as 

occupation and ethnicity.   

Also, other post-survey adjustments exploring potential non-response bias could have 

improved the robustness of interpretation with regards to the general population. For 

instance, comparing the two waves of responses, from the first and the second send-

out; and by using auxiliary variables (tenure of dwelling, did respondent pay the bill, 

etc.) to gauge the propensity of non-response for each estimate within the survey 
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(Groves, 2006).  

Results 

AWARENESS 

Residents in Auckland showed a significantly higher awareness of all aspects of water 

service provision, with the exception of the status of the service provider; nearly one-

fifth of the Auckland sample believed Metrowater to be  privately owned. However, 

this belief did not significantly affect the Auckland respondents‟ accepting or not 

accepting the proposed price increase. As Christchurch City Council does not 

explicitly show what amount of the rates bill goes towards water services, the 

residents would have had to make a real effort to actually be aware of the amount 

charged. The awareness of the bill influenced the acceptance of the price increase in 

Auckland; more people that were aware of the bill did not accept the increase. In 

Christchurch the numbers indicated that people unaware of the bill appeared more 

likely to accept, but it was not statistically significant. It seems reasonable to assume 

that in Christchurch the answer to the valuation and attitudinal questions are made 

without knowledge of the current price; that these findings indeed reflect a utilitarian 

attitude to water in Auckland, but due to the lack of pricing signals, a conservationist  

attitude to water management in Christchurch (c.f. Thomas and Syme, 1988; 

Nancarrow, 2004). It is to be noted that the findings of this study concurred with 

previous findings; that the attitude towards the resource is not reflected in resource 

use behaviours.  

In an attempt to discern what residents from the two communities believed they were 

actually paying for in the current price of water, a list of items was presented. 

Respondents were asked to indicate whether or not each item was currently included 

and then, if they believed it should be included. The most important result common to 

both cities was that the majority of people did not think ecosystem protection and 

ecosystem restoration were included or did not know; but over 60% of respondents in 

both cities thought they should be included. It should be noted that a difference was 

found between respondents from each city in what they believed was included. 

Christchurch residents in particular were likely to “confuse” what was included in the 

water charge with what was provided for by council in general. From the logistic 

regression it was found that the people who believed ecosystem restoration should be 
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included were more likely to accept the proposed price increase.  

These findings create confidence in respondents‟ „economic rationality‟; a lack of 

relationship would have indicated stronger prevalence of warm-glow or protest 

responses. They also give confidence to respondents‟ comprehension of the valuation 

question, and indicate the presence of public support for the idea of counting 

ecosystem services as water infrastructure in two communities with differing political 

and ecological environments. This will be discussed in further detail in Chapter 4 as 

motivations for accepting or not accepting the proposed price increase are presented.  

PREFERRED MANAGEMENT OPTIONS AND WATER USE 

Respondents in both cities were unsupportive of the idea that the price of water 

should be scarcity linked; however the idea had significantly more support in 

Christchurch than in Auckland. In Christchurch those that supported the idea were 

also significantly more likely to accept the proposed price increase. This response 

may reflect the two different supply systems currently in place (refer Chapter 2).  In 

Auckland, supply is unlikely to be constrained because of the Waikato River pipeline 

so a scarcity component may seem inconsequential to consumers; or, it could on the 

other hand reflect a concern for prices becoming unpredictable and inflated.  In 

Christchurch, over-allocation of water in the aquifers is already an issue, there is 

contention around the proposal of bringing in water from the Waimakariri River and 

contention around rapid increase in allocations to dairy farming creating an 

ambivalent reaction to the suggestion.   

The survey results give clear indication of which responses to water supply 

constraints are preferred by the majority in both cities. There was strongest support 

for the offer of a discount for reduced use, subsidies for water saving devices such as 

rainwater tanks, and to apply water restrictions to avoid price increases. The least 

preferred option was increasing price in advance to encourage conservation, followed 

by the option to increase of price when and if necessary. These results imply that 

there is an untapped willingness to save water present in both communities, which 

with the right instruments in place could reduce water consumption. Christchurch 

residents have a stronger preference for water restrictions, reflecting perhaps that 

Auckland consumption already reduced following the introduction of volumetric 

charges for both supply and wastewater. They also suggest that there is less support 
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for an increase in the volumetric price component, consistent with the lack of support 

in both communities for the price of water being scarcity linked. Based on the findings 

from the previous section however, an environmental levy or resource rent 

component could be accepted by the majority.  This will be discussed further in 

Chapter 5.  

Both communities preferred water usage to be stated on the bill, the support being 

significantly stronger in Auckland. A surprising result was that only 25% of Auckland 

respondents thought use was stated, when in fact it is. The finding suggests the way 

usage is currently reported (in cubic metres) is not meaningful for consumers. Daily, 

weekly or monthly consumption in litres may be a more useful measure; perhaps with 

information on average per person consumption for the stated period. Christchurch 

residents who wanted the use stated on their bill were significantly more likely to 

accept the proposed price increase. Again, this reflects the prevalence of a utilitarian 

water consumption paradigm in Auckland, the Christchurch community being more 

ambiguous, and more polarised, in their views on water policies.  

Both communities had limited awareness of actual water use, which confirms the 

suggestion above that the current reporting of usage on the bill in Auckland is not 

meaningful. Christchurch has a significantly higher per capita water usage, with nearly 

30% of the domestic consumption used outdoors, the Auckland average outdoor 

water use being 20% of the demand (but believed to be only 10% by respondents).   

Having dual flush toilets was the most commonly occurring water saving behaviour in 

both cities (highest in Auckland), followed by water saving shower heads at just under 

50% in both communities. Drip irrigation was the technique least used in Auckland, 

collecting rainwater least used in Christchurch, reflecting climatic conditions.  

Auckland residents had a moderate rate of recycling water (just below 40%) and 

collecting rainwater (just below 30%); Christchurch residents had a moderate rate of 

use of drip irrigation systems (over 30%) and recycling water (just below 30%), and a 

low rate of rainwater collection (15%). It should be noted that the term „recycling‟ 

covered any re-use of water, and does not refer to a „water recycling facility‟. The 

most commonly stated reasons for saving water by the listed techniques were to 

conserve (taken to mean conserve volume and/or reduce cost); being convenient and 

already fitted. The most commonly stated reasons for not using water saving 

techniques were the lack of facility, cost and lack of knowledge.  
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It was expected that residents in Christchurch consumed less bottled water than 

residents in Auckland, due to the high quality, good tasting drinking water by tap; this 

was confirmed by the results.  On the other hand, the frequency of consumption for 

those that did purchase did not differ significantly between the cities.  The most stated 

reason for buying bottled water was convenience, followed by for sport and for the 

bottle to be reused. In Auckland the second most common reason was because it 

tastes better, whereas in Christchurch this was among the most frequently stated as a 

reason for not buying bottles (i.e. tap water tastes better). The most frequent reasons 

for not buying bottled water were cost and creating plastic waste.   

As a whole, these use patterns reflect the climate, the supposed „identity‟, and pricing 

policies of each community. During summer the outdoor domestic use of water in 

Christchurch reaches 66% of the total demand, increasing average household 

consumption from 550 litres per day to twice that amount (CCC, 2008). This is 

showing an adhesion to water intensive gardening as a lifestyle choice, as is indeed 

encouraged by the slogan “the Garden City”, and a scant regard for the pressures 

created on freshwater resources. This will be discussed further in the following 

discussion on attitudes.  

Efficiency of supply must be considered via integrated catchment water balance 

models, where fit-for-use sourcing and minimal import and export across catchment 

boundaries are sought.   Overall, this survey‟s responses highlight the continuing lack 

of buy-in from the community to save water (other than the use of dual flush toilets), 

and can be used to tailor-make information campaigns about the merits of the 

techniques and devices available, and should be taken into consideration in 

infrastructure investment decisions.  

ATTITUDES 

In general, the two cities express attitudes that are quite similar overall, reflecting the 

trends of higher awareness of environmental issues and social responsibility. There 

were differences however, both between the two communities, and between those 

that accepted the proposal and those that did not.  

Both communities expressed a wish to be better informed about water management, 

and had concerns regarding pollution affecting the water resources. One of the more 

surprising findings was the lack of sense of the cultural importance of water, given the 
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fact that water obviously carries significant value to the cultures of both cities. One 

way to read this is that the statement provided (Water has cultural / and or spiritual 

importance to me) has been interpreted by respondents as a question looking for a 

„deep ethnic-cultural‟ meaning of water. Another is that many aspects of water use is 

so strongly embedded into our psyches that it is no longer recognised as a cultural 

good. A stronger representation from different ethnic minorities, more in-depth 

questions regarding the cultural aspects of water use, and of the ecological identities 

of respondents would have strengthened this discussion and been useful in 

understanding the implications for water management.  

“Christchurch - The Garden City”, is an emotive slogan that brings certain kinds of 

aspirations to its inhabitants. There is a mismatch between a clearly articulated 

conservation ethic in Christchurch and the community‟s water use behaviour. This 

mismatch can be explained by: (1) a lack of pricing signals and consumption 

information, (2) a strong sentiment that water provision should be equitable, which by 

many is still interpreted as being „free‟ and funded through rates; and (3) a city identity 

fostering European style gardening with a disregard to the high watering requirement 

due to climatic and soil conditions. As other authors have found, Christchurch 

residents are willing to pay something to retain the ecological health of their urban 

streams (Kerr et al., 2003), as well as being genuinely concerned about wasteful use 

of their high quality artesian supplies.  

The Auckland slogan “Auckland - The City of Sails”, brings different connotations, 

suggesting perhaps a place of comings and goings, of trade and recreation.  In 

Auckland, there is a clear relationship between water use and charges, which has 

created more „utilitarian‟ attitudinal responses; higher importance is placed on 

accountability and minimisation of waste. Security of supply, quality and affordability, 

as well as adhesion to the volumetric charges characterise Auckland residents‟ water 

ethic. There seems to be little regard for environmental issues linked to freshwater 

resources in Auckland, from the quality of the water in Waikato River, to the quality of 

urban streams and harbours, but there was concern associated with the cost of water. 

There were no explicit references to stormwater and sewage overflows in the 

questionnaire, and respondents did not make such connections unprompted.   

These findings conform to the embedded compartmentalisation of urban water 

systems: water consumption and production, in particular stormwater production, as 
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well as natural water bodies and ecosystem services, are seen as entirely 

unconnected entities.  

In interpreting the results, the majority of respondents would accept the idea of 

counting ecosystem as part of water infrastructure, suggesting a potential to 

strengthen the ecological identities of Auckland and Christchurch residents, and to 

reconnect the four waters in peoples‟ consciousness. For instance, the boating, 

fishing and diving communities of Auckland should be receptive to the idea that 

reduced stormwater pollution and surface runoff will ultimately enhance the water 

quality of the harbour and the beaches.  In the same vein, Christchurch gardeners 

should be receptive to the idea of practices requiring minimal use of water (e.g. 

increase use of water stress tolerant native plants, and improved water management 

techniques), water recycling for outdoor use, and improved transparency of charges 

that will better inform consumers.  

Implications for a transdisciplinary framework  

One of the stated objectives of this research concerned investigating the potential in 

water to reconnect urban societies with their life-sustaining ecology, another to 

cement into one whole system the currently separated systems of water 

management.  The discussion of the case studies above has strengthened the 

argument of the transdisciplinary approach; that improved understanding of systems 

must encompass understanding the underlying values of a community. This 

knowledge can then be used to drive the necessary changes: shifting paradigms by 

creating expectations; tackling attitudes resisting paradigm shifts, changing 

perceptions though information, and changing behaviour though incentives and 

disincentives.  

CHANGING PARADIGMS: CREATING A FUTURE 

Water reforms, in particular the transition from the old publicly funded or the utilitarian 

to a sustainable management paradigm, will be hindered or advanced depending on 

societal value perspectives. Cities, if they truly aspire to achieve sustainability, 

including the sustainable management of their natural resources, need to reconsider 

their identities, creating visions and slogans that concur with those objectives. Their 

identity should come from a philosophy, from stated values and intentions; the identity 

should thus conscientiously mediate cause and effect, stimulus and response, and 
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drive policies towards sustainable development objectives. Without concurrence 

between the identity and sustainable development objectives, a paradigm shift will be 

highly resisted. Water, in keeping with Māori tradition of being value-pluralistic, 

commodity-pluralistic and ubiquitous in our lives, could be brought to the fore when 

creating ecological city identities reinforcing public expectations of sustainable 

resource management.  

CHANGING ATTITUDES, PERCEPTIONS AND BEHAVIOUR 

The evaluation of community attitudes and expectations, and the mapping of 

divergent interests, barriers and stakeholder conflicts, is imperative to sustainable 

development (Craig and Mitchell, 2000; PCE, 2002; Tacconi, 2000). The research 

conducted here reiterates the importance of collecting information from a broad range 

of stakeholders, creating non-partisan forums, and establishing information feedback 

processes between stakeholder groups and between ecological and economic 

systems, in a concerted effort to enhance people‟s understanding of the system as a 

whole.  By understanding the stakeholders‟ attitudes, perceptions and behaviours, 

prevailing resistance to change can be identified and tackled through targeted 

campaigns. Information feedback can be created through the use of smart 

technology, media announcements, the billing system, and through pricing signals; 

and be used to create expectations and thus eventually bring change to individual and 

institutional values and behaviours.  

ECOSYSTEM SERVICES, WARM GLOW AND ECONOMIC ASSUMPTIONS 

The inclusion of ecosystems as water infrastructure means allowing use and non-use 

values of ecosystem services to be included as components in the pricing structure of 

water. A transdisciplinary approach to ecosystem valuation should aspire to avoid the 

commonly reported positivist-reductionist model of valuation. In particular, the neo-

classical economics‟ assumption of „rationality‟ should be challenged, and „warm glow‟ 

accepted as a legitimate motivation in wtp estimates and be understood as a social 

attribute, a societal „intention‟.  The importance in recognising intentions as a part of 

the motivational system in the valuation of ecosystem services is the key to 

understanding the linkage between attitudes and valuation estimates. The utility 

obtained from ecosystem services encompass costs, and include terms for resource 

availability (as the less there is the more value is placed on obtaining it) and terms 
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that capture cultural values from different parts of the water systems.  

In particular, Kumar and Kumar (2008) accredit the importance the interrelationship 

between man and nature has on the psychological well being of individuals to the 

significance of ecological identities. This research has highlighted the strength of the 

„imposed‟ city identities and the lack of ability in people to recognise their individual 

ecological identity. The next chapter will further this discussion, and the implications 

will again be a central theme in Chapter 5.  

SUMMARY  

This chapter aimed to answer  the research question “what are the current consumer 

values and behaviour patterns regarding water use?” by assessing current attitudes 

amongst consumers towards water and water service provision and use the 

information to identify leverage points and suggest targeted drive for change.  

The research characterised two contrasting communities in terms of attitudes, 

perceptions, water use behaviour and management preferences. It was found that the 

two communities exhibited very different characteristics regarding awareness of, and 

attitudes to, current management and pricing structures; a similar heightened 

awareness of environmental issues related to water, but that water issues are 

understood in isolation rather than as one whole system; and that the current „city 

identities‟ associates strongly with both attitudinal and behavioural characteristics. It 

was found that people in Auckland were more aligned to a utilitarian water 

management paradigm; and that people in Christchurch were more polarised, and 

aligned both with the free public service and the conservationist paradigms.  

It was suggested that for the progress of sustainable development to be 

strengthened, and enhancing acceptance of the policy changes necessary for 

meeting sustainable development objectives, cities should revisit their „identity 

constructs‟ and create expectations for a different future, including appropriate 

information feedback loops about the condition of all sub-systems. The willingness to 

pay for ecosystem services related to water consumption will be analysed in the next 

chapter, and findings from both discussed in Chapter 5.   
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CHAPTER 4 HOUSEHOLD PREFERENCES 

 

“If you can’t shoot the messenger, change the message” 

-C. Spash (2008) 

 

CHAPTER OUTLINE 

This chapter explores the two communities‟ acceptance of valuing ecosystems as 

water infrastructure, and their willingness to pay for ecosystem services related to 

water resources. The chapter is intended as a stand-alone chapter, first relating the 

valuation methodology to the overall themes of the thesis, then presenting the 

method, results and discussion of the contingent valuation section of the household 

survey. The willingness-to-pay (wtp) estimates for resource protection and ecosystem 

restoration are indicative measures resulting from an initial scoping survey, and not 

fully developed measures of consumer surpluses for Auckland and Christchurch. The 

willingness of the community to accept change towards more sustainable policies will 

be discussed, and a brief summary of the implications for a transdisciplinary 

framework will be presented, however this will be the main focus of Chapter 5. A 

summary concludes the chapter.    

AIMS 

The main aims of this chapter are to quantify and qualify the presence of a consumer 

surplus for water related ecosystem services for Auckland City and Christchurch City; 

to relate these estimates to motivations for acceptance and make comparisons 

between the two communities; and to explore the roles of the current pricing policies 

on communities‟ attitudes towards water.   

 

INTRODUCTION  

Growing urban populations, in combination with persisting outdated mindsets 

regarding freshwater management, are continuing to slow the progress of sustainable 

development (see Chapters 1 and 2). Freshwater resources in many water districts 

are over-allocated, or over-extracted, resulting in loss of ecosystem services from 
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degraded rivers, streams and aquifers; in addition, the loss of ecosystem services 

from wetlands and riparian vegetation due to urban development continue, causing 

further degradation of urban lakes, streams, estuaries and harbours (Emerton and 

Bos, 2004).  

Water is still generally treated as part of the commons; „free‟ to use and hence free to 

be abused. This creates a situation where marginal gains by individuals or 

organisations are perceived to produce only small short term losses for others; it is 

only the eventual failure of the system and the cessation of the service, that 

eventually stops overuse (Craig, 1998; Craig, 2004; Hardin, 1968). Both the inability 

to price common renewable resources and the inability to prevent freeloading are 

reasons frequently given for failing to charge for ecosystem services within the 

neoclassical economic paradigm (Craig, 2004; Emerton and Bos, 2004; Sandor et al., 

2002). However, markets do exist (e.g. carbon trading), and there is a growing 

appreciation of the cost of repairing degraded environments, or alternatively, the 

opportunity costs of loosing services. This suggests that further charges can be levied 

on consumption of common natural resources in order to sustain nature, contravening 

the current acceptance that nature can continue to subsidise unsustainable economic 

activities (Craig, 2004; Sandor et al., 2002). 

Peak ecological water (the point of which further production of water for consumptive 

uses has significant detrimental effects on ecosystem services in the catchment) is a 

reality for many communities around the world, including communities in traditionally 

water sufficient regions (Palaniappan and Gleick, 2008).  Further, the proportion of 

people experiencing increasing water stresses, reduced ecosystem services and 

associated costs will continue to increase (Palaniappan and Gleick, 2008).  

The following sections will briefly outline the current understandings of water 

allocations to the environment, the total economic value of water, and some of the 

methods now available to assign value to non-market goods and services.  

INSTREAM FLOWS 

In the past two or three decades there has been an increasing focus on water in the 

environment. In particular, more is understood about  water flow as a “master 

variable” in ecosystem functioning; that there is a relationship between quantity and 

quality of water in rivers and streams; and an increased recognition of the cultural, 
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recreational and aesthetic values attached to water in the natural environment (Katz, 

2006).  This has resulted in an increased understanding of the economic value of 

„instream flows‟, and the importance of allocating sufficient water to the environment 

(Murray-Darling Basin Ministerial Council, 2001; Katz, 2006). In the urban context, 

attention has been given increasingly to the relationship between communities and 

urban streams, and the values attached to natural attributes vis-à-vis engineered 

channelled streams (Kerr and Sharp, 2003).  

In an effort to curb urban demand for potable water, motivated first and foremost by 

delaying investment to meet increasing supply and wastewater volumes, but secondly 

also paying attention to environmental allocations, many municipalities in OECD 

countries have, since the mid 1990‟s, moved towards more transparent pricing 

policies for urban water supplies based on the principles of user pays and full cost 

recovery (Garcia and Reynard, 2004). Likewise, technical fixes have been developed 

to abate polluted stormwater loads on the receiving environments (Livingston et al., 

2004). In most places however, the four waters (potable, waste water, storm water, 

and natural water bodies) are treated as separate systems and little progress has 

been made in improving the ecological and energy efficiency of the urban water 

system overall. To date, the prevention of loss of ecosystem services and associated 

values has rarely been included in the pricing equations, and environmental benefits 

from reformed charging policies remain inconsequential in most places (Chapter 2).  

This persisting segregated approach to urban water management, combined with 

increasing competition for freshwater resources from other sectors such as agriculture 

and industry, and the increasing pressures on urban natural environments and 

ecosystem services due to urban growth, compounds the concern that water is both 

under-valued and under-priced in New Zealand‟s urban centres (Wilson, 1998; PCE, 

2000b; Aqualink Research LTD, 2008; Berry and Hunter, 2008; Chen, 2009). Despite 

moves towards transparency of charges and/or user-pays pricing structures by some 

service providers, urban water management still lacks specific links to local 

economies, and both water supply and ecosystem services are sustained by 

politically mediated welfare (Craig, 1998). The development of economic tools and the 

increased understanding of the roles of ecosystems in both water demand and 

supply, are important steps in starting to count ecosystems as an economic part of 

water infrastructure (Emerton and Bos, 2004).  
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VALUE AND PRICE: WATER AS A PRIVATE, PUBLIC, COMMON GOOD 

Freshwater as a renewable resource is multifaceted with characteristics of being both 

a public, common and private good. A public good is non-rivalrous and non-

excludable, that is, consumption of the good by one person does not affect the 

amount available to another, and once provided it is difficult to exclude anyone from 

using it. An example of this characteristic is the recreational use of water in a lake. 

Freshwater also has common good characteristics, being rivalrous but non-exclusive; 

that is, what is consumed is no longer available, but access to the resource is open to 

anyone. An example of a common good characteristic of urban water is pollutants 

from cars entering harbours, via the stormwater, degrading the quality of water.  This, 

and similar situations, are often referred to as Tragedy of the Commons (Chapters 1 

and 2). The availability of a private good is reduced by consumption; use by one 

excludes others from its use.   

Water provision is usually managed as a public good, whereas water itself behaves 

like a private good (Murray, 2009); once consumed is it no longer available (at least 

not unchanged) to downstream users (Palaniappan and Gleick, 2008). Ecosystem 

services are a public good, and ecosystem goods can be either public or private. 

Private goods are generally readily valued through markets; the valuation of public 

and common goods is more complex and these values have thus traditionally been 

kept outside markets. 

Considering that no substitutes are available for neither ecosystems nor water, the 

failure to value ecosystem services and the failure to include these in the balance 

sheets of water infrastructure does not mean that ecosystem services have no value 

to people (Emerton and Bos, 2004).  Likewise, that feedback signals to production 

and consumption processes are poorly established does not mean that value is not 

transferred in these processes.  

A total economic value (TEV) framework (Pearce and Warford, 1993; Daily, 1997; 

Scherzer and Sinner, 2006; Plottu and Plottu, 2007) assessing water-ecosystem-

economy links clearly shows the potential long-term costs of omitting ecosystem 

services. The costs include reduced production profits, reduced food security and 

reduced amenity, as well as increasing expenditures required to replace lost services, 

or to mitigate the effects of degradation (Figure 4.1). 
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Figure 4.1. The total economic value framework (TEV) for water (e.g. Plottu, 2007; MA, 

2005; Pearce and Warford, 1993). 

Where values exist that are not captured by the resource owners in the charging 

structure, resource users generally capture this surplus (see Chapter 2, p.54). This 

un-captured surplus is variably termed resource rent, economic rent, or super-profit, 

and includes un-captured use and non-use values (Scherzer and Sinner, 2006). 

Externalities, the economic term for the costs or benefits of a transaction captured by 

a third party, may be a part of the resource rent, but is best treated separately, placed 

in the cost-recovery component (Scherzer and Sinner, 2006; Sharp, 2003).  

The economic techniques for calculating non-use values are controversial and limited; 

the main focus of environmental economics has been concerned with litigation (e.g. 

the Exxon-Valdez case), producing estimates of compensation. Stated preference 

methods, such as willingness-to-pay, remain the most widely used in creating value 

estimates for non-use values.  As much as there is concern around the 

appropriateness of assigning monetary value to nature, and the often voiced desire 

for other means of measurement, there is a widespread agreement that not to value 
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ecosystem goods and services and the continued failure to include these values in 

the decision making processes, will exacerbate the current path of degradation of life-

sustaining ecosystem services (Costanza et al., 1997; Millennium Ecosystem 

Assessment, 2005; Plottu and Plottu, 2007; Farley, 2008). 

WILLINGNESS TO PAY 

Analyses of consumers‟ understanding of pricing policies and their willingness to 

accept alternative pricing structures, may assist in clearing the way for incorporating 

ecological values and promote ecologically sustainable water service provision. 

