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Abstract 

Urban stormwater management must address multiple social-ecological concerns as it adapts 

to present challenges and transitions towards sustainability. Concerns for physical stormwater 

infrastructure must be investigated and resolved in relation to diverse stakeholder 

perspectives. This research explored perspectives and barriers in urban stormwater 

management and their roles in the transition to sustainability. 

A dynamic simulation was developed to understand the systemic influence of 

environmentally friendly solutions on water quality in receiving environments in Project 

Twin Streams Catchment, West Auckland, New Zealand. Results showed that 

environmentally friendly solutions can reduce but not fully internalise the environmental 

impact of stormwater even in a catchment-wide implementation. Failure to integrate social-

ecological variables in the modelling process limits the usefulness of the model and the 

insights that can be gained. To address this, a qualitative modelling approach was undertaken 

that sought to understand pluralist perspectives in stormwater management and barriers that 

restrict the uptake of alternative solutions.  

Cognitive mapping was used to elicit and capture perceptions on problems and solutions in 

urban stormwater management. Three core perspectives were found to underlie contemporary 

stormwater management: conventional fixes, low impact solutions, and community 

development. These perspectives were diverse and conflicting. Conventional stormwater 

management created feedback loops that promoted the continuous construction of 

infrastructure to the detriment of environmental systems. Low impact solutions did not break 

this feedback loop. Community development failed to address urgent issues due to systemic 

delays. Importantly, none of the perspectives by themselves will lead to sustainable 
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outcomes. This highlighted the need for integration of these different perspectives and 

approaches.  

Uptake of low impact solutions and community development was found to be hindered by 

physical, institutional, logistical and internal barriers. These barriers were caused by, and at 

the same time increased, the complexity inherent in stormwater management. Interactions 

between barriers were investigated and potential policy interventions suggested guiding 

managers in the development of effective policies that support the transition of urban 

stormwater management towards sustainability.  
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Glossary 

The following definitions are provided firstly to avoid ambiguity in terminology and lengthy 

discussions in the thesis. Secondly, as this thesis is interdisciplinary in nature a further 

objective is to explain terms that the reader may be unfamiliar with. The glossary gives the 

meanings that have been adopted here. 

Androcentricity – dominated by or emphasizing masculine interests or points of view 

Anthropogenic – caused by human activities 

ANZECC Guidelines – Australian and New Zealand Guidelines for Fresh and Marine Water 

Quality 2000 (Australian and New Zealand Environment and Conservation Council & 

Agriculture and Resource Management Council of Australia and New Zealand 2000) 

Attitude – a cognitive and affective evaluation that predisposes a person to act in a certain 

way; by behavioural scientists thought to consist of three components: cognition (thoughts), 

affect (feelings) and behaviour 

Belief system – larger structures that link attitudes with one another 

BMP – best management practice, i.e. a technique, method, process, activity, incentive or 

reward that is believed to be more effective at delivering a particular outcome than any other 

technique, method, process, etc.  

Bounded rationality – the fact that the rationality of all individuals is limited by existing 

information, cognitive limitations of the human mind and a restricted amount of time 

available to make decisions 
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Brownfield – land area that has previously been developed and used for industrial or 

commercial uses 

Carrying capacity – a species’ population size that can be sustained indefinitely by a given 

land area 

Catchment – land area from which rain water or snow melt drains downhill into a water 

body, such as a river, lake, reservoir, estuary, wetland, sea or ocean 

Checksum – a calculated value that allows one to check the validity of other data or 

calculations 

CLD – Causal Loop Diagram 

Cognitive dissonance – a condition in which two attitudes or a behaviour and an attitude 

conflict 

Commitment – loyalty to and heavy involvement in a project or organisation 

Culture – distinctive spiritual, material, intellectual and emotional features of society or a 

social group (UNESCO 2002) 

Ecological footprint – land area necessary to sustain levels of resource consumption and 

waste discharge of a given population; an indicator of long-term resilience and sustainability 

Effective imperviousness - the impervious surfaces area that is directly connected to 

receiving water bodies in a catchment 

Ex post – Latin phrase meaning ‘after the event’ 

Greenfield – land in an urban or rural area previously undeveloped which is currently used 

for agriculture, landscape design, or left to nature 

Imperviousness - Impervious surfaces are built areas, including roads, sidewalks, driveways, 

parking lots and roofs),  that are covered by impenetrable materials such as asphalt, concrete, 

brick, stone, and various types of roofing materials. This imperviousness prevents any 

exchange of water and air between the soil and the atmosphere. Soils compacted by urban 

development are also highly impervious.  
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Institution – structures and mechanisms of social order and cooperation governing the 

behaviour of a group of individuals; they exhibit a social purpose and permanence, and 

establish and enforce rules for cooperative human behaviour that are designed to provide for 

and protect private and public goods 

Iwi – Maori tribe or tribes 

Kaitiakitanga – the guardianship of a land area by people  

Leverage – small change in one part of the system can produce dramatic changes in other 

parts of the system 

LID – Low Impact Design or Low Impact Development 

LIUDD – Low Impact Urban Design and Development 

Mauri – life force of an object including water 

Mental Model/ Worldview/ Perspective – one's ‘point of view’; the choice of a context for 

opinions, beliefs and experiences; recurring patterns of thought which are continuously held 

by individuals and societies; to choose a perspective is to choose a value system and, 

unavoidably, an associated belief system 

Paradigm – recurring pervasive worldviews in a scientific discipline or other 

epistemological context 

Path dependency – the tendency of past or traditional practices or preferences to continue 

even if better alternatives are available; usually technology-related 

Perception – how people understand and make sense of external or internal stimuli according 

to their frame of reference and worldview 

Personality – a set of characteristics that underlie a relatively stable pattern of behaviour of a 

person in response to ideas, objects or people in the environment 

Perspective – the choice of a context or a reference from which to sense, categorize, measure 

or codify experience. In this process a coherent belief system is formed and often used for 

making comparisons. Choosing a perspective implies choosing a value system and, 

unavoidably, an associated belief system (Wikipedia 2009).  



 

xxii 

PTS – Project Twin Streams 

Restoration vs. rehabilitation – Environmental restoration is the process of returning to a 

previous state of ecosystem function while rehabilitation is the improvement towards a 

defined level of ecosystem function. It has been observed that due to the destruction of 

ecosystems the restoration of a past ecosystem state is often impossible. Despite this, 

restoration is still used to some extent in the scientific realm (e.g. refer to publications by the 

Society for Ecological Restoration), and also used entirely in the non-academic domain. 

Therefore, I use restoration throughout this thesis without taking sides in a debate or making 

a scientific judgement on whether proper restoration is possible or even desirable in the area 

under study. 

Stakeholder – any person or group who can affect or is affected by the decisions or policies 

set in place by the institution, in this case the local council  

Sustainability – a socially constructed term usually implying at least a small level of 

environmental concern and an objective to sustain a certain function, activity or reality over a 

longer time frame 

Transdisciplinarity vs. interdisciplinarity – crossing traditional boundaries between 

academic disciplines or schools of thought; both terms are used interchangeably and do not 

imply a judgement on the exact interactions of disciplines; these terms are also ambiguous 

and can polarise – therefore they are avoided.  

Urbanisation – the dynamic extension/growth of urban areas with parallel transformation of 

rural areas as a result of population immigration and land use change 

Worldview – from the German Weltanschauung, the fundamental perception of philosophy, 

norms, values, emotions and ethics through which an individual interprets the world  
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Chapter 1: Introduction and Overview 

 

Water is the precious life substance of the earth. 

Its value to the environment, climate and life 

of our world will be increasingly recognised. 

Violated, humiliated, piped, contaminated, 

less and less can it unfold its selfless qualities 

and fulfil its life-supporting task. Awareness, care and 

perceptive consciousness are being asked of humanity. 

Wolfgang Geiger and Herbert Dreiseitl (1995) 

 

This chapter sets up the study overall. The subject area of urban stormwater management is 

introduced and placed in an environmental and historical context. This exploratory research is 

interdisciplinary and the different knowledge areas within which the research has been 

positioned are briefly introduced. This is followed by a description of the research objectives 

guiding this study, how these translate into focused research questions and how these will be 

addressed through a deliberate research design. Short synopses of the individual chapters of 

the thesis are presented next followed by a list of research publications that have arisen from 

this work.  

1.1. Stormwater and Its Management 

In 2007, for the first time in human history, the world’s urban population exceeded the rural 

population. Urbanisation is occurring unabated with urban areas growing by approximately 

200,000 people each day (United Nations 2002). While these figures hide the 
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disproportionate influence of rapid urbanisation in less developed countries, nearly all urban 

areas are experiencing strong growth worldwide (Zhang 2008).  

This spatial concentration of human activities in urban areas has had manifold and 

devastating effects on the environment including the heat island effect, local concentration of 

air, soil and water pollution, and resource depletion (Duckworth & Sandberg 1954; Melosi 

1982; Gandy 1994; Santamouris 1999; Brimblecombe 2005). Changes in the way we live and 

interact with our environment in towns and cities can therefore be very effective in reducing 

adverse environmental impacts and can even rehabilitate natural environments (Rees & 

Wackernagel 1996). This thesis focuses on the subject of urban stormwater. 

Stormwater is all the water that runs off the land after a rainfall or snowmelt incident. This is 

a natural process. In urban areas, due to anthropogenic impacts of a changing landscape, three 

broad negative impacts from stormwater in urban areas are distinguished:  

Changes to water quality and in-stream ecology: Urban waste and pervasive pollution are 

carried by stormwater into streams, estuaries and harbours where they degrade habitats and 

impact on the diversity of life found in these environments (Klein 1979; Hall & Ellis 1985; 

House et al. 1993; Hatt et al. 2004; Young 2005). Stormwater can also infiltrate into the 

wastewater pipe network where it not only leads to overflows, adding to pollution if the 

capacity of the system is exceeded, but also increases the wastewater load that needs 

treatment (Hvitved-Jacobsen 1982; Beck et al. 1989). 

Changes to the water cycle: Urbanisation and the creation of a piped water infrastructure 

increase the likelihood and severity of flooding, which affects the built environment as well 

as natural environment through erosion (Graf 1977; Bufill 1989).  

Changes to the landscape: Urbanisation and stormwater-related processes change the shape 

of urban streams and rivers, and reduce the diversity of habitats that are found in these 

landscapes (Bledsoe & Watson 2002; Vaughn et al. 2009). 

Stormwater is also a vastly untapped water resource. In times of increasing water scarcity due 

to globally changing climate patterns and reduced water quality, rainwater harvesting is 

becoming more important (Hatt et al. 2006; Fletcher et al. 2008; Zhang et al. 2009).  

There are also numerous social impacts from stormwater, the most obvious being the threat to 

public health and safety from flooding and pollution (Curriero et al. 2001; Gaffield et al. 
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2003; Eyles et al. 2009). In addition, the creation of a piped water infrastructure has resulted 

in an increasing disconnection of people from their local environment (Malone 1999) as well 

as a necessity to continuously provide substantial funds for infrastructure maintenance, 

renewal and extension (Frame & Vale 2006).  

In the historical context, the earliest stormwater drains were built in Mesopotamia around 

3500 to 2500 BC (Wolfe 1999). Until the 19th century, stormwater was used to flush 

wastewater from urban areas and starting with the Roman Empire extensive pipe networks 

were built to that effect. Combined sewers are still in place in many areas of the world today. 

Localised land treatment of human waste has been popular in some regions and separated 

stormwater and wastewater infrastructure has become more widely applied in recent years 

(Butler & Parkinson 1997). 

Due to these negative impacts from stormwater on citizens, and the built and natural 

environments, stormwater management has emerged as a local and regional natural resource 

management activity. Stormwater management includes all public and private activities that 

affect stormwater processes for human benefit. Most often, benefits are understood as the 

avoidance of negative impacts of stormwater from e.g. flooding and pollution. Therefore, 

stormwater management manifests most notably as the built structures that influence the flow 

and path of stormwater. These built artificial drainage structures comprise gutters, 

downpipes, rain chains, street gutters, storm drains, outlets etc., that channel stormwater to a 

desired location, usually a natural water course or water body.  

As a result, stormwater management predominantly has focused on these technical aspects: 

Where does the council need to provide what level of service in terms of stormwater 

conveyance and flooding protection? What is the most cost-effective stormwater 

infrastructure design for a newly developed area? Which daily operation and maintenance 

works need to be carried out?  

However, and critically, our engagement with natural resources including stormwater is 

strongly influenced by perceptions of the resource stormwater (Chocat et al. 2007). Our 

perceptions influence how we value stormwater and its effects as well as our perspectives of 

best practices in stormwater management. Perceptions and their translation into perspectives 

and worldviews are influenced by our cultural background, how we view ourselves in relation 

to nature, our social conditioning, a perceived or real measure of scarcity or threat of a 

resource, and technological/economic factors.  
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There has been a marked shift with regards to these perspectives in the Western culture in 

recent decades towards increased environmental awareness and sustainable development 

(Capra 1982). Sustainability is a contested concept, but at a minimum conveys notions of 

behaviour and technology use with reduced environmental impact, a long-term focus on the 

social and environmental effects of a management strategy, the inclusion and participation of 

affected stakeholders and a concern for environmental justice. These themes all influence the 

current implementation of stormwater management. Two discourses have therefore recently 

emerged. The first is the reduction of environmental damage through the use of technology 

that mimics natural processes (Dietz 2007). This strategy is widely hailed as the sustainable 

solution to current stormwater problems. The second is the involvement of communities in 

environmental management (Lurie & Hibbard 2008). Both will play a central role in the 

remainder of this thesis. 

1.2. Scope of the Research 

This exploratory research on urban stormwater management spans numerous broader areas of 

inquiry. Today research in environmental management is commonly interdisciplinary in 

nature (Sharp 1973; Benda et al. 2002; Dixon & Sharp 2007). Originating in the three broad 

areas of sustainability, holism and stakeholder participation, these can be narrowed down to 

specific subjects within which the research has been positioned (Figure 1.1). An attempt has 

been made to review the major developments in each of these fields relevant to the subject 

area throughout the thesis.  
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This thesis demonstrates current transformations in values and knowledge on many levels: 

personal, societal and at the professional academic level, all of which influence the scientific 

enquiry and outcomes of this research. 

1.3. Objectives and Research Questions 

The literal translation from the German word for science (Wissenschaft) is ‘to create 

knowledge’. The general purpose of this study is to create knowledge about urban stormwater 

management.  

The two broad goals of this study are the exploration of the (a) systemic and (b) dynamic 

aspects of stormwater management in the Project Twin Streams catchment, Waitakere City, 

New Zealand. The research objectives deriving from those goals are: 

1. An evaluation of the systemic and dynamic nature of stormwater management.  

2. An assessment of the mental models or perspectives that exist towards stormwater and 

its management among different stakeholder groups. 

3. An assessment of the barriers to implementing more environmentally friendly 

stormwater management solutions. 

4. The establishment of a basis for understanding these barriers and a description of 

options for removing them.  

The research questions arising from the above objectives are as follows: 

Objective 1 is addressed by the questions: “What are the short- and long-term dynamics 

inherent in stormwater processes? What short- and long-term dynamics and what kind of 

feedback processes are present in stormwater management processes?” 

Objective 2 above is addressed by the questions: “What perspectives exist on stormwater and 

its management? Do individual stakeholder groups hold certain, unique perspectives? How 

do the perspectives affect past, present and future stormwater management?”  

Objective 3 is addressed by the question: "What are the barriers to implementing 

environmentally friendly stormwater management solutions?”  
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Objective 4 is addressed by the questions: "Where do these barriers originate? How do these 

barriers interact? What are the advantages or disadvantages to having these barriers? How 

can these barriers be removed most effectively?” 

1.4. Research Design 

The management of urban stormwater has numerous dimensions. While stormwater 

management manifests itself in physical and built infrastructure, it is dependent on the 

geographic and environmental setting and shaped by social actors. Hence, knowledge that 

arises from the research will be transdisciplinary, context-dependent and social scientific, and 

benefit from an application of diverse research approaches.  

In general, I adopt the ideas of Flyvbjerg (2001, p.167):  

The purpose of social science is not to develop theory, but to contribute to society’s practical 

rationality in elucidating where we are, where we want to go, and what is desirable 

according to diverse sets of values and interests.  

 

Urban stormwater management has the potential to contribute significantly to the endeavour 

of creating sustainable urban areas (Rees & Wackernagel 1996). Therefore, this research 

further endeavours to elucidate how urban stormwater could be managed so as to maximise 

this contribution. These suggestions need to be based on a sound understanding of existing 

perspectives of stormwater problems and available solutions. Therefore the key task of this 

research is to explore these perspectives; the “where we are” and “where we want to go” parts 

in the above quote. 

Triangulation, i.e. the combination of several research methods, is used in order to deepen our 

understanding of stormwater management. Here, a quantitative analysis explores dynamics of 

stormwater management (Chapter 3) and a qualitative analysis (Chapters 4 and 5) explores 

the existing perspectives, i.e. the deeper causes behind the problems observed and their role 

in stormwater management. Therefore, the research paradigm adopted throughout the thesis 

parallels changes in the research context. While the positivist research paradigm together 

with quantitative research processes is adopted to address Objective 1, a subjectivist 

paradigm relying on qualitative research processes is used to address Objectives 2 to 4. 
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Therefore, each of the chapters 3-5 contains a separate introduction, literature review, a 

description of methods, results and discussion. While these three individual chapters contain 

the primary research material, they inform the personalised discussion that follows in Chapter 

6. Chapter 7 concludes the thesis. 

As the values and worldviews of the researcher can influence the research process and 

outcomes to a great extent, the positionality of a researcher has to be made explicit. This will 

be done as part of the qualitative research in Section 4.2.2. Section 6.1 also looks at how I as 

a researcher influenced the research and vice versa. Table 1.1 lists research approaches used 

to address the individual research objectives. 

Objective Chapter Content Research Design and Methods 

1 3 Stormwater processes 

Stormwater management 

dynamics 

Development of a system theoretic model (causal loop 

diagram, stock-and-flow diagram and system archetypes) 

that explores and communicates system dynamics. 

2 4 Perspectives on 

stormwater and its 

management 

Implications for 

sustainable urban 

development  

Exploratory research grounded in interviews where 

cognitive mapping leads to a system theoretic 

understanding of different perspectives.  

Development of system theoretic models (causal loop 

diagrams) to communicate the perspectives.  

Comparison of perspectives to gain an understanding of 

the implications for stormwater management and 

sustainable urban development. 

3 5 Barriers to 

implementation 

Exploratory research grounded in interviews leads to an 

understanding of existing barriers to implementation. 

4 5 Understanding of the 

barriers and their 

management  

Development of a system theoretic model (causal loop 

diagram) to communicate the nature of barrier 

interactions and implications. 

Table 1.1 Research design and methods used to address different research objectives 

 

This explorative research uses a single case study design to create this in-depth understanding 

of urban stormwater management. The case study area is Project Twin Streams catchment in 

Waitakere City, Auckland, New Zealand. A case study is an intensive study of a single group, 

incident, or community. It is an empirical inquiry that investigates a phenomenon within its 

real-life context (Stake 1995).  

Stormwater management in Project Twin Streams catchment utilises several distinct 

approaches: the conventional practice of piped networks, technology that mimics natural 

processes and the involvement of communities in environmental management practice 
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(stream restoration). Thus Project Twin Streams catchment can be seen as an extreme case 

and a useful choice for single case study research. As Flyvbjerg (2006, p.229) notes: 

When the objective is to achieve the greatest possible amount of information on a given 

problem or phenomenon, a representative case or random sample may not be the most 

appropriate strategy. This is because the typical or average case is often not the richest in 

information. Atypical or extreme cases often reveal more information because they activate 

more actors and more basic mechanisms in the situation studied. In addition, from both an 

understanding-oriented and an action-oriented perspective, it is often more important to 

clarify the deeper causes behind a given problem and its consequences than to describe the 

symptoms of the problem and how frequently they occur.  

Moreover, extreme case studies provide opportunities for verification or falsification of 

assumptions, views, theories or hypotheses, which provide opportunities for scientific 

development. 

Case study research and particularly the use of single case studies usually underlie a number 

of misunderstandings which Flyvbjerg (2006) exposes and refutes. Flyvbjerg is an authority 

figure in this field and I follow his scientific competence and advice. 

A general goal in research is to understand and learn about the research problem. Learning 

can best take place if one immerses oneself in the problem. As Flyvbjerg (2006, p.236) 

argues: 

If one assumes that research, like other learning processes, can be described by the 

phenomenology for human learning, it then becomes clear that the most advanced form of 

understanding is achieved when researchers place themselves within the context being 

studied. Only in this way can researchers understand the viewpoints and the behavior, which 

characterizes social actors.  

This “proximity to reality”, that case study research enables, provides for an intensive 

learning process and thus enables increased understanding (Flyvbjerg 2006, p.236). 

Opportunities to study the case in proximity have been taken up in this research and are 

described in Chapter 4. 
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1.5. Overview of the Thesis 

This section provides short synopses of the contents of each chapter. The thesis is organized 

in seven chapters.  

Chapter 2 provides the theoretical background for the first area of inquiry: sustainability. 

First, the concept of sustainability is interrogated with a particular focus on urban areas. 

Second, current knowledge on stormwater processes, its impacts as well as management 

strategies are described. The last part introduces the case study area in detail. 

Chapter 3 focuses on the second area of inquiry: holism. Starting with a description of current 

transformations in scientific paradigms, systems theory is used to increase understanding and 

help communicate the systemic and dynamic nature of stormwater and stormwater 

management processes. The last part of the chapter describes a dynamic simulation study of 

stormwater quality management and its results. 

Chapter 4 is concerned with the last area of inquiry: participation. This comes from an 

understanding that stormwater management is not purely a technical issue but is greatly 

influenced by stakeholders’ perceptions. The application of grounded theory is described 

which explores perspectives of individual stakeholders on stormwater and its management in 

the case study area.  

Chapter 5 interrogates insights from Chapter 4 that suggest the existence of manifold barriers 

to implementing alternative solutions in stormwater management. Insights from a substantial 

literature review are synthesised with the barriers that were revealed as part of the data 

collection. Grounded, local barrier information is then analysed for its systemic interactions. 

Finally, recommendations are made on how to reduce or overcome some of these barriers. 

Chapter 6 takes a step back and looks at the big picture. Some themes that emerged and that I 

spent a considerable amount of time contemplating are the role of path dependency, the 

usefulness of and what can be learned from a modelling exercise as presented in Chapter 3, 

how sustainable environmentally friendly technology really is, whether and how institutions 

can change effectively, available pathways towards a state of urban sustainability, and the 

importance and influence of paradigm change. These themes and my thoughts on them are 

described and discussed following a general overview of my research journey.  
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Chapter 7 rounds off the thesis as a whole by providing succinct answers to the research 

questions, summarising the main insights and contributions, and recommending opportunities 

for further research that this study opened up. 

1.6. Publications from this Thesis 

The following publications in chronological order have resulted from this work and form part 

of this thesis. These also give testament to the growing understanding of the research topic 

and changing hypotheses. 

Winz, I. (2005) A System Dynamics Approach to Sustainable Urban Development, 23rd 

International Conference of the System Dynamics Society, Boston, USA, 17-21 July. 

[Online] Available: http://www.systemdynamics.org/conferences/2005/proceed/papers/ 

WINZ486.pdf [15 Jun 2010]. 

Winz, I. (2005) Assessing Sustainable Urban Development Using System Dynamics: The 

Case of New Zealand's Urban Water Systems, 11th Annual ANZSYS Conference/Managing 

the Complex V, Christchurch, New Zealand, 5-7 December. [Online] Available: 

http://isce.edu/ISCE_Group_Site/web-content/ISCE_Events/Christchurch_2005/Papers/ 

Winz.pdf [15 Jun 2010]. 

Winz, I. & Brierley, G. (2007) The Use of System Dynamics Simulation in Integrated Water 

Resources Management, 25th International Conference of the System Dynamics Society, 

Boston, USA, 29 July-2 August. [Online] Available: http://www.systemdynamics.org/ 

conferences/2007/proceed/papers/WINZ302.pdf [15 Jun 2010]. 

Winz, I. & Brierley, G. (2007) Participatory Methods in Environmental System Dynamics 

Projects, 25th International Conference of the System Dynamics Society. [Online] Available: 

http://www.systemdynamics.org/conferences/2007/proceed/papers/WINZ303.pdf [15 Jun 

2010]. 

Winz, I.; Brierley, G. & Trowsdale, S. (2009) The Use of System Dynamics Simulation in 

Water Resources Management, Water Resources Management, 23(7), 1301-1323. [Online] 

Available: http://www.springerlink.com/content/er702kk332327532/ [15 Jun 2010]. 

Winz, I. & Brierley, G. (2009) Simulating Pollution from Urban Stormwater in Project Twin 

Streams Catchment, Auckland, New Zealand, 27th International Conference of the System 
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Dynamics Society, Albuquerque, USA, 27-31 July. [Online] Available: 

http://www.systemdynamics.org/conferences/2009/proceed/papers/P1253.pdf  [15 Jun 2010]. 

Winz, I. & Brierley, G. (2009) Mental Models in Urban Stormwater Management, 27th 

International Conference of the System Dynamics Society. [Online] Available: 

http://www.systemdynamics.org/conferences/2009/proceed/papers/P1252.pdf  [15 Jun 2010]. 

Winz, I.; Brierley, G. & Trowsdale, S. (2009) Stakeholder Perspectives on Urban Stormwater 

Management, 6th South Pacific Stormwater Conference, Auckland, New Zealand, 29 April-1 

May. 

Winz, I.; Brierley, G. & Trowsdale, S. (2009) Stakeholder Perspectives on Urban Stormwater 

Management, Stormwater 2009 - Let's Think Systems, Joint Conference of the Stormwater 

Industry Association of NSW and Stormwater Victoria, Albury, Australia, 7-10 July. 

Winz, I.; Brierley, G.; Trowsdale, S. & van Limburg-Meijer, P. (in revision) How 

Stakeholder Perspectives Influence Urban Stormwater Management, submitted to Society 

and Natural Resources. 

Winz, I.; Brierley, G. & Trowsdale, S. (in preparation) Barriers to the Implementation of 

Alternative Solutions in Urban Stormwater Management. 
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Chapter 2: Sustainability and Stormwater 

Management 

 

The only way sustainable development is not an oxymoron is if it is based on 

qualitative improvement rather than quantitative growth. 

 

The term sustainability has permeated Western society. Its meaning is however far from clear 

and researchers need to define how they use the term sustainability in their research. This 

chapter aims to disambiguate sustainability and its role in urban development and urban water 

management. The focus of this thesis is on urban stormwater management, which is described 

in detail in this chapter. Stormwater impacts on urban environments adversely in many 

different ways. This had led to a number of responses to these threats. In Project Twin 

Streams catchment three strategies can be distinguished. The conventional application of 

highly engineered stormwater infrastructure dominates stormwater management at present. 

Recently, however, more environmentally friendly stormwater solutions have appeared and 

are being implemented in some parts of the catchment. Project Twin Streams is an example of 

community-based resource management, where communities are responsible for 

rehabilitating urban streams. This project and other general characteristics of the case study 

area Project Twin Streams catchment are described in the second half of the chapter. 

2.1. Sustainability and Sustainable Development 

A considerable amount of confusion exists as to what sustainability, also termed sustainable 

development or sustainable management, means and what course of action it implies (Craig 
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2004). For example, Pezzey (1989) cites more than 50 definitions of sustainability. Daly 

(1996, p.9) argues that most of these definitions are useless because they “exclude nothing”.  

Arguably sustainability implies the fact that something can be sustained. In order to define 

this notion of sustaining more closely there is a need to clarify what exactly is to be sustained, 

for whom it is to be sustained, the time frame over which it is sustained, and the threshold at 

which something becomes unsustainable. These are non-trivial issues and the prevalent lack 

of clarity implies that the goal of an intervention or research effort is ambiguous and therefore 

not attainable.  

A general distinction is made between strong and weak definitions of sustainability. Strong 

sustainability implies that natural resources, including environmental services, are consumed 

at rates less than or equal to the rate of natural replenishment (Doughty & Hammond 2004).1  

Contrasting this strong definition of sustainability is the weak definition where sustainability 

or sustainable development is seen as the process of balancing economic and social 

development with environmental protection. The Brundtland Report (World Commission on 

Environment and Development 1987) envisages sustainable development as a means of 

satisfying “the needs of the present without compromising the ability of future generations to 

meet their own needs”. To that Daly (1996, p.1) remarks:  

While not vacuous by any means, [the Brundtland] definition was sufficiently vague to allow 

for a broad consensus. Probably that was a good political strategy at the time—a consensus 

on a vague concept was better than disagreement on a sharply defined one. By 1995, 

however, this initial vagueness is no longer a basis for consensus, but a breeding ground for 

disagreement.  

In New Zealand, the Brundtland definition was adopted by the government in the 2003 

Sustainable Development for New Zealand Programme of Action (Department of Prime 

Minister and Cabinet 2003). In addition the following sustainability principles have been 

defined (Ministry for the Environment 2003c): 

• taking into account future generations 

• integrating processes and approaches (social, cultural, economic and environmental) 

                                                           
1
 In system dynamics terms this implies that the inflows equal the outflows and hence the stocks are constant. 

Oscillating behaviour on the other hand requires the stock levels to remain within certain boundaries in order 

to be defined as sustainable (see Section 3.1.3). 
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• recognising the carrying capacity of the environment 

• maintaining quality of life. 

At all levels of government numerous documents set out a clear mandate for sustainable 

resource use and development (Table 2.1). 

National Documents Regional and Local Documents 

Resource Management Act 1991 Regional policy statements 

Local Government Act 2002 Regional coastal plans 

Building Act 1991 Long term financial strategies 

Energy Efficiency and Conservation Act 2000 Regional plans and rules 

New Zealand Sustainable Development Strategy 2003 Resource consents 

Environment 2010 Strategy District plans and bylaws  

New Zealand Biodiversity and Biosecurity Strategies Structure plans 

New Zealand Coastal Policy Statement Asset and waste management plans 

Oceans Policy (Foster 2003) Waste management plans 

National Energy Efficiency and Conservation Strategy 2001  

New Zealand Climate Change programme  

Sustainable Land Management Strategy  

National Land Transport Strategy and New Zealand Transport Strategy  

Hazardous Waste Management Programme  

New Zealand Waste Strategy 2002  

National Agenda for Sustainable Water Management  

Table 2.1 Government documents that contain a mandate for sustainability 

I avoid the use of the term sustainability in this thesis as much as possible. Where it is used its 

meaning aligns with the strong definition of sustainability. In terms of stormwater 

management, this would imply that water quality – and environmental conditions in general –

do not deteriorate over time. In cases where water quality is already having adverse effects on 

aquatic life and the provision of environmental services, sustainability also implies an 

improvement of water quality and environmental conditions over time. The time frame that I 

envisage is 200 years. 

From these discussions it emerges that sustainability is a socially constructed concept and 

filled with meaning by each individual. Support for sustainability may be widespread but if 

this is not transformed into unambiguous goals for action, with clearly defined objectives and 

measures for success at the local level, sustainability remains meaningless.  

Pervasive environmental degradation and peaking resource use clearly signal that the present 

scale of human activities is already unsustainable (Daly & Townsend 1993; Heinberg 2007; 

Rockström et al. 2009). From this follows that any additional, quantitative growth in these 

activities is short-term and counter-productive. Change therefore is inevitable and can occur 
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either as a directed effort towards qualitative improvement or as a collapse of activities over 

time. 

2.2. Sustainable Urban Development 

The idea of sustainable urban development has emerged because pollution of air, waterways 

and coasts, and damage to natural ecosystems is escalating, especially in fast-growing urban 

areas. Cities require vast amounts of resources and so are heavily dependent on an expanding 

hinterland (or bio-region) for their supply. Doughty and Hammond (2004) argue that the 

resource consumption of cities will always exceed replenishment rates. Hence, cities will 

never be sustainable according to the strong definition of sustainability; see also K’Akumu 

(2007).  

The weak definition of sustainability requires urban areas to be resource efficient and to rely 

only on products of sustainable production. This describes the transition from a linear 

metabolism city that consumes and pollutes at a high rate to a circular metabolism city that 

reduces inputs and realises opportunities for reuse and recycling, c.f. Figure 5 in Doughty and 

Hammond (2004).  

In New Zealand, urban sustainability has been defined as “a process of managing urban 

change to improve our quality of life by delivering better social, environmental and economic 

outcomes for all people in the present and in the future” (Ministry for the Environment 2003c, 

p.4). This process has to include elements of minimisation of adverse effects on citizens and 

the environment, reduction of impacts on future generations, community participation and 

community-based solutions, inter-generational equity, resource stewardship, resource 

efficiency, waste management, use of renewable resources, respect for indigenous concepts 

such as kaitiakitanga, sustainable business and triple bottom line reporting, choice of 

transport mode (especially cycling, walking and the use of public transport), risk 

management, governance encompassing partnerships, and measuring progress.  

2.3. Sustainable Urban Water Management 

Urban water systems have been defined as “natural, modified and built water systems that 

exist in towns and cities” (Parliamentary Commissioner for the Environment 2000, p.5). The 

natural system includes the network of streams, rivers, wetlands, estuaries, and coastal and 
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marine areas. The built system comprises the network of water supply reservoirs, water 

supply plants, pipes, concrete channels, drains, wastewater treatment plants and outfalls. 

These two main system parts interact with each other and are also part of a much larger urban 

ecosystem. This is known as the urban water cycle (Figure 2.1). Urban water cycles are in 

turn part of the larger regional and global water cycles.   

 

Figure 2.1: Basic interactions in the urban water system 

 

Figure 2.1 shows a conventional description of basic interactions in the water system of the 

Auckland region. Four types of water are distinguished: water supply, wastewater, 

stormwater and the receiving environment. All four waters are interconnected but at present 

managed separately (Watercare 2005). As a result, the system is lacking feedback 

mechanisms. Recycle and re-use options for treated wastewater and stormwater are not 

established due to legal restrictions or perceived cost. For example, in urban areas the reuse of 

stormwater is only allowed for non-potable uses even if the stormwater is of superior quality 

to the piped drinking water supply.  

Environmental degradation is increasing mainly due to untreated stormwater runoff and sewer 

overflows. However, the feedback to drinking water quality is weak as Auckland’s drinking 

water is sourced from distant protected catchments. A degraded urban environment impacts 

on the urban population in other ways, e.g. through beach closures, prohibition of shell-fish 

taking, or loss in amenity values.  
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Many researchers outline the complexity inherent in contemporary water management 

(Salewicz & Nakayama 2003; Pahl-Wostl & Schmidt 2004; Harris & Heathwaite 2005; Pahl-

Wostl 2005; Rousseau et al. 2005; Hjorth & Bagheri 2006). A consensus has been emerging – 

in research and practice – that for complex problems such as non-point-source pollution from 

urban stormwater, an integrated approach is critical for improvement (Costanza et al. 1993; 

Auckland Regional Council 2000; Gleick 2000; Anderson & Iyaduri 2003; Watercare 2005; 

Eason et al. 2006). Integrated approaches consider the environmental, economic, social and 

institutional dimensions of the problem and aim to provide systemic solutions. Integrated 

water management techniques such as demand management, reuse and recycling of water for 

non-potable purposes (Anderson & Iyaduri 2003, also Table 2.2) provide many opportunities 

for positive systemic flow-on effects. As an example, water conservation reduces the size of 

water supply works and defers necessary capital expenditures, while at the same time 

reducing sewage flows and water recycling works (Anderson & Iyaduri 2003). Potential cost 

savings of up to 50% have been reported (Anderson & Iyaduri 2003). For the urban water 

sector, the transition towards a circular water metabolism city could be realised by integrated 

approaches outlined in Table 2.2.  

Conventional Approaches Integrated Approaches 

Combined reticulation of stormwater, wastewater 

and trade waste in large infrastructure 

Reticulate immediately  

Create impervious surfaces 

Minimise vegetated buffer zones  

Drain wetlands  

Pipe stormwater into streams and channels  

Channel streams  

Focus on point-source of pollution  

End of pipe treatment  

Focus on single pollutants  

Expand water supplies  

Create dams  

Separate reticulation of stormwater, wastewater and 

trade waste 

Reuse whenever possible 

Minimise connected impervious surfaces 

Maximise vegetated buffer zones 

Create wetlands 

Detain stormwater and encourage infiltration 

Protect streams 

Focus on non-point-source pollution 

Source control 

Focus on cumulative effects 

Water conservation 

Remove dams 

Table 2.2: Conventional and integrated approaches to water management 
adapted from Schreier and Brown (2002, p.486) 

Brown et al. (2008) describe the transition in urban water management from water supply to 

low impact design in more detail. Six distinct stages of transition were identified (Figure 2.2). 

While the last stage – the Water Sensitive City – is synonymous with sustainable urban water 

management, different cities could be shown to be at different stages of transition. Therefore, 

their institutional structures were different often due to bio-physical and socio-political 
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conditions (Brown et al. 2008). According to this framework PTS catchment and Waitakere 

City in general belong to the transition stage of the Waterways City, where environmental 

protection and social amenity have become important objectives but limits on natural 

resources have not yet manifested to the extent that they influence political discourse. 

 

Figure 2.2: Transition in urban water management 
reproduced with permission from Brown et al. (2008, p.5) 

Sehring (2005) developed a similar framework that puts developments into historical 

perspective.  She recognises four distinct international discourses on water management 

(Figure 2.3). Interestingly, the different paradigms identified do not supersede each other but 

exist in parallel.  

 

Figure 2.3: International discourse on water management 
redrawn with permission from Sehring (2005, p.111) 



Chapter 2 – Sustainability and Stormwater Management 

20 

Stormwater is an important part of the urban water cycle with opportunities to greatly add to a 

circular metabolism city and to reduce environmental impacts. 

2.4. Urban Stormwater Management 

2.4.1. The ‘Urban Stream Syndrome’ 

Stormwater, the flow of water that results from rainfall events, is a disruptive natural force 

impacting on urban populations as well as local and regional receiving environments (lakes, 

streams, rivers, estuaries and harbours). General problems caused by stormwater are the flow 

volume (low flows and high flows/flooding), deteriorating water quality, and infiltration of 

stormwater into the wastewater system which can lead to overflow events. These problems 

are exacerbated in an urban setting described by Walsh et al. (2005b) as the ‘urban stream 

syndrome’.  

Paul and Meyer (2001) provide a comprehensive review of the impacts of urbanisation and 

distinguish physical, chemical, biological and ecological effects. The following table provides 

an overview. 

Physical Chemical Biological Ecological 

- hydrology 

- geomorphology 

- temperature 

- nutrients and other ions 

- metals 

- pesticides 

- other organic and emerging contaminants 

- microbes 

- algae 

- macrophytes 

- invertebrates 

- shellfish 

- fish 

- primary productivity 

- leaf decomposition 

- nutrient cycling 

Table 2.3: Overview of urbanisation effects on receiving environments 

 

Similarly, Walsh et al. (2005b) describe symptoms of the urban stream syndrome (Table 2.4) 

and linkages between them (Figure 2.4). Upward and downward arrows in column 2 

designate an increase or decrease in the response variable.  

Feature Consistent response Inconsistent response 

Hydrology ↑ Frequency of overland flow 

↑ Frequency of erosive flow 

↑ Magnitude of high flow 

↓ Lag time to peak flow 

↑ Rise and fall of storm hydrograph 

Baseflow magnitude 

Water chemistry ↑ Nutrients (N, P) 

↑ Toxicants 

↑ Temperature 

Suspended sediments 
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Feature Consistent response Inconsistent response 

Channel morphology ↑ Channel width 

↑ Pool depth 

↑ Scour 

↓ Channel complexity 

Sedimentation 

Organic matter ↓ Retention Standing stock/inputs 

Fish ↓ Sensitive fish Tolerant fish 

Fish abundance/biomass 

Invertebrates ↑ Tolerant invertebrates 

↓ Sensitive invertebrates 

 

Algae ↑ Eutrophic diatoms 

↓ Oligotrophic diatoms 

Algal biomass 

Ecosystem processes ↓ Nutrient uptake Leaf breakdown 

Table 2.4: Symptoms of the ‘urban stream syndrome’ 
redrawn with permission from Walsh et al. (2005b, p.708) 

 

 
Figure 2.4: Conceptual model of linkages between drivers, pressures and impacts 

reproduced with permission from Walsh et al. (2005b, p.709) 

Interactions between different factors of the built and natural environment are clearly 

complex. Significant additions to this complexity that are not depicted here arise from spatial 

variability and social interactions. The following sections describe the physical, chemical, 

biological and ecological effects more closely. 

Physical effects – Hydrology: Urban development results in an increase in impervious 

surface areas, e.g. roofs, roads and other paved areas, a change in vegetation cover, and a 
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compaction of top soil. This greatly reduces infiltration of stormwater and increases runoff, 

substantially altering the natural water cycle (Wolman 1967; Arnold & Gibbons 1996).  

Stream hydrographs are a common tool of assessing the hydrological behaviour of a stream in 

response to a rainfall or storm event. Comparing hydrographs over time can yield insights 

into the effects of urban development on the water cycle and the stream itself. General 

changes that can be observed with increasing urban development are a reduction in baseflow 

and an increasing discharge that occurs in a shorter time following a rain event (Figure 2.5).  

 
Figure 2.5: Comparison of stream behaviour according to development stage 

reproduced from Glasoe and Christy (2004, p.6) 
 

The actual behaviour of the hydrological flow regime depends very much on the impervious 

surface cover of a catchment (Arnold & Gibbons 1996). 

 

Physical effects – Geomorphology. Urbanisation greatly reduces natural drainage density by 

reducing stream length through filling, channelising, piping, creating culverts, etc. and by 

creating additional channels particularly in suburban areas (Graf 1977). Artificial channel 

networks, together with the altered hydrological cycle, contribute to the increase in flow 

volumes and velocities (Graf 1977; Paul & Meyer 2001). Over the long term, stream shapes 

respond to the increase in sediment from greenfield development activities as well as 

increased discharge by enlarging, widening and by generally becoming more homogenous 

and prone to in-stream erosion (Figure 2.6). 

 

 

Figure 3 “Altered stream hydrograph in response to urbanization” on page 6 of Glasgoe S and 

Christy A (2004) Coastal Urbanization and Microbial Contamination of Shellfish Growing Areas. 

Puget Sound Action Team Office of the Govenor, Olympia, Washington, USA. 

http://www.psparchives.com/publications/our_work/waste/shellfish/sf_lit_review0604.pdf 
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Figure 2.6: Changes in stream channel shape at different stages of urbanisation 
reproduced from Paul and Meyer (2001, p.339) 

A change in stream geomorphology affects the availability and variability of habitat due to 

homogenisation, altered sediment texture and reduction in woody debris. Stream 

geomorphology also interlinks with hydrology, temperature and ecosystem processes. 

Physical effects – Temperature: Urban stream temperatures are often increased due to the 

removal of riparian vegetation, decreased groundwater recharge, heat effects of concrete lined 

stream channels and the heat island effect of cities. Stream temperatures can affect leaf 

decomposition and invertebrates (Paul & Meyer 2001). 

Chemical effects: Chemical effects of urbanisation are variable and dependent on land use 

(residential/commercial/industrial), soil retention capabilities, dry and wet weather sewer 

overflows and the influence of stormwater infrastructure. Contaminants become concentrated 

on impervious surfaces and are then transported by stormwater to receiving environments. A 

consistent increase from point and non-point sources in oxygen demand, conductivity, 

suspended solids, ammonium, hydrocarbons and metals has been observed (Paul & Meyer 

2001). Nutrients that are often associated with urbanisation are phosphorous from fertilizers, 

nitrogen (ammonium and nitrate), calcium, potassium, magnesium, and sodium chloride from 

road de-icing.  

 

 

 

 

Figure 2 “Channel changes associated with urbanization” on page 339 of Paul MJ and Meyer JL 

(2001) Streams in the Urban Landscape. Annual Review of Ecology and Systematics, 32(1), 333-

365. 

http://arjournals.annualreviews.org/doi/pdf/10.1146/annurev.ecolsys.32.081501.114040 
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Numerous metals are common and increasingly found in the stream environment as dissolved 

or particle-bound contaminants. They include lead, zinc, chromium, copper, manganese, 

nickel, and cadmium. In New Zealand, many of these are non-point-source pollutants from 

cars (brake pads and tires) or roofs (galvanized iron). Ecological responses to metals include 

reduced abundance and altered community structure of organisms such as algae, invertebrates 

and shellfish. 

Pesticides including insecticides, herbicides and fungicides also enter the stream network 

through stormwater runoff. Indeed, it has been estimated that the total amount of insecticides 

originating in urban areas is similar to the total amount originating in agricultural areas 

(Hoffman et al. 2000). Pesticides have a direct adverse effect on organisms in receiving 

environments. 

In addition, numerous other organic pollutants enter the stream network. These include 

polychlorinated biphenyls, polycyclic aromatic hydrocarbons, and petroleum-based aliphatic 

hydrocarbons. Another group of contaminants has been called chemicals of emerging 

environmental concern and includes surfactants, flame retardants, plasticisers and endocrine-

disrupting chemicals. These substances can have adverse effects on the environment as well 

as human health. Because they are long-lived, they have the potential to accumulate in the 

environment, given high enough concentrations and long enough exposure periods (Ahrens et 

al. 2009). 

Overall, there is evidence that the degradation in urban receiving environments, particularly 

estuaries and harbours, is increasing. The impact of urban stormwater especially from heavy 

metal pollution and sedimentation has been confirmed. Due to spatial and temporal variability 

(statistical noise), effects of urban development on water quality are often hard to pinpoint but 

have been validated in general terms.   

Biological effects: Urbanisation has been associated with increased bacterial densities (faecal 

coliform, cryptosporidium, giardia) particularly when there are wastewater overflows, 

leakage problems, or illegal discharges (Paul & Meyer 2001; Lewis et al. 2009). Elevated 

nutrients and light levels in urban streams can lead to algal blooms, while algal species 

diversity across catchments has been shown to decrease due to herbicides, metals and changes 

in stream hydrology (Paul & Meyer 2001).  The diversity of macrophytes and invertebrates 

have been shown to decrease in urban stream environments due to sediment changes, nutrient 
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enrichment, introduction of exotic species and an increase in turbidity. Fish abundance and 

diversity has been shown to decrease strongly in urban streams. 

Ecological processes: Physical, chemical and biological effects can have a negative impact 

on primary productivity2 (Allan 1995; Paul & Meyer 2001). Carbon concentrations have been 

shown to be correlated with wastewater entering the stream network which increases oxygen 

deficits (Paul & Meyer 2001, and references therein).  Hence, urbanisation affects the 

quantity and quality of organic matter while also retaining less organic matter. This is 

assumed to limit secondary production which is the amount of “biomass produced by 

microbial and animal growth and reproduction” (Allan 1995, p.190). Faster leaf 

decomposition rates and reduced retention leads to increased nutrient loads transported and 

accumulating downstream (Paul & Meyer 2001). 

Increased understanding of the impacts of stormwater on urban receiving environments over 

the last decades has affected stormwater management. An overview of prevalent discourses is 

presented in the next section. 

2.4.2. Discourses in Urban Stormwater Management 

Brown (2003, 2005a) presents results of an analysis of stormwater management foci or 

discourses over the last 100 years in an Australian context. Based on literature content 

analysis and interviews she argues that the focus in stormwater management shifted from 

stormwater quantity to stormwater quality to stormwater sustainability (Figure 2.7). Note that 

in contrast to Figure 2.3 on Page 19, management discourses in this framework exist largely 

exclusive of each other. 

 

Management Discourses 1900…………1980                   1990                   2000           2010 

Stormwater Quantity     

Stormwater Quality     

Stormwater Sustainability     

Figure 2.7: Change in management discourses in the 20th century 
redrawn with permission from Brown (2005a, p.457) 

                                                           
2
 i.e. the creation of energy through photosynthesis 
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The change in stormwater management discourses in a New Zealand context has not been 

researched and literature about historical stormwater management practices is absent. Given 

the similar cultural and economic background, one could assume discourses to be similar.  

The following sections describe different stormwater management strategies and how they 

have been emerged and applied specifically in the Auckland region and the case study area. 

2.4.3. Conventional Stormwater Management 

The traditional objective in urban stormwater management was conveyance – to dispose of 

stormwater in receiving environments as quickly as possible. This was most safely and 

efficiently achieved by creating extensive pipe networks. Large-scale pipe networks require 

large centralised authorities for management. In the Auckland area economic growth as well 

as the arrival and proliferation of the motor car in the 1920s and 1930s resulted in the 

concreting and sealing of many residential gravel roads (Bush 1998). This increase in 

imperviousness required extensions of the stormwater pipe network to manage the increased 

stormwater runoff.  

The focus on conveyance had a number of substantial adverse effects. Firstly, degraded water 

quality lead to a deterioration of receiving environments (Wilcock & Stroud 2000; Auckland 

Regional Council 2008a; Hauraki Gulf Forum 2008). Secondly, the high cost of building the 

pipe network coupled with long operating time spans and low operating costs created a 

necessity to expensively upgrade existing infrastructure and extend the network into new 

developments further locking the city into a dependence on this infrastructure. Lastly, pipe 

networks hide the water and therefore the need to deal with stormwater from public view. 

This removes knowledge about the urban water cycle and its sustainable management 

(Coombes & Kuczera 2002), and creates a disconnection of citizens from their local streams 

and other receiving environments (Peters & Meybeck 2000; Hatt et al. 2004).  

In the geographic context of Melbourne, but representative of Australia, Brown (2005a) 

suggests that this focus on stormwater quantity was most prevalent from the beginning of the 

20th century until 1985. 
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2.4.4. Low Impact or Water Sensitive Stormwater Management 

Conventional stormwater management was largely a response to increases in runoff volume 

and flooding. Stormwater quality and treatment was not a concern initially. With increasing 

urbanisation and pollution, the existing pipe infrastructure became inadequate in filtering the 

types and amounts of pollutants that existed and also insufficient given the current growth 

rate of the Auckland region. Hence, large settling ponds were installed particularly at the 

bottom of catchments in order to filter out sediments and pollutants (Feeney & Keenan 2003, 

p.65):  

In the late 1970s and early 1980s, the Auckland Region had experienced a surge of growth, 

especially on the North Shore, and was experiencing major problems with sediment runoff 

from earthworks sites. The Milford Marina filled up with sediment from development in the 

Wairau catchment and had to be dredged out twice (at public expense). By the late 1980s the 

Auckland Regional Council had implemented a comprehensive erosion and sediment control 

programme. At its inception, controls were technically rudimentary and seldom used, 

consisting largely of hay bales that were seldom more than decorative in function and settling 

ponds that were little more than holes in the ground costing at most a couple of thousand 

dollars to construct. By the late 1990s, the industry accepted as standard practice the 

installation of ponds that cost up to $20,000 each […]. Perhaps partly facilitated by rising 

land values, the increased costs of erosion and sediment controls [were] passed on to a 

property market which remains largely unaware of this aspect. 

This was the beginning of a different approach to stormwater management that not purely 

focussed on water quantity. In a system with no or minimal anthropogenic influences, natural 

processes keep stormwater receiving environments intact by allowing for infiltration of 

rainwater into the soil thereby slowing and detaining flows as well as improving water 

quality. Modern, water sensitive or low impact urban stormwater management aims to mimic 

these processes and address problems of flooding, erosion and water quality more holistically 

and long-term. Indeed, low impact stormwater management has been promoted as the 

solution able to provide sustainable urban stormwater management. This assumption or 

hypothesis is widespread in the current research literature. Consider the following quotes: 

Low Impact Development (LID) is a sustainable stormwater management strategy that is 

gaining rapid acceptance in the United States to meet regulatory compliance and resource 

protection goals and is practiced extensively in Europe (Guillette 2008).  
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The primary purpose of this document [Low Impact Design Manual for the Auckland Region] 

is to give a sustainable approach to site design and development (Auckland Regional Council 

undated-b). 

LID has been characterized as a sustainable stormwater practice by the Water Environment 

Research Foundation and others (Environmental Protection Agency 2009). 

To accomplish sustainability, Nederveld utilizes Low Impact Development (LID) techniques 

and practices (Nederveld 2006). 

It is also evident in numerous professional seminars in this area, for example Advanced Low 

Impact Design for Sustainable Stormwater Management, a seminar organised by the 

American Society of Civil Engineers in the USA in September 20093. With environmental 

degradation taking place at unprecedented rates, it is important to ascertain whether the above 

statements are purely ‘sound bites’ designed to sway perceptions or indeed whether 

sustainability truly is at the heart of LID.  

A few words on terminology are appropriate. This approach to stormwater management is 

referred to by many names. Common terms are Low Impact Development (LID) in North 

America, Low Impact Design (LID) or Low Impact Urban Design and Development 

(LIUDD) in New Zealand, Water Sensitive Urban Design (WSUD) in Australia, and 

Sustainable Urban Drainage Systems (SUDS) in the United Kingdom. These are often used 

interchangeably and their meaning is largely the same. There appears to be a cultural 

difference in using either ‘design’ or development’, but its significance is uncertain. It is 

noteworthy that the term low impact implies that an environmental impact is expected. This 

contradicts the strong definition of sustainability as outlined in Section 2.1. On the other 

hand, as Strecker (2001) makes clear, a ‘no impact’ solution is impossible. This thesis aims to 

avoid bias in terminology and uses LID. 

LID has been defined as “a design approach for site development that protects and 

incorporates natural site features into erosion and sediment control and stormwater 

management plans” (Auckland Regional Council 2000, p.i-1). By its very definition, LID 

engineering solutions are decentralised, small-scale and require only minor if any built 

structures. LID solutions are shifted off-stream and focus on reducing imperviousness, or 

alternatively drainage connection, through the provision of permeable surfaces, e.g. vegetated 

                                                           
3
 http://www.centralohioasce.com/node/136 
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swales, raingardens, roofgardens, vegetated buffer zones and house clustering (Hatt et al. 

2004).  

Permeable areas keep contaminants on-site and prevent them from reaching the stream. Local 

detention, e.g. in water tanks and small ponds, can reduce runoff volumes and peak flow. 

Source control is the reduction of contaminant input into the system. This can be achieved by, 

for example, painting galvanised roofs. LID treatment techniques are associated with the use 

of permeable surfaces or small ponds, e.g. flocculation ponds (Auckland Regional Council 

2004a, b; Roy et al. 2008). In most instances, LID does not explicitly and actively promote 

behaviour change. 

LID implementation is context driven. For example, water reuse features prominently as a 

WSUD technique in Australia mirroring water supply concerns, whereas in New Zealand LID 

is mainly driven by stormwater quality objectives (Flynn et al. 2009). Urban areas in 

developing countries often lack basic stormwater management altogether. Here, LID is 

entirely absent from the management discourse (Silveira 2002; Biswas 2006; Kathuria 2006). 

Uptake of water sensitive strategies has been insufficient and below expectations despite 

evidence of their effectiveness (Coombes et al. 2002; Walsh 2004; Tang et al. 2005; Matteo 

et al. 2006; Sudduth & Meyer 2006; Dietz 2007; van Roon 2007; Dietz & Clausen 2008). 

Implementation of low impact solutions is dependent on stakeholder willingness as well as 

overcoming other barriers for implementation. 

 

2.4.5. Community-based Resource Management 

Active public engagement is proposed not only as a means to strengthen decision making 

arrangements and increase the likelihood of uptake and implementation of management 

activities, but also from a premise that a transition to systemic knowledge and 

environmentally friendly behaviour can only occur when there are possibilities for exposure 

to and active engagement with local natural environments (Butler & Oluoch-Kosura 2006; 

Pahl-Wostl et al. 2008). Local community stream restoration projects that prevent flooding 

and erosion on urban streams while improving environmental values have been established 

worldwide (Kellert et al. 2000; Bernhardt & Palmer 2007; Rosenberg & Margerum 2008). 

These projects are often co-managed, where local authorities engage with community groups 

and provide support and funding for activities such as clean-ups, re-vegetation, bank 
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stabilisation, and channel reconfiguration with the aim to improve stream geomorphology and 

habitat values. Funding is also provided to purchase land critical for flood management. The 

community then drives most of the stream restoration work mainly focussing on riparian re-

vegetation. Project Twin Streams is a leading example of an urban stream restoration 

programme with a strong community development focus (Trotman & Wood 2006; Waitakere 

City Council 2007b). 

2.5. Description of the Case Study Area 

2.5.1. Geographic Description 

Project Twin Streams catchment in Waitakere City is situated between the Manukau and 

Waitemata harbours on the western side of the Auckland region, New Zealand. The 

Waitakere Ranges with a maximum altitude of 474m border the catchment in the southwest 

and most streams’ headwaters originate there. Rainfall in the Waitakere Ranges is 2030mm 

per year on average (Auckland Regional Council undated-a). Streams flow from the foothills 

of the ranges through the city's urban areas and into the Waitemata Harbour via Henderson 

Creek. Figure 2.8 shows the geographic location of the catchment as well as the three main 

streams: Waikumete, Opanuku and Oratia draining into Henderson Creek4. The total length of 

stream channels is approximately 75km (N Trahan 2008, pers. comm. 30 September). Total 

catchment area is 10,200 ha (Waitakere City Council 2007b). Gregory et al. (2008), Reid et 

al. (2008a; 2008b) and Trowsdale (2006) describe present and historic geomorphic and bio-

physical characteristics of this catchment in detail.  

There is a clear distinction within the catchment in terms of land-use. While the headwaters 

and most of the foothills are covered in regenerating native forest or have semi-pastoral use, 

the lower catchment is today fully urbanised. Historically, the lower catchment featured many 

orchards, wineries and rural living. Today, orchards have been largely replaced by infill 

housing and industrial areas. Population growth and associated urban development in the 

catchment remains moderate with predictions of a 25-35% increase over the next 20 years (B 

Osborne 2008, pers. comm. 22 August). 

 

                                                           
4
 The PTS catchment originally only included the Henderson Creek catchment (shown in Figure 2.8), but was 

later extended to also include the Huruhuru Creek Catchment which is drained by the Swanson and Pixie 

streams.   
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Figure 2.8: Map of Project Twin Streams catchment showing the four subcatchments Opanuku, Oratia, 

Henderson and Waikumete (from left) 
reproduced with permission from Reid et al. (2008b, p.30) 

Due to the pervious character of the upper catchment (Figure 2.9), the overall volume 

problem is assumed to be largely unchanged from the pre-development situation (S Moore 

2007, pers. comm. 12 July). The catchment is very steep and hence the stream areas and 

floodplains in the lower catchment would have historically been fairly large to accommodate 

large and rapid peak discharges (S Flynn 2007, pers. comm. 4 July). Over the last 200 years, 

floodplains have been built on and stream corridors artificially narrowed with many urban 

streams channelled and piped. The total extent of the piped network is estimated at 500km.5 

This has led to problems of downstream flooding experienced today (Auckland Regional 

Council 1995).  

                                                           
5
 This is my own estimate based on the total stormwater pipe length for the whole of Waitakere City which is 

828km (Auckland Water Industry 2007).  
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Figure 2.9: The imperviousness of Project Twin Streams catchment in 2004
reproduced 
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The imperviousness of Project Twin Streams catchment in 2004
eproduced with permission from Trowsdale (2006, p.22) 

ment resulted in dramatically increased pollutant load. 

year trend analysis of New Zealand rivers, Larned et al. (2005) concluded that urban streams 

have the worst water quality of all land use types and that very few urban land cover classes 

met any of the water quality guidelines. Maxted (2005) provided similar data for streams in 

et al. (2005) also reported significant negative trends in NH

concentrations and a significant positive trend in water temperature across New Zealand. 

Of most concern to urban water managers are heavy metal concentrations (zinc, copper, lead) 

in stormwater and their toxic effect on aquatic life (Auckland Regional Council 2004b; 

Timperley & Green 2005a; Timperley et al. 2005). Timperley et al. (2005)

metal concentrations in stormwater and runoff of three Auckland catchments (CBD, Mission 

Bay and Mt Wellington). The zinc data were most complete and showed that roof runoff 

the CBD and Mt Wellington catchments accounted for almost the 

total zinc load in the catchment stormwater. In the Mission Bay residential catchment roof 

t 45% of the zinc load.  

 
The imperviousness of Project Twin Streams catchment in 2004 

ment resulted in dramatically increased pollutant load. From a six 

concluded that urban streams 

ll land use types and that very few urban land cover classes 

similar data for streams in 

also reported significant negative trends in NH4 and 
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most complete and showed that roof runoff 

CBD and Mt Wellington catchments accounted for almost the 

total zinc load in the catchment stormwater. In the Mission Bay residential catchment roof 
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Elevated heavy metal concentrations in the Manukau and Waitemata harbours were reported 

as early as 1988 (Glasby et al. 1988). Zinc concentrations in the Auckland harbour have 

exceeded thresholds of ecological health guidelines for the past 20 years and further increase 

has been predicted (Timperley & Green 2005a). The Auckland Regional Council has studied 

environmental conditions of urban receiving environments and found that 56% of the 

Auckland region receiving environments have either degraded health (amber) or are 

unhealthy (red). A general decline in water quality due to stormwater impacts has been 

reported and an increase predicted (Williamson & Kelly 2003; Auckland Regional Council 

2004c; Green et al. 2004a; Green et al. 2004b) (Figure 2.10). 

 
Figure 2.10: Current and predicted ecological impact of stormwater in the Auckland region 

reproduced with permission from Auckland Regional Council (2004b, p.13) 

Trowsdale (2005) reports that zinc had the highest correlation between any heavy metal load 

and land use and defined a hydro-chemical signature specific to three catchments with non-

urban, semi-urban and urban character in the Project Twin Streams area. Williamson (1993) 

compared international published water quality data in urban areas with available New 

Zealand data and defined a general stormwater runoff quality signature for New Zealand 

urban areas.  

Mean contaminant concentrations of heavy metals copper, zinc and lead in the settling zone 

of Henderson Creek have for the past few years consistently been above recommended 

guidelines, which has impacted on the ecology in this environment (Williamson & Kelly 

2003). Figure 2.11 shows a regional picture of zinc concentrations in 2004.  
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Figure 2.11: Zinc concentrations in the Auckland region 
reproduced with permission from Auckland Regional Council (2004c, p.10) 

The red spots in Figure 2.11 have a measured zinc concentration of greater than 160 g/kg of 

sediment. An arrow points to Henderson Creek where three red dots are situated very close to 

each other. Orange spots have a concentration between 124 and 160 g/kg and green spots a 

concentration lower than 124 g/kg. 

Impacts on water quality, sediment quality and stream ecology have been assessed 

(McCullough 1997; Diffuse Sources Ltd et al. 2005a, b; Enviro Ventures & Associates Ltd et 

al. 2005; Diffuse Sources Ltd & Kingett Mitchell & Associates Ltd 2006a, b; Enviro 

Ventures & Associates Ltd et al. 2006). Findings are summarised in Table 2.5. 
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Water Quality Findings  

Monitoring: monthly Dec 2005 – 

May 2006 

Sites: 15 sites in Oratia, Opanuku 

and Waikumete streams 

 

Opanuku and Oratia streams generally have higher water quality than 

the Waikumete Stream particularly in terms of dissolved copper and zinc 

concentrations 

Bacterial water quality is generally poor, and probably unsuitable for 

human contact recreation at all sites below the bush headwaters. This is 

an indication of high nutrient input. 

Spatial patterns in water quality are consistent and findings similar to 

2003−4 monitoring data  

Sediment Quality Findings  

Monitoring: March 2006 

Sites: 15 sites in Oratia, Opanuku 

and Waikumete streams, plus 2 

areas in Henderson Creek estuary 

Sediment textures and copper, lead and zinc concentrations in 

Henderson Creek estuary were similar to those sampled in December 

2003 

Spatial patterns of contamination in the Oratia, Opanuku, and 

Waikumete streams were similar to those found in December 2003 

Concentrations of lead and zinc were markedly higher at urban sites and 

zinc concentrations at the urban and urban/rural fringe sites were higher 

than in 2003 

Lead concentrations exceeded sediment quality guidelines at two sites in 

the Waikumete stream and zinc concentrations exceeded sediment 

quality guidelines at all urban sites in the Oratia, Opanuku and 

Waikumete streams. 

Stream Ecology Findings  

Monitoring: February 2006 

Sites: 15 sites in Oratia, Opanuku 

and Waikumete streams 

Mean number of macroinvertebrate taxa from each monitoring site is 

above average for streams in the Auckland region 

Mean number of taxa recorded per site was greater in 2005/06 than 

2003/04 at Opanuku and Waikumete sites but lower at Oratia sites 

Taxonomic richness was greatest at native bush reference sites and 

generally decreased with distance down the catchments through 

rural/peri-urban to urban/industrial landuses 

Macroinvertebrate communities from the upper native bush and rural 

sites within the Opanuku, Oratia and Swanson catchments are diverse 

and contain a high number and proportion of sensitive EPT taxa (aquatic 

insects)  

Koura (New Zealand freshwater crayfish) finds in the upper Oratia and 

Swanson catchments were significant as these are seldom found in urban 

streams 

Macroinvertebrate communities from the urban catchments have lower 

diversity and abundance and a greater proportion of taxa typically 

associated with sluggish and degraded habitats 

Based on macroinvertebrate indices, there has been no overall 

improvement or decline in water quality or habitat within the Project 

Twin Streams catchment since 2003/04 

Table 2.5: Summary of findings from water quality, sediment quality and stream ecology monitoring in 
Project Twin Streams catchment in 2005-2006 

 

The Auckland region shellfish contaminant monitoring programme commenced in 1987 in 

Manukau Harbour and in 1999 in the Waitemata Harbour and Tamaki Estuary (Kelly 2004, 
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2007). Copper levels in shellfish were reported as ‘relatively high’ compared to international 

standards and zinc levels within ‘typical’ range. Unambiguous historical trends could not be 

identified due to a strong inter-annual variability which reflects changes in climate, 

hydrodynamic and biological processes, as well as changes in contaminant loads running off 

the land. Shulkin et al. (2003) found a logarithmic relationship between zinc, copper and lead 

accumulation in Pacific oysters and contaminants in sediments. Rowe et al. (2000) remarked 

on the reduced abundance of native fish species in the North Island due to increased turbidity 

of streams. 

 

The overall picture that emerges is that the upper catchment in the Waitakere Ranges is of 

high water and sediment quality which supports a diverse ecosystem and is thus of high 

ecological value. In the downstream urban catchment, water and sediment quality is generally 

poor with known adverse ecological impacts. Therefore there is an obvious anthropogenic 

impact from the urban land use on the streams. Due to projected population growth and given 

the level of urbanisation present in the downstream area, the foothills of the Waitakere 

Ranges are under development pressure. Further short- and long-term adverse environmental 

impacts are expected from development in this area.   

 

2.5.2. Social and Cultural Determinants 

The picture that emerges from the last available census in Waitakere City is as follows 

(Statistics New Zealand 2006): 

• There are 116,629 residents in the Project Twin Streams catchment compared to 

186,444 in total for Waitakere City. 

• Waitakere City has a higher population growth than the New Zealand average (10.5% 

compared to 7.8% over 5 years) 

• There are slightly more females than males (95,742 to 90,705), with a comparatively 

younger population in the city (median age 33.6 years as compared to 35.9 years for 

New Zealand) 

• 59% of people are of European ethnicity (67.6 % New Zealand average) while Maori 

ethnicity is slightly lower and Pacific and Asian ethnicities are substantially higher 

than the New Zealand average (Figure 2.12). 34% of all residents were born overseas. 
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Waitakere City Council has good relationships with the two Maori iwi Te Kawerau a 

Maki and Ngati Whatua. 

 
Figure 2.12: Ethnic groups in Waitakere City in comparison with New Zealand, 2006 census 

 

• Household sizes are larger (3 people compared with the New Zealand average of 2.7) 

and there are more one-family households and fewer one-person households than the 

New Zealand average 

• The unemployment rate of 5.7% is higher than the New Zealand average of 5.1% 

• There is an above average number of technicians and trade workers, clerical and 

administrative workers, as well as sales workers, machinery operators and drivers 

• In comparison, income in Waitakere City above the New Zealand average is found in 

the two income groups ‘nil or loss’ and ‘$30,001-70,000’. 

At present there are more than 80 community groups6 in the city that are actively involved in 

environmental activities (C Ferkins 2007, pers. comm. 3 August).  

Overall, Project Twin Streams catchment residents are of nearly average social and cultural 

make-up. There appears to be a public interest in maintaining a clean environment, which is 

in line with a public image of the “green West”. In addition to environmentalism, a slightly 

above average income may be attributable to a study’s finding that Waitakere City residents 

were willing to pay $44.6 million per year for a 50% reduction in stormwater pollution over 

the next 10 years (Hartwell & Welsh 2003).  

                                                           
6
 Such as conservation groups, school groups, church groups, scout groups, business groups, etc. 
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In 1993, Waitakere City Council adopted principles set out in Agenda 21 and branded the city 

New Zealand’s first Eco City (Laituri 1996). These principles have been upheld ever since 

and resulted in the adoption of numerous projects with environmental and communal benefit, 

for example the Green Network, Clean Stream Waitakere, Project Twin Streams, WaiCare7, 

Zero Waste city, greenhouse gas reduction goals, Waitakere Eco Day, and support for 

Earthsong Eco-Neighbourhood. In 2006, the city won a United Nations Liveable Community 

award8. 

 

2.5.3. Institutional Determinants 

Governance Structure and Policies Regulating Stormwater Management 

The New Zealand governance system spans three levels: national, regional, and local. At the 

local level sit territorial authorities (TAs), such as Waitakere City Council. The relevant 

regional authority is Auckland Regional Council. Local and regional government activities 

are primarily funded from property rates (land taxes) (McKinlay et al. 2001; Local 

Government Forum 2008).  

Stormwater assets and operations, as well as water supply and wastewater, are often managed 

through council controlled organisations, introduced under Sections 6 and 7 of the Local 

Government Act 2002. Interestingly, in Waitakere City public opposition against the profit 

driven council-controlled organisation lead to the creation of Ecowater as a regular council 

department instead (H Haslam 2009, pers. comm. 20 September). Policy decisions are made 

by the City Development Committee and Ecowater’s financial performance is monitored by 

the Finance and Operational Performance Committee. There are numerous cross-department 

links required for different services. For example, development and building consents which 

are managed by the consents team require discharge permits from Ecowater, and stream 

restoration projects require coordination with the Parks department and community 

organisations (S Langton 2009, pers. comm. 2 October).  

Figure 2.13 shows an organisational chart of Waitakere City Council. The institutional 

structure reveals a three-tiered hierarchy. The second hierarchy level is subdivided into seven 

                                                           
7
 Community based education and stream monitoring program funded by all territorial authorities in the 

Auckland region: http://www.waicare.org.nz 
8
 http://www.livcomawards.com/media-2006/results.htm 
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functional areas. Each of these have numerous departments which are aligned on the third 

level. Stormwater management itself is mainly associated with the Asset Management 

department highlighted in yellow. This is where Ecowater is situated. Many other 

departments are closely aligned with stormwater management and are highlighted in orange 

with bold font.  

 

Figure 2.13: Organisational chart showing the institutional structure of Waitakere City Council 
adapted from Waitakere City Council (2009) 

 

It should be noted that there is a current transformation in regional governance in Auckland. 

This was initiated in April 2009 by the then newly elected National government. It was 

decided that by October 2010 one unitary Auckland Council will replace the existing seven 

territorial authorities. Water supply and wastewater services will be controlled by a council-

controlled organisation. There has been a lengthy debate on the institutional future of 
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stormwater management and it was ultimately decided that it will remain a council 

responsibility.  

Under Article 31 of the Resource Management Act 1991 (RMA), territorial authorities are 

responsible for providing public water services (supply, sanitation and stormwater). However, 

Article 30 of the RMA specifies that environmental impacts from these services are a 

mandated concern for regional councils. Unlike the transportation or building sectors, the 

water sector does not have an overarching law. Hence, mandatory policies influencing water 

management are fragmented and mainly occur at national and regional levels. The Resource 

Management Act 1991 and the Local Government Act 2002 are important legal documents 

that govern how territorial authorities manage stormwater.  

The RMA is a novel way of managing natural resources based on assessing environmental 

effects of the resource use in advance, and in the case of adverse environmental effects, 

requiring limitation of resource use and/or mitigative measures. Its purpose is to ensure that 

the effects of a proposed activity are sustainable (Milne 2008). EcoWater applies to the 

regional authority for a Network Discharge Consent mandated by the RMA which sets 

allowances and any required mitigation for discharging stormwater into regional water 

bodies. Any capital works for stormwater by EcoWater have to be planned and budgeted in 

advance and in addition to resource and building consents require public consultation under 

the Local Government Act 2002. Private and commercial developers apply for building and 

resource consents to their local territorial authority which have to satisfy RMA requirements 

as well as existing resource and network discharge consents.  

Implementation of effects-based legislation such as the RMA is inherently difficult and 

requires decision makers to determine the capacity of a resource and sustainable limits for its 

use (Salmon 2007; Milne 2008). Case-by-case assessment of applications can result in 

insufficient environmental protection for cumulative environmental effects that manifest over 

time (Peart 2007). The Auckland Regional Council attempts to address the lack of planning 

for cumulative effects by establishing regional policy statements that include objectives for 

the quality of regional water bodies, and providing support and funding for local, catchment-

wide planning. 

Inconsistencies exist between local and regional authorities as to the application and 

enforcement of consent conditions (Parliamentary Commissioner for the Environment 1996). 

In some instances, enforcement of policies may be impossible. For example, the Auckland 
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City District Plan limits the amount of impervious surface on properties9 (Auckland City 

Council, 1999), but compliance is essentially voluntary as it is not feasible to measure 

impervious surface cover in properties across the region. Non-prescriptive guidelines are 

often used when implementation of a mandatory policy is technically or economically 

infeasible. Important examples of guiding documents include the ARC Stormwater Treatment 

Devices Design Manual (Auckland Regional Council 2004a) or the Low Impact Design 

Manual for the Auckland Region (Auckland Regional Council 2000).  

As a result of this institutional set-up, disparate goals exist where the regional council 

strongly promotes LID uptake and local authorities look for best practicable options 

necessitated by tight budgets under scrutiny from their constituency. Because the regulatory 

power sits with the regional council, tensions have developed between regional and local 

authorities, which reinforce technocratic solutions. In summary, stormwater management is 

mainly influenced by local councils but regional councils and the public have a strong voice.  

Table 2.6 provides an overview of the numerous policies that impact on stormwater 

management. Local policies are described in more detail following this listing. 

Title Institution 

NATIONAL POLICIES  

Resource Management Act 1991 NZ Government 

Local Government Act 2002, 1974 NZ Government 

Local Government (Auckland) Amendment Act 2004 NZ Government 

Urban Design Tool Kit/Protocol Ministry for the Environment 

Sustainable Water Programme of Action Ministry for the Environment 

Building Act 2004 NZ Government 

NZS 4404 2004 NZ Standard 

REGIONAL POLICIES  

Auckland Regional Policy Statement Auckland Regional Council 

Regional Plans (Coastal, Air Land and Water, Erosion and Sediment Control) Auckland Regional Council 

Technical Publications (TP108, TP10, TP90, TP124, TP232) Auckland Regional Council 

LOCAL POLICIES  

Countryside and Foothills Code of Practice Waitakere City Council 

Stormwater Solutions for Residential Sites Waitakere City Council 

Draft NOSGA LID CoP Waitakere City Council 

District Plan Waitakere City Council 

Better Building Code Waitakere City Council 

Developers Design Guide Waitakere City Council 

Comprehensive Urban Stormwater Strategy and Action Plan Waitakere City Council 

INTERNATIONAL POLICIES  

Cooperative Research Centre for Catchment Hydrology  Australia 

Water Sensitive Urban Design Australia 

Sustainable Urban Drainage Systems Manual United Kingdom 

Table 2.6: Policies affecting stormwater management 
                                                           
9
 For example, to a minimum of 40% pervious surface in the most common residential zone 6A. 
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Beca Planning (2001) and Auckland Regional Council (2008b) reviewed district plans of 

local councils in the Auckland Region in terms of their alignment and allowance for LID. The 

main findings of the 2001 report were that district plans do not preclude the use of LID 

because they align with the RMA, but they do not encourage it either; that district plans 

support a mitigative rather than preventative approach; and that district plans tend to require 

compliance with infrastructure design standards. These, however, are associated with 

conventional stormwater management and urban design practices. Seven years later, the 2008 

report concludes that “with the exception of North Shore City Council, District Plans 

continue to lack specific reference to LID, enhanced stormwater and sediment management 

and emphasis on the avoidance and minimisation of environmental effects that can be 

achieved using such approaches” (pp.7-11). 

While Waitakere City Council does not have a stormwater bylaw as does Auckland City 

Council, development including stormwater management is guided by the Code of Practice 

for City Services and Land Development – Engineering Standards. It outlines the design and 

construction requirements for all developments within the city. In a recent amendment to the 

Standard, a section on LID was introduced which provides a rationale and examples for the 

use of LID devices for new development as well as redevelopment of existing areas and 

property alterations (Waitakere City Council 2007a). 

Another document Stormwater Solutions for Residential Sites promotes on-site (source) 

control of stormwater on residential properties of 1,000 m2 area or less and where there is no 

existing drainage system to connect to, or connection to an existing drainage system is 

difficult. The document provides information regarding the minimisation of  impervious 

surfaces, the design and usage of roof tanks, rain gardens, permeable paving, swales and 

green roofs (Waitakere City Council 2004).  

The Countryside and Foothills Stormwater Management Code of Practice guides 

development in the Waitakere Ranges foothills and other rural areas in the city. It applies to 

residential sites with lot sizes greater than 4000 m2 and limits the total amount of new 

impervious surface to 600 m2 per lot. It also mandates reduction in peak flow to within 1% of 

pre-development levels and detention of the first 34.5mm of rainfall over 24 hours. Detailed 

design information is provided for minimising impervious areas, planting bush vegetation, 

and installing rain water tanks, rain gardens, wetlands, detention ponds, dispersal devices, 

swales and green roofs (Waitakere City Council 2005). 
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Also of relevance is the draft Northern Strategic Growth Area – Low Impact Design Code of 

Practice which has been developed to facilitate the development of an integrated catchment 

management plan and the network discharge consent application for the Northern Strategic 

Growth Area. While PTS catchment is not in that area, it is conceivable that this Code of 

Practise will be applied city wide and may also have an influence in the development of a 

model Code of Practise which would be applicable region wide. This LID Code of Practise 

includes design guidance for many LID devices and techniques. 

Non-mandatory guidelines for developers include the Better Building Code (Waitakere City 

Council undated-a) and the Developers Design Guide (Waitakere City Council undated-b), 

the Sustainable Homes Guidelines (Waitakere City Council undated-c) and the 

Comprehensive Urban Stormwater Strategy and Action Plan (Waitakere City Council 1999). 

This last guideline outlines the overall approach for the city-wide long-term sustainable 

management of stormwater.  

Overall, Waitakere City Council is a proactive local authority with numerous planning 

documents that actively promote and encourage LID in line with the environmentally 

conscious image of the Eco City. The recent implementation for the Northern Strategic 

Growth Area signals increasing uptake and support for LID.  

Policy Development and Decision Making 

Decision making in local councils follows a defined process (Parliamentary Commissioner 

for the Environment 2004): 

• the issue is identified, 

• it is decided that action needs to be taken, 

• outside experts are hired to assess the situation and recommend solutions, 

• depending on the significance of the issue, community consultation is required by law; 

each council develops its own significance policy, 

• a decision is reached, 

• the decision is implemented. 

No iterative cycle and feedbacks are currently incorporated in the policy process. Successful 

policy implementation and outcomes are the crucial indicators of policy effectiveness, but are 

often underestimated. As a result, “good policy advice can be confounded” (Parliamentary 

Commissioner for the Environment 2004, p.19). The need for policy implementation is 
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bypassed by using guidelines or relying on outsider recommendations. Assessments of policy 

outcome are scarce. This essentially impedes future improvements as data are not available, 

and skills and experience not gained. Moreover, external experts may act according to an 

institutional agenda hidden to the policy maker. Furthermore, regional problems such as the 

water quality in the Auckland harbour may not be addressed well by local councils. 

Competition among local councils is high and inevitably leads to suboptimal outcomes for 

regional problems as each council pushes its own agenda. 

Financial Considerations 

An analysis of Waitakere City Council resources from local rates in 2001 shows that 98% of 

stormwater assets were allocated to manage stormwater quantity and only 2% to stormwater 

quality (Auckland Regional Council 2004b, p.12). In 2009, this has changed slightly to 95% 

stormwater quantity and 5% stormwater quality (H Chin 2009, pers. comm. 2 November) 

reflecting moves towards LID and away from a focus of rapid removal of excess water. 

Operational expenditure for stormwater quantity was nine times higher than for stormwater 

quality. This reflects the dominance of the physical engineering infrastructure and 

conventional engineering-based stormwater management. Forty-five percent of operational 

expenditure is used for depreciation of assets which is a measure of the council’s dependence 

on existing stormwater infrastructure.  

Internal funding for projects with environmental benefits, for example Project Twin Streams, 

is generally low. As a result external funding sources are required. 

2.5.4. Project Twin Streams 

Project Twin Streams (PTS) is a community engagement and development project aimed at 

strengthening communities by reconnecting residents with their local environment. 

Community development is here defined as both a process and an outcome of projects and 

activities that enable empowerment and self-sufficiency. The aim is to improve the quality of 

life across social, cultural, environmental and economic aspects of well-being of people living 

in a particular community.  

The project started in 2001 with several applications to Infrastructure Auckland, a central 

government-initiated funding organisation responsible for providing funds to solve 

transportation and stormwater issues in New Zealand’s largest city. The applications sought 

to improve environmental conditions of Henderson Creek and a number of streams and 
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tributaries in the mid to lower reaches of PTS catchment. All applications were successful and 

a total of $39.5 million over a ten year period to 2012 were granted for the purpose of stream 

bank re-vegetation and associated works such as site clearing, weed control and plant supply. 

Funding was also allocated for the implementation of stormwater treatment devices and the 

purchase of around 100 privately owned properties and strips of land situated in the 100 year 

floodplain (Trotman & Wood 2006).  

The goal of Project Twin Streams is to create “a sustainable catchment: healthy land, streams 

and harbours, and communities who are strong, happy, connected and responsive to the 

challenges that face us” (Waitakere City Council 2008). There is an assumption that the 

required behaviour change will only occur when the community understands its role in 

creating the problem and is included in designing and implementing solutions. In the case of 

PTS, the city council selects well-established and effective community organisations. This is 

followed by the forming of a partnership and contract negotiations with the objective to 

restore the stream environment by re-vegetating a total of 128km of stream banks (Waitakere 

City Council 2007b).  

Council is responsible for preparing the site and the community organisations engage their 

local communities and arrange planting events. The role of the local council is in providing 

support (staff, advice, clearing of planting sites, plants and advertising). The city council 

acknowledges that community organisations know best how to engage local communities 

with their diverse characteristics and cultures, and have a desire for improved environmental, 

social, economic and cultural outcomes across the wider catchment and city. Hence, PTS is 

more than just a community planting scheme. Community groups plan activities such as arts 

and crafts, music and environmental education activities including stream walks. Local 

groups, for example schools, adopt a stream section and provide ongoing maintenance. 

Uptake of PTS has been steadily increasing (Waitakere City Council 2009). At present, there 

are six partnerships with community organisations with about 15,000 volunteers involved. 

2.6. Summary of Chapter 2 

Sustainability as a concept is not well defined and has become a term that is filled with 

meaning by each individual. This requires researchers to delineate the meaning that they 

adopt for their research. Discourses in urban development and urban water management have 

started to incorporate a sustainability and participation focus over the last decades. However, 
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the definitions provided are vague and ambiguous. This prevents the creation of a clearly 

defined path towards a socio-ecological state where humans live in balance with nature. The 

analysis of stormwater management in this thesis is invariably bound to a goal of contributing 

to the creation of sustainability (based on the definition adopted in Section 2.1) at a local 

level.  

This chapter first reviews the pertinent literature on sustainability in urban areas and urban 

water management. Then, numerous adverse environmental effects of urban stormwater – 

summarised as the urban stream syndrome – are described. As the understanding of these 

effects developed so did the suggestions regarding technical solutions in stormwater 

management. Hence, these shifted from provision of drainage infrastructure relying on 

stormwater pipes that served to efficiently conduct water away from urban cities to more 

environmentally friendly solutions. Current professional discourses of the sustainability 

potential of stormwater management lie with LID technologies which are promoted 

worldwide in efforts to reduce adverse environmental impacts of urban stormwater and 

conventional infrastructure-based management. In order to create awareness and behaviour 

change at local levels, communities are encouraged to engage in environmental stream 

restoration projects. Project Twin Streams is an example of such a project. 

The last part of the chapter describes the case study area Project Twin Streams catchment. 

Ecological data show that water quality ranges from extremely high water quality in the upper 

sections of the catchment to extremely poor downstream with known adverse ecological 

impacts. Hence, a clear impact from anthropogenic activity in the urban reaches is apparent. 

Particularly zinc concentrations in Henderson Creek have exceeded thresholds of ecological 

health guidelines for the past 20 years. Population growth is moderate at about 1-1.5% per 

year but development concentrates in the foothills of the Waitakere Ranges. Increases in 

adverse environmental impacts are therefore expected.  

Waitakere City Council is a pro-active local government institution with a strong 

environmental focus and ‘green’ image. It has issued numerous planning documents that 

promote and encourage the uptake of LID. Despite this, in 2001, 98% of stormwater assets 

were allocated to manage stormwater quantity and only 2% to stormwater quality. There is also a 

substantial financial requirement for and hence dependence on maintaining existing stormwater 

infrastructure. 
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Chapter 3: Understanding Stormwater 

Management Using Systems Theory 

 

All models are wrong but some are useful.  

George E.P. Box (1979, p. 202) 

 

This chapter uses systems theory to increase understanding and help communicate the 

systemic and dynamic nature of stormwater and stormwater management processes. The 

application of systems theory is an important characteristic of post-normal science and based 

on a fundamentally different paradigm. The models introduced in this chapter communicate 

and visualise complex and dynamic system processes. As part of a dynamic simulation the 

systemic impact of LID applications in PTS catchment is interrogated.  

3.1. Literature Review 

3.1.1. The Transformation from the Mechanistic to the Holistic Paradigm 

The context in which this work is placed has a significant impact on the research design and 

therefore outcome. All scientific disciplines are currently undergoing a pervasive paradigm 

shift. While the 17th–19th centuries were shaped by the influence of the mechanistic 

worldview, the 20th century saw the birth of a new paradigm, here referred to as holism, 
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which is expected to continue to transform research and all aspects of our society (Capra 

1982).10  

The mechanistic worldview was shaped by the mathematical theories of Isaac Newton, the 

philosophy of Rene Descartes and the scientific methodology advocated by Francis Bacon in 

accordance with the emerging perception of reality at the time. This perception has been 

described by Capra as follows: 

Matter was thought to be the basis of all existence, and the material world was seen as a 

multitude of separate objects assembled into a huge machine. Like the human-made 

machines, the cosmic machine was thought to consist of elementary parts. Consequently it 

was believed that complex phenomena could always be understood by reducing them to their 

basic building blocks and by looking for the mechanism through which these interacted.    

In his quote, Capra (1982, p.31f) describes the two basic beliefs of this paradigm: mechanism 

and reductionism. While this worldview was first expressed by and shaped the scientific 

framework of classical physics, other scientific fields, including the social sciences, adopted 

it and developed their own theories in accordance with it.  

The ongoing transformation to the holistic paradigm is driven by a change in the perception 

of reality and a profound change in values. The scientific rationale that set the basis for the 

holistic paradigm has again emerged in physics, and here particularly quantum physics, 

which revealed the limitations of the mechanistic paradigm and described the basic 

characteristics of the new paradigm (Capra 1982, p.32): 

The universe is no longer seen as a machine, made up of a multitude of separate objects, but 

appears as a harmonious indivisible whole; a network of dynamic relationships that include 

the human observer and his or her consciousness in an essential way. 

As the quote shows, under the new paradigm, all forms of nature (living and non-living 

matter) are perceived as universally interconnected and inherently dynamic. This new 

understanding of interconnectedness and dynamic change overwhelms our understanding due 

to its complexity. Therefore, new management and research strategies are required that can 

deal with this complexity.  

                                                           
10

 The mechanistic paradigm has also been referred to as Newtonian, atomistic or scientific paradigm (Senge et 

al. 2005; Platt 2006; Suarez Toro 2006) while the holistic paradigm has also been referred to as the alternative 

or ecological paradigm (Capra 1982; Rangel 2006). 
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Importantly, the ontology, epistemology and methodology of holism are as yet only partially 

defined. While the transformation to the new paradigm is most widespread in physics, other 

fields such as medicine, psychology and ecology have started to adopt basic views or 

developed them independently (Capra 1982). These themes and associated changes in values 

are summarised in Table 3.1. They will be addressed in more detail in the following sections 

and play a role throughout the remainder of the thesis. 

 Mechanistic paradigm Holistic paradigm 

Perception 

of reality 

Reality consists of a limited number of 

parts which can be understood and 

managed through the process of 

reductionism: the ‘whole’ is the sum of 

its parts. 

Reality exists outside the observer and 

can be fully known and described.  

Everything is interconnected and relationships are 

dynamic. Reality is complex and new management 

strategies are required. The reality of anything lies 

in its ‘wholeness’. The ‘whole’ is greater than the 

sum of its parts. 

The observer and the observed are connected. 

Due to the limitations of the human mind, all 

scientific theories can never provide a complete 

description of reality. 

Culturally 

shared 

values 

• nature can be controlled 

• admiration of large-scale enterprises 

and institutions 

• material consumption 

• economic and technological growth 

• androcentricity 

• living in balance with nature  

• ‘small is beautiful’ 

• voluntary simplicity 

• inner growth and development 

• social and environmental concern 

• gender equality 

Table 3.1: Summary of reality perceptions and shared values under mechanistic and holistic paradigms 

 

3.1.2. Complexity and Post-Normal Science 

One of the aspects of the holistic paradigm that is currently of great interest in the scientific 

and managerial realm is complexity.  

Integrated watershed management is characterized by its inherent complexity, that is, faced 

with a specific problem, decision makers have to deal with large data sets and must use the 

embedded information to analyze alternative management scenarios and select the most 

valuable one. This selection process can be quite complex as many constraints (e.g., 

environmental, engineering, technical, institutional, jurisdictional, economical, cultural, 

social, political) come into play. 

In the above quote, Rousseau et al. (Rousseau et al. 2005, p. 444) indicate how complexity in 

water management arises from the sheer number of decision criteria and restricting factors 

that have to be taken into account. Natural variability, contested objectives, increased 
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temporal and spatial scales of analysis, uncertainty about the effectiveness of solutions and 

public dissatisfaction add up to making water management a ‘messy’ problem (Ackoff 1974; 

Ludwig 2001; Isendahl et al. 2009).  

Different management objectives are often conflicting. For example, environmental values of 

a healthy stream may conflict with the economic value of the land the stream occupies and 

which could be reclaimed if the stream was piped. Cultural values of preserving the mauri of 

the water conflicts with the existing and ongoing engineering practice of mixing the different 

types of water (Morgan 2008; Quilter 2009). 

This complexity arising from the interplay of environmental, social and artificial systems 

creates a need for new directions in scientific research (Coombes & Kuczera 2002; Costanza 

& Jorgenson 2002; Parliamentary Commissioner for the Environment 2004). The mechanistic 

paradigm has been shown to be unable to deal with complexity and uncertainty leading to 

ineffective decisions/policies or unanticipated and adverse side-effects of those decisions. A 

case in point is the decline of ecosystem health despite our efforts to the contrary.  

Human capabilities of dealing with complexity are very limited (Miller 1956; Doerner 1980). 

The concept of bounded rationality was first introduced by Simon (Simon 1957, p.198):  

I shall call the principle of bounded rationality: The capacity of the human mind for 

formulating and solving complex problems is very small compared with the size of the 

problems whose solution is required for objectively rational behaviour in the real world – or 

even for a reasonable approximation to such objective rationality. 

Researchers have made it clear that effective science in complex and uncertain problems 

cannot be provided by advances in a single research domain or from a single viewpoint. 

Rather a broad, inclusive, systems approach with an interdisciplinary focus (urban planning 

and design, hydrology, land-use planning, asset life cycle economics, and social science, 

among others) and ongoing involvement of multiple stakeholders (land-owners, developers, 

councils, scientists, diverse cultural groups, and local community groups) is necessary 

(Ludwig et al. 2001). This scientific implementation of the holistic paradigm has been called 

post-normal science (Funtowicz & Ravetz 1993) or integrative science (Parliamentary 

Commissioner for the Environment 2004). ‘Normal’ science is based on the testing of 

hypotheses to generate new insights about structure, material and function within the 

established paradigm of a discipline, and is appropriate when uncertainty and the importance 
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of a decision are low. For important and urgent decisions with substantial uncertainty 

involved, post-normal science aims to determine the best possible outcome under the given 

circumstances of complexity and uncertainty.  

In doing so, post-normal science acknowledges uncertainty, variability and diversity and 

applies interdisciplinary participative research practices in an iterative, social learning 

process, that aims to provide systemic understanding often based on modelling exercises. 

Table 3.2 provides an overview of these individual characteristics under the post-normal 

scientific paradigm, including relevant references. 

Characteristic Relevant References 

Acknowledging uncertainty and diversity (Adams 1973; Ludwig et al. 1993; Lemons 1996; 

Bradshaw & Borchers 2000; Hyde et al. 2005; 

Brugnach et al. 2008; Darby & Sear 2008; Xu & Tung 

2008; Moore et al. 2009)  

Interdisciplinary research (Brewer 1999; Pickett 1999; Pickett et al. 2001; 

Hadorn et al. 2006; Knopman 2006; Polimeni 2006; 

Wickson et al. 2006; Funtowicz & Ravetz 2008; 

Hirsch Hadorn et al. 2008; Petts et al. 2008) 

Participation, social learning (Loucks 2000; Allen 2001; Pellizzoni 2003; Den Exter 

2004; Cowie & Borrett 2005; Rogers 2006; Stringer et 

al. 2006; Walkerden 2006; Ison et al. 2007; Pahl-

Wostl et al. 2007a; Pahl-Wostl et al. 2007b)  

Interactive, iterative learning/ adaptive management, 

action research, learning by doing 

(Walters 1986; Walters & Holling 1990; Gilmour et 

al. 1999; Berkes et al. 2000; Clark 2002; van der 

Brugge & van Raak 2007; Kato & Ahern 2008; 

Jacobson et al. 2009) 

Systems scientific methodologies and theories, e.g. 

cybernetics, chaos theory, complex adaptive systems, 

critical systems thinking, system dynamics, soft system 

methodology 

Chaos theory (Sharkovskii 1964; Li & Yorke 1975; 

Crutchfield et al. 1986) 

Complex adaptive systems (Hartvigsen et al. 1998; 

Gunderson & Holling 2002; Lenton & van Oijen 2002) 

Critical systems thinking (Flood 1990) 

Cybernetics (Wiener 1948; Ashby 1956) 

Soft system methodology (Checkland & Haynes 

1994) 

System dynamics (Forrester 1958, 1968; Ford 1999; 

Sterman 2000) 

Dynamic modelling/ projections/simulation used to 

evaluate decisions and policies 

(Grigg & Bryson 1975; Reitsma et al. 1996; Costanza 

& Ruth 1998; Guhathakurta 2001)  

Table 3.2: Characteristics of post-normal science 

While the first four characteristics in Table 3.2 are again taken up in Chapters 4-6, the last 

two characteristics – systems approaches and dynamic modelling – form the basis for the 

remainder of this chapter.  
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3.1.3. Enter Systems Science 

Overview 

One of the characteristics that is particularly relevant in the context of this research is the 

systems scientific approach. This approach, which is essentially an umbrella term for a 

number of systems science methodologies, is greatly influenced by the holistic paradigm and 

aims to uncover interconnectedness in nature and between humanity and nature in order to 

communicate dynamic system behaviour and inform appropriate human behaviour. 

The next section explains principles of systems and appropriate terminology which will be of 

use to the reader for the remainder of the thesis.  

Principles of Systems 

A system is a collection of parts that interact with one another to function as a whole. Systems 

have a number of essential properties: 

• A system is more than the sum of its parts; it is the product of their interactions. 

• A system subsumes its parts and is itself part of a larger system. 

• Each system has its distinct purpose, which can only be understood by examining the 

whole system (not simply its parts) and by understanding its function synthetically 

within the system it is a part of (Ackoff 1993), e.g. organs in the human body or a 

groundwater aquifer in the water cycle.  

• The system and its inherent complexity emerge naturally from the interactions of its 

components and external influences (Cumming & Collier 2005). 

• Systems change over time with respect to their spatial boundaries and the nature of 

interactions between components. It can even develop into an entirely new system. 

The identity of a system is the “continued presence in both space and time of key 

components and key relationships” (Cumming & Collier 2005, p.3). 

There are different levels or dimensions of thinking about systems (Holling 1973; Maani & 

Cavana 2000). Our prevalent mechanistic, short-term thinking leads us to only observe events 

as characteristics of a system. Examples of events relevant for stormwater management are 

rainfall and flooding.  

Events often recur and form distinguishable patterns, i.e. elements in the system show a 

distinct behaviour over time. Examples are stream hydrographs or a yearly pattern of beach 
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warning days. An interesting pattern of behaviour is path dependency: initial conditions and 

random shocks determine how a system evolves. Once a dominant standard or design has 

emerged, the cost of switching becomes prohibitive. This is the case with the wastewater and 

stormwater infrastructure systems – the initial cost of establishing the physical infrastructure 

is enormous and prevents change.  

Systemic structures explain how different patterns in a system relate to and affect one 

another. These structures can be represented as feedback loops and systemic archetypes. An 

example for the interplay between social and environmental drivers is the Tragedy of the 

Commons archetype, which explains how misjudging the impact of one’s own actions can 

lead to overall erosion of ecosystem services (Hardin 1968; Ostrom et al. 2002). Meta-

models such as the adaptive cycle developed by Holling (1987) are another form of systemic 

structure.  

A further dimension of system characterisation is the concept of mental models. These 

represent our values, beliefs and assumptions for doing things the way we do. One example is 

the ‘pipe mentality’, i.e. the belief that piping waterways underground is a good practice of 

stormwater control. Scientific research is also very much driven by mental models (Cumming 

& Collier 2005). Mental models are the underlying cause for policy resistance, whereby 

policies are delayed, diluted or defeated by unforeseen reactions of people. An example is 

illegal pipe connections for stormwater or wastewater. In general, mental models determine 

and create systemic structures, which exhibit patterns, which can be found when tracing 

events. Figure 3.1 shows the order and depth of the four levels of systemic thinking. The 

wavy line represents the distinction between what can be observed and what can be 

understood only through analysis and synthesis. 
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Figure 3.1: The four dimensions of systemic thinking 
drawn from Maani and Cavana (2000, p.14) 

The systems sciences acknowledge three fundamental types of systemic behaviour

alternatively decline); goal seeking; and oscillation. Underlying all of 

them are simple feedback structures: positive feedback causes growth or decline, 

generates goal seeking, and negative feedback with time delays

. These types interact with each other in a variety of ways. 

Common interactions are illustrated in Figure 3.2. S-shaped growth (left) is exponential 

growth slowed and constrained by circumstances within the system, e.g. its carrying capacity. 

not slowed by negative feedback when it approaches its carrying capacity, e.g. 

because of time delays, the system can overshoot and then oscillate (middle). A last option is 

that the carrying capacity of a system is eroded by forces active within the system. This leads 

to a faster decline in the system, as further negative feedback kicks in (right).

                   

Since systems are abstract concepts, they show no real behaviour over time. However, this expression is 

is understood as the behaviour of the variable of interest in the system.

Figure 2.1 “Four levels of thinking” on page 14 of: Maani KE and Cavana RY (2000) Systems 

Thinking and Modelling: Understanding Change and Complexity. Prentice Hall, Auckland, New 
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and oscillation. Underlying all of 

causes growth or decline, negative 

time delays causes oscillating 

. These types interact with each other in a variety of ways. 

(left) is exponential 

growth slowed and constrained by circumstances within the system, e.g. its carrying capacity. 

when it approaches its carrying capacity, e.g. 

t and then oscillate (middle). A last option is 

that the carrying capacity of a system is eroded by forces active within the system. This leads 

in (right). 

. However, this expression is 

the behaviour of the variable of interest in the system. 

Maani KE and Cavana RY (2000) Systems 

Thinking and Modelling: Understanding Change and Complexity. Prentice Hall, Auckland, New 
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Figure 3.2: Common feedback interactions 
redrawn with permission from Sterman (2000, pp.118, 121, 123) 

Particularly in the field of environmental management and ecology, concepts such as 

thresholds, stability and resilience are widely used. Groffman et al. (2006, p.1) define the 

ecological threshold to be “the point at which there is an abrupt change in an ecosystem 

quality, property or phenomenon, or where small changes in an environmental driver produce 

large responses in the ecosystem”. This means that due to external influences (drivers) on an 

ecosystem a notable change occurs in the services that it provides. This definition only 

includes environmental variables. However, these are most often influenced by social, 

economic, and political drivers. In fact, it is the interrelationships between drivers and their 

different scales that complicates the discovery and analysis of ecological thresholds 

(Groffman et al. 2006). Kinzig et al. (2006) highlight the existence of thresholds at different 

levels including local-scale ecological thresholds, landscape-scale economic thresholds and 

regional-scale socio-cultural thresholds; and describe how a crossing of a threshold at one 

level can lead to cascading crossing of a threshold at another level. 

Ecological thresholds depend on the state in which the system exists at one point in time, i.e. 

its stability. The stability of a system has been defined by Orians (1975, p.141) as “the 

tendency of a system to remain near an equilibrium point or to return to it after a 

disturbance”. Ecological resilience determines stability and is defined as “the amount of 

disturbance that a system can absorb without changing state” (Gunderson 2000, p.425). 

External influences often diminish resilience of systems and thus make them more 

susceptible to losing their stability and being pushed over an ecological threshold (Scheffer et 

al. 2001; Scheffer & Carpenter 2003). The ability of actors (external or internal) to influence 

and manage resilience is termed adaptability or adaptive capacity (Gunderson 2000). 

In reality, the carrying capacity of an ecosystem is seldom constant, but intertwined with the 

evolution and dynamics of the species it supports. Humans and other species alter the 

carrying capacity of our surrounding ecosystems constantly and the deterioration of water 

quality is a key indicator of the erosion of ecosystem functionality. The notion of carrying 
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capacity is thus closely aligned to that of resilience, which can be envisaged as the difference 

between the carrying capacity and the system state. As is shown in Figure 3.3, resilience 

decreases as the system approaches the carrying capacity. 

 

Figure 3.3: The resilience of a system shown as the difference between the system’s state and its carrying 
capacity 

The erosion of resilience can change the system state from growth to decline. Hence it 

crosses an ecological threshold. The question of system stability is interesting. From a system 

scientific point of view, stability, in the sense that there is no change in the state of the 

system, only occurs over short time scales. Equilibria arise either when growth or decline is 

so slow that it appears as if the system is stable, or when negative feedback loops are so 

powerful that they keep the state of the system constant despite external disturbances. Over 

long time scales, many ecological systems show obvious cyclical behaviour. Stable 

oscillations are also known as stable cycles or stable limit cycles and represent the system’s 

equilibrium state (Holling 1973). This implies that systems are always either in a state of 

growth or decline and the difference between the highs and the lows of the oscillation is what 

supports the species within it, i.e. its carrying capacity (Figure 3.4). 
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Figure 3.4: Oscillations are caused by time-delayed negative feedback cycles within the system in 
interaction with external limits 

 

Since the behaviour of the system is dependent only on the interaction of feedback loops and 

time delays, management activities focus on strengthening favourable feedbacks and 

weakening harmful ones. This idea is also entrenched in the principle of leverage. Leverage 

implies that a small shift in one variable can produce dramatic changes in other parts of the 

system. Meadows (1997, 2008) generalised nine leverage points (Table 3.3). 

No Leverage Point Explanation 

9 Parameters (subsidies, 

taxes, standards) 

Parameters can be important in the short term, but they rarely change 

system behaviour. Parameters can become leverage points when they are 

large enough to influence one of the items higher in the list. 

8 Material stocks and 

flows 

System structure, the interaction of stocks and flows can have an enormous 

effect on system behaviour. An increase in the size of a stock relative to its 

flows is a buffer and stabilises systems. If a buffer is too big the system 

becomes inflexible. 

7 Strengthening negative 

feedback loops 

Negative feedback keeps system states within safe bounds and self-correct 

under different conditions and impacts (emergency response mechanisms). A 

reduction in negative feedback reduces the resilience of a system. The 

strength of a negative feedback should be designed such that it can self-

correct the anticipated impact. Variables in a negative feedback loop should 

be kept clear, unambiguous, timely and truthful, e.g. internalise costs. 

6 Slowing positive 

feedback loops 

Positive feedback drives growth, explosion, erosion, and collapse. Unchecked 

feedback will destroy itself as negative feedback kicks in (see Figure 3.2). 

Slowing positive feedback has usually more leverage than strengthening 

negative loops. Also, it is preferable to letting the positive loop run.  

5 Information flows Providing information at the right place and time can change behaviour, 

without having to purposefully adjust system structure. On the contrary 

missing information feedback is a common cause of system malfunction. The 

tragedy of the commons exists because there is no feedback from the state 

of the system to management decisions. Missing information feedback is 

common because of the human tendency to avoid accountability for our own 

actions. 

4 The rules of the system 

(incentives, punishment, 

constraints) 

“The rules of the system define its scope, boundaries and degrees of 

freedom. […] Rules change behaviour. Power over rules is real power.” 

(Meadows 1997, p. 11f) 
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No Leverage Point Explanation 

3 The power of self-

organisation 

Self-organisation is the ability to change the system and its behaviour by 

creating new structures, also known as evolution, technical advancement 

and social revolution. This is the strongest form of resilience - the ability to 

survive change by changing. Self-organisation requires a stock of information 

from which to select possible patterns. The intervention point is to increase 

diversity in the stock of information.  

2 The goals of the system There is a hierarchy of goals in systems. Changing the top-most goal is very 

effective in changing system behaviour. 

1 The mindset or paradigm 

out of which the goals, 

rules, feedback structure 

arise 

The shared beliefs and assumptions that exist within a culture about how the 

world works are the source of systems. Because different cultures have 

different beliefs, systems are different across the world. Changing the 

paradigm transforms systems. Paradigms are changed by: pointing at the 

failures in the old paradigm, inserting people that have already adopted the 

new paradigm in places of public visibility and power, and working with 

active change agents and open-minded people. 

Table 3.3: Leverage points within a system 
adapted from Meadows (1997, 2008) 

Meadows (1997, p.17) also adds that “the higher the leverage point, the more the system 

resists changing it”.  

 

System Science Methodologies  

Whereas all systems methodologies were developed under the holistic paradigm and all adopt 

the key principles and terminology outlined above, they differ in some finer epistemological, 

axiological and methodological details. Daellenbach (2001) among others distinguishes 

between hard and soft systems approaches mirroring the positivist or interpretivist research 

paradigms. Assumptions of hard systems approaches include: a clear problem definition, full 

knowledge of alternatives, constraints and objectives, full data availability, and a well-

structured problem. Situations in which such assumptions are appropriate reflect technical 

issues that are devoid of human aspects – what Weaver (1948) calls organized simplicity.  

In contrast, soft systems approaches address problems that are messy, ill-structured and ill-

defined. These problems involve human components and a multitude of stakeholders with 

different worldviews. As a result, an optimal outcome is never possible but involves 

compromising between competing objectives. Therefore, soft systems approaches aim to 

structure the problem situation and facilitate dialogue between stakeholders in order to elicit 

problem resolution through debate and negotiation (Lane & Jackson 1995; Jackson 2000). 

Hard and soft systems approaches should be viewed as extremes at two ends of a scale with 
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many approaches in between. Many methodologies can also be adjusted to include 

quantitative and qualitative variables as desired. 

Another key perception under the holistic paradigm is the interconnectedness between the 

observer and the observed as scientifically expressed in Heisenberg’s Uncertainty Principle. 

It basically argues that reality is not separate from social experience and hence cannot be 

assessed and described objectively. Therefore, research has to acknowledge the existence of 

numerous knowledge systems, e.g. formal scientific, informal local and traditional indigenous 

knowledge systems (Hillman 2009). Entrenched in our worldviews are different perceptions 

as to the validity of each of these knowledge systems. While hard systems approaches tend to 

focus on a formal knowledge system, soft systems approaches are more open to exploring 

meaning and reality from different perspectives and worldviews. Therefore it can be said that 

soft systems methodologies have more fully adopted the holistic paradigm.  