Willingness-to-pay (wtp) analyses thus may assist resource managers in developing 

pricing policies reflecting the ecological values of water and encourage the investment 

in de-centralised, water-shed based reticulation models for low impact urban design.  

By asking the community how much more they would be willing to pay for water if the 

price included demand management, resource protection and ecosystem restoration 

measures, a system value can be assigned to the resource; behavioural changes can 

subsequently be more readily internalised into individuals‟ cost-benefit calculations; 

and a community acceptance of responsibility and accountability related to resource 

use, resource management and ecological footprints be fostered.  

However, in the current management system, the understanding of human 

consumption choices and decision-making processes remains fragmented (see 

Chapter 3). Traditional economics, and the models used in most contingent valuation 

studies, adheres to the belief that humans generally behave as utility maximising 

individuals (Boven, 2003; Spash, 2008a), and pays scant regard to other models of 

human decision-making from the fields of psychology and other social sciences 

concerned with value-belief systems (Kumar and Kumar, 2008). As a result, 

community perceptions, and the willingness to accept policy change, remain poorly 

understood in most water management districts, although the practise of participatory 

decision-making is slowly making an entry into New Zealand water reforms (MfE, 

2008b).    

CONTINGENT VALUATION 

Contingent valuation (CV) is one of a range of economic methods applied to establish 

consumer preferences for goods that fall outside traditional markets (Carson, 2000). 
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CV is a stated preference technique that aims to elicit an individual‟s willingness to 

pay for increased utility of public goods, such as ecosystem services, by directly 

questioning a sample of the population. Survey respondents are presented with 

hypothetical changes to the environmental amenity along with an associated cost 

(Crooker and Herriges, 2004). CV studies consist of three major tasks (Haab and 

McConnell, 2002): survey design and data collection, construction of a probability 

function for any individual to accept paying for a given benefit; and finally by using the 

best fitting functional form, eliciting mean wtp, the median or „threshold‟ value, and an 

aggregated population value (welfare) for the good or service.  

Due to the subjectivity inherent in the stated preference technique and results (as 

compared to the objectivity of revealed preference methods), a panel was convened 

by the US National Oceanic and Atmospheric Administration (NOAA) that produced 

recommendations including best practice guidelines for the CV process (Arrow et al., 

1993; Smith, 2006). As contingent valuation requires people to respond to a 

hypothetical scenario a range of biases have been found to prevail, posing significant 

limitations to the applicability of the technique and the interpretation of results (Spash, 

2008b; Spash et al., 2009). The most common forms for bias are strategic (protest), 

design, instrument and starting point bias (Spash, 2008a). The quality of the results 

from a CV study is thus dependent on appropriate consideration of survey procedure, 

the survey instrument and the method of analysis (Carson, 2000; Crooker and 

Herriges, 2004; Vesely, 2007; Kerr, 2000). 

Other aspects of the CV method frequently criticised in the literature include issues of 

imperfect information, lack of sensitivity to scope, and the assumed economic 

rationality of individuals (Rees et al., 2007). The NOAA guidelines stipulate that the 

environmental change is appropriately defined and that any substitutes available are 

specified (Smith, 2006). However, this reductionist approach is contradictory to the 

principles of transdisciplinary research (see Chapter 1), and the valuation herewith 

takes a systems approach, thus establishing a „grand total willingness to pay‟.  

As preferred by the NOAA panel, the most commonly used survey instrument is the 

dichotomous choice or referendum format (Whitehead, 2006). The standard 

procedure for extracting wtp from dichotomous choice questionnaires relies heavily on 

parametric assumptions regarding the nature of consumer preferences. A host of 

distributions including the normal, exponential, logistic, log-logistic and Weibull 
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functional forms are used for analysis of the dichotomous choice and the resulting 

welfare estimates are sensitive to the selections made (Crooker and Herriges, 2004; 

Kerr, 2000). Several authors, including Kerr (2000) and Crooker and Herriges (2004), 

suggest exploring the goodness of fit of several functional forms depending on the 

purpose to which the welfare estimates are sought. Estimates of mean wtp is required 

where the resulting measure provides an input into cost-benefit analysis, contrasting 

with cases where the measure will be used to predict a referendum result or 

community acceptance of a proposal for which the median wtp is the appropriate 

parameter (Kerr, 2000).  

The following analysis will explore two sets of parametric functional forms in addition 

to one nonparametric estimate of the mean wtp illustrating the estimation of welfare, 

and the median wtp in estimating the level of community acceptance of charges for 

ecosystem management.   

MOTIVATIONS AND WARM GLOW 

One of the prevailing controversies surrounding the use of CV methods is the process 

researchers go though to determine whether or not a respondent‟s motivation for 

accepting or not accepting the proposed change and associated cost is economically 

valid. Recently, more authors have questioned the practice of adjusting for „warm 

glow‟ and protest motivations (see Chapter 3), and recommend that instead of 

tweaking the technique as to fit economic assumptions, better outcomes from the CV 

exercises may be gained by changing the message we take from them (Nunes and 

Schokkaert, 2003; Cooper et al., 2006; Spash, 2008a). Attitudinal and behavioural 

variables, as well as motivations, can enhance our interpretation of wtp, and benefit 

our understanding of the interplay of the social, economic and ecological systems.  

SUMMARY 

The sustainability of urban water management relies on the capacity of ecosystems to 

maintain provision of goods and services. Ecosystem values are not captured in 

current water charges. Thus, retaining the current charging structure which does not 

account for ecosystem goods and services for urban water provision is contrary to 

sustainable development objectives.  

A community‟s willingness to pay for ecosystem services can be measured with 
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contingent valuation techniques. Contingent valuation, and stated preference 

methods in particular, remain controversial. Rather than adhering to economic 

assumptions of motivational validity and sensitivity to scope, this research represents 

a systems approach to valuation, and presents an attempt to elicit  a value for the 

functioning systems, not only some chosen dissected parts or component of the 

system. At the same time, the research attempts to capture underlying motivations 

and interpret the value estimates accordingly.   

 

CASE STUDIES: AUCKLAND CITY AND CHRISTCHURCH CITY 

New Zealand has 16 regional and unitary councils, bulk water suppliers, and 

numerous local service operators. Auckland and Christchurch are at the opposite 

ends of the water management spectrum in terms of supply, demand, bio-physical 

challenges, pricing policies and public relations. Based on their attitudes and water 

use behaviour these two communities provide a baseline for a discussion of current 

management options encouraging or inhibiting sustainable pathways, factoring in 

attitudes to water management, water use, water pricing and ecosystem protection 

and restoration.  

The two case study communities were described in detail in Chapter 2, and a 

summary (Table 3.1, p. 83) was presented in Chapter 3. For the purpose of this 

exercise, only the charging structure and the use statistics are presented (Table 4.1): 

 

Table 4.1. Water charges in Auckland and Christchurch, 2008. 

 

Population 

households 

Price          

($/ m
2
) 

Average household 

domestic use  (L/day) 

Average household 

annual bill for average 

consumption ($/200m
3
 )

5 

Auckland 143 000 $1.181 4423 $2673 

Christchurch 134 000 $0.141 7742 $854 

1White et al. (2006); 2CCC (2008);3 AWI (2008); 4Water NZ (2009); 5NZD 2008 

 

It is expected that a consumer surplus exists, i.e. that both communities will have a 

positive willingness to pay for ecosystem services due to a so far uncaptured 

increased awareness of environmental management issues at global and local 
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scales. Based on economic theory, it is also expected that Auckland residents will be 

less inclined to accept an increase in water charges as (1) they already pay more, (2) 

have a history of conflict with regards to the establishment of the local service 

provider Metrowater Ltd., and (3) have less exposure to urban streams and 

ecosystem services related to the water supply and thus may have a weaker 

identification with local freshwater resources (see Chapter 2). It is, likewise, expected 

that because they are currently metered, Auckland residents have a higher level of 

awareness about their water use, suggesting smaller use elasticity.  

It is expected that Christchurch residents are more likely to accept higher hypothetical 

increases as they currently pay less than Auckland residents, live with higher water 

scarcity and have more exposure to urban streams / wetlands and related ecosystem 

services; thus encouraging an increased sense of identity regarding local freshwater 

resources. However, the radical policy change required to introduce user-pays pricing 

structures is expected to moderate the above effects, by producing increased rates of 

„protest‟ votes compared to the Auckland residents who have had the structure in 

place since 1996.   

 

RESEARCH HYPOTHESIS 

The following questions are posed in this chapter: 

 Are consumer surpluses for ecosystem services related to freshwater resources 

present in Auckland and Christchurch?  

a) What are the mean and median wtp? 

b) How do the consumer surpluses differ between the two communities? 

 What are the most important motivations for accepting or not accepting? 

 How do the motivations and attitudes affect the willingness to pay in each city? 

 

METHODOLOGY 

A dichotomous choice contingent valuation survey was designed following the 

National Oceanic and Atmospheric Administration (NOAA, 1993) guidelines and J. 

Whitehead‟s (2006) “A practitioner‟s primer on contingent valuation”.  



132 Household preferences 
 

132 
 

The dichotomous choice or referendum format proposes a scenario of environmental 

change and an associated cost, and respondents are choosing whether or not to 

accept the price/bid presented. This format is preferred to open ended and the 

bidding games scenarios for eliciting willingness to pay as it reduces staring point 

bias, and because it mimics market transactions familiar to the public, which in turn 

may enhance participation from respondents (Herrigres and Shogren, 1996; 

Haneman, 1984 in Haab and McConnell, 2002). However, the dichotomous choice 

limits the response to the one bid, therefore only establishing that a respondent is at 

least willing to pay that much, thus providing a conservative measure for willingness 

to pay (Haab and McConnell, 2002).  

Due to constraints on time and resources only partial pre-tests were conducted, and 

advice was sought from economists and market research practitioners. More 

significantly, the survey design departs from the NOAA conventions on the following 

point:  

In accordance with the overarching goals of this research, the environmental services 

in question were left unspecified in terms of selecting one out of the many services 

directly relating to and influencing urban water quality and demand.  The study is 

designed to elicit a „grand total‟ willingness to pay for protection and restoration of 

ecosystem services as deemed fit by a hypothetical water authority. This departure 

may render the study invalid in the opinion of conventional environmental economists, 

but is central to the stated principle of transdisciplinary research of understanding a 

system as a whole rather than as a sum of parts (see Chapter 1).  

The contingent proposal made here corresponds to the type of transaction occurring 

when people purchase memberships to an environmental organisation where there is 

no predetermined programme, but where annual reports are transparent.  The 

willingness to pay to attain sustainable management of water resources is an equally 

valid aspect of the community‟s economy. 

SAMPLING STRATEGY AND SURVEY DESIGN 

For a full description of the sampling strategy and survey design refer to Chapter 3. In 

total, anonymous postal questionnaires were sent to 750 individuals by random lists- 

selection from the electoral rolls in each city, and all responding participants were 

entered into a draw of four prizes of NZD$300 each (Appendix 1).   
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In the first section, the participants were eased into thinking about their water provider 

and water bill. One set of questions asked respondents to identify what they believed 

is currently included in the charge, and if they though it should be (See Chapter 3).  

The valuation section (Q12-13, Appendix 1) firstly introduced the effects of water use 

and other human activities on a catchment‟s capacity to provide clean water. A 

scenario was then described for a pricing structure that would see a higher price 

charged for volumes used above an internationally accepted fair and equitable 

allocation of water per person per day1 being priced to cover costs, and that the funds 

generated from the charges be administered by a water authority whose responsibility 

it was to maintain the catchments‟ capacity to provide clean water.  The reader was 

informed that it was a hypothetical scheme, and that it would only hypothetically be 

implemented if more than 50% of households agreed. Respondents were also 

reminded to consider their current financial commitments.  

THE BID 

The proposed price increase was presented as an average users increase per 

annum, and each respondent was presented with one of five bid amounts. The bids 

were based on the billing range in Auckland City (2007), from 10% of a low user‟s bill 

(less than $100) to about 70% of a high user‟s bill ($600):  $10, $40, $100, $200 and 

$400. The respondent was then presented with a list of reasons why / why not the bid 

was accepted, as well as an opportunity to state other reasons.   

STATISTICS 

Responses were analysed using SPSS© 16.0 providing summary statistics, 

frequency tables and cross-tabulations of key variables for comparison of the two 

samples. Bootstrapping for the creation of confidence intervals was conducted using 

the software package R (R Foundation, 2003). 

Welfare estimates constructed from willingness to pay analyses are sensitive to the 

functional form fitted to the stated preference data (Kerr, 2000). First, non-parametric 

estimates of the lower-bound mean willingness to pay were produced using the 

                                                             
1 Accepted “fair and equitable” water quotas per capita in developed countries vary, but considered to be 100-
150 L/pp/day if conserving water Vickers, A. (2002) Handbook of Water Use and Conservation. Waterplough 
Press, Amherst, Massachusetts.. 
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Turnbull estimator (Haab and McConnell, 2002). Then, goodness-of-fit and central 

tendencies (means and medians) from binary logistic regression, binary logistic 

regression with log transformed bids, exponential and double exponential regressions 

were produced and compared. Responses were not removed on the grounds of being 

classified as warm-glow or protest responses, i.e. all analyses were conducted on 

uncensored data (for justification see i.e. Jorgensen and Syme, 2000; Spash, 2008a).  

A range of explanatory variables were introduced into the logistic regression by enter 

and stepwise forward methods, providing further insight into how respondents‟ 

characteristics, attitudes and awareness affect willingness to pay for ecosystem 

based water management (see Table 3.4 Chapter 3, p. 89).  

 

RESULTS 

The general response statistics and attributes for each city were presented in full in 

Chapter 3. This chapter first summarises the response statistics, then presents an 

analysis of the willingness to pay responses from the combined sample, before 

calculating wtp estimates separately for each city. Finally the motivational and 

attitudinal predictor variables are examined with regards to the acceptance or not of 

the proposed price increase.  

RESPONSE STATISTICS AND REPRESENTATIVENESS 

The overall response rate was low at 26%, with the total of valid responses for 

Auckland 170 and for Christchurch 179 (Table 3.2, Chapter 3, p. 87). However, the 

response rates were high for the contingent valuation related questions; achieving a 

100% response rate in Auckland, and a 98% response rate in Christchurch. In terms 

of sample representativeness there were issues regarding gender, qualifications, 

profession and ethnicity (refer Chapter 3 for results and discussion). It was found that 

the Auckland and Christchurch respondent characteristics were similar and that 

comparison between the samples is appropriate. No significant difference was found 

between genders for responses to the valuations question.  

WILLINGNESS TO PAY 

The combined rate of acceptance was 49%, with Auckland at 45% and Christchurch 

at 53% (Tables 4(a) and 4(b), Appendix 4). This difference was not found to be 
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significant (X2= 2.6, p-value= 0.11).  

Figure 4.2 shows unadjusted acceptance rates (%) for Auckland, Christchurch and 

the combined sample. The distribution of $400 bid acceptance was found to be 

significantly different between Auckland and Christchurch samples (X2= 4.5, p-value= 

0.03) (Table 4(c), Appendix 4). 

 

Figure 4.2. Unadjusted acceptance rates 

 

The bid was added to the average water charge in 2008 for each city, e.g. for 

Auckland $267 and for Christchurch $85 (Table 4.2).  

 

Table 4.2. Actual charge after proposed increase 

 Auckland Christchurch 

Bid $ $2671+ bid (% accept) $851+ bid (% accept) 

10 $277 (61%) $95 (69%) 

40 $307 (67%) $125 (62%) 

100 $367 (45%) $185 (50%) 

200 $467 (30%) $285 (52%) 

400 $667 (15%) $485 (37%) 

1Average annual water charge in each city 2008 
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Figure 4.3 shows the actual charge acceptance rates with the missing values inter- 

and extrapolated. The greatest distance between the levels of acceptance in 

Auckland and Christchurch is occurring where the actual charge lies between $300 

and $400 per annum, with Christchurch residents‟ rate of acceptance dropping below 

50%, while Auckland residents‟ acceptance lies between 70% and 50%. The bids 

represent different rates of increase from current levels, with the highest bid of $400 

representing an increase for Christchurch residents of over 600%, and a 150% 

increase for Auckland residents.  

 

 

Figure 4.3. Acceptance rates of actual charge after proposed increase 

 

NON-PARAMETRIC WTP ESTIMATES (THE TURNBULL ESTIMATOR) 

The Turnbull estimator (Haab and McConnell, 2002) was used to produce a 

distribution-free lower bound for the mean wtp. The Turnbull procedure uses the 

samples‟ „no‟ responses to price j as the best estimate of the probability of a „no‟ 

response to price j. The maximum likelihood estimates for the probability that wtp falls 

between two prices (bids) are produced from the difference in the „no‟ responses to 

those prices, assuming they are monotonically increasing. Finally, a cumulative 

distribution function is produced from the maximum likelihood estimates.  

0

10

20

30

40

50

60

70

80

85^ 125^ 185^ 277* 307* 367* 485^ 667*

P
e

rc
e

n
t 

ac
ce

p
ta

n
ce

$ per year
^Values from Christchurch sample

* Values from Auckland sample
Open datapoint markers are inter-or extrapolated values

Acceptence of actual charge 

Auck

Chch



137 Household preferences 
 

137 
 

Where the assumption of monotonicity is violated the estimates are smoothed by 

pooling until the responses are monotonic.  

Table 4.3 shows the results for Auckland and Christchurch. The bids (bj), number of 

respondents offered that bid (Tj), and recorded „no‟ responses (Nj) are presented in 

the first three columns. The forth column represents the unrestricted maximum 

likelihood estimate of the cumulative distribution function (Fj).  

 

Table 4.3. The Turnbull estimator for substituted bid amounts. 

Auckland  (bj) 

Number 
offered 
(Tj) 

Number 
of ‘no’s 
(Nj) Fj = Nj / Tj Turnbull F*j f*

j = Fj - Fj-1 

0 0 0 0 0 0.387 

10 31 12 0.387 0.356 0.192 

40 42 14 0.333 pooled back pooled back 

100 31 17 0.548 0.548 0.139 

200 32 22 0.688 0.688 0.165 

400 34 29 0.853 0.853 0.147 

Christchurch (bj)      

0 0 0 0 0 0.306 

10 36 11 0.306 0.306 0.077 

40 34 13 0.382 0.382 0.118 

100 38 19 0.5 0.493 0.129 

200 31 15 0.484 pooled back pooled back 

400 35 22 0.629 0.629 0.371 

 

Responses to the $40 bid in Auckland and the $200 bid in Christchurch violated the 

monotonicity assumption and were pooled back. The resulting Turnbull distribution 

(F*j) and the Turnbull distribution mass point estimates (f*j) are reported in the last 

two columns.  

The lower bound mean (ELB) wtp is given by: 

ELB(wtp) =  (F*j+1 - F*j )  

 

 



138 Household preferences 
 

138 
 

Figure 4.4 shows the average lower bound wtp for Auckland at $108 (95% confidence 

interval $61-154), and the average lower bound wtp for Christchurch at $167 (95% 

confidence interval $129-205).  

T-test statistics provides evidence for a difference in the means being significant at 

the 90% level, (t=1.9, df= 342, p-value= 0.055). 

  

 

Figure 4.4. Mean lower bound willingness to pay for Auckland and Christchurch. 

 

The no-response proportions are consistent estimates of the distribution point masses 

at each bid. The bid in which the function passes 0.5 is thus the lower bound median 

wtp estimate, the next higher price the upper bound. The median (i.e. the 50% 

acceptance threshold) for Auckland is found between $100 and $200. In Christchurch 

the distribution passes through the 0.5 point mass estimate at $200, however as that 

bid was pooled back we can only establish the median within the range of $100 and 

$400. 

REGRESSION WITH EXPONENTIAL AND LOGISTIC FUNCTIONAL FORMS 

The dichotomous choice responses were analysed with four commonly used 

parametric models, the exponential, the double exponential and logistic functional 

forms, with untransformed and log transformed bids (Box 4.1):  

0

50

100

150

200

250

W
TP

 $

Auckland   Christchurch

Mean lower bound WTP with 95% CI

Upper Bound

Mean

Lower Bound



139 Household preferences 
 

139 
 

Box 4.1. Functional forms and central tendency equations. 

 

The parametric fit was assessed using the combined data. Figure 4.5 shows the 

results for the combined sample by the exponential (a) and the logistic (b) models. 

The model with the best fit was the untransformed exponential (deviance = 0.004), 

followed by the untransformed logistic model (deviance= 0.009) (Table 4(d), Appendix 

4). In addition to the previously calculated non-parametric mean lower bound wtp, the 

untransformed logistic and exponential models provide the basis for the subsequent 

welfare estimates. 

When x = a bid, the probability of a yes outcome is for 

(a) Exponential distribution, counting negatives as zero: 

  for x > 0 

for x =  0 , with   

median =  

mean = 

(b) Double exponential (or „Type I Extreme Value‟):  

  , with 

median =  

(c) Logistic distribution, counting negatives as zero: 

     for x > 0   

   for x = 0,   with  

median =  

mean =  

The logistic function was also used to model P(yes) with log(x).  
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Figure 4.5. Combined sample regression; (a) exponential and (b) logistic fit. 

 

An interaction term for the city and bid variables was introduced to the logistic 

regression. The interaction term was found to be significant at the 95% confidence 

level (Wald-statistics= 6.71, p-value= 0.01, table 4(e), Appendix 4), thus justifying a 

separate parameter specification for each city. Table 4(f), Appendix 4 lists the 

constants, coefficients, the means and the medians for all models. Figure 4.6 

compares the logistic and exponential models with observed data and indicates the 

position of the median for both cities.  Medians and means from each parametric 

model were calculated using the equations from Box 4.1. Full model summaries are 

presented in Table 4(g), Appendix 4. 
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Figure 4.6. Probability of accepting by annual increase in price for water for observed 

data, exponential and logistic models, indicating each city.  

 

In summary, the three models used for estimating the central tendencies of the 

probability distribution of accepting the proposed price increase include the non-

parametric Turnbull procedure, the untransformed exponential function, and the 

untransformed logistic function. The following estimates were produced: the mean wtp 

estimate for Auckland ranges from $108 (Turnbull) to $179 (logistic), its median from 

$83 (exponential) to $200 (Turnbull upper median). The mean wtp estimates for 

Christchurch ranges from $167 (Turnbull) to $458 (exponential), and the median 

ranges from $188 (exponential) to $200 (logistic / Turnbull unadjusted).  

In terms of actual charges, this indicates that the majority of households, as 

determined by the median estimates, in Auckland are willing to pay an average 

charge of $350-467 per annum for water services when including ecosystem services; 

and the majority in Christchurch an average charge of $273-285 for water services 

when including ecosystem services.  
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City Function Median $ Mean $ Deviance
Auckland - Logistic: log(F(x)/(1-F(x)) = 0.652-0.006x 109 179 0.012

Exponential: log(1-F(x)) = -0.323-0.0039 x 83 178 0.009

Christchurch - Logistic: log(F(x)/(1-F(x)) = 0.6-0.003 x 200 346 0.012
Exponential: log(1-F(x)) = -0.424-0.0014 x 188 458 0.008
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WELFARE ESTIMATES FOR AUCKLAND AND CHRISTCHURCH 

Welfare estimates were calculated from the mean and median wtp with 95% 

confidence intervals from bootstrapping using R© with 1000 iterations of the logistic 

and exponential models (Table 4(h), Appendix 4); and from the Turnbull mean lower 

bound. Aggregated welfare measures were produced in 2008 New Zealand dollars 

rounded to the nearest 100,000 for the two cities (means ± 95% confidence intervals) 

(Figure 4.7): 

 

 

Figure 4.7. Aggregated mean ± 95% CI and median welfare estimates from the Turnbull, 

the logistic and the exponential models. Confidence intervals for the logistic and 

exponential models were produced by bootstrapping in R© with 1000 iterations. 

The aggregated mean welfare estimates for Auckland range from $15-27 million per 

annum. The aggregated median welfare estimates for Auckland range from $12-29 

million per annum;  indicating that the majority of households in Auckland are likely to 

accept  an increase in water charges; providing a lower bound estimate of $12 million 

per annum to be directed to maintaining and restoring the catchments‟ capacity to 

provide water related ecosystem services. 

The aggregated mean welfare estimates for Christchurch range from $22-62 million 

per annum. The median welfare estimates for Christchurch range from $25-27 million 
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per annum;  indicating that the majority of households in Christchurch are likely to 

accept  an increase in water charges; providing a lower bound estimate of  $25 million 

to be directed to maintaining and restoring the catchments‟ capacity to provide water 

related ecosystem services per annum. The wide range of the mean wtp estimates 

from the parametric functions and their distance from the medians are a result of the 

upper end “fat tail” problem in Christchurch and will be discussed.   