The last characteristic of post-normal science in Table 3.2 is dynamic modelling. Models as 

simplified representations of a complex reality are crucial in efforts to overcome our limited 

cognitive abilities understand problems and devise solutions. The purpose and process of 

modelling, model development and simulation will be discussed in the next section. 

 

3.1.4. On the Purpose of Modelling and Simulation 

Models are a theory of how the world operates at some level of aggregation and are used to:  

• communicate a perception of the structure and behaviour of a system, and  

• test theories of system change, to explore their implications and contradictions.  

We constantly form mental models as we perceive and make sense of the world around us 

(Doyle & Ford 1998, 1999). Mathematical models are a more deliberate act of representing 

the problem we are concerned with in a scientific form. Their usefulness lies in the fact that 

they allow us to test real world behaviour in an artificial setting, thus being easy and 

inexpensive to perform in repetition. With ever increasing computer power humans are able 

to overcome limited cognitive abilities and deal with increasingly large and complex data 

sets. The use of dynamic simulation models in water management has a long tradition due to 

the complex nature of the problems addressed (Rogers & Fiering 1986).  
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Dynamic simulation allows us to observe the behaviour of a modelled system and its 

response to interventions over time. Dynamic simulation models consist of equations 

describing dynamic change. If system state conditions are known at one point in time, the 

system state at the next point in time can be computed. Repeating this process one can move 

through time step-by-step over any desired time interval. Simulation aids our capacity to 

make predictions of future states. As long as the model describes reality with certain 

accuracy, the modelling process and its outcomes can be used to improve our understanding 

of the problem and potential solutions. 

The role of models in water resources management has recently been questioned. Borowski 

and Hare (2007, p.1049) find evidence of a “gap between water managers and the research 

community that is evidence of a mutual misunderstanding of the fundamental activities of 

both communities” and resulting misunderstanding about: 

• the role and importance of model-based tools in water management;  

• the transferability of models to new target sites;  

• the role of participatory modelling in water management;  

• how to deal with a lack of confidence in model-based tools;  

• the development of computer user interfaces to improve tool usability;  

• and the nature of model integration. 

Alkan Olsson and Berg (2005) reported the following problems voiced by stakeholders in the 

Rönneå catchment dialogues with model-generated results:  

• missing input data;  

• lack of trustworthiness of measurements; 

• the uncertainty of the impact of natural variation and delayed effects;  

• the weak link between measures taken and their effects;  

• the relationship between ‘natural pollution’ and human impact;  

• and the role and impact of mathematical generalisations in the models. 

Alkan Olsson and Andersson (2007) focus more on the actual factors that influence the 

willingness to accept model results recognizing that “models are laden with choices and thus 

depend on assumptions and priorities of modellers” (p. 97). Identified factors include: 

• issues at stake; 
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• the stakeholders’ ability to criticize model-derived information; 

• and the stakeholders’ trust in the institutions that have developed or applied the 

model. 

Johnson (2009) suggests to critically assess the applicability, accessibility and accuracy of a 

catchment model prior to its development to make it most useful for the public and decision 

makers alike.  

It becomes apparent that researchers have recently started to question the objectivity of 

models and to view the modelling process and the final model in light of post-normal 

scientific concerns of uncertainty, as well as subjective influences of stakeholders in general 

and the modeller in particular. 

3.1.5. Systems Thinking and System Dynamics  

Numerous analytical procedures have been developed to perform dynamic simulation. 

System dynamics methodology has been applied in this research to communicate the physical 

and social aspects of stormwater management and to test systemic effects of the application 

of LID.  

Systems methodologies such as system dynamics methodology are fundamentally different 

from conventional, statistical forecasting models. In statistical forecasting models equations 

are developed ex post, i.e. following observation, such that the model output matches 

available historical data as closely as possible. This is usually done through regression 

analysis. The equations are subsequently used to calculate future model states, i.e. the 

simulation of future states is based on historical data. As there is no guarantee that these 

statistical correlations truly forecast future system behaviour, measures of error are 

introduced to quantify uncertainty.  

In contrast, system dynamics models are causal mathematical models (Barlas 1996). In 

system dynamics methodology the underlying premise is that the structure of a system gives 

rise to its observable and thus predictable behaviour (Forrester 1968, 1987). The first step in 

any system dynamics modelling project (following problem definition) is to determine the 

system structure consisting of positive and negative relationships between variables, feedback 

loops, system archetypes, and delays (Sterman 2000; Wolstenholme 2004). This is followed 

by ex ante projection where future system states are replicated from the model. The 
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difference between ex post forecasting and ex ante projection implies that uncertainties with 

regards to future changes in system structure can be more easily addressed as there is better 

understanding of system structure in the first place (Sterman 1994). This understanding of 

system structure requires a focus on the system as a whole, and I argue that holistic system 

understanding is a necessary condition for effective learning and management of complex 

systems as well as consensus building. These are important goals in their own right. 

Additionally, systems modelling and simulation supports policy analysis and evaluation 

(Morecroft 1992).  

System dynamic methodology combines qualitative/conceptual and quantitative/numerical 

modelling methods (Dolado 1992). Qualitative modelling e.g. using causal loop diagrams or 

hexagons (Hodgson 1992; Lane 2008) improves our conceptual system understanding and is 

therefore known as systems thinking. In causal loop diagrams (CLD), arcs describe the 

directions of causative influence (Figure 3.5). A positive arc reads as ‘an increase in variable 

A leads to an increase in variable B’. Throughout this thesis, to avoid clutter in the diagrams 

an arc without a sign will be deemed positive as well. A negative arc reads as ‘an increase in 

variable B leads to a decrease in variable C’.  

 

Figure 3.5: Causal loop diagram notation adopted in this thesis 

 

As has been noted before, recording systemic feedback is of special importance to understand 

the behaviour of systems. Positive or self-reinforcing feedback will be marked with an R 

surrounded by a bent arrow following the direction of the feedback loop in the arcs. Negative 

or balancing feedback is likewise marked with a B (Figure 3.6). 

 

Figure 3.6: Feedback loop notation adopted 
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Quantitative modelling, e.g. using stock-and-flow diagrams, allows us to investigate and 

visualise the effects of different intervention strategies through simulation. Quantitative 

modelling also requires explicit statements about assumptions underlying the model, the 

identification of uncertainties with regards to system structure, and the identification of gaps 

in data availability. This promotes model transparency. Stock-and-flow diagrams use a 

combination of boxes and double arrows to formulate the stocks (accumulations) and flows 

(rates) for notation (Figure 3.7). Boxed variables represent stocks, double arrows represent 

flows that increase or decrease stock levels. Auxiliary variables can influence any other 

component. 

 

Figure 3.7: Stock-and-flow notation adopted 

 

3.1.6. Mathematical Modelling of Stormwater Processes 

Computer models that simulate urban stormwater quantity and quality are relied on 

extensively for planning purposes and the development of local and regional policy. The 

basic differentiation is between stochastic ‘black box’ models and process based models 

which are deterministic hydrology models. Table 3.4 presents a typology of models relevant 

for stormwater management. However, simpler models are increasingly used for 

communication purposes. 

Model Type Definition Other Observations 

Stochastic One or more variables in the model have an 

associated probability distribution. 

Uncertainty is part of the model but limited 

by probability distribution. 

Use of stochastic variables not practical for 

large models. 

Deterministic No probability distributions used. Identical results for the same inputs. 

Conceptual Model is based on physical laws.  

Empirical Model established from observation.  

Distributed Model includes spatial variability of inputs. Most urban runoff models are deterministic 

and distributed. 

Lumped Model takes no account of spatial variability 

of inputs. 

 

Event Model simulates individual storm events. Short time horizon. Suitable for the design of 

stormwater infrastructure and as 

operational models. 
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Model Type Definition Other Observations 

Continuous Model simulates a catchment’s overall water 

balance over a long period of time. 

Long time horizon. Forms the basis of 

planning models for water resources. 

Operational Model controls, operates or allocates water 

resources in real time. 

 

Planning  Model calculates the costs associated with 

different infrastructure configurations over its 

working life. 

Long time horizon. 

Design Model simulates in detail stormwater flows 

through infrastructure. 

 

Table 3.4: A Typology of models, collated from Zoppou (2001) 

 

A conventional urban stormwater model consists of a rainfall-runoff part which calculates 

runoff from rainfall and a transport/flow routing part which calculates water and pollutant 

flows through the infrastructure (Beven 2000; Zoppou 2001). There are literally hundreds of 

urban stormwater models capable of simulating flows and the transport of pollutants over 

impervious and pervious areas, through channel and pipe networks, and through storage 

areas. Most of these models simulate catchment responses over time and with some albeit 

limited spatial variability (Zoppou 2001). Because of their complexity, these models typically 

take years to develop and are likely to be incomprehensible for the general public or non-

modelling planners. 

Already in the 1970’s, researchers commented on data availability as the most restricting 

factor for model advancement (c.f. Zoppou (2001) and references therein). There are only a 

few models that are deliberately kept simple in order to make them more applicable in a wide 

range of management situations. For example, Williamson and Morrisey (2000) developed a 

simple model of contaminant accumulation from stormwater in urban estuaries. The 

investment in data collection and analysis, time and effort spent on these sophisticated 

models, in addition to the uncertainties present in such a complex system, seem questionable 

when simpler models can provide adequate indications of the effects of management 

decisions. 

 



Chapter 3 – The System Theory Lens 

65 

3.2. Application of Systems Theory to Stormwater Management 

3.2.1. Conceptualisation of Physical Stormwater Processes 

Water Quantity 

Figure 3.8 describes the physical processes that take place after a rainfall event12. As rain hits 

pervious or impervious surface, including vegetation, it either evaporates, infiltrates or runs 

off. Existing subsurface storage levels influence infiltration rates. As stores get full and soil 

infiltration capacity is decreased, or in case of impervious area where soil infiltration capacity 

is marginal, infiltration approaches zero. Consequently, water evaporates or runs off by 

forming channels which drain to a receiving environment such as a river, lake, estuary or 

harbour. Flooding can occur when water levels are high. Flooding risk is increased when 

runoff volumes are sustained at high levels, and when soil and land forms promote flooding. 

Urbanisation leads to an increase in impervious area which results in an increase in 

stormwater runoff. Furthermore, stormwater networks are created in urban areas to drain 

stormwater from streets and roofs through stormwater pipes into receiving environments. As 

Graf (1977) and Bufill (1989) explain, artificial channel networks increase flow velocities, 

further increasing the likelihood of flooding events. This is because artificial channels 

dramatically alter existing natural drainage network characteristics and increases in drainage 

density make drainage “more time efficient because flow from shortened external links is 

rapidly incorporated into the network” (Graf 1977, p.461).  

                                                           
12

 Snowmelt is not included here as this does not occur in the case study area. 
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Figure 3.8: Physical stormwater processes with focus on quantity 

 

Water Quality 

Stormwater has a profound adverse effect on the quality of water in receiving environments. 

As Figure 3.9 explains visually, waste particles from anthropogenic activities are deposited 

on impervious surfaces. This can be dust, settled exhaust fumes, wear debris, or even from 

abrasion. These get taken up by the rain and transported with the stormwater until they are 

eventually deposited in receiving environments.  
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Figure 3.9: Physical stormwater processes with focus on water quality  

 

On this journey, contaminants may change from a particulate to a dissolved state, may get 

deposited and remobilised, taken up by plants and other organisms or outgas into the air. 

These intertwined processes are depicted in Figure 3.10. 

 

Figure 3.10: Contaminant transport processes 
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Stormwater management, i.e. the targeted manipulation of stormwater processes for human 

benefit, are the focus of Chapter 4 and will be described and analysed in detail therein.  

 

3.2.2. The System Archetype of Stormwater Pollution 

Garrett Hardin (1968, p.1246), who formulated the concept of the Tragedy of the Commons, 

remarked: 

To couple the concept of freedom to breed with the belief that everyone has an equal right to 

the commons is to lock the world into a tragic course of action. 

To understand and explain this dynamic, a system archetype can be used. Whenever resource 

consumption is unsustainable, i.e. depletion is greater than replenishment, a tragedy of the 

commons occurs. The Tragedy of the Commons archetype, first introduced by Senge (1992), 

which is based on Hardin’s concept is represented in Figure 3.11 for the case of stormwater 

pollution.  

 

Figure 3.11: Tragedy of the commons archetype for stormwater pollution 

The underlying reason for this dynamic is that for a rational decision maker, the individual 

benefit – here waste discharge – is almost always greater than the cost of abuse (reduction in 

ecosystem services) which is typically shared. Since this is true for everyone, the logical 

consequence is the destruction of the shared resource. This happens even if there is awareness 

about the ongoing destruction.  
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Pollution is tightly connected to concentration. There is a threshold up to which small scale 

pollution can be tolerated by an ecosystem. However, with increasing population density, 

ecosystems succumb to degradation as biochemical processes are overloaded. Feedback in 

this archetype is typically self-reinforcing as long as the individual net gain is positive, i.e. 

the resource limit is not exhausted. 

Strategies to reduce the impact of this dynamic include education of system behaviour and a 

strengthening of the weak feedback link. This can be done either by privatisation, such that 

the owner experiences the consequences directly and does not share it with others, or by 

regulating access to the resource among users. Since common pool resources such as water 

and amenity are not easily convertible into private resources, access reduction by way of 

economic or legislative coercion is required. Fox (1985) shows that small groups of up to 150 

people are able to manage commons sustainably, while larger groups are not. 

 

3.2.3. A Simulation of Water Quality Dynamics 

A deterministic, lumped, continuous planning stock-and-flow model was developed for the 

case study with the purpose of:  

• communicating water quality dynamics in PTS catchment, 

• understand the systemic impact of LID solutions, 

• aiding discussion about water quality management, and 

• showcasing the use of stock-and-flow diagrams and simulation. 

The model type is a contaminant load model (CLM) which provides a long-term snapshot of 

contaminant dynamics emerging from a defined area. This type of model trades off spatial 

heterogeneity, short simulation time steps and data intensity with the provision of long-term 

contaminant trends.  

The model presented here is an extension of the Urban Stormwater Contaminant Load Model 

spreadsheet (CLM Version March 2008) spreadsheet which was developed by Mike 

Timperley at Auckland Regional Council and calculates annual contaminant loadings of 

various pollutants for areas of varying sizes as described in Box 3.1 (Timperley et al. 2009):  
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Annual load (kg/year) = source area x source yield x load reduction factor for management options x 

proportion of source area draining to the management options.  

where: 

Source area = area (m
2
) of a contaminant source; 

Source yield = quantity of contaminant produced by the source in g/m
2
/year; 

Load reduction factor (LRF) = the proportional reduction of the source load achieved by either a stormwater 

treatment or a source control management option; 

Area proportion = proportion of the whole site area draining into the management option. 

Box 3.1: Equations underlying Mike Timperley’s Contaminant Load Model  

 

By converting the spreadsheet data into a cause and effect-based stock and flow model and 

calculating annual zinc loads repetitively over the 50 year time horizon, the model is able to 

simulate long-term zinc pollution trajectories. 

 

Description of the Model - Overview 

The simple stock-and-flow model simulates zinc pollutant flows in PTS catchment over a 50 

year time horizon (years 2001-2050) with yearly time steps. The pollutant zinc was chosen as 

a heavy metal that is currently of primary concern for water managers due to its toxic effect 

on aquatic life (Auckland Regional Council 2004b, c). Common sources of zinc in the study 

area are vehicle wear (from tyres and braking pads), vehicle exhaust fumes and galvanisation 

of roofs. Zinc concentrations in the Auckland harbour have exceeded thresholds of ecological 

health guidelines for the past 30 years and Timperley and Green (2005a) have predicted 

further increase (Figure 3.12). The colours in Figure 3.12 correspond to different trigger 

values in the ANZECC guidelines (Auckland Regional Council 2004b, c), c.f. Figure 2.10 on 

page 33 and Figure 2.11 on page 34 . 
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Figure 3.12: Historic zinc concentration and future predicted increase in the Waitemata harbour 
reproduced with permission from Reid and Irving (undated, p.8) 

 

A dynamic hypothesis is a theory of what specific system structure is capable of generating 

the increase in zinc pollution over time shown in Figure 3.12. The dynamic hypothesis 

therefore represents our current understanding of stormwater pollution in simplified form 

(Figure 3.13). It is used as a basis for the simulation model. This theory includes zinc sources 

(inflows, black) and zinc accumulation in the receiving environment (zinc stock, boxed), as 

well as various LID strategies (green) aimed at reducing zinc input by painting roofs or 

installing raingardens, or at controlling pollutant flows by filtering sediment out of streams in 

settling ponds. It is possible to dredge the estuary, i.e. clean out the sediment. However, this 

strategy is not only costly but remobilises polluted sediment which can get washed out to the 

harbour and open sea. Dredged sediment can be heavily polluted requiring landfill disposal 

(e.g.,Trowsdale & Simcock 2008).  
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Figure 3.13: Dynamic hypothesis 

 

There are numerous feedback loops present only some of which are shown in Figure 3.13. 

The main feedback to behaviour (B1) is weak due to the long time delays associated with 

behaviour change. This feedback was not included in the stock-and-flow model. Over time 

this delayed feedback to behaviour creates pulses of either a reduction in zinc deposition rates 

or a removal of zinc polluted sediment by dredging (B2/R). Due to other influences, mainly 

population growth and associated urban growth, zinc will keep increasing. Urban growth 

manifests as growth in impervious areas in this diagram. However, it is emphasized that it is 

our decisions and behaviour that lead to zinc pollution rather than just population growth and 

urbanisation. These decisions are tested in the following simulation. 
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Overview of Key Variables 

Table 3.5 lists key endogenous, exogenous and excluded variables13 of the stock-and-flow 

model. The main interest of water managers has been on the annual load of zinc-

contaminated sediment. In its dissolved form (zinc oxide in solution), zinc is highly reactive 

and easily adsorbs onto dust or sand particles (Auckland Regional Council 2004c). In streams 

these particles cluster into polluted sediment which gets partially buried and partially washed 

downstream during times of high flows from stormwater. Eventually layer upon layer of 

sediment gets deposited in the estuary settling zones. Sediment cores, similarly to ice cores, 

can give testimony to historic urban pollutant loads (Abrahim & Parker 2007). While a 

minimal amount of polluted sediment gets taken up by sediment-dwelling animals or 

remobilised in estuarine wave action and carried out into the harbour, for most polluted 

sediment this environment is the final resting place with no outflow. The impact of 

particulate zinc depends on its bioavailability. Animals, e.g. invertebrates, are affected by 

dissolved zinc and by ingesting small-sized zinc-contaminated silt particles (Auckland 

Regional Council 2004b). 

 Endogenous Exogenous Excluded 

Input Impervious surface 

area (split into roofs, 

roads and paved 

areas) 

Initial roof, road, and 

paved areas 

Spatial characteristics including soil types, stream 

geomorphology, rainfall distribution and intensity, 

topography, vegetation cover of land and in-

stream/stream banks 

 Zinc loads from source 

areas  

Growth factors for 

built surfaces from 

urban development 

Any erosion including sheet erosion from land, 

and bank and in-stream erosion 

  Load reduction 

factors from 

management 

strategies  

Sedimentation and remobilisation of sediment in-

stream and in estuary, as well as existing 

sediment stock in-stream and in estuary, and any 

sediment outflow from estuary into harbour 

  Stream Area Change in size of estuary 

  Sediment Yield pH of water 

   Influence of other pollutants 

   Rainfall, runoff, water quantity 

   Existing zinc load in the estuary 

   Natural degradation of impervious areas
14

 

Output Combined annual zinc 

load and cumulative 

deposition in estuary 

  

Table 3.5: Input and output variables of the PTS stormwater stock-and-flow model 

                                                           
13

 Endogenous variables are calculated within the model. Exogenous variables are input into the model. 

Excluded variables are neither input nor calculated and essentially assumed to have zero influence on the 

system structure and behaviour. Of course, this is not realistic but a simplification of reality – as are all models. 
14

 This is a reasonable assumption for this time horizon. Even if some roads and other paved areas deteriorate, 

their base course is so compacted that permeability is near zero. 



Chapter 3 – The System Theory Lens 

74 

Stock-and-Flow Model 

Figure 3.14 shows the stock-and-flow model of the PTS stormwater simulation developed in 

Powersim Constructor®. In this model, zinc is independent of flow and sediment volumes. 

This is a reasonable generalisation as almost all zinc is adsorbed onto particles as it is carried 

through the drainage network (Auckland Regional Council 2004c, p.10f). This fact, together 

with the steepness of the catchment and the lack of floodplains, results in rapid runoff which 

will transport virtually all contaminated sediment to the estuary (Zoppou 2001; Auckland 

Regional Council 2004b). As a result, a simple model of zinc inflows into one stock of 

accumulated zinc in the estuary is sufficient to provide an indication of zinc accumulation 

particularly when using large time steps and long time horizons.  

Through the use of arrays, the model takes into account that different types of roofs, roads 

and paved areas contribute different amounts of zinc. A number of management strategies 

(source control – painting roofs; input reduction – ponds, filters, raingardens, etc.) can be 

implemented across a specified catchment area which reduces the overall zinc load. A listing 

of differential equations is provided in Appendix A. Annual source yields and load reduction 

factors that are used in the CLM and which have been adopted here are listed in Appendix B.  

The source yield and load reduction data are based on a number of different research projects 

conducted on behalf of Auckland Regional Council or the New Zealand Ministry of 

Transport. Contaminant loads of roof runoff and associated reduction factors from treatment 

were investigated by Kingett Mitchell Ltd (Kennedy & Gadd 2001; Kingett Mitchell 2003). 

Roof composition in different land-use catchments were characterised for the purpose of 

creating average catchment contaminant load profiles by NIWA (Timperley et al. 2005). 

Road runoff was examined comprehensively by Kingett Mitchell Ltd (Kennedy 2003b; 

Kennedy & Gadd 2003a), and confirmed for Waitakere (Kennedy 2003a; Kennedy & Gadd 

2003c, b). This validates the underlying model in general. Model testing is performed to 

ensure the model calculates results appropriately.  
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Figure 3.14: Stock

 

In Figure 3.14, the brown structure represents zi

input from roads, the green structure zinc inputs from paved areas, and the blue structure zinc 

inputs from soil. The red structure combines all inflows and calculates the zinc stock in the 

estuary. 

 

Graphical User Interface 

The graphical user interface 

options (MgtO), fractional area treated 

and growth factors (GF) for all sources. 

entering the desired value.  

Two graphs are provided which show the annual zinc load and the accumulated zinc in the 

estuary over the time horizon of the simulation. The 

Figure 3.15. 
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Stock-and-flow model of the PTS stormwater simulation

he brown structure represents zinc input from roofs, the grey structure zinc 

input from roads, the green structure zinc inputs from paved areas, and the blue structure zinc 

inputs from soil. The red structure combines all inflows and calculates the zinc stock in the 

 is designed to allow any user to set values for management 

, fractional area treated (FrArea%) in percent of the total source area (of total) 

for all sources. This is done by double clicking into the field and 

Two graphs are provided which show the annual zinc load and the accumulated zinc in the 

estuary over the time horizon of the simulation. The graphical user interface 

 

stormwater simulation 

nc input from roofs, the grey structure zinc 

input from roads, the green structure zinc inputs from paved areas, and the blue structure zinc 

inputs from soil. The red structure combines all inflows and calculates the zinc stock in the 

is designed to allow any user to set values for management 

(FrArea%) in percent of the total source area (of total) 

double clicking into the field and 

Two graphs are provided which show the annual zinc load and the accumulated zinc in the 

graphical user interface is presented in 
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Figure 3.15: The graphical user interface with scenario 3 results 

 

Data Sources and Initial Values 

The CLM breaks down geographic areas into contaminant source areas and divides 

residential, commercial and industrial areas into roofs, roads, paved surfaces (other than 

footpaths which are included in the road area) and pervious areas15 (Timperley & Reed 2008; 

Timperley et al. 2009). A similar area division in three stages was performed in this model 

(Figure 3.16). The process of dividing the catchment into contaminant source areas and 

relevant calculations are explained in detail in Appendix C.  

Calibration of model data (source yields and reduction factors) has been performed by 

Timperley and Reed and is described in their 2008 report16. 

                                                           
15

 Summarised  under stream channel 
16

 Further reports on this are Timperley (In preparation), and Skeen and Jayaratne (in press-a, b). 
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Figure 3.16: Area divisions, final source areas and CLM yields 

 

Changes in Source Areas over Time 

In general, the model assumes an increase of areas over time according to population growth 

estimates provided by WCC of 25-35% population growth over 20 years (B Osborne 2008, 

pers. comm. 22 August). Therefore, average annual growth is set at 1.5%. Roof composition 

will likely change over time with a trend towards replacing galvanized steel (GS) roofs with 

zinc/aluminium roofs. This change has already been observed (Timperley & Reed 2008). The 

following growth rates for roof material have been assumed (Table 3.6). 

 GS Up GS Poor GS Well GS Tiles Zincalume Colorsteel Concrete Copper Other 

Growth rate % -1 -0.75 -0.5 0.75 0.75 2 0 0.5 0 

Table 3.6: Annual roof material growth rates 

Road areas are estimated to grow by the average annual growth rate of 1.5% with the 

exception of roads carrying more than 50,000 vpd which have zero growth. Paved industrial 

and residential areas are assumed to grow by the average annual growth rate of 1.5%. 
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Testing 

Model testing assures that simulation performance is accurate and error-free (Maani & 

Cavana 2000; Sterman 2000). First, the differences between results from original and 

adjusted impervious areas are tested. For this, growth rates are set to zero. Results are 

presented in Table 3.7 and Figure 3.17. 

 Combined Annual Zinc Loads Cumulative Zinc Deposition 

Original Values 3,604 kg/year Increases from 0 kg to 176,577 kg 

Adjusted Values 2,087 kg/year Increases from 0 kg to 102,258 kg 

Table 3.7: Comparison between original and adjusted impervious area values 

 

 

Figure 3.17: Comparison of results of adjusted (red) and original (black) impervious area 

 

The adjusted impervious area is 66% the size of the original estimated area. In contrast, the 

difference between the simulated results is around 58%. This shows the influence of the 

source loads of the non-impervious area. The real values probably lie somewhere in between 

the adjusted and the original values, but likely a lot closer to the adjusted values. However, 

until more data becomes available on the impervious areas in the catchment this cannot be 

proven. Adjusted values have been used for the remainder of this work. 

Extreme condition tests were performed with high negative growth factors (-20% and -50%). 

Negative growth factors create negative inflows which reduce the stock level over time. This 

test is important to show that the stocks do not become negative during a full simulation run 
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as this would represent an error in the model. The results are presented in Table 3.8 and 

Figure 3.18. 

 Combined Annual Zinc Loads Cumulative Zinc Deposition 

Growth Factor -20% Decreases from 2,087 kg/year  

to 63.036 kg/year 

Increases from 0 kg to 13,206 kg 

Growth Factor -50% Decreases from 2,087 kg/year  

to 63.000 kg/year 

Increases from 0 kg to 7,135 kg 

Table 3.8: Extreme condition tests with high negative growth factors 

 

Figure 3.18: Comparison between results of negative growth test (red 20% decline, black 50% decline) 

 

Indeed, the area stocks approach a zero value asymptotically but are never negative. This is 

due to the fact that the inflows are calculated as a percentage of the existing stock level. 

Therefore, the remaining 63 kg/year annual zinc load must be from the urban stream channel, 

i.e. a natural load or background contribution17. A closer examination of the data shows this 

to be true. This natural zinc load is constant throughout the simulated time as the stream area 

is assumed not to change in size. 

A further extreme condition test was performed where the total stock of road area was 

suddenly reduced to zero. This would correspond to a situation where everyone would stop 

driving her/his vehicle. For this test the growth factor was set to zero. The STEP function was 

used to initiate a total reduction of the road stock in the year 2010. As a result, in 2011 the 

annual zinc load reduces from a constant 2,087 kg/year to 1,948 kg/year. The zinc stock in 

                                                           
17

 New Zealand soils provide varying amounts of zinc depending on soil type, e.g. 39.15 mg/kg of soils derived 

from greywacke and 280 mg/kg for volcanic soils. Particularly volcanic soils have been shown to influence local 

road surface concentrations of zinc (Auckland Regional Council 2001). 
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the estuary increases from 0 kg to 96,835 kg (Figure 3.19). This value is only slightly lower 

than the stock value in Table 3.7. This suggests that the comparatively larger roof source area 

has a dominating impact on the overall zinc load. 

 

Figure 3.19: Graphical user interface with extreme condition test result for zero road stock in 2010 

 

Overall these tests show that the model corresponds as expected to different input parameters.  

 

 

 

 

 

 

 

 

 



Chapter 3 – The System Theory Lens 

81 

Simulation Results 

Parameters and results are listed in Table 3.9. A visual comparison between results of 

scenarios 1, 2 and 6 is provided in Figure 3.20.  

 

Figure 3.20: Comparison between results of scenario 1 (red), 2 (black) and 6 (blue). 

 

 Input Parameters Combined Annual  

Zinc Loads 

Cumulative Zinc 

Deposition 

Base No urban growth 2,087 kg/year Increase from 0 

kg to 102,258kg 

1  Annual urban growth at 1.5% with roof 

material changes as per Table 3.6 

Increase from 2,087 kg/year to  

2,500 kg/year  

Increase from 0 

kg to 109,161kg 

2 Annual urban growth at 1.5% with roof 

material changes as per Table 3.6.  

Source control – painting roofs 

Increase from 882.6 kg/year to  

1,587  kg/year  

Increase from 0 

kg to 57,895 kg 

3 Annual urban growth at 1.5% with roof 

material changes as per Table 3.6.  

Input reduction – wet ponds with 

flocculation 

Initial decrease in zinc load from 1,154 

kg/year to 1,150 kg/year in 2009 

followed by steady increase to 1,269 

kg/year (Figure 3.15) 

Increase from 0 

kg to 57,905 kg 

4 Annual urban growth at 1.5% with roof 

material changes as per Table 3.6.  

Input reduction – rain gardens 

Initial decrease in zinc load from 777 

kg/year to 772 kg/year in 2012 

followed by steady increase to 839 

kg/year  

Increase from 0 

kg to 38,648 kg 

5 Annual urban growth at 1.5% with roof 

material changes as per Table 3.6. 

Combination of painting roofs, and rain 

gardens for road and paved area runoff  

Increase from 375 kg/year to  

535 kg/year  

Increase from 0 

kg to 21,559 kg 

6 Reduction in road usage -1% pa with roof 

material changes as per Table 3.6. 

Combination of painting roofs, and rain 

gardens for road and paved area runoff 

Increase from 375 kg/year to  

474 kg/year 

Increase from 0 

kg to 20,229 kg 

Table 3.9: Parameters and results for simulation runs 
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Discussion of Results  

As expected, the policies reduce annual loads of zinc and thus incremental zinc increases in 

the estuary are smaller (see also Figure 3.20). Independent of urban development scenarios, 

the most effective management strategies (roof painting and rain garden for other impervious 

area runoff) can only reduce but never fully internalise zinc inputs. 

In scenarios 3 and 4, annual zinc load initially decreases and then increases again. The 

decrease is due to the fact that the decrease in galvanized steel roofs reduces zinc loads more 

than the increase from urban development. Later, this incremental annual decrease is 

overtaken by annual growth of other source areas. This shows that even if galvanized steel 

roofs are eliminated over time, the wins in annual zinc load reduction will eventually 

disappear and become outpaced by load increases associated with urban development. 

The natural or background zinc load introduced with Figure 3.18 is only a marginal part of 

the total zinc contribution. Considering a current annual load of 2,087 kg/year, the natural 

contribution of 63 kg/year is only 3% of the total. Therefore, the key impact is from 

anthropogenic activity. 

The only option that can reduce annual zinc inputs involves a reduction in source area. This is 

possible with regards to reductions in impervious surface areas over time, e.g. by 

retrofitting/converting existing paving to permeable paving, and behaviour change-related 

reductions in vehicle use. Note that even with decreasing annual loads, the total amount of 

zinc in the estuary is increasing. This is because there is no outflow of the zinc stock in the 

estuary. This is a reasonably correct representation of system behaviour. In sheltered estuaries 

such as Henderson Creek, which are common in New Zealand, only small amounts of 

dissolved contaminants will leave the estuary while, depending on storm conditions, virtually 

all sediment-bound contaminants will remain in the estuary (Williamson & Morrisey 2000). 

However, sedimentation is a complex process as sediment is deposited in layers which can 

show gradually increasing or decreasing contaminant levels. Also, sediment-dwelling 

organisms can mix up sediment layers and therefore distort the clear picture that sediment 

layers could tell. 
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A further point of discussion is the concentration of zinc in sediment as this is what will 

ultimately affect sediment-dwelling life.18 This concentration is dependent on sediment loads. 

During the historical boom development phase of the city in the 1960’s and 1970’s, much 

sediment from erosion was transported downstream (Williamson & Morrisey 2000). With full 

development of the downstream area, sources of sediment are mainly in-stream erosion. In 

theory, any development in the foothills of the Waitakere Ranges has to put measures in place 

to eliminate erosion as well as create hydrologic neutrality, i.e. there should be no increased 

runoff or sediment from the development (H Chin 2007, pers. comm. 29 June). Therefore, 

annual sediment inflow is likely to be fairly constant. With increasing zinc load, zinc 

concentration in sediment would then also increase and likely show an upwards trend similar 

to that created by the model. Calculating the zinc concentration in sediment would require 

data on existing sediment in the estuary as well as annual sediment loads. 

Results of the simulation mirror other simulation results in principle (Wong et al. 2001; 

Auckland Regional Council 2004c; Walsh et al. 2005a; Xiao et al. 2007) in that they show 

that LID can reduce annual loads of contaminants. This supports standard low impact 

development strategies as advocated by researchers and water managers of public authorities. 

However, the model communicates very clearly by way of increasing zinc stocks the 

accumulative nature of estuaries and waste sinks, and the need to carefully monitor ongoing 

waste accumulation. The model shows that even if the stormwater in the whole catchment 

was managed on the basis of LID technology, the level of zinc in the estuary would still 

increase. This is certainly a counter-intuitive result and mind-boggling for most people that 

had the model explained to them. Zinc will keep accumulating until the inflow has ceased, 

which will only occur when zinc is replaced with other substances, e.g. as happened in the 

case of lead. 

It is interesting to note that water managers are usually only interested in annual flows19, 

neglecting the ongoing accumulation of heavy metals in the estuary as well as 

underestimating the impact of annual pollutions flows. This behaviour has been observed in 

other circumstances (Van den Belt 2004, p.1):  

                                                           
18

 Figure 3.12 shows prediction of zinc concentrations across the whole Waitemata harbour, not just 

Henderson Creek. Although Henderson Creek does represent a main source of zinc input into the harbour, 

Whau Creek and Meola Creek also contribute significant amounts of zinc. Therefore, Figure 3.12 cannot serve 

as a behaviour-over-time comparison graph to the results in this study, but can provide an indication. 
19

 As is evident in e.g. Timperley et al. (2005) or Liebman et al. (2004). 
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Humans respond to a strong signal that something is wrong but have more trouble stopping a 

negative trend that evolves with a slow pace and which involves many interlinked variables 

that are hard to track. 

There are many sources of uncertainty in the model results due to a lack of reliable data. The 

following sources of uncertainty are apparent: 

Source yields: Zinc yield rates were originally derived from a combination of local and 

international studies, as data was not available from PTS catchment.  

Source areas: The composition of roof materials is based on default values developed from 

investigation of Auckland City (Timperley & Green 2005a; Timperley & Reed 2008). The 

similarity to roof composition within PTS catchment or Waitakere City has not been 

investigated. Impervious surface coverage was based on available GIS data from Waitakere 

City Council but from the year 2005. The land use split was calculated from 2005 GIS data 

based on Waitakere City Council definitions of land use zones and the level of accuracy is 

unknown. 

Load reduction factors: The impacts of stormwater treatment and source control 

management options are based on averages derived from local and international studies 

(Timperley & Green 2005a), but may not fully represent LID designs and implementation 

experience in New Zealand. 

Future source areas: Predictions of the future composition of roof materials, population 

growth, impervious surface coverage, land use split and vehicle travel may be inaccurate. 

Population growth estimates provided by Waitakere City Council were used to provide 

growth estimates. Changes in car use and the impact of increased public transportation are 

hard to estimate. Timperley (In preparation) analyses sensitivities to future uncertainties in 

vehicle travel and source areas. 

Excluded variables: Any of the excluded variables listed in Table 3.5 could, if included, 

have a potentially large impact on simulation results. However, this potential impact is 

unknown. 

Given these uncertainties it is questionable what insights can be derived from a comparison 

of results with those from other models. However, further work that reduces uncertainties, 

such as sensitivity analyses, will not change the overall message: low impact stormwater 
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management techniques are useful in slowing the accumulation of contaminants in receiving 

environments. The more interesting question then becomes: Why then are they not more 

widely applied? 

Even though there is by now overwhelming theoretical justification for low impact 

development, implementation is not forthcoming. This begs the questions a) why, and b) 

shouldn’t the simulation show this behaviour? In order to show this behaviour the simulation 

needs to include social variables that model uptake dynamics as well as existing barriers to 

implementation. The problem here is in selecting appropriate measures and quantification. 

Moreover, there needs to be a desire on the part of the decision makers to engage with models 

that integrate physical and social aspects. The following observations about model resolution 

and delineation have been made in relation to this study: 

Model Complexity – Resolution: Virtually all stormwater simulation models are physical 

models designed to calculate stormwater runoff, peak discharge or flow volume based on 

physical catchment information such as soil types, rainfall distribution and intensity, 

topography, and vegetation cover. There are only a few models that also simulate water 

quality (Zoppou 2001). Simulation is often short-term, e.g. focussed on single storm events, 

due the fact that exact rainfall data has very small time units. There is no integration of non-

physical aspects (with the exception of infrastructure life-cycle costs). Also, there is an 

expectation among stormwater managers that quantitative models are spatially explicit. As a 

result, other simulation models are generally not accepted for lack of representativeness, 

perceived high uncertainty and unreliability. Spatially explicit, dynamic, non-linear models 

with long time horizons and short time steps may nowadays be feasible but are they useful? 

Clearly, the compounding errors and uncertainty alone would make results highly 

questionable (Costanza & Ruth 1998), not to mention the lack of adequate data.  

Model Boundary – Delineation: Unfortunately, model boundaries are naturally restricted by 

data availability. Data that show the coupling between social and ecological subsystems do 

not exist in the context of urban stormwater management in the wider literature. If spatial GIS 

data exist, they often only reach back a few years. Generalised data may exist, e.g. the 

average composition of roof types in a catchment, but for water managers who are used to 

detail and accuracy in models this is likewise often not acceptable.  
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In this context it appears that a quest for high resolution and model boundaries that are 

restricted by lack of data not only results in the rejection of models and their results but also 

discourages pro-active decision making. This supports the status quo.  

3.3. Summary of Chapter 3 

Chapter 3 begins by describing the paradigm shift that scientific disciplines have been 

undergoing for the past decades. This shift represents the transition from the mechanistic 

worldview to holism with fundamental transformations of research endeavours and all 

aspects of our society. The central belief in the mechanistic paradigm is that everything 

behaves like a machine and that as a result behaviour can be fully understood by examining 

individual machine parts. This lead to disconnectedness becoming a fundamental part of our 

worldview. Advances in physics have shown that this belief is flawed and that the emergent 

properties that develop from complex interactions of parts are the fundamental drivers of 

dynamic system behaviour. In essence, we now know that the universe, including the human 

observer, is universally interconnected. This emerging change in the perception of reality 

entails a profound change in values, particularly a revaluation of nature due to the ease with 

which nature maintains order despite inherent complexity or even chaos.  

This inherent complexity has also become apparent in water management. In addition to 

natural variability, there are contested objectives, increased temporal and spatial scales of 

analysis, and uncertainty about the effectiveness of various solutions. These challenges 

require new approaches in research which need to be broad, inclusive and based on a sound 

understanding of system interactions, in addition to an interdisciplinary focus with ongoing 

involvement of multiple stakeholders. The new direction in research as manifestation of the 

holistic paradigm has been called post-normal science.  

Post-normal scientific research acknowledges uncertainty and diversity, is inherently 

interdisciplinary, promotes and supports interactive and iterative learning including adaptive 

management, is literally action research in that it creates opportunities not just for 

participation but includes social learning as an important outcome, applies systems scientific 

methodologies and theories, and uses simulation to evaluate decisions and policies.  

Of these characteristics the systems scientific approach is the main focus of the work 

presented in Chapter 3. Systems science aims to uncover and understand the 
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interconnectedness in nature and in coupled human-nature systems using model-based 

conceptualisations and simulation. Basic systems theory terms are introduced and explained 

using examples from stormwater management.   

Models are important tools to better understand and manage systems. Models can 

communicate a perception of the structure and behaviour of a system, or allow for testing of 

theories of system change to explore their implications and contradictions. System dynamics 

methodology is introduced with its two main methods of stock-and-flow modelling and 

causal loop diagrams. These methods are then applied to visualise physical stormwater 

processes in terms of their quantity and quality. The case is made that stormwater pollution 

follows the ‘tragedy of the commons’ archetype in that individual gain is greater than the 

shared cost of pollution.  

The last part of the chapter is devoted to a simulation of stormwater pollution that was 

developed to communicate water quality dynamics in the case study area, to understand the 

systemic impact of LID solutions, and to aid discussion about water quality management. 

The model shown extends a spreadsheet contaminant load model developed at Auckland 

Regional Council for the purpose of calculating annual contaminant loads of various 

pollutants by repetitively calculating loads over the time span of the simulation. The model 

developed here focuses on zinc pollution, as zinc is a major contaminant in Henderson Creek 

which has exceeded thresholds of ecological health guidelines for the past 20 years.  

The dynamic hypothesis shows how zinc from different sources (cars, roofs) accumulates on 

impervious surfaces and washes into the receiving environment with stormwater. LID 

treatment techniques reduce the amount of zinc in the stormwater and thus the load of zinc 

that can accumulate. The accompanying stock-and-flow model and graphical user interface 

are described. Input data, testing procedures and simulation results are introduced next. The 

results show that LID devices reduce annual loads of zinc and thus incremental zinc increases 

in the estuary reduce over time. However, independent of the level of urban development, the 

most effective management strategies (roof painting and rain garden for other impervious 

area runoff) can reduce but never fully internalise zinc inputs. Zinc will keep accumulating 

because there is no outflow, i.e. there is no removal of zinc from the estuary. This is a 

realistic depiction of processes in a sheltered estuary such as Henderson Creek. Dredging has 

not been tested as a policy as it is unknown how much of the dredged sediment re-suspends 

and resettles. Replacement or painting of galvanized steel roofs is a favoured solution at 
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present. The simulation shows that even if these roofs are eliminated over time, the wins in 

annual zinc load reduction will eventually disappear and become outpaced by load increases 

associated with urban development. The only option that can reduce annual zinc inputs 

involves a reduction in source area. This is possible with regards to reductions in impervious 

surface areas over time, e.g. by retrofitting/converting existing paving to permeable paving, 

and behaviour change-related reductions in vehicle use. 

Results of the simulation mirror other simulation results in principle in that they show that 

LID reduces annual contaminant loads. While many aspects of the model could be improved 

this basic message won’t change. The more interesting question then becomes why LID is not 

applied more widely given the theoretical support that it has received in these various studies.  

Post-normal science places a strong emphasis on diverse sets of evidence and the 

acknowledgement of different ways of knowing and meaning-making across society and 

different cultures. Therefore, a further need emerges for research that explores and engages 

the different perspectives that exist within society regarding problems, solutions and their 

implementation in urban stormwater management. This aspect will be addressed in the 

following chapter. 
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Chapter 4: Perspectives in Urban 
Stormwater Management  

 

People do not perceive the world through clear eyes,  

but through perceptual lenses coloured by their worldview.  

Nick Meader, David Uzzell and Birgitta Gatersleben (2006, p. 61) 

 

Stormwater is all pervasive in urban areas and an important part of the urban water cycle. It 

creates problems of flooding, erosion and water quality deterioration. However, the 

management of stormwater is not purely a technical issue but greatly influenced by how 

stakeholders perceive the problems and available solutions.  

This chapter explores the social side of stormwater management – the interplay between the 

environment, managers, policy makers, scientists, relevant businesses, residents and 

ratepayers. I start by reviewing literature on participatory research which provides the 

rationale for using stakeholders as research participants. Environmental problems are strongly 

linked to human behaviour. Therefore, any policies concerned with alleviating these 

problems need to also include strategies to change behaviour. Hence, I also review theories of 

behaviour change. These are useful to inform strategies for implementing policies aimed at 

increasing the uptake of alternative solutions.  

The literature review is followed by the description of the main research application: an 

exploration of the perspectives of individual stakeholders on stormwater and its management 

in Project Twin Streams catchment. The research process, findings, and implications arising 

from them are described and discussed in detail.  
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4.1. Literature Review 

4.1.1. Relationships between Scientists, Policy Makers and the Public 

Garvin (2001) and van Wyk et al. (2008) examine general epistemological differences 

between scientists, public policy makers and the public and conclude that there are various 

misunderstandings and criticisms between the three groups. In addition, language, discourses, 

generalisations and conventions are diverse and unique to each group.  

Broadly, while scientists criticise the policy process as irrational and politically motivated, 

policy makers criticise scientists as rigid, myopic and non-committal. Scientists are aware of 

uncertainty and complexity and thus avoid providing policy-relevant data and making 

specific policy recommendations. Therefore, they fail to provide the policy makers with the 

required information to drive the policy process, resulting in conflict.  

The public on the other hand is perceived as ignorant with a tendency to emotionality and 

irrationality. The public criticises scientists for using inaccessible technical language and 

failing to provide absolute answers. The public also criticises policy makers for acting too 

cautiously or for failing to act. As a result, the public “loses faith in the ability of science to 

solve its problems and loses trust in its political leaders to act in its interest” (Garvin 2001, 

p.445).  

Each group has a distinct approach to creating and applying knowledge (Table 4.1). 

 Scientists Policy Makers Public 

Origin of evidence Scientific studies Availability Popular sources 

Legitimisation of 

supporting evidence 

Adherence to scientific 

method 

Political, social and 

economic implications 

Received wisdom 

Dismissal of conflicting 

evidence 

Adherence to scientific 

method 

Expediency ‘Common sense’ 

Conceptualisation of 

certainty and uncertainty 

Probabilistic Context specific Polarized (either uncertain or 

certain) 

Understanding of complex 

issues 

Compartmental ‘Need to know’ Limited by sources 

Resultant knowledge Specific and limited, 

cognitive knowledge 

Political, contextual,  

instrumental 

Tacit, individual, experiential 

and value-based knowledge 

held by groups 

What is done with the 

knowledge 

Added to cumulative 

body of knowledge 

Applied to current 

situation and context 

only 

Added to body of personal 

experience 

Table 4.1: Differences in the knowledge-generation between scientists, policy makers and the public 
redrawn with permission from Garvin (2001, p.452) 
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While based on numerous assumptions, simplifications and generalisations, Garvin’s review 

does describe the causes for the predominance of technocracy – “a system of governance in 

which technically trained experts rule by virtue of their specialized knowledge and position in 

dominant political and economic institutions” (Fischer 1990, p.17). The need to work 

together despite differences in worldviews, interests and language has been acknowledged. 

Participatory research provides methods to achieve this.  

 

4.1.2. Public Participation  

Stakeholder-wide participation in decision making is not only a keystone of post-normal 

science but has also been a major factor in recent public policy debates and documents on 

water management (Priscoli 2004). Particularly the European Water Framework Directive 

has been recognised as a landmark policy for various reasons, one of them being the 

establishment of public participation as a key requirement in Article 14 (Council of the 

European Communities 2000). This section looks at the theoretical underpinnings of public 

participation. 

The literature addressing the theory of public participation appears unbounded and complex. 

Participation as a research method is commonplace in areas as diverse as political science, 

policy analysis, anthropology, sociology, psychology, philosophy, social geography and 

business (van Asselt-Marjolein & Rijkens-Klomp 2002). Many authors address public 

participation from a deliberative democracy point of view (Arnstein 1969; Fiorino 1990; 

Pratchett 1999; Hendriks 2002; Abelson et al. 2003; van Tatenhove & Leroy 2003; 

Mansbridge et al. 2006) while others focus on contributions to management decision making 

in social-environmental systems (Vennix 1996; Stringer et al. 2006). There do not appear to 

be any established journals purely dedicated to the subject20. Journal of Public Policy, Public 

Administration Review, Public Administration and Journal of Policy Analysis and 

Management all contain many discussions and suggested frameworks. Journals in the field of 

psychology also contain work on the subject. This list is by no means exhaustive. Articles on 

applications can be found in almost any environmentally-focused journal. A number of 

special journal issues have also been published, for example Environment and Planning B 

                                                           
20

 The Journal of Public Participation published by the International Association of Public Participation 

(http://www.iap2.org) was discontinued in 1998 after two years. The Journal of Public Deliberation 

(http://services.bepress.com/jpd/) has published five issues since 2005.  
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Vol. 28(6) 2001, Ecological Economics Vol. 68(4) 2009 and a feature in progress in Ecology 

and Society21 . A number of books have been published on this subject over the years, a short 

selection being Pateman (1970), Clayton et al. (1998), Beierle and Cayford (2002), Kasemir 

et al. (2003) and Keen et al. (2005). 

Benefits and Costs of Participation 

Participation can be valued for its process or for its specific outcomes. For some, 

participation is a basic democratic right with intrinsic value (Arnstein 1969; Checkoway 

1995). Baum (1999) remarks that the participation process creates shared understanding and 

strengthens interpersonal relationships and thus community. Other authors focus more on 

specific outcomes. In an analysis of 239 case studies, Beierle (2002, p.740) concludes that 

stakeholder processes result in higher quality decisions: 

The majority of cases contain evidence that stakeholders are making better decisions, 

contributing new information and ideas, and utilizing technical resources in their decision 

processes. Interestingly more intense stakeholder processes are more likely to produce high 

quality decisions than traditional public participation processes. 

Similarly, Burby (2003) shows, by drawing on evidence from 60 plan-making processes, that 

with greater stakeholder involvement comprehensive plans are stronger and proposals are 

more likely to be implemented. Drawing on this evidence there is currently widespread 

agreement that effective participation of stakeholders benefits the outcome of any 

environmental management project. Indeed, recently implemented major legislation such as 

the European Water Framework Directive as well as the New Zealand RMA not only 

recommends but requires public participation in environmental management (Holzwarth 

2002; Mouratiadou & Moran 2007). 

Generally, participation is seen to be useful in three broad areas: problem identification, 

information provision, and implementation. 

Problem identification: Projects can only be successful when they address the right problem 

at the right scale and scope. Participation can help to create a shared understanding about the 

identity and extent of the problem. In addition, the process by which the problem will be 

addressed can be defined. As a result, the purpose of the model and the project, as well as any 

                                                           
21

 Implementing Participatory Water Management: Recent Advances in Theory, Practice and Evaluation at 

http://www.ecologyandsociety.org/viewissue.php?sf=43 
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deliverables, are clearly defined at the outset (Hjortso 2004). The exchange of viewpoints at 

this stage is an important part of consensus building as it clarifies any divergent views and 

helps shape the project through managed interaction (Winch 1995).  

Information provision:  Participation ensures that relevant mental, written and numerical 

information is accessible. While technocratic governance relies on cognitive knowledge only, 

pluralist approaches also provide access to experiential and value-based knowledge (Glicken 

1999). Forrester (1994) advises that the mental information containing informal causal 

relationships and value judgements is paramount in building system dynamics models. Using 

information provided by participants has numerous beneficial effects as it creates trust in the 

modeller and the model-building process (Ford & Sterman 1998); it can improve 

communication by developing a shared language; in a group setting it creates alignment and 

thus promotes consensus building (Andersen et al. 1997); and it educates participants and 

enables efficient learning about the system and their role in it which can lead to changes in 

mental models and behaviour (Rouwette & Vennix 2006). It is argued that this learning is a 

necessary condition for institutional change (Senge 1992).  

Implementation: As stakeholders contribute to the project and make it more transparent, 

their acceptance of and commitment to its outcomes increases. Participation thus results in an 

increased willingness of stakeholders to own and implement the end-products of the project. 

This ensures that stakeholders maintain the project’s dynamic which is expected to lead to a 

more effective and sustainable system change. Other positive outcomes can be the increased 

independence, self-awareness, and empowerment of stakeholders to address local problems 

independently (Kapoor 2001; Slocum 2003; Fraser et al. 2006). 

The above description outlines benefits resulting from perfect participation. The effectiveness 

of a single participatory method clearly depends on the circumstances, the timing and the 

quality of its application.  

In contrast to these benefits, there are numerous costs associated with stakeholder 

involvement. These can be categorised as monetary, non-monetary and potential hidden costs 

(Table 4.2) and can affect individual participants, institutions or society as a whole (Involve 

2005). Moynihan (2003) points out that the instrumental costs and benefits are often 

overvalued compared to normative benefits such as an increase in governmental legitimacy. 
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Cost Type Example 

Monetary 

costs 

Staff time (paid and unpaid), staff expenses, consultant fees, fees to participants, participants’ 

expenses, training for staff and participants, administration, venue hire, other event costs 

(e.g. equipment), newsletters, leaflets, monitoring and evaluation fees. 

Non-

monetary 

costs 

Time contributed by participants, time contributed by staff (coordination, administrative 

effort), time for training, time for processing results and analysis, opportunity costs (taking 

time off from other work). 

Potential 

hidden costs 

Reputation (from bad participatory practice), stress, uncertainty and conflict, shifting the 

burden from governmental to local management (Clayton et al. 1998). 

Table 4.2: Overview of costs associated with participatory practice 

 

The Question of Choice 

Participation can take many forms, and as a result, methods can be categorised according to a 

variety of themes. Various approaches exist that attempt to define participation through 

categorisation. Many authors (Arnstein 1969; Pateman 1970; Hale 1993; Lynam et al. 2007) 

define participation through a continuum of interaction (or levels of participation) between 

the public and the decision maker/government. Arnstein (1969) distinguishes eight levels of 

increasing interaction ranging from pure manipulation of participants to full-blown citizen 

control. As participatory methods move across the continuum, the degree of public power 

over the process outcome increases. Hale (1993) distinguishes three levels of participation 

according to process objectives: awareness (a top-down process aimed at increasing public 

knowledge about a problem22), education (a top-down process aimed at providing 

information so the public can understand government policies and actions23) and involvement 

(a two-way process where the public has the opportunity to assist in decision making or takes 

some action to support policy implementation24).  

Other continuum frameworks categorise with respect to the scale at which processes take 

place (national, regional, local); the role participants play as either passive beneficiaries, 

informants, cost-sharers, consultees, or counterparts; the type of participants ranging from lay 

persons to experts which may include stakeholders with differing levels of 

representativeness; the structure of the method (structured, unstructured, active, passive); the 

goals of the process or method (decision making/planning, consensus building, information 

                                                           
22

 e.g. using the final model to show policy effects or gathering of feedback 
23

 e.g. eliciting mental models for model development or the use of a management flight simulator to test 

preconceived policies (Ford 1996) 
24

 e.g. testing of policies suggested by the participants or a full mediated modelling intervention/ facilitated 

group model building (Stave 2003; Tidwell et al. 2004). 
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gathering, etc.) (Figure 4.1); how well the method is accepted by the public (lack of 

confidence, alienation, inadequate information, advisory models, public consultation models, 

information models); and whether participation is voluntary or compulsory. The distribution 

of technical expertise can vary widely between methods with some drawing heavily on expert 

input and others on public input. Categories that have not yet been addressed are the extent to 

which the method supports consensus building or how well it supports ind

among participants and is thus suited to tease out a broader range of mental models. 

Figure 4.1: Categorising methods according to process goals
adapted from van Asselt

Practitioners can use these continuum frameworks to characterise their situation and thus 

narrow down the methods that may be used to address it. This can reduce the number of 

methods that need to be further evaluated. 

A second approach in defining participation attempts to link participatory methods to policy 

problems. Here, the specific type of problem determines whether and how participation takes 

place. The decision as to whether participation is appro

process. It is argued that the discontinuous nature of policy problems, the influence of local 

history on participation and the use of overlapping participatory methods needs a descriptive 
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); how well the method is accepted by the public (lack of 

confidence, alienation, inadequate information, advisory models, public consultation models, 

information models); and whether participation is voluntary or compulsory. The distribution 

technical expertise can vary widely between methods with some drawing heavily on expert 

input and others on public input. Categories that have not yet been addressed are the extent to 

which the method supports consensus building or how well it supports ind

among participants and is thus suited to tease out a broader range of mental models. 

: Categorising methods according to process goals 
dapted from van Asselt-Marjolein and Rijkens-Klomp (2002)

Practitioners can use these continuum frameworks to characterise their situation and thus 

narrow down the methods that may be used to address it. This can reduce the number of 

er evaluated.  

A second approach in defining participation attempts to link participatory methods to policy 

problems. Here, the specific type of problem determines whether and how participation takes 

whether participation is appropriate is left to the initiator of the 

process. It is argued that the discontinuous nature of policy problems, the influence of local 

history on participation and the use of overlapping participatory methods needs a descriptive 

); how well the method is accepted by the public (lack of 

confidence, alienation, inadequate information, advisory models, public consultation models, 

information models); and whether participation is voluntary or compulsory. The distribution 

technical expertise can vary widely between methods with some drawing heavily on expert 

input and others on public input. Categories that have not yet been addressed are the extent to 

which the method supports consensus building or how well it supports independent thinking 

among participants and is thus suited to tease out a broader range of mental models.  

 

 
(2002) 

Practitioners can use these continuum frameworks to characterise their situation and thus 

narrow down the methods that may be used to address it. This can reduce the number of 

A second approach in defining participation attempts to link participatory methods to policy 

problems. Here, the specific type of problem determines whether and how participation takes 

priate is left to the initiator of the 

process. It is argued that the discontinuous nature of policy problems, the influence of local 

history on participation and the use of overlapping participatory methods needs a descriptive 
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categorisation rather than a normative one (Thomas 1993; OECD 1996; Bishop & Davis 

2002). As noted by Bishop and Davis (2002, p.21):  

Participation is shaped by the policy problem at hand, the techniques and resources 

available, and ultimately, a political judgement about the importance of the issue and the 

need for public involvement. Participation arrangements tend to be local and ad hoc, and any 

realistic categorisation will reflect diverse and unrelated practices. 

Thomas (1993) distinguishes five situations: autonomous managerial decision making with 

no public involvement; modified autonomous managerial decision making where the 

manager may seek public information which may or may not influence his/her decision; 

segmented public consultation where the problem is shared with segments of the public 

separately and the decision reflects any suggestions made; unitary public consultation where 

the problem is shared with the public simultaneously, i.e. with a single group, and the 

decision reflects any suggestions made; and public decision making where information is 

shared with the public simultaneously and a decision is made based on consensus reached 

between all segments of the public and the manager. Each situation is supported by a 

particular method which also depends on the public makeup, i.e. the range of individual 

and/or interest groups. For example, for a small number of stakeholders/organised interest 

groups a manager with a high degree of autonomy will rely on key contacts to seek 

information from each group, but when the number of stakeholders becomes too great or 

disorganised a survey becomes a more appropriate method of participation. If the manager 

decides that public consultation is required, she/he can either meet with each group or create 

a citizens advisory committee in the case of a large number of stakeholders or a disorganised 

public (Thomas 1990). 

OECD (1996), and similarly Bishop and Davis (2002), match a number of methods to five 

contemporary policy types (Table 4.3). 

Fey and Trimble (1992) list methods for the tasks of knowledge acquisition25 and knowledge 

representation26. Slocum (2003) suggests that five elements should be considered when 

selecting a participatory method: objectives, topic, participants, time, and budget.  

                                                           
25

 Interviews, process tracing techniques, task analysis, job analysis, repertory grid technique, protocol 

analysis, nominal group technique, free group discussion, survey, Delphi method 
26

 Various maps, graphs and diagrams, prose and verbal descriptions, rules, conditional statements, tables and 

scenarios 
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Purpose Suggested methods 

Information Surveys, focus groups, public information campaign 

Consultation Key contacts, interest group meetings, discussion papers, town hall meetings, circulation of 

proposals, public hearings 

Partnership Advisory board/committee, policy communities 

Delegation Public enquiries, impact assessment studies 

Control Referenda 

Table 4.3: Participation purpose and corresponding suggested methods 
reproduced with permission from OECD (1996, p.35) 

The number of participative methods is large and steadily increasing. Rowe and Frewer 

(2005) list more than 100 traditional methods ranging from interviews in different formats to 

questionnaires, various mapping methods for individual or group use that can be facilitated or 

not, and large-scale facilitated group processes. In addition, a large number of innovative 

approaches exist that combine traditional methods of participation, c.f. Bostrom (2003); 

Gregory et al. (2001); Hermans et al. (2007); Lowndes et al. (2001a); Regan et al. (2006).  

Of particular interest to system dynamics practitioners is participatory modelling, also 

referred to as group model building (Vennix et al. 1992; Vennix 1996, 1999), mediated 

modelling (Van den Belt 2004) or adaptive ecological modelling (Costanza & Ruth 1998). 

Participatory modelling sees model users (and often stakeholders) actively involved in the 

modelling process, particularly during the conceptual (design) phase (van Asselt-Marjolein & 

Rijkens-Klomp 2002). Special objectives of such a group process are group learning, the 

establishment of consensus on problems and possible solutions, and the development of a 

computer model that can be used to trial solutions. However, the actual group processes may 

be of greater importance than the model that is actually developed (Beall & Ford 2007). 

There have been numerous applications of participatory modelling in the area of water 

management (Cartwright & Connor 2003; Hand 2003; Stave 2003; Den Exter 2004; Tidwell 

et al. 2004; Van den Belt 2004; Tidwell & van den Brink 2008; Langsdale et al. 2009). 

Participatory modelling as part of system dynamics methodology will be further discussed on 

page 99. 

The Question of Effectiveness 

The research literature usually describes the outcomes of participatory methods as they would 

have been achieved under ideal circumstances. However, there is no agreed understanding of 

these required circumstances, what makes a participatory method effective or even what 

appropriate benchmarks for effectiveness could be. Effective participation has been defined 
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as “maximising the relevant information from the maximum number of all relevant sources 

and transferring it (with minimal information loss) to the other parties, with the efficient 

processing of that information by the receivers (the sponsors and the participants) and the 

combining of it into an accurate composite” (Rowe & Frewer 2005, p.263). Rowe and Frewer 

(2000) suggest the following acceptance and process criteria (Table 4.4) for evaluating and 

comparing participatory methods: 

Acceptance Criteria Explanation 

Representativeness The public participants should comprise a broadly representative sample of the 

population of the affected public particularly with a view of integrating multiple 

knowledge systems (Kelsey 2003). 

Independence The participation process should be conducted in an independent, unbiased way 

(managers and facilitators). 

Early involvement The public should be involved as early as possible in the process as soon as value 

judgements become salient. 

Influence The output of the procedure should have a genuine impact on policy. 

Transparency The process should be transparent so that the public can see what is going on and 

how decisions are being made. 

Process Criteria  

Resource accessibility Participants should have access to the appropriate resources to enable them to 

successfully fulfil their brief. 

Task definition The nature and scope of the participation task should be clearly defined. 

Structured decision 

making 

The participation exercise should use/provide appropriate mechanisms for 

structuring and displaying the decision making process. 

Cost-effectiveness The method should in some sense be cost-effective. 

Table 4.4: Acceptance and process criteria that evaluate the effectiveness of participatory methods 
adapted from Rowe and Frewer (2000) 

Webler et al. (2001) develop five criteria of process ‘goodness’: acquisition and maintenance 

of legitimacy, facilitation of ideological discussion/search for common values, realisation of 

democratic principles of fairness and equality, equal power among participants and 

viewpoints, and responsible leadership and compromise. Further discussion, suggested 

criteria and benchmarks for effectiveness can be found in Beierle and Konisky (2000), Brody 

(2003) Chess and Purcell (1999), Hale (1993), McCool and Guthrie (2001), Palerm (2000) 

and Davies (2001). Much of the success or failure of a particular exercise will stem from 

whether the method was selected appropriately for the situation and how well the method was 

applied. However, structural features can limit or enhance effectiveness. An example would 

be the provision of a facilitator vs. the quality of facilitation. As a result there is no best-

choice method suitable for all problems although some authors agree that the most 

appropriate techniques are hybrids of more traditional methods (Smith et al. 1997; Rowe & 

Frewer 2000). Other pitfalls in participatory practice include the inability of stakeholders to 
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resolve conflicts over equity, the distributive effects of natural resources, and competing 

visions about project goals (Singleton 2002); ignorance about fragmentation among 

stakeholders (Pellizzoni 2003); a lack of stakeholder interest27 (Lowndes et al. 2001b; 

Laurian 2004); inadvertent or deliberate exclusion of key groups from the dialogue (Barnes et 

al. 2002; Lane & Corbett 2005); ongoing communication where scientific language 

terminology is not appropriately translated into lay terms (Glicken 1999, 2000); and the loss 

of mutual respect (Andersson 2004).  

Participation in System Dynamics 

Stakeholder participation in system dynamics (SD) is not limited to participatory modelling 

alone, although this is a key approach. Rouwette et al. (2002) trace the history of stakeholder 

participation in SD applications back more than 50 years and remark on the exponential 

growth in case studies with client involvement. In the beginning, stakeholders were mainly 

seen as information providers. During the last 20 years however their involvement became 

more intense and was characterised by continuous information feedback processes, e.g. 

through social learning and the exchange of knowledge. The intent was to increase uptake, 

generate a sense of ownership and support in the implementation of models (Rouwette & 

Vennix 2006). 

In the system dynamics research literature most attention has been directed to group model 

building (GMB) interventions. These are projects where people work together in groups and 

jointly construct models to tackle ‘messy’ problems (Vennix 1999). Facilitated group projects 

are particularly useful when stakes are high and stakeholder objectives conflicting. A GMB 

intervention consists of three broad phases: pre-meeting activities, the actual meetings and 

post-meeting follow-up activities. Andersen et al. (1997) describe in more detail best 

practices in GMB. The time frame of group model building interventions can range from one 

day to several years and group sizes can vary between a three and four to up to 100. 

Rouwette and Vennix (2006) note a lack of understanding of the effects of individual 

processes and techniques in a GMB intervention which is commonly replaced by intuition 

and experience. GMB interventions are either aimed at modelling for decision making or 

modelling for consensus-building (Zagonel 2002; Rouwette & Vennix 2006). The choice 

between these two options will result in markedly different models and necessitates the use of 

                                                           
27

 The inverse-scale effect applies: more people are interested in participating in processes at local scales than 

at regional or national scales (Carver et al. 2001). 
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distinct methods. Models aimed at decision making will be more parsimonious with due 

focus on validity testing, whereas a model designed for consensus-building will integrate 

potentially conflicting views that are elicited e.g. in open discussions.  

The process of GMB interventions is structured by way of meticulously planned activities 

known as scripts. A large variety of scripts exist to support, among others, problem 

definition, model conceptualisation and policy development, c.f. Andersen and Richardson 

(1997), Luna-Reyes et al. (2007), Rouwette and Vennix (2006) and references therein. 

Alternatives to Group Model Building 

While GMB interventions clearly seem to be the best practice in SD participatory projects, 

full-scale group workshops may neither always be feasible nor desirable. Group processes are 

particularly time-expensive and require extensive scheduling — and often rescheduling — of 

meetings for all involved. Student research projects are particularly at risk of becoming 

involuntarily prolonged, for examples see Holmström (2004) and Den Exter (2004). 

Moreover, the effectiveness of interventions may be compromised if they are long-term and 

have a high participant turnover. For large numbers of stakeholders a full GMB intervention 

may prove prohibitive for actual model development. In these instances, group workshops are 

usually reduced to one or two meetings where problem definition, system conceptualisation 

and model evaluation take place (Andersen et al. 1997). GMB requires an effective rapport 

between client institution/stakeholders and the modelling team. This may necessitate multiple 

interviews before the actual intervention can start, extending the lead time. Group processes 

can also be foreclosed by substantial conflict. In some countries or areas experienced 

facilitators familiar with system dynamics may not be available. Furthermore, institutional 

boundaries and barriers may impede group processes. Examples include cross-agency issues, 

where different agencies are concerned with individual (but interconnected) parts of the 

ecosystem, but all aim to protect their own agendas, staff and resources. Additionally there 

are countless examples of cross-boundary conflicts over natural resources. Here, institutions 

and/or interest groups may even be keen to hijack prospects of any mutual agreement or joint 

work. 

On the basis of these criteria a fully facilitated group model building intervention may not 

always be suitable. The question then becomes which other participatory methods can be 

utilised instead, at what stage and how? For example, cognitive mapping methods have 

proven useful in teasing out mental models of single participants during problem definition 
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and system conceptualisation stages. These maps can then be aggregated and converted into 

causal loop diagrams or stock-and-flow diagrams (Eden 1994). Table 4.5 makes suggestions 

as to which participatory methods are useful at the different stages of a system dynamics 

project. 

Stage  Method Reasoning 

Problem 

definition 

Individual: key contacts, interviews, 

cognitive mapping 

Top management decision 

Group: key contacts, workshop, 

‘hopes and fears’ script, open 

group discussion 

Creates a common vision when consensus is 

required 

System 

conceptualisation 

Individual: interviews, oral history, 

discourse analysis, content 

analysis, cognitive mapping  

 

 

 

Captures a wide variety of individual mental 

models while avoiding groupthink (information 

will then need to be synthesised in order to 

create a conceptual system model), to establish 

consensus on reference mode and dynamic 

hypothesis 

Group: focus group, hermeneutics, 

open group discussion, group 

consensus, joint development of a 

concept model, reference mode 

elicitation script, structure 

elicitation script (Luna-Reyes et al. 

2007) 

 

Create shared language and improve 

communication about system components and 

relationships. 

Model 

formulation 

Individual:  Not applicable as commonly performed 

independently from stakeholders 

Group: facilitated group discussion, 

capacity utilisation script, data 

estimation script, model 

refinement script (Andersen & 

Richardson 1997), variable 

elicitation script 

When stakeholders are familiar with system 

dynamics or when it will be used for more than 

one project; validates model components and 

relationships during the process; stakeholders 

can point to relevance of different model sectors 

and thus influence model breadth and depth; use 

of democratic processes for the quantification of 

qualitative variables; access to expert knowledge 

and other sources of information/data; increases 

transparency and thus salience of the final model 

Model 

evaluation/ 

testing 

Individual: structure/behaviour 

testing, policy implication testing 

(Barlas 1989) 

Individual play with the simulation can yield 

extensive feedback on its performance and 

potential policies 

Group: facilitated group discussion To test whether there is general consensus that  

model performance has been achieved 

Policy analysis Individual: multi-attribute utility 

evaluation or other decision 

analysis methods 

If simulation tool is used by analyst/manager only 

Group: facilitated group discussion, 

reflector feedback 

Learning 

Implementation Individual: If simulation tool used by analyst/manager only 

Group: community monitoring 

projects 

Policies are closely monitored for intended and 

unintended effects 

Table 4.5: Suggested participatory methods for different stages in a system dynamics project 
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In summary, participation is now considered to be an integral component of effective 

environmental management. This shift in emphasis from discipline-bound ‘command and 

control’ towards participatory adaptive management over the past few decades has been 

accompanied by transitions in the sources and forms of information used, processes applied, 

decision making procedures, and the implementation and maintenance of adopted measures. 

Engagement and inclusion are increasingly recognized as key starting points in defining, as 

well as addressing, environmental problems, such that practices ‘work with’ rather than being 

‘imposed upon’ community perspectives. Participatory processes can also challenge and 

change our assumptions and therefore worldviews, which is the first step towards behaviour 

change. 

 

4.1.3. Theories of Behaviour Change  

Environmental problems are strongly linked to human behaviour (Vlek & Steg 2007). As a 

result, management of a social-ecological system requires a focus on behaviour change in 

order to reduce environmental impacts, particularly in light of the fact that technical 

efficiency gains can be overtaken by increases in consumption (Midden et al. 2007). 

Moreover, physical and technical innovations, for example LID, rely on behaviour changes as 

well because individuals need to accept and understand them, buy them, and use them 

appropriately.  

Behaviour change is the central focus of psychological research (Kloeckner et al. 2003) and 

has resulted in diverse contributions from behavioural decision theory, organisational and 

social learning theory, marketing, education, and diffusion theory, amongst others. Learning 

is essential for behaviour change whether at personal or institutional level. Therefore, some 

of the theories introduced below focus specifically on learning.  

Learning theories and other theories in the social sciences concerned with behaviour can be 

distinguished as belonging to either of two paradigms: behaviourist or cognitivist (Bower & 

Hilgard 1981). While behaviourism follows the positivist scientific paradigm, cognitivism 

follows the interpretivist paradigm. Therefore, according to behaviourism, learning is the 

increase in response rate (behaviour) following reinforcement. This is also known as 

conditioning. Behaviourism has the advantage of being easily quantifiable but neglects the 
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connection between processes taking place in people’s minds and the behaviour they engaged 

in (Bredo 1997).  

Cognitivists on the other hand argue that learning also takes place without reinforcement and 

that this learning is more profound and in-depth because it is founded on the will of the 

individual. Hence, cognitivist studies focus more on mental processes and tend to neglect 

their connectedness to environmental circumstances. Both theories form the extremes of a 

spectrum which sees conditioning at the one end and true learning at the other, but clearly 

with many variants in between.   

The next sections outline the major theories of behaviour change with a view to drawing out 

emergent themes that are related to and thus inform this research. I start by describing 

theories that focus on the personal level but also describe how changes at this level disperse 

through society. Then I review theories that look at how organisations change. While learning 

theories mainly focus on the individual, there is some work that also looks at organisational 

learning processes. Theories that contribute ideas on how to create and support change 

processes have also been included in this review. 

Personal Change 

It is necessary to delimit the type of behaviour relevant in the context of stormwater 

management. Relevant behaviour and decision choices include adopting LID measures in 

greenfield and brownfield developments, avoiding point-source pollution, reducing motor 

vehicle use and engaging in stream restoration. The adoption of LID measures is an 

intentional decision while the remainder are prospectively more habitual and norm-guided 

decisions.  

Generally, behaviour change occurs in stages involving a cyclical pattern of adoption, 

maintenance, relapse, and re-adoption over time (Prochaska & DiClemente 1986). However, 

most theories only focus on the first step, the initial adoption.  

Value-Belief-Norm Theory:  

The evidence suggests that from a predictive standpoint, the likelihood of a behavior 

occurring depends on forces – both personal and contextual – that impinge on an individual 

in the context of the choice of whether to engage in a particular behavior at a particular time.  
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The above quote by Stern (Stern 1999, p.464) highlights that behaviour change results from a 

change of personal/internal and contextual/external forces. Contextual forces are cultural, 

social and economic determinants including the policy and planning arena as well as 

education. As part of the Value-Belief-Norm Theory, Stern et al. (1999) suggest that 

contextual and personal forces exhibit a complementary relationship: when personal forces 

are weak then contextual factors can affect behaviour strongly, and vice versa. This has 

implications for behaviour change in that measures that promote personal change can reduce 

the need for contextual support. The theory also explains why some contextual policy 

measures fail to create the desired behaviour change if personal factors are strong. However, 

the theory is purely descriptive. It is not grounded in knowledge of the interactions between 

personal and contextual factors, and does not include time aspects.  

Theory of Planned Behaviour: In contrast, the Theory of Planned Behaviour is relevant 

when behaviour is primarily intentional. This intention is affected by attitudinal, normative 

and control components (Ajzen & Fishbein 1980; Ajzen 1991). Control refers to the 

perception of the convenience of engaging in the behaviour. Figure 4.2 depicts the manifold 

interactions between the individual components. 

 

Figure 4.2: A diagram of the Theory of Planned Behaviour 
reproduced with permission from Ajzen (1991, p.182) 

The theory has been widely supported by context-specific empirical research and spurred 

further research on the roles of attitudes/motivation, norms and control to influence intention.  

Theory of Cognitive Dissonance: This theory introduces the counter-intuitive idea that 

attitudes can be influenced by behaviour, rather than attitudes being responsible for forming 
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behaviour as suggested by the Theory of Planned Behaviour. Cognitive dissonance arises 

when two contradictory perceptions are held simultaneously. For example, the act of 

pollution clashes with a social norm of maintaining a clean environment. People aim to 

reduce dissonance through adjusting, justifying or rationalizing their attitudes, beliefs and 

behaviours. However, as Thøgersen (2004, p.101) points out:  

Cognitive dissonance may be unpleasant, but the unpleasantness of the sacrifices needed in 

order to behave in an environmentally responsible way may easily be worse, in which case 

most people adopt other than behavioural means to resolve the dissonance or simply choose 

to live with their perceived behavioural inconsistency. 

The use of rules and regulations to coerce desired behaviour is justified by this theory 

(McKenzie-Mohr & Smith 2000).  

The Role of Habit: Habits are behaviour routines that are repetitive and subconscious. The 

topic, while previously ignored for lack of measurability, has emerged as a major research 

focus in recent years (Kloeckner et al. 2003). It has been suggested that 80% and more of our 

behaviour is driven by habits and automated responses which serve to free up the brain for 

other processes (Piorkowsky 1988; Jog et al. 1999; MIT News Office 1999; Szegedy-Maszak 

2005). Habits and attitude/intention have also been found to exhibit a complementary 

relationship: when habits are strong then attitudes/intentions have a weak impact on 

behaviour, and vice versa (Triandis 1977; Dahlstrand & Biel 1997).  

If behaviour relevant to stormwater management is driven by automated behaviour responses 

then it is important to ascertain whether these are weak or strong, and to understand how 

habits can be changed or re-learned. Gorr (1997) observed that only 5% of people deliberate 

about means of travel, while the remainder engages in habitual use of their cars. Kloeckner et 

al. (2003) and De Bruijn et al. (2009) similarly conclude that habits can be strong 

determinants for environmentally-relevant behaviour. As a result, habit is now included in 

major behaviour change theories, c.f. Bamberg (1996), Kloeckner et al. (2003), De Bruijn et 

al. (2009).  

So far, evidence suggests that since habits and automated responses are stored as information 

in the unconscious part of the human brain (Kloeckner et al. 2003), a change in that stored 

information requires a ‘re-recording’ of the information (Lipton 2006). This requires 
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foremost an awareness of the habit and suggests that engaging in the ‘desired’ behaviour 

repetitively is a means for changing habits long-term.  

The following theories focus on aspects of learning, particularly learning processes.  

Social Cognitive and Social Learning Theories were developed Miller and Dollard (1941) 

and later extended by Bandura (1988). Both theories emphasise the importance of learning 

through observation. Imitation of the observed behaviour then leads to solidification of that 

learned action. This work is based on the premise that people are self-organizing, proactive, 

self-reflecting and self-regulating in shaping behaviour rather than purely reactive with 

behaviour shaped by environmental forces or driven by inner impulses. Learning through 

observation is enhanced if the observer can personally identify with the model and if the 

observer has high self-efficacy which is the personal belief that one can succeed in any given 

task (Bandura 1988). Hence, people will be more inclined to engage in certain behaviour if 

they believe that they can succeed. Social cognitive theory is applied widely in education, 

mass media and marketing, and informs other theories such as community-based social 

marketing. 

Environmental Education: Another implication of the recent understanding regarding the 

influence of habits on behaviour and learning through observation and imitation are new 

developments in the field of environmental education. Evidence is mounting that the 

conventional model of education as a one-way directed process, where someone disseminates 

information and someone receives information and is then expected to change behaviour 

accordingly, is largely ineffective (Bligh 2000; McKenzie-Mohr & Smith 2000). The 

conventional education model stands in contrast to an action-centred model whereby 

behaviour change along with changes in awareness, knowledge and attitude result from 

action-based involvement in the activity or behaviour that is to be learned (Figure 4.3).  
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This model is thus informed by recent insights in habit formation and behaviour change as 

well as educational progressivism which emphasises that humans learn best in real-life 

activities with other people. This idea is also known as active learning. 

Personal Impacts of Change: Change always brings with it a loss (Harvey 1990). This loss 

creates emotional distress particularly if the change experienced is profound, unexpected and 

involuntary. The Kuebler-Ross (1969) model has been shown to apply in these situations. 

According to the model there are five emotional states that people traverse in a change 

situation: denial, anger, bargaining, depression and acceptance. This shows that we have 

individually developed a coping mechanism for change that alleviates and overcomes the 

stresses associated with change. This model was the first to describe succinctly the individual 

steps in the change process (Elrod II & Tippett 2002). 

The following theories are concerned with how individual change can influence and possibly 

permeate communities and society at larger levels. 

Community-based social marketing: Another recent insight concerns the role of imitation. 

The following thought by Cavett Robert, quoted in Cialdini (1998, p.118), suggests that this 

role is tentatively quite important, which has also been substantiated by empirical research, 

c.f. examples in Pickens (2002), McKenzie-Mohr and Smith (2000).  

Since 95% of people are imitators and only 5% are innovators, people are persuaded more 

by the actions of others than by any other proof we can offer. 

greater awareness 

ACTIONS 

new knowledge and 

understandings 

changes in attitudes 

and values 

sustained behaviour 

change 

Figure 4.3: Action-centred model of environmental education 
reproduced from Armstrong (2002) 

 

 

 

Figure “An action-centred model of environmental education” in: Armstrong P (2002) Targets, 

Outcomes and Action! A New Approach to Environmental Education in Which Students Learn, 

Do and Have Fun. A Keynote presentation to the 2002 WasteMINZ conference, Nelson, New 

Zealand 
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The theoretical framework underlying community-led stream restoration practices in PTS, 

known as community based social marketing (CBSM), is partially grounded in this 

understanding of the importance of imitation. This approach uses community-focused 

marketing principles and techniques in order to improve the community’s welfare as well as 

its physical, social and economic environment (McKenzie-Mohr & Smith 2000). CBSM 

particularly draws on research results in psychology that suggests that “behaviour change is 

most effectively achieved through initiatives delivered at the community level” (McKenzie-

Mohr & Smith 2000, p.150; McKenzie-Mohr no date). 

A CBSM process involves six steps (McKenzie-Mohr & Smith 2000): 

• Identifying the desired behaviour change 

• Identifying the barriers and benefits of the activity 

• Removing the identified barriers if possible 

• Developing a strategy that utilizes tools that have been proven effective in changing 

behaviour 

• Piloting the strategy 

• Evaluating the strategy once it has been implemented and improving if necessary. 

Tools for effecting behaviour change are:  

• Commitment which builds on the human trait of reflecting on ourselves after we have 

committed to something and then honouring that commitment in order to be seen as 

consistent. PTS aims to create commitment by actively involving people in stream 

restoration activities. 

• Prompts that serve as a reminder to perform certain activities. Performing these 

activities often enough will then in theory lead to behaviour change. 

• The development of community norms, given that we are more likely to mimic 

positive as well as negative behaviour we see in others. Norms can also create peer 

pressure. In the case of PTS, the use of murals and other art work along streams or in 

community centres may be interpreted as a norm in that it communicates the 

commitment of this community to the stream restoration activity. 

• Effective communication that informs and pledges the importance of changed 

behaviour and the adverse results from failing to do so. PTS includes information 

material, talks and stream walks. 
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• Incentives that reward positive behaviour or punish (fine) negative behaviour. 

Diffusion of Innovations Theory was developed by Rogers (1962) and describes general 

patterns of the diffusion or uptake of new technologies. His work is relevant here with respect 

to uptake of LID. The adoption process consists of five stages: knowledge, persuasion, 

decision, implementation and confirmation. In researching rates of technology adoption over 

time he categorised people as innovators, early adopters, early majority, late majority and 

laggards. There is a critical point during the adoption process at which enough individuals 

have adopted an innovation such that the continued adoption is self-sustaining. 

Five attributes are discussed that can increase the adoption rate:  

• Relative advantage of the new innovation over the available, e.g. price, features, or 

convenience. ARC and Landcare Research Ltd. have directed some effort on showing 

that LID is economically advantageous over conventional designs, which has proven 

only partially true (Eason et al. 2006). Convenience is also a great motivator. 

Standard designs have a shorter turnaround time in the consenting process and require 

less maintenance.  

• Interoperability, i.e. how well does the new innovation integrate with the existing 

solution. For LID this is site dependent. In a retrofitting situation integration with 

conventional solutions can be difficult and costly. In greenfield developments, 

integration is more feasible but requires careful planning.  

• Simplicity of use. LID implementation requires expert knowledge, while maintenance 

for some LID techniques can be performed by lay persons. 

• Trialability, i.e. how easy and inexpensive is it to trial the new innovation. LID trial 

developments are feasible in most cases.  

• Observability, i.e. how much awareness does the use of the innovation raise. LID can 

be very observable and raise awareness of stormwater problems. One of the most 

visible strategies is stream daylighting particularly in urban retrofit situations. 

Diffusion of innovations theory has been influential in management science. However, it is 

important to note that it is not possible to predict the level of diffusion into the future. 

Furthermore, the adoption category of individuals is dependent on the innovation in question 

(de Jager 2005).  
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Strategies for Social Change: Checkoway (1995) describes six strategies for social change: 

• Mass mobilisation is a non-permanent organisation of individuals with the aim of 

creating visible public action that is assumed to politically empower the public. This 

strategy may include forms of protest such as public procession and demonstration, 

forms of active non-cooperation such as boycotts, strikes and civil disobedience, and 

forms of non-violent intervention through sit-ins, occupations and other challenges to 

authority (Sharp 1973). 

• Social action recognises that organisations are instrumental in wielding long-term 

power. It thus creates powerful organisations at the community level. Community 

organisations can mobilise people to attend hearings or engage in minor acts of civil 

disobedience, for example non-payment of rates or bills. Community groups engaged 

in PTS as well as the Auckland Water Pressure Group28 are organisations that aim to 

influence urban water management through social action. 

• Citizen participation involves people in policy planning, decision making and 

implementation processes of local government initiatives. This strategy offers the 

public opportunities to influence policy decisions, which in turn can create social 

change. 

• Public advocacy is provided by individuals or groups that represent the legislative, 

administrative or other institutional interests of a larger group of citizens. Particularly, 

in cases where the representative is external and does not consult with the client 

community, social change is unlikely. 

• Popular education aims to remedy the lack of consciousness, competence and 

confidence of individuals or groups. This is assumed to lead to increased public 

participation in political processes and therefore to increased social change. 

• Local services development aims to solve local problems through people providing 

services at the community level. The process is set in motion by the people with 

outcomes for the people and provides valuable learning opportunities as well as 

service products. However, this strategy is restricted to change at the community level 

and political power with respect to changing policies at local government level is low.  

 

                                                           
28

 www.water-pressure-group.org.nz although members are more active through email communication (P 

Bright 2009, pers. comm. 16 June) 
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After reviewing relevant theoretical ideas about personal change at societal level right down 

to interpersonal levels, I now turn to describing theoretical discourses on organisational 

change.  

Institutional/Organisational Change 

Institutions are structures and mechanisms of social order and cooperation governing the 

behaviour of a set of individuals. This definition includes cultural norms, rules and any 

institutions that socialize people within it, such as kinship, economy, religion, polity, 

governance and education. Organisations represent a subset of institutions that pursue 

collective goals, control their own performance and have boundaries separating them from 

their environment. Organisations that are relevant to stormwater management are local and 

regional councils and private enterprises that offer stormwater-related services or 

technologies in the widest sense. Organisational change is a result of the behaviour change of 

sufficient numbers of individuals in an organisation. 

Two trends in institutional theory are distinguished: historical institutionalism and neo-

institutionalism.  

Historical Institutionalism  treats institutions as formal rules of behaviour. Often these are 

policy structures such as the law. A key concept introduced in historical institutionalism is 

path dependency (Pierson & Skocpol 2002). Path dependency occurs when current choices 

are limited by past decisions even when past circumstances under which the decision was 

made are no longer present. Path dependency affects institutions as well as technology 

adoption processes (Pierson 2000; Sterman 2000; Boas 2007). Historical institutionalism 

argues that institutions affect behaviour through regulative (rules) or normative (duty) 

components. Institutional change is thus strongly affected by path dependency and only in 

times of crisis do critical junctures exist that allow for more creative or profound change.  

Neo-institutionalism perceives institutions more widely as social constructs. Hence, research 

focuses on the influence of institutions on human behaviour, for example through rules, 

norms and perceptions. Therefore, institutional change is seen to be largely influenced by the 

bounded rationality of political actors. 

Organisational Development is a planned, top-down, organisation-wide effort to increase an 

organisation's effectiveness and health. The underlying philosophy is Action Research 

(French & Bell 1973). Action research was conceptualised by Kurt Lewin and is concerned 
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with effective, permanent social change. According to Lewin (1958, p.201) “rational social 

management proceeds in a spiral of steps, each of which is composed of a circle of planning, 

action, and fact-finding about the result of action”. This process of social change consists of 

three cyclical steps: unfreezing where an awareness of the need to change is created; 

changing where new behaviour is explored; and refreezing where new behaviour is adopted 

through reinforcement (Figure 4.4). Elrod II and Tippett (2002) point out that the majority of 

change management theories exhibit a similar three-phase model of change. 

 

Figure 4.4: The action research process 
reproduced with permission from Prokopenya (2008) 

Further characteristics of organisational development are reducing inappropriate competition 

between parts of the organisation and a focus on collaboration; locating decision making 

capacities to where the information sources exist rather than hierarchically; the development 

of open communication, mutual trust and confidence; and active participation of people in 

order to facilitate change (Worren et al. 1999).  

Kotter (1995) developed a well-known organisational transformation process. The process 

consists of eight steps:  

1. Establishing a sense of urgency 

2. Forming a powerful guiding coalition 

3. Creating a vision 

4. Communicating the vision (repeatedly) 

5. Empowering others to act on the vision 
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6. Planning for and creating short-term wins 

7. Consolidating improvements and producing more change 

8. Institutionalising new approaches. 

These steps are well-supported within the literature (c.f. Danter et al. (2000) and references 

therein). According to Bass (1990), transformational leadership is a critical factor of Kotter’s 

process model. Kotter (1995) contrasts the objective of leadership – to establish direction, 

align people, motivate and inspire in order to create change, with the objective of 

management – to produce consistency and order. 

Peter Senge is a prominent representative of organisational development theory. Senge 

(1992) establishes the idea of the learning organisation which he defines as an organisation 

able to continually expand its capacity to create its future. Learning in this sense is not 

passive but adaptive and creative. This is essentially synonymous with institutional change 

which arises from a “fundamental shift in the movement of mind” (Senge 1992, p.13) of 

individuals but permeates the whole organisational culture. According to Senge, learning 

organisations exhibit the following capacities: systems thinking, personal 

mastery/proficiency, understanding mental models, building shared vision and team learning. 

Therefore, learning is more than just adaptation to change but also entails the generative 

capacity to influence other institutions (and the environment) to the extent that it maintains 

the integrity and continued existence of the organisation – in essence a sustainable 

organisation that exists in symbiosis with its environment. Senge admits that learning 

organisations are more widely found in the private sector: “business has a freedom to 

experiment missing in the public sector” (p.15).  

Change management emerged towards the end of the 1990’s. Organisational development 

focuses on social and psychological aspects of change and argues that changes in mental 

models, attitudes and behaviour must precede structural change. Change management on the 

other hand argues that “changes in both structure/systems and human processes are necessary 

to effect attitude and behaviour change. The sequencing of interventions should induce new 

behaviours rather than trying to educate people about them” (Worren et al. 1999, p.279). 

Institutional capacity, which refers to the availability of sufficient knowledge and resources 

to enable LID, has been assessed recently by Brown (2003, 2004, 2005a, b; 2007a; 2008; 

2009a). Brown concludes that institutional change – here she implies structural change – is 
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required for widespread uptake of LID. Institutions relevant for urban stormwater 

management are local government organisations (Brown 2008, p.222):  

Local Government is often highlighted as the first priority for change by the sustainable cities 

community because it is typically considered as having the overall weakest institutional 

capacity, yet is the most important sector for significantly enabling on-ground change 

towards sustainability. 

Brown (2008) distinguishes five phases of institutional change relevant to LID uptake (Figure 

4.5).  

 

Figure 4.5: Organisational development phases relevant to the implementation of LID 
redrawn with permission from Brown (2008, p.226) 

Local government organisations at the project phase (low performers) showed no particular 

interest in LID other than achieving compliance with obligations set by higher governmental 

authorities. Organisations in the outsider phase have a small group of local government 

officers that have some form of ‘environmental’ responsibility but are unable to obtain 

resources to actually have an impact. In the growth phase, environmental and/or sustainability 

agendas have become more prominent within the organisation and this group of officers have 

been able to obtain resources and engage in projects. Organisations in the insider phase have 

acquired knowledge about catchment characteristics and increasingly apply and promote LID 

solutions. In the integrated phase, high value is placed on stakeholder participation and 

community governance at all levels of the organisation. In addition, policies are put in place 

and resources provided for environmental management and protection manifesting in the 

existence of an ‘active inter-departmental committee’ that facilitates LID uptake (p.229).  

It becomes clear that from Brown’s perspective institutional change starts with one or a few 

dedicated individuals who create opportunities for personal change that increasingly permeate 

the organisation.  
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Brown also remarks on the importance of changing institutional structures and suggests that 

each stage of the change process manifests in changes in organisational structure, in 

particular the integration of knowledge across different organisational departments (Figure 

4.6).  

 

Figure 4.6: Organisational structure at the integrated stage of change 
reproduced with permission from Brown (2008, p.230) 

Clearly, the scope of the intervention whether aimed primarily at structural changes or social 

changes should be appropriate for the problem at hand. The next section will summarise 

classic public policy interventions available at the local level. 

 

Public Policy Interventions 

Policy interventions aim to steer societal behaviour towards desired outcomes in the pursuit 

of environmental objectives. Two basic types of strategies are defined. Efficiency strategies 

focus on technological progress and aim to reduce ratios of resource inputs (including 

environmental pollution) to economic outputs. Sufficiency strategies, on the other hand, aim 

to reduce average consumption of each person in the population (Alcott 2008). Stormwater 
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management strategies may focus on both, efficiency and sufficiency. Table 4.6 provides an 

overview of different categories policy instruments can be assigned to. 

Category  Explanation 

Command-and-control Restrict the scope of action and are binding for the target group 

Economic instruments 

(positive/negative) 

Influence decisions by reducing or increasing utility. Impacts can be uncertain as 

they are dependent on personal preferences and financial situations. 

Service and infrastructure Affect what actions are possible or impossible and the convenience of 

performing them. 

Collaborative agreements Include legally binding or non-binding commitments. Scope is confined to 

contractual partners. 

Communication and 

diffusion 

Stimulate thinking and shape societal discourse, hence creating opportunities 

for changes in mental models and preferences. The type of diffusion 

instruments defines the level of impact.  

Table 4.6: Policy instrument categories 

Instruments in each of these categories can be applied to either efficiency or sufficiency 

strategies. Conventional public policy largely relies on command-and-control and, to a 

limited degree, economic instruments. Both mainly had efficiency objectives. In recent years, 

the focus has shifted towards approaches that rely on communication and informal influence 

to increase voluntary action and cooperation (Kaufmann-Hayoz & Gutscher 2001). This 

mirrors organisational development in their focus on internal (psychological and attitudinal) 

factors. Table 4.7 provides more information on different policy instruments available in each 

of the categories. This does not mean that management is restricted to using the particular 

instruments listed here – creative solutions in partnership can always be developed.  

Clearly, different instruments have specific sets of strengths and weaknesses, and are best 

applied in certain situations (Kaufmann-Hayoz et al. 2001b). The objective of any 

intervention is to achieve maximum compliance with the desired behaviour. For this a 

combination of instruments may be required. Kaufmann-Hayoz et al. (2001a) outline the 

following principles for the development of policy packages: 

• Some instruments can increase effectiveness when combined, for example 

regulations, economic subsidies and information that demonstrates the desired 

behaviour.  

• All instruments should communicate consistent objectives.  

• Command and control instruments do not allow for gradual performance 

improvement. This can be alleviated by combining them with economic, 

communication/diffusion and service/infrastructure instruments. 
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• When implemented alongside unambiguous environmental strategies, collaborative 

agreements can help avoid or reduce regulatory enforcement activities. 

Command and 

Control 

Instruments 

Economic 

Instruments 

Service and 

Infrastructure 

instruments 

Collaborative 

agreements 

Communication 

and diffusion 

instruments 
Environmental quality 

standards (impact 

thresholds and 

standards)  

 

Emission standards 

• best available 

technology 

• prescriptive 

technology standard 

 

Product standards 

and regulations for 

the use of pollutant 

substances 

• restriction, 

rationing, or 

prohibition 

• product standards 

• best management 

practice 

 

Licensing 

• licence to construct 

• licence to operate 

• licence to sell 

• licence to pollute 

 

Liability regulations 

• strict liability 

• reversal of the 

burden of proof 

• compulsory third 

party liability 

insurance 

 

Zoning 

• land use regulations 

• water protection 

areas 

• nature conservation 

zones 

Subsidies 

• grants 

• tax allowances 

• soft loans 

• guarantees 

• compensation for 

foregoing use of the 

resource 

 

Incentive taxes 

• taxes on 

energy/resources 

• taxes on emissions 

• taxes on 

products/processes 

 

Charges 

• one-time charge for 

connection to services 

• recurrent charges for use 

• charges on advantages 

(value-added tax) 

• pre-paid disposal fees 

 

Deposit-refund-systems, 

market creation 

• tradable allowances or 

permits 

• joint implementation 

 

Incentives as parts of 

action campaigns 

• rewards 

• lotteries 

• contests/benchmarking 

• discounts 

Service instruments 

• offering or improving 

ecologically-sound  

products 

• withdrawing 

environmentally 

undesirable products  

• offering or improving 

services that allow or 

facilitate ecologically-

sound action  

• reducing services that 

allow or facilitate 

environmentally 

undesirable action 

 

Infrastructure instruments 

• offering or improving 

infrastructure that allows 

or facilitates ecologically-

sound action  

• dismantling or degrading 

infrastructure that hinders 

or inhibits ecologically-

sound action 

Public-private 

agreements 

• agreements on 

prepaid disposal fees 

on specific product 

groups 

• agreements on 

consumption goals or 

standards 

• formal agreements 

with individual 

companies 

 

Certifications and 

labels 

• with legal 

compliance 

• without legal  

compliance  

Communication 

instruments without a 

direct request 

• presenting facts 

• presenting options 

• presenting appraisals, 

goals and norms 

• providing experience 

of reality 

• presenting model 

behaviour 

• giving feedback and 

enabling self-feedback 

 

Communication 

instruments with direct 

request 

• persuading about facts 

• persuading about 

options 

• persuading about 

appraisals, goals and 

norms 

• sending appeals 

• presenting prompts 

and reminders 

• stimulating self- 

commitment and peer 

pressure 

 

Diffusion instruments 

• establishing direct 

personal contact 

• establishing contact 

via person-to-person 

media 

• community-based 

social marketing 

• establishing contact 

via mass media 

Table 4.7: Types of policy instruments 
adapted from Ulli-Beer (2004, p.47) citing (Kaufmann-Hayoz et al. 2001a, p.40f) 

 

Certain factors may promote intrinsic compliance with an intervention and others may create 

a resistance towards it. For example, Flury-Kleuber and Gutscher (2001) argue that in order 

to maximise compliance, interventions have to be in line with an individual’s motivations. 

Cleary, these factors will be very much place and culturally dependent. Therefore, 

understanding compliance factors is an important task when designing policy interventions. 
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An Emerging Synthesis 

It becomes obvious that research initially attempted to investigate different elements (attitude, 

intention, habit, and imitation), behaviour in isolation and their influence on each other. 

Therefore, different theories concentrate on one of these elements. Change processes at 

personal and institutional levels are largely similar (Perlman & Takacs 1990) and consist of 

transitions from normality to disruption and then to a adjusted normality. The initial transition 

was found to be influenced by previous behaviour/path dependency, external forces (time, 

resources or policy framework), and individual cognitive processes. Resistance may develop 

toward moving between these transitions. 

In recent years, knowledge of different elements has been merged together. In particular the 

evidence that has been provided that behaviour can influence attitudes ex post has led to the 

development of a feedback perspective, for example in change management. This 

perspective, however, is not widely shared. 

One such feedback perspective is provided by Kaufmann-Hayoz and Gutscher (2001) who 

synthesise relationships between human behaviour and policy instruments (Figure 4.7). Their 

perspective, which aligns with that of Powers (1973; 1990) among others, has been adopted 

for this work. This perspective is based on feedback processes that occur between internal 

(attitude/motivation) and external (environment) forces. Powers emphasises that a person’s 

behaviour affects and is affected by the surrounding environment. This mirrors the basic 

premise of change management theory. 



Chapter 4 – Perspectives in Urban Stormwater Management

 

Figure 4.7: A feedback perspective on human behaviour and public policy
adapted from Kaufmann

 

Participatory research is based on the premise that multiple p

understanding and engaging with them is important 

information-provision, decision 

research work that is presented in the following

exploratory in nature, this research uses information provided by participants to construct a 

detailed picture of existing perspectives in order to ascertain their influence on stormwater 

management. This implies a qualitative research strategy which is described next.
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: A feedback perspective on human behaviour and public policy
from Kaufmann-Hayoz and Gutscher (2001, p.82) 

Participatory research is based on the premise that multiple perspectives exist and that 

understanding and engaging with them is important for a number of reasons

provision, decision making and increased likelihood of adoption. The qualitative 

research work that is presented in the following section has adopted these insights. Being 

exploratory in nature, this research uses information provided by participants to construct a 

detailed picture of existing perspectives in order to ascertain their influence on stormwater 

a qualitative research strategy which is described next.

 

: A feedback perspective on human behaviour and public policy 

erspectives exist and that 

for a number of reasons, most notably 

making and increased likelihood of adoption. The qualitative 

has adopted these insights. Being 

exploratory in nature, this research uses information provided by participants to construct a 

detailed picture of existing perspectives in order to ascertain their influence on stormwater 

a qualitative research strategy which is described next. 
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4.2. Setting up the Research 

4.2.1. Adopted Research Paradigm 

As already outlined in Section 1.4, this thesis uses a triangulation research strategy. Chapter 3 

explored the dynamics of stormwater management using quantitative analysis. The 

qualitative analysis to explore existing perspectives on urban stormwater management is the 

focus of this chapter. These perspectives shape our understanding of the problems, the value 

of and need for the different stormwater solutions available.  

While the first endeavour (Chapter 3) falls into the realm of the quantitative research 

paradigm, the second endeavour falls into the realm of the qualitative research paradigm. 

Both paradigms make substantially different assumptions regarding the nature, processes, 

language etc. of research. These are outlined in Table 4.8. 

Assumption Positivist Interpretivist (Anti-Positivist) 

Ontological 

What is the nature of reality? 

Reality is objective and singular, 

apart from the researcher 

Reality is subjective and multiple 

as seen by participants in a study 

Epistemological 

What is the relationship of the 

researcher to that researched? 

Researcher is independent from that 

being researched 

Researcher interacts with that 

being researched 

Axiological 

What is the role of values? 

Value-free and unbiased Value-laden and biased 

Rhetorical 

What is the language of 

research? 

Formal 

Based on set definitions 

Impersonal voice 

Use of accepted quantitative words 

Personal 

Use of accepted qualitative words 

Methodological 

What is the process of research? 

Deductive 

Cause and effect 

Static design – categories isolated 

before the study 

Context-free 

Generalisations leading to 

prediction, explanation and 

understanding 

Accurate and reliable through 

validity and reliability 

Inductive 

Mutual simultaneous shaping of 

factors 

Emerging design – categories 

identified during research 

process 

Context-bound 

Patterns, theories developed for 

understanding 

Accurate and reliable through 

verification or falsification 

Table 4.8: Contrasting assumptions of the two main research paradigms 
adapted from Creswell (1994, p.19) 

The particular paradigm I adopted for this study was constructivist-interpretative which 

assumes the existence of multiple realities and subjectivist whereby the researcher together 

with the research participant create understanding (meaning making) through their interaction 

rather than the disconnected discovery of objective reality. Interpretative research is 

characterised by participation and immersion in a field setting including careful recording and 
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collecting of data. Reflections of this process are written using rich descriptions, narratives 

and direct quotations (Erickson 1986). Under the constructivist paradigm, knowledge is 

created in the research process and not simply discovered.  

Observing, reflecting and developing theories relies greatly on the personality and worldview 

of the researcher – the researcher’s self. Eisner (1991) claims that because it is the self that 

enters the research situation and makes sense of it, it is therefore the main research instrument 

in both data collection and analysis. As a result, the written research report partially reflects 

this self – what I write and how I write it, indicates what I believe (Lincoln & Denzin 1994). 

This belief is, however, grounded in what exists outside my mind, i.e. my experiences as a 

researcher are shaped by the different forms of data provided by the research participants.  

 

4.2.2. Positionality 

In qualitative research, the role or position of the researcher is scrutinised, since the 

researcher takes her own viewpoints and values into the process and may thus be affecting 

the research process and interpretation of results.   

I am a female Caucasian student and at the time of submission am in my early 30’s. I have 

undergone a transition to motherhood during the course of this PhD journey. I have moved to 

Earthsong Eco-Neighbourhood, situated in Project Twin Stream catchment, at the end of 

2007. Earthsong Eco-Neighbourhood is not only an example of applying LID methods to a 

development, but an intentional community with a sustainability focus (Meltzer 2005; Allison 

2008). Engaging and living with ideas such as low impact design, community development, 

permaculture and transition towns at Earthsong has changed my perspective on the role of 

community in light of sustainability considerations. For example, weeding swales and 

shovelling sediment from our stormwater pond has increased my understanding of the role 

and value of maintenance. With the fall of the Berlin Wall in 1989 I experienced as a 

teenager the transformative power of public action on a larger scale first hand. 

My academic background is diverse. In Germany, I studied for four years towards an MBA 

degree. During these years, my main professional interest in the study of human decision 

making under complexity and uncertainty was born. While this focus naturally lends itself to 

using qualitative research methods, I was first taught in quantitative research methods, in 

particular the field of Operations Research which reduces complex decision problems to 
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numbers in an endeavour to provide 

Zealand, I followed this path and completed a Masters of Operations Research. During the 

course of this degree, I picked up on system dynamics methodology as a means to reducing 

complexity by understanding the systemic structures surrounding a given problem and 

developing more effective solutions. This methodology mixes qualitative and quantitative 

methods in its enquiry. In summary, while my scientific development has been largely 

affected by the quantitative paradigm, the qualitative research 

over the past five years. This development is also apparent in this research.

 

4.2.3. Selection of Research Participants

The aim in the selection of research participants was to provide a broad and representative 

number that provided rich insight from all ident

Nine stakeholder groups were identified 

Figure 

Table 4.9 lists the stakes that have been identified for each stakeholder groups.

Stakeholder Group 

Waitakere City Council 

Auckland Regional Council 

Central Government 
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numbers in an endeavour to provide ‘optimal’ solutions. After moving to Auckland, New 

ollowed this path and completed a Masters of Operations Research. During the 

course of this degree, I picked up on system dynamics methodology as a means to reducing 

complexity by understanding the systemic structures surrounding a given problem and 

ping more effective solutions. This methodology mixes qualitative and quantitative 

methods in its enquiry. In summary, while my scientific development has been largely 

affected by the quantitative paradigm, the qualitative research has become more importan

the past five years. This development is also apparent in this research.

ection of Research Participants 

The aim in the selection of research participants was to provide a broad and representative 

number that provided rich insight from all identified stakeholder groups. 

Nine stakeholder groups were identified and are depicted in a stakeholder map in 

Figure 4.8: Map of stakeholders identified 

 

lists the stakes that have been identified for each stakeholder groups.

Stakes 

• Relationship with citizens and ratepayers

• Image as Eco City 

• Relationship with citizens and ratepayers

• Clean green image of the region

• Clean green image of the region

solutions. After moving to Auckland, New 

ollowed this path and completed a Masters of Operations Research. During the 

course of this degree, I picked up on system dynamics methodology as a means to reducing 

complexity by understanding the systemic structures surrounding a given problem and 

ping more effective solutions. This methodology mixes qualitative and quantitative 

methods in its enquiry. In summary, while my scientific development has been largely 

me more important 

the past five years. This development is also apparent in this research. 

The aim in the selection of research participants was to provide a broad and representative 

and are depicted in a stakeholder map in Figure 4.8. 

 

lists the stakes that have been identified for each stakeholder groups. 