MOTIVATIONS 

This section first explores the reasons given for accepting or not accepting the price 

increase (Q13, Appendix 1). This is followed by a binomial logistic regression 

summary of respondents‟ awareness, behaviour and attitudes, and how these 

affected the probability of accepting the price increase (see Table 3.4, Chapter 3, p. 

89).  

 

Figure 4.8. Reasons given for accepting the price increase (a); and for not accepting 

the price increase (b) by city.  

Figure 4.8 compares Auckland and Christchurch respondents‟ motivation for 

accepting or not accepting the proposed price increase (bid). Overall, user pays is the 

appropriate policy for water resources was stated most often for those that accepted 

the price increase in both cities; followed by we must pay whatever it takes. The most 

frequent reason stated for not accepting in Auckland was price is too high then think 

we already pay for this in the rates, in Christchurch think we already pay for this in the 

rates was stated most often, followed by price is too high. Figure 4.9 breaks  down the 
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reasons given by bid ($ increase in water charge) for each city.  

 

 

Figure 4.9. Reasons given for accepting the price increase (a) and for not accepting the 

price increase (b) by bid for each city.   

Respondents were also given an open-ended „other‟ option. The most frequently 

stated reasons for accepting the price increase in Auckland were conservation and 

sustainable management of resources; followed by education and the opinion that it 

seemed like good value for money. Reasons for not accepting in Auckland related to 

the cost of bureaucracy and a concern for low income people. In Christchurch other 

reasons for accepting included sustainable resource management, conservation and 

value for money, and conditional responses saying they accepted providing the 

money would go to the cause stated. Reasons for not accepting in Christchurch 

included distrust in management and the reallocation of funds. 

 

BINOMIAL LOGISTIC REGRESSION 

To provide further insight into how the respondents‟ motivations, characteristics, 

attitudes and awareness affect the willingness to pay for ecosystem management a 

range of explanatory variables were introduced into the binomial logistic regression 

7

7

12

13

10

8

7

6

3

7

4

5

4

1

0% 20% 40% 60% 80% 100%

User pays appropriate

Must pay whatever it takes

Other reasons for accepting

(a) Bid percentage of reasons for accepting; Auckland

18

11

3

14

10

3

13

11

10

8

4

11

10

3

0% 20% 40% 60% 80% 100%

Christchurch

25

50

17

25

17

8

33

11

71

7

21

21

14

53

35

24

53

24

35

18

64

55

27

46

9

27

14

72

38

28

38

17

21

10

0% 20% 40% 60% 80% 100%

Price too high

Already covered in rates

User pays  

Authority waste money

Nothing to do with water use

Prefer other incentives

Other reasons why bid not 
accepted

(b) Bid percentage of reasons for not accepting; Auckland

Auck 10 Auck 40 Auck 100 Auck 200 Auck 400

9

55

27

9

18

27

39

69

23

46

23

8

37

53

11

47

11

32

32

47

87

13

27

13

13

77

50

14

41

9

23

27

0% 20% 40% 60% 80% 100%

Christchurch

Chch 10 Chch 40 Chch 100 Chch 200 Chch 400



145 Household preferences 
 

145 
 

model using both „enter‟ and „stepwise forward (likelihood ratio)‟ methods for each city 

separately. With „enter‟, all variables are entered together, and the best fitting model 

achieved through iterations.  In the „stepwise forward‟ method each predictor variable 

is entered by order of the variable‟s effect on the likelihood-ratio, and the odds-ratios 

are adjusted with each additional step (Field, 2009).  The exponents of the 

coefficients obtained explain changes in the odds of someone accepting versus not 

accepting the bid for each predictor (explanatory) variable.  

The first regression analysis explored the motivations stated for accepting or not 

accepting the bid (Q13), and whether or not there was a significant difference with 

regards to city (full table of statistics Table 4(i), Appendix 4). The motivations with 

significant interactions were then explored further with the stepwise forward (LR) 

method. Table 4(j), Appendix 4, provides a summary listing the significance (p-value), 

the exponentials of coefficient  (the variables‟ explanatory power relating to the 

change in the odds of a respondent accepting the bid), and its 95% confidence 

interval. The variables were checked for multicollinearity using the tolerance and 

variance inflation factor (VIF) tests. Neither test showed evidence of multicollinearity. 

Table 4.4 presents the model summaries for the base model including only the bid 

and after motivations were introduced (for explanation of summary terms see Chapter 

3 p. 108). 

Table 4.4. Logistic regression model summaries for (a) bid, and (b) bid + motivations. 

 Variables included -2Log-likelihood Nagelkerke R2 Predictive power 

A
kl

 (a) Bid 207 0.19 66% 

(b) Motivations (enter) 111 0.69 87% 

C
h

ch
 

(a) Bid 232 0.06 59% 

(b) Motivations (enter) 88 0.78 90% 

 

There is significant reduction in the unexplained variation (-2 Log-likelihood) with the 

addition of motivation in both cases; in Christchurch, it is reduced by nearly two thirds. 

The amount of variance explained by the variables (Nagelkerke R2) increases 

significantly for both cases. In Christchurch, the variance explained with the inclusion 

of motivations increases more than 11 times of that explained by the bid only. In 

Auckland, the amount explained increased from about 20% to about 70%. Finally, the 
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predictive power of the two models improved: in Auckland a 21% increase was 

achieved, in Christchurch an increase of 31%, to a 90% correct prediction rate was 

achieved.  

Motivations that led to a statistically significant increase in the odds of accepting 

included we must pay whatever it takes to protect the environment and user pays is 

an appropriate policy for water resources. In Christchurch, the odds of someone who 

believed that we must pay whatever it takes to protect the environment accepting the 

increase was 34 times greater than the odds of someone who did not believe this; in 

Auckland the odds were approximately 6 times greater.  This difference was found to 

be significant through testing of the inclusion of an interaction term between the city 

and this motivation variable. Likewise, a person who thought user pays is an 

appropriate policy had odds of accepting 6 times greater than those that did not state 

this reason in Auckland; in Christchurch the  odds  of accepting were 3 times greater 

than for people not stating this view.  

 

Table 4.5. Logistic regression summary with bid and motivation variables for Auckland 
and Christchurch, giving significance, odd-ratios (Exp(β) with 95% confidence 
intervals. 

 Auckland Christchurch 

Motivation variable p-value Exp(β) CI (95%) p-value Exp(β) CI (95%) 
 Bid 0.05 0.996 0.99-1 0.33 - - 

P
o

si
ti

ve
 

We must pay whatever it 
takes to protect the 
environment 

0.03 6.2 1.2-32.5 0 33.9 4.9-235 

User pays is the appropriate 
policy for water resources 

0 5.6 1.9-17.0 0.03 3.4 1.1-10.1 

N
eg

at
iv

e 

The price is too high 0 0.07 0.02-0.3 0 0.03 0.01-0.13 

Other incentives should be 
used instead 

0.01 0.15 0.03-0.7 0.05 0.15 0.02-0.97 

Think we already pay for this 
in the rates 

0.01 0.26 0.1-0.8 0 0.08 0.03-0.3 

Worried that the 'authority' 
will just waste money 

0.06 -  0.60 -  

Note: bold types indicate the most powerful positive and negative predictor 
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Motivations that led to a statistically significant decrease in the odds of accepting for 

both cities were the price is too high, other incentives should be used instead and we 

already pay for this in the rates. The odds of someone who stated that the price was 

too high accepting the increase were approximately 7% of someone not stating this in 

Auckland, and only 3% in Christchurch. The odds of someone who stated that other 

incentives should be used instead accepting was 15% of a person who did not state 

this in Auckland and Christchurch, with less predictive power in Christchurch. The 

odds of people who believed that we already pay for this in the rates accepting the 

increase were 26% of people that did not believe this in Auckland, but only 8% in 

Christchurch.  

Motivation variables that did not make a significant change to the odds in the  

stepwise regression model for either city included being worried that the authority will 

just waste money, don‟t understand the issue, don‟t understand the question, this has 

nothing to do with water use and those stating other reasons. Being worried that 

authorities will waste money was however significant with the city interaction term, 

and was significant in Auckland at the 90% level. Also note that when the motivation 

variables were added to the regression for Christchurch responses the bid became a 

non-significant variable, indicating the motivations were more important than the 

actual price increase, in concurrence with the „fat tail‟ characteristic of the parametric 

distributions. 

RESPONDENT CHARACTERISTICS 

The city variable was found significant when added as an interaction with the bid 

levels. For every $10 increase in the bid, the odds of Auckland residents accepting 

were 3% less than Christchurch residents. At bid level $400 the odds of an Auckland 

resident accepting was 70% less than a Christchurch resident.  None of the following 

primary characteristics were found to be significant in explaining the variation in the 

logistic model from the combined sample (Table 3.4, Chapter 3, p.89):  gender, age, 

ethnicity, education, occupation, residence tenure, whether or not the respondents 

had ever paid the water bill, and estimated water use. Household income was found 

to have an effect on the probability of accepting in Christchurch (X2= 14.8, p-value= 

0.01), but not in Auckland (X2= 5.0, p-value= 0.42). In Christchurch, the people least 

likely to accept were those in the annual household income bracket of $30-50,000 

before tax, followed by those earning more than $100,000 (Figure 3.4, Chapter 3, 
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p.93). Those with household incomes from $70,000-100,000 were most likely to 

accept. Interestingly, those in the two lowest income brackets were as likely to accept 

as not to accept.  

VARIABLES RELATED TO AWARENESS OF SERVICE PROVISION AND WATER USE  

Respondents who live in Auckland and who did not think the majority would accept 

the proposal, were on average 93% less likely to accept the price increase (Table 4.6, 

full table of statistics Table 4(k), Appendix 4).  

 

Table 4.6 Awareness, perception and preference variables for Accept with city 

interaction. 

Awareness , perception and preference variables:  Accept with City interaction (enter) 

Auckland 

p-

value Exp(β) CI (95%) Interpretation 

Prefer discount for reduced use 0.01 15.3 1.7-136.4 
15 times more likely to 

accept 

Prefer increase when and if 

necessary 
0 10.7 2.4-48.5 

11 times more likely to 

accept 

Not important to source water as 

cheaply as possible 
0.04 5.5 1.1-27.3 

6 times more likely to 

accept 

Don’t think majority will accept the 

increase 
0.01 0.07 0.01-0.50 93% less likely to accept 

Don’t think it’s important to source 

water locally 
0.01 0.14 0.03-0.6 86% less likely to accept 

Ecosystem protection is currently 

included in charge 
0.45 0.2 0.04-0.96 80% less likely to Accept 

Christchurch 

p-

value Exp(β) CI (95%) Interpretation 

Prefer increase when and if 

necessary 
0 13.3 2.9-34.7 

13 times more likely to 

accept 

Don’t think majority would accept 0 0.07 0.01-0.38 93% less likely to accept 

Conservation campaigns are 

included in charge 
0.03 0.16 0.02-0.86 84% less likely to accept 

 

Respondents who did not think sourcing water locally (n= 125) was important were 

86% less likely to accept. Also, respondents who thought that ecosystem protection is 

included in the current charge (n= 48) were on average 80% less likely to accept. 
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Respondents living in Auckland who preferred the service provider to give discounts 

for reduced use of water (n= 145) were 15 times more likely to accept the proposed 

price increase, and those who preferred that price was increased when and if 

necessary (n= 41) were 11 times more likely to accept. Finally, those that did not think 

it important to source water as cheaply as possible (n=133) were 6 times more likely 

to accept.  

Respondents who live in Christchurch and who did not think the majority would accept 

the proposed price increase (n= 83) were on average 94% less likely to accept. 

Respondents who thought conservation campaigns are included in the current charge 

(n= 96) were 84% less likely to accept. In contrast, respondents who preferred the 

service provider to increase the price when and if necessary were 13 times more 

likely to accept the proposal.  

Respondents‟ perceived household water use per day was not found to significantly 

change the odds of accepting the proposed price increase for either city.  

ATTITUDINAL VARIABLES   

Table 4.7 presents the significant variables resulting from a stepwise forward 

(likelihood ratio) regression on the probability of accepting, which included all 

attitudinal variables (Likert scale) for each city. At each step the variable contributing 

the most to the model is added, while the coefficients of previously added variables 

are adjusted (full table of statistics Table 4(l), Appendix 4).   

In Auckland, increasing level of agreement on the Likert scale improved the odds of 

accepting for price must ensure sustainability by a factor of 3. Also, I don‟t care who 

manages water and water is used wastefully increased the odds of accepting by a 

factor of 2. In contrast, the odds of accepting were decreased with increasing level of 

agreement to the statements households shouldn‟t pay for water at all (by 47%), and 

charges should be combined in rates (by 37%).   

In Christchurch, increasing level of agreement on the Likert scale improved the odds 

of accepting for price must ensure sustainability by a factor of 3, and I want more 

information about water management by a factor of 2. In contrast, the odds of 

accepting were decreased with increasing level of agreement to the statements I‟m 

concerned about the cost of water (by 45%), I use as little as I can (by 43%), 
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households should not pay at all (by 36%), and finally increasing levels of agreement 

with charges should be combined in rates decreased the probability of accepting by 

37%.   

Table 4.7. Attitude variables (stepwise forward method) for Accept in Auckland and in 

Christchurch (superscript denotes the sequence of variables added by the model) 

Attitudes by Accept  with City interaction terms, stepwise forward (LR) method 

Auckland:  -2Log- likelihood  79.1 Nagelkerke R2 0.72 Predictive power = 88% 

 Sig. Exp(B) CI (95%) Interpretation 

Price must ensure sustainability1  0 3.1 1.8-5.2 
3 times more likely to 
accept 

I don’t care who manages water3 0.01 1.8 1.2-2.7 
2 times more likely to 
accept 

Water is being used wastefully4 0.02 1.7 1.1-2.6 
2 times more likely to 
accept 

Households shouldn’t pay at all2 0 0.53 0.33-0.84 47% less likely to accept 

Charges should be combined in rates5 0.02 0.63 0.43-0.94 37% less likely to accept 

1. Variable(s) entered on step 1: Sustainability. 

4. Variable(s) entered on step 4: 

Squandered. 

2. Variable(s) entered on step 2: Shouldntpay. 

5. Variable(s) entered on step 5: 

Combrates. 

3. Variable(s) entered on step 3: Who_manages.  

Christchurch : -2Log- likelihood  69.4 Nagelkerke R2 0.75 Predictive power =  87% 

 Sig. Exp(B) CI (95%) Interpretation 

Price must ensure sustainability1 0 2.5 1.6-3.9 
3 times more likely to 
accept 

Want more information about water 
management4 

0.004 1.9 1.2-2.9 
2 times more likely to 
accept 

I am concerned about the cost 3 0.008 0.55 0.36-0.86 45% less likely to accept 

I use as little as I can6 0.027 0.57 0.35-0.94 43% less likely to accept 

Households shouldn’t pay at all2 0.014 0.64 0.44-0.91 36% less likely to accept 

Charges should be combined in rates5 0.011 0.65 0.47-0.91 35% less likely to accept 

1. Variable(s) entered on step 1: Sustainability. 4. Variable(s) entered on step 4: Moreinfo. 

2. Variable(s) entered on step 2: Shouldntpay. 

5. Variable(s) entered on step 5: 

Combrates. 

3. Variable(s) entered on step 3: Costconcern. 6. Variable(s) entered on step 6: Careful. 

 

The inclusion of attitudinal variables reduced further the amount of unexplained 

variation for both cases compared to the inclusion of motivation variables only; much 
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more noticeable in Auckland than in Christchurch. The other two measures of 

explanatory power remained similar to the model including motivations only, probably 

because motivations and attitudes to a large degree are measuring the same 

variance.   

 

DISCUSSION 

The following discussion is divided into sections about the survey method; the 

willingness to pay estimates and motivation; and the implications of the grand-total 

estimate for managing the system as one whole.  A summary concludes the chapter.  

METHODS 

Dichotomous choice contingent valuation was chosen from a range of contingent 

valuation methods available. The technique was primarily chosen over alternatives for 

being achievable within time and funding constraints. Although CV surveys have lost 

some popularity with environmental economists who have moved towards choice 

experiments, the technique still offers a reliable and repeatable way of eliciting 

information regarding a community‟s willingness to pay for non-market goods and 

services (Emerton and Bos, 2004; Haab and McConnell, 2002).  

There were some issues with the survey instrument. A lower than expected response 

rate increased the potential for self-selection bias. People who feel strongly about the 

issue could be overrepresented exerting an influence on the mean, with little 

information revealing the direction of that influence. In terms of estimation of 

population parameters the median is a more robust estimate as it is inherently less 

influenced by extremes. Representation was found to be an issue for several 

population characteristics in both cities. Underrepresented minority groups are less 

likely to make a difference to the median; however under-representation of a majority 

group (e.g. Auckland males) has the potential to affect the threshold value.  Estimates 

of the means can be affected by both. A weighted gender variable was included in the 

logistic regression (see discussion Chapter 3) but did not significantly alter the results 

and weighting was not explored further.    

A higher response rate and better representation though stratified sampling would 

potentially improve the robustness of the data and aid the interpretation of the results. 
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Also, further improvements to the valuation section could be made, including a follow 

up of the bid with an open-ended question such as If yes (no) to the price above, what 

would be the most you would accept to pay?   

Consistent results for estimates of the median wtp in both cities with different models 

affirm the reliability of the stated preference technique for establishing a threshold 

value of acceptance in the community. In contrast, inconsistent estimates of the 

means for each city when different models were fitted to the data, suggest that a more 

cautious interpretation is required, and leaves a question-mark as to the reliability of 

aggregated welfare estimates from means.  

RESULTS 

The first research question related to the existence (or non-existence) of a consumer 

surplus for ecosystem services linked to water consumption in each city; the second 

was to compare the consumer surpluses between the two communities. The final 

objective was to compare motivations and attitudes affecting the willingness to pay 

between the two communities. 

CONSUMER SURPLUS 

A positive wtp was established in both Auckland and Christchurch. It was found that 

both the logistic and the exponential models fitted the data adequately and with the 

addition of a non-parametric model (the Turnbull procedure); three models in total 

were used to calculate welfare estimates for each city.  

It was expected that the surplus in Auckland would be less than the surplus in 

Christchurch, as Auckland residents were expected to have a higher level of 

awareness about their water use and smaller associated use elasticity. The fact that 

Auckland residents are already paying volumetric prices that are much higher than 

what Christchurch consumers currently pay also suggests the expected surplus to be 

smaller. The average lower bound willingness-to-pay was found to be significantly 

different at the 90% confidence level from the Turnbull procedure, and a significant 

difference at the 95% confidence level was found by logistic regression with the 

interaction of bids and city.  

The aggregated mean welfare estimates for Auckland range from $15-27 million per 

annum, with the majority on average accepting a minimum of $12 million to be 
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directed to maintaining and restoring the catchments‟ capacity to provide water 

related ecosystem services every year. The aggregated mean welfare estimates for 

Christchurch range from $22-62 million per annum, the majority on average accepting 

a minimum of $25 million to be directed to maintaining and restoring the catchments‟ 

capacity to provide water related ecosystem services every year.  

These results match the expected outcomes and fit with general economic theory. 

However, the „fat-tail‟ attributes of the regression functions in Christchurch (more 

people than expected accepted the higher bids, thus the distribution flat-lines above  

zero (Kerr, 2000)) is indicative of a sample not conforming to utilitarian responses, 

and shows that there is a certain lack of sensitivity to scope.   Also, the radical policy 

change required to introduce user-pays pricing structures were expected to moderate 

the willingness-to-pay estimates for Christchurch, by producing increased rates of 

„protest‟ votes compared to the Auckland residents who have had the structure in 

place for some time. This expectation was also confirmed by the similarity of 

acceptance at the lower bid levels, when the actual charge for Christchurch residents 

is much less than that of an Auckland resident, thus acceptance should have been 

higher. The assumptions were further explored in research question three, with the 

inclusion of motivations and attitudinal variables in the regression model. Motivational 

and attitudinal variables increased the predictive power of regression models and 

reduced unexplained variation for both cities, when contrasted with regression models 

that only contained the bid.  

Thus, there is empirical support for the existence of an extended subjective utility 

function and, consequently, the construction of a pricing equation which includes 

terms for cost-recovery, including externalities and eco-costs (Boven, 2003), and 

resource rent capturing non-use values (Sherzer and Sinner, 2008). 

MOTIVATIONAL FACTORS 

Contingent valuation, and stated preference methods in particular, continue to be 

controversial due to persistent biases and respondents‟ failure to behave as rational 

economic agents (Spash, 2008). Spash  (2008) urges practitioners to consider 

„protest votes‟ as valid responses, thus placing more importance in the interpretation 

of the results. Jorgensen and Syme (2000) showed that attitudes toward paying were 

insensitive to methodological variations in the CV surveys, and concluded that:  
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“to the extent that protest beliefs represent negative attitudes toward paying, 

they are likely to occur in CV surveys whenever additional household 

payments are the only means by which individuals can express value for 

environmental public good improvements[...]. In conclusion, WTP as a 

behavioural intention cannot be interpreted as the value of an environmental 

intervention without establishing what it is that individuals mean by their 

responses to the valuation question. While WTP might reflect the value of an 

attitude object, it may also reflect the value of the measurement process itself.” 

The analysis of the responses accepting a bid showed that motivations and some 

attitudinal variables were significant predictors of acceptance, in some cases 

outperforming price (bid) and household income. Potential „protest votes‟ identified as 

those who stated the motivations this has nothing to do with water, think we already 

pay for this in the rates and those stating worried the authority will just waste money; 

as well as potential „warm glow‟ responsesstating  must pay whatever it takes to 

protect the environment, were therefore kept in the analysis.  

A comparison of the model summaries and resulting odds ratio‟s confirmed that 

motivations behind willingness to pay can be more strongly determined by peoples‟ 

attitudes, awareness and preference variables than socio-economic variables. In 

particular, support for the user-pays principle, attitudes supporting the need to 

manage resources sustainably, and the belief that majority would accept the 

proposed increase, significantly increased the odds of accepting for both cities. 

In Christchurch, social considerations, such as fairness and a strong environmental 

ethic, may carry more weight on the acceptance than the size of the bid. When 

motivational variables were added to the regression model, the bid variable became 

in-significant, resulting in the upper end „fat- tail‟, and associated wide ranging mean 

wtp estimates and the large distance of means from the medians (Figure 4.6).  

However, motivations and intentions that measured strongly in Christchurch seems to 

have little impact on consumption, due to the absence of metering and user pays 

policies, and the subsequent complete lack of information and feedback to consumers 

(as discussed in Chapter 3).  

This survey produced a „grand total‟ wtp that includes all responses regardless of 

motivations, thereby serving to inform decision makers of the underlying attitudes that 



155 Household preferences 
 

155 
 

determine the odds of acceptance. In Chapter 5 this will be discussed further in terms 

of linking ecological identity, behaviour, attitudes and willingness to pay for ecosystem 

services.  

Factorial analyses and clustering, looking to see if certain variables were associated 

with “world views” and how  these may cluster according to place of residence, as 

well as affecting the willingness to pay estimate, would further the analyses of 

motivational and attitudinal variables presented here.  

PART VERSUS SYSTEM SOLUTIONS 

Sustainable management of natural resources calls for system solutions (Costanza 

and Ruth, 2001; Meadows, 2008). Traditionally, neo-classical economics and most 

CV studies conform to reductionist methods. A consumer surplus elicited for one part 

of the system only, for example the avoidance of water quality decline below a 

specified threshold, opens subsequent benefit analyses to questions of 

substitutability. Also, willingness to pay for one service may be overstated (lack of 

sensitivity to scope), while investments required to avoid further loss of utility (such as 

avoiding loss of functioning wetlands) may be rendered insufficient.  It is therefore 

argued that the current adherence to conventional cost-benefit analyses and 

prioritisation of infrastructure investments to part-solutions continues to slow progress 

towards sustainable urban societies. 

This study attempted to take a system view by eliciting the willingness to pay for 

programmes that “maintain a catchment‟s capacity to provide clean water”. The 

method was conceived as attempting to establish the link between both ecosystem 

needs and ecosystem services, and water consumption. The confirmation of 

consumer surpluses for maintaining ecosystem services should encourage decision-

makers to develop pricing structures creating real feedback signals between water 

consumption, ecological and built infrastructure components; and to establish and 

facilitate programmes that restore and protect both option and existence values 

intrinsic to that „capacity‟. Currently, most government departments are informed by 

single disciplinary fields of research, and therefore lack the capacity to make system-

based decisions.  Without transdisciplinary understanding, infrastructure policy and 

fiscal decisions will continue to be made in isolation, without regard to the ecological 

and social sub-systems of water management. This challenge will be discussed 
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further in Chapter 5. 

By asking the community how much more they would be willing to pay for water if the 

price included demand management, resource protection and restoration measures, a 

system value (grand total wtp) was assigned to the resource.  To what extent this 

measure gives value to behavioural changes or reflects community acceptance of 

responsibility and accountability in the stewardship of the resource will be the topic of 

discussion in the next chapter.  