Relationship with citizens and ratepayers 

with citizens and ratepayers 
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Stakeholder Group Stakes 

Community Groups/Residents • Rates increase  

• Environmental degradation 

• Health and safety concerns 

Iwi (Indigenous people, Maori tribes) • Rates increase  

• Environmental degradation 

• Health and safety concerns 

• Spiritual concerns  

• Respect for Maori culture 

• Acknowledging historical injustice 

WaiCare • Environmental degradation 

• Funding 

Developers • Increase in cost due to bureaucratic procedures 

reducing profit margins 

• Reducing business opportunities as cost increase 

pushes development project outside profit margins 

Research and Education (Planning , 

Environmental Science, Engineering) 

• Funding for Projects 

• Uptake of Research Results 

• Work for Future Graduates 

Consultants • Funding for Projects 

Table 4.9: Stakeholder groups and their identified stakes 

Non-probabilistic sampling with elements of expert, selective, diversity and snowballing 

sampling was used to identify research participants (Miles & Huberman 1994). Non-

probabilistic sampling refers to the individual selection of research participants that is not 

random or based on a statistical probability distribution. Hence, research participants are not 

a representative selection of the general public.  

The participant identification process started with the selection of stormwater management 

experts (expert sampling). These identified further relevant and potential participants 

(snowballing sampling) that would be able to provide a diverse set of perspectives (diversity 

sampling). Two participants (residents) were selected through selective sampling by dropping 

invitation letters in letterboxes along one street in the catchment (Waitakere Ranges 

foothills). There have been several developments along this street occurring and from about 

30 letters delivered, two residents agreed to be interviewed. This sampling method was 

chosen in order to provide external, non-biased perspectives.  

Research participants were then grouped into:  

• stormwater experts (Exp), mainly engineers and experienced consultants,  

• local government officials and managers (LG), mainly Project Twin Streams (PTS) or 

management,  
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• researcher-ecologists (RE) working in universities or research institutions,  

• private and commercial real estate developers (D), and  

• residents (Res) living in the catchment (Table 4.10). Note that for most participants, 

PTS catchment was their place of residence and/or occupation.  

No Group Organisation Role 

1 LG  ARC Grants Manager Finance for PTS 

2 Exp ARC  ARC Stormwater Engineer / Project Leader  

3 Exp ARC  Stormwater Action Team Leader 

4 Exp (ARC) Consultant to Stormwater Action Team 

5 D Commercial Developers Director  

6 D Commercial Developers Senior Project Manager  

7 Exp EBG Consultants Consultant - Stormwater Management 

8 Exp H&G Consultants Consultant - Design & Subdivisions 

9 Exp KM Consultants Consultant - Ecological Science 

10 RE Landcare Research Scientist - Freshwater Biology  

11 Exp Landcare Research Scientist - Stormwater management 

12 Exp Landcare Research & WaiCare WaiCare Coordinator  

13 D Private Developer Resident 

14 D Private Developer Resident 

15 Res Owner Occupant Resident 

16 Res PTS Community Group  Group Leader 

17 Res Te Kawerau a Maki (Maori) Representative Environmental Matters 

18 RE University of Auckland - Biology Scientist - Freshwater Biology & Water Quality 

19 RE University of Auckland - Env Science Scientist - Water quality 

20 RE University of Auckland - Geography Scientist - Physical Geography 

21 Exp WCC Ecowater Asset Manager Stormwater Infrastructure 

22 Exp WCC Ecowater Stormwater Catchment Planning Engineer  

23 Exp WCC Ecowater Stormwater Infrastructure Planner 

24 LG (WCC Ecowater/PTS) Consultant – Policy 

25 LG WCC Parks Council Parks Manager 

26 LG WCC PTS Community Development Coordinator 

27 LG WCC PTS Project Coordinator 

28 LG WCC PTS Sustainability Manager 

29 LG WCC PTS Sustainable Engineering Manager  

30 LG (WCC PTS) Consultant - Community Development 

31 Exp (WCC PTS) Consultant - Project Engineer Policy 

Table 4.10: List of stakeholders who participated in the research 

 

Each participant is given a number that identifies the origin of quotes used to substantiate 

arguments in the remainder of the thesis. Appendix D provides a listing of all participant 

profiles.  
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4.3. Data Collection 

4.3.1. Interview Process 

Between June and September 2007, 45 one-on-one semi-structured interviews were held.29 

Approval from the University of Auckland Human Participants Ethics Committee (Ref. 

2006/365) was gained prior to the interviews taking place. The interviews started by 

introducing the research, explaining the ethics guidelines, answering any questions regarding 

the participant information sheet, and having the participants sign the consent form. 

Interviews generally followed the interview guide reprinted in Appendix E unless they were 

time constrained. Approximately, 80% of the interview time was spent on the cognitive 

mapping process, 15% on the stakeholder analysis and 5% on the initial procedure. 

The interviewees were fully informed of the purpose of the interviews. Care was taken to 

minimise interviewer bias by refraining from asking leading questions other than the ones 

listed below, and by not introducing any ideas that may form part of the interviewee's 

subsequent answers, as well as being mindful of the interviewer's own verbal and non-verbal 

responses. Responses were confidential with full rights for the participant to access, edit and 

withdraw their data.  

Quotes and excerpts from interview recordings are used throughout the thesis to illustrate 

various findings.  In cases where it has been necessary to reduce the length of an excerpt, 

three full stops (…) have been inserted at the place where words have been excluded. Where 

one or more sentences have been excluded six full stops (……) have been inserted.  Words in 

square brackets [like this] have been inserted to provide clarification and are not the actual 

words of the respondents.  Care has been taken to ensure that the context and the meaning of 

participants’ responses have not been distorted or altered. 

Each quote is preceded by information on the participant where the number designates the 

participant and the code the stakeholder group to which the participant belongs (c.f. 

Appendix D or Table 4.10). 

 

                                                           
29

 Some interviews were split for time reasons. 
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4.3.2. Cognitive Mapping 

The mapping process was semi-structured around the following five open-ended questions: 

• What are the problems associated with stormwater? 

• What are the causes and effects of these problems?  

• What are the solutions to address these issues?  

• What are the barriers to implementing these solutions? 

• What mental models underlie a behaviour/decision/solution? 

Using semi-structured interviews with open-ended questions is a standard grounded theory 

approach (Strauss & Corbin 1998). It allows each interviewee to express views and 

perceptions freely whilst maintaining opportunities to compare the results (Silverman 2001). 

The interviews aimed to provide in-depth information about the participants’ thinking 

processes and deeply held values regarding stormwater management. The open format of 

interviewing is therefore appropriate.   

Answers were mapped together with the participant using cognitive mapping and the 

software Decision Explorer® (Banxia 2009). Cognitive mapping captures a personal 

construct system which is the elicitation of beliefs, values and expertise of decision makers 

relevant to the issue in hand to structure, analyse and make sense of written or verbal 

accounts of problems (Eden 1988). The cognitive map is made up of concepts (constructs) 

that are interlinked to form chains or hierarchies of cause and effect/explanations and 

consequences. Note, that Eden’s cognitive mapping is substantially different from cognitive 

mapping as it is used in environmental psychology where the objective is to understand 

participants sense of place on maps (Kitchin 1994, 1996). 

Cognitive maps were used as the basis for structuring and understanding the beliefs of each 

participant. Maps are coded as action-oriented representations of the participant’s own frame 

of reference and reveal consequences or implications for statements made. Arrows that link 

two concepts thus show causes or explanations, the implied action as well as its possible 

outcome(s). The maps provide meaning not only through individual concepts, but the 

consequences attributed to them as well as the explanatory concepts that support them.  
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During the mapping process participants saw me typing in the concepts and verified or 

changed these to best reflect their understanding. The causal links between concepts were 

suggested by the participants unless they were obvious. In some instances maps became very 

large with close to 100 concepts. After each interview maps were ‘cleaned up’, which 

involved shifting concepts and links, to improve readability and then presented to each 

participant for confirmation.  

Data collection resulted in 28 cognitive maps consisting of a total of 1300 concepts. All 

concepts are listed in Appendix G. Three interviews were time constrained and not mapped.30 

There were 17 cognitive maps confirmed by the participants31 as being an extensive and 

correct representation of their views and thinking processes. Two examples of cognitive maps 

are provided in Figure 4.9 and Figure 4.10. The remaining 11 maps32 were developed from 

interview transcripts. Cognitive mapping during the interviews took about 40 minutes and 

resulted in an average of 60 concepts per participant. After 22 interviews there were no new 

concepts introduced and there was sufficient overlap between map structures to suggest data 

saturation. 

 

4.3.3. Questionnaire 

A questionnaire was provided to all participants in order to facilitate stakeholder analysis. 

The purpose of stakeholder analysis is to provide an overview of the existing stakeholders, 

their perspective on the problem (their stakes), and their power to influence the problem or 

decision, or be influenced by it (Mitchell et al. 1997). 22 participants completed the 

questionnaire33 – a response rate of 71%.  

In the questionnaire, participants were asked to rate the power, legitimacy and urgency of 

stakeholder claims on a Likert scale from 1 (low) to 5 (high). Definitions of these terms were 

provided in the questionnaire. The questionnaire is reproduced in Appendix F. 

 

                                                           
30

 These three interviews were with participants 1, 17, 18. 
31

 These were provided by participants 2, 5, 7, 9, 11, 12, 15, 16, 19, 20, 22, 23, 26-29, 31. 
32

 These maps came from participants 3, 4, 6, 8, 10, 13, 14, 21, 24, 25, 30. 
33

 The following participants did not complete the questionnaire: 1-4, 6, 10, 18, 25, and 30. 
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Figure 4.9: 
Example 

cognitive map 
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Figure 4.10: Example of a smaller cognitive map showing two feedback loops 
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4.4. Data Analysis 

4.4.1. Overview 

Miles and Huberman (1994, p.10) define data analysis as “consisting of three concurrent 

flows of activity: data reduction, data display, and conclusion drawing/verification”. 

Data reduction refers to the process of condensing and managing large amounts of qualitative 

data (Collis & Hussey 2003), for example through coding, transcription, and clustering. Miles 

and Huberman (1994, p.56) note that this selective process is inescapable: 

Observation is also selective: The researcher is constantly making choices about what to 

register and what to leave out, without necessarily realizing that – or why – one exchange or 

incident is being noted but another one is not. 

Collis and Hussey (2003) divide data display into the two separate activities of data 

structuring and data detextualising. While the latter simply means “to convert text into 

diagrams and illustrations” (p.253), it is the structuring which needs to be in place 

beforehand. This structuring should transform the data in such a way as to make it most 

suitable for analysis. Data display refers to the “organized and compressed assembly of 

information that permits conclusion drawing and action” (p.253). It helps to “understand what 

is happening and to do something – either analyze further or take action – based on that 

understanding” (Miles & Huberman 1994, p.11).  

4.4.2. Structural Map Analysis 

Individual cognitive maps were analysed for their structure to determine richness of meaning 

for concepts, get a feel for the complexity of each map, and determine similarities between 

stakeholder groups. Simple analyses focused on the extent and density of maps with regards 

to the number of concepts and links and their relationship to each other to provide indications 

of the complexity of the issues (Eden 2004). Further analyses focused on the emergent 

properties of maps, i.e. domain analysis to detect central themes, cluster analysis to detect 

interconnectedness between themes, and the discovery of feedback loops (virtuous and 

vicious cycles), which may indicate dynamic behaviour (Eden 2004).   
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4.4.3. Coding and Clustering 

Cognitive maps were combined using several stages of clustering and coded to reveal 

common patterns of reasoning. Concepts with identical meaning were combined in the first 

clustering stage, e.g. ‘removal of forest’ and ‘deforestation’. In a second stage, concepts with 

similar meaning were combined and recoded, e.g. ‘deforestation’ and ‘removal of bank-side 

vegetation’. This resulted in 150 clusters which were written on Post-It notes and mapped out 

on a white board (Figure 4.11). Links between the clusters were drawn to form causal loop 

diagrams reflecting common perspectives. A third clustering stage was required to focus and 

visualise the main similarities and differences between these perspectives. At all clustering 

stages, records were taken such that the process was rigorous and traceable. 

Causal loop diagrams are a key tool in system dynamics methodology for communicating the 

feedback structure of systems (c.f. Section 3.1.5). Feedback or the interactions between 

system components is the main cause for complex behaviour exhibited by social-ecological 

systems (Sterman 2000). All dynamics arise from the interaction of self-reinforcing or 

balancing (self-correcting) feedback loops.  

 

4.4.4. Stakeholder Analysis 

The stakeholder analysis process follows nine steps (Elias et al. 2002):  

1. identify potential stakeholders, 

2. develop a stakeholder map,  

3. prepare a chart of specific stakeholders,  

4. identify the stakes of stakeholders,  

5. prepare a power versus stake grid,  

6. conduct a process level stakeholder analysis,  

7. conduct a transactional level stakeholder analysis,  

8. determine the stakeholder management capability of the project, and  

9. analyse the dynamics of stakeholders. 
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Stakeholders can be classified according to their characteristics in the dimensions of 

(the ability to gain access to coercive, utilitarian or normative means to impose its will in the

relationship), legitimacy (the perception or assumption that the actions of an entity are 

desirable, proper or appropriate within some socially constructed system of norms, values, 

beliefs and definitions), and 

immediate attention) (Mitchell

Figure 4.12. 
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11: Example of cluster mapping on a white board 

 

Stakeholders can be classified according to their characteristics in the dimensions of 

(the ability to gain access to coercive, utilitarian or normative means to impose its will in the

(the perception or assumption that the actions of an entity are 

proper or appropriate within some socially constructed system of norms, values, 

definitions), and urgency (the degree to which stakeholder claims call for 

(Mitchell et al. 1997; Elias et al. 2002). This typology is shown in 

 

Stakeholders can be classified according to their characteristics in the dimensions of power 

(the ability to gain access to coercive, utilitarian or normative means to impose its will in the 

(the perception or assumption that the actions of an entity are  

proper or appropriate within some socially constructed system of norms, values, 

(the degree to which stakeholder claims call for 

This typology is shown in 
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Figure 4.12: A typology of stakeholders according to characteristics of power, legitimacy and urgency 
reproduced from Mitchell et al. (1997, p.874) 

 

4.5. Findings: Perspectives in Urban Stormwater Management 

4.5.1. Findings: Structural Analysis 

Results of the structural analysis of all 17 maps are provided in Table 4.11. The average 

number (± standard deviation) of concepts of all maps is 63.2 ±15, the average number of 

links in all maps is 87.6 ± 27, and the average ratio of links to concepts is 1.4 ± 0.2. No 

statistically significant similarities between stakeholder groups could be detected. While 

some participants had high scores in some of the tests, no group of participants dominated a 

particular structural component.  

 D Exp LG RE Res 

Maps 1 7 5 2 2 

Number of concepts 53 59.7 ± 18.9 68.8 ± 12.9 68 ± 17 62.0 ± 11.3 

Number of links 57 84.7 ± 32.6 99.0 ± 22.7 87 ± 5.7 58.5 ± 38.9 

Ratio of links to concepts 1.1 1.4 ± 0.2 1.4 ± 0.1 1.3 ± 0.4 0.9 ± 0.4 

Table 4.11: Statistics of structural analysis of individual maps  

 

 

 

 

 

Figure 2 “Stakeholder Typology” on page 874 of Mitchell RK, Agle BR and Wood DJ (1997) Toward a 

Theory of Stakeholder Identification and Salience: Defining the Principle of Who and What Really 

Counts. Academy of Management Review, 22(2), 853-886 

http://www.jstor.org/stable/259247 
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Domain analysis argues that if a concept has many ingoing and outgoing links, the concept is 

cognitively central and hence dominates a person’s thinking processes. The domain analysis 

for all concepts with more than five links is presented in Table 4.12. Flooding was the main 

concern for about half of the participants followed by LID and Effective Management of 

stormwater in general. No one concept dominated the thinking of the majority of participants. 

This indicates that different stakeholders perceive different concepts to be important and 

provides a justification for including a diverse number of stakeholders in the research. 

Cluster Count D Exp LG RE Res Average Links 

Flooding 8  5 2  1 8.9 

LID 7  5 1 1  10.9 

Effective Management 7 1 1  3 2 8.4 

Attitude/Ignorance 5  1 2  2 8 

Pollution 5   3 1 1 7.8 

PTS 4   3  1 11.5 

Erosion 4  1 1  2 10.3 

Community Education 3   2  1 8.7 

Imperviousness 3  1 1  1 7.3 

Development 2  2    9 

Habitat 2  1  1  8 

Species Diversity 2 1 1    7 

Delays in consenting process 2   1 1  7 

Behaviour Change 2  1 1   6 

Council acceptance 1   1   9 

Community Buy-in 1  1    8 

Table 4.12: Results of the domain analysis for concepts with more than five ingoing and outgoing links 

 

It was assumed that structural analysis would show strong similarities in perceptions of 

stakeholders within a group and marked differences between groups, for example that 

ecologists would be concerned with habitat and engineers with flooding. However, this was 

not the case; the similarities in perceptions were largely independent of stakeholder group. 

There were a few exceptions when considering domain analysis results for each stakeholder 

group. As Table 4.12 shows, stormwater experts (engineers and consultants) are primarily 

concerned with LID and flooding. Local government officials prioritised PTS and pollution. 

The developer is mainly concerned with delays in the consenting process and effective 

management. The highest number of links for a single concept was made by one expert (21 

for LID). Habitat, on the other hand, was a concept that was not considered important for 

most stakeholders. 
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4.5.2. Perspectives on Urban Stormwater Management in PTS Catchment 

Overview 

Causal loop diagrams were developed based on the saturation of participants’ individual 

cognitive maps. In the analytical, staged process of coding and clustering, three distinct 

perspectives emerged: ‘conventional fixes’, ‘low impact solutions’ and ‘community 

development’. Some perspectives were shared across participants, but not always: while 

some participants provided evidence for two or three of these perspectives, other participants 

focused only on a single perspective. This implies that perspectives are held simultaneously 

which stands in contrast to the framework provided by Brown in Figure 2.7. Sometimes, 

perspectives are more clearly influenced by individual participants, but perspectives always 

emerged from multiple sources of evidence (participants). 

The maps are intended to capture the essence of these perspectives and include key concepts 

while avoiding detail. Arrows show causal relationships and are positive unless indicated 

otherwise. A negative sign implies a negative relationship (where an increase in one variable 

leads to a decrease in the other). All maps show in black the causes and effects of the three 

main issues in stormwater management: flooding, pollution and erosion. Stories underpinning 

each map are supported by quotes and illuminate the underlying mental models. 

 

‘Conventional Fixes’ Perspective 

This causal loop diagram encapsulates the traditional perspective on stormwater management 

(Figure 4.13). The primary management objective at the time was water quantity (flooding) 

which was addressed, based on a technocratic paradigm, by building large-scale engineering 

infrastructure, particularly underground stormwater pipes.  

Urbanisation results in an increase in impervious surface and reduced vegetation. This allows 

less entrainment of stormwater into the soil. Water runs off the land and enters the stream 

system – often through the stormwater pipe network. The stream has to carry a higher volume 

of water at a higher velocity. This increases the likelihood of downstream flooding. Flooding 

can damage urban infrastructure including housing, as well as public health and safety.  
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Figure 4.13: The ‘conventional fixes’ CLD 

The damage to urban infrastructure results in an increase in stormwater pipes to prevent 

future flooding. However, stormwater pipes increase velocity and volume of water in the 

network, which increases the likelihood of future flooding. This is a self-reinforcing feedback 

cycle that may explain the dependence on the ongoing need for pipe solutions (R1). Whilst 

initial building costs are very high, maintenance costs for pipes are fairly low when spread 

over the working life of the built structure. As a result, urban areas become trapped in a 

situation of path dependency. Sunk costs of existing infrastructure are so substantial that a 

changeover to other technologies seems prohibitive (Kahneman & Tversky 1979; Sterman 

2000). However, where the pace of urban development is rapid, costs for extending 

infrastructure to newly developed areas are substantial and hit current and future rate-payers, 

raising concerns of intergenerational fairness and equity.  

Another feedback loop exists between stormwater infrastructure and urban development 

(R2). This is explained by the following statement: 

Participant 19 (RE): Once you put in any kind of reticulation system then you’ll only get more 

development. You want to encourage development. When you put a road in somewhere, 

people will build along it.  

High-velocity peak flows lead to erosion of the stream channel. Urban pollutants accumulate 

on impervious surfaces and are washed off and carried to receiving environments by 

stormwater. Traditional approaches to solving pollution problems entail end-of-pipe 

treatments. Regulatory controls are expected to reduce pollution. However, stormwater 



Chapter 4 – Perspectives in Urban Stormwater Management 

137 

largely carries small amounts of non-point source pollutants for which there is no clear point 

of origin. For these, regulatory controls are generally ineffective. This results in a long-term, 

slow, and often unnoticed degradation of water quality in receiving environments: 

Participant 7 (Exp): People accept creeping deterioration. People will say, “I remember 

when I was a kid, there was a little swimming hole at the beach in Brown’s Bay. Well, it’s all 

full of mud now, but that’s progress.” Or they might tell you that they don’t like it, but they 

don’t know how it could have been prevented.  

Pollution, particularly wastewater overflows, also impacts on public health and safety. This is 

where the boundary of this particular perspective was identified. While pollution, erosion and 

changes in the catchment’s hydrodynamics greatly affect receiving environments (streams, 

estuaries, harbours), this was not a major concern of stormwater managers at the time. 

An ‘out of sight, out of mind’ attitude and a lack of value attributed to the environment itself 

are underlying our engagement with stormwater in general. 

Participant 31 (Exp): In times past, they [streams] were an open drain to any type of rubbish, 

weeds, anything, pollution. People would put it into the streams and stormwater system and it 

would disappear. 

Participant 23 (Exp): It [stormwater] was seen as something to get rid of as opposed to as a 

resource to be used. It was a nuisance to have water on your property. 

Participant 19 (RE): The developer’s view was a lot more reductionist and said well, let’s 

look at this bit of waterway here and let’s say it has got no value from an ecological 

perspective, so then let’s develop it. And this bit here, we will develop that. So gradually you 

lose bits and bits of waterway to development. 

Removing flowing water from the public eye, e.g. by piping it underground, or creating open 

concreted channels for flow mitigation, have created a disconnection of the public with the 

stream environment:   

Participant 16 (Res): Most people don’t understand the relationship between what they are 

doing on their section and what happens in the stream and how the stream relates to the sea 

and how all of that is interconnected.  
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Participant 28 (LG): You’ve got ignorance, pure and simple, with people. It’s the “Ah yeah, 

bush heals itself, simple enough. You can throw your rubbish in every waterway. Amongst the 

cars and other rubbish it will rot away eventually.” They don’t see what damage they have 

done.  

 

‘Low Impact Solutions’ Perspective 

Water quality emerged as a stormwater management objective during the 1980’s. Water-

sensitive or Low Impact Design (LID) attempts to address problems of flooding, erosion and 

water quality more holistically and with a long-term perspective (c.f. Section 2.4).  

In the ‘low impact solution’ CLD (Figure 4.14), in-stream erosion and deposition of sediment 

adversely affects the geomorphology of waterways by creating homogenous, wide and flat 

stream channels (Reid et al. 2008a). Erosion and pollution both influence the public’s image 

of the environmental status. Pollution targets (pollution allowed) are determined by the 

authorities based on health and safety guidelines. In New Zealand, the ANZECC guidelines 

determine the maximum allowable levels of contaminants in freshwater bodies (trigger 

values). If the difference between observed and allowed pollution levels is positive, 

ecosystem measures are set in place and funding made available for measures that can deal 

with the pollution, including LID. Pollution targets therefore create a balancing feedback 

(B1). Over long time periods, this balancing feedback could lead to oscillating system 

behaviour as pollution reduction efforts come into effect with a delay when trigger values are 

reached and are abandoned with a delay when pollution decreases below the target. 

In the context of Project Twin Streams catchment, substantial funds were provided to 

purchase and remove flood-prone properties. As a result, the feedback loop between 

stormwater infrastructure, flooding and urban infrastructure damage was broken.  

All participants felt that maintaining a clean environment was important. However, for some 

participants it lost its importance when it came to actually implementing a stormwater 

solution and maintaining environmental values was said to be impracticable. 
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Figure 4.14: The ‘low impact solutions’ CLD  

 

Participant 8 (Exp): I want my children to go to the park where there are watercourses and 

eels and fish etc. I am a kingfisherman. I want my harbour to be clean. I want to still be able 

to catch fish and my children to be able to catch fish. (……) Because as we found out 

through progressive development there is inherent value in keeping some watercourses and 

keeping riparian margins. That’s what people want, they want a bit of nature. (……) The 

local council says ‘We want [the stream] piped, it’s pointless.’ This is a residential area. The 

regional council is saying ‘Ah, no, we might want to keep it.’ And it’s totally impractical. 
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As an emerging technology the success of LID follows a diffusion/adoption process (Rogers 

1962). Uptake of LID is dependent on the adoption rate, i.e. the probability that a person, 

upon coming into contact with the technology, actually uses it in some way. This probability 

is high if the contacts are plentiful, the technology displays significant and valuable results 

(by effectively and profitably solving the site’s stormwater quality problem), the technology 

is compatible with existing technologies, and there are no problems with training. Training is 

necessary to become capable and experienced in the technology’s use. This is reflected in the 

learning loop R1 in Figure 4.14.  

Participant 4 (Exp): We were out on Friday on an industrial site where they make concrete. 

And those sites are notoriously dirty because of all the concrete dust. We always had pH 

problems. So this company put in a wetland swale and it is gorgeous. We went out last Friday 

when it was raining and did a pH check at the inflow and outflow. The pH going into it was 9 

and the pH coming out was 6.5. That is exactly what we want. So here is the case where the 

company paid the money, did this and by doing it came up with an environmental outcome 

and he still gets to make his concrete. We need more of those types of stories.  

Participant 2 (Exp): Examples like that, if you could get them in front of developers, 

particularly for bottom end developers who wanted to put up a square box, you would say 

‘Well, actually if you do it this way, you’ll get a motivated buyer and you are making a 

similar amount of money.’  

The adoption rate of LID appears to be slow, arguably due to perceptions of low profit and 

high cost:  

Participant 5 (D): You don’t want to cause your business to become less profitable because 

you are the only maverick looking for LIDs. That doesn’t make any business sense. (……) 

Sometimes costs are a factor, sometimes they are not. Sometimes a more sensible 

environmentally friendly solution actually costs you a lot less and is easier to perform. (……) 

The relative cost comparisons for LID against standard designs is not an exploratory 

exercise that gets any money for a consultant. There is no commercial advantage, therefore 

why do it. 

Participant 8 (Exp): To develop a section of land in a very conventional way with no view on 

retaining existing features or stormwater quality or extensive earthworks, your typical 

subdivision would be a lot cheaper than an environmentally friendly development. (……) It 
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comes down to what is the cost of environmentally friendly and what is it that we can afford. I 

think that Auckland and New Zealand is going through that battle as our land and house 

prices skyrocket up. What is affordable to the general public to buy? This has to be balanced 

with what limits of environmental protection we are willing to put up with.  

Participant 2 (Exp): There is certainly a real cost limitation to the whole package whether 

you use LID or some other method. Doing it properly for the Auckland region is all terribly 

expensive. That’s why we get into running battles with some of the city council people. 

Because they are trying to run budgets and work out what they can get.  

Participant 6 (D): As for impermeable surfaces, with the shopping centre comes carparking. 

If the carpark ratio could be reduced, we’d probably put more buildings on it to be honest. 

We are pretty much governed by what we want to build and how that stacks up from a 

financial point of view. We work out what are the carparking requirements and that could 

take up a whole block of land. I’ve got only a small percentage of landscaping. 

Participant 22 (Exp): If you ask people whether they want to pay an extra $1000 on top of 

your rates for stormwater they may say no, unless they are being flooded. 

Hence, regulatory support and/or incentives for developers and/or consultants will be 

necessary in order to increase adoption of LID. Another reason for slow uptake is a lack of 

institutional support: 

Participant 2 (Exp): The TP10 [LID guideline] is four years old. It’s probably taken 3 of 

those years for us to realise that people who read and even thought they wanted to implement 

those ideas on the local scale, we had to watch while they go to the council get frustrated and 

go back to a standard design with a stormwater treatment pond at the bottom.  

Participant 5 (D): The only difficulty I have with the philosophical aspect of LID is that if the 

support network is not there from council or from the market place, intentional or 

unintentional is irrelevant. If you are trying to look for low impact solutions for no benefit to 

a business it just doesn’t make any sense. 

Participant 6 (D): You don’t mind abiding by the rules and trying to do the right thing but the 

biggest thing for me is when you lodge something with council and it takes 3 months just to 

go through the system, because the infrastructure within council is not in place. We work so 

hard to get it out quick and get the job done right. To then get it delayed is very frustrating. 
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More critically, as another engineering strategy that relies mainly on devices (ponds, swales, 

etc.), LID does not raise the public awareness required for voluntary and widespread uptake. 

Public behaviour will still be guided by the device paradigm, i.e. the understanding that 

problems can be solved by installing devices (Higgs 2003). The widespread disconnection 

with the natural environment will still be in place and hence, behaviour change will not 

occur. 

Participant 17 (Res): (…) all those new funky technologies like swales, those Hynds sand 

filter things. And these are unnatural, there is absolutely nothing natural about them. 

Participant 16 (Res): The greatest barrier I think is that people just don’t care enough. It 

comes right down to not prioritising it sufficiently. Not seeing it as a real problem. Again, it’s 

a cultural thing. It’s like we are safe, we don’t have to worry about the natural world. 

In some instances, LID may allow for more urbanisation to occur due to the off-set of 

stormwater impacts on the existing stormwater network. For example, in the upper parts of 

Project Twin Streams catchment, development is allowed if it maintains hydrological 

neutrality, i.e. the increased imperviousness does not result in an increase in stormwater 

runoff. The LID paradigm fits in with continued economic growth through increasing 

urbanisation. This suggests a similar infrastructure ‘trap’ as was identified in the 

‘conventional fixes’ perspective.   

 

‘Community Development’ Perspective 

Community-based approaches to environmental management present a different way of 

conceiving stormwater problems, emphasizing societal adjustments in endeavours to enhance 

environmental benefits in a sustainable manner.  

Participant 31 (Exp): The reason for the community to be involved so much is to make the 

project most effective really. Without the community being there, the contractors would be 

employed to do it. It would get done. It would get done possibly at the same cost, possibly for 

less. But once the project was finished it would have the potential to slowly go down. Because 

there would be no buy-in from community about changing the value of how they perceive 

streams. 



Chapter 4 – Perspectives in Urban Stormwater Management 

143 

Participant 16 (Res): People come; I think it’s a combination of love of the native plants and 

the stream and wanting to be part of this neighbourhood. It’s like a sense of identity. (……) 

It’s a love of the natural world and it’s a sense of neighbourhood, a sense of coming together 

and doing something permanent right there. (……) When people are down there working like 

that it’s calm, peaceful, away from the busyness. People start to talk about things. So there is 

human development and a human growth – becoming part of something, of a bigger world.  

A focus on behaviour change is anticipated to have positive flow-on effects. Prospectively, it 

will not only increase the communities’ willingness to reduce their impact on the streams and 

take care of their streams, it may also allow people to re-evaluate their consumption patterns 

and decisions regarding mode of travel and energy consumption from which economic 

benefits may result (Waitakere City Council 2007b). Components and linkages of the 

community development CLD shown in Figure 4.15 promote manifold and intentional 

reinforcing feedback processes. 

 

 

Figure 4.15: The ‘community development’ CLD 
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Pollution, vegetation loss, erosion and altered stream geomorphology reduces habitat quality. 

A broad range of habitats and healthy environments provide biodiversity and a multitude of 

ecosystem services. These include, among others, cleaning and inactivating of harmful inputs 

into the ecosystem, providing opportunities for harvesting from the land and water by 

humans, and passive and active recreation including amenity, inspiration, artistic and spiritual 

engagement. Underlying the ‘community development’ perspective is an acknowledgement 

of the importance of the ecological health of waterways on our own health and well-being. 

Both are perceived as cornerstones of sustainable social-ecological systems. 

The ‘community development’ CLD also describes a diffusion process, in this case the 

diffusion of societal norms and behavioural change. Again, government support was 

perceived as a key to starting community projects. These projects are the vehicles for 

achieving community buy-in which in a favourable political climate would feed back to more 

government support (R1). There is a danger that a lack of community buy-in would result in 

a lack of governmental support. Hence, this relationship needs to be carefully managed. 

Community buy-in was a key variable in this CLD with many ingoing and outgoing links.  

Community buy-in increases project involvement, in this case stream restoration, with 

positive effects on vegetation (R2) and people’s awareness. Awareness is a necessary 

condition for behaviour change which will reduce pollution and may increase uptake of LID. 

Behaviour change was also perceived to lead to economic benefits which in turn feeds back to 

community buy-in and socio-economic status (R3).  

PTS has been successful in the past years and this has enabled follow-on projects to be 

initiated (R4). These projects use the same model of community engagement and 

development to initiate behaviour change in other areas, notably waste reduction, travel mode 

and energy consumption (Waitakere City Council 2007b). Uptake of these projects has also 

been strong (Trotman 2006). Economic benefits at the household as well as community level 

are envisaged, further strengthening communities and increasing their socio-economic status. 

This in turn will increase the support base for these projects.  

Overcoming initial inertia until a sufficient support base and uptake has been established 

takes time (Svendsen & Campbell 2008). Consequently, time delays and their effects are 

crucial to this perspective and community engagement in general. This stands contrary to 

existing and rapidly progressing environmental degradation.   
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Participant 28 (LG): It’s going to take another 30 years before people turn around respecting 

the streams, the evolution and life in the streams. 

Participant 16 (Res): I mean people litter and most people don’t really turn their heads. It’s 

not culturally unacceptable yet. (……) When this area became inhabited by Europeans, 

people didn’t really seem to respect these streams, because we find an enormous amount of 

junk down there. It’s not been like that when it was Maori living here it was very different, 

careful. 

Participant 27 (LG): [It] takes away the interaction between people and the natural 

environment when you look at something and say “yuk”. This becomes a bit of a cycle, if a 

stream is a rubbish dump people will dump more in there, because they can see it’s a 

dumping ground.  

The ‘community development’ perspective was shared by half of the participants. While most 

of these participants did not come from an engineering background, all had an understanding 

of conventional and low impact stormwater solutions. Participants with an engineering 

background, on the other hand, showed a lack of understanding for the need of community 

development: 

Participant 2 (Exp): As I understand it [PTS] at the moment it’s almost entirely riparian 

planting. Whether it’s effective or not depends on what else happens in the catchment. It was 

always the wrong way around for us. To my mind it is the icing on the cake when you already 

taken out the contaminants and sorted out fish passage, and your water quantity problems. 

And then you got some streams where you might have a good habitat and then of course with 

riparian planting you can get that. So I tend to see it as a cart before the horse. (…) But I do 

think it will be good in 20 years time, but by goodness me it’s expensive. It’s very, very 

expensive. 

4.5.3. Mental Models in Stormwater Management 

As part of the interviews participants were asked to identify underlying mental models or 

values associated with stormwater management solutions. These are presented in Table 4.13 

as either supporting or detracting from implementation. Mental models – our perceptions of 

reality – are the most powerful underlying driver of our actions. Effective behaviour change 

requires an uncovering and engagement with these underlying mindsets (Sterman 2000). 
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Most participants had a very good understanding of stormwater management strategies and 

solutions. However, there was little agreement on what solutions are preferable to address 

problems. Direct statements included: 

Participant 20 (RE): The system is not in a position where it can really help itself at this stage 

because it’s such an impacted system to start with. So there’s got to be a regulatory 

environment that says what is and what isn’t permissible.  

Participant 26 (LG): The overriding goal of PTS is to engage local residents in behaviour 

change and that is the most effective way of good stormwater management.  

Participant 17 (Res): So it’s process as well, it’s not just about the streams; it’s about the 

people who manage the streams. Until there is a forum or a project team where there is a 

reciprocal respect for the Maori culture and dimension to that, and the technical expertise, 

there isn’t an effective management of that stream as far as I am concerned. 

 Supporting Mindsets  Preventing Mindsets  

Conventional  

Fixes 

Fear of uncertainty, of losing control  

Uncertainty about how to deal with new ways of 

thinking 

Control nature and people 

Acceptance of creeping deterioration 

Human predominance and superiority 

Low importance of stormwater compared to 

wastewater and water supply 

Right to develop and make own decision for private 

land 

Stormwater is a nuisance rather than a resource to 

be used 

Disconnection from environment in general 

Want council to take care of everything rather than 

share responsibility 

Cost avoidance 

Changing perceptions 

 

Low Impact  

Solutions 

Acknowledging the value of water and waterways 

Outcomes encourage uptake 

Fear of uncertainty, of losing control  

Human predominance and superiority 

Engineering perspective with ecological objective 

Frustration with bureaucracy 

Cost/Profit perception  

Disregard of maintenance 

Stormwater is not interesting politically 

Maximisation of the development area 

Profit maximisation 

Stuck in old ways, hard to change 

Community  

Development 

Caring attitude 

Changing perceptions 

Enjoy green areas and get upset by damage 

Desire to learn more 

Pride in achieving positive impact 

Acceptance of environmentally 

damaging behaviour 

Perception/suspicion of policy and 

council 

Stuck in old ways, hard to change 

Table 4.13: Supporting and preventing mindsets 
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Participants also expressed uncertainty as to how much management is required.  

Participant 11 (Exp): There is a lack of knowledge about the natural system, about how much 

we should manage the natural system. And how much we should let the system be natural, we 

haven’t made that decision yet.  

Participant 19 (RE): In a way we think we go and do a few actions and [the stream] then takes 

care of itself. We are not really seeing that.  

Conflict between the three different perspectives was apparent. This conflict may indicate 

uncertainty and possibly a lack of a common vision and well-defined objectives. Achieving 

agreement on the most effective solutions and measures of involvement requires careful 

collaboration, communication and deliberation strategies.  

 

4.5.4. Findings: Stakeholder Analysis 

Based on the research process outlined in Section 4.3.3 and 4.4.4, Table 4.14 lists the results 

of the stakeholder analysis (averages ��  and standard deviation σ). Average values of 3.7-4.5 

were classified as high, 3.0-3.6 as medium and 2.2-2.9 as low. These ranges were chosen 

from equal fractions over the whole range of observed values.  

 WCC ARC Govt Comnty Iwi WaiCare Dvlopers Planning Engineer 

 �� σ �� σ �� σ �� σ �� σ �� σ �� σ �� σ �� σ 

Power 4.3 0.8 4.5 0.9 4.1 1.1 2.6 1 3.0 1 2.2 1 3.1 1.2 2.6 1 2.7 0.9 

Legitimacy 4.1 1.2 4.0 1.1 3.8 1.1 3.4 1.3 3.7 1.2 3.7 1.4 2.5 1.2 3.7 1.2 3.7 1.2 

Urgency 3.8 1.2 3.8 1 2.4 1.1 2.7 1.1 2.8 1.3 3.5 1.3 2.8 1.4 2.6 1.2 3.1 1.4 

Table 4.14: Averages and standard deviation of questionnaire results 

Stakeholder groups with high power (red) are: ARC, WCC and Central Government. Groups 

with medium power (orange) are developers and iwi. Research and Education stakeholders, 

WaiCare and community groups have low power (yellow) and low ability to influence policy 

and decision making. Participants felt that most stakeholders had legitimate claims, except for 

community groups and developers. Urgency was not rated very high for most stakeholders 

except WCC and ARC indicating that stormwater management does not receive much 

attention.  

Note that the standard deviation of results is fairly high (average of 1 for Power and 1.2 for 

Legitimacy and Urgency). This could either indicate that participants did not have the same 
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understanding of the concepts of power, legitimacy and urgency, or that indeed perceptions 

on these issues varied widely.  

From the results of the questionnaire, the stakeholders were put into categories based on the 

typology developed by Mitchell et al. (1997) (Table 4.15).   

Stakeholder Group Power Legitimacy Urgency Stakeholder Type 

Waitakere City Council high high high Definitive Stakeholder 

Auckland Regional Council high high high Definitive Stakeholder 

Central Government high high low Dominant Stakeholder 

Community Groups low medium low Discretionary Stakeholder 

Iwi medium high low Dominant Stakeholder 

WaiCare low high medium Dependent Stakeholder 

Developers medium low low Dormant Stakeholder 

Planning Research and Education low high low Dependent Stakeholder 

Science/Engineering Research and Education low  high medium Dependent Stakeholder 

Table 4.15: Classification of stakeholders 

Definitive Stakeholders (WCC, ARC) have power and urgent legitimate claims. They can 

provide a clear and immediate mandate to act.  

Dominant Stakeholders (Central Government, Iwi) are both powerful and legitimate, and as a 

result their influence is confirmed. Formal mechanisms will be in place that acknowledge the 

importance of these stakeholder groups, e.g. reports to government, meetings with 

government officials.   

Dependent Stakeholders (WaiCare, Research and Education) are defined as stakeholders who 

lack power but have urgent legitimate claims as they are dependent upon others (here the City 

and Regional Councils as responsible entities for stormwater management) to carry out their 

will. 

Discretionary Stakeholders (Community Groups) possess the attribute of legitimacy but they 

have low power to influence stormwater management and no urgent claims. Mitchell et al. 

(1997) make the point that lacking power and urgency implies that there is no pressure on 

management to engage in an active relationship with these groups although they may choose 

to do so. 

Dormant Stakeholders (Developers) have power but by not having an urgent legitimate claim 

this power is largely unused. 
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These differences in stakeholder attributes shape communication channels and quality. 

Understanding the differences can be useful in defining management strategies that target 

specific stakeholders, e.g. by increasing or reducing the influencing power. 

4.6. Discussion of Findings  

4.6.1. Differences in Perspectives 

Results based on the analysis of participants’ cognitive maps show that perspectives in 

stormwater management are diverse and potentially conflicting – stakeholders conceive 

different solutions for stormwater management which are driven by substantially different 

mindsets. The main differences between three perspectives outlined, exist with regards to 

management goals, drivers, spatial focus, timescales of implementation, existing feedback, 

inclusivity of stakeholder groups, use of available knowledge, problem ownership and 

responsibilities. These are addressed in turn, with a summary provided in Table 4.16. 

Priorities of stormwater management goals: The ‘conventional fixes’ perspective focuses 

primarily on managing stormwater for human health and safety, as well as to safeguard 

existing built infrastructure. As a result, the prevention of flooding through the provision of 

large-scale built stormwater infrastructure is seen as the most effective way of achieving this 

goal. Concerns for water quality have resulted in a shift in management goals towards a 

functioning ecosystem by providing low impact solutions that reduce the impact on the 

environment as well as restoring impaired ecosystems. The ‘community development’ 

perspective is concerned with stormwater management only to the extent that it provides 

opportunities for personal development and behaviour change through education and 

reconnecting the community with their local environment.  

Identification of solution drivers: Solutions strategies are driven by our problem 

understanding, our objectives, and our mental models or ways of thinking when it comes to 

developing solution strategies. Any capital works in the ‘conventional fixes’ perspective are 

influenced by stormwater reticulation capacity and considerations for present and future 

development. These can imply up-scaling the capacity of existing infrastructure for any in-fill 

housing development or extending infrastructure into new areas freed up for development. 

The role of sunk cost in the decision to extend and upgrade existing infrastructure should not 

be underestimated (Kahneman & Tversky 1979; Arkes & Blumer 1985; Janssen et al. 2003). 



Chapter 4 – Perspectives in Urban Stormwater Management 

150 

Low impact solutions are driven by a change in objective towards concerns for environmental 

outcomes. In addition, a more holistic problem understanding leads to a substantially 

different strategy that focuses solutions off-stream on pervious surfaces. Solutions in 

community development are driven by an objective to change behaviour though reconnecting 

the public with their local waterways. Environmental restoration projects are promoted as 

community events to attract the public and enable buy-in. 

Participant 30 (LG): You don’t get the community to come along to major environmental 

programs like this because they want to put plants in the ground, but you engage them 

through fun and creativity. 

Spatial focus: In the ‘conventional fixes’ perspective the spatial focus is on the stream 

network including all drainage infrastructure connecting to it across the whole area serviced 

by the infrastructure. This focus is independent of individual catchment boundaries. For the 

‘low impact solutions’ perspective the focus is shifted off-stream at the lot scale and aimed at 

reducing areas of imperviousness that drain directly into streams through pipes or lined 

drains. In contrast to the ‘conventional fixes’ perspective, small scale solutions in the ‘low 

impact solutions’ perspective are integrated within a catchment-wide planning framework 

which also includes the immediate estuary and marine environment. The ‘community 

development’ perspective focuses mainly on the neighbourhood scale and the stream sections 

where restoration activities take place. Authorities endeavour to align stream restoration 

programs within catchment wide stormwater management planning (Bernhardt & Palmer 

2007; Waitakere City Council 2007b). 

Timescale of implementation: Conventional and low impact solutions have short timescales 

of implementation.34 Depending on the severity of the stormwater problem in question (pipe 

overflow, localised flooding, etc.) delays between problem identification and implementation 

of solution are usually small. In contrast, community development is a long-term process 

with numerous time delays caused by the need to establish communication and raise 

awareness or until behaviour change manifests.  

Identification of existing feedback: Most participants were not familiar with the concept of 

feedback and could not identify feedback situations on their cognitive map. This reflects the 

                                                           
34

 Implementation time spans differ from operation time spans. Operation time spans of LID solutions are 

noticeably shorter than of conventional solutions. Therefore, LID solutions are more adaptive allowing for 

changing designs over time. This makes them overall less path dependent than conventional solutions.  
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prevalence of linear thinking processes (Sterman 2000). Feedback in the ‘conventional fixes’ 

perspective is nearly absent. The implementation of solutions is triggered by localised 

problem events. For example, a pollution event such as a spill will trigger a clean-up, and for 

recurring or non-point sources possibly the installation of a treatment device. Similarly, the 

‘low impact solutions’ perspective shows few and predominantly short feedback cycles, even 

though the diffusion process for LID uptake follows a longer feedback cycle. Short feedback 

occurs when variables influence each other directly. For example in Figure 4.13, a localised 

flood event may lead to building of a pipe or a concrete channel, which in turn will prevent 

flooding occurring at this place in the catchment (but will increase possibilities for flooding 

downstream). The ‘community development’ perspective comprises a multitude of short and 

long feedback cycles. As such, the ‘community development’ perspective starts to transition 

from our existing anthropocentric worldview by purposefully targeting and incorporating 

feedback processes.  

Inclusivity of stakeholder groups: Inclusion of stakeholder groups in the ‘conventional 

fixes’ perspective is limited to scientists (hydrologists) and engineers (civil engineers) as well 

as government officials (planners). The public is only involved in the process of stormwater 

management as it notifies authorities of spills, provides legally required private stormwater 

infrastructure, is inconvenienced by public stormwater works, or is indirectly involved in the 

political process of selecting government officials who may place varying degrees of 

importance on stormwater management:  

Participant 2 (Exp): We always sort of thought ‘Yes, we do have a public out there. But the 

public we are really concerned about are the 20 or 30 or so who happen to be city council 

stormwater staff’. 

The ‘low impact solutions’ perspective is similar, except for the involvement of ecologists in 

the scientific arena and the public in selecting local stormwater solutions for their property 

which they maintain. Developers are important stakeholders as they are not only responsible 

for the provision of stormwater solutions in large parts of the catchment but also exert power 

to influence the political will: 

Participant 28 (LG): Politics, management directors not just in council but outside, 

developers, industry – these are people that go with the flow as long as it doesn’t affect their 

wallet or their privileged position. And if it is, they will do all in their power to stop it. 
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The primary stakeholder groups in the ‘community development’ perspective are the public 

and the local government who work together to achieve behaviour change and create 

community ownership.  

Use of available knowledge: Scientific and engineering knowledge underpins the 

‘conventional fixes’ and ‘low impact solutions’ perspectives. The ‘community development’ 

perspective is more inclusive of local and public knowledge while also showing respect 

towards indigenous (Maori) belief systems: 

Participant 30 (LG): When the first planting took place in this area it took into account the 

history of the stream. There was a dawn ceremony led by local Maori and the mother and the 

family came back for the first time after her child had drowned 11 years ago. It was a very 

moving ceremony and it became a healing process. 

Ownership of the problem: In the ‘conventional fixes’ as well as the ‘low impact solutions’ 

perspective, ownership of stormwater problems lies with the government (local, regional and 

national). Authorities investigate and establish the extent of problems, assign priorities, 

develop policies and regulations to deal with the problems and execute policies by providing 

city-wide stormwater infrastructure and regulating for private infrastructure. A key feature of 

the ‘community development’ perspective is to raise awareness about the community’s role 

in stormwater management and subsequently to establish community ownership. Participants 

familiar with community development felt that through stormwater-related community 

projects, citizens gained an understanding of their role and responsibility in stormwater 

management. Participants told many stories where a newly developed respect of their local 

environment resulted in the community taking ownership of their local waterway and the 

provision of ongoing care: 

Participant 30 (LG): Each of them [community groups] saw their organisation being involved 

in the long term. They are really aware that they are reconnecting people with their streams 

and really making a difference. Their fear is that it will just revert to its previous state. So the 

community has definitely taken ownership and they are showing this in lots of ways. 

Responsibility for implementing solutions: The implementation of solutions follows that of 

problem ownership with one exception: The public may be required to implement and 

maintain low impact stormwater solutions on their properties.  
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 Conventional Fixes 

Perspective 

Low Impact Solutions 

Perspective 

Community Development 

Perspective 

Management goals Public health and safety, 

safeguard built structures 

Public health and safety, 

safeguard built structures; 

provide ecosystem function 

Behaviour change; 

community buy-in, 

ownership and 

development 

Solution drivers Capacity, reticulation, 

infrastructure 

Permeable surfaces, 

maintenance 

Behaviour change, public 

ownership of local 

waterways and their 

management 

Spatial focus of 

activities 

Focus on the stream as 

well as all drainage 

connections to the 

streams, city scale 

Off-stream, lot-scale with a 

catchment wide integration 

Local stream environment, 

neighbourhood scale 

Timescale of 

implementation 

Short term Short term Long term 

Feedback Minimal, linear thinking, 

short 

Minimal predominantly 

linear thinking, short-

medium as part of the 

diffusion process 

Diverse and manifold, long 

Notions of 

inclusivity 

Scientific and 

engineering, government 

officials, public (minimal)  

Scientific and engineering, 

government officials, public 

(to a small extent) 

Public (to a large extent), 

government officials 

Use of available 

knowledge 

Scientific knowledge 

(hydrology, civil 

engineering, public 

health) 

Scientific knowledge 

(hydrology, geomorphology, 

ecology, public health) 

Local and community 

knowledge, social 

marketing, social 

development 

Ownership of the 

problem 

Local authority  Local authority  Public (to a large extent) 

and local authority in a 

supporting role 

Responsibility for 

implementing 

solutions 

Local authority Local authority and public 

particularly with respect to 

maintenance 

Public 

Shortcomings of this 

perspective 

Disregard for stream 

ecosystem 

Lack of behaviour change 

and public ownership 

Substantive delays and 

long-term implementation 

Table 4.16: Overview of the main differences between the three perspectives in stormwater management 

 

Shortcomings. Each perspective has shortcomings in providing solutions that can effectively 

address the challenges posed by stormwater. The ‘conventional fixes’ perspective lacks an 

integration of ecosystem health in the management goals, and it can be argued that 

conventional solutions are inherently conflicting with environmental restoration goals. The 

main shortcoming of the ‘low impact solutions’ perspective is the lack of public ownership of 

problems and solutions. In essence, low impact design provides a similar set of engineering 

solutions which may be more localised and environmentally friendly, but still maintain the 

status quo of a public that is inherently disconnected from their local environment. This 

disconnection causes a lack of understanding, a lack of care and environmentally damaging 

behaviour. It can be expected that with future population growth and existing development 
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patterns, water quality in streams will continue to deteriorate. This will further increase the 

lack of respect of this resource to the point where they cannot be offset by low impact 

solutions: 

Participant 11 (Exp): There is the issue of impaired aesthetics of the streams from gross 

pollutants. There is a lack of ownership and the gross pollutants and littering causes a lack of 

respect in the stream. So, if I see lack of respect it enables me to have lack of respect. If I see 

that things are respected it enables me to respect things.  

The main drawbacks of the ‘community development’ perspective are the long delays and 

resulting long-term implementation of solutions. Community development postulates social 

learning, behaviour change and the creation of public ownership, and as such has, in theory, 

manifold flow-on effects that can engender uptake of more sustainable technologies and 

strategies, e.g. cohousing, use of public transportation and reduced energy consumption. 

However, environmental degradation is a pressing concern and existing stormwater problems 

have to be addressed quickly and effectively while at the same time steps taken to ensure the 

restoration of impaired ecosystems. This, however, is not identified as a priority in the 

‘community development’ perspective.  

As a result, none of the perspectives by themselves will lead to sustainable stormwater 

management outcomes. 

4.6.2. Integration of Efforts – Transition Culture 

The convergence of pervasive challenges, including environmental degradation and social 

discontent with prevalent political processes and outcomes, has brought us to a point where 

we are increasingly challenged to act. The conclusion is drawn from the findings that a 

concerted and integrated effort is required to address the multiple and pressing problems 

experienced in Project Twin Streams catchment. We need to enter a culture of transition, not 

just amongst the public but amongst all stakeholders. In order to realise a sustainable future, 

the long term focus must emphasize social learning, behaviour change, and the creation of 

effective partnerships with local authorities with a focus on increasing community resilience 

and capabilities for adaptation. Institutional learning and change must go hand in hand and 

support this long-term focus on behaviour change and community development. Low impact 

solutions can be implemented in the short term in new developments, while retrofitting of old 

developments can occur over time as old infrastructure is phased out and more 
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environmentally friendly building practices are implemented. Figure 4.16 synthesises this 

argument by integrating the ‘low impact solutions’ and ‘community development’ 

perspectives. Important reinforcing feedbacks that will support this transition are included. In 

addition, the deliberate use of regulatory controls should guide implementation of low impact 

solutions and community development. 
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Figure 4.16: Integrating community engagement and LID serves multiple objectives and creates change 
at different levels and timescales 
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4.6.3. Implications for Urban Stormwater Management 

Findings from this study convey an intriguing sense of some of the challenges that must be 

addressed in efforts to facilitate transition culture. Societal engagement and participation are 

integral to environmental repair, reaffirming the perspective that rehabilitation is much more 

than a technical process (Higgs 2003; Brierley & Fryirs 2008). Moves towards more coherent 

management applications implicitly entail the generation and refinement of shared 

information bases, thereby promoting ownership of environmental programmes through 

genuine commitment to social learning (Pahl-Wostl 2006). Such grounding promotes the 

promise and prospect of working together to facilitate repair, rather than merely viewing this 

as a planning process on paper, i.e. actions, rather than contemplation – see Moss (2008b). 