SUMMARY  

Every person in any urban community consumes water; there is an inherent but 

inexplicit relationship between water consumption, price, values, and ecosystem 

services (Emerton and Bos, 2004; Nancarrow et al., 2004).  Current trends of 

charging for water services vary across metropolitan centres internationally and in 

New Zealand, and range from rates-funded, cross-subsidised, unmetered charges, to 

tiered or block tariff structures where users of larger volumes pay more. The shift 

towards full-cost recovery by volume has been implemented in many places, with a 

result in reduced demand (Craig, 2004; OECD, 2003b). There is, congruently, an 

absence of feedback signals of the ecological and social values of water in the urban 

environment.  The ecological systems that maintain the catchment‟s capacity to 

service the urban water needs are instead provisionally maintained by general rates, 

thus reliant on political goodwill and the financial conditions of the day (Craig, 1998). 

Ecosystem services as water infrastructure remain unaccounted for.  

This chapter aimed to answer the following questions: Firstly, are there consumer 

surpluses for ecosystem services related to freshwater resources in Auckland and 

Christchurch; if so, what are the mean and median wtp; and how do they differ 

between the two communities? Secondly, what are the most important motivations for 

accepting or not accepting, and do these motivations relate differently to the 

willingness to pay in each city. 

This research found that the current (2008) aggregated median welfare estimates for 

Auckland ranged from $12-29 million per annum;  indicating that the majority of 

households in Auckland are likely to accept  an increase in water charges of $12 

million which is to be directed towards maintaining and restoring the catchments‟ 

capacity to provide water related ecosystem services per annum. The aggregated 



157 Household preferences 
 

157 
 

median welfare estimates for Christchurch range from $25-27 million per annum.  

The motivations and attitudes that most strongly affected the willingness to pay for 

ecosystem services, regardless of place of residence, included: the belief that 

ecosystems restoration should be included in the water charge; stronger agreement 

that the price must ensure the sustainability of the resource, that the local resource is 

likely to become scarce, that current management is harming the environment, and 

conversely, that the local water source is plentiful- future problems unlikely. Also, 

respondents who preferred water service providers to increase the price in advance of 

resource constraints were much more likely to accept the price increase. Motivations 

and attitudes were also found to be different in the two cities; and to affect the 

willingness to pay measures differently.  

The dichotomous CV survey procedure is a practicable first step in eliciting 

information from communities regarding willingness to pay for ecosystem services. 

While there are commonly accepted limitations to the applicability of the technique, it 

offers a reasonable estimate of a „grand total‟ wtp, a starting point from which in-depth 

analysis of various components can be generated, and for the proposal of a pricing 

equation based on an extended utility function. Pricing specifications will differ 

according to individual regions‟ cultural, environmental and economic constraints, and 

should be determined around the concept of „peak ecological water‟ (Palaniappan and 

Gleick, 2008) and „soft path‟ investment strategies (Gleick, 2003), which will be 

discussed in the next chapter.  

In conclusion, it is argued that this interpretation of a „grand total wtp‟ will help to 

establish the acceptance of the inclusion of an eco-component in the pricing of water, 

suggest the level to which this is likely to be accepted by the majority, and provide 

information on household preferences to policy analysts and decision-makers.  If 

sustainability is a goal for society, then ecosystem services must be included in the 

balance-sheet of water infrastructure. The willingness to pay to maintain ecosystem 

services in a water-shed should be available for decision-makers when making 

choices between alternative uses of land, water and investment funds.  
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CHAPTER 5 DEEP WATER 

 

 “Trend is not destiny” 

-Paul Valéry in Frederick Steiner (2002) 

THESIS SYNOPSIS 

Chapter 1 provided definitions and introductions of the main themes of this thesis. It 

provided an outline of some literature on sustainable development, transdisciplinary 

research, systems thinking and on urban water management. Finally, it presented the 

justifications for approaching urban water management with a transdisciplinary 

framework (Figure 1.1, p.13) that integrates information about the conditions of the 8 

sub-systems (Figure 1.2, p.16). 

Chapter 2 gave an in-depth backdrop on the current trends of water management 

internationally, and in New Zealand Aotearoa in particular. It considered the 

conditions of the sub-systems (water supply, infrastructure, urban development, 

economic condition, legal conditions, community values and water demand) and 

identified gaps in the current management paradigms in meeting sustainable 

development objectives. In particular, the failure of including ecosystems as 

infrastructure in the water services equation was identified. Finally, Chapter 2 

introduced the two case studies.  

Chapter 3 brought the research to the empirical level (c.f. Figure 1.1, p.13). It detailed 

the methodology, and presented and discussed the results of the water use 

behaviours, awareness and attitudes of the two case study communities.  Chapter 4 

presented and discussed the method of the contingent valuation (CV) part of the 

survey, and the resulting estimates for the communities‟ willingness to pay for 

ecosystem services. The research conducted was centred on the idea of constructing 

a systems-value for ecosystem services associated with water consumption 

(considering all four waters), contravening the reductionist approach of traditional 

environmental economics.  

CHAPTER OUTLINE 

This chapter will bring together the themes and findings of the previous chapters, 

before reflecting on these findings in terms of sustainable development and systems 
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thinking. Specific themes of this discussion will include the importance of 

understanding a community‟s cultural-ecological identity, the roles of pricing and the 

coupling of ecological and economic values for urban consumers. A closing reflection 

on the value of water and its latent potential to be an agent for changing urban 

communities striving for sustainability will be made.  Finally, a framework is presented 

which may help managers and decision makers identify gaps and shortcomings in the 

current approach to urban water management in their districts, as well as providing 

recommendations for dealing with such shortcomings. A summary concludes the 

chapter.  

AIMS 

To further the understanding of the interface of ecological, cultural and economic 

systems of water consumption; and to construct a framework that may aid decision-

makers to better manage water resources in accordance with sustainable 

development objectives.  

 

INTERPRETING METHODS AND RESULTS FOR A TRANSDISCIPLINARY 

FRAMEWORK 

The final overarching objective of this research was to outline what a transdisciplinary 

framework for urban water management may look like, by investigating alternative 

pricing structures for water supply, the potential flow-on effects for demand, and 

public perceptions of paying for water related ecosystem services. Questions that the 

previous chapters aimed to answer included:  

1. Are the current NZ water supply management practices sustainable?  

Several gaps were identified with regards to meeting sustainable development 

goals including inefficient allocation models; ecological non-use values excluded 

from water pricing equations; inadequate consideration of indigenous world views 

and potential for co-management structures; a lack of understanding of community 

values and expectations, as well as lack of communicating system conditions to 

the community; and finally, a lack of investment in stand-alone infrastructure 

components,  fit-for-use sourcing and catchment water balance models.  

2. How might two communities with unique „constructed identities‟, different 
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access to information, and different pricing, respond in terms of water use 

behaviour and attitudes towards water management?  

It was found that both behaviours and attitudes were significantly influenced by the 

dominant „identity‟ and current resource management paradigm, such as 

adherence to gardening practices and aversion to the idea of linking price to 

availability. It was also found that both communities had expectations that their 

water resources should be managed sustainably.  

3. How would the two communities respond to a proposed pricing structure that 

included protection and restoration of water related ecosystem services?  

It was found that there was a willingness to pay for water related ecosystem 

services, and that the motivations behind the willingness suggest that intentions 

can be a legitimate source of utility.  

4. Would a consumer surplus differ between the two communities?  

It was found that the surplus did differ between the communities in accordance 

with economic and social theories of environmental behaviours. Some motivations 

and attitudes affected the two communities‟ consumer surpluses differently.    

Questions that remain unanswered so far include: 

5. What pricing structure will perform best in a quadruple bottom line reporting 

system?  

6. Can water pricing affect changes in consumer behaviour, infrastructure 

investment and the cultural-ecological identity constructs of urban residents? 

7. What would a transdisciplinary water management framework look like? 

The first part of this discussion will draw from the findings of the previous chapters, 

and make an attempt at answering to what degree water pricing is likely to affect 

changes in behaviour, investment strategies and the construction of cultural-

ecological identities. The following section will discuss alternative pricing structures.  

The third and final part of the chapter discusses the implications these findings have 

for a transdisciplinary framework for urban water management, and what the 

framework might look like. 
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ATTITUDES, AWARENESS, BEHAVIOUR AND WILLINGNESS TO PAY 

Both access to information and learned behaviours influence the way we consume a 

resource (Chapter 3). Access to information is at the core of the theoretical 

foundations of stated preference valuation techniques: it is assumed that individuals 

have perfect information and are rational utility maximising agents. It is also assumed 

that utility comes from consumption alone. It follows from this theory that behaviour is 

based on an internal dialogue, a detached cost-benefit analysis (Chapter 3). These 

nonsensical assumptions have long been discredited in the ecological economics 

theoretical debate (e.g. Costanza, 2000b; Daily et al., 2000; Zamagni, 2004; Kumar 

and Kumar, 2008), and has also made its way into practitioners of the neo-classical 

environmental economics understanding of real worlds problems (Patterson, 2006). 

Making choices of consumption is certainly influenced by the information at hand, and 

most people most of the time make choices that maximise their utility; the grey area 

lies with the sources of utility one accepts into the equation (Boven, 2003; Spash, 

2008b) (Chapter 4).  

The findings of the previous two chapters illustrated the contradictory nature of the 

relationship between access to information and willingness to pay, information and 

behaviour choices, and behaviour and willingness to pay. People in Christchurch 

have less access to water service information (e.g. bill, price, and consumption levels) 

than those in Auckland; but on the other hand, have better access to information 

about, or exposure to, the values of water in nature such as the urban stream 

conditions, as well as a unique naturally high quality water supply. Christchurch 

residents were willing to pay more.   

Figure 5.1 presents a summary of the regression findings from both chapters; each 

variable has been placed into a box according to whether or not it was found to 

significantly predict place of residence, acceptance of the proposed price; and 

whether it affected acceptance differently in the two communities.  
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Figure 5.1. Attitudinal variables as predictors for City; Accept and Accept with city 

interaction.  

The strongest predictors for accepting the proposed price increase, disregarding 

place of residence, are the preferred response to water supply constrains being to 

increase the cost when and if needed, agreeing to ecosystem restoration should be 

included in the water charge and the belief that the majority would accept the 

Non-significant 

Non-significant Significant 

Non-significant Significant Significant 

Non-significant 

Non-significant Significant 

Non-significant Significant Significant 
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proposed price increase. Also increasing the likelihood for accepting the proposal was 

a stronger belief that good quality water from the tap is a privilege (...), and that water 

charges should be separate and by volume. The strongest predictor for not accepting 

the proposed increase was to consider oneself to be using water carefully, a stronger 

belief that households should not pay at all, and that the charges should be combined 

in the rates (Figure 5.1).  

It is clear that lack of pricing signals, lack of consumption information, learned 

behaviour patterns such as gardening practices, as well as the expectations that 

water comes when one wants it to (with little labour involved) is influenced by the 

economic water system. There is also clarity around those components‟ influence on 

the ecological water system.  

It is vitally important to recognise that the backbone of an individual‟s „water identity‟ 

(consumption behaviour, production of stormwater and appreciation for natural water 

bodies), is intrinsically linked to access to information of both the economic and 

ecological water systems; and that willingness to pay will be influenced by both.  The 

findings presented in this thesis have demonstrated that there is a certain level of 

acceptance in the community to take account of both systems, positing thus that 

information concerning the system as a whole should be considered in management 

and communicated to consumers.  

One of the interesting results from the logistic regression was that people in Auckland 

who did know the service provider‟s name were willing to pay less.  This could be a 

reflection of the lingering sentiment and concerns that Metrowater is run as a 

business, and as such, is believed to be maximising profit that is not necessarily 

reinvested in water management.  In addition, a portion of Auckland residents still 

believe that Metrowater is privately owned. It could however, also reflect scepticism 

towards water utilities‟ capability of ecosystem management.   

In the analyses of water consumption patterns, Christchurch residents were again 

typically less informed and used more water per household per day. There was a 

lower uptake of water conservation devices such as rainwater tanks and low flow 

shower heads, and less use of dual flush toilets.  The reason most stated for not 

saving water by such devices was a lack of information, and secondly, the cost of 

investment. 
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VALUES, BELIEFS AND PARADIGMS? 

Values and beliefs of decision-makers, professionals and consumers together 

determine the way society manages their resources, and interact with regards to 

accepted management practices and consumer behaviour. Attitudes, perceptions and 

preferences inevitably vary between groups in the community (Chapters 1,2 and 3).  

In recent years managers in the water sector have made reasonable shifts in their 

stated intent, increasingly formulating objectives for service delivery to meet 

sustainable development objectives (e.g. triple/quadruple bottom line reporting, 

carbon footprint reporting, EMS). Outside the professional arena on the other hand, 

the general consensus continues to be that consumers subscribe to views such as 

water being “a gift from nature and should be inexpensive or free”, that water “belongs 

to everyone” and thus should be under “public control with no one allowed to make a 

profit” (PCE, 2000b; Chapman et al., 2003).  

A major constriction in the development of sustainable, low impact urban communities 

relates to the inherent reluctance of governing politicians to regulate, or pass 

directives, that upset sections of their voter base, even in situations where they 

possess a greater understanding of management outcomes (Boven, 2003; Chapman 

et al., 2003). It is therefore imperative to understand the underlying drivers of such 

views, then devise analytical tools, and further, to design strategies that can 

effectively drive the required shift. Attitudes toward environmental management are 

created by contextual, social and individual factors (Stern, 2000), including for 

example pricing, income, education (contextual); dominant world view and social 

expectations (social); and crisis events and progressive adaptation to lower 

environmental quality (psychological) (see Chapter 3).  

This study attempted to bridge the chasm between the social science and economics‟ 

discourses on environmental behaviour and willingness-to-pay, by coupling attitudinal 

understanding to individual preference valuation. The findings confirmed that 

ecological sustainability has registered as a desired development objective amongst a 

cross-section of the general public, but a lack of understanding of what that entails, 

and how a community may go about achieving it. This was demonstrated for example 

by the lack of support for water to be scarcity linked, as well as the lack of importance 

placed on the notion that water should be sourced locally.  Such reluctance could be 

due to people‟s lingering uncertainty towards electricity prices being linked to 
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availability. In Auckland, people may readily remember the previous drought and the 

effects that had on the economy; thus reflecting the current situation where security of 

supply overrides other concerns, and the acceptance that price links directly to the 

economic system, but is absent from the ecological water system.  As was expected, 

people in Christchurch were more accepting of the idea of linking price to scarcity, 

and those in support were much more likely to accept the proposed price increase. 

People in Christchurch also placed stronger importance on sourcing water locally. 

This finding sustains the argument of the importance of identification with the 

resource.  A further example is provided by the general support for user-pays policies, 

but for the proportion of respondents who gave that as a reason for not accepting the 

proposed increase indicating a lack of understanding of what it entails. Likewise, the 

higher the agreement to the statement I am careful with the water I use the less likely 

the respondent was to accept the price increase. 

Another important note concerns the perception of most respondents that the majority 

of households would not accept the price increase. On one hand, this answer 

provided reassurance or justification for those that did not accept.  For those that did 

accept, one can argue that „warm glow‟ (and hence social and personal norms) is 

demonstrated as a genuine source of utility, and/or the lack of faith in the community‟s 

current attitudes towards the environment.  

Further, there was a strong preference in both communities for the water service 

provider to give discounts for reduced use in the event of a supply constraint, e.g. the 

willingness to save may be greater than the willingness to pay; this sentiment was 

more strongly expressed in Christchurch than in Auckland, which again can be 

explained by the lack of pricing signals in Christchurch, whereas in Auckland 

consumers have already got incentives to save so there is less use elasticity in the 

system.  In general, attitudes and motivational variables were, as expected, stronger 

predictors of acceptance than the actual price in Christchurch, whereas the Auckland 

community had a more utilitarian (conforming to economic theory) response to the 

proposed price increase.   

It was also particularly surprising that neither community recognised water as having 

cultural and spiritual importance, contradicting the importance placed on the locally 

sourced ground water in Christchurch and the cultural identification with gardening. 

Likewise, in Auckland the cultural importance placed on good water quality in the 
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harbours remains decoupled from urban water management for most people. One 

explanation to this may be that the word „spiritual‟ has strong religious connotations 

and could be perceived as meaning to give water some religious value, making 

respondents uncomfortable with that label.  

An important message to water sector managers from this survey is however, that 

people expressed a clear wish to be better informed about water management, and 

appreciation of being asked to participate in the study. The opportunities inherent in 

such expressions are significant, and managers and decision-makers should 

capitalise on this by facilitating a dialogue with the public about water management 

options. It is also supporting the argument for community participation and adaptive 

management structures for local water authorities.  

To further this analysis‟ usefulness in terms of a transdisciplinary management 

framework, some additional measures would have been beneficial including:  

conducting an analysis of willingness to pay by categories of combined attitudinal 

variables using data reduction and clustering techniques (such as the lifestylers, 

conservationists, utilitarians and indifferent in Nancarrow (2004)) to determine the 

extent each group influenced the level of acceptance;  including an alternative method 

to paying, such as a willingness to save / change behaviour option, or willingness to 

participate in restoration activities;  the inclusion of environmental group membership 

and hours volunteering to extend the understanding of the cultural-ecological 

construct prevalent in each community.  

VALUE AND PRICE 

One of the original contradictions in economic theory was termed the diamond-water 

paradox. The contradiction contains that although the total value of water for survival 

is infinite, diamonds command a higher price in the market. Adam Smith explained 

the paradox by arguing that value had two different meanings: 

The one may be called 'value in use;' the other, 'value in exchange.' The things that 

have the greatest value in use frequently have little or no value in exchange. On the 

contrary, those with the greatest value in exchange have frequently little or no value 

in use. 

-Smith, 1776, "Of the Origin and Use of Money” 

Stigler (1950) argued that Smith‟s presentation, which he based on the labour theory 
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of utility was flawed, since it consisted of a comparison between heterogeneous 

goods, and such comparison would have required using the concept of marginal utility 

of income (Stigler, 1950). Serafy (1998) clarifies that it was only with the advent of 

marginalism “that this apparent „paradox‟ was solved”: because water is needed for 

survival, the total utility of water to people is infinite. However, since water is in such 

large supply in the world, the marginal utility of water is low, and only when scarcity is 

severe, will the exchange value of water approach the exchange value of diamonds. 

In other words, when in abundance water has diminishing marginal value, any 

particular unit of water becomes worth less (or indeed worthless) to people as the 

supply of water increases (Serafy, 1998).  

These considerations illustrate the limits of price (the exchange value) in measuring 

total value. Market prices maximise the monetary value of both inputs and outputs, 

the outcome in theory is a competitive equilibrium in which it is impossible to improve 

the welfare of any one individual without making another individual worse off, a 

condition known as Pareto efficiency, the first fundamental theorem of welfare 

economics (Farley, 2008).  

Adding to the disparate notions of value and price, water is a multifaceted commodity, 

and is value-pluralistic (Chapter 2). Demonstrating the fallacy of not including 

ecosystem services in the water equation, and of failing to account for scarcity, 

Palaniappan and Gleick (2008) eloquently apply the principle of Pareto efficiency to 

water use from a catchment by including ecosystem services in the concept of „peak 

ecological water‟ (Chapter 1):  at a given level of consumption (withdrawals and 

pollution load combined) the cost to the environment will be higher than the benefit 

from consumption, producing a net cost to society.  Managers are frequently tasked 

with making decisions (regarding water allocations, water quality standards, 

infrastructure investment, land development, etc.) that must in one way or another 

consider the various values of water in concert: direct and indirect use values and 

non-use values (Figure 4.1, Chapter 4, p.126). At this point in time however, 

considerations of consumption and production values of water continue to take 

precedence over non-use values.  

The estimates produced by the contingent valuation study presented here are by no 

means accurate representations of the consumer surplus for ecosystem services in 

either city, and they certainly do not account for externalities which would be better 
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estimated with estimates from revealed preference and production function 

approaches (Emerton and Bos, 2004; Rees et al., 2007).  However, as Daily (2000) 

reflects, if benefits greatly outweigh costs or vice versa, complete accuracy is 

unnecessary. For example, by crude estimates for the value of natural water 

purification services, municipalities in some places are determining that preserving or 

restoring natural services is often preferable to „hard path‟ infrastructure investments 

such as constructing a water filtration plant (Isakson, 2002).  

What this study proposes is that system-value estimates (or grand total willingness to 

pay) should be interpreted as gauges of attitudes, as a value of intent, and a measure 

of the level of acceptance of introducing different components to the charges of water 

to make up some of the deficit in the current equation. The estimates‟ relative 

strengths and positions say a lot about the community that produced that estimate. 

Thus, even these rough numbers are useful in informing policy-makers.  The 

communities did express that on top of current charges, and on top of whatever else 

is spent on environmental management, they would like to see that appropriate 

(socially fair, economically efficient) charges are in place to ensure the sustainability 

of the resource, through the protection and restoration of water related ecosystem 

services.  

The average lower bound of that estimate was $15 million in Auckland, and $26 

million in Christchurch. The estimated median wtp, gauging the acceptance level of 

the majority, was in Auckland roughly $100 per household per year, in Christchurch 

roughly $200 per year. Thus, there is a willingness to add an ecosystem component 

to the pricing equation in Auckland that amounts to about 33% of the current charge, 

and in Christchurch it amounts to 230% of the current charge per household. That 

willingness can come from different kinds of motivation, and will be further discussed 

below.  

Having this knowledge creates significant opportunities for local governments. In 

other countries, such knowledge is already making an impact on the management of 

natural resources:  In Costa Rica, multiple ecosystem services have been bundled to 

achieve the desired relative increases in supply via changes in land use demand, and  

a demand for integrated ecological-economic-social approaches to manage 

ecosystem assets has been created (Costanza, 2000b). Taking account of the 

uncertainties related to ecological thresholds, support is mounting for the 
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conservation of critical natural capital to be price determining rather than price 

determined (Daly, 2007 in Farley, 2008), and for municipalities to establish value-

chains that benefit the society and the ecosystems (Emerton and Bos, 2004).  

 

ECOLOGICALLY SUSTAINABLE WATER MANAGEMENT 

The following discussion will revisit some of the issues identified above, and discuss 

from a systems perspective the relevance to resource management. The cultural-

ecological identity construct will be revisited, and the discussion will concern how 

such constructs may shape visions for water management, thereby influencing 

investment strategies and the acceptance of different pricing structures. The second 

part will discuss the potential for progress towards ecological sustainable 

development goals inherent in this approach. 

CULTURAL-ECOLOGICAL IDENTITY: SHAPING VISIONS, EXPECTATIONS AND ACCEPTANCE.  

In presenting to Environment Canada‟s policy research seminar series on „Natural 

Capital and Sustainable Development‟ Costanza (2000) highlighted three goals to 

deal with complex problems. They are 1) the creation of an “ecologically sustainable 

scale” or size of the economic sub system, 2) "fair distribution of resources" between 

humans and/or other species, and 3) the "economically efficient allocation of natural 

capital" including non-market goods and services produced by natural capital. In order 

to pursue these goals Costanza argues that one should establish and maintain a 

transdisciplinary dialogue, problem focus, use appropriate science and build effective 

and adaptive institutions which can integrate new visions.  

Further, Costanza (2000) emphasises the importance of having an adequate vision of 

how the world works and how one envisions the world to be; that there is a need for 

determining an underlying vision and to use implementation tools and analytical 

techniques to work towards that vision. A vision should be “judged by the clarity of its 

goals, the acknowledgment of constraints, the representation of a common ground, 

and should be flexible and evolving.” A touchstone of ecologically sustainable water 

management was stated by Richter et al. (2003): 

Ecologically sustainable water management protects the ecological integrity of 

affected ecosystems while meeting intergenerational human needs for water 
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and sustaining the full array of other products and services provided by natural 

freshwater ecosystems. Ecological integrity is protected when the 

compositional and structural diversity and natural functioning of affected 

ecosystems is maintained (Richter et al., 2003). 

Chapman et al. (2003) provides one vision for New Zealand urban water 

management: 

The contours of an emerging integrated approach to managing the urban water 

cycle are gradually becoming visible. Rainwater harvesting and reuse of grey 

water might reduce the demand for potable water and the amount of 

wastewater discharged from individual properties. Temporarily stored 

stormwater and recycled wastewater from local (e.g. suburban level) treatment 

units might become sources for selected local water uses. Expenditure on 

expensive buried pipelines might fall dramatically. Urban design and land use 

might be more resilient to the inevitable extremes of rainfall and runoff. 

Chapman et al. (2003) further caution that New Zealand urban centres are a long way 

away from that vision, but emphasise the importance of having a vision for water 

management that is linked to the sustainable cities theme of the Sustainable 

Development Programme of Action (including its proposed urban design code). 

Although this vision certainly points in the right direction, and alludes to the avoided 

costs of further damage to the built environment and that urban land use and design 

become more resilient, it fails to explicitly link consumption with ecosystem services, 

and the need to reinvest in the natural capital delivering these services. Also, as 

Costanza contends above, a vision for water management would benefit from 

representing common ground (Costanza, 2000a).  In the case of urban water 

management, a vision reflecting a cultural-ecological identity that fits with residents‟ 

sense-of-place would be more effective in creating expectations for ecologically 

efficient infrastructure investment, an acceptance of changing policies for charges, 

and in changing consumption patterns.  

Costanza (2000b) describes transdisciplinary science as required to deal successfully 

with complexities: a science that is a balance between synthesis and analysis, is 

conceptually pluralistic, is problem driven and promotes the use of multi-scale and 

integrated models. Costanza further considers integrated ecological economic 

modelling an important aspect of "appropriate science" which incorporates consensus 
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building tools, open participatory practices and the consideration of all stakeholders at 

a multi-scale level (Costanza, 2000a). 

Thus, a transdisciplinary water management framework requires water authorities to 

be established that are: learning organisations and that employ adaptive management 

techniques; are whole-system focused; are participatory and use system dynamic 

modelling to communicate across management fields and with the community they 

serve; and further, use backcasting techniques to get from visions to strategic plans 

and operating goals.  

Further understanding of this process could be developed through extending this 

research to a focus group based use of mediated modelling (van den Belt, 2004) and 

welfare estimates for ecosystem services derived from deliberative contingent 

valuation efforts (Spash, 2008b).  

DECOUPLING – RE-COUPLING 

Consumption patterns have been learned through past natural resource management 

paradigms which, in failing to recognise the values of ecosystem services to society 

and in failing to charge appropriately, severed consumption from any notion of 

resource availability. Currently, these paradigms are shifting: an ecological awareness 

is slowly taking hold within resource management institutions and is also increasing in 

the communities. However, another form of decoupling has surfaced with the most 

commonly used economic decision aid framework, the neo-classical CV methods 

used for cost-benefit analysis.  The economic valuation of ecosystem services has 

become a positivist-normative process in which people are increasingly de-linked 

(decoupled) and estranged from the commonsensical and logical ways of thinking, 

relating and interacting with their natural environment (Kumar and Kumar, 2008). 

Thus society remains inert to the loss of natural capital. Although the reductionist CV 

approach may be appropriate in identifying externalities and construct specific 

damage-functions, it is not appropriately indicative of the utility people gain from for 

example doing good, being socially responsible, or having a desire to reinvest in 

natural capital. 

 



172 Deep water 
 

172 

 

Figure 5.2. Sustainable consumption pathway for water. 

 

Rather than continue the trend of decoupling, the systems-value approach employed 

in this research serves to re-couple previously disjointed concepts of value for 

individuals (Figure 5.2). With this model, consumption patterns would be expected to 

change with the influence of ecological values; uncoupled from ecological values 

consumption is likely to keep increasing, but with weights added accounting for 

ecological values, social and personal norms, consumption is likely to slow and 

eventually to decline in response to constraints. 

The theoretical foundation of the strong transdisciplinary approach rests on three 

pillars (Chapter 1): (I) Levels of Reality, (II) the Axiom of the Included Middle and (III) 

Complexity. These pillars dictate the foundation of a transdisciplinary approach to 

urban water management: 

(I) The laws of a given level of reality are not self-sufficient to describe the 

totality of phenomena occurring at that same level: the laws (and lore) of water 

economics, demand, or ecology are not self-sufficient, they are interdependent 

and require understanding of the others to explain certain phenomena; 

(II) The Axiom of the Included Middle: ecological goods and services related to 

water do not have either exchange value or a total utility value, they have both; 
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and  

(III) Complexity: a holistic understanding, trans-institutional, cross-sector 

learning and information dissemination are integral to achieving sustainable 

water management. 

The second pillar of transdisciplinarity allows the inclusion of the excluded middle 

third term that is both A and non-A: both values are inherent in water at any one time, 

and the marginal price needs to reflect this.  If sustainable development is a goal for 

society, then prices must be developed that reflect the condition of ecosystems, 

facilitating reinvestment in natural capital.  

Kumar and Kumar (2008)  contends that it is the “reductionist character of 

contemporary economic theory that has run into troubled waters in dealing with the 

issue of ecosystem management, accounting for uncertainty and risk behaviour and 

on the vicissitudes [changeability] of human intuition, and notions of morality and 

rationality” (Kumar and Kumar, 2008). They explain that the human need for 

reciprocity has been overlooked by neo-classical economics. A reciprocal relation is 

one that takes “an intermediate position between market exchange and pure 

altruism”, thus motivating behaviour. A transdisciplinary approach to ecosystem 

valuation which takes account of this will improve the validity (in terms of reflecting 

reality) of value estimates (Zamagni, 2004; Kumar and Kumar, 2008). 

EXTENDED SUBJECTIVE UTILITY FUNCTION AND PRICE 

Let us briefly revisit the revised (in italic) economic paradigm as argued by Boven 

(2003), and the principles most relevant to this study (refer Chapter 1, p. 23):   

Individuals are rational and self-interested. They maximise subjective expected 

utility. Utility comes from consumption and may come from other sources 

including environmental outcomes, outcomes for others, social norms and 

personal norms. 

The role of economic policy is to deliver the output to provide the consumption 

that individuals want and to ensure sufficient environmental stocks remain to 

provide for future production. Production is constrained by capital and labour 

and inputs from the environment. Production provides goods and services for 

consumption, and replenishes or increases stocks of capital and labour, and 
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may reduce environmental stocks. 

If environmental issues arise then governments have the obligation to resolve 

them. Governments tend to follow the lead of business interests so a lot of 

support from individuals may be needed to get policies implemented. 

Beliefs and values affect choices about activity. Influencing beliefs and values 

may be used as part of a strategy to influence economic and environmental 

outcomes.  

Individuals cannot solve environmental issues. The best means to address 

environmental issues is socially responsible business or [and] government 

intervention. 

Put in economic terms, the subjective expected utility (SEU) function from activity a, 

will consist of the price v and eco-cost c; terms are then added that reflect the belief 

about utility gained from other sources than consumption. Each added source of utility 

must also have a weight w assigned to reflect the importance of that source to the 

individual. SEU functions have been used by psychologists, market researchers and 

economists (Boven, 2003). Boven added four potential sources of utility to that which 

is gained from consumption: d for the beliefs about damage caused to the 

environment from the action, s for the utility gained from altruism (doing good for 

others) or superiority (from doing better than others), n for utility gained by social 

approval/disapproval, and p the utility gained from the activity being consistent with a 

personal norm: 

SEU (a) = w1 (v – c) + w2d + w3s +w4n+ w5p.  

From this function, value changes that would reduce environmental damage are 

reductions in w1 and increases in w2  and- w3;  while stronger beliefs about utility from 

w4  and w5 only serve to reduce environmental damage if the social influences on the 

individual are influencing them in a pro-environment direction (Boven, 2003). Thus, 

the importance of having a vision that resonates with the community, creating 

expectations of better environmental outcomes and reconnecting urban residents with 

ecosystems, has the potential to increase these utility terms, and will thus strengthen 

the willingness to pay for ecosystem services.   

In New Zealand, many TLA‟s have accepted, albeit not implemented, the rationale 
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behind cost-recovery for water services (White et al., 2006; Water New Zealand, 

2009b). Also, local government and resource management institutions have accepted 

the notion of triple bottom line accounting (e.g. Water New Zealand, 2009a), and the 

idea that externalities should be accounted for by those that benefit from the 

transactions.   But so far, the ecosystems supporting life in our cities have been 

provisionally maintained by rates, with no accountability for excess use, wear and 

tear, degradation and depletion. There is an urgent need for the urban communities to 

be given an explicit link to the ecosystems that sustain them. Water is consumed by 

everyone. Hence, an opportunity exists through water charges, to deliver a way to 

participate in creating a sustainable future into every household, by making 

consumption of water ecologically relevant, and closing the circle by reinvesting in 

natural capital.  

Sherzer and Sinner (2006) clarify that externalities are a cost factor even though they 

are often unpriced and/or not accounted for, and should ideally be explicitly priced at 

their opportunity cost (e.g. the amount needed to compensate for say pollution or the 

loss of habitat). Thus, cost-recovery and externality pricing are aimed at recovering 

costs, whereas resource rent collection is aimed at collecting any surplus value. 

Collecting resource rent helps to protect against inefficient allocation of the resource, 

as the resource should be allocated to those uses that create the most value 

(including monetary, non-monetary, tangible and intangible).The rent is at any point in 

time contingent on market conditions, technology, and the system of property rights 

used to govern access and management (Scherzer and Sinner, 2006; Sharp, 2003).  

The construction of an extended pricing equation is thus justified. The appropriate 

charging structure for ecologically sustainable water management should include a 

fixed term for operations o, a cost recovery term vc+e (where c = cost of supply, e = 

externalities/eco-costs), r for rent (consumer surplus for ecosystem services), a 

scarcity term s, and a precautionary investment term u (for uncertainty): 

 

Price of water = o + vc+e + w1r + w2s + w3u 

 

The weights of each term will have to be determined by assessing the systems of 
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each water management district at regular intervals. To improve the acceptance of 

such a charging strategy, policies should be considered that offer incentives for 

reduced use in the pricing term v (increasing block tariffs), and an investment in 

alternative supply streams being available to households based on the weights of 

terms s and u.  

BRIDGING TROUBLED WATERS, THE SOCIAL BOTTOM LINE 

In measuring the social bottom line, social well-being should in principle present a 

composite measure of per capita income as well as indicators of environmental, social 

and cultural “health” (Max-Neef, 1995); however, in practice only per capita income is 

currently being used (NZIER, 2004). The NZIER (2004) Government‟s Infrastructure 

Stocktake Report tentatively formulates as a social bottom line objective for 

infrastructure as: 

To provide infrastructure services in a way that are widely accessible, 

affordable and do not detract from health, safety and cohesion of the 

communities they affect. 

One measure of the nation‟s well-being has been suggested to be represented by 

achieving safety standards for drinking water, in terms of managing the risks and 

prevention of waterborne diseases, and in terms of projecting a positive image for 

trade and tourism (Chapman et al., 2003). To create a social bottom line for urban 

water management, the same line of argument can be applied to other cultural-

ecological aspects of water consumption; the water quality in the rivers, lakes, 

harbours and wetlands in the urban environment as measured by both biodiversity 

indicators and recreational values. Lastly, progress towards social sustainability 

should measure a diminishing rate of water related conflicts.  

One of the persisting contentious issues on the New Zealand water management 

reform agenda is how to “deal with Māori” at various levels of governance and 

resource management decision-making processes.  In particular,   Māori opposition to 

the trade of water, their claim to indigenous water rights and preference for holistic 

approaches to water management should be considered (see Chapter 2).  

Murray (2009) contends that within current policy reforms, consideration should be 

given to the notions that “voluntary exchange [markets] ensures that decision rights 
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over resources tend to be acquired by those who value them, and individuals that 

value them most will be those who have specific knowledge and abilities relevant to 

the exercise of the right”. He continues that  “a greater reliance on market processes 

for reallocating the water provided for consumptive use would reduce economic waste 

of water resources”; but at the same time he cautions that these efficiency gains  

would “come at a cost of reduced value for those people who are unhappy about the 

application of market processes to water” (Murray, 2009).  

The establishment of local water authorities based on principles of co-management 

and collaboration would have the potential to uphold or restore mana whenua and 

kaitiakitanga to local iwi through appropriate responsibilities. By directing the resource 

rent to be reinvested in the capacity of the catchment to maintain ecosystem services, 

the charge is not for water per se, and with the design of policies that are socially just 

and equitable, there is potential for a unified approach to sustainably manage urban 

water resources. The potential inherent in the Māori world view, the mauri of water, 

the damage caused by loss of mauri and expectations of reciprocal relationship 

between humans and nature provides a unique platform and carries significant 

potential for shaping new visions for catchment based urban water management.  

 

ACHIEVING URBAN SUSTAINABILITY  

 “It is one thing to find fault with an existing system. It is another thing altogether, a 

more difficult task, to replace it with another approach that is better.” 

-Nelson Mandela about water management, 2000 in Richter et al. (2003) 

 

There are several methods currently in practice when considering four bottom lines in 

decision making. Commonly used decision support tools include quantitative cost-

benefit analysis (CBAs) and qualitative multi-criteria analysis (MCAs). In addition, 

system dynamic modelling is progressively becoming more widespread as a decision 

support tool.  

In New Zealand, the RMA and the LGA are the two statutes currently available to 

ensure the progress of sustainable development, although progress remains slow. 
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Murray (2009) considers the failure of economic analysis to take a broad perspective 

when conducting CBAs to be at the core of the failure to deliver Sustainable Water 

Programme of Action objectives and move towards better water management. He 

considers that the RMA requires economists undertaking CBAs for water allocation to 

take a broad perspective; a benefit should be an incremental change in water use that 

has a desired effect in terms of the purpose of the Act, while a cost is a change in 

water use that has an undesired effect: “Taken together, the Purpose of the Act 

(section 5), the Matters of national importance (section 6), the Matters to be given 

particular regard (section 7), and the Principles of the Treaty of Waitangi (section 8), 

define the bounds of the cost benefit analysis for water allocation (emphasis added).”  

As such, all effects within these bounds have „standing‟. Murray (2009) concludes that 

the current practice of exclusion of non-market values bias the CBA towards over 

allocating water.  

Holz et al. (2004) summarise some of the limitations of CBAs and MCAs, and posit 

bridging the dichotomous “calculate or communicate” divide by the structure of a 

framework drawn from both approaches. In broad terms, criticism of contingent 

valuation inputs into CBAs relate to the potential for bias, due to the lack of 

understanding of the issues in the general public; and a general lack of market 

experience and the difficulty of giving a monetary value to a preference, 

environmental good or service (see chapter 4). Holtz et al. (2004) also point to the 

potential for inflated responses from the general population due to lack of 

accountability; the effects of individual power in a group situation; egalitarian versus 

utilitarian ethical objections (that it is not always appropriate to seek maximisation of 

total individual preferences), an opinion echoed by Kumar and Kumar (2008). Finally, 

the detachment of consumer values from ecosystem importance, the moral concerns 

relating to objections to all things being tradable, and the influence by wealth, carries 

limitations for the validity of CV value estimates (Holz et al., 2004).  As an attempt to 

rectify some of these limitations, extended CBA‟s and MCA have been described with 

the use of citizen juries in eliciting a group wtp (Spash, 2008b) or as panels for MCA 

termed deliberative multi-criteria evaluation (Proctor, 2006).  

It is the bridging of the parameter modelling required for CBAs, with the qualitative 

stakeholder based MCA methods, and the active participation of stakeholders, that 

have been achieved with success in system dynamics models (Costanza et al., 

2001). In a global system dynamic model envisioning exercise, illustrating four 
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outcome scenarios based on articulated policy preferences relating to two contrasting 

world views, Costanza (2000c) describes the scenario Ecotopia as the one most 

preferred in terms of sustainability outcomes. Ecotopia is based on a technological 

sceptic world view (as opposed to the technological optimist) believing technologies 

incapable of replacing natural resources. Ecotopia‟s underlying policies represent 

responsible natural resource use; similarity in scale between institutions, ecosystems 

and the problems being addressed; use of the precautionary principle; adaptive 

management; full cost allocation; the use of incentive systems; and full participation 

from all stakeholders (Costanza, 2000c). Costanza (2000b) suggests that one way to 

pursue Ecotopia includes the establishment of ecological tax reforms, the taxation 

of "bads", which could include natural capital depletion, pollution and excessive 

consumption. These principles can all be assigned to water management.  

 

 

Figure 5.3. A causal loop diagram describing effects on residential indoor water use on 

supplies for Las Vegas (from Stave, 2003). The + indicates a positive feedback loop.  

Figure 5.3 presents an example of a system dynamic causal loop diagram for the 

effects of residential indoor water use on supplies in Las Vegas (from Stave, 2003). 

This simple diagram proposes that as indoor water use increases, it causes treated 

wastewater flow to increase. The + sign in the centre indicates that this is a positive 

feedback loop in which a change in one variable feeds back to reinforce the initial 

change. 

By creating “what-if” scenarios, participants in focus group workshops can be tasked 

with considering the effects of available management options and measure these 
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against clearly articulated overarching values and goals based on a communal vision 

for the system under scrutiny. For urban water management, this would involve using 

for instance climatic variations, ecosystem health criteria and land use options 

(developed/degraded, restored), infrastructure investment strategies, and effects of 

deteriorating water quality and ecosystem health on the economy and on social 

wellbeing, to create outcome scenarios for the evaluation of management options.  

From this, it is possible to see the potential latent in water management, consumption, 

and pricing; i.e. the potential for water to become the agent communities need to 

define a desired future, to develop commonly stated overarching goals, and to see the 

different outcomes of various policy options. Systems dynamic modelling can be used 

to illustrate and communicate the effects of continuing to leave ecosystem services 

outside the water equation. Water conservation is not a new field of science. Water 

conservation and recycling technologies are well developed; water balance models 

and catchment management policies with support from communities, and participation 

from a range of stakeholders, already exist in many places.  

Australian pilot developments have shown that through demand management and 

source substitution (via rainwater and a dual water reticulation system), the volume of 

imported potable water to a 8500 lot site can be reduced by 70% in comparison to 

conventional developments, and onsite wastewater treatment can reduce the export 

of waste by up to 90% (McLean, 2004). There are also several demonstration projects 

undertaken in Australian cities including new developments, retrofitting of a public 

high school, urban subdivision development and semi-rural development sites 

(Morison, 2004).  Successes (reduced mains water import, and wastewater output) 

and disappointments (largely cost-related) are being reported from these sites in 

order to help build capacity for uptake of water sensitive urban development (WSUD) 

principles within the industry and metropolitan councils (Morison, 2004). The 

technology for the harvesting and use of rainwater at the household/lot scale is 

increasingly becoming a readily available and affordable option. The conversion of 

valueless rainwater into a valuable urban resource, the reduction of  the volume of 

nuisance water drainage, reducing the need and cost for drainage infrastructure 

development and maintenance costs, as well as reduced damage from  stormwater 

flooding, may thus alter urban water management (Moore, 2004).  

In a case study development, only five percent of stormwater volumes was harvested 
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and reused (Dillon et al., 2004). This is likely  due to a lack of appropriate pricing and 

cost allocation; Radcliffe (2004) suggests that ownership rights to stormwater and 

recycled water should be established to provide increased security for investors in 

water harvesting, encouraging investment to increase capacity (in Dillon et al., 2004). 

Hatton-MacDonald (2004) reviews the economic framework for decision-making and 

the pricing of water and reclaimed water: where replacing mains water with recycled 

water have associated savings to water take from catchments and sewage discharge 

to receiving waters, the inclusion of externalities will produce different pricing 

structures than those that currently apply (in Dillon et al., 2004). 

In short, sustainable urban water management needs be integrated across 

management fields, be holistic and consider the four waters (potable water, 

stormwater, wastewater and natural water bodies) as a part of one system (Landcare 

Research, 2003). This approach requires the integration of the built form into the 

strategic planning, as well as demand management and water recycling schemes 

across several scales (e.g. allotment, street, and estate scales) (McLean, 2004). 

Although the concepts of externalities, demand management and better use of stand-

alone infrastructure components frequently feature in the water managers internal 

dialogues, barriers remain to the acceptance of water policy reforms and to the 

uptake of technologies developed to assist in fit-for-use sourcing, stand alone 

infrastructure components and demand management. The ten year goal of the 

Western Sydney project was that „the general public accept the concepts of, and 

utilise, end-use appropriate water supply streams, including rainwater, stormwater, 

greywater, and recycled sewage as alternatives to potable water (Morison, 2004). The 

application of an extended pricing function as described above would help guide 

perceptions and attitudes shaping the utility function, increase the acceptance of 

alternative supply streams, reduce demand on ecosystem services and provide 

opportunities for reinvestment in natural capital.  

Bos and Emerton (2004) recognise that “being able to express ecosystem-water 

linkages as economic values is not the end of the story in the move from decisions to 

actions in the water world. Practical realities mean that generated information must 

also be backed up by supportive political, policy, communications, awareness and 

capacity frameworks. [...] by changing the way in which projects are designed, 

programmes planned and policies formulated, a manager can make ecosystem 
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values a part of their water business.”  

And thus, we return to „the water system‟, and to the ways in which one may affect 

enduring changes upon it - its „leverage points‟ (Chapter 1). The information 

presented in this thesis, from both the literature and from the empirical research, can 

be summarised as recommendations in terms of the points of leverage, listed below 

from the most effective to the least effective of changes (adapted from Meadows 

(2008)): 

Transcending paradigms: this highest level of leverage comes from the effort of 

keeping unattached in the arena of paradigms, of being flexible, to realise that no 

paradigm is „true‟, of having a transdisciplinary understanding of the system. This 

realisation leads to the need for water authorities to employ adaptive management 

systems, full stakeholder participation, and cross-sector information dissemination.  

Paradigms: the mindset out of which the system‟s goals, structure, rules, delays, 

parameters - arises. Paradigms are the sources of the systems functions: to achieve 

sustainable water management a new sustainable resource management paradigm 

must be developed that (i) promotes a shift by the creation of new locally defined 

visions for ecologically sustainable urban water management; (ii) promotes water as 

the agent needed for urban consumers to reconnect with the ecosystem services they 

rely upon for survival; (iii) recognise  the mauri of water, restore kaitiakitanga of local 

iwi (mana whenua and tangata whenua); and  (iv) allows inclusion of „the middle 

term‟, giving water simultaneously both exchange (use) and utility (non-use) value.  

Goals: the purpose of the system and function of the system. The goals of a 

sustainable water management framework would include avoiding future costs by 

reinvesting and restoring natural capital stocks, avoiding ecological degradation, full 

cost allocation, and full participation from stakeholders; recognising that water use is 

a means to an end, thus the supply stream should match the end use, to get more 

from less, and minimise waste.  

Self-organisation: the power to add, change or evolve system structure. The 

establishment of local water authorities that will: administer the funds produced by the 

eco-cost and resource rent pricing terms; orchestrate facilitated system dynamic 

modelling workshops that identifies system pathways, blocks and feedback loops; 

adhere to adaptive management principles; being guided by local visions and 
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constraints under the auspices of a  national policy statement.  

Rules: what they are and who has power over the rules has an enormous influence 

over the system and include incentives, punishments and constraints. Meeting 

Human Rights requirements; protecting the life-supporting capacity of ecosystems; 

and  heeding the Treaty of Waitangi are examples of rules that should frame both the 

whole system and its sub-systems; allocation models based on total economic value 

frameworks, user pays and polluter pays principles, and trading rules should govern 

the economic system; incentives to kerb consumption and to utilise local resources 

should be incorporated; and finally cultural values and social norms constraints 

together comprise a skeleton of rules for sustainable urban water management.  

Information flows: making information accessible about the whole system, and the 

determination of what programmes are included. A range of opportunities exist that 

are currently under-utilised in water management practices, including: „smart 

technology‟ monitoring water consumption and allowing households to make use of 

low demand times for certain tasks; access to information about  water availability, 

water consumption statistics (at individual household and community levels) and 

water prices; information related to water quality, wastewater volumes, and ecological 

health indicators to  foster awareness and stronger resource identification.  

Reinforcing feedback loops: a self-reinforcing feedback mechanism driving system 

behaviour in one direction which, left unchecked, will eventually lead to system 

collapse. Ways to intervene in water system feedback loops include creating 

strategies that will alter learned behaviours currently manifesting reinforcing feedback 

loops, creating for example over-reliance of intense irrigation for agriculture, 

horticulture or gardening practices. Interference should reduce the gains from “free” or 

underpriced water, slow unsustainable economic growth, and increase investment in 

natural capital. The current first in-first served policies is a “success to the successful 

trap”, where for instance the value of land with a water right is higher than the value of 

land without a right. Thus landowners already in possession of a water right have a 

big advantage in the market.  

Balancing feedback loops: a feedback loop that is self-correcting. Examples include 

appropriate pricing signals, appropriate information flows, adaptive learning 

organisations and democratic governance structures. The lack of these loops allows 

other system behaviours (such as the reinforcing feedback loops described above) 
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more power. Full cost pricing is one of the most powerful balancing feedback loops in 

the economic system; subsidies are distortions that often (not always) push system 

behaviours in the wrong direction.  

Delays: the timing of information from feedback loops monitoring the system status 

influences the behaviour of the system. In water systems, delays play an important 

part in infrastructure investment decisions as population forecasts and water demand 

over long timescales are unpredictable; response times related to changing climates, 

global market movements, and local government legislations affect social and 

personal norms, and determine an individual‟s response to a changing environment 

and the inevitable changes in stocks and flows of water.  