Ultimately, the sustainability agenda requires differing forms of information to guide co-

management processes, fashioning more engaging and active forms of public ecology. Unless 

these choices become a way of life, rather than a proliferation of buzz words, the legacy that 

we leave for future generations will not remotely reflect our understanding of how we should 

address these matters. 

Acknowledging and exploring the different perspectives on problems and solutions in 

stormwater management has far-reaching implications for the relationships we build and the 

processes we put in place to manage stormwater. Under this new paradigm, stormwater is not 

considered to be purely a technical issue that requires a technological fix or device to deal 

with it. Rather, there is a need to acknowledge that stormwater is multi-faceted: different 

stakeholders have different priorities for dealing with stormwater quantity, quality and 

erosion problems, and opinions on effective solutions range far and wide so as to render the 

promotion of a single solution strategy such as low impact design ineffective. Social learning, 

stakeholder buy-in and ownership of any solution are paramount for successful 

implementation. Establishing buy-in calls for the development of new methods and processes 

focussed on engagement and relationship-building. Institutional structures need the capacity 

to adapt to this new focus, while our scientific research endeavours are challenged by 

different data needs and analytical practices. This presents considerable challenges for 

management and institutional structures, engagement with stakeholders, and socio-cultural 

considerations that promote scientific/engineering agendas.  
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Implications for Management and Institutional Structures  

The acknowledgement that current solution approaches are not working forms the basis for 

accepting different perspectives. In addition, the need for a synthesised effort requires a 

substantive change in the mindset of the existing management team. LID asks for a certain 

transfer of control for device maintenance to the community. Community development goes 

one step further as it hands the stewardship of the stream environment partially back to the 

community. This participative, bottom-up approach is based on trust and the understanding 

that behaviour change and community empowerment is a widely more effective, though long-

term, strategy. If the objective is to create truly sustainable solutions then bottom-up solutions 

are essential. Trust is developed through non-aggressive communication, particularly deep 

listening, that conveys respect (Wheatley & Crinean 2004). As one private developer 

remarked: 

Participant 13 (D): I wish council would just open up a little bit. Learn from local people who 

have the knowledge. It’s not theory, it’s actual practical knowledge that you have to start 

from to understand the effect on water flows. 

Additionally, behaviour change can only take place in the context of an enabling environment 

(Prochaska & DiClemente 1986). This type of engagement with stakeholders necessitates a 

retraining of stakeholders, particularly in governance. More importantly, different 

institutional arrangements are required for this purpose. For example, more staff need to be 

employed that have the sufficient ‘people skills’ to engage and collaborate with communities 

in a meaningful way. Participants remarked on how these skills are at present not even valued 

at local government level: 

Participant 24 (LG): Because the community development people tend to be completely 

sidelined, they are not regarded as valuable. That’s interesting. The engineers are regarded 

as valuable, the scientists are very valuable, the financial people are incredibly valuable. 

Then you look at the community development people and they are kind of down here 

somewhere. So it’s about revaluing the skills of interacting with people. 

Moreover, the current institutional compartmentalisation into stormwater engineering, 

planning and finance, operations and maintenance, among others, is outdated and requires a 

shift towards interdisciplinary integration of staff in management teams (Brown 2005a). 

These will provide opportunities for more creative handling based on a more holistic 
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understanding of future problems that exhibit complexity and uncertainty. Seeing that the role 

of the public has moved from the receiving end towards a more active and engaging 

citizenship, there needs to be a place at the table for these community groups. This is what 

New Zealand’s indigenous people have been asking for repeatedly: 

Participant 17 (Res): Until the other partner comes up and says, there is a budget, there is a 

seat here at the table, we respect what you have to say, we want you on the team, until that 

happens then there is no marriage.  

Aside from integrating aspects of collaborative governance, an improvement of institutional 

arrangements is required that are better equipped to inform, build, inspect, maintain and cost 

the multitude of low impact design devices on public as well as private land: 

Participant 21 (Exp): The key thing is that a structure is in place so that all devices are 

managed and maintained because if the owner does not maintain it well, it’s not going to 

work. Detention tanks have orifices in them and most owners wouldn’t even know if these 

were blocked. 

Above and beyond, there needs to be an understanding that to include diverse perspectives in 

management is not a threat but an opportunity that allows us to move forward in an informed 

manner. Prescribing one mindset over another is the cornerstone of command and control 

management where the will of one institution is imposed on the remaining stakeholders with 

the demand for compliance. LID is currently being pushed into agendas and policies without 

the support of major stakeholder groups in a similar fashion. This aggressive strategy has 

resulted in distrust and policy resistance which may explain the following statements: 

Participant 14 (D): Some of the dealings we had with council have not been good. You almost 

do not want to plant just to piss the council off. The council forced us to [give them a piece of 

land] and it took a long time before they told us that. (…) So the upshot of all that is that we 

don’t like the council much and we are not alone in that. It seems to me that the council 

doesn’t give the residents any credit for wanting to help out. They seem to go straight out and 

make us do things. 

Participant 28 (LG): Then you’ve got to be able to reach the person who’s got their backyard 

to the stream. Up to now they always tipped their foliage and everything else over the fence 

because that’s their way. It’s washed away and it’s out of their way. So you say “Look we’d 

like to go through there”. It’s a power thing, “No, you are not going through my private 
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land”. No way, because that’s council – they have the suspicion as well. “What more do you 

want now? Are you going to take my land off me?” 

There is a need to accept that there is no ‘one right solution’, and that flooding, non-point 

source pollution and erosion is not something that can simply be ‘fixed’. This understanding 

places emphasis on process rather than simply ‘outputs and outcomes’, improvements in 

institutional capacity and the need for ongoing adaptive management in collaboration with all 

stakeholders (Hillman et al. 2003). 

Implications for the Socio-Cultural Dimension   

As indicated in the literature review, behaviour change occurs in cycles. This can create 

delays in the change process which can be experienced as negative: 

Participant 4 (Exp): In general people resist change. People don’t like to change. The older 

you get the less you want to change. People like consistency. 

However, this resistance to change may be a resistance to our past practices of aggressive 

top-down implementation of change and other barriers to implementation of new 

technologies. More research is clearly needed on how we can ease transitions by providing 

institutional support for behaviour change and uptake of alternative solutions. 

Community development explicitly acknowledges that urban residents must take 

responsibility for stormwater solutions if the worldview of economic growth is to be altered 

to follow a path toward sustainability. However, there is little consideration of the costs in 

creating and maintaining societal transformation in the literature. Further basic research is 

required in this area. 

Our Western culture largely avoids maintenance and revaluing its importance is paramount 

for effective implementation of LID (Shuster et al. 2008). This mindset change needs to be 

driven by social learning and changes in societal norms and social acceptability. Maintenance 

was clearly of importance for many participants. Interestingly, responsibilities for 

maintenance are very much place-dependent – while in the USA maintenance always lies 

with the private developer, in New Zealand maintenance is largely a concern for local 

government (J Lehman 2009, pers. comm. 29 April).  

Participant 5 (D): Everyone knows that most of the systems do not get maintained given half 

the chance. 
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Reconnecting with the local environment, engaging with community and being active 

politically allows for personal learning and development. This can potentially have 

significant impacts on social resilience on a local scale. Importantly, a sincere 

acknowledgement of other perspectives implies foremost a recognition and societal 

engagement with Maori culture.  

Implications for the Scientific Dimension  

Understanding stormwater management as a social-ecological system is the prerequisite for 

developing and implementing integrated solutions. Integrative approaches to management 

need to be underpinned by integrative science. Holistic problem understanding is not possible 

based on quantitative data and black box modelling alone. However, integrating qualitative 

and quantitative research paradigms is largely unsupported in traditionally segmented 

research institutions. Methods and tools exist to help cope with divergent perspectives. 

Various group techniques such as group cognitive mapping (Tegarden & Sheetz 2003) or 

group model building (Vennix 1995) are available to help elucidate perspectives and support 

shared theory development. Next to argumentation and mathematical modelling, computer 

simulation is a third way of building and evaluating social science theories (Ostrom 1988). 

Agent-based modelling is an increasingly used computer simulation method to represent 

systemic outcomes of different stakeholders (Wooldridge & Jennings 1995) and system 

dynamic simulation models based on group model building is a further option for integrating 

diverse knowledge and perspectives. 

Implications for the Engineering Dimension 

Possibly one of the most challenging and profound mindset changes is required from the 

engineering profession. Reductionist thinking, the device paradigm, along with command and 

control strategies are the cornerstones of engineering teaching and practice. While devices 

will be important to address stormwater problems, they are not the only solution. Over time, 

devices should be replaced with sensible, negotiated urban design solutions. I agree with 

Shuster et al. (2008) that the device future lies in retrofitting existing developments to reduce 

their impact on the waterways. 

It must be clear that the existence of diverse perspectives on stormwater management is a 

contributing factor to our current failure to live and use our land without eroding its capacity 

for sustained provision of environmental services. In addition, the transition to sustainable 
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approaches will face social, institutional, educational, attitudinal, logistical and 

communication barriers. The next chapter studies these in more detail. 

4.7. Strengths and Limitations of the Study 

In-depth interviews provided rich data from which three distinct perspectives were distilled. 

Cognitive maps were developed largely together with participants applying a rigorous 

scheme of data reduction, data structuring, coding and conclusion drawing. There is support 

in the literature for these different perspectives, particularly with regards to the ‘conventional 

fixes’ and ‘low impact solutions’ perspective. However, the role of community development 

and the potential impact it can have are generally not well understood from qualitative or 

quantitative viewpoints.  

There is also clear evidence of a fourth perspective which was provided by the indigenous 

(Maori) participant. This perspective can be said to exist between the low impact solutions 

and community development perspective, but with substantial clear spiritual and emotional 

influences. However, I have not been able to gain better access to this participant and in 

particular could not apply the mapping procedure. Therefore, I cannot draw any conclusions 

from this except that this may warrant further study. Specifically, it would be useful to know 

how the spiritual and emotional themes that emerged can be reconciled with existing 

management practices.   

The prevalent key message sent by researchers and partially by decision makers is on the 

value of and necessity for LID. This reflects the prevalent technocratic worldview and 

associated values of control, independence and disconnection. In contrast, based on the 

results of this research I argue that the technocratic approach, while necessary to deal with 

stormwater problems in the short-term, needs to be integrated with approaches that create 

meaningful connections between the personal and natural world: Only if we are aware of our 

dependence on nature are we willing to engage with it responsibly. 

This case study uses data source and methodological triangulation to increase confidence in 

the interpretation of results. The use of multiple sources of evidence (number of research 

participants from different backgrounds, and written documents), establishing a chain of 

evidence, and having cognitive maps as well as a draft case study report reviewed by key 

informants, all serve to provide construct validity (Yin 1984).  
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The three perspectives that have emerged as part of this process have been verified in the 

literature to some extent. For example, Figure 2.3 and Figure 2.7 both support the basic idea 

behind the three perspectives. In addition, feedback from conferences regarding the 

perspectives and causal loop diagrams has been very positive and some participants have 

reviewed the research report and supported these findings.  

This research provides case-based knowledge and conclusions, and as such insights may not 

be transferable to other settings. Therefore, external validity cannot be established. Again, 

despite this fact analytical generalisations can still be made as long as the reliability has been 

achieved. 

4.8. Summary of Chapter 4 

The aim of this chapter was to explore the social dimension of stormwater management. The 

literature review first revealed numerous misunderstandings and criticisms, different use of 

language, discourses, conventions and distinct approaches to creating and applying 

knowledge between scientists, policy makers and the public. This is understood as the result 

of the existence of different perspectives and worldviews, and the reason for the technocratic 

approach in stormwater management. Recent changes in values and transitioning paradigms 

fostered a need to work together despite these differences in worldviews, interests and 

language.  

Fundamental issues in participatory research were reviewed next. It was observed that the 

participation literature appeared unbounded and complex, but that applications and 

publications have been increasing rapidly such that participation is now considered an 

integral component of environmental management. Indeed, many see it as a cornerstone of 

sustainability.  

Participation can be valued for its process (problem identification, information provision) or 

for its specific outcomes (improved implementation, group alignment). Numerous methods 

are available that allow for participation in research and decision making in order to create 

opportunities for joint work between different stakeholder groups. All methods have certain 

benefits and costs associated with them. Continuum frameworks are used to align methods 

according to different characteristics (scale, type of participants, process goals). Benchmarks 

have been suggested that allow participatory methods to be evaluated for their effectiveness.  
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In systems theory, the role of participation shifted from information provision to fostering 

implementation, creating a sense of ownership and aligning perspectives within the group. 

Since systems research relies on a conceptualisation of the system, participatory methods, 

particularly participatory modelling, are used to provide for this. Specific participatory 

methods were suggested for different stages of a systems research project. One of these 

methods, cognitive mapping, stood out because it was useful in two research stages: problem 

definition and system conceptualisation; and because it could also be used with individuals 

while allowing for a synthesis to emerge from the individual data. 

The next part of the literature review focussed on behaviour and theories on behaviour 

change. Several theories on personal, societal and organisational change were reviewed and 

basic aspects described. It was shown that theories advanced in this field from isolated 

consideration of different elements of behaviour such as attitude, habit and imitation, to 

feedback perspectives that understood personal, organisational and societal behaviour as 

influencing and simultaneously being influenced by the external environment.  

The literature review was followed by a description of the research strategy, data collection 

and data analysis methods used in this thesis. A qualitative, triangulation research strategy 

with a constructivist-interpretative paradigm was adopted which underlined that I as a 

researcher create meaning together with the participants. My personality and worldview 

influences this process to a degree. The objective of the research was to uncover and explore 

existing perspectives on stormwater management in PTS catchment.  

To achieve a representative set of perspectives, a number of sampling methods were used that 

aimed to provide research participants from all stakeholder groups identified. Data collection 

included a joint cognitive mapping process with participants, cognitive mapping based on 

interview transcripts, questionnaires, and the review of relevant literature provided by 

participants.  

An analysis of responses on underlying mindsets showed that there was little agreement on 

the best strategy and how much management was needed for what purpose. The stakeholder 

analysis showed differences in stakeholder types arising from different power, legitimacy and 

urgency of claims. Knowledge of these differences can influence the choice of participatory 

method. 
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The main analysis of cognitive maps follows a rigorous, iterative process of data reduction 

and display. Structural analysis provided the first quantified evidence of the existence of 

different perspectives on stormwater management. Further analysis of the cognitive maps 

consolidated this fact and provided an in-depth understanding of three different perspectives: 

conventional fixes, low impact solutions and community development. These perspectives 

were shown to be conflicting in key aspects such as management objectives, timescales of 

implementation, and inclusivity of stakeholder groups, among others. Importantly, I argued 

that each perspective has shortcomings. The ‘conventional fixes’ perspective excludes 

environmental quality as a management objective. The ‘low impact solutions’ perspective 

lacks a focus on behaviour change. This was shown to severely restrict adoption of LID as it 

also implies that there is no shared understanding of the need for LID. Lastly, the 

‘community development’ perspective requires long-term implementation which conflicts 

with the current level of environmental degradation in PTS catchment requiring immediate 

attention. Therefore, no individual perspective can provide for long-term environmental 

rehabilitation, but they need to be integrated in efforts to create effective strategies that 

address current environmental concerns but also provide long-term efficacy. The integration 

of these perspectives and efforts has manifold implications for urban stormwater management 

in terms of the institutional structure put in place, the need for behaviour change at personal 

and societal levels, and the need for these integrated solutions to be underpinned by 

integrative post-normal science and transitioning scientific paradigms.  
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Chapter 5: Barriers to Implementing 

Alternative Stormwater Solutions 

 

We have met the enemy … and he is us.  

Walt Kelly (1970)  

 

Results presented in Chapter 4 suggested the implementation of LID and community-based 

resource management as examples of alternative solutions in urban stormwater management. 

Chapter 5 follows on from this and explores whether there are any barriers or impediments 

that stand in the way of this implementation. Systemic resistance to change is a fundamental 

characteristic of all systems. Its purpose is to ensure that the efforts made in continuing the 

processes that keep the system intact are kept small. This resistance manifests as barriers that 

prevent change and reinforce the status quo. An in-depth understanding of these barriers is 

therefore essential in order to develop strategies that reduce or remove barriers leading to 

increased diffusion of alternative urban stormwater solutions.  

This chapter begins with a thorough stock-taking of existing knowledge on barriers for 

implementation of LID and community-based resource management. New Zealand and 

overseas literature on this topic is reviewed. Apparent gaps in the literature are revealed and 

used to define the purpose of my work on barriers to implementation. The chapter then 

continues by outlining the methods used for identifying the barriers in PTS catchment. This is 

followed by the presentation of the results of this data collection and analysis. The findings 

are then compared with the barriers identified in the literature review. Sections 5 and 6 of the 

chapter explore interactions between different barriers. Two methods are introduced that 

analyse these interactions and determine which barriers should best be targeted to achieve 

effective reduction or removal in light of systemic interactions. These methods are applied to 
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the barriers identified in PTS catchment. Finally, specific recommendations are made on how 

to reduce or overcome some of these barriers.  

5.1. Literature Review  

5.1.1. Barriers as Manifestations of Systemic Resistance to Change 

Resistance to change is a theme identified in a number of interviews with research 

participants. Likewise, numerous examples for this resistance are investigated in the 

literature, for examples see Bauer (1995). A search for the phrase ‘resistance to change’ 

yielded approximately 72,000 results in Google Scholar. This phrase was coined by Kurt 

Lewin (1947) and initially described a characteristic property of systems. For him, all 

systems – biological and social – aimed to maintain homeostasis by resisting change and by 

restoring the previous state following disturbance. His theory included the idea that barriers 

to change and forces driving change created equilibrium when in balance. He also suggested 

that a decrease in barriers was a more effective strategy to initiate change (unfreezing, see 

Section 4.1.3) than strengthening the forces driving this process. 

Over the following decades the meaning of the phrase changed to imply that resistance is a 

psychological phenomenon inherent in people (Coch & French Jr. 1948; Lawrence 1954). 

This meaning was accepted as ‘received truth’ throughout society (Dent & Galloway 

Goldberg 1999). In research, resistance to change was examined at personal and gradually 

more at social levels (Watson 1971). Finally, Kotter (1995) showed that resistance was 

mainly found in the system and only seldom in individuals.  

Recent work on resistance to change therefore concentrates on systemic resistances. 

Frantzeskaki and de Haan (2009) characterise three examples of resistance to change. When 

change is driven by bottom-up processes, then the dominant, established regime (group 

holding power) adopts a defensive and mainly controlling strategy to suppress change. 

Regimes can sustain their dominant position either by actively fighting change processes or 

passively delaying acting on requests for change. Niche regimes (sub-groups) can resist 

change towards top-down interventions. In all cases, resistance is exercised by social groups 

who benefit from the status quo and who feel threatened by change. Therefore, resistance can 

be beneficial for one societal group and have adverse effects for another. In each case this is 

decided based on the values, norms and perceptions that are held in the specific group. 
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5.1.2. Barriers in Stormwater Management 

Numerous barriers for implementation of LID solutions have been identified. Most authors 

agree that these are institutional rather than concerned with technical feasibility of solutions 

(Lundqvist et al. 2001; Brown 2005a; Mitchell 2005; Rauch et al. 2005; Brown et al. 2006; 

Mitchell 2006; Wong et al. 2006; Moss 2007; Roy et al. 2008; Brown & Farrelly 2009b). 

An effort has been made to review all studies available. First, a review of six peer-reviewed 

mostly Australasian studies is presented. Then, seven national studies on barriers are 

investigated. These studies were mainly published as technical, research or government 

reports.35 Table 5.1 on Page 175 provides a general overview of the different studies and the 

number of barriers identified.  

 

5.1.3. International Evidence 

In a recent comprehensive review, Brown and Farrelly (2009b) identified 36 barriers from 53 

sources. These were subsequently distilled into the following 12 general barrier types: an 

uncoordinated institutional framework; limited community engagement, empowerment and 

participation; limits of regulatory framework; insufficient resources (capital and human); 

unclear, fragmented roles and responsibilities; poor organisational commitment; lack of 

information, knowledge and understanding in applying integrated, adaptive forms of 

management; poor communication; no long-term vision or strategy; technocratic path 

dependencies; little or no monitoring and evaluation; and lack of political and public will 

(p.842).  

As early as 2001, Lloyd et al. published work on barriers based on outcomes of the first 

conference on Water Sensitive Urban Design in the Australian Context in 2000. The 

conference was initiated by Melbourne Water and most participants were consultants, 

followed by local government and state agencies/water utilities. The authors discuss four 

major categories of barriers: regulatory framework, technology and design, assessment and 

costing, and marketing and acceptance. The regulatory framework included barriers such as: 

separation within and between organisations of the responsibility for water supply, 

stormwater, wastewater and groundwater management; local standards that are based on rigid 

                                                           
35

 I would like to thank Clare Feeney, Director of the Environment and Business Group, for making many of 

these available. 
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engineering conventions and do not allow for an integrated approach to water management; 

key stakeholders, including local councils, lack the expertise to assess and implement LID; 

and councils’ reluctance to accept the inherent risk involved in approving alternative 

approaches. 

The technology and design category included the following barriers: unsatisfactory 

implementation of treatment trains due to lack of knowledge in using BMPs (inappropriate 

utilisation of BMPs; their positioning within the treatment train; prioritisation in their 

implementation in a staged program; and lack of maintenance); a lack of information and the 

fact that it is scattered among professions; poor linkages between concept and functional and 

detailed design; and poor construction practices. The assessment and costing category 

included the following barriers: a lack of modelling tools that include cost minimisation; and 

general problems incorporating externalities in cost calculations. The marketing and 

acceptance category included the following barriers: little thought on how ponds and 

wetlands systems, established as ornamental features in urban development, can be utilised 

effectively to serve other beneficial functions associated with improvements to stormwater 

quality; and a lack of community support.  

Many of the technological barriers listed by Lloyd et al. (2001) were overcome with 

increasing knowledge and implementation experience to some extent, at least in the 

Australian context, in the next years. As a result, Brown (2005a) focuses on stormwater 

management institutions. Based on content analysis of local policy and industry literature, 

and interviews with over 60 industry experts, local government engineers, and state 

regulatory officers in Metropolitan Sydney, she concludes that the lack of LID 

implementation is “indicative of broader institutional impediments that are beyond current 

concerns of strengthening technological and planning process expertise”, that “the inertia 

with the public administration of urban stormwater inherently privileges and perpetuates 

traditional stormwater management practices at implementation”, and that “historically 

entrained forms of technocratic institutional power and expertise, values and leadership, and 

structure and jurisdiction posing significant impediments to change and the realisation of 

integrated urban stormwater management” (all on p.455).  

Based on research reported in an industry report, Brown and Farrelly (2007b; 2008, 2009a) 

published results of an online questionnaire of 800 water professionals in three Australian 

cities (Brisbane, Melbourne and Perth). A conceptual framework of receptivity assessment 
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was used to test the value of water quality for the participants and how likely they were to 

implement stormwater treatment technology. The questionnaire included the following 

variables: community perceptions; environmental outcomes; public health outcomes; 

technical feasibility and performance; professional knowledge and expertise; government 

policy, management arrangements and responsibilities; regulation and approvals processes; 

property access rights; and capital and maintenance costs (p.656). Research participants were 

asked for their perceptions on whether a variable was a driver or a barrier for the 

implementation of certain LID technologies (on-site technologies, third-pipe technologies in 

greenfields and existing areas, indirect/direct potable reuse schemes, and stormwater quality 

technologies) at different levels (p.655). 

Results showed that the following variables were consistently named as barriers for all 

technologies: management arrangements and responsibilities, regulation and approvals 

processes, capital costs and maintenance costs. They conclude that the “professional 

community is highly associated with the importance of improving stormwater quality for 

receiving waterway health, yet they do not consider that politicians share this perspective by 

placing a substantially lower level of importance on stormwater quality management”. They 

provide evidence for “significant acquisition barriers within each city, including institutional 

arrangements, costs, responsibilities, and regulations and approvals processes” (all on p.653).   

Brown (2004) presents results of fourteen in-depth case studies of local government 

organisations across Sydney, Australia. She acknowledges the following barriers: inertia 

associated with administrative systems, and contemporary research that still largely 

prioritises investigations at the technological level. Political institutionalisation of 

environmental concern and the commitment to local leadership and organisational learning 

are key corporate attributes for enabling sustainable management. 

Roy et al. (2008) present a synthesis of the literature and compilation of the authors’ ideas 

based on personal and professional experiences in the USA and Australia. They identified 

seven major barriers to sustainable urban stormwater management: uncertainties in 

performance and cost, insufficient engineering standards and guidelines, fragmented 

responsibilities, lack of institutional capacity, lack of legislative mandate, lack of funding and 

effective market incentives, and resistance to change. 
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5.1.4. National Evidence 

Eason et al. (2005) provide results of a preliminary survey with six stakeholder groups 

(community, consumer, developers and professionals, Maori, city council, regional council) 

in Auckland and Christchurch in 2002–2003. The authors acknowledge that the “stakeholder 

groups have specific needs that influence positively or negatively their willingness and ability 

to exploit LIUDD. When viewed collectively, these conflicting needs are often perceived as 

competing or insurmountable impediments to change” (p.5). Key barriers indicated are 

litigation costs between stakeholder groups, manifold and inconsistent policies, conservative 

practices of professionals, and lack of local data.  

The Beca Planning (2001, p.42) report’s key finding was that the “single largest impediment 

to low impact design is reliance on infrastructure manuals to establish appropriate stormwater 

management controls”. While district plans do allow for LID they mandate compliance with 

infrastructure standards and Codes of Practice which promote conventional solutions. 

Among the institutional barriers identified by 41 respondents from local and regional councils 

as well as consultants of the NZWWA (2001) survey were a lack of comprehensive central 

government direction, difficulties with the Resource Management Act and its processes, and 

lack of a coordinated approach between regional and territorial councils. 

The Ministry for the Environment (2003b) undertook a survey about urban sustainability 

among practitioners and local government and obtained 223 responses. The biggest barrier in 

moving towards urban sustainability was attributed to a lack of understanding of its 

importance, and public education was recommended to overcome this particular barrier.  

Dixon et al. (2003) performed 16 structured interviews with developers, architects, urban 

designers and urban planners in the Auckland Region and Christchurch. While the main focus 

was on sustainable urban design, LID is a key element of sustainable urban design. Strong 

barriers noted were increased risk for large developments due to time commitment and 

market dynamics, cost implications in terms of planning, material and consenting times, 

uncertainties about which size developments allow for greater sustainability, the role of 

prejudice towards other stakeholders, and lack of incentives. 

Auckland Regional Council commissioned a project in 2007 that reported the following 

barriers: incompatibility of regional and local solutions, communication between regional and 

territorial levels, jurisdictional confusion between territorial authorities and ARC, the fact 
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that source control needs to be addressed at a regional level, a lack of understanding of the 

cost-benefits of stormwater management approaches, and the lack of operation and 

maintenance of stormwater devices. These results were summarised in Auckland Regional 

Council (2008b, pp.1-2). 

Auckland Regional Council (2008b) recently commissioned a comprehensive study to 

identify strengths, limitations and barriers to stormwater and sediment management and LID 

with the aim of determining suitable tools to increase their uptake. Structured interviews with 

council staff in asset management, stormwater management, roading, parks, strategic 

planning and consenting departments of all Local Territorial Authorities took place in 2008. 

Identified barriers were inconsistencies between regional and local stormwater planning 

documents, ineffective communication between regional and local councils as well as within 

council departments, local councils being risk averse, and that local councils did not have any 

enforcement capability. Common inconsistencies between policies are mandated road widths 

and housing densities which conflict with LID objectives. 

It is obvious that there has been a lot of recent activity particularly in the Auckland Region 

aimed at understanding barriers for implementation of sustainable urban stormwater and 

associated urban design. 

 

5.1.5. Identification of the Research Gap 

Numerous authors, particularly in Australasia, have identified institutional factors as limiting 

the uptake of environmentally friendly urban water technologies. Authors generally refrain 

from examining these barriers in more detail. There is inherent value in understanding 

interrelationships between barriers. As Brown and Farrelly (2009b, p.844) note “while each 

of the barrier types is well recognized, they are also highly interdependent”. It seems prudent 

that some barriers can be more easily overcome than others. Australian experience confirms 

this in cases where resource-related and knowledge-related barriers have been overcome, but 

other barriers still exist (Brown 2005a; Beecham 2009). Moreover, there may exist a strategy 

that builds on these interdependencies to create self-reinforcing change. Identifying leverage 

points or opportunities for cataclysmic action requires a systemic understanding of how these 

barriers work and interact.  
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Authors fail to note and engage with pluralist worldviews. Clearly, barriers for 

implementation are perceived differently by different stakeholders. While some may identify 

a barrier as a threat, others may perceive it as useful in providing checks and balances. 

Implicit here are concerns about power, particularly the power to make claims heard. Clearly, 

it is in the land/housing development and stormwater industries’ best interests to remove 

impediments for urban growth and uptake of new technologies, while the interests of other 

stakeholders may be marginalised.  

Often, research outcomes were informed by a limited sample of stakeholders, mainly 

stormwater experts, engineers, consultants and government managers (c.f. column 2 in Table 

5.1). Other stakeholder groups (public/ratepayers, indigenous people, developers and 

politicians) are notably absent. I argue that this lack of inclusiveness supports the status quo 

of command-and-control management because vital counter-perspectives are missing. 

Sustainable urban water management practices including LID are based on participation and 

trust. As Butler and Parkinson (Butler & Parkinson 1997, p.56) remark:  

The limits of the effectiveness of technology without the requirements of the community must 

be recognised and thus, changes in public perceptions may be required prior to attempts to 

introduce the technology that requires a change in the social practices or habits of a 

community. 

Therefore, understanding public perceptions of drivers and barriers for implementation of 

alternative solutions are crucial to create sustainable urban water futures. 

Lastly, authors often do not make specific suggestions on how to overcome individual 

barriers. Clearly, the barriers themselves and any recommendations have to be framed in light 

of and address place-based circumstances. Stormwater management in New Zealand is 

markedly different from stormwater management in China or even Australia. These 

differences have to be understood in order to apply suggestions effectively.  
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Study Data Collection Country Barrier Results 

Brown and 

Farrelly (2009b) 

Document content analysis (53 sources) Australia 36 barriers identified, 

reduced to 12 clusters 

Lloyd et al. (2001) Content analysis of conference papers - 

WSUD conference 2000. Evidence from 

consultants, local government and water 

utilities. 

Australia (mainly 

Melbourne) 

12 broad barriers in 4 

clusters 

Brown (2005a) Content analysis of local policy and 

industry literature. Interviews (N > 60). 

Evidence from industry experts, local 

government and state regulatory officers. 

Australia 

(Sydney) 

Indication of a few 

barrier clusters, very 

broad and generalised 

Brown and 

Farrelly (2009a) 

Online questionnaire (N>800). Evidence 

from water professionals in three cities.  

Australia 

(Brisbane, 

Melbourne, 

Perth) 

4 barriers consistently 

experienced in different 

cities 

Brown (2004) In-depth case studies (N=14). Evidence 

from local government. 

Australia 

(Sydney) 

5 broad clusters  

Roy et al. (2008) Document content analysis and authors’ 

own ideas.  

USA, Australia 7 clusters 

Eason et al. 

(2005) 

Survey (N=6). Evidence from community, 

consumer, developers and professionals, 

Maori, local and regional councils. 

NZ (Auckland, 

Christchurch) 

24 ‘issues’ reduced to 4 

broad barriers 

Beca Planning 

(2001) 

Content analysis of legal documents. NZ (Auckland 

region) 

A few barriers within 

legal documentation 

NZWWA (2001) Survey (N=41). Evidence from consultants, 

local and regional councils. 

NZ Indication of a few 

clusters, very broad and 

generalised 

Ministry for the 

Environment 

(2003b) 

Survey (N=223). Evidence from 

practitioners and local government. 

NZ Indication of a few 

clusters, very broad and 

generalised 

Dixon et al. 

(2003) 

Structured interviews (N=16). Evidence 

from developers, architects, urban 

designers and urban planners.  

NZ (Auckland, 

Christchurch) 

5 broad clusters 

ARC (2007) Not available. NZ (Auckland) 6 broad clusters 

ARC (2008b) Structured interviews with council staff in 

different departments of all LTAs. 

NZ (Auckland 

region) 

4 broad clusters 

This Study In-depth interviews (N=31). Evidence from 

engineers, local government, developers, 

consultants, residents including Maori. 

NZ (PTS 

catchment) 

63 barriers in 12 

categories 

Table 5.1: Overview of international and national barrier studies 

5.2. Purpose  

The purpose of this following work emerges from the gaps identified in the literature review. 

It is contained in the following list: 

• to explore the barriers to implementation of alternative approaches to urban 

stormwater management in Project Twin Streams catchment based on pluralist 

worldviews, 
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• to compare these barriers in PTS catchment with barriers identified in other national 

and overseas studies, 

• to identify how barriers interact, 

• to determine which barriers to target for reduction or removal given their systemic 

interactions, 

• and to provide suggestions on overcoming these barriers identified in the previous 

step. 

5.3. Methods 

Data collection was part of the interview process described in Section 4.3. Interview 

participants covered an extensive range of stakeholder groups. Included groups were 

stormwater managers, council officials, stormwater engineers, researchers in relevant 

disciplines, developers, consultants, the general public and indigenous people (Appendix D).  

Individual barriers were either identified from the cognitive maps or from the interview 

transcripts. The structure for elicitation was causal: participants were asked to describe 

barriers from their own experience that prevent or complicate implementation of solutions 

that were identified in a previous step.  

All barriers were listed and then clustered according to emergent barrier categories. No 

categories were imposed in this process of elicitation. Findings from the interviews were 

consolidated and substantiated with insights from the literature review. This was done to 

provide supporting evidence as well as to show similarities and differences between my 

results and those of other studies.  

The findings of this process are described in Section 5.4. The methods developed to analyse 

and identify barrier interactions and entry points are described in detail in Section 5.6.  

5.4. Findings: Barriers to Implementation  

This section details the findings of the research on barriers to implementation of alternative 

solutions in PTS catchment. From a purely subjectivist perspective, all barriers are 

perceptions formed by individuals. While I acknowledge this fact, for the purposes of this 

research I have categorised the barriers according to their focus or effect. Two main 
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categories became apparent: internal and external barriers. External barriers are physical, 

institutional or logistical. Internal barriers have a cognitive component (conceptual 

knowledge and perceptions), an affective component (attitude) or a cultural component. 

Further subcategories and definitions are presented in Table 5.2.  

Some barriers could easily be placed in either internal or external categories. The distinction 

depends very much on my perception, i.e. whether I look at a barrier in terms of its effects or 

its origins. For example, a vision is a resource because it enables the whole group, not just an 

individual, to move forward towards a common goal. A lack of vision is therefore categorised 

as an external barrier. Generally, I focus on barrier effects. 

EXTERNAL BARRIERS DEFINITION 

Physical/Technological Geographic or geomorphic conditions as well as technological 

limitations that cannot be easily overcome. 

Institutional  

   Political Structure of the political and electoral system. Stakeholder support. 

   Legal Structure and levels of influence of policies at national, regional and 

local level. Legal powers attributed to a governing institution. 

   Structural and Performance-Related Organisational structure and culture (what is valued, the dominant 

leadership style, language, and procedures of an organisation). 

   Communication Level of interaction and communication within and across disciplines, 

institutions and stakeholder groups. 

Logistical  

   Resource-related Lack of resources, time and staff. Existence of visionaries or 

champions. Lack of defined vision. 

   Financial Limited financial resources. Funding criteria. 

   Educational/Knowledge Knowledge dissemination. Availability of information. Skill levels of 

managers, scientists and other key stakeholders. 

INTERNAL BARRIERS DEFINITION 

Conceptual Lack of understanding of or experience with integrated management. 

Reductionist thinking. 

Attitudinal Individual positive or negative views (conscious and unconscious) of a 

person, place, thing, or event as a result of either direct experience or 

observational learning from the environment. 

Cultural  Spiritual, material, intellectual and emotional aspects. 

Table 5.2: Barrier categories and definitions 

 

A total of 44 barriers were extracted from the interviews. In some cases, these barriers were 

simply mentioned as individual concepts and were self-explanatory as part of the cognitive 

map. In other cases, participants explained the meaning and function of a barrier in more 

detail. If available, explanations have been included as quotes in the following sections. In 
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some instances other academic literature is used to provide more explanation or support an 

argument. 

5.4.1. Physical Barriers 

Physical barriers are defined as barriers which result from physical characteristics in a 

catchment that cannot (easily) be overcome. Examples are land availability and geographical 

or geomorphic characteristics of the land that prevent implementation of LID structures. This 

could also be interpreted as limitations of the technology in that it is not able to cope or adjust 

to these different characteristics of the land. 

For example, the fact that the lower PTS catchment is nearly fully urbanised with a high 

impervious surface area restricts the use of LID measures that rely on soil infiltration. These 

solutions are therefore often found in greenfields LID solutions while retrofitting becomes 

more important in urban areas.  

The steepness of the upper catchment presents barriers for implementing some LID solutions 

which require flat surfaces for infiltration, e.g. permeable paving and rain-gardens. In some 

parts of the catchment, soils are clay-based with naturally low infiltration rates. These 

situations do not preclude the use of other LID techniques, e.g. roof gardens, rain tanks or 

small ponds. The physical shape of the river can also impact on LID options. In particular, 

rivers that have adapted to hydrological changes common in urban areas (increased flow 

volume and velocity) are not suitable for use with detention ponds or wetlands as these would 

become incised and lose all sediment downstream. 

Clearly, the state of the system is influenced by past actions which are very much place-

specific. Therefore, different catchments exhibiting different problems or which are at 

different stages of development require vastly different solutions. In addition, societal and 

cultural values may be very different and affect appropriate solutions. Consider the following 

examples: 

• Developing countries experience rapid urban growth without provision of 

infrastructure and with a lack of public services (Silveira 2002). Flooding has become 

the dominant stormwater problem. As a result, environmental concerns are 

outweighed by pressing sanitary problems. The lack of community participation in 
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terms of desire and opportunities is perceived as the main barrier to implementing 

LID as authorities lack enforcement power (Silveira 2002). 

• China has experienced dramatic changes in land use, with the rate of economic 

growth exceeding urban growth recently (He et al. 2008). While development is 

firmly controlled, environmental impacts are only partially addressed (Wang et al. 

2006). Stakeholder participation is widely lacking. Restoration activities in particular 

have been thwarted by widespread ‘people-park‘ conflicts, where large areas a set 

aside as protected landscapes and residents are prohibited from using the 

environmental services that the landscape offers (Jim & Xu 2002).    

• Japanese rivers, which are similar in character to New Zealand rivers, have 

experienced remarkable improvement of water quality following large-scale 

restoration projects (Yoshimura et al. 2005). Restoration was driven by increased 

understanding of the interconnection between hydrology and geomorphology, 

unintended consequences of dams (silting, coastal erosion), and the pressing need to 

reduce flooding – Japan’s average annual flood damage is the highest in the world 

(Yoshimura et al. 2005).  

• In many old cities of Great Britain, change is necessitated by the fact that the life span 

of water infrastructure is reaching its end. Here a water management choice exists 

between retrofitting existing urban areas with new technologies or rebuilding 

networks (Chocat et al. 2007).  

• In German cities, where open space is marginal, LID measures mainly rely on 

innovations in treatment technologies and urban design (Ryan 2004). In these cases, 

urban landscapes and ecologies are highly controlled. More generally and particularly 

in eastern Germany, ongoing depopulation and de-industrialisation has resulted in the 

phenomenon of the ‘shrinking city’ (Glock & Haeussermann 2004; Naumann & Bernt 

2009). The resulting overcapacity of urban water infrastructure, while beneficial in 

environmental terms, poses major problems for technical functioning and economic 

feasibility of this infrastructure resulting in political battles and social unrest (Wissen 

& Naumann 2006; Moss 2008a). 

• The situation in PTS catchment is characterised by medium urban growth, but also 

social values that include a desire to minimise environmental impacts of development 

in order to maintain environmental integrity. 



Chapter 5 – Barriers to Implementation 

180 

These examples show how technological trajectories are dependent on a variety of factors 

that are not purely physical. Due to the variability in context and the interplay of physical 

realities (existing infrastructure, development characteristics), historic and current 

environmental degradation patterns and the socio-cultural values and perspectives on visions, 

objectives and solutions, different solutions and recovery trajectories are emerging in these 

cases. 

Also in this category, technological path dependency plays an important role in restricting 

uptake of LID. Path dependency, or lock-in, occurs when a technology, in this case large-

scale stormwater infrastructure, not only has a long life span but also extremely high capital 

cost and low associated maintenance costs. These factors can combine to the extent that a 

changeover to LID becomes prohibitive (Mouritz 1996; Sterman 2000). 

 

5.4.2. Institutional Barriers 

Political Barriers 

Short election timeframes are perceived as a major barrier for alternative stormwater 

management particularly with respect to long-term ecosystems repair.  

Participant 19 (RE): The 3 year electoral pattern is difficult. (…) When they [city 

councillors] come on board they have 3 years to make some sort of a mark that is going to 

win them the next election. (…) It’s really hard to get restoration or stormwater management 

wins in that short space of time. The actual difference in the water is often ignored. The 

recovery or change is not fast enough. 

Political agendas at local government level are very much concerned with financial 

performance. Spending is prioritised according to community desires established in Long-

term Council Community Plans. Stormwater at present has a very low priority and any 

spending on it is scrutinised.  

Participant 19 (RE): In council a lot of focus is on rates, minimising rates increases. You 

wouldn’t believe it but really that’s where the political wings are. If you try to minimise rates 

increases the people will vote for you. Or if you are going to spend it, people want to spend it 

on new swimming pools and amenities that they can use. Stormwater is not something that is 

relevant in their day to day lives. You could have the majority of people wanting to change 
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stormwater management and they might vote for that but the representation politically 

doesn’t lead to this necessarily. 

It is usually impossible to provide evidence for political power relationships as they are 

hidden and subversive. Power struggles work to undermine and thwart other stakeholders’ 

efforts rather than finding opportunities for synergies. These quotes, however, provide 

evidence for existing divergent agendas and objectives. 

Participant 28 (LG): Politics, management directors not just in council but outside, 

developers, industry – these are people that go with the flow as long as it doesn’t affect their 

wallet or their privileged position. And if it is, they will do all in their power to stop it. (……) 

You’ve got engineers versus environmentalists versus accountants versus... There is quite a 

bit of political will in there too. 

Participant 8 (Exp): There are very strong viewpoints and they are personal in some ways. 

Personally I think that a lot of people [in councils] have their own agendas and are not 

willing to bend.   

Non-exertion of power, e.g. by the community, is also seen as a barrier and one participant 

expressed that more community buy-in would serve to improve uptake of LID at Waitakere 

City Council. Interestingly, this is the opposite of the much more widely available perception 

that the council needs to educate and change public opinion.  

Participant 25 (LG): If [the community] started expecting and asking the council for those 

sorts of things, some of the roading people and stormwater engineers that are still doing 

relatively old style designs, they would be responding to these expectations and therefore 

help them to come along.  

In the past, policy setting and decision making has been dominated by engineers and this 

continues to reinforce technocratic solutions. Change is only anticipated with the replacement 

of these engineers. This implies that engineers focused on conventional stormwater 

techniques are not perceived as being able to change and adapt. 

Participant 3 (Exp): The ICMPs really require a multidisciplinary approach. They require 

engineers, infrastructure people, modellers, ecologists, planners, and if you want to enhance 

that like PTS then you require social input. So far the ICMPs have tended to be dominated by 
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the engineering profession so the planning and the ecological aspects haven’t been as robust 

as you would like it.  

Participant 24 (LG): In councils, engineers have ruled for so long. That’s why water is dealt 

with through pipes. In this big organisation here [city council], it is still the engineers that 

rule the day quite often. (……) Somebody the other day frankly said ‘We’ve got to wait until 

the old ones die because we’ll never change them.’ And I think we can’t wait that long. 

Legal Barriers 

Legal barriers are the existing laws and policies (both mandatory and non-prescriptive) that 

prevent uptake of LID at different scales (plot, neighbourhood and city-wide). Examples of 

legal barriers at local and regional scales are existing use rights, whereby stormwater 

discharge permits are usually granted for time periods of 20-35 years (Auckland Regional 

Council 2007).    

Urban stormwater is a non-point source pollutant and as such there are cumulative effects of 

pollution. While New Zealand’s Resource Management Act 1991, which governs the 

management of all resources including water, should in theory provide for environmental 

protection from adverse cumulative effects (Salmon 2007; Milne 2008), it has been criticised 

for its lack of doing so (Peart 2007).  

Many participants commented on existing Codes of Practice at Local Government level that 

set very prescriptive standards for urban design and stormwater management practice. These 

Codes often do not allow for innovative stormwater solutions. As a result, it is much faster 

and cheaper for any developer to get consent for designs that follow the Code of Practice than 

for innovative designs that have to be reviewed in detail by Local Government consenting 

staff. 

Participant 5 (D): I can go to the Waitakere Code of Practice and just photocopy a standard 

detail and put that in as an application and they’ll process it. And that cost me 20 cents plus 

the time to write it up. But there is no great explanation for a standard detail: draw some 

lines on a piece of paper and put some supporting details, inlet structure, outlet structure, 

fall, size of pipe. 

The existence of tightly prescriptive policies also results in path dependency. In contrast to 

existing physical infrastructure, however, these are easier to correct. 
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Numerous participants also remarked on existing inconsistencies in policies across different 

local councils and the regional council.  

Participant 23 (Exp): All the councils seem to do something different and ARC seems to do 

their thing as well. We don’t seem to fall in line with what the ARC has asked us to do now. It 

becomes a very confusing area to deal with because we don’t get consistency and things 

change so quickly. We are not quite sure through the consenting process what the ARC is 

going to ask for or what we are going to ask for.  

Participant 21 (Exp): What we need is a good direction from ARC. Initially they wanted more 

ponds but the temperature is affected. So what do we do now?   

Participant 6 (D): If you could get all the councils on one page. To me, the clearer the rules 

the easier it is to deal with. There are probably certain aspects that would change from 

region to region, but I am thinking the standard for laying a drain shouldn’t be different from 

one council to another, there should be one standard only.   

Structural and Performance Barriers 

The maintenance of LID devices was perceived as a major barrier. LID often implies 

implementation of decentralised small devices. This requires governance structures to be in 

place that purchase, install, and manage their operations, particularly their maintenance. 

However, LID devices on private land are privately owned and exempt from council control. 

In these cases, the council is required to trust residents to be able to maintain the devices, or 

alternatively to establish part control. In order for the council to meet its network consent 

conditions, council needs to rely on properly functioning devices. Participants listed a lack of 

a supportive governance structure and a struggle about maintenance as a key barrier. Direct 

statements included: 

Participant 21 (Exp): The key thing is that a structure is in place so that all devices are 

managed and maintained because if the owner does not maintain it well it’s not going work. 

Detention tanks have orifices in them and most owners wouldn’t even know if these were 

blocked. 

Participant 23 (Exp): Our assets department don’t really want to own and maintain all these 

swales. Which is not really fair on the people: if it’s going to be piped then why don’t they 

own the alternative device? (……) When you are talking about putting in a quality treatment 
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device for a residential subdivision and then there is a conflict as well, because council 

doesn’t want to own it, we don’t want to maintain it, but we end up having to. Then we have 

small devices dotted all over the place. And they all cost a fortune to maintain.  

As stated previously, in New Zealand local councils are responsible for stormwater 

operations, while the management of environmental impacts are a mandated obligation for 

regional councils. As a result of this institutional set-up, disparate goals exist where the 

regional council strongly promotes LID uptake and local authorities look for best practicable 

options necessitated by tight budgets under scrutiny from their constituency. Because the 

regulatory power sits with the regional council, tensions have developed between regional 

and local authorities. 

Participant 2 (Exp): The TP10 [LID guideline] is four years old. It’s probably taken 3 of 

those years for us to realise that people who read and even thought they wanted to implement 

those ideas on the local scale, we had to watch while they go to the council get frustrated and 

go back to a standard design with a stormwater treatment pond at the bottom. 

Participant 2 (Exp): There is certainly a real cost limitation to the whole package whether 

you use LID or some other method. Doing it properly for the Auckland region is all terribly 

expensive. That’s why we get into running battles with some of the city council people, 

because they are trying to run budgets and work out what they can get. 

Participant 8 (Exp): The regional council has got no financial cost after they put their rules 

down, so the local body is given a product at the end of the day and they have got to maintain 

it. I think in some instances the regional body has got too much of a say and they are forcing 

their rules and regulations on the local councils who are accountable to the ratepayers. The 

ARC is accountable to basically nobody. Again we have got people in the local councils who 

have an ongoing responsibility and the ARC hasn’t. That bit is a fundamental problem.  

These fundamental, structural issues could potentially result in resentment towards LID on 

the side of the local authority. This could reinforce the use of conservative, technocratic 

stormwater solutions. 

Communication Barriers 

Sustainable urban water management relies greatly on collaboration and integration of efforts 

across different disciplines. Hence, the existence of communication barriers is of special 
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concern. Existing tensions between different governance organisations as well as between the 

public and the local council can be a cause of ineffective communication which can lead to 

adverse outcomes. Research participants mainly provided evidence for miscommunication 

between the city council and the public. There were also remarks regarding the low value that 

is placed on the process of communication and communication skills currently. 

Participant 14 (D): Some of the dealings we had with council have not been good. You 

almost not want to plant just to piss the council off. I have a plan of planting on the stream 

anyway because what else are you going to do with it? But the council tries to force you to do 

things and don’t go about it in a very constructive way.  

Participant 24 (LG): When I think back about the uproars we had, it’s generally because we 

haven’t explained things properly or enough and then you get the reaction.  

Participant 24 (LG): We need to change the way we communicate. People don’t read 

newsletters; they don’t read big tomes of reports. (……) Engaging people in interactive 

things is where councils still haven’t got the message yet. They put out a newsletter and think 

they have informed people without having any idea about how many people actually engage 

with it, how many young people engage.  (……) The community development people tend to 

be completely sidelined. They are not regarded as valuable. (……) We need to find (…) real 

people-people who can mix with communities, who don’t talk at them, don’t patronize them, 

and don’t give them a lecture.  

Benda et al. (2002) list a number of problems that often arise between scientists of different 

disciplines. These range from difficulties in developing a common language, differences in 

perspectives resulting from available knowledge (theories and methods, spatial and time 

scales, levels of precision and accuracy), and the influence of other non-scientific values. 

Again, this provides evidence for the existence of vastly different perspectives, in this case 

between scientists.  

Tensions between organisations arising from the structural set-up may result in 

communication that is less open, transparent and honest – in that one thing is said but 

something else is done. The stormwater team at the Auckland Regional Council spends 

considerable time on education of all stakeholders except the public in meetings and 

seminars, but as fundamental issues are not addressed, no improvements will eventuate (M 

Davis 2007, pers. comm. 20 September). As one participant put it: 
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Participant 20 (RE): At this stage I don’t think it’s a coherent blend between the research 

side, the management side and the community/social side. That’s the biggest barrier at this 

stage – we are not all on the same page in terms of the direction we are trying to go; and 

unless until we are, we won’t have much chance of improving.  

 

5.4.3. Logistical Barriers 

Resource-related  

Logistical barriers arise when there is a perceived or actual lack of resources. The resources 

most participants focused on were experienced staff, a shared vision and leadership. Financial 

resources are dealt with in the next subsection. 

Participant 4 (Exp): The ARC here has been losing a lot of employees, and they are replacing 

them with young people who aren’t experienced. That’s all they can find. The same is true of 

all TAs. You end up not having effective leadership and the actual capability of doing things.   

Participant 7 (Exp): A lot of the stormwater assets actually have a surprisingly short working 

life. We tend to think that we are stuck with infrastructure and we are not integrating asset 

replacement with visions for the future.   

Participant 29 (LG): The approach going forward is not just treating stormwater as 

stormwater but managing stormwater as the basis for addressing social, ecological and 

economic well-beings as well. What that really means I don’t yet know.  

For visions to be effective, they need to be translated into unambiguous objectives and 

policies. Even if a vision was available, such as in Project Twin Streams, participants 

perceived the lack of clear objectives as a barrier.  

Participant 27 (LG): Sometimes you read some of the goals, some of the objectives I should 

say, and this is very fuzzy and it could be interpreted in any way you really want to.  

Participant 19 (RE): We have never clearly articulated our expectations. We just think that 

things are going to get better, but we never really said what aspects and what magnitude is 

better.  
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Participant 20 (RE): We don’t have a very coherent vision for Twin Streams. They talk about 

restoring the system. But I don’t believe that they have much of a sense of what they are 

restoring it towards, what they are trying to achieve through those programs.  

Financial Barriers 

Some participants found the lack of funding an important barrier, while others perceived 

money to be generally available but that funding priorities did not support LID solutions.  

Participant 27 (LG): When more funding becomes available and used, then there is a 

realisation that there is a need and demand for it. Then there will be more funding available 

for this sort of work. Increase in budget. If it’s not used they will slash it and use it 

somewhere else.  

Participant 16 (Res): There is no sustainable funding to support a really effective programme 

of education being set up and maintained. We try to do as much as we can, but there is very 

little funding for environmental education; a certain amount, but very little. Funding is not 

the barrier; it’s what the priorities are for where the funding goes. There is not enough 

importance.  

However, other funding options may exist that are not as yet explored creatively.  

Participant 8 (Exp): They don’t want to fund too much because it’s a burden on the 

ratepayers. But I find that most developers are happy to fund as long as it is clear, concise 

and simple and they have it in black and white.  

Further barriers are perceptions regarding short-term and long-term cost-effectiveness. 

Current accounting practices do not incorporate externalities which results in reduced value 

of the additional benefits of LID and community development solutions.  

Participant 9 (Exp): I tend to think of things in a longer term perspective. So if you look at 

the economics it may be quicker and cheaper to do some things but if you look at it over all 

the effects over a long period of time, personally I think the natural solutions are miles more 

cost-effective, because they have lots of added benefits, carbon, oxygen and biodiversity and 

ecology. 

Developers in particular commented on the lack of a support network and financial incentives 

as a key reason for their reluctance to implement LID. 
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Participant 5 (D): The only difficulty I have with the philosophical aspect of LID is that if the 

support network is not there from council or from the market place, intentional or 

unintentional is irrelevant. If you are trying to look for low impact solutions for no benefit to 

a business it just doesn’t make any sense. 

Perceptions of high cost and low profit are also guiding developers and consultant decisions. 

Participant 5 (D): You don’t want to cause your business to become less profitable because 

you are the only maverick looking for LIDs. That doesn’t make any business sense. (……)The 

relative cost comparisons for LID against standard designs is not an exploratory exercise 

that gets any money for a consultant. There is no commercial advantage, therefore why do it. 

Participant 8 (Exp): To develop a section of land in a very conventional way with no view on 

retaining existing features or stormwater quality or extensive earthworks, your typical 

subdivision would be a lot cheaper than an environmentally friendly development. (……) It 

comes down to what is the cost of environmentally friendly and what is it that we can afford. I 

think that Auckland and New Zealand is going through that battle as our land and house 

prices skyrocket up. What is affordable to the general public to buy? This has to be balanced 

with what limits of environmental protection we are willing to put up with.  

However, as the following quote shows, the perception of unprofitability is not shared by all 

stakeholders.  

Participant 5 (D): [Stormwater and construction industries] often talk about cost expectations 

being 15-20% higher for a low impact overall design, not land development but construction 

costs. I would hazard a guess that 10% of that would be in elevated consultant fees. Funnily 

enough, the extra projections are by those consultants. Because I know that the costs of 

providing a concrete floor as a thermal mass is exactly the same whether it is designed low 

impact or designed for a car park. I think the advertising is probably not quite reality. But 

this is the power of marketing. People’s perceptions are swayed by marketing. (……) 

Sometimes costs are a factor, sometimes they are not. Sometimes a more sensible 

environmentally friendly solution actually costs you a lot less and is easier to perform.  

Eason et al. (2005 and references therein) provide evidence for economic benefits associated 

with LID that had materialised in LID developments: reduced energy costs, reduced 

infrastructure cost, reduced replacement cost, reduced site development and maintenance cost 

and increased benefits to communities with an increased willingness to pay. They conclude 
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that in many instances, cost comparisons between LID and traditional development favours 

LID. 

Educational Barriers 

Educational barriers arise when knowledge does not exist or is not accessible. A common 

perception was that education content particularly at universities focuses on conventional 

stormwater methods. 

Participant 24 (LG): (…) universities are geared up to teach the traditional methods. At 

Auckland University there used to be a little unit called Sustainability Engineering (…). As 

far as I can gather the big Engineering School goes rolling on. 

The lack of knowledge, or the existence of high uncertainty, was often perceived as a barrier.  

Participants perceived there to be many uncertainties about performance of LID solutions 

including environmental effects.  

Participant 7 (Exp): We know how the built solutions work, we know how they don’t work 

and we know what they don’t do. But we know all of that a lot better than we know what the 

other stuff [LID]  can do or could do.  

Participant 21 (Exp): A lot of the low impact solutions have not been tested and proven. For 

example permeable paving, we don’t know how effective it works in the long-term.   

Participant 2 (Exp): The immediate effect of sediment deposition is on benthic invertebrates. 

Now that doesn’t sound much but that is a widespread effect, because they have the predators 

and ultimately it will affect fish life. This hasn’t been well studied. The presumption is that 

particularly juveniles won’t be found in the estuaries in such large numbers. And that ought 

to have an impact on how many adult fish you find further out at sea. Actually making the 

connection is something that we haven’t been able to do yet, because there are so many 

variables involved. The same goes for contaminants.  

Participant 19 (RE): [Using macro invertebrates as indicators for stream health] is state of the 

art, but we know now that it is quite limited. We have got much to learn about assessing 

urban streams, assessing the effects of stormwater on urban streams and the way in which we 

move to improving those.  
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Participant 11 (Exp): A whole raft of contaminants and there are some we measure and some 

we don’t even know yet. We have very little handle on what issues they are causing in the 

ecosystem, but water quality definitely impacts on ecosystem health. (……) Our 

understanding of the impact of urbanisation on water quality is very limited too.  

While uncertainty and a lack of knowledge are the raison d’être for scientific research, here 

these are used as a reason to prevent the implementation of alternative approaches.  

 

5.4.4. Internal Barriers 

Conceptual Barriers 

Conceptual barriers result from the common understanding and experience (or lack thereof) 

of how the world operates. Participants provided evidence for the role of reductionist thinking 

in current stormwater management practices.  

Participant 19 (RE): The developer’s view was a lot more reductionist and said well let’s 

look at this bit of waterway here and let’s say it has got no value from an ecological 

perspective, so then let’s develop it. And this bit here, we will develop that. So gradually you 

lose bits and bits of waterway to development. 

Reductionism also manifests as disconnection from the natural world particularly in non-

indigenous cultures.  

Participant 16 (Res): Most people don’t understand the relationship between what they are 

doing on their section and what happens in the stream and how the stream relates to the sea 

and how all of that is interconnected. (……) Indigenous communities don’t differentiate 

themselves from the natural world (…) there is a greater connection because there is a 

dependence. 

A few participants perceived LID itself to be very unclear due to the large number of 

different methods that are combined under this term, each of which is often applied under 

different circumstances with different management objectives. This potential for 

miscommunication is perceived as a barrier. 

Participant 2 (Exp): There is so much tied up in that whole concept [which] explains why we 

are getting so confused about many things. (…) That in fact leads to a lot of muddled 



Chapter 5 – Barriers to Implementation 

191 

thinking amongst us. We keep talking past one another because a lot [of techniques] fall 

under the heading of LID. 

Attitudinal Barriers 

Attitudinal barriers are the individual positive or negative views of a person, place, thing, or 

event that acts to restrict the implementation of LID. Many participants remarked on how 

people are used to traditional construction and management methods and are resistant to 

change. Deal and Kennedy (1982) suggest that change processes create barriers or resistances 

whenever the loss that change creates (in whatever form) is not openly acknowledged. 

Participant 22 (Exp): It is a new form of construction and people have been doing traditional 

forms of construction for years. They are more comfortable with what they know.  

Participant 22 (Exp): We had some permeable paving put in and for this you are not 

supposed to compact the base course to death. But when you build in a traditional way you 

do. Most traditional road constructions workers will do it the way they know how.  

Participant 4 (Exp): In general people resist change. People don’t like to change. The older 

you get the less you want to change. People like consistency. 

A few participants perceived the need of a crisis before people change behaviour and act.36  

Participant 4 (Exp): Unfortunately water quality here in Auckland is still pretty good. It’s 

tough to convince people to spend a lot of money if it doesn’t affect them. They can still go 

out boating. If it’s polluted here, as in the Tamaki, you go somewhere else. It hasn’t reached 

a crisis point yet that society is really going to take the bullet and take aggressive action. 

Participants remarked on a lack of trust of local government towards citizens and an 

unwillingness to let go of control.  

Participant 30 (LG): That’s been the biggest difficulty to getting people to understand that 

the community actually know and can be responsible for that. In the past, council was the 

only one that could. It’s about council letting go of control and then discovering that the 

community was working with a much wider range of people than the council could.  

                                                           
36

 However, Keath and Brown (2008) found that a crisis may also undermine change and reinforce old 

behaviour and management patterns. 
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Participant 14 (D): The reason that they [Waitakere City Council] wanted the waterfall is 

that they didn’t trust us to look after it.  

The reallocation of private property in the floodplain is a unique feature of Project Twin 

Streams. Waitakere City Council attributes the fact that all property owners willingly sold 

their properties to the fact that a carefully designed facilitation process was arranged that 

listened to the fears of owners regarding property valuation and that there was no coercion or 

enforcement employed. Nevertheless, there was strong opposition amongst owners initially 

requiring a lengthy facilitation process. 

The value of local knowledge was highlighted by one participant. It was suggested that the 

acknowledgement of differing perspectives should be understood as an opportunity for 

gaining knowledge and determining sustainable solutions that are owned by all stakeholders.  

Participant 13 (D): I wish council would just open up a little bit. Learn from local people 

who have the knowledge. It’s not theory. It’s actual practical knowledge that you have to 

start from to understand the effect on water flows. 

One participant remarked how it is in the nature of local government to be risk-averse. 

Emerging technologies always carry more risk that technologies that have been thoroughly 

field-tested. While it is in everybody’s interest that communal ownership is protected, there is 

also a risk in progressing environmental degradation, too. Inevitably, priorities need to shift 

to account for that and to allow for more risk to be taken. 

Participant 7 (Exp): You have got to be a conservative manager because these people [in 

local government] are constituents of public money. There is a tension between innovation 

and conservativism. 

There was a perception that maintenance is not valued to the extent it is required for LID to 

work effectively.  

Participant 5 (D): Everyone knows that most of the systems do not get maintained given half 

the chance. 

The value of maintenance has become part of our societal attitude, our culturally shared 

mental models. Revaluing maintenance is paramount for effective implementation of LID 

(Shuster et al. 2008). This change in perspectives needs to be driven by social learning and 

changes in societal norms and social acceptability.  
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Cultural Barriers 

The indigenous (Maori) research participant provided evidence that problems and solutions 

are conceptualised in different ways. Multiple ways of knowing among stakeholders should 

not be ignored if stormwater management is to be more effective. Despite the fact that the 

Resource Management Act recognises indigenous interests and Maori concepts of 

environmental engagement, actual influence on decision making and resource management is 

insufficient (Klein 2000). The Maori participant voiced strong disapproval of current 

stormwater management. Statements showed underlying anger about land ownership and lack 

of respect for and marginalisation of the Maori belief system:  

Participant 17 (Res): There is no recognition that there is a Maori dimension to that 

management system. The stream part of that stormwater management should include 

management of the physical space of the stream according to our interpretation of our 

relationship with our stream.   

Participant 17 (Res): So it’s process as well, it’s not just about the streams, it’s about the 

people who manage the streams. Until there is a forum or a project team where there is a 

reciprocal respect for the Maori culture and dimension to that and the technical expertise, 

there isn’t an effective management of that stream as far as I am concerned. (……)  But I am 

not about to tell them [the Maori names for the streams in the catchment]. [Why?] Because 

until I find a forum where it is valued in a way that it should be valued, not just the name but 

the whole esoteric relationship that we have with that waterway, then it becomes more than 

an English word for me. (…)  [The land] was stolen from us. We will never forget that. These 

streams still belong to us. 

These strong emotions are a result of historical decisions that had a multitude of negative 

effects for indigenous people including colonial dislocation and rapid land loss (Coombes 

2003). However, the development of trust cannot occur until these conflicts and emotions are 

resolved. This represents an obvious barrier for alternative solutions.  

Next, Section 5.5 discusses the findings on their own and in comparison to the literature 

review. 
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5.5. Discussion of Findings  

5.5.1. Initial Observations 

Evidence was found for numerous barriers in different categories. In several cases 

perspectives of stakeholders are divergent and even conflicting. These mainly concern the 

cost/profitability of LID and issues regarding trust and control. Some of these perspectives, 

for example regarding profitability, exist despite evidence to the contrary. It is possible that 

internal barriers of resistance to new technology serve to uphold these perspectives. For 

example, cognitive barriers may distort perceptions to the extent that we only select or 

perceive information to be true if it supports our existing worldview (Gilbert 2006).  

There is evidence for structural barriers, particularly the difference in objectives between 

local and regional council. There is also evidence for strong emotions (anger) of indigenous 

people and members of the public towards the city council.  

 

5.5.2. Comparison of Results to Literature Review 

Following the analysis described above, the 44 barriers that were identified from interview 

transcripts are listed in Table 5.3 and marked with an asterisk (*). To ease comparison, the 

table also contains barriers extracted from sources reviewed in Section 5.1. In addition, other 

barriers have been listed from studies that did not focus on barriers per se but still mention 

them in the text. Two barriers have been formulated based on my own reflections but these 

were not mentioned in either interviews or the reviewed literature. These are marked with a 

cross (†). The table lists a total of 65 barriers.  

To make the source of each barrier explicit and appraise the diversity of different barriers that 

have been suggested, each study is referred to by a citation code. International studies have a 

citation code starting with one (1) and are ordered by increasing publication year. Studies 

conducted in New Zealand start with citation code 51 to ease comparison. 

 

 

 



Chapter 5 – Barriers to Implementation 

195 

EXTERNAL BARRIER CITATION 

Physical/Technological  

    Infrastructure lock-in/Technological path dependency  1, 4, 12, 18 

    Availability of land suitable for LID 15, * 

Institutional  

Political  

    Stormwater has low political priority 5, 9, 18, 52, * 

    Short election time frames 5, 10, * 

    Limited political incentives and disincentives 7 

    Non-exertion of power particularly of the public 18, * 

    Self-protecting knowledge-power relationships  9,* 

    Divergent stakeholder agendas and objectives *  

Legal  

    Lack of legislative mandate 16, 52, 60, * 

    Inconsistent policies across the region 51, 52, 53, 55, 56, 58, 60, * 

    Policies ineffective or counter-productive  3, 8, 13, 15, 16, 17, 18, 51, 52, 60, * 

    Policies not implemented at the right level of influence  58 

Structural and Performance-Related  

    Political/administrative boundaries do not fit with ecosystem boundaries 9, 58 

    Separation and isolation between functional departments and between organisations 9, 52 53, 55, 60 

    Fragmentation of responsibilities 7, 9, 13, 16, 18, 55, 58, 60 

    Independent technocratic policy setting and decision making 9, * 

    Recurrent restructuring of the institution † 

    Consultants driving the planning process 10, * 

    Lack of flexible framework for decision making; top-down approach 18 

    Lack of structure for managing decentralised treatment devices * 

    Administrative inertia, bureaucracy 9, * 

    Poor organisational commitment 7, 9, 18 

    Burn-out of individuals implementing new processes † 

Communication  

    Lack of interaction among stakeholders 9, 12, 15, 18, 58, 60, * 

    Lack of public/stakeholder support  18, * 

    Interdisciplinary communication problems of jargon, paradigms  17, 59, * 

    Lack of skill in communicating effectively with the public 10, * 

Logistical  

Resource-related  

    Lack of leadership and/or stated vision for a sustainable water future 9, 18, * 

    Lack of clear timelines, goals, and objectives  4, 15, * 

    Lack of money/resources/staff = institutional capacity 16, 18, 52, 60, * 

    Insufficient demonstration projects 56, 57, 60, * 

    Insufficient monitoring plans 12, 18, 52, 55 

    Lack of multilevel data  2, 3, 52, 55, 56, 60 

    Lack of forum for public support/involvement 18, 55 

    Poor community capacity to participate meaningfully  7, 52, * 

Financial  

    High capital and maintenance costs 6, 13, 52, 53, 54, 56, 58, 60, * 

    Lack of funding  1, 9, 16, 52, * 

    Economic efficiency high priority 9, 54 

    Problems incorporating externalities in cost calculations 3, 12, 52, 54, * 

    Lack of modelling tools that include cost minimisation 3, 56 

    Lack of incentives and disincentives 16, 52, 53, 54, 56, 60, * 

    Reduced revenue from decentralisation 56 

Educational/Knowledge  

    Conventional compartmentalised education at universities and in schools 11, 12, * 

    Dominance of technical engineering knowledge 9, 10, 12, * 

    Lack of knowledge about environmental effects 4, 52, 53, 55, 56, 57, * 

    Lack of knowledge and experience in facilitating integrated management 7, 18 

    Lack of knowledge and experience in implementing and assessing LID  3, 52, 55, 56, 57, 60, * 

INTERNAL  CITATION 

Conceptual  

    Reductionist thinking including disconnection from the natural world 53, 55, * 

    Goal of technically simplifying complex urban water issues 9, 52 

    Not seeing LID achieving multiple objectives (stormwater, urban features) 3, 52, 53, 54, 56, 58, * 

    Assumption of a single reality 11, * 

    Inconsistent definitions of LID, complex ideas  53, 56, 57, * 

    Developer perceptions about demand for LID 17, 52, 53, 56, * 

    Crisis is required before people act 14, * 

    Entrenched practices/mindsets and resistance to change 1, 6, 15, 16, 57, * 
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INTERNAL  CITATION 

Attitudinal  

    Infrastructure construction and expansion is more important than operation and maintenance 3, 5, 52, 53, 58, * 

    Professionals are risk-averse  1, 3, 4, 53, 54, 56, 60, * 

    Trust versus control between local government and public 53, * 

    Preference of technical over political, institutional or social solutions 10 

    Fear of innovation 1 

    Expectations about LID performance and cost 4, 16, 17, 53, 54, 57, 58, 60, * 

    Low value placed on public and place-based knowledge  10, * 

    Resistance to user pays 53, 56 

Cultural   

    Disrespect towards indigenous knowledge and perspective 56, * 

    Cultural values preclude the acceptance and use of engineered devices 61, * 

Table 5.3: Barriers to the implementation of LID and CBRM 

Citation code:  

International:  1 Mouritz (1996); 2 Huang & Xia (2001); 3 Lloyd et al. (2001); 4 Harremoes (2002); 5 

Morrison (2003); 6 Rahman & Weber (2003); 7 Brown (2004); 8 Stone Jr. (2004); 9 Brown 

(2005a); 10 Brown et al. (2005); 11 Max-Neef (2005); 12 Donnelly & Boyle (2006); 13 Brown 

& Farrelly (2007b; 2008); 14 Brown & Keath (2007); 15 Moss (2007); 16 Roy et al. (2008); 17 

Bowman & Thompson (2009); 18 Brown & Farrelly (2009b). 

National:  51 Beca Planning (2001); 52 NZWWA (2001); 53 Dixon et al. (2003); 54 Feeney & Keenan 

(2003); 55 Ministry for the Environment (2003b); 56 Eason et al. (2005); 57 van Roon et al. 

(2005); 58 ARC 2007; 59 Dixon & Sharp (2007) 60 Auckland Regional Council (2008b); 61 

Quilter (2009); * this study. 

 

There are similarities and differences between my results and other work. Two barriers that I 

identified were not mentioned by other studies and seem to be unique to this case. These are 

Divergent stakeholder agendas and objectives and Lack of structure for managing 

decentralised treatment devices. There is no obvious reason why this is the case. This might 

suggest that these barriers are so obvious that they are not explicitly mentioned. Fifteen 

barriers were identified in my research and in one other study. The remaining 27 barriers that 

I identified were also identified by two or more studies.   

Differences are apparent particularly between national and international results. Evidence for 

22 of the barriers comes largely from New Zealand studies. Twelve of these 22 barriers 

appear to be exclusive to New Zealand as they are not mentioned in the literature elsewhere. 

These are listed below in order of decreasing number of times mentioned in brackets: 

• Inconsistent policies across the region (8) 

• Insufficient demonstration projects (4) 

• Inconsistent definitions of LID, complex ideas (4) 

• Reductionist thinking including disconnection from the natural world (3) 

• Trust versus control between local government and public (2) 

• Resistance to user pays (2) 
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• Disrespect towards indigenous knowledge and perspective (2) 

• Cultural values preclude the acceptance and use of engineered devices (2) 

• Policies not implemented at the right level of influence (1) 

• Threat to revenue base from decentralisation (1) 

• Lack of structure for managing decentralised treatment devices (1 - PTS) 

• Divergent stakeholder agendas and objectives (1 - PTS) 

It is interesting to note that internal barriers are more often mentioned in national studies than 

in international studies. Reasons for this may include the fact that many of the international 

studies are peer-reviewed and authors might have ‘rationalised’ these barriers; or that 

conceptual and attitudinal themes do not emerge from questionnaires but only from in-depth 

interview processes, which were mainly performed in the national studies.  

The perspectives of indigenous people, the general public and developers are generally not 

acknowledged in the international literature. However, New Zealand studies included these 

stakeholder groups and thereby achieved these results. This omission points to flawed 

stakeholder selections in international studies which could tentatively bias results towards 

technocratic solutions that are advocated by engineers. Also, it could further marginalise 

indigenous or non-mainstream cultures precluding the engagement, interest and ownership of 

these stakeholder groups in stormwater management. At the extreme, this could lead to social 

tension that creates a rift within and between communities.  

Similar to international research, this study also finds that important barriers to the 

implementation of LID are institutional in origin. However, logistical barriers were more 

often mentioned in New Zealand studies than in international studies. This may result from 

the fact that New Zealand is a small, less populated country than either Australia or the USA 

with comparatively lower tax revenue which would result in fewer available resources.  

The following sections aim to engage more deeply with the barriers listed in Table 5.3.  

 

5.5.3. Seeing Positives in Negatives – The Broader Picture 

Why is it that in the available literature barriers are without exception perceived as negative? 

It can be argued that barriers have their place; they are there for a reason even though in most 

instances they were not created for the purpose of restricting uptake of LID. For example, 
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lengthy consenting procedures which are the result of a lack of resources (staff, time, or 

expertise) are considered a major problem. An alternative perspective would see the same 

barrier as valuable in slowing urban growth. Historically, engineered infrastructure was 

hailed as a success story (Chocat et al. 2007). Changing values and increased understanding 

now lead us to recognise that conventional solutions not only have important drawbacks but 

also prevent new solutions from emerging. Therefore, slower growth allows time for 

adjustments not only in perspectives and values, but also in creating more thoughtful plans 

for urban growth, i.e. smarter growth, rather than the haphazard, irrational urban 

consolidation that can take place when the urban growth rate is too high (Tang et al. 2005; 

Bullard 2007). 

Table 5.4 further suggests some positive aspects of barriers. I do not intend to trivialise any 

concerns and I certainly concur that improvements in some instances are highly desirable. 

However, disclosing diverse perspectives can broaden our understanding of these barriers and 

highlight the need for discussion and negotiation.  

EXTERNAL BARRIERS POSITIVE ASPECTS 

Physical/Technological Existing infrastructure reduces flooding and is long-lasting. 

Historically, infrastructure allowed for urbanisation to occur. 

Maintenance is important otherwise urban areas can flood. 

Altered stream hydrology quickly removes contaminants from 

habitable areas safeguarding public health. 

The very fact that we are moving towards LID tells us that we are 

conscious of a different set of values relative to old fashioned 

approaches.  

Institutional  

   Political Short election time frames are flexible and indicative of societal 

choice. If elected leaders are effective then long-term action can be 

initiated. The most powerful voice will enable quick results. Short 

election time frames honour people’s predispositions towards 

exertion of power and the right for non-participation. 

   Legal Contextually specific policies respond to local needs. If policies at 

different levels are in contradiction then there is a chance that one of 

them will ‘get it right’ or be effective.  

   Structural and Performance-Related Time delays reduce urban growth rates. Fragmentation provides 

context specific ‘expert’ insights. 

   Communication Supports power structures in place. Jargon provides an identity and 

the means to express difficult ideas with few words. Not 

communicating saves time.  

There is much broader outreach now than in the past in terms of 

trying to communicate with the public. At the same time we expect 

more of ourselves and grow from the challenge. 
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EXTERNAL BARRIERS POSITIVE ASPECTS 

Logistical  

   Resource-related Priorities for resources mirror societal choices. We are already allocating more 

resources towards progressive approaches.  

   Financial Priorities for resources mirror societal choices. Most efficient allocation of 

resources. 

   Educational/Knowledge Discipline-based education creates experts and provides economies of scale by 

being an efficient education mechanism.  

INTERNAL BARRIERS POSITIVE ASPECTS 

Conceptual Reductionist thinking supports creation of expert knowledge.  

We made a significant step forward in recognising these things as barriers and 

started to conceptualise these issues differently.  

Attitudinal Represents internal balancing feedbacks which create notional stability and 

resilience. 

Cultural  Maintains divergent aspirations and values held for landscapes. Creates resilience. 

Table 5.4: Positive aspects of barriers 

 

The simple fact that there can be different perceptions regarding each barrier requires some 

form of negotiation between stakeholder groups about which perception will eventually be 

adopted and supported by the group. If this negotiation does not take place, power dictates 

which perception is adopted. 

Differences between perspectives are not subtle. When barriers are perceived as brick walls 

rather than priorities or choices that society makes (more or less consciously) in terms of the 

emphasis that is placed on one issue relative to another, it prevents discussion about the 

subject and potential improvement from ever occurring. Therefore, the common tendency to 

look at barriers negatively highlights how issues are perceived in isolation rather than in their 

interaction with other societal needs and choices. Clearly, the whole issue of stormwater 

management is just one issue of many that we as a society face.  

5.6. Conceptualising Interactions between Barriers 

5.6.1. A Method to Determine Significant Interactions between Barrier Categories  

Brown and Farrelly (2009b) briefly comment that barriers are highly interdependent. This 

means that barriers create causal influences in which one barrier reinforces another barrier. 

Since a large number of barriers exist and these are all highly interconnected and form self-

reinforcing feedback loops, a single root cause cannot be identified. Creating an 
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understanding of how barriers interrelate may therefore provide opportunities for leverage 

where small system interventions result in comparatively large impacts (Sterman 2000).  

If two barriers reinforce each other simultaneously, feedback is present. The following 

example of barrier feedback was given by Brown and Farrelly (2009b, p.844):  

This interdependence is cyclic; for example, when there is a ‘fragmented regulatory 

framework’ there are likely to be inconsistent and multiple organisational roles and 

responsibilities, thus promoting ‘poor organisational commitment’. Therefore policy and  

legislative developments will also be informed in fragmented and contested ways, reinforcing 

the underlying impediment – often resulting in ‘technological path dependency’. A number of 

sustainability theorists would argue that such fragmentation is further reinforced by a lack of 

a ‘long-term vision’, which not only reflects poor political will but further engenders a lack  

of agreement on what is valuable and therefore what should be subject to ‘monitoring and 

evaluation’.  

Following from this idea, the aim of this work was to determine which barriers influence each 

other and which barrier categories exert particularly strong or no influence onto other 

categories. This understanding may serve to create entry points for intervention, i.e. targets 

where focused efforts to reduce barriers are more effective. In the case of existing feedback, a 

reduction in one barrier will also weaken other barriers in the feedback chain and thus create 

leverage in the overall effort. However, due to the feedback interactions, resistance to 

interventions will be high unless they target the right trigger. Weak interactions between 

barrier categories may be easier to reduce but will provide less or no opportunity for leverage.  

In order to quantify the strength of barrier interactions, a pair-wise comparison was made 

between the 44 barriers identified in the interviews on stormwater management in PTS 

catchment. A rating was given to signify the interaction in an ordinal scale as strong, weak or 

not existent. For example, a ‘lack of interaction among stakeholders’ strongly influences the 

existence of ‘inconsistent policies across the region’. This influence implies reinforcement, 

i.e. a positive causation, in that an increase (in the negative sense) in one barrier increases 

another barrier. Hence, even less stakeholder interaction would create even more inconsistent 

policies. In contrast, a ‘lack of skill in communicating effectively with the public’ is expected 

to have no influence on the existence of ‘inconsistent policies across the region’, while a 

‘lack of legislative mandate’ is deemed to have a weak influence, if any, on how much public 

or other stakeholder support there is. The nature of causality implies that interaction strength 
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can change with influence direction. For example, a legal barrier can strongly influence a 

logistical barrier, but the same logistical barrier may not or only weakly influence the same 

legal barrier. 

In this fashion, all barriers in one category were paired up with all barriers in other categories 

in both directions, for example structural with legal barriers and legal with structural barriers. 

Overall, a total of 1,246 comparisons were made. Ratings for all pair-wise barrier 

comparisons are provided in Appendix H.  

During this process I found that the distinction between whether there was or was not an 

interaction between two barriers was a lot more straightforward and a lot less ambiguous than 

the decision about whether an interaction was strong or weak. Therefore, the analysis 

concentrated on the data where interactions were present, whether weak or strong. This data 

will be referred to as dataset 1. This was then compared to the data that had only strong 

interactions (data set 2).  

In the analysis, I first calculated how many of all interactions between two categories were 

weak or strong (as a percentage). The percentages were then compared between the different 

categories and ranked. Table 5.5 shows how many of the concepts in one category reinforced 

the concepts in other category. For example, the physical barrier concepts influenced 57% of 

the internal barrier concepts either weakly or strongly. The percentages were colour-coded 

according to bands (≥ 90% dark green, 80-89% medium dark green, 70-79% medium green, 

60-69% medium light green, 50-59% light green)37. Pair-wise comparisons between eleven 

categories were not determined because I expected that there would be none or only a few 

interactions, i.e. the percentages would be small or close to zero. These are marked with an 

apostrophe (`) in the table. 

 

 

 

 

 

                                                           
37

 Only the top 50% were included and bands equally distributed in 10% intervals. These bands do not carry 

any further meaning but help to distinguish between different influence strengths visually.  
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  Physical Political Legal Structural Communication Resource Financial Education Internal 

Physical   ` ` 50 ` ` ` ` 57 

Political `   100 45 75 44 30 40 50 

Legal ` 60   90 42 47 20 ` ` 

Structural 0 25 70   81 60 25 37 ` 

Communication ` 65 83 50   80 ` 56 39 

Resource ` 44 33 55 70   30 80 30 

Financial ` 35 20 37 ` 20   ` 29 

Education ` 50 ` 62 75 30 `   57 

Internal 0 50 ` ` 43 34 25 55   

Table 5.5: Percentages of ‘weak and strong’ pair-wise influences between categories 

 

Table 5.6 provides a ranking of the category interactions shown in Table 5.5. The ranks were 

calculated as average ranks, i.e. in case of ties, the rank is calculated as the average of the 

positions in ascending order. 

% Rank Category Pair % Rank Category Pair % Rank Category Pair 

100 1 Political to Legal 55 18.5 Internal to Education 35 35 Finance to Political 

90 2 Legal to Structural 55 18.5 Resource to Structural 34 36 Internal to Resource 

83 3 Communication to Legal 50 22 Communication to Structural 33 37 Resource to Legal 

81 4 Structural to Communication 50 22 Education to Political 30 39.5 Education to Resource 

80 5.5 Communication to Resource 50 22 Internal to Political 30 39.5 Resource to Financial 

80 5.5 Resource to Education 50 22 Political to Internal 30 39.5 Resource to Internal 

75 7.5 Education to Communication 50 22 Physical to Structural 30 39.5 Political to Financial 

75 7.5 Political to Communication 47 25 Legal to Resource 29 42 Finance to Internal 

70 9.5 Resource to Communication 45 26 Political to Structural 25 44 Structural to Financial 

70 9.5 Structural to Legal 44 27.5 Resource to Political 25 44 Internal to Financial 

65 11 Communication to Political 44 27.5 Political to Resource 25 44 Structural to Political 

62 12 Education to Structural 43 29 Internal to Communication 20 47 Finance to Legal 

60 13.5 Legal to Political 42 30 Legal to Communication 20 47 Finance to Resource 

60 13.5 Structural to Resource 40 31 Political to Education 20 47 Legal to Financial 

57 15.5 Education to Internal 39 32 Communication to Internal 0 49.5 Internal to Physical 

57 15.5 Physical to Internal 37 33.5 Finance to Structural 0 49.5 Structural to Physical 

56 17 Communication to Education 37 33.5 Structural to Education 
   

Table 5.6: Ranking of category pair interactions in decreasing strength 

 

The same procedure of calculating percentages and ranks was used on barrier pairs marked as 

strong (Appendix I). Thus I was able to compare the rankings of dataset 1 (Table 5.6) with 

dataset 2 – the ‘strong only’ interactions. First it was noted that the two rankings were very 

similar. Spearman’s rank correlation coefficient was calculated as 0.781 (Box 5.1). 
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Box 5.1: Calculation of the Spearman rank correlation coefficient based on average ranks 

 

This coefficient value means that there is reasonably high agreement between the two 

rankings. This is not unusual given that the ‘strong interaction’ data set is part of the ‘any 

interaction’ data set. There were, however, a few outliers with substantially different 

rankings. The largest ten outliers are listed in Table 5.7. This difference in rankings results 

from the existence of the ‘weak interaction’ comparisons. For example, in the 

‘Communication to Education’ pair 50% of concept pairs had weak interactions but only 6% 

had strong interactions. This created ambiguities between the rankings of only ‘strong’ and 

‘weak and strong’ interactions. 

 

Category Pair 

Absolute  

difference 

Strong interaction 

% 

Weak interaction 

% 

No interaction 

% 

Communication to Education 28 6 50 44 

Physical to Structural 27 0 50 50 

Physical to Internal 18.5 14 43 43 

Legal to Financial 18 17 8 75 

Structural to Financial 17 19 6 75 

Communication to Internal 14.5 29 11 61 

Communication to Structural 14.5 13 38 50 

Legal to Communication 14.5 33 8 58 

Communication to Resource 13.5 25 55 20 

Financial to Political 11.5 20 15 65 

Table 5.7: Absolute differences between the ‘strong only’ and ‘weak and strong’ rankings 
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As has been noted above, making a judgement about whether an interaction is weak or strong 

is a lot more ambiguous and prone to personal bias than whether an interaction exists at all. 

For the remainder of the discussion I will thus rely on the first data set and the ranking shown 

in Table 5.6. 

 

Next, the influence strengths between barrier category pairs were converted into an influence 

diagram with directional arrows representing the strength of interactions (Figure 5.1). To 

avoid clutter only interactions ≥  50% (rank 22 and higher) are shown. Arrows and concepts 

are colour-coded according to their category. Arrow thickness represents the strength of 

interactions (≥  80% thick, 60-79% medium, 50-59% thin).  

Note this diagram provides an overview of barrier interactions between barrier categories. 

For example, one cannot conclude from this diagram that there are no strong interactions 

between categories but only that there are comparatively few. This means that, if there is no 

arrow between two categories this does not imply that there are no strong interactions, but 

only that there are few in comparison with where there is an arrow between categories.  
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Figure 5.1: Influence strength between barrier categories for PTS catchment data  

 

The diagram makes visible that in PTS catchment most barrier interactions take place within 

the institutional domain (political, legal, structural and communication) and between the 

institutional and logistical domains, while interactions within and between physical and 

internal domains are comparatively few. In the institutional and logistic domains interactions 

are also significantly more dominant. The only and most dominant feedback loop consisting 

of only the strongest interactions also exists in the institutional domain (legal to structural to 

communication to legal). This loop is marked by the small clockwise arrow. This dominance 

of interactions and feedback in this domain thus provides evidence for the persistence of 

institutional barriers. This is also the reason why institutional barriers are highlighted by most 

authors as ‘the culprit’ in most constraining change. Since all interactions are reinforcing in 

nature (positive causality), the resulting feedback is a self-reinforcing loop. 
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There were few interactions to and from financial barriers (ranked 33 and lower). For this 

reason they were not added to 

not an important barrier, but mer

means that even if funding is provided for a project this will only marginally serve to remove 

other barriers in the short or long run: while funding can create short
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There were few interactions to and from financial barriers (ranked 33 and lower). For this 

reason they were not added to Figure 5.1. This does not imply that cost and funding issues are 

not an important barrier, but merely that these do not much reinforce other barriers. This 

means that even if funding is provided for a project this will only marginally serve to remove 

other barriers in the short or long run: while funding can create short-term change it 

rigid institutional/legal structures and habitual communication 

between which strong feedback occurs makes it easy to provide 

simply by selecting barrier concepts that show strong interacti

best visualised in an influence diagram. Figure 5.2 shows the strong interactions that make up 

the strong feedback loop shown in the previous Figure.  

ng feedback between legal, structural and communication barriers

Due the fact that there are many interactions between these three domains, the diagram 

appears cluttered. It is conceivable that diagrams of other domains might show feedback 

d apart because they are only connected to a few barriers. In the extreme such a 

There were few interactions to and from financial barriers (ranked 33 and lower). For this 

. This does not imply that cost and funding issues are 

ely that these do not much reinforce other barriers. This 

means that even if funding is provided for a project this will only marginally serve to remove 

term change it does not 

rigid institutional/legal structures and habitual communication 

strong feedback occurs makes it easy to provide 

simply by selecting barrier concepts that show strong interactions. This is 

shows the strong interactions that make up 

 

ng feedback between legal, structural and communication barriers  

Due the fact that there are many interactions between these three domains, the diagram 

might show feedback 

d apart because they are only connected to a few barriers. In the extreme such a 
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feedback loop only consists of barriers that have only one incoming and one outgoing arrow. 

Such an independent feedback loop can then be approached differently. Because there are no 

complex interactions, one can focus on a single barrier in this loop and a reduction in any 

barrier will then reduce the other barriers in the loop. 

A further point of interest is the number of incoming and outgoing arrows. In Figure 5.2 one 

can identify three barriers that have less incoming than outgoing arrows (Consultants driving 

the planning process; Administrative inertia; Independent technocratic decision making). This 

means that these barriers impact more on other barriers while being comparatively less 

influenced by other barriers themselves. This can imply that they exhibit less resistance to 

change.  

While the analysis thus far can create a high-level understanding of interaction strength 

between barrier categories, the next step is to identify single barriers that should be targeted 

in efforts to reduce the barriers holistically, i.e. while taking into account their interactions 

with other barriers. The above diagram will serve as an example in the identification of entry 

points.  

 

5.6.2. A Method to Determine Appropriate Policy Entry Barriers  

An entry point is a barrier which should be targeted in order to achieve leverage. Leverage 

occurs when there is a systemic reduction in several other barriers. From this follows that in 

order to be an entry point a barrier should exhibit several weak/strong interactions with other 

barriers (for example as shown in Figure 5.2). If this barrier itself is influenced by only a few 

or no other barriers, the leverage effect will be more likely and robust.  

The strategy to determine entry points is based on the identification of barriers that have few 

incoming but many outgoing interactions. This is done by subtracting the number of 

incoming weak and strong arcs (or alternatively strong interactions) from the number of 

outgoing arcs. The decision as to which of these two options to select should be based on the 

confidence that is placed on the data provided, i.e. the comparisons that were made. If one is 

more confident about deciding on no interaction-interaction rather than weak-strong 

interaction, then the first (weak-strong) dataset should be used.  
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For a large number of barriers this analysis is best done in a database or alternatively a 

spreadsheet. A number of checksums were calculated as part of the process to ensure that 

mistakes were detected early on. For example, the sum of incoming comparisons has to equal 

the sum of outgoing comparisons.  

Applying this method to dataset 1 of barriers observed in PTS catchment, I obtained a list of 

barriers in descending order of the difference of outgoing and incoming interactions. The first 

ten values of this list are presented in Table 5.8. 

Category Barrier Total Out 

Out 

% In In % 

Out %-

In % 

Physical Availability of land suitable for LID 30 15 0.50 0 0.00 0.50 

Political Short election time frames 38 22 0.58 6 0.16 0.42 

Financial High capital and maintenance costs 31 12 0.39 2 0.06 0.32 

Internal Inconsistent definitions of LID, complex ideas  22 12 0.55 7 0.32 0.23 

Education 

Conventional compartmentalised education 

at universities and in schools 32 18 0.56 11 0.34 0.22 

Resource 

Poor community capacity to participate 

meaningfully  38 14 0.37 6 0.16 0.21 

Commu-

nication 

Interdisciplinary communication problems of 

jargon, paradigms  35 18 0.51 11 0.31 0.20 

Political 

Self-protecting knowledge-power 

relationships  38 26 0.68 19 0.50 0.18 

Internal Crisis is required before people act 22 12 0.55 8 0.36 0.18 

Structural Administrative inertia, bureaucracy 25 15 0.60 11 0.44 0.16 

Table 5.8: Barriers in descending order of the difference between incoming and outgoing interactions 

 

The suggestion that is made here is to use these barriers thus identified as entry points for 

strategies that aim to reduce barriers. As has been noted before, the reason is that these 

barriers impact more on other barriers but are themselves less influenced. This is important 

because it means that any effort to reduce a barrier is more effective because the ripple effect 

onto other barriers is greater. Also, there is less resistance to change because fewer other 

barriers reinforce the entry barrier. Before I discuss what form these reduction efforts can 

take in the next section, a few additional remarks on the method introduced here are in order. 

The method for identifying strength of barrier interactions as well as entry points for barrier-

reduction strategies crucially depends on the pair-wise comparisons that are initially 

performed to identify strong, weak and no interactions. My personal background and 

immersion into the literature of urban stormwater management, and the knowledge and 
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understanding I gained from the interview process, from further discussions with experts and 

from my personal experiences of stormwater management at Earthsong Eco-Neighbourhood 

should serve as a robust basis for making these comparisons. However, in a real-world 

setting, and for reasons outlined in Section 4.1, it is important that stakeholders provide these 

data. For this to be feasible the number of barriers would have to be reduced substantially 

from the present 66 to about 20 to 30 based on an importance criterion. This criterion could 

be negotiated by stakeholders but a ranking of the best entry points determined by the above 

method could alternatively be used.  

It should also be noted that the focus in this chapter has been on exploring interactions 

between barriers in different categories (physical, political, legal, etc). The method can also 

be used to analyse within-category interactions. An example of such a reinforcing feedback 

would be between the low political priority placed on stormwater and the provision of 

incentives and disincentives to guide management. Results of this analysis can be used to 

determine the most ‘important’ barriers (providing most leverage) in each category. 

Furthermore, results can be used to guide efforts to reduce a number of barriers 

simultaneously. The identification of the category that one would target in this endeavour 

follows the same principles that are outlined above. Using Figure 5.1 one can for example 

identify the structural category as having only one ingoing but three outgoing arrows. A 

reduction of barriers within this category, based on further analysis, would then serve to 

create ripple effects across other categories.  

5.7. Recommendations – Facilitating Change 

This section aims to provide recommendations that apply leverage principles in creating and 

facilitating change. Recommendations are made for the leverage/entry points identified in 

Table 5.8. Ultimately, insights from the exploratory research approach are here synthesised in 

order to recommend alternative ways of conceptualising and addressing urban stormwater 

management in light of systemic interactions. Before these specific recommendations are 

made, a few ground rules for initiating and managing change are provided. The basic 

principles to engage in a change effort and create leverage in an environment of complex 

interactions are: 

Think outside the box. Conventional stormwater management was based on a different 

worldview and aimed to fulfil different objectives. Thus, solutions that follow in this path 
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will not create successful change, because of the resistance inherent in the system. New 

solutions will be found outside the conventional sphere, aiming to serve multiple objectives 

and requiring interdisciplinary and multi-stakeholder support. In a systems diagram this 

would imply finding or creating causal connections between existing or even new variables.  

There are no simple solutions. Due to complex interactions between barriers it is necessary 

to develop strategies that manage more than one barrier simultaneously. Just as there are no 

single objectives, there are no single, simple solutions, but strategies will consist of several 

strands of action. In a systems diagram this would imply focussing attention not just on a 

single causal connection but on several simultaneously. 

Manage the system by managing feedback. The fundamental systemic strategy is to 

weaken self-reinforcing feedback and strengthen balancing feedback (Forrester 1968; 

Meadows 2008). Feedback between barriers is mostly self-reinforcing and can be reduced by 

weakening individual barriers that combine to create feedback. Systemically this would 

require a manager to determine the strongest causal interactions in a self-reinforcing feedback 

loop and to try to reduce its strength. For balancing feedback the causal connection that has 

the negative causal relationship has to be determined and strengthened. 

Utilise bottom-up as well as top-down processes. Top-down solutions often focus on single 

objectives, are easy to control but are often reactive rather than proactive in nature. Since 

they are usually not based on a sound understanding of the system, they are less effective and 

can create unintended effects. Bottom-up processes are largely uncontrollable, profound and 

transformative in nature and can effect wide-spread systemic change. Both have their place in 

change management as long as their strengths and weaknesses are kept in mind (Gabe et al. 

2009). Systemically, bottom-up processes can create reinforcing feedback. Therefore, the 

objective of management is simply to support the reinforcing causal connections and allow 

for the feedback to unfold.  

Implement change slowly. Intervention strategies should be implemented slowly whilst 

anticipating and minimising unintended effects. The reason for reducing barriers slowly is 

that a sudden substantial reduction provides less time to adjust and increases the likelihood 

and severity of unintended effects, including the severity of resistance to change in the 

system. We understand system structure and behaviour only through observation. Therefore, 

there will always be a delay in our response, notwithstanding the delay in the system itself. 

Slow change improves the likelihood of managers creating appropriate, effective responses. 
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Monitor changes and adapt. Understanding the systemic impact of change actions requires 

monitoring of essential parts of the system. This knowledge then guides necessary 

adjustments and implementation speed. Monitoring the system requires monitoring of the 

individual causal interactions within important feedback loops and identified variables. 

The following pages make specific recommendations for reducing those barriers that have 

been identified in Table 5.8 as promising entry points. Some recommendations also provide 

pointers to available literature. Also, for each barrier a table is provided that lists all other 

reinforcing barriers, if any.  

 

Barrier 1 – Availability of land suitable for LID 

As can be seen in column 6 in Table 5.8, this is the only barrier that is not reinforced by any 

other barrier. Reducing this barrier will therefore be easier to achieve. The land that is 

referred to by the participants as restricting the use of LID is mainly greenfield land. With 

high urbanisation rates experienced in the Auckland region, remaining greenfield areas have 

largely disappeared. Authentic greenfield designs, such as engineered wetlands or large 

treatment ponds, may therefore not be possible. This however opens up new possibilities for 

implementing LID in brownfield developments and retrofits. Permeable paving can replace 

large areas of impermeable residential streets, car parks and footpaths while green roofs can 

reduce stormwater runoff from roofs. These technical solutions are available. 

To summarise, the focus needs to be shifted from greenfield to brownfield and retrofit 

applications of LID. This can partially remove the constraint of land availability. The issues 

then become more political (political will), structural (structure to manage decentralised 

devices), financial (cost, incentives) and internal (resistance to new technologies). A shift in 

focus implies a change in worldview. Clearly, if the worldview changes so do perceptions of 

barriers. 

On a cautionary note, only 30 pair-wise comparisons were made with this barrier. This might 

create more bias, so the fact that the barrier is the first one listed should not be overvalued. 
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Barrier 2 – Short election time frames 

Short election time frames are problematic because they create a systemic effect that 

promotes a focus on short-term gain and the implementation of small projects with high 

visibility. Stormwater management does usually not fall into either category. High leverage 

strategies often result in short-term deterioration in some parts of the system until sufficient 

momentum is achieved to significantly change major feedback processes. These strategies are 

therefore in conflict with the short-term-gain projects caused by short election times. 

Hence, the goal is to provide incentives for long-term action. This can be done through 

bottom-up or top-down processes. Bottom-up solutions aim to foster changes in the public’s 

worldview such that they use their democratic power to create long-term solutions. Top-down 

solutions provide the political incentives to engage in long-term projects that are otherwise 

neglected. Incentives have the added benefit of reducing the risks associated with change. 

This is a major internal barrier for change (Table 5.9). Simply changing the structure of the 

election system would fail due to systemic resistance. 

Local government is restricted in its work and ambition by higher governance levels that 

provide the legal framework and resources within which local government can operate. 

Clearly, this dependence also creates opportunities for linking national and local policies in 

efforts to address changes in environmental governance. Political support can take two basic 

forms: acknowledgement and provision of resources. Both are very much tied to the existing 

political landscape and the political game played within it. Whilst acknowledgement without 

further support may be perceived as lip service, it does provide a certain authentication or 

endorsement of future direction in local government actions.  

The provision of resources/incentives is often perceived as critical to enable change at local 

and regional government levels. Incentives stimulate action which, according to the Theory 

of Cognitive Dissonance, then changes perspectives and internal barriers, hoping that these 

will prevail once the funding stream ceases.  

Strong influence  Weak influence 

Professionals are risk-averse  High capital and maintenance costs 

 Reductionist thinking including disconnection from the natural world 

 Assumption of a single reality 

 Trust versus control between local government and public 

 Disrespect towards indigenous knowledge and perspective 

Table 5.9: Barriers that reinforce the existence of short election time frames 



Chapter 5 – Barriers to Implementation 

213 

Barrier 3 – High capital and maintenance costs 

There still is insufficient knowledge about costs associated with LID. Perceptions appear to 

be largely influenced by a stakeholder’s overall opinion of LID and vary to a great extent 

(Vesely 2009). 

Costs consist of a number of components: design costs incurred largely by consultants, 

administrative costs incurred largely by various councils (e.g. lodging various consent 

applications, assessment of environmental effects, public notification and consultation, legal 

costs, developer contributions), implementation costs incurred by engineering companies 

(machinery, labour) and costs associated with maintenance. Most of these cost components 

tend to be higher for LID than for a standard design. Moreover, administrative inertia can 

create unforeseen additional costs and, particularly for developers, this can be a major cost 

component. Accordingly bottom-up solutions that aim to increase LID demand, e.g. by 

fostering a change in environmental values, can signal demand increases and therefore 

increase the willingness of developers to implement LID (Table 5.10). 

Most strategies are top-down aiming to reduce individual cost components. For example, the 

provision of ready-made LID designs by councils reduces design costs to the level of 

conventional designs. Fast-tracking LID designs in the consenting process promises 

successful outcomes in terms of LID adoption. This option is particularly attractive in times 

of rapid urbanisation when statutory time frames for consent processing are not met. Other 

financial incentives exist that offset the increased building, labour and maintenance costs 

associated with LID. More detail on these is provided in the following. 

Top-down solutions often discuss economic instruments and market mechanisms at great 

length and there are place-specific factors that favour some instruments over others (Gabe et 

al. 2009). First, different target groups should be distinguished. While most incentives focus 

on private developers, commercial developers as well as the local council are in large part 

responsible for a wide variety of stormwater works. These target groups may require different 

strategies to ensure effectiveness of incentives. 

Recently there has been an increased focus on creating more effective market mechanisms 

that can internalise the costs of environmental degradation. As Jaffe et al. (2005, p.165) note: 

There is little dispute among economists that flexible, incentive-oriented policy approaches 

are more likely to foster low-cost compliance paths than prescriptive regulatory approaches.  
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These mechanisms create incentives for individuals to minimise externalities (Jaffe et al. 

2005). In theory, either price-based or quantity-based market instruments can serve as 

incentives. However, the effectiveness of each instrument depends on its implementation. 

Parikh et al. (2005) provide an excellent overview of the different market approaches that are 

available and some key insights are introduced here.  

Price-based instruments: Traditionally, local government investments in stormwater 

infrastructure including new technologies such as LID have been largely paid by income 

from property taxes (Lindsey & Doll 1999). Recently, the focus has shifted to a user 

(polluter) pays basis whereby stormwater user charges finance new infrastructure. In 

Waitakere City, standardised development contributions fulfil this role in principle.  

In essence, price-based instruments allow stormwater discharge (in addition to the acceptable 

minimum) from a piece of land for a charge. These charges are then used to pay for 

additional stormwater infrastructure. Non-compliance (runoff without payment of the charge 

as well as runoff over the allowance) incurs a fine. Therefore, there is an incentive to reduce 

discharge to the point where the expected cost from policy enforcement is equal to the 

charge. In addition, fee reductions or other financial incentives provide incentives for LID 

implementation.  

Price instruments are often based on impervious surface area as it is seen to provide a reliable 

estimate of expected stormwater runoff from a property (Parikh et al. 2005). The challenge 

with price-based instruments is to set the charge high enough to reflect the actual cost of 

service provision and costs associated with environmental impacts, and to make LID 

implementation attractive (Doll & Lindsey 1999). As Parikh et al. (2005, p.137) note: 

From an economic standpoint, stormwater user fees are set too low to induce the appropriate 

level of BMP adoption on private property, and, therefore, are not a cost-effective means of 

stormwater runoff control. 

Residential property owners pay less under a user charges systems than under a property tax 

system. This is because residential areas are less impervious and the fact that tax free 

property owners like churches and schools also pay user charges (Lindsey & Doll 1999). 

However, despite the use of development contributions by most territorial authorities in New 

Zealand, LID adoption has not eventuated. Development contributions are contested (Harker 

2007) and it is conceivable that user charges reinforce resistance to behaviour change towards 
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LID adoption because they are seen as an unfair burden on developers. This situation is 

different for commercial developers who simply pass on the added cost to the purchaser, who 

also happens to be a future ratepayer.  

Quantity-based instruments do not require the setting of a price but instead setting of a 

measure (cap) for the total allowable stormwater discharge. This measure should be set low 

enough to avoid environmental impacts. Each user is provided with an allowance to generate 

discharge depending on land area. Discharge less than the allowance can then be traded to 

other users who can use the additional allowance to generate more runoff. Therefore, there is 

an incentive for users to reduce their runoff if the expected benefit from selling is greater than 

expected benefit from own discharge. Trading markets have been successfully applied for air 

pollution (sulphur dioxide). For stormwater, the market would be set up to control runoff 

quantity as it is clearly impractical to create a trade system for each contaminant. 

Problems with quantity-based instruments are that stormwater discharges can concentrate in 

certain locations and result in adverse cumulative environmental effects, the difficulty in 

determining the total allowable discharge, and the existence of certain property rights.  

Parikh et al. (2005, p.141) conclude from their comprehensive review that no single market-

based approach is best suited for stormwater runoff reduction, but that: 

The selection of an appropriate management instrument requires complicated trade-offs 

between the important goals of all three disciplines [economy, law, hydrology] and their 

preferred implementation scenario.  

Due to the problems with both price and quantity-based approaches, implementation will be 

difficult. In Waitakere City there does not appear to exist either the expertise or the political 

will for implementation of market-based instruments other than simple polluter pays charges 

which are, however, also contested.  

In summary, there are several approaches to providing funding sources for LID measures, all 

of which have drawbacks in one way or the other. Trading off advantages and disadvantages 

between individual approaches related to the situation for Waitakere City, user charges seem 

to be a good compromise. However, better utility is provided by fast track options and their 

implementation appears reasonably straight forward.  
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Strong influence  Weak influence 

Policies ineffective or counter-productive  n/a 

Developer perceptions about demand for LID  

Table 5.10: Barriers that reinforce LID costs 

Inconsistent definitions of LID, complex ideas 

Stormwater management by its very nature is a complex undertaking. Therefore there is no 

single, simple solution for each catchment and for communities and neighbourhoods within 

that catchment. This complexity then is not so much a barrier, although it was voiced as such 

by participants, but a reality. Complexity is inevitable in a globalising world undergoing 

 values, perspectives and knowledge.  

It is been widely accepted that complexity and uncertainty requires a move towards 

(Walters & Hilborn 1978; Walters & Holling 1990; Holling & Meffe 1996; 

nson 1999; Lee 1999; Habron 2003; Schreiber et al. 2004; Carpenter et al.

Wostl 2007; Pahl-Wostl et al. 2007a; van der Brugge & van Raak 2007; 

Kato & Ahern 2008; Medema et al. 2008; Smith et al. 2008; Jacobson 

, adaptive management uses continuous action research cycles 

that feedback results and inform consecutive decisions (Figure 5.3).  