Stock- and flow structures: the system components and their relationships. 

Changes to the physical components of the water systems will alter the system 

behaviour. Changes in stock are achieved by, for example, using alternative supply 

streams (getting more from less and minimising waste), rainwater tank investments, 

decreasing mains pressure to reduce leakage, altering use patterns to smooth out 

peak demand and still have enough supply for fire fighting; stormwater recycling, 

greywater recycling.  At the same time the stock of natural system components 

should be increased and protected from degradation, through ecological restoration of 

waterbodies, riparian strips, slopes, wetlands and forests within the watershed. New 

wetlands can be created where none exist today to deal with polluted and nutrient rich 

stormwater and runoff water in the urban environment.  

Buffers: big stabilising stocks. The idea of extending the buffer capacity of water 

systems merges with the changes mentioned above.  Examples include buffers for 

the household or lot scale, where rainwater storage tanks can smooth demand; to the 

use of swales, ponds and wetlands for metropolitan stormwater retention; to the 

construction of larger storage facilities coping with demand during periods of drought. 

Wetlands are considered one of the most effective buffers for both economic and 

ecological water systems, as providers of flood prevention, water filtration, nutrient 

uptake, and biodiversity and other ecosystem goods and services.  

Numbers: the most common intervention points in modifying system behaviours. 

Changes and adjustments to parameters such as prices, tax rates and water quality 

standards. These are important details that will make it easier or harder to move the 

system in the desired direction, but tweaking parameters alone will not significantly 
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change the system behaviour. They can only do this when they are changed in a way 

that sets off one of the items higher on the list, such as the feedback loops, or by 

improving the understanding of the value of water.  

In general, it is assumed that greater public understanding of environmental and 

economic issues may help to promote a better water conservation ethic needed to 

make the urban water services more sustainable (Chapman et al., 2003; Landcare 

Research, 2003). This study has outlined some of the important attitudinal differences 

in two urban communities, and attitudinal variables that may serve to enhance the 

rate of policy acceptance and hence, policy reform. Influencing opinion leaders in 

government, industry and communities is likely to have a wider and faster effect than 

regulation on pricing alone (Boven, 2003). Effort should be made to create locally 

relevant visions for water management that emphasise the cultural-ecological sense 

of place of the community, and link in with water related ecosystem services.  

System dynamics modelling programmes that suit complex ecological-economic 

problems involving multiple stakeholders of divergent interests can be used to enable 

learning through creation of scenarios (Costanza and Ruth, 2001; Forrester, 1995; 

Meadows, 2008). Further along the path, scenario modelling with focus groups 

involving stakeholders from all community sectors could identify system blocks, 

explore the strength of feedback loops and evaluate system conditions for water 

management districts.  However, concurrently with creating a vision and increasing 

awareness, water pricing structures must be developed that allow convergence of 

responses across community sectors- including decision-makers, professionals and 

consumers.  

THE WATER WHEEL- A FRAMEWORK FOR FUTURE WATER AUTHORITIES AND MANAGERS 

The final part of this discussion makes suggestions as to what a transdisciplinary 

water management framework may look like. In very broad terms it may consist of two 

components: a pathway for reform and a schedule of assessments.  

First and foremost, a pathway for reform must be developed to serve as a guiding 

document in the initial reform process, but also to evolve as each phase will stake out 

the direction for the next phase. The pathway, based on the recommended points of 

leverage described above, would consist of the following „phases‟:  
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(1) Transition; establishment of a transitional panel responsible for creating a 

sustainable management paradigm, by the setting the goals and creating the rules; 

 (2) Water authority; the establishment of local water boards, to be in charge of 

administering funds, scheduling system dynamic modelling workshops, establish 

adaptive management and learning-organisation principles;  

(3) Assessment; collecting empirical information from across the sectors, and 

conducting assessments as needed to build understanding;  

(4) Consultative; the communication of findings from the assessment phase to 

stakeholders;  

(5) Initiation; the finalisation of strategies and initiation of new management regimes;  

(6) Project development / operational; making changes to the stock-and flow 

structures, buffers, information flows and tweaking the numbers;  

(7) Monitoring / reassessment; following adaptive management principles, measuring 

successes or failures; and  

(8) Revision; adjustment of goals, re-election of the water authority, revising 

strategies.  

This pathway for reform is presented as Schedule I in the recommendations section 

of Chapter 6.  

The type of information required for understanding the system conditions will vary 

between water districts. The assessment schedule tabled below (also presented as 

Schedule II in the recommendations, and provided as a spreadsheet in Appendix 5), 

briefly outlines assessments that would benefit the understanding of the ecological, 

economic and social systems of urban water management, with cross-sector and 

cross-institutional input.  

Table 5.1 lists the items under eight categories (Ecosystem services and natural 

infrastructure; stocks and flows; built infrastructure; stakeholder attitudes; community 

participation; value and price analysis; demand management; and ecologically 

sustainable water management strategy. Each category requires a risk analysis to 

understand uncertainty related to that aspect, and a component for an investment 
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plan that should carry sustainability principles (such as fit-for use supply streams, 

local supplies, energy efficiency, carbon neutrality etc). The progress made on each 

item would be scored and a maximum score would be depicting the ideal state of 

urban water management. With the use of a simple radial graph each category 

corresponds to a spoke; scores communicate the status quo to the stakeholders and 

illustrate deficiencies effectively. This Water Wheel represents the measured 

conditions of the water system, contrasting with the abstract representation of the 

sub-systems of Figure 1.2. 

 

 

Figure 5.4. The water wheel: a representation of ecologically sustainable urban water 

management ideal scores (light blue) and the system conditions of a typical water 

district (dark blue).  

Figure 5.4 illustrates the status of a „typical‟ urban water district lacking linkages to 

ecosystem services, and employing unmetered charging policies. The graph shows 

where improvements are needed to fulfil ecological sustainability criteria for urban 

water management. With improved performance of each category, the shaded area 

will fill out; the ideal state finally resembling a wheel.   

1 Ecosystem services-
natural infrastructure

2 Stocks and flows

3 Built infrastructure 

4 Stakeholder analysis

5 Community participation

6 Value analysis

7 Demand management

8 ESWM Strategy

The water wheel

ESWM ideal Water district A
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Table 5.1. Ecologically sustainable urban water management framework score card. Simple scores are given according to the level of 

adoption of each criterion; the levels of compliance such as none-poor-moderate-good, or no assessment-in progress-complete.  The total 

for each of the eight categories can be plotted on a simple filled radar chart. 

1.  Ecosystem 

services (natural 

infrastructure) 

2. Stocks and 

flows 

3. Built 

infrastructure  

4. Stakeholder 

analysis 

5. Community 

participation 

6. Values and 

price analysis 

7. Demand 

management 

8. Sustainable 

investment 

strategy 

1.1 Land use 

assessment 

1.2 Vegetation  

1.3 River / 

Stream  

1.4 Wetland  

1.5 Stormwater  

1.6 Harbour 

/Estuary 

1.7 Protection 

plan(s) 

1.8  Restoration 

plan(s) 

1.9  Carbon sink 

capacity 

1.10 Risk analysis 

1.11 Investment 

2.1 Stock 

assessed 

2.2 Flows 

assessed 

2.3 Water 

balance 

2.4 Risk analysis 

2.5 Investment  

 

3.1 Age 

3.2 Capacity 

3.3  Energy 

consumption 

3.4  Carbon 

footprint 

3.5  Alternative 

supplies 

3.6  Risk analysis 

3.7  Investment 

 

4.1 Stakeholder 

identification 

4.2 Iwi / mana 

whenua 

4.3  Communi-

cation strategy 

4.4  Conflict 

analysis 

4.5  Conflict 

resolution 

strategy 

 

5.1  Informative 

5.2  Consultative 

5.3  Participatory 

5.4 Co- 

management 

5.5  Risk analysis 

 

6.1  Attitudes 

6.2  Willingness 

to pay -welfare 

estimate 

6.3  Willingness 

to pay -majority 

threshold 

6.4  Willingness 

to save/change 

6.5 Benefits and 

cost analysis 

 

7.1 Information 

7.2 Consumption 

campaigns  

7.3  Household 

appliance 

efficiency rating 

7.4 Alternative 

sources uptake 

7.5  Prices 

 

8.1 Vision 

8.2 Goals 

8.3 Quad bottom 

line reporting 

8.4 Adaptive 

management 

8.5 Adoption of 

other EMS 

principles 

8.6 Other 

sustainability 

principles  
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The framework assesses the overall system and would rely on adaptive management 

principles. Goals and priorities should be defined by catchment based water 

authorities, and be reassessed periodically in concert with the TLA‟s long-term 

strategic planning process. 

SUMMARY 

Sustainable management of urban water relies on our ability to integrate knowledge 

from social, ecological and economic disciplines, and our capacity to examine the 

functioning of the system as a whole. 

The research presented in this thesis identified economically efficient ecological 

benefits from a pricing structure that included resource rent, and identified the 

existence of a consumer surplus for water related ecosystem services in two New 

Zealand cities. It also coupled the willingness to pay for environmental goods and 

services with certain attitudinal differences in the two communities. The current 

cultural–ecological city identity constructs were identified as likely barriers to the 

uptake of sustainable technologies, and influence the acceptance of full-cost user-

pays water charges in both communities. The corollary suggests that revised city 

identities have the potential to become significant community drivers toward 

sustainable management of water resources. From these findings it is argued that 

urban water management has a strong inherent potential to further a community‟s 

expectations for an ecologically sustainable future, and a latent potential to become 

the mechanism for achieving that goal.   

These research findings suggest that having knowledge of attitudinal determinants of 

willingness to pay may empower local water managers to remove the barriers to the 

uptake of sustainable technologies, which subsequently allows asset investment to be 

ecologically as well as economically efficient. Sustainable resource management 

requires taking account of the total economic value, including option and existence 

values, of ecosystem goods and services (Millennium Ecosystem Assessment, 2005).  

The grand total willingness-to-pay value estimates described here serve as indicators 

of community tolerance and expectations; it should be noted however, that production 

of such estimates does not assume that the communities have the information and 

knowledge required to reflect the real value of ecosystem services in monetary terms. 

It is posited that from repeated exercises of this sort, extended to the use of citizens‟ 

juries in eliciting group willingness-to-pay estimates, the communities awareness of 
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ecological costs and benefits from management options would increase, and a vision 

for sustainable management eventually be more commonly held.  

Community expectations, perceptions and attitudes toward natural resource 

management are to a large degree influenced by current paradigms, which shape 

(and are shaped by) legislation and industry practices. The language of statutes and 

guidelines thus affect perceptions. For example, the commonly used phrase „reduce 

adverse effects on the environment‟ is easily interpreted as relegating ecosystems to 

being subordinate  to the socio-economic water consumption system; ecosystems are 

thus upheld in public opinion as a lesser system components (describing weak 

sustainability models),  rather than that which the rest of the system relies upon (as in 

the strong sustainability models). Systems knowledge suggests that use charges 

should be levied in order to sustain nature. Yet, current management models are 

failing to inform people of the true cost of repairing degraded environments and the 

opportunity costs of losing services; enforcing the current acceptance of the 

misguided idea that nature can continue to subsidise unsustainable economic 

activities (Craig, 2004). 

In general, it is assumed that greater public understanding of environmental and 

economic issues may help to promote a better water conservation ethic needed to 

make the urban water services more sustainable (Chapman et al., 2003; Landcare 

Research, 2003). Provision of consumption information may also promote wider 

acceptance of both supply and pricing structures that more closely align with 

sustainable development objectives.  

The development of economic tools and the increased understanding of the roles of 

ecosystems in both water demand and supply is an important step in starting to count 

ecosystems as an economic part of water infrastructure (Emerton and Bos, 2004). 

Water allocated to the urban communities needs to be charged according to the cost 

of provision, and the ecological conditions of the catchment; in a culturally and 

socially just way, accounting for both inter and intra-generational equity which will 

require a price component accounting for uncertainty and risk.  

This research has outlined some of the important attitudinal differences in two urban 

communities, and attitudinal variables that may serve to enhance the rate of policy 

reform. 
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 Influencing opinion leaders, in government, industry and communities, is likely to 

have a wider and faster effect than regulation on pricing alone (Boven, 2003). These 

relationships could be further explored with scenario modelling techniques involving a 

wide range of stakeholders. Concurrently with more knowledge and improved 

understanding, water pricing must be developed that allows convergence of 

responses across community sectors including decision-makers, professionals and 

consumers. By relating the pricing structure of water to 1) the total value of water in 

the catchment, 2) the condition of the ecosystems and 3) the availability of water; 

pricing signals would serve to inform the community about the system‟s conditions at 

any given time and encourage response by decision-makers, water managers and 

consumers to converge towards ecologically efficient consumption. 

In conclusion, a transdisciplinary framework would need to entail a pricing structure 

based on cost, externalities, resource rent based on non-use values, scarcity and 

uncertainty; a water authority working alongside local governments, representing 

stakeholder groups and adhering to the principles of co-management, adaptive 

management and learning organisations; and an enhanced dialogue across 

management fields and with the community using system dynamic modelling. 
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS 

This final chapter aims to recap the contributions that this research can make to the 

academic and management fields of urban water management and to sustainable 

development in general. It then reiterates the main conclusions and makes 

recommendations aimed to broaden the dialogue between local governments, urban 

water managers and consumers.  

 

CONTRIBUTIONS FROM THE RESEARCH 

Sustainable management of urban water relies on our ability to integrate knowledge 

from social, ecological and economic disciplines, and our capacity to examine the 

functioning of the water system as a whole. I have come to accept that 

transdisciplinary science is required to deal successfully with present world 

complexities; transdiscipline is a balance between synthesis and analysis, is concept 

pluralistic and problem driven. I believe the work and findings from this thesis 

contribute to the understanding of the interfaces of the subsystems, and offer the 

potential to increase our capacity to manage urban water system as a whole. 

Firstly, I conducted a gap analysis of the NZ water industry; looking at the legal 

framework, allocative models, pricing policies, infrastructure investment focus and 

demand management policies. Secondly, empirical data was collected by a postal 

questionnaire and analysed; providing information of water use, attitudes, perceptions 

and expectations from both quantitative and qualitative methods. The survey also 

contained a contingent valuation question, providing a measure of the communities‟ 

willingness to pay for water related ecosystem services in their local catchment. Both 

measures of perceived value, and of the level of the acceptance of including 

ecosystems as water infrastructure, were calculated. These empirical findings support 

the argument that consumption is not the only source of utility for urban residents, and 

that a different pricing equation may be acceptable to these two communities. 

Improved understanding of systems must encompass understanding the underlying 

values of a community. This knowledge can then be used to drive the necessary 

changes: shifting paradigms by creating expectations; tackling the attitudes resisting 

paradigm shifts, changing perceptions through information, and changing behaviour 

through incentives and disincentives. The initial idea for this research was that 
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subjecting consumers from two cities at opposing endpoints of current water 

resources management to the same survey would build an understanding of the 

influence of “city identity constructs” on water use behaviours, perceptions and 

expectations of water service provision, attitudes to and perceptions of water charges, 

and finally the value of and willingness to pay for water resources and local 

ecosystems. 

Overall, the findings from this research highlighted an increased awareness about 

sustainable management, but at the same time, the continuing lack of understanding 

and buy-in from the community to move towards sustainable resource management. 

The analysis of the responses can be used to tailor-make information campaigns 

about the merits of the available options, and can also inform infrastructure 

investment decisions. One of the more surprising findings from the survey was the 

lack of sense of the cultural importance of water, given the fact that water obviously 

carries significant value to the cultures of both cities. Possibly the statement was put 

wrong; or, perhaps many uses of water (as are most ecosystem services) are so 

strongly embedded in our psyche that it is no longer recognised by urban residents as 

a valuable socio-cultural good.  

The research reiterates the importance of collecting information from a broad range of 

stakeholders, creating non-partisan forums, and establishing information feedback 

processes between stakeholder groups and between ecological and economic 

systems in a concerted effort to enhance people‟s understanding of the system as a 

whole.  Information feedback can be created through the use of smart technology, 

media announcements, the billing system, and through pricing signals; and should be 

used to create expectations, eventually changing individual and institutional values 

and behaviours. To strengthen the progress of sustainable development and increase 

the acceptance of the policy changes necessary for meeting sustainable development 

objectives, cities should revisit their „identity constructs‟ and create expectations for a 

different future.  

It is argued that the current adherence to conventional cost-benefit analyses and the 

prioritisation of infrastructure investments to part-solutions continues to slow progress 

towards sustainable urban societies: without a transdisciplinary understanding, 

infrastructure policy and fiscal decisions will continue to be made in isolation, without 

regard to the ecological and social sub-systems of water management. The neo-
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classical economics‟ assumption of „rationality‟ should continue to be challenged; 

„warm glow‟ should be accepted as a legitimate motivation in willingness to pay 

estimates, which accordingly should be understood as a social attribute, a societal 

„intention‟.  System-value estimates (or grand total willingness to pay) should be 

interpreted as gauges of attitudes, the value of intent, and a measure of the level of 

acceptance of introducing different components to the charges of water to make up 

some of the deficit in the current equation.  

The estimates‟ relative strengths and positions say a lot about the community that 

produced that estimate. Thus, even these rough numbers are useful in informing 

policy-makers.  The communities did express that on top of current charges, and on 

top of whatever else is spent on environmental management, they would like to see 

that appropriate (socially fair, economically efficient) charges are in place to ensure 

the sustainability of the resource, through the protection and restoration of water 

related ecosystem services. The confirmation of consumer surpluses for maintaining 

ecosystem services should encourage decision-makers to develop ecologically 

efficient pricing structures. These would provide feedback signals between water 

consumption, ecological and built infrastructure components; as well as funds to 

establish and facilitate programmes that restore and protect both option and existence 

values intrinsic to the local ecological „capacity‟.  

If sustainability is a goal for society, then ecosystem services must be included in the 

balance-sheet of water infrastructure. The willingness to pay to maintain ecosystem 

services in a water-shed should be understood and be available for decision-makers 

when making choices between alternative uses of land, water and investment funds. 

Pricing specifications will differ according to individual regions‟ cultural, environmental 

and economic constraints, and should be determined around the concept of „peak 

ecological water‟ and „soft path‟ investment strategies. 

Another important message to water sector managers is that people expressed both a 

clear wish to be better informed about water management, and an appreciation of 

being asked to participate in the study. The opportunities inherent in such expressions 

are significant; managers and decision-makers should capitalise on this by facilitating 

a dialogue with the public about water management options. System dynamics 

modelling workshops would be the most effective way of communicating what-if 

scenarios and facilitate learning.  
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Having this knowledge creates significant opportunities for local governments. 

Ecosystem services can be bundled to achieve the desired relative increases in 

supply via changes in land use demands, and demand for integrated ecological-

economic-social approaches to manage ecosystem assets may be created 

(Costanza, 2000b). Taking account of the uncertainties related to ecological 

thresholds, support is mounting for the conservation of critical natural capital to be 

price determining rather than price determined (Daly, 2007 in Farley, 2008), and for 

municipalities to establish value-chains that benefit the society and ecosystems 

(Emerton and Bos, 2004). Water is consumed by everyone. Hence, an opportunity 

exists through water charges to deliver a way to participate in creating a sustainable 

future into every household, by making consumption of water ecologically relevant, 

and closing the circle by reinvesting in natural capital. 

The current cultural–ecological city identity constructs were identified as likely barriers 

to the uptake of sustainable technologies, and to influence the acceptance of full-cost 

user-pays water charges in both communities. The corollary suggests that revised city 

identities have the potential to become significant community drivers toward 

sustainable management of water resources. From these findings, it is argued that 

urban water management has strong inherent potential to further a community‟s 

expectations for an ecologically sustainable future, and a latent potential to become 

the mechanism for achieving that goal.  The potential inherent in the Māori world 

view; the mauri of water, the damage caused by loss of mauri and expectations of 

reciprocal relationship between humans and nature, provides a unique platform and 

carries significant potential for shaping new visions for catchment based urban water 

management.  

It is imperative to sustainable development that urban populations reconnect with the 

ecosystems on which they depend. In this thesis I have contended that water, being 

ubiquitous in humans‟ life experience, has the potential to bring together the 

economic and ecological systems for urban residents; and the potential to forge a 

stronger ecological identity (sense-of-place) needed to drive progress towards 

ecological sustainability. At present, association with nature is largely removed due at 

least in part to the reticulation of water infrastructure. Only through duress- droughts, 

floods, or pollution events- are urban residents reminded of the origins and 

destination of freshwater. An explicit connection between the ecological systems and 

economic systems of water management, and the real values of ecosystem services 
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(for water and by water) remain vague concepts for most people in most cities of the 

world. 

To summarise, one good metaphor for a transdisciplinary water management 

framework has been provided by The Natural Step. The framework can be imagined 

as a tree where information from the leaves, the detailed empirical knowledge, is 

feeding the rest of the system (health, bounty, attitudes, etc.).  The branches of the 

tree (sub-systems) lend structure and support, but also promote growth and creative 

potential. The branches represent the future water authorities and management 

entities, which are stakeholder driven, and based around principles of co-

management and community participation. Finally, the trunk gives the direction of 

where we are headed, providing the visions of a future from which strategies can be 

developed by backcasting, whilst meeting the principles of sustainability. To complete 

the metaphor, water charges are low hanging fruit (relatively easy to access) and are 

pluralistic leverage points that can initiate or speed up feedback loops and work on 

several of the branches at the same time.  

Finally, in accordance to Holling‟s (2001) adaptive cycle, it could be argued that urban 

development may be in a constraining phase with increasing rigidity; constrained 

water districts may approach thresholds that will trigger substantial rapid changes to 

the current status quo, but also the release of creative potential. Having explored 

options and opportunities prior to such events may help local communities to make 

better decisions and respond more appropriately under pressure.  

 

CONCLUSIONS 

In summary, the research presented in this thesis provides the following conclusions: 

 Current water management practices in New Zealand fail to meet several of the 

overarching sustainable development objectives as stipulated under current 

resource management legislation. 

 

 Although there seems to be an increasing awareness amongst the water services 

industry and the general community about sustainability, there is a lack of 

understanding regarding how a community may achieve ecological sustainability. 
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 Consumption behaviours learned through past resource management paradigms 

shape communities attitudes, perceptions and expectations around water 

management; thus a paradigm shift is needed to significantly change people‟s 

consumption behaviour and expectations. 

 

 A positive willingness to pay for ecosystem services was found in two New 

Zealand urban communities currently with very different management and 

charging policies in place. 

 

 The lower bound majority threshold willingness to pay estimate for water related 

ecosystem services in Auckland was NZD$12 million per annum. 

 

 The lower bound majority threshold willingness to pay for ecosystem services in 

Christchurch was NZD$25 million per annum. 

 

 Water has the potential to become the agent that re-couples urban communities 

with the ecosystems that sustain them. 

 

 Water, in keeping with Māori tradition, being value-pluralistic, commodity-pluralistic 

and ubiquitous in our lives, could be brought to the fore when creating city 

identities, and in reinforcing public expectations of sustainable resource 

management.  

 

 The development of cultural-ecological identity constructs related to water 

management could aid urban communities in creating expectations of sustainable 

water management. 

 

 If sustainability is a goal for urban water management a transdisciplinary approach 

and a systems perspective is required. 

 

 The pathway towards sustainable water management would move though several 

phases, each phase of development designed to evaluate the system leverage 

points (Schedule I).  

 

 A transdisciplinary framework with a systems perspective would need to at least 

entail the pathway of reform, and suggestions items outlined in Schedule II, but 

the list provided is by no means exhaustive. Although the following 

recommendations are intended to aid future water authorities, it should also be a 

useful reference for any water service manager currently undertaking reform. 
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RECOMMENDATIONS 

The following Schedule I is designed as a recommended pathway for water 

management reform. However, where water management structure reform is not yet 

to be undertaken, the schedule can serve as a discussion document guiding a 

collaborative process between water industry actors.   

Schedule II is designed to help the overseeing water authority in collecting information 

necessary for a systems management approach. A process should be developed with 

input from experts in identifying and costing each assessment. It would be expected 

that the more simple assessments were undertaken first and as capacity for systems 

management increases the more complex items would be carried out.  

It is assumed that the order and detail of each assessment will be determined by the 

water authorities after an initial scoping and prioritisation phase with the participation 

of all actors. As the structure of the system stabilises, it is expected the that Schedule 

II will be revised and altered according to each water management districts 

requirements. 
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Schedule I: Recommended pathway for water reform. 

Phase 1: 

Transition - 

creating a 

sustainable 

management 

paradigm 

Transition panel: cross-sector, bi-cultural and community 

participatory processes democratically selecting a panel charged 

with facilitating the transition. 

Setting goals: including avoiding future costs by reinvesting and 

restoring natural capital stocks, avoiding ecological degradation, full 

cost allocation, and full participation from stakeholders; recognising 

that water use is a means to an end, thus the supply stream should 

match the end use, to get more from less, and minimise waste.  

Rules: including meeting Human Rights requirements; protecting the 

life-supporting capacity of ecosystems; and heeding the Treaty of 

Waitangi; policies creating incentives to kerb consumption and to 

utilise local resources; allocation to highest total economic value use, 

user pays and polluter pays principles, and trading rules should 

govern the economic system; cultural values and social norms. 

Phase 2: Water 

authority 

establishment  

Self-organisation: the establishment of local water authorities that 

will administer the funds produced by the eco-cost and resource rent 

pricing terms; facilitated system dynamic modelling workshops that 

identifies system pathways, blocks and feedback loops; adaptive 

learning principles, guided by local visions and constraints, under the 

auspices of a  national policy statement.  

Phase 3: 

Assessment  

Schedule II: assessments and analysis as prioritised by the water 

authority, incrementally building understanding. 

Phase 4: 

Consultative  

Communicating findings from the assessment phase to stakeholders 

as per Schedule II; conducting plenary discussion forums; system 

dynamic modelling workshops. 

Phase 5: Initiation Finalising strategies; initiation of new management regimes. 

Phase 6: Project 

development / 

operational  

Stock-and Flow Structures: changes to the physical components of 

the water systems will alter the system behaviour-getting more from 

less and minimise waste by alternative supply streams, rainwater 

tank investments, decreasing mains pressure to reduce leakage, alter 

use patterns to smooth out peak demand and still have enough 

supply for fire fighting; stormwater recycling, greywater recycling.  At 

the same time the stock of natural system components should be 
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increased and protected from degradation, through ecological 

restoration of streams and rivers, riparian strips, of slopes, of 

wetlands and forests within the watershed. New wetlands can be 

created where none exist today to deal with polluted and nutrient 

rich stormwater and runoff water in the urban environment.  

Buffers: the idea of extending the buffer capacity of water systems 

merges with the changes mentioned above.  From the household or 

lot scale where rainwater storage tanks can smooth demand, to the 

use of swales and ponds for stormwater retention, to the 

construction of larger storage facilities coping with demand during 

periods of drought. Wetlands are considered one of the most 

effective buffers for both economic and ecological water systems, 

providing for flood prevention, water filtration, nutrient uptake, 

biodiversity and other ecosystem goods and services.  

Information flows: ‘smart technology’ monitoring water 

consumption and allowing households to make use of low demand 

times for certain tasks; access to information about  water 

availability, water consumption statistics (at individual household 

and community levels) and water prices; information related to 

water quality, wastewater volumes, and ecological health indicators 

to  foster awareness and stronger resource identification. 

Numbers: changes and adjustments to parameters such as prices, 

tax rates, water quality standards; moving the system in the desired 

direction, changing feedback loops, and improving the 

understanding of the value of water. 

Phase 7: 

Monitoring / 

reassessment  

Assessments re-conducted after changes have been in place for a 

period of time corresponding to regional and district long term 

planning terms.  

Phase 8: Revision  Re-election of water authority, assessments, consultative and 

initiation phase.  

 

 



201 Chapter 6 Chapter 6 Conclusions and recommendations 
 

201 

Schedule II: Components of an ecologically sustainable water management framework. 

Category / item Minimum required components 
1 Ecosystem services-natural infrastructure 
1.1 Land use  % permeable surface area,  urban zoning category, ecological features 
1.2 Vegetation  quantitative analysis (cover and type), and qualitative (species index) 
1.3 River/ Stream  Macro invertebrate Community Index, physical assessment, riparian vegetation  
1.4 Wetland  total area, capacity, biodiversity index  
1.5 Stormwater  % reticulation, volumes, receiving environments (water quality assessment, source identification) 
1.6 Harbour/estuary assessment water quality hazard days, biodiversity and recreational values 
1.7 Protection plan site identifications, prioritisation 
1.8 Restoration plan site identifications, prioritisation 
1.9 Carbon sink capacity forest area, volume,  age; wetland area 
1.10  Risk analysis climate change, population projections, floods and draughts projections 
1.11 Investment  replanting programmes, biodiversity enhancement programmes, information campaigns, 

community  volunteering opportunities 

2 Stocks and flows 
2.1 Stock assessed physical stock accounts, allocations 
2.2 Flows assessed rates of change 
2.3 Imports water balance models 
2.4 Efficiency water losses, price per m3 delivered and removed 
2.5 Risk analysis climate change 
2.6 Investment sustainable technology, information campaigns 

3 Built infrastructure  
3.1 Age storage structures, pipes, treatment plants  
3.2 Capacity storage structures, pipe kilometres, treatment plants 
3.3 Energy consumption kwh/volume/customer, % renewable energy 
3.4 Carbon footprint transport, pumping, built infrastructure 
3.5 Alternative (fit for use ) sourcing rainwater tanks, greywater reuse, water recycling 
3.6 Risk analysis population growth, climate change, terrorism 
3.7 Investment networks, stand alone components 
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Category / item Minimum required components 
4 Stakeholder analysis 
4.1 Stakeholder identification cross-sector and community scope 
4.2 Tangata whenua local iwi kaumatua and kaitiaki 
4.3 Communication information campaigns, public meetings, focus groups, water authority selection 
4.4 Conflict analysis identification of potential issues- ownership rights, allocation 
4.5 Conflict resolution strategy mediation processes, disputes tribunal, enforcement and compensation schedules 

5 Community participation 
5.1 Informative postal, media, meetings 
5.2 Consultative forums, focus groups 
5.3 Participatory focus groups, democratic governance  
5.4 Co-management decision-making in partnership with iwi 
5.5 Risk analysis attitudes, social policy, wellbeing 

6 Value analysis 
6.1 Attitudes water, urban living, sustainability 
6.2 Willingness to pay -welfare estimate grand total wtp for ecosystem services 
6.3 Willingness to pay -majority threshold grand total wtp for ecosystem services 
6.4 Willingness to save/volunteer water consumption / volunteer for restoration 
6.5 Benefits and costs analysis broad perspective CBA, deliberative MCA, ex-post economic analyses; facilitated system dynamic 

modelling creating what-if scenarios 

7 Demand management 
7.1 Information water conservation, ecosystem services, economic efficiency 
7.2 Consumption household and community information 
7.3 Household appliances rate of uptake of water efficient appliances 
7.4 Alternative sources uptake of fit for use sourcing 
7.5 Price full cost, extended utility function based pricing 

 8 Ecologically Sustainable Water Management  Strategy 
8.1 Vision based on local cultural-ecological identity 
8.2 Goals  developed by stakeholder participation 
8.3 Quadruple bottom line monitoring, revising, participation 
8.4 Adaptive management goal setting, monitoring performance, revision, restating of goals 
8.5 Other Environmental Management       
Systems  principles 

life cycle analysis of all materials used, ecological footprint analysis  

8.6 Other sustainability principles The Natural Step ™, participatory decision-making, reduce, reuse, recycle, transport policy, health 
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APPENDIX I 

1.1.Postal questionnaire, participant information sheet : 
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` 

  

  

OOuurr  wwaatteerr::  pprriicciinngg,,  vvaalluueess  aanndd  uussee    
Access to adequate safe, affordable water is considered the most basic of human rights. This research looks at how 

you as a consumer value water, how you use water; how you feel about the price you pay and whether water 

management matches your expectations.  The survey does not reflect any intentions of the water service providers to 

change their water pricing, and is for research purposes only.  

The questionnaire consists of five sections: 1) introductory questions; 2) questions about how you value and what you 

pay for water 3) questions about the water resources (supplies) where you live; and 4) questions related to the way you 

use water in your household. At the end is a section of questions that are important to help classify the responses. 

Please make sure to record the time in the box at the top of the page. 

SSeeccttiioonn  11::  IInnttrroodduuccttiioonn  

 

1) Where do you live (Suburb, City)?:     ,      

2) What best describes the dwelling do you live in? (Please tick appropriate box) 

   Single dwelling (house / townhouse not joined)      

 Apartment / flat / unit/ joined townhouse       

 Other (please describe):                                          

3) How many people live in your household?    How many over the age of 18? :    

4) Do you or anyone in your household own / partly own the dwelling you live in?  

 Yes     No   Not sure   

5) Have you ever been responsible for paying the water bills and/ or rates?  

     Yes    No   Not sure    

6) Do you know approximately what your household‟s latest water bill (excluding wastewater) or part of your rates that 

went to water supply was?  

      Yes   No    Not sure 

7) If yes above, was it :  

 Less than $ 100  $100-300   Over $ 300 

Version:10 

Time start: 

Time finish: 
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8) What is the name of the company / agency that supplies water in your area?  

       (name)          Don’t know     

 

9) Please indicate whether you believe this company/ agency is owned 

 Privately    Publicly    Don’t know     

 

SSeeccttiioonn  22::  PPrriicciinngg  aanndd  vvaalluueess  

10) Please indicate which of the following items you believe are covered by the water charge:   
              

What items do you think are covered by the water charge? Yes No  
Don’t 

know 

(a) Water collection, storage , treatment and supply    

(b) Developing technologies    

(c) Water conservation campaigns    

(d) Protection of freshwater in the environment such as fencing off 

stream banks to cattle, restriction of access to dams, or restriction 

on activities such as forest clearing, weed spray... 

   

(e) Restoration of nature’s capacity to provide clean water such as 

planting of stream banks, creating or restoring wetlands for water 

purification, planting motorway edges and barriers...  

   

 

11) Please indicate which of the following you believe should be covered by the water charge:   
    

What items do you think should be covered by your water charge? Yes No  
Don’t 

know 

(a) Water collection, storage , treatment and supply    

(b) Developing technologies    

(c) Water conservation campaigns    

(d) Protection of freshwater in the environment such as fencing off 

stream banks to cattle, restriction of access to dams, or restriction 

on activities such as forest clearing, weed spray... 

   

(e) Restoration of nature’s capacity to provide clean water such as 

planting of stream banks, creating or restoring wetlands for water 
purification, planting motorway edges and barriers...  
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Please consider the following carefully: 

 

Water use and other human activities within a watershed influence the natural cycle of water. This includes the 
quality of ground water reservoirs, streams, estuaries and harbours. Protecting water environments by e.g. 
fencing off streams from grazing cattle, and restoring water environments by e.g. replanting river banks in a 
watershed helps maintain a healthy water cycle.   

Assume that at present the price of water covers the costs of supply. If the service was also to cover the cost of 

maintaining the catchments‟ natural capacity to provide clean water, it would cost more. 

1)  Keeping in mind your existing financial commitments, state whether you would either accept or not accept that a 
“fair and equitable” allocation

2
 of water per person per day is charged to cover the cost of supply, but 

water use above that amount is priced at a higher rate. The funds would be spent on protection and 
restoration of the freshwater environments in your watershed by an authority made up of representatives from 
consumer groups, scientists, water providers, local government etc. The pricing scheme would be implemented 
if more than half the households in your city accepted the proposal.  

  

 
Additional charge 

per year 

I 

accept 

I do NOT 

accept 

When the household allocation is exceeded, a higher 

rate is charged for the excess. This will result in a price 

increase per year for an average user of: 

$10   

 

2) What influenced your answer to Q 12 above? Tick all the boxes that apply: 

 Price is too high  Don‟t understand the 

issue 
 This has nothing to do 

with water use 

 Think we already pay for 

this in the rates 
 Don‟t understand the 

question 
 Other incentives should 

be used instead 

 
“User pays” is the 

appropriate policy for 

water resources 

 
Worried that the 

“authority” will just 

waste money 

 
We must pay whatever it 

takes to protect the 

environment 

 Other reasons:   

 

3) If given the same information as above,  do you think the majority of the households in your city would accept 
this proposal: 

 Yes    No   Don’t know  
4) Would you accept the price of water to be linked to availability, so that when there is less available water, it will 

cost more? 

 Yes    No   Don’t know  

5) Please indicate on the scale whether you agree or disagree with each statement below regarding how you feel 
about paying for water: 

                                                             
2  “Fair and equitable” water allocations would be based around internationally set standards of OECD 
countries. All necessary daily water consumption needs would be accommodated. 
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 Strongly 
disagree 

Disagree Neutral Agree 
Strongly 

agree 

 Don’t 
know 

(a) Households should not pay for 
water at all         

(b) Water is a free gift from nature        

(b) Paying the costs of supply of 
water is right        

(c) The price should ensure the 
sustainability of our water 
resources 

      
 

(d) Each water charge (water 
supply, waste and stormwater) 
should be separate and 
charged by volumes 

     
 
 

(e) All water related charges 
should be combined and 
charged by volume  

     
 
 

(f) All water related charges should 
be included in the general 
rates- not measured 

     
 
 

 

6) Please indicate on the scale whether you agree or disagree with the statements below regarding your personal 
attitude to water use at home (including gardening and pools):   

 Strongly 
disagree 

Disagree Neutral Agree 
Strongly 

agree 

 Don’t 
know 

(a) Water has cultural and / or 
spiritual importance to me        

(b) Abundant supply of water is 
very important for my lifestyle       

 
 

(c) I use as little as I can         

(d) As long as I can pay the bill I 
use what I require       

 

(e) I never think about how I use 
water        

(f) I am concerned about the cost 
of water        

(g) Good quality drinking water 
from the tap is a privilege that 
should not be abused 

     
 
 



208 Appendix I 
 

208 

SSeeccttiioonn  33::  YYoouurr  ffrreesshhwwaatteerr  rreessoouurrccee  

7) Thinking about your city‟s freshwater resources in particular. Does it matter to you where your drinking water 
comes from?  

 Yes    No   Not sure 

8) If yes above, what are the main reason(s) it matters to you? Tick all boxes that apply. 

 
Worried about quality 

 
Want it as cheaply as 

possible 
 

Want to use local 

supplies 

 
Other (please describe):      

 

9)  Do you know where your household‟s water comes from? (E.g. name river, groundwater, catchment etc.)     

Main source:      Additional source(s):     Not sure 

10) Please indicate on the scale whether you agree or disagree with the statements below regarding your city’s 
freshwater resources and how they are managed: 

Our freshwater resources may be 
described as:  

Strongly 
disagree 

Disagree Neutral Agree 
Strongly 

agree 

 
Don’t 
know 

(a) Plentiful; unlikely to be problems 
in the foreseeable future      

 
 

(b) There is a strong possibility that 
water will become scarce as the 

city grows  
     

 
 

(c) Pollution is likely to affect the 

quality of our water in the future       
 

(d) Our water is used wastefully        

(e) Pollution is a concern at present         

(f) The way water is managed is 
harmful to the city‟s natural 
environments   

       

(g) The way water is managed is 
harming the city‟s economy        

(h) The way water is managed is 
causing social harm        

(i) Water related issues is not a high 
priority for me at the moment        

(j) I don‟t care who manages water 

where I live        

(k) I want more information about 
how water is being managed        
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11) How would you prefer your water service provider to respond to any potential water supply concerns? 
  

I prefer my water service provider to: Yes No  
 Don’t 

know 

(a) Offer discounts for reduced use     
(b) Increase price in advance to encourage water conservation     

(c) Subsidise water saving technologies     
(d) Increase price to cover cost of increased supply if and when these 

occur     

(e) Avoid price increase by enforcing water restrictions if deemed 
necessary      

(f) Other (please describe):      
 

12) List three words or concepts that you relate to good water management : 

1.  

2.  

3.  

 

SSeeccttiioonn  44::  WWaatteerr  uussee  

13)  Thinking about the use of water in your own home, how often are the following items used in your household? 

Please tick one box per item:  

  Most days 
2-4 times/ 

week 
Once / week 

or less 
Don’t 

have one  
Don’t 
know 

(a) Top loader washing 
machine       

(b) Front loader washing 
machine       

(c) Dishwasher        

(d) Bathtub (at least half full)       

(e) Spa pool (use, not refill)       

(f)  Swimming pool (use, not 
refill)       

(g) Garden watering (summer)       

 

14)  At a best guess, how many litres of water does your household use per day? 

 Less than 100 L/day  100-250 L/day  251-500 L/day  501-1000 L/day  

1001- 2000 L/day   2000+ L/day  Have no idea  Or, litres per day:    
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15) How many litres of water per day do you think is used in your household in the following areas in the 

summer season?  

Kitchen Bathroom Toilet Laundry Outdoor Other 

      

16) Do you currently save water by any of the following methods? Would you like to? What are your reasons 
for the answer to each item?  

 Yes No 
 Don’t 

know 
 Would 

like to 
 

Reasons 

(a) Water saving shower heads 
(aerated or low-flow) 

    
 
   

(b) Dual flush / reduced flush toilets     
 
   

(c) Drip irrigation system for garden     
 
   

(d) Only running fully loaded 
dishwashers 

    
 
   

(e) Only running fully loaded washing 
machines  
(or use ½ load setting) 

    
 
   

(f)Recycle or reuse water in any way     
 
   

(g) Collecting rainwater for outdoor or 
other uses 

    
 
   

 

17)  Is your average daily use of water for each period stated on your bill? 

      Yes     No    Don’t 

know  
18)  Would you like it to be?    

 Yes     No    Don’t 

know  

Please state the reason(s) to your answer above:       

             

   

19)  Do you personally buy bottled water?    

 Yes     No  

20)  If yes, how often would you drink bottled water: 

 Never     Once per month or less      Once per week or less    Most days   

 

21) Please state the reason(s) to your answer above:        
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Finally, to help with classification, please indicate to which of these categories you belong: 

22)  Are you:       Male     Female 

23) What was your age on your last birthday:     

24)  State your highest level of education today:        

25)  Annual household income before tax:  

 20 000 or less  30 001-50 000  70 001-100 000 

 20 001-30 000  50 001-70 000  100 000 or more  

 

26)  What is your main occupation:  
 Unemployed  

Community and 
personal service   Clerical and administrative 

 Student  Technician and trades  Sales 

 Household work  Labourer   Manager 

 Retired  Machinery operator / 
driver  Professional 

 Other (please explain):     

     

27) Which ethnic group(s) do you belong to?             

28) Are you descendent from a Maori (parent, grand parent or great grand parent):    

Yes     No    Don’t know 

29) If yes, do you know the name of the iwi (tribe or tribes)? If yes, please state name:  

Yes Iwi(s) name(s):    No 

Any additional comments to any question, water management in general or this survey: 

 

 

 

 

 

Thank you so very much for your time and effort! 

(Remember to fill in name and address on the detachable form to go into the $300 draw!) 

Time finished:        



212 Appendix 2 
 

212 

APPENDIX 2 
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B: Summary of comments 

Auckland 1 A well presented survey well done and good luck with analysing the results     

 2 Auckland has no water shortage or quality issues now or in the foreseeable future     

 
3 Bottom line- no water rates, no increase in existing rates what we pay is astronomical- should be all inclusive- please 

don't push rates up- we can't pay them! 

 4 Do not raise commodities. Teach users how to save water, those who waste water should pay accordingly  
 5 Good questions hope it helps!          

 
6 I have mixed feelings about the water bill, as I think we appreciate water more now that we have to pay for it so we 

waste less, but the price is high. 

 
7 I see an urgent need for a general move to a plant-based diet, as animal-based agriculture is extremely wasteful of 

water resources! 

 
8 I think it fair that householders are charged for excess use of water people need to be more aware of it and be 

responsible.  Imposing restrictions in Auckland wouldn’t work 

 9 I think there should be greater education around water recycling etc for garden use in summer   

 
10 Knowledge about water management and supply is limited among Pacific Islanders due to lack of awareness and 

knowledge 
 11 Loved it when people didn't feel compelled to wash their cars      

 12 Must pay but using the right system         
 13 Need be provided to everyone at reasonable prices       

 14 Subsidies to install solar water heating, water tanks and other environmentally assisting processes   
 15 Thanks!            

 16 Try to keep water use low but not enough would like to use grey water but not set up for it.    

 
17 Water management should include education of the public about conservation and wise use, and school programmes 

to install good habits early in children 

 
18 Water tanks to encourage water conservation in all dwellings should be subsidised, but not from Metrowater as it 

would take away their profit!- so a government initiative 
 19 Water use here is a disgrace, go to Australia see the future       

 20 Would be nice if it tasted nicer, and I would like to know how much fluoride is in the water    
   



214 Appendix 2 
 

214 

 21 Yes money- this is a good start to selling "total cost of ownership"-(i.e. Collection to discharge) as an environmental 
responsibility: Personal responsibility as well as collective responsibility 

 
22 I was strongly opposed to the wastewater charge when Metrowater took over the water supply but now it is more the 

percentage of the charge which is greater than either the fixed service charge or the actual water used.  

 

23 I was not impressed when ACC formed Metrowater and incorporated wastewater charges to hide the fact that water 
management infrastructure had been so poorly managed that funding the systems renewal / repair was done by 
introducing user charges through ha separate body rather than confronted squarely through rating. 

 

24 Water purity is very important to our family and we use a bench top water filter. We buy bottled water when we are 
out because of risk of contamination or "dirty" drinking fountains at school. But we don't want our water restricted 
because we have a very clean household, lots of washing, play outdoors etc. So although it would be preferable not to 
pay for water- I'd rather pay than have restrictions. 

 
25 Councils should encourage responsible use of water by insisting all new homes and renovation include the installation 

of rainwater tanks for toilet, garden washing machine etc, utilising Auckland’s rainwater. 

 
26 Also mention the value ion visiting the dams at Waitakere ranges for informative activity, and warn against ending up 

like Melbourne and Sydney. 

 
27 Education. People should be aware how complicated it is to have clean water whenever you want, and turning our 

waste into something environmentally friendly. Bureaucracy is bleeding this country dry. 

 

28 Understand the need to not squander treated drinking water, but I do not like infrastructure wastewater and 
environmental protection charges being hidden in the user pays pricing adapted by Metrowater. I believe that the 
supply of safe drinking water being value added, should be metered and charged for, but infrastructure, wastewater 
and environmental protection is local body issues, which should be paid for by rates and taxes, even if we have to pay 
more at that level. 

 
29 Encourage rationalisation of scarce resources. Typically those who cannot pay are the ones who abuse / waste the 

resources because they don't respect it and not incentivised to save. 

 

30 People need to be incentive to save water, or we need to penalise those with high water usage. I don't subscribe to the 
poverty excuse- these people are typically the highest users of the resources and simply don't care or expect the 
handouts to make others pay. We have the means to consume high levels of water but choose not to, you need to 
foster an understanding of making the right decisions not accepting the status quo or ongoing wastage. There is a 
disconnect between how we get all consumables. 
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31 Education. People should be aware how complicated it is to have clean water whenever you want, and turning our 
waste into something environmentally friendly. Bureaucracy is bleeding this country dry. 

 

Christchurch 1 As always the poorer people will bear the greater burden of water conservation 
 2 Biggest concern is current changes in land use in the catchment- e.g. dairy farming     

 3 Completely satisfied with high quality drinking water in Chch so no need to buy bottles     

 4 Good survey, we have to be made aware of water saving    

 

5 I am a fishermen I am disgusted at the way the councils  do not have the balls to stop the dairy farmers using our 
fresh water and polluting our streams there are several streams that I wouldn’t eat fish from now. I suspect the 
situation is just beyond recovery 

 

6 I think if we were charges as metered in Chchc people would use less and fix leaky taps. I'd like to see 
better management of our rivers and farmers using the water in Canterbury. The plains can't sustain the 
dairy farms now in place and it is straining the supply of water to Chch 

  

 7 If you waste you should pay 

 8 Its very important to look after our water for the future or we might not have any left for our children 
 9 Keep NZ clean   

 10 Largely irrelevant for Chch resident who doesn’t pay for water aside from in rates 
 11 Never thought of water or problems relating to water until this survey!     

 

12 Opposed to the privatisation of the Chch water resource or supply and storage 
systems. Greatest threat to Chch water supply and quality is the massive use by 
dairying interests, of artesian bores on the Canterbury plains, for irrigation, and from 
the resulting animal effluent going into streams, rivers and ground water. This will 
contaminate the cities aquifers, if it continues to go unchecked. The answer is to 
change the artesian water, and penalize heavily any contamination of groundwater 
streams or rivers. 

 

   

 

 
13 This is written from Auckland's point of view- so the Chch results may be less useful. Where did you get the 

address from? 

 

14 This survey has made me aware of my lack in knowledge. There is a polluted stream next to the Play centre I 
attend and I have often wondered how the people living next to it can allow that and not put pressure on the 
council you do anything about it. The signs have gone up and down over 2 yrs now. But then i have never done 
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anything either. you have made me think about my role. 

 15 Water needs to be controlled at all times 

 
 

 
16 

 
We aren’t charged for water, but I believe this is the only way 
that we will be able to reign in unsustainable water resource 
depletion by over-zealous greedy agricultural business. 
Minimum flows and strict environmental monitoring 

       

 17 Well done, good luck. It's prompted me to find out more! Thanks ! 

 18 Why don't houses have a system to collect rainwater for flushing toilets      

 
19 Why not recycle stormwater to become suitable for the garden- getting double use 

out of it    
 

 

 
20 Would be good if car washing and gardening hoses had a restriction and people with a pool should definitely have 

a charge 

 
21 Strange not to pay for water as a tenant. Christchurch water quality is the best I have experienced and I have lived 

in many cities in the world. 

 
22 More concerned about general wastage of our pristine tap water whereby industries should be required to 

construct rainwater tanks when building new premises, for washing and other non-drinking uses 

 
23 The Canterbury plains was never intended for dairy farming and is causing more and more concerns over water 

supplies 

 
24 Dairy farming should be held responsible for damaging the underground natural filters causing harms to our 

drinking water before it is too late 

 

25 Thank you for opportunity to answer the questionnaire. Got me thinking about water quality> I do try to conserve 
water. Maybe a general population questionnaire on water would be a good idea. Most people are quite 
complacent if they think it doesn't apply to them. 

 
26 Water is a natural resource that needs to be respected and treated as such. We need water to survive and if we 

pollute or use all our water supply it could lead to big problems that should be addressed sooner rather than later.   
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APPENDIX 3 

Table 3a: Auckland versus Christchurch Sample characteristics (no significant difference). 

  Auckland Christchurch Total 
Household size total 1 28 19 47 
 2 62 79 141 
 3 29 33 62 
 4 31 31 62 
 5 11 12 23 
 6+ 9 5 14 
 Total 170 179 349 
Chi-square  (p-value)  4.99 (0.417)    
Number of persons 
under18 years 0 112 118 230 
 1 27 24 51 
 2 20 24 44 
 3+ 11 13 24 
 Total 170 179 349 
Chi-square      (p-value) 0.64 (0.888)    
 
Ownership status     
 Own / partly own 135 143 278 
 Rent 33 36 69 
 Total 168 179 347 
Chi-square       (p-value) 0.01 (0.913)    
 
Ever paid the water/rates 
bill Yes 141 145 286 
 No 26 33 59 
 Total 170 179 345 
Chi-square       (p-value) 0.59 (0.443)    
 
Dwelling (collapsed) Single dwelling 132 144 276 
 Apartment/ townhouse 37 31 68 
 Total 169 175 344 
Chi-square       (p-value) 0.95  (0.331)    
Note: “Other” category excluded. 

Table 3b:  Auckland versus Christchurch Sample characteristics (significant difference). 

  Auckland Christchurch Total 

Aware of amount Yes 137 46 183 

 No 33 133 166 

 Total 170 179 349 

Chi-square   (p-value)  105.51 (>>0.001)    

Water bill size Don't know 30 130 160 

 Less than $ 100 35 14 49 

 $100-300 95 30 125 

 Over $300 10 5 15 

 Total 170 179 349 

Chi-square  (p-value) 106.64 (<<0.001)    

Company status Don't know 52 78 130 

 Private 31 1 32 

 Public 87 100 187 

 Total 170 179 349 
Chi-square   (p-value) 33.95 (>>0.001)    
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APPENDIX 4 

Table 4(a):  Willingness to pay 

Willingness to pay: No response Accept Don't accept Total 
Auckland 0 77 93 170 
Christchurch 5 94 80 174 
Total 5 171 173 344 

Table 4(b): Willingness to pay by bid 

$ Increase per year 
(bid) 

 
10 40 100 200 400 Total  

Auckland Accept 19 28 14 10 5 76   

 Don't accept 12 14 17 22 29 94 

 Total 31 42 31 32 34 170 

Christchurch Accept 25 21 19 16 13 94 

 Don't accept 11 13 19 15 22 80 

 Total 36 34 38 31 35 174 

 

Table 4(c): Chi-square statistics testing for difference in responses to bid levels by City 

Chi-Square Tests 

Bid version Value df 
Asymp. Sig.  

(2-sided) 
Exact Sig.  
(2-sided) 

Exact Sig.  
(1-sided) 

10 Pearson Chi-Square .491a 1 .483   

Continuity Correctionb .196 1 .658   

Likelihood Ratio .491 1 .484   

Fisher's Exact Test    .607 .329 

N of Valid Cases 67     

40 Pearson Chi-Square .197c 1 .657   

Continuity Correctionb .041 1 .839   

Likelihood Ratio .197 1 .657   

Fisher's Exact Test    .810 .419 

N of Valid Cases 76     

100 Pearson Chi-Square .160
d
 1 .689   

Continuity Correctionb .025 1 .874   

Likelihood Ratio .160 1 .689   

Fisher's Exact Test    .810 .437 

N of Valid Cases 69     

200 Pearson Chi-Square 2.694e 1 .101   

Continuity Correctionb 1.919 1 .166   

Likelihood Ratio 2.714 1 .099   

Fisher's Exact Test    .128 .083 

N of Valid Cases 63     

400 Pearson Chi-Square 4.503
f
 1 .034   

Continuity Correctionb 3.414 1 .065   

Likelihood Ratio 4.632 1 .031   

Fisher's Exact Test    .054 .031 

N of Valid Cases 69     
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Table 4(d):  Model specifications and deviances, combined sample (SPSS output) 

      

Model α Deviance Mean $ Median $ 

Exponential  (negatives as zero) -0.408 -0.002 0.004 279.3 142.6 
Double exponential -0.810 -0.003 0.045  137.1 
Binomial logistic (negatives as zero) 
-untransformed bid 0.607 -0.004 

 
0.009 260.5 151.8 

-log transformed bid 1.992 -0.461 0.013 99.3 75.3 

Turnbull - - - 148.1 100-200 
 

Table 4(e): Block enter with city interaction term (SPSS output) 

Interaction term city/bid      

  B S.E. Wald Sig. Exp(B) 

Step 1a Version -0.004 0.001 26.55 0 0.996 

 Constant 0.607 0.162 14.091 0 1.835 

Step 2b City(1) by Version -0.003 0.001 6.706 0.01 0.997 

 Version -0.003 0.001 9.98 0.002 0.997 

 Constant 0.625 0.163 14.702 0 1.868 

a. Variable(s) entered on step 1: Version.   

b. Variable(s) entered on step 2: City * Version .   

Table 4(f): Regression coefficients, mean and medians for each Auckland and Christchurch 

     

Model α Mean $ Median $ 

Exponential  (negatives as zero)     

-Auckland 
-Christchurch 

-0.373 
-0.424 

-0.004 
-0.001 

178 
458 

83 
188 

Binomial logistic (negatives as zero) 
-Auckland 

 
0.652 

 
-0.006 

 
179 

 
10 

-Christchurch 0.600 -0.003 346 200 
Turnbull 
-Auckland 
-Christchurch 

- 
- 

- 
- 

 
108 
167 

 
100-200 
200-400 

 

Table 4(g): Logistics (SPSS output) 

Auckland -2LL   207.246 Nagelkerke R2     0.193 Predict %   65.9 

  B S.E. Wald df Sig. Exp(B) 

 Version -0.006 0.001 20.577 1 0 0.994 

 Constant 0.652 0.235 7.681 1 0.006 1.92 

Chch -2LL   232.773 Nagelkerke R2    0.055 Predict %   59.2 

  B S.E. Wald df Sig. Exp(B) 

 Version -0.003 0.001 7.03 1 0.008 0.997 

 Constant 0.6 0.226 7.041 1 0.008 1.822 
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Table 4(h): Exponential (R output) 

>summary.fit 

Auckland 

lm(formula = log(1 - probs.auckland) ~ bids) 

Residuals: 

        1         2         3         4         5  

-0.078191  0.122173 -0.034729 -0.015345  0.006092  

              Estimate Std. Error t value Pr(>|t|)     

(Intercept) -0.3725964  0.0566020  -6.583 0.007133 **  

bids        -0.0038760  0.0002751 -14.091 0.000774 *** 

--- 

Signif. codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1  

Residual standard error: 0.08664 on 3 degrees of freedom 

Multiple R-squared: 0.9851,     Adjusted R-squared: 0.9802  

F-statistic: 198.5 on 1 and 3 DF,  p-value: 0.0007742  

Christchurch 

lm(formula = log(1 - probs.chch) ~ bids) 

Residuals: 

         1          2          3          4          5  

 0.0732952 -0.0009683 -0.1264145  0.0484391  0.0056485  

              Estimate Std. Error t value Pr(>|t|)    

(Intercept) -0.4236278  0.0581067  -7.291  0.00533 ** 
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bids        -0.0014310  0.0002824  -5.068  0.01484 *  

--- 

Signif. codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1  

Residual standard error: 0.08894 on 3 degrees of freedom 

Multiple R-squared: 0.8954,     Adjusted R-squared: 0.8605  

F-statistic: 25.68 on 1 and 3 DF,  p-value: 0.01484 

Table 4(i): Logistic enter accept by city interaction (SPSS output) 

Motivations Enter  Variables in the Equation   

       95.0% C.I.for EXP(B) 

 B S.E. Wald df Sig. Exp(B) Lower Upper 

City by Version -0.002 0.00
1 

5.767 1 0.016 0.998 0.996 1 

City by Toohigh -1.939 0.36
1 

28.806 1 0 0.144 0.071 0.292 

City by Userpays 1.137 0.23
3 

23.911 1 0 3.119 1.977 4.92 

City by 
Wastemoney 

-0.539 0.25
8 

4.369 1 0.037 0.584 0.352 0.967 

City by 
Nthntodowater 

-1.868 0.93
2 

4.02 1 0.045 0.154 0.025 0.959 

City by 
Othrincent 

-1.016 0.39
3 

6.682 1 0.01 0.362 0.167 0.782 

City by 
Whtevrtakes 

1.961 0.39
4 

24.814 1 0 7.109 3.286 15.38 

Constant 0.272 0.24
7 

1.215 1 0.27 1.313   

Model Summary        

-2 Log likelihood Cox & Snell R Square Nagelkerke R Square     

243.110a 0.493 0.657       

a. Estimation terminated at iteration number 6 because parameter estimates changed by less than .001. 

 

Table 4(j):  Logistic stepwise forward (LR) for motivations in Auckland and Christchurch 

SF LR   Variables in the Equation  95.0% C.I.for 
EXP(B) 

AKL B S.E. Wald df Sig. Exp(B) Lower Upper 

Toohigh -2.598 0.638 16.599 1 0 0.074 0.021 0.26 

Alreadypay -1.334 0.539 6.133 1 0.013 0.263 0.092 0.757 

Userpays 1.726 0.563 9.386 1 0.002 5.618 1.862 16.949 

Wastemoney -1.073 0.579 3.431 1 0.064 0.342 0.11 1.064 

Othrincent -1.892 0.755 6.281 1 0.012 0.151 0.034 0.662 

Whtevrtakes 1.817 0.85 4.573 1 0.032 6.153 1.164 32.527 

Version -0.004 0.002 3.978 1 0.046 0.996 0.993 1 
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Constant 1.064 0.402 7.009 1 0.008 2.899   

a. Variable(s) entered on step 1: Toohigh.      

b. Variable(s) entered on step 2: Wastemoney.     

c. Variable(s) entered on step 3: Alreadypay.     

d. Variable(s) entered on step 4: Userpays.     

e. Variable(s) entered on step 5: Othrincent.     

f. Variable(s) entered on step 6: Whtevrtakes.     

g. Variable(s) entered on step 7: Version.      

 SF LR Variables in the Equation     

       95.0% C.I.for 
EXP(B) 

Chch B S.E. Wald df Sig. Exp(B) Lower Upper 

Toohigh -3.586 0.798 20.18 1 0 0.028 0.006 0.132 

Alreadypay -2.536 0.585 18.805 1 0 0.079 0.025 0.249 

Userpays 1.212 0.56 4.687 1 0.03 3.362 1.122 10.075 

Noundques -21.47 19289.7 0 1 0.999 0 0 . 

Othrincent -1.886 0.948 3.959 1 0.047 0.152 0.024 0.972 

Whtevrtakes 3.522 0.989 12.685 1 0 33.858 4.874 235.213 

Constant 0.901 0.5 3.248 1 0.071 2.461   

a. Variable(s) entered on step 1: Whtevrtakes.     

b. Variable(s) entered on step 2: Userpays.     

c. Variable(s) entered on step 3: Toohigh.      

d. Variable(s) entered on step 4: Alreadypay.     

e. Variable(s) entered on step 5: Othrincent.     
 

Table 4(k): Awareness, perception and preference variables, Accept with city interaction terms 

(enter).  

Acc*city Akl Enter Variables in the Equation 95.0% C.I.for EXP(B) 

 B S.E. Wald df Sig. Exp(B) Lower Upper 

City * Compname    1.073 2 0.585    

City(1) by Compname(no) 1.071 1.034 1.073 1 0.3 2.918 0.385 22.122 

City * Conservtn1    0.568 2 0.753    

City(1) by Conservtn1(dk) 0.71 1.039 0.467 1 0.494 2.034 0.266 15.587 
City(1) by 
Conservtn1(yes) 0.583 0.818 0.508 1 0.476 1.791 0.36 8.905 

City * Protectn1    4.078 2 0.13    

City(1) by Protectn1(dk) -1.045 0.809 1.669 1 0.196 0.352 0.072 1.717 

City(1) by Protectn1(yes) -1.61 0.801 4.035 1 0.045 0.2 0.042 0.962 

City * Restortn2    1.422 2 0.491    

City(1) by Restortn2(dk) 1.528 1.294 1.393 1 0.238 4.607 0.365 58.213 

City(1) by Restortn2(yes) 0.317 0.706 0.202 1 0.653 1.373 0.344 5.475 

City * Majorityaccpt    7.736 2 0.021    
City(1) by Majorityaccpt 
(no) -2.623 0.986 7.072 1 0.008 0.073 0.011 0.502 
City(1) by Majorityaccpt 
(dk) -1.751 1.081 2.624 1 0.105 0.174 0.021 1.444 

City * Scarcitylink    2.393 2 0.302    
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City(1) by Scarcitylink(no) -0.956 0.624 2.353 1 0.125 0.384 0.113 1.304 

City(1) by Scarcitylink(dk) -0.592 0.974 0.369 1 0.543 0.553 0.082 3.734 

City(1) by Sourceimp(no) 0.178 1.163 0.023 1 0.878 1.195 0.122 11.68 

City(1) by Quality(no) -0.322 0.993 0.105 1 0.746 0.725 0.103 5.08 

Cheaply(1) by City(no) 1.705 0.817 4.355 1 0.037 5.499 1.109 27.259 

City(1) by Local(no) -1.951 0.734 7.062 1 0.008 0.142 0.034 0.599 

City(1) by discount2(yes) 2.729 1.116 5.984 1 0.014 15.321 1.72 136.44 

City(1) by incradv2(yes) -0.484 0.736 0.433 1 0.51 0.616 0.146 2.606 

City(1) by subs2(yes) -0.418 0.7 0.356 1 0.551 0.659 0.167 2.596 

City(1) by incrwhen2(yes) 2.374 0.769 9.529 1 0.002 10.737 2.379 48.462 

City(1) by restrict2(yes) -0.448 0.685 0.428 1 0.513 0.639 0.167 2.446 

City * Likeusesta    0.329 2 0.848    

City(1) by Likeusesta(no) 0.569 1.119 0.259 1 0.611 1.767 0.197 15.821 

City(1) by Likeusesta(dk) -0.221 0.983 0.051 1 0.822 0.801 0.117 5.502 

Constant 0.301 0.195 2.391 1 0.122 1.352   

Acc*city Chch Enter Variables in the Equation 95.0% C.I.for EXP(B) 

 B S.E. Wald df Sig. Exp(B) Lower Upper 

City * Compname   0.423 2 0.809    

City(1) by Compname(no) -0.391 0.689 0.322 1 0.57 0.676 0.175 2.61 

City * Conservtn1   7.445 2 0.024    

City(1) by Conservtn1(dk) -0.08 1.024 0.006 1 0.938 0.923 0.124 6.87 
City(1) by 
Conservtn1(yes) -1.847 0.863 4.577 1 0.032 0.158 0.029 0.857 

City * Protectn1   0.114 2 0.944    

City(1) by Protectn1(dk) 0.303 0.9 0.113 1 0.737 1.354 0.232 7.897 

City(1) by Protectn1(yes) 0.112 0.791 0.02 1 0.887 1.119 0.238 5.267 

City * Restortn2   2.685 2 0.261    

City(1) by Restortn2(dk) -1.279 1.401 0.834 1 0.361 0.278 0.018 4.331 

City(1) by Restortn2(yes) 0.602 0.858 0.493 1 0.483 1.826 0.34 9.809 

City * Majorityaccpt  10.001 2 0.007    
City(1) by Majorityaccpt 
(no) -2.651 0.855 9.609 1 0.002 0.071 0.013 0.377 
City(1) by Majorityaccpt 
(dk) -2.389 0.911 6.883 1 0.009 0.092 0.015 0.546 

City * Scarcitylink   0.314 2 0.855    

City(1) by Scarcitylink(no) 0.061 0.664 0.009 1 0.926 1.063 0.289 3.907 

City(1) by Scarcitylink(dk) -0.52 1.1 0.223 1 0.637 0.595 0.069 5.138 

City(1) by Sourceimp(no) -1.98 1.507 1.725 1 0.189 0.138 0.007 2.649 

City(1) by Quality(no) 1.482 1.257 1.391 1 0.238 4.404 0.375 51.714 

Cheaply(1) by City(no) 0.571 0.739 0.596 1 0.44 1.769 0.415 7.536 

City(1) by Local(no) 0.861 0.778 1.225 1 0.268 2.366 0.515 10.874 

City(1) by discount2(yes) -0.488 1.003 0.236 1 0.627 0.614 0.086 4.387 

City(1) by incradv2(yes) 0.822 0.851 0.933 1 0.334 2.274 0.429 12.045 

City(1) by subs2(yes) 0.641 0.955 0.45 1 0.502 1.898 0.292 12.343 

City(1) by incrwhen2(yes) 2.589 0.777 11.086 1 0.001 13.311 2.9 61.095 

City(1) by restrict2(yes) 1.749 0.916 3.644 1 0.056 5.751 0.954 34.657 

City * Likeusesta   0.588 2 0.745    
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City(1) by Likeusesta(no) -0.618 0.866 0.509 1 0.476 0.539 0.099 2.943 

City(1) by Likeusesta(dk) 0.24 1.015 0.056 1 0.813 1.272 0.174 9.299 

Constant -0.238 0.187 1.628 1 0.202 0.788   
 

Table 4(l):  Attitudinal variables, Accept for each city separately (step forward LR) (SPSS) 

Akl SF LR  Variables in the Equation  
95.0% C.I.for 
EXP(B) 

 B S.E. Wald df Sig. Exp(B) Lower Upper 

Shouldntpay -0.639 0.234 7.451 1 0.006 0.528 0.333 0.835 

Sustainability 1.12 0.274 16.736 1 0 3.065 1.792 5.242 

Combrates -0.455 0.2 5.172 1 0.023 0.634 0.428 0.939 

Squandered 0.506 0.22 5.281 1 0.022 1.659 1.077 2.555 
Who_manag
e 0.575 0.21 7.522 1 0.006 1.778 1.178 2.682 

Constant -5.351 1.702 9.885 1 0.002 0.005   

a. Variable(s) entered on step 1: Sustainability.     

b. Variable(s) entered on step 2: Shouldntpay.     

c. Variable(s) entered on step 3: Who_manage.     

d. Variable(s) entered on step 4: Squandered.     

e. Variable(s) entered on step 5: Combrates.     

Chch SF LR  Variables in the Equation  
95.0% C.I.for 
EXP(B) 

 B S.E. Wald df Sig. Exp(B) Lower Upper 

Shouldntpay -0.455 0.186 6.005 1 0.014 0.635 0.441 0.913 

Sustainability 0.913 0.226 16.373 1 0 2.491 1.601 3.876 

Combrates -0.429 0.169 6.472 1 0.011 0.651 0.468 0.906 

Careful -0.558 0.252 4.892 1 0.027 0.573 0.349 0.939 

Costconcern -0.59 0.223 6.993 1 0.008 0.554 0.358 0.858 

Moreinfo 0.627 0.219 8.229 1 0.004 1.872 1.22 2.873 

Constant 1.217 1.53 0.632 1 0.427 3.376   

a. Variable(s) entered on step 1: Sustainability.     

b. Variable(s) entered on step 2: Shouldntpay.     

c. Variable(s) entered on step 3: Costconcern.     

d. Variable(s) entered on step 4: Moreinfo.     

e. Variable(s) entered on step 5: Combrates.     

f. Variable(s) entered on step 6: Careful.      
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1 Ecosystem services-natural 

infrastructure 1.1 Land use 1.2 Vegetation 1.3 River/ Stream 1.4 Wetland 1.5 Stormwater 

1.6 Harbour/estuary 

assessment 1.7 Protection plan 1.8 Restoration plan 1.9 Risk analysis

1.10 Carbon sink 

capacity 1.11 Investment Total

0 No assessment No assessment No assessment No assessment No assessment No assessment No plan No plan No analysis Not calculated Not considered

0.33
Poor (% permeability low, 

industrial)

Poor (little cover, exotic 

grass) Poor Poor Poor Poor Plan- No action Plan- No action Initiated Low Planned invesments

0.66
Moderate (%moderate, 

commercial /residential) Moderate Moderate Moderate Moderate Moderate Action Action In progress Moderate Some 

1
Good (% permeability high, 

urban park)

Good (high cover, 

indigenous trees) Good Good Good Good Complete Complete Complete High Full

 Ideal Scores 1 1 1 1 1 1 1 1 1 1 1 1.00
Water district A 0.66 0.66 1 0.33 0.66 0.66 0.66 0.33 0.33 0.66 0 0.54

2 Stocks and flows 2.1 Stock assessed 2.2 Flows assessed 2.3 Imports 2.4 Efficiency 2.5 Risk analysis 2.6 Investment

0 No assessment No assessment All imported Not assessed No analysis Not considered

0.33 Scarce Irregular Most imported Loss high (>15%) Initiated Planned invesments

0.66 Moderate Fairly consistent Some imported Loss low (15%<>5%) In progress Some 

1 Plentiful Consistent No imported Very little loss(<5%) Complete Full

Ideal Scores 1 1 1 1 1 1 1.00
Water district A 1 1 0.66 0.66 1 0.33 0.78

3 Built infrastructure 3.1 Age 3.2 Capacity 3.3 Energy consumption 3.4 Carbon footprint 3.5 Alternative supplies 3.6 Risk analysis 3.7 Investment

0 Need urgent replacement At maximum No assessment No assessment No plan No analysis Not considered

0.33
Many components need 

upgrade Many limits reached Poor performance Poor performance Plan, limited uptake Initiated Planned invesments

0.66
Some components need 

upgrade Some constraints Moderate performance Moderate performance Moderate uptake In progress

Investment partly 

financed

1
Few/ no components need 

upgrade No constraints Good performance Good performance Uptake meeting set target Complete

Investment fully 

financed

 Ideal Scores 1 1 1 1 1 1 1 1.00
Water district A 0.66 1 0.66 0 0.66 1 0.33 0.62

4 Stakeholder analysis 4.1 Stakeholder identification 4.2 Tangata whenua 4.3 Communication 4.4 Conflict analysis

4.5 Conflict resolution 

strategy

0 No analysis No formal relationship No communication No analysis No strategy

0.33 Initiated Initiated Informative Initiated Initiated

0.66 In progress Occational relationship Consulation In progress In progress

1 Complete Good  relationship Participation Complete Complete

Ideal Scores 1 1 1 1 1 1.00
Water district A 1 0.66 0.66 0.66 0.66 0.73

5 Community participation 5.1 Informative 5.2 Consultative 5.3 Participatory 5.4 Co- management 5.5 Risk analysis

0 No information given No consultation No participatory process Not considered No analysis

0.33 Poor access to information Consultation attempted Participation attempted Considered not attempted Initiated

0.66 Moderate access to information Certain levels achieved

Certain levels of participation 

achieved

Certain levels of co-

management achived In progress

1 Good access to information Good consultation process

Participation achived to 

fullest potential

Co-management achieved to 

fullest potential Complete

Ideal Scores 1 1 1 1 1 1.00
Water district A 1 0.66 0.33 0 0.33 0.46

6 Value analysis 6.1 Attitudes

6.2 Willingess to pay -

welfare estimate

6.3 Willingess to pay -

majority threshold 6.4 Willingness to save

6.5 Benefits and costs 

analysis

0 No analysis No analysis No analysis No analysis No analysis

0.33 Initiated Initiated Initiated Initiated CBA (extended)

0.66 In progress In progress In progress In progress MCA (extended)

1 Complete Complete Complete Complete System dynamics

Ideal Scores 1 1 1 1 1 1.00
Water district A 0.66 0.33 0.33 0 0.66 0.40
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