 

: Info rmation feedback loop in adaptive management
eproduced with permission from Forrester (1992, p.43) 
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recommendations should not be implemented verbatim. An important characteristic of 

adaptive management is for creative solutions to emerge from synergistic group processes. 
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that catchment. This complexity then is not so much a barrier, although it was voiced as such 
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It is been widely accepted that complexity and uncertainty requires a move towards adaptive 

(Walters & Hilborn 1978; Walters & Holling 1990; Holling & Meffe 1996; 
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 et al. 2009). Also 

, adaptive management uses continuous action research cycles 
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Implementing adaptive management at Waitakere City Council would require a restructuring 
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These solutions are likely to be more appropriate and effective than any suggestions made 

here could be. 

Characteristic Explanation Relevance for Waitakere City Council 

Professional focus Change from traditional focus on hydrology 

and resource use towards the inclusion of 

freshwater biology and ecology, 

geomorphology among others for ecosystem 

protection and integrity, as well as social 

demand/human desire for the different 

environmental services.  

Change in organisational structure from 

stable, linear internal processes towards 

constantly changing, dynamic, action research 

processes. 

Change in worldview across all levels of 

council driven by shared vision and 

values.  

Use transdisciplinary project teams. 

Employ staff that is familiar with or 

prefers dynamic processes and change.  

Transdisciplinary 

collaboration 

Change from compartmentalised 

bureaucracies and competition towards 

transdisciplinary cooperation. This includes 

sharing problem definition and power of 

implementation. 

Create transdisciplinary inter-

organisational project teams. Will 

require facilitation at least initially to 

prevent power plays and competition 

while upholding the vision and working 

towards agreed objectives.   

Decision 

objectives and 

decision making 

Change from reliability, certainty and control 

towards experimental, provisional decision 

making and risk taking. 

Change from compartmentalised, 

disconnected and short-term thinking towards 

contextual, long-term, interconnected, 

reflective, systems and synergistic thinking. 

Redefine artificial boundaries of concern. 

Social data as well as physical data collection. 

Change from top-down control to bottom-up 

empowerment and bottom-up consensus. 

Monitoring informs adaptive cycle. 

Change in worldview across all levels of 

council driven by shared vision and 

values. 

Change in worldview across all levels of 

council driven by experienced and 

knowledgeable system thinkers. Allow 

time for reflection.  

Project teams focus on problems within 

ecosystem process including 

geographic boundaries. This would 

imply catchment-by-catchment 

management.  

Collect social data. Data collection 

performed preferably by communities. 

Engage in adaptive, participative 

projects. 

Role of 

communication 

Change from mainly top-down, written 

communication to horizontal, face to face and 

transdisciplinary communication that is 

transparent and shared between all levels. 

Information flows up as well as down.  

Create opportunities for facilitated 

group processes/meetings where 

creativity, openness and different types 

of thinking are shared and appreciated. 

Practise and value listening skills as well 

as creating consensus.   

Information technology may be useful 

in supporting some bottom-up and 

horizontal communication processes. 

Structural 

realignment 

Change from vertical compartmentalisation to 

horizontal integration. 

Dynamic transdisciplinary project 

teams, see above. 
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Characteristic Explanation Relevance for Waitakere City Council 

Organisational 

values and culture 

Change from unequal power distribution 

towards equality. Make stakes transparent: 

who has what to gain and lose. 

Change from transactional towards 

transformational leadership that encourages 

self-development and motivates people to do 

more than fulfil expectations. 

Increase value of internal communication 

processes and active participation.  

Change from valuing efficiency towards 

valuing flexibility, responsiveness and 

inclusion.  

Creation of an active and truly shared 

(because collectively created) vision. 

Challenging cultural assumptions: the right of 

natural exploitation, competition over 

cooperation, control rather than trust, all 

problems are solvable, mistakes are bad, 

certainty over adaptation, new over old, 

growth over development, nature is stable 

and balanced, humans are apart from nature. 

Change in worldview across all levels of 

council. This is primarily a personal 

process that can be supported by group 

processes. Active learning, participative 

methods and opportunities for 

connection can also facilitate change at 

personal levels. 

The existing organisational culture can 

hinder this transformation, so it is 

important that manifestations of this 

culture – which may be hidden or open 

– are understood and openly discussed. 

At present there is a vision for Project 

Twin Streams and a three waters vision 

for Ecowater. An integrated vision may 

be necessary.  

Change process New objectives transform organisational 

structure. 

Transformational leadership to address the 

human side of transformation through deep 

listening, acknowledging instability, stress, 

confusion, and emotional vulnerability, 

honouring employees’ needs and enhancing 

employees’ self-confidence.  

Objectives can emerge from a shared 

vision.  

Retain transformational leaders and 

look for others to employ. Learn 

actively and teach widely to pass on 

skills.  

Table 5.11: Characteristics of adaptive management organisations38 

 

These profound organisational changes take time to implement and manifold barriers and 

inconsistencies have been identified (McLain & Lee 1996; Walters 1997; Rogers 1998; Allan 

& Curtis 2005; Jacobson et al. 2006; Rogers 2006; Stringer et al. 2006; Medema et al. 2008; 

Jacobson et al. 2009). Because adaptive management creates cycles of learning, the crucial 

step is the initiation. While initial actions may be small, local and even ineffective, the 

objective must be set so that the trajectory of cyclical learning eventually leads to the desired 

outcome. As Ackoff (2004, p.2) notes: 

The righter we do the wrong thing, the wronger we become. When we make a mistake doing 

the wrong thing and correct it, we become wronger. When we make a mistake doing the right 

                                                           
38

 Collated ideas from Bass (1985, 1990), Iacovini (1993), Grumbine (1994, 1997), Yaffee (1996, 1999), Danter 

et al. (2000), Bonnell and Koontz (2007) and Brown (2008) 
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thing and correct it, we become righter. Therefore, it is better to do the right thing wrong 

than the wrong thing right. This is very significant because almost every problem confronting 

our society is a result of the fact that our public policy makers are doing the wrong things 

and are trying to do them righter.  

In addition, Ackoff et al. (2006) point out that we can only learn from mistakes but not from 

doing things right. Since errors of omission, i.e. not doing something that should have been 

done, are generally unaccounted for in organisations, there is a strong incentive for risk-

averse managers to do nothing. Ackoff et al. argue that this is the root cause of organisational 

resistance to change. 

Effective policy-making requires iterative cycles of policy creation, implementation, 

monitoring and evaluation with feedback processes between them. A comprehensive policy 

cycle (Figure 5.4) is suggested that aims to create successful change in environmental 

management (Parliamentary Commissioner for the Environment 2004). The cycle consists of 

the main steps: problem recognition, policy/decision analysis, decision, implementation, and 

monitoring. The cycle is characterised by feedback processes (grey): monitoring provides 

insights on the effectiveness of the policy and the significance of a problem may leapfrog 

steps in the cycle.  

 

Figure 5.4: The responsive policy cycle 
redrawn with permission from Parliamentary Commissioner for the Environment (2004, p.91) 
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Lacking in the diagram are intangible factors such as changing values, worldviews and goals 

that have to be taken into account and communicated. In essence, changing values and 

transforming worldviews influence nearly every part of the diagram as they alter our 

perceptions regarding the significance of the problem, the appropriateness of objectives, the 

actual decision making process, etc. Complexity and uncertainty increase the need for 

feedback as both enable early revision and more effective learning. This feedback can be 

provided by being conscious of the current phase in the policy cycle, and through the creation 

of intentional feedback processes. For example, uncertainty over the significance of an 

environmental problem may be followed by additional monitoring and evaluation. 

Complexity often overwhelms managers and leaves them prone to disregard it. Here it is 

important that managers are provided with a set of approaches that guide decision making 

and implementation processes. 

Sustainable ecosystem management prescribes an ideal of ecosystem protection in balance 

with social needs. If stakeholders can agree on specific objectives, organisational change in 

an incremental fashion will result and entail change on a broader social level. As Grumbine 

(1997, p.46) notes: 

Resource managers everywhere are waking up to the fact that they are not so much a 

technical elite as they are facilitators in a large-scale societal conversation about 

conservation.  

In summary, adaptive management can help reduce uncertainty and complexity associated 

with the implementation of LID and CBRM39, but requires a substantial organisational 

transformation in order to be effective. This transformation will simultaneously reduce other 

associated barriers listed in Table 5.12. 

Strong influence  Weak influence 

Divergent stakeholder agendas and objectives Short election time frames 

Interdisciplinary communication problems of jargon, paradigms  Self-protecting knowledge-power 

relationships 

Insufficient demonstration projects Lack of interaction among stakeholders 

Lack of knowledge and experience in implementing and 

assessing LID  

 

Table 5.12: Barriers that reinforce the uncertainty and complexity associated with LID implementation 
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 Through using simulation, systems thinking, scenario analysis and similar methods in adaptive management 

managers can reduce uncertainty by developing an understanding of dynamic system behaviour. If this 

knowledge in turn shapes the actions of managers and society this facilitates adaptation to the system, 

thereby reducing complexity. 



Chapter 5 – Barriers to Implementation 

221 

Barrier 5 – Conventional compartmentalised education at universities and in schools 

There are numerous examples that show that it is possible to create successful innovative 

learning institutions that transcend traditional compartmentalised education. These adopt and 

apply new theories of learning, for example the social cognitive and social learning theories 

introduced in 4.1.3. Examples include the home-schooling and un-schooling movements as 

well as primary through to tertiary institutions that encourage interdisciplinary research and 

learner-centred education (Murdoch 1996; Brint et al. 2009).  

Learning can be described based on a number of characteristics, all of which are currently in 

a process of transformation: the focus of learning, the place of learning, the learning process, 

the source of learning, and the scope of learning. Some of these transformations have been 

outlined and references given in Section 4.1.3; their relevance to stormwater management in 

PTS catchment as well as other sources are added where appropriate.  

The focus of learning is changing from passive learning (conditioning/‘downloading’) that 

teaches us how to react to existing circumstances, to active, creative (true) learning that 

integrates thought and action more meaningfully. At the same time, it aims to increase 

awareness of our connection with nature as well as other humans, and the role we play as part 

of the whole. As mentioned previously Project Twin Streams provides such an opportunity 

for active learning. Likewise in volunteer schemes employees provide voluntary labour for 

community engagement and environmental rehabilitation projects.  

The place of learning is changing from institutionalised learning to an understanding that 

learning can take place everywhere (Holt 1997). Stream walks, or guided walks of 

developments that apply alternative stormwater management practices particularly in 

integration with other environmentally friendly solutions such as permaculture, provide these 

opportunities for learning away from the classroom setting. 

The learning process changes from learning as a one-stop shop to continuous cyclical 

learning based on action and reflection aimed at providing deeper levels of understanding and 

awareness (Ladson & Argent 2001). Opportunities for reflection and an institutional culture 

of valuing time spent on reflection are not readily found in Western organisations of any 

kind, where thinking or hesitation in answering is often perceived as not knowing or not 

wanting to know. Nevertheless, reflection is a vital part of learning.  
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The current source of learning is the past on which we reflect and learn from. However, as 

Senge et al. (2005, p.86) point out: “Learning based on the past suffices when the past is a 

good guide to the future. But it leaves us blind to profound shifts when whole new forces 

shaping change arise.” Arguably, we are at one such threshold to a profound shift. Senge et 

al. (2005, p.86) suggest that what is now needed is a different type of learning “where we 

instead learn from a future that has not yet happened and from continually discovering our 

part in bringing that future to pass.” This type of learning, called presencing40, bridges 

spiritual and phenomenological realms (Scharmer 2001, 2009).  As such, it is difficult to 

explain to the inexperienced and there may not even be appropriate vocabulary for it.   

The scope of learning is increasing with an understanding that there is not only individual 

learning but institutional learning which takes place when learning becomes part of the 

organisational culture (c.f. Section 4.1.3 on page 102). This change takes place when learning 

processes are implemented at all levels in the institutions and a culture of learning is 

embraced (Senge 1992). Institutional learning results in increased collective awareness and 

can provide synergies and positive feedbacks that can increase the rate of change.  

In summary, a transformation in our approach to learning is clearly visible albeit far from 

becoming mainstream. This transformation is a long-term endeavour which fulfils multiple 

objectives and reduces multiple internal barriers listed in Table 5.13. 

Strong influence  Weak influence 

Lack of clear timelines, goals, and objectives Independent technocratic policy setting and decision 

making 

Lack of money/resources/staff = institutional 

capacity 

Lack of leadership and/or stated vision for a sustainable 

water future 

Reductionist thinking including disconnection 

from the natural world 

Infrastructure construction and expansion is more 

important than operation and maintenance 

Not seeing LID achieving multiple objectives 

(stormwater, urban features) 

Low value placed on public and place-based knowledge 

Assumption of a single reality  

Entrenched practices/mindsets and resistance to 

change 

 

Disrespect towards indigenous knowledge and 

perspective 

 

Table 5.13: Barriers that reinforce conventional approaches in education 
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 Alternative words that describe the same or similar processes are precognition, imagination or intuition. The 

recently identified neural networks in the heart and intestines have been shown to play a significant part in 

this process (McCraty et al. 2004). 
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Barrier 6 – Poor community capacity to participate meaningfully 

The lack of community capacity in participation of political or other top-down or bottom-up 

initiated projects originates in the diverse characteristics of communities in Waitakere City. 

The mix of income class, age, educational status, ethnicity and high fluctuations in occupancy 

have resulted in a lack of communication and opportunities for engagement between 

community members.  

Solutions have to be found that transcend limitations of language, social status, cultural 

perceptions and apathy. Project Twin Streams aims to provide such a solution that uses 

stream rehabilitation as a vehicle to create more cohesive communities. Efforts to reduce this 

barrier should focus on supporting bottom-up processes as much as possible.  

Top-down solutions, for example urban design solutions that create appropriate, inviting 

space for community development to occur, require long-term planning and leadership. 

Successes need to be rewarded openly to create incentives for more uptake. Most 

importantly, when solutions are ineffective, there needs to be the courage to try something 

different. The most effective top-down solution is to initiate communication that engenders 

trust. This reduces one of the key reinforcing barriers identified (Table 5.14). 

Strong influence  Weak influence 

Entrenched practices/mindsets and resistance 

to change 

Independent technocratic policy setting and decision 

making 

Trust versus control between local government 

and public 

Lack of skill in communicating effectively with the public 

 Conventional compartmentalised education at universities 

and in schools 

 Reductionist thinking including disconnection from the 

natural world 

Table 5.14: Barriers that reinforce poor public participation 

 

Barrier 7 – Interdisciplinary communication problems of jargon and paradigms 

Problems that arise in interdisciplinary collaborations and between different stakeholder 

groups can be reduced by increasing the quality of communication and the time spent 

communicating. Communication is a skill that, as for any other skill, requires opportunities to 

practice in order to develop it fully.   
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Good communication, a prerequisite for both teaching and learning, clears the way for 

shared, participative ownership of ideas as a means of building relationships. 

As indicated in the above quote by Maser (1996, p.71), communication is the interpersonal 

element critical for creating change at organisational and societal levels. There are different 

components of communication that efforts to reduce this barrier can focus on: communication 

content and quality of the communication (in terms of its honesty, transparency and 

meaningfulness) and who decides it, the means of communication (written, oral or 

electronic), the process of communication (initiation, progress, conclusion), and attention to 

different types of communication (non-verbal, visual, facilitated, strategic, non-violent).  

Sometimes, communication channels need to be created or strengthened. This includes 

communication between scientists and public policy makers to which Ackoff (2004, p.9) 

remarks: 

Clearly we must learn how through communication to make public policy and decision 

makers aware of [problems] and what to do about them. We are not doing so now. Most of 

our communication is addressed to each other, not to public policy and decision makers. Our 

communication is based on our needs not those of others.   

Policy decisions and management plans can be enhanced through effective communication 

between researchers and decision makers. The conflicting epistemology of both groups 

(Section 4.1.1 on page 90) requires this communication to be an open and sustained dialogue 

aimed at uncovering assumptions as well as creating a shared understanding and language. 

Communication between the public and public policy makers is traditionally characterised by 

one way information flow (top-down) or at best minimal input from selected stakeholders 

(Glicken 1999). Recent work has outlined the need for and effectiveness of bottom-up 

processes, for example in the form of community-based natural resource management and 

social learning (Berkes 1989; Rogers 1993; Pahl-Wostl & Hare 2004; Rogers 2006; Newig et 

al. 2008; Berkes 2009). 

As a result, communication can be enhanced by: 

• deep listening with the aim of understanding conflicting ideas 

• targeting other stakeholder groups and providing appropriate information based on 

their epistemology, e.g. simplifying scientific messages for the public 
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• using diverse means of communication that are attractive for different stakeholder 

groups (multi-media, print, face-to-face, art) 

• using communication technology when appropriate, e.g. to increase accessibility to 

information or translate ambiguous language 

• either avoiding the use of terms that are ill-defined, e.g. sustainability, or engaging in 

efforts to create a shared definition. Group model building has also been shown to 

reduce interdisciplinary communication problems and facilitate a shared 

understanding. 

• providing outcome-oriented information that allows policy makers to test assumptions 

and the public to playfully engage with causes and effects (simulations) 

• providing opportunities for dialogue between scientists, managers and the public that 

can uncover conflicting complementary assumptions and perceptions41  

• creating opportunities for bottom-up decision making 

• encouraging diversity rather than promoting uniformity. 

Communication is very much a personal experience since people receive and interpret 

messages differently even if the information source is identical. Therefore, there is a need to 

engage with and be mindful of existing mental models that affect communication. For 

example, re-valuing cooperation over competition means that there is increased willingness to 

listen to conflicting ideas. Re-valuing trust over control implies that we are open for uncertain 

synergies from participative processes that involve and uncover pluralist perspectives.  

High quality communication is notably absent in contemporary stormwater management and 

while numerous suggestions have been made that aim to change the situation, uptake has 

been marginal. This highlights the existence of manifold internal and external barriers 

(confirmed in Table 5.15). Top-down incentives and provision of funding may help to 

provide opportunities to learn and practice communication skills. Furthermore, sensationalist 

media often focuses on failures and catastrophes while successes are marginalised. Incentives 

for including positive stories could change this imbalance and provide examples that bring 

energy rather than apathy (Brierley 2009).  
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 This process is also known as sense-making (Ancona et al. 2007). 
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Strong influence  Weak influence 

Self-protecting knowledge-power relationships Consultants driving the planning process 

Divergent stakeholder agendas and objectives Administrative inertia, bureaucracy 

Conventional compartmentalised education at universities 

and in schools 

Lack of clear timelines, goals, and objectives 

Dominance of technical engineering knowledge Insufficient demonstration projects 

Inconsistent definitions of LID, complex ideas  Entrenched practices/mindsets and resistance 

to change 

 Non-exertion of power 

Table 5.15: Barriers that reinforce communication problems 

 

Barrier 8 – Self-protecting knowledge-power relationships 

Having and sharing knowledge is the basis for one's reputation and influence, i.e. power. 

Likewise, the one in power decides what knowledge is produced and how it is applied and 

can inform decisions. It is easy to see how this cyclical self-reinforcing behaviour can create 

structures between institutions that concentrate power, and reward loyalty and subservience 

to their purposes, which make them largely inaccessible to outside knowledge and other 

influences. Reducing this barrier therefore requires fundamental changes in values towards 

trusting others, public goods and shared ownership (Hillman 2002; Ryder et al. 2008).  

One of the tools that can be used in this regard is the creation of a shared vision. A vision is a 

carefully articulated description of a future desired system state. If the vision is shared by 

policy makers, scientists and the public it can become a powerful driver of change action. 

Indeed, a vision is required as a starting point for adaptive management cycles. The more 

broadly it is shared the more support there is for implementation. Therefore, a vision can 

serve to spread power across all stakeholders in the sense that the vision then holds the power 

to influence future actions. However, as Senge et al. (2005, p.145) point out, implementation 

is not a straightforward process:  

Winston Churchill once defined leadership as “going from failure to failure without losing 

enthusiasm.” Nothing undermines the creative process more than the naïve belief that once 

the vision is clear, it’s just a matter of “implementation”. In fact, moving from concept to 

manifestation is the heart of creating – which literally means “bringing into existence”. And 

like a river’s path from its source to the sea, it is anything but a straight line. Instead, 

creating is a sort of dance between inspiration and experimentation. 
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As long as communication in the visioning process is open and transparent42, internal barriers 

can be explored and acknowledged, and habitual ways of thinking and acting can be 

discovered. These discoveries can reduce or eliminate internal barriers and lead to more 

profound and more lasting change. 

As can be seen in Table 5.16, this barrier also has a large number of reinforcing interactions 

with other barriers. Hence, it will be difficult to reduce this barrier and persistence is 

required. 

Strong influence  Weak influence 

Lack of legislative mandate Inconsistent policies across the region 

Lack of interaction among stakeholders Policies ineffective or counter-productive  

Lack of clear timelines, goals, and 

objectives  

Independent technocratic policy-setting and decision making 

High capital and maintenance costs Interdisciplinary communication problems of jargon, paradigms  

Crisis is required before people act Lack of skill in communicating effectively with the public 

Professionals are risk-averse  Lack of leadership and/or stated vision for a sustainable water 

future 

Trust versus control between local 

government and the public 

Poor community capacity to participate meaningfully  

 Dominance of technical engineering knowledge 

 Not seeing LID achieving multiple objectives (stormwater, urban 

features) 

 Inconsistent definitions of LID, complex ideas  

 Entrenched practices/mindsets and resistance to change 

 Infrastructure construction and expansion is more important 

than operation and maintenance 

Table 5.16: Barriers that reinforce knowledge-power problems 

 

Barrier 9 – Crisis is required before people act 

Social responses to disasters are usually placed in the context of risk perception which rises 

sharply with a disaster event and then gradually reduces as memories of the event fade 

(Birkland 1997). Risk perception is a strong driver of policy action (Burby & French 1981). 

Our tendency to become particularly active after disaster and be otherwise fairly ignorant 

about its risks is a universal trait of humans and animals. On its own, this tendency cannot be 

changed. This fact leaves us vulnerable to gradual deterioration which often goes unnoticed 

(Schmied 2005; Gino & Bazerman 2009). However, problems can be abated when objective 

systems are put in place that take over the responsibility for risk management at the local and 

regional level. Systemic understanding of causes and effects can enable computer simulations 
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 by including as many stakeholders as possible, revealing power influences, facilitating such that everyone is 

given an equal voice, and documenting plainly the process and results at crucial stages  
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that can visualise effects of sudden shocks or gradual deterioration as well as policy 

responses in the system. Such knowledge is already available to inform policy making (c.f. 

example provided in Chapter 3). Alternative scenarios can be developed as part of 

participative practices, be an important learning instrument in primary through to tertiary 

education, and be disseminated through various communication channels.  

Systemic thinking is catchment-wide thinking which implies an understanding of how 

different elements of the stormwater system (water, pollutants, transport, etc.) are interacting 

to create environmental degradation. It is this understanding that will create incentives to act 

if shared values for a healthy environment direct our policies and behaviour.  

The more proactive decision makers in policy and institutional arenas are, the weaker the 

perception will be that we need a crisis to make things happen. Proactive managers need to be 

allowed to learn from mistakes and this also implies a change towards valuing mistakes rather 

than hiding them. Hence, there are clear multiple reinforcing interactions with other barriers 

as listed in Table 5.17. 

Strong influence  Weak influence 

Stormwater has low political priority Lack of public/stakeholder support  

Lack of interaction among stakeholders Lack of money/resources/staff = institutional capacity 

Lack of leadership and/or stated vision for a 

sustainable water future 

Lack of knowledge and experience in implementing 

and assessing LID  

Lack of clear timelines, goals, and objectives   

Lack of knowledge about environmental effects  

Table 5.17: Barriers that reinforce the perception that a crisis is required before people start to act 

 

Barrier 10 – Administrative inertia, bureaucracy 

As Sale (1980) explicates administrative inertia is common in all institutions and connected 

to the size of the bureaucracy. Institutional inertia results from a number of characteristics 

related to their bureaucratic nature: inflexible rules that cannot be altered or that people 

perceive cannot be altered (“it’s always been done this way”), no reward or incentives for 

creativity, ineffectiveness due to large amounts of paperwork, self-protectionism, failure-

prone in that information is distorted between layers of the hierarchical systems, and the fact 

that no one takes responsibility because everyone is just passing orders through.  

However, the structure of the institution as well as its culture has a tremendous influence on 

this barrier. Structural adjustments can be made towards flat hierarchies which integrate 
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functions and promote effective communication. Again, a shared vision can fuse people into 

action.  

There are many self-reinforcing interactions with other barriers (Table 5.18). These together 

with the fact that bureaucracies themselves tend to protect their existence implies that this 

barrier is difficult to reduce.  

Strong influence  Weak influence 

Conventional compartmentalised education at 

universities and in schools 

Lack of leadership and/or stated vision for a 

sustainable water future 

Inconsistent policies across the region Lack of legislative mandate 

Interdisciplinary communication problems of jargon, 

paradigms  

Poor community capacity to participate 

meaningfully  

Lack of clear timelines, goals, and objectives  Short election time frames 

Lack of money/resources/staff = institutional capacity  

Policies ineffective or counter-productive   

Self-protecting knowledge-power relationships   

Table 5.18: Barriers that reinforce administrative inertia 

 

5.8. Summary of Chapter 5 

Chapter 5 explored barriers to the implementation of alternative solutions in urban 

stormwater management. Barriers are understood here as the manifestation of systemic 

resistance to change at personal and societal levels.  

A review of six international and seven New Zealand studies provided evidence for 63 

barriers and highlighted that barriers were largely institutional rather than technical. Three 

research gaps were identified in this review which this study aimed to fill, as follows: 

• Providing evidence of diverse perceptions of barriers in PTS catchment by using 

participants from different stakeholder groups;  

• Identifying and understanding interactions between these barriers while 

acknowledging and exploring pluralist worldviews;  

• Making specific suggestions on how to overcome these barriers. 

Data collection was performed as part of the interview process described in Chapter 4. 

Therefore, perceptions of a diverse group of stakeholders informed this work including 

stakeholder groups missed by other studies (public, developers, and indigenous people). 44 

barriers were identified in interviews and categorised.   
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The categories themselves emerged as part of the analytical process. Barriers are broadly 

divided into internal and external categories. External barriers were further subdivided into 

physical, institutional and logistical barriers. Internal barriers were subdivided into 

conceptual, attitudinal and cultural/emotional barriers.  

Some of the perspectives on barriers are clearly conflicting. For example, LID is often 

perceived as unprofitable despite there being evidence to the contrary in the literature, which 

was confirmed by one participant who was a developer.  

Between this study and the literature review a total of 65 barriers were discovered. 

Comparing the findings from the data analysis with the literature review, it was found that 

there were many similarities to other, particularly national studies. This is not surprising 

seeing that the case characteristics (political, institutional, cultural settings, etc.) were similar. 

Two barriers were not mentioned in any other study (Divergent stakeholder agendas and 

objectives; Lack of structure for managing decentralised treatment devices). Most differences 

were observed between national and international study findings. 22 barriers were found 

mainly in New Zealand studies and 12 barriers exclusively in New Zealand studies. 

Furthermore, internal barriers were more often mentioned in national than international study 

results. Similarly to international studies, many barriers were institutional but in national 

studies there was comparatively more evidence for logistical barriers. 

As the results show, barriers can be perceived as positive or negative depending on the 

perception of the individual. Understanding this is important in order to have a balanced 

discussion about which barriers are best removed in light of the objectives that are being 

served.  

Interactions between barriers were analysed and identified using a new method (Method 1 

summarised in Box 5.2) that relied on pair-wise comparisons as a means to identify the 

strength of barrier interactions. These interactions between barrier comparisons firstly 

identified that institutional and logistical categories were most strongly influencing other 

barrier categories. These strong interactions and identified feedback processes were identified 

as the reasons for the persistence of institutional and logistical barriers. Financial barriers on 

the other hand were comparatively weak and while not unimportant had only little influence 

on other barriers.  
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Some barriers were shown to have less incoming than outgoing arrows (interactions). I 

argued that these are best suited as entry points or targets for barrier reduction strategies. This 

is because these barriers provide leverage opportunities as they impact more on other barriers 

than they are themselves influenced. For this reason I believe they also provide less resistance 

to change. A further method was introduced that identified the best entry points based on this 

suggestion (Method 2, summarised in Box 5.3). An application to the case study data 

revealed a list of appropriate entry points.  

For these target barriers, specific suggestions were made to remove barriers. Critically, these 

recommendations are not simply economic or policy-based (top-down), but also emphasise 

the need for increased awareness – individually and collectively (bottom-up). This awareness 

is required to deal appropriately with the complex interactions between barriers that have 

been observed in urban stormwater management.  

Findings and interpretations are necessarily restricted to the study area but there are 

significant similarities with results from other, particularly national, studies. This indicates 

that some generalisations can be made. 

To ease replication I summarise the process steps taken in each method as follows. 

A Method to Determine Significant Interactions Between Barrier Categories 

1. Determine barriers  

2. Categorise barriers based on existing category types or develop new categories 

3. Perform a pair-wise comparison between barriers in all categories for all categories in both directions 

determining whether the causal (reinforcing) influence between barriers is strong, weak or non-existent. 

Alternatively, determine whether the influence is existent or non-existent. 

4. Count the number of strong, weak and non-existent assessments and convert into a percentage for each 

category pair. 

5. Rank the category pairs in descending percentages 

6. Create an influence strength diagram based on the ranking 

7. Determine feedback loops in the diagram (to identify persistent system barrier structures) 

8. Create influence diagram between individual barriers of the feedback loop 

Box 5.2: Process steps of Method 1 that determines significant interactions between barrier categories 
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A Method to Determine Appropriate Policy Entry Barriers 

1. For each barrier individually, count the number of incoming and outgoing weak and strong arcs 

2. For each barrier, check that the total number of outgoing arcs in the barrier category equals the total 

number of incoming arcs in the barrier category.  

3. For each barrier, calculate the percentage of weak and strong incoming and outgoing arcs based on the 

total.  

4. Subtract the number of incoming arcs from the number of outgoing arcs
43

 

5. List barriers in descending order of the difference calculated in step 4  

Box 5.3: Process steps of Method 2 that determines appropriate policy entry barriers 
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 Either the number or the percentage can be used with identical results. 
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Chapter 6: Discussion: The Big Picture 

 

If you look at the science about what is  

happening on earth and aren’t pessimistic,  

you don’t understand the data. But if you  

meet the people who are working to restore  

this earth and the lives of the poor, and you  

aren’t optimistic, you haven’t got a pulse. 

Paul Hawken (2009) 

 

Chapters 3, 4 and 5 of this thesis presented the research work and discussed results. This 

chapter aims to take a step back and look at the big picture. PhD students undergo a profound 

learning experience, particularly if they are involved in qualitative research. They do not just 

learn about their topic but also reflect on how they engaged with it, and how their worldview 

changed through the process of research. We are allowed to perceive ourselves from outside 

– a revealing and interesting process! Some themes that emerged and that I spent a 

considerable time contemplating are the role of path dependency, the usefulness of and what 

can be learned from a modelling exercise as presented in Chapter 3, how sustainable LID 

really is, whether and how institutions can change effectively, pathways to sustainability for 

urban environments, and the importance and influence of paradigm change. These themes 

and my thoughts on them are described and discussed following a general overview of my 

research journey.  
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6.1. Research Journey 

One of the strengths and joys of engaging in interpretative research is the personal growth of 

the researcher that it entails. My research objectives, theories and ideas about stormwater 

management and the role of LID gradually changed throughout the research process of data 

collection, analysis and engaging with and interpreting results. This thesis documents the 

transition in thinking that I went through and this section describes it in more depth.  

At the beginning of the project, my primary objective was to apply system dynamics 

methodology to an environmental management problem. I found system dynamics a very 

persuasive methodology with which to understand decision making under complexity and 

uncertainty, and wanted to test its merits while contributing to the intellectual discussion of a 

specific problem. Stormwater management emerged as an appropriate application from 

discussions with Landcare Research Ltd. In 2003, this research institute was awarded a major 

government grant to study and validate low impact urban design and development. Project 

Twin Streams catchment was chosen as one of the main research sites in this programme. My 

secondary supervisor was a research scientist in this Landcare Research programme engaged 

in contract research for Waitakere City Council in this catchment.  

At this early stage, I perceived the stormwater system as a collection of pipes and similar 

conventional management techniques. I was ignorant of the social aspects of stormwater 

management, the barriers that existed for introducing environmentally friendly technologies 

and did not fully comprehend the role of paradigm change in this setting. From the apparent 

deterioration of urban receiving environments, the logical conclusion was a move away from 

conventional solutions towards proposed environmentally sensitive technology such as LID. I 

set out to prove using a system dynamics simulation that LID can provide better stormwater 

management outcomes in PTS catchment. LID was and still is heralded as the sustainable 

solution in stormwater management.  

The research objectives that were formulated at the beginning of the project were: 

Research objective:  To develop a system dynamics model for integrated stormwater 

management at the catchment scale that is used to design, test and 

evaluate strategies and policies that lead to long-term water quality 

improvements in receiving environments. 
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Sub-objectives: To gain new insights about relationships and interactions between 

important factors influencing stormwater management and 

environmental outcomes. 

To test policies and their impact on water quality in receiving 

environments. 

To conceptualise complex interactions and processes, and identify 

threshold conditions that lead to the observed problems in stormwater 

management. 

To develop a computer-based learning environment that highlights the 

interplay of environmental, economic, social and institutional factors 

in stormwater management and helps to analyse the impact of different 

policy packages and stormwater management strategies. 

The accompanying research questions were: 

What strategies and policies are most effective in integrated urban stormwater management 

to avoid or mitigate adverse effects of stormwater in receiving environments?  

What key feedback loops are responsible for the degradation of receiving environments?  

How and why does system behaviour (water quality) change over time? 

What threshold conditions mark abrupt changes in system behaviour and what are their 

implications for environmental management of stormwater? 

How well does system dynamics methodology integrate socio-economic, ecological and 

managerial factors, providing integrated solutions to complex environmental problems? 

 

The application of system dynamics involved the development of qualitative and quantitative 

system dynamics models to understand the main drivers affecting stormwater management 

and therefore to determine strategies that further the successful implementation of LID. This 

necessitated involvement of a broad range of stakeholders in the study. While a group 

modelling process was contemplated in the beginning it was rejected as impracticable. No 

one in the department had the facilitation skills and it seemed impossible to arrange a series 
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of meetings with all stakeholders present. Instead, cognitive mapping was chosen as the data 

collection method for a number of reasons: 

• It allowed me to engage with participants one at a time. Hence, all participants could 

be fully heard without there being any stakeholder conflicts to adversely influence the 

data collection. This supported the idea that individual stakeholders held different 

perspectives and that this strongly influenced the management of stormwater.  

• It allowed for the creation of a group map by combining individual cognitive maps. 

The goal was still to create an overall picture of stormwater management from an 

amalgamation of existing perspectives.  

The process of engaging diverse participants in cognitive mapping was extremely interesting 

and I gained new insights in every interview. In the data collection phase and particularly 

while interpreting results it became apparent that the different perspectives that existed were 

conflicting and could not simply be reduced to one shared perspective through the 

combination of individual cognitive maps. I became aware that conflict existed not so much 

about what the problems were but what the solutions and the priorities for the different 

objectives ought to be. Participants held a number of possible solutions in their cognition but 

could not identify the most appropriate one.  

As a result, the development of a simulation model based on a group cognitive map was 

abandoned and the research project shifted towards a more qualitative study. Research 

objectives and questions evolved though this deepened understanding from the initial inquiry. 

The aim now was to create the in-depth knowledge of problems, solutions, stakeholder 

interactions and barriers for implementation, and to synthesise this knowledge to an improved 

understanding of stormwater management in the case study area.  

The adjusted research objectives were:  

1. An evaluation of the systemic and dynamic nature of stormwater management.  

2. An assessment of the mental models or perspectives that exist towards stormwater 

and its management among different stakeholder groups. 

3. An assessment of the barriers to implementing more environmentally friendly 

stormwater management solutions. 
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4. The establishment of a basis for understanding these barriers and a description of 

options for removing them.  

Research questions naturally adjusted to take account of the new directions in the research 

purpose and design: 

Objective 1 is addressed by the questions: “What are the short- and long-term dynamics 

inherent in stormwater processes? What short- and long-term dynamics and what kind of 

feedback processes are present in stormwater management processes?” 

Objective 2 above is addressed by the questions: “What perspectives exist on stormwater and 

its management? Do individual stakeholder groups hold certain, unique perspectives? How 

do the perspectives affect past, present and future stormwater management?”  

Objective 3 is addressed by the question: "What are barriers to implementing 

environmentally friendly stormwater management solutions?”  

Objective 4 is addressed by the questions: "Where do these barriers originate? How do these 

barriers interact? What are the advantages or disadvantages to having these barriers? How 

can these barriers be removed most effectively?” 

Particularly, the hypothesis that LID can provide sustainable stormwater management 

outcomes was advanced to a new understanding: Conventional, low impact and community-

led stream restoration will not by themselves lead to sustainable outcomes; rather the 

integration of perspectives and approaches is required. 

During data collection it also became apparent that the numerous barriers to implementation 

severely reduce the implementation of any alternative solutions including LID and 

community-based resource management projects. A second research strand therefore 

emerged and was pursued that led to an improved, synthesised understanding of the barriers 

to implementation in PTS catchment. 

The following sections describe more comprehensively the new understanding and main 

contributions of this work.  
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6.2. The Role of Path Dependency  

Path dependency is a well understood process in systems theory. It develops from minor 

perturbations in the early stages of system development which favour a particular technology 

or action. Over time, it becomes increasingly more difficult to change to a different 

technology or action until finally change becomes unlikely or even impossible – a situation 

known as lock-in. An analogy of this process provided by Sterman (2000, p.351) is a ball 

resting on the top of a hill. While it is in this equilibrium position nothing will change, but 

any force on the ball will move its position onto a particular path and through reinforcing 

feedback the ball will be pushed even further along the path. The farther the ball has moved 

along the path and the faster it is moving, the harder it is to change the trajectory. In systems 

terminology this is an unstable local equilibrium.  

Originally perceived as purely technological in nature, through my research journey I have 

come to understand that path dependency occurs at three broad levels. At the internal level, 

path dependency manifests as behavioural resistance to change. This results from the fact that 

the brain requires less energy to engage in habitual behaviour as opposed to conscious 

behaviour that is new and unfamiliar. Energy conservation is implicitly expressed in the first 

law of thermodynamics. At the institutional level, path dependencies are the policies that 

perpetuate certain management strategies and styles. In essence, these policies are 

manifestations of our unconscious internal resistance to change coupled with the resistances 

to change at the societal level, e.g. in social norms. Path dependent policies avoid and 

discourage creative solutions that would require a more conscious engagement with 

unfamiliar processes. Structural change of institutions likewise requires substantive efforts. 

Practical path dependencies are then the ultimate manifestation of our internal path 

dependencies. Our perspectives or worldviews bind these different levels together. How 

consciously we are aware of these dependencies and resistances can either serve to maintain 

and strengthen our position along the path or move us away from it. This implies that 

changing existing worldviews is essential for escaping path dependencies at any level. 

Furthermore, changing the path dependency at the internal level can be expected to result in 

flow-on effects to institutional and technological levels.  

Authors contribute different ideas about what the root causes are for path dependency at the 

internal level. For example, Russell Ackoff (2006) suggests that there is a mental model in 

the Western culture of avoiding mistakes wherever possible and he points out that without 
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making mistakes learning cannot occur. This suggests the value of, but also the main obstacle 

for, a transition to adaptive management in which the basic characteristic is learning from 

mistakes. Before this transition can occur, however, the attitude towards making mistakes 

needs to change and this implies a profound change in values and indeed our culture. 

Peter Senge on the other hand suggests that because we do not take sufficient time to 

contemplate the present situation thoroughly, we do not understand our role as part of the 

system. This lack of reflection and awareness means that we do not understand the impacts 

our behaviour has and therefore do not see a reason for changing our behaviour in the first 

place.  

This thesis uncovered a number of disconnections between stakeholder perceptions and the 

reality (as I have come to understand it). First, a number of stakeholders perceive and 

promote LID as an appropriate, sustainable solution to the problems created by the 

conventional approach to stormwater management. However, as the simulation exercise in 

Chapter 3 showed the actual impact on the environment is far from significant. On the 

contrary, even a full-scale implementation of LID cannot prevent further deterioration of 

water quality in the catchment and may even allow for urban development to occur in areas 

where conventional development is prohibited.  

Stakeholders also do not comprehend – or want to see – the impact that their individual and 

collective actions and behaviour have on the environment. Examples are readily found in 

Chapter 4, and include the acceptance of creeping deterioration and the ‘out of sight, out of 

mind’ attitude, among others.  

Lastly, stakeholders are not aware of perspectives and knowledge that are held by other 

stakeholders. The Maori perspective may be an extreme case in point but even the public 

perspective is not well-known, understood or even valued by decision makers. This reflects 

the conventional thinking that stormwater management is the sole domain of the engineering 

profession and that conflicting knowledge, values or management objectives are irrelevant.   

Therefore, in this thesis the evidence points toward the reductionist, mechanistic paradigm 

that shapes people’s worldviews and the existing disconnection within the public realm 

(between stakeholders), as well as the disconnection between the public and the local 

environment, as the main causes of internal path dependency. Both the worldview and the 
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disconnectedness reinforce each other. Hence my understanding aligns more closely with 

Senge’s perspective than with the one put forward by Ackoff.  

Clearly, recognising our part in creating the problem is essential as otherwise it is not 

surprising that the solutions don’t work. This brings me to the famous quote by Albert 

Einstein that we “can’t solve today’s problems with the same mindset that created them”. If 

that past mindset was determined by the reductionist, mechanistic paradigm then applications 

of the new holistic paradigm will help us understand our connectedness and role in creating 

the problem. It will also help us to be creative in developing solutions that actually work.  

The question arises as to whether stormwater management is already locked-in to 

conventional stormwater technology. Lock-in occurs when the cost (measured in energy, 

money, etc.) of changing to a different path is greater than the benefit of doing so. However, 

this benefit has a value component associated with it. As with all value-related issues, there 

are different perceptions on this value. Currently, values are changing broadly across society. 

For this reason, I believe that stormwater management is not locked-in and that the current 

transition in values of environmental quality and services provide a tremendous incentive to 

move stormwater onto a different, more sustainable path.    

6.3. Physical Modelling and the Role of Systems Science 

This section focuses on the insights gained from the modelling study in Chapter 3. The 

simulation showed that LID technology was successful in reducing contaminant inputs into 

the receiving environment, thereby slowing environmental deterioration. A number of other 

studies showed similar results. Here I question the role of models in water management and 

the value placed on them. 

Specifically I would like to raise the issue that modelling in stormwater management – 

independent of the underlying methodology used – concentrates on what can be measured 

and avoids anything that cannot. Excluding variables is equal to saying that these variables do 

not influence the problem. However, this study provides evidence that perceptions on the cost 

of LID, knowledge of environmental effects of LID or the coherence within communities, 

among others, have substantial impacts on stormwater management. Thus, by design, 

physical modelling leads to solutions aimed at technology and devices, whether high impact 
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or low impact. On the other hand, support for community-based stormwater management and 

social learning projects is entirely lacking.  

While experts are preaching low impact technological solutions to remedy current 

environmental deterioration, uptake is marginal at best. Researchers look for deficiencies in 

institutional settings and policies, while the public remains largely unaware of any problems 

or responsibilities, and partially hostile to government institutions and their proposed 

solutions.  

Will systems science, and I concentrate here particularly on system dynamics methodology, 

play a role in providing solutions for socio-ecological problems at this scale and scope? 

System dynamics advocates simple models that have a specific problem focus. However, 

these tend to ignore complex social and ecological relationships and lack “the policy space 

for designing any mechanisms of change” (Saeed 1992, p253). Clearly, unless data are 

grounded and make sense to the public, results will not be accepted. On the other hand, 

quantitative models may just not be the gold standards in situations where complex social-

ecological systems are to be modelled and there is an inevitable lack of adequate data. One 

option would be to attempt to quantify soft variables (social components and feedbacks) and 

incorporate these in otherwise purely physical models (Lane 1994; Sterman 2000; Luna-

Reyes & Andersen 2003). Another would be to put aside concerns for quantification and hard 

system dynamics, and engage in systems thinking exercises that include pluralist perspectives 

and focus specifically on understanding system structure and the implementation of solutions 

(Senge et al. 2008).   

Clearly, the neglect for implementation in many system dynamics projects restricts their 

application to theoretical findings, failing to create successful system dynamics interventions. 

This was a key focus in several long-winded discussions on the email list of the System 

Dynamics Society (Threads: The death of System Dynamics, Future development directions, 

Policy paradox and SD, Society strategy development) in 2007 and 2008. My work may 

provide a reason for the lack of success and hence lack of application of system dynamics 

methodology: sometimes we do not include relevant aspects into our models and our results 

thus reinforce technocratic solutions rather than enable change. Therefore, system dynamics 

projects do not fully capture systemic structure and fail to lead to improved solutions.  

Are we hiding from the difficult questions and taking the easy route by pointing to long 

delays that are ‘simply inherent’ in behaviour change and particularly the adoption of new 
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ideas and paradigms? Delays are unavoidable, but surely there is scope for research into the 

mechanics of adoption and the key drivers of it. Leading by example, as some, notably Dana 

and Dennis Meadows, have been doing, has resulted in local bottom-up solutions and has 

influenced the mindsets of many individuals across the world, creating leading systems 

thinkers and environmentalists44. Despite the inherent time delay, the strategy is sound: we 

have to be the change we want to see in the world45.  

Another favoured activity of SDS leaders is system-dynamics-based education of the young 

generation, i.e. the K12 curriculum. I question whether this is enough. The first six years of 

life are the main time for non-conscious learning (“downloading”). Therefore, parenting 

strategies have a crucial impact in the formation of our perceptions, our worldview and our 

role within the world. Behaviourism, the most prevalent parenting strategy, teaches an 

economic model of human relationships: our actions are guided by rewards and punishments, 

a tit for a tat, rather than ethical reasoning or emotional caring and empathy (Kohn 2006). It 

is reasonable to infer that behaviourism impacts on our abilities to understand complex 

dynamics as well as our desire to share responsibility for improving the world.   

6.4. The Sustainability Potential of LID 

Recent moves towards low impact design emphasize concerns for a technical focus, working 

from a premise that notionally healthy ‘solutions’ can be imposed through revised 

engineering applications. Implicit in these applications is the assumption that an engineered 

solution exists and that technology can be used to provide the answers. The premise is 

appealing to authorities given their desire to invest in measurable outcomes. As such, there 

has been a proliferation of design solutions that apply engineered, if small-scale and 

decentralised, infrastructure.  

As the simulation in Chapter 3 has shown, even if the most effective LID technology was 

applied throughout the catchment, zinc would still accumulate downstream. According to the 

definition of sustainability adopted in this thesis, LID therefore does not provide a sustainable 

solution to the water quality problems experienced in Project Twin Streams catchment. 

Chapter 4 reinforces this point by suggesting that because the low impact perspective does 
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not entail a commitment to public ownership of stormwater problems and solutions, it cannot 

lead to sustainable stormwater management outcomes.  

Therefore, it must be questioned whether LID addresses the key issues in stormwater 

management: Are the right questions being asked? Many pressing contemporary issues, 

including environmental degradation from urban stormwater runoff, can be traced back to a 

lack of understanding and adverse behavioural choices. A genuine commitment to 

sustainability requires that effective solutions extend beyond the device paradigm and place 

emphasis on socio-cultural transitions.  

Humanity has always utilised technology (Midden et al. 2007) and has benefited from its 

ability to fulfil certain needs. However, it needs to be asked whether these needs can be met 

in a different way. For me, the path to sustainability lies in constantly asking this question. 

Answers may partly involve the utilisation of highly resource-efficient technology with near-

zero emissions. Such technology not only has a minimal environmental impact but can also 

improve quality of life at the same time. This is what Mulder (2007) refers to as sustainable 

technologies as opposed to technologies that merely aim to prevent or mitigate pollution.  

Another beneficial aspect of technology lies in promoting behaviour change. Media 

technology has been shown to effectively raise “awareness of future and/or distant issues, to 

explore cause–effect relationships, and to experience environments that are not directly 

observable” (Midden et al. 2007, p.164). Technology has also been used to provide 

immediate, electronic feedback about behaviour and thus to stimulate desirable behaviour, 

e.g. energy or water conservation (Wood & Newborough 2003; Ueno et al. 2006). However, 

these approaches have limits in their effectiveness (based on level of behavioural resistance) 

and applicability (in terms of opportunities for widespread implementation or cost). 

Computer technology also plays an important role in the process of planning for change and 

understanding complexity (e.g., Wiek et al. 2006).  

It can be argued that a focus on technology is a characteristic of the mechanistic worldview. 

For example Hardin (1968, p.1243) observed: 

An implicit and almost universal assumption of discussion published in professional and 

semi-popular scientific journals is that the problem under discussion has a technical solution. 

A technical solution may be defined as one that requires a change only in the techniques of 
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the natural sciences, demanding little or nothing in the way of changing human values or 

ideas of morality. 

This assumption or focus on technology is also known as the device paradigm – the 

understanding that a device can provide the solution to a problem. LID is an essential 

technology in new developments and needs to become a stronger force in retrofitting of old 

developments. However, widespread implementation of LID requires more than a shift in 

thinking of a few individuals. Top-down pressure to convert to LID, as has been experienced 

by Waitakere City Council and private and commercial developers, has been shown to result 

in resistance because the understanding or ownership of the solution was not there.  

Project Twin Streams and similar community development projects are implemented based 

on the belief that LID will not achieve its intended long term goals without genuine 

engagement and commitment of stakeholders, particularly the public. Effective solutions in 

stormwater management are, therefore, socio-technical in nature, in that they enable 

“technological as well as social transformation” (Mulder et al. 2006, p.262). Therefore, LID 

implementation needs to be accompanied by bottom-up processes that create a ‘regime shift’ 

– a profound cultural transition towards adaptation to current challenges (Folke et al. 2004; 

Beddoe et al. 2009). After all, “citizens as well as the government local and regional level 

have to take their responsibility” (Vaes & Berlamont 2002, p.28). These processes cannot be 

effectively controlled by top-down education measures, but may be supported and perhaps 

guided by collaborations between local organisations and the community that create 

opportunities for action learning that changes worldviews and values alike.  

However, the ultimate question is whether our change efforts – in whatever form – are timely 

and how long the local environment can sustain our current and past choices. 

6.5. Institutional Change 

Chapter 5 showed that many strong barriers to the implementation of alternative stormwater 

management solutions are institutional. As a result, it is imperative that institutions adopt and 

increase their adaptive management capacity. This shift requires managers to welcome the 

participation of various stakeholders, including the public, as opposed to the prevalent 

perception that stormwater management is exclusively performed by technical experts. All 
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knowledge is subjective! Only through participative processes can diverse perspectives 

emerge, be understood and inform decision making. 

Carse (1987, ch.1) uses game theory as analogy and suggests: 

There are at least two kinds of games. One could be called finite, the other infinite. The finite 

game is played for the purpose of winning, an infinite game for the purpose of continuing the 

play ... and bringing as many people as possible into the play. In the last several decades it's 

become increasingly clear that our various institutions are collectively engaged in 

devastatingly finite games. Our Western culture tends to most reward players who master 

finite games, e.g., in business, sports, entertainment, communications and politics. As I see it, 

the future of life on our planet is dependent on our developing the capacities needed to make 

the journey, as a collective, from finite to infinite games. 

Methods to achieve this development and increase in institutional capacity have been outlined 

in Sections 4.1.3, 4.6.3 and 5.7. These include, but are not limited to, structural realignment 

of institutions, creating a shared vision, utilising adaptive management processes, creating 

opportunities for communication aimed at generating trust, strengthening communication 

channels in general, as well as taking time for reflective thinking.  

Brown (2008) suggests a structural realignment of the functions of stormwater quantity and 

quality management at local and regional government level. To this I would like to add that 

this realignment, which primarily aims to integrate knowledge across different organisational 

departments, needs to also include the community-based resource management function. 

Critically, this realignment is ineffective if other knowledge is not valued to begin with. 

Interviews provided evidence of resentment towards Project Twin Streams mainly from 

outside the local council. This resentment revolved around the fact that PTS was awarded 

substantial funding which could have helped to alleviate more pressing stormwater problems 

elsewhere in the Auckland region. This showed that there was a lack of understanding of the 

project objectives and that these were not communicated successfully.  

This brings me to the topic of power. Clearly, stormwater is only one issue of many that 

society needs to deal with. But who decides what the priorities are and how these are going to 

be addressed? Domination and control were the pillars of conventional stormwater 

management. If these attitudes continue, stormwater management will not evolve to provide a 

sustainable urban water future. Therefore, effective participatory practices need to be 
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implemented that increase our skills in negotiating and reaching consensus. These could start 

at team level in local governments and increasingly include a wider range of stakeholders.   

Another subject I would like to discuss is risk perception and its influence on behaviour. At 

present, doubts regarding the usefulness and effectiveness of LID serve to delay its 

implementation. This basically represents a reversal of the precautionary principle: “as long 

as the existence and gravity of the problem have not been proven beyond doubt, action is 

deferred” (Mulder et al. 2006, p.262). In light of the scale of environmental degradation and 

our increased understanding of system delays and sustainability objectives, this attitude needs 

to change. Geldof46 (2005, p.4) describes three basic strategies for dealing with uncertainty 

and complexity: cowardice, bravery and recklessness. “If you want to change something, you 

cannot afford to be a coward. Uncertainties have to be accepted. However, accepting too 

many uncertainties will result in recklessness which means that any attempted change process 

is bound to fail. It is an art of finding the middle path: the road of bravery”. Due to numerous 

research efforts LID has long since passed the stage where implementation can be perceived 

as reckless. Likewise, uncertainties surrounding the effectiveness of community-based 

resource management projects can be reduced substantially by well thought out 

implementation strategies.   

Complexity and uncertainty result from the interdisciplinary nature of stormwater 

management and interactions across the interface of water and society. The use of 

interdisciplinary teams has been suggested as a way of dealing with both. However, as Max-

Neef (2005, p.5) points out “accumulation of different perspectives is not enough”. 

Integration requires synthesis which has to take place inside each member of the 

interdisciplinary team. However, synthesising is a skill that has not been valued in 

conventional stormwater management and has degenerated over time. An up-skilling in this 

area is required. And this brings me back full-circle to the necessity to change institutions, in 

this case education. 

6.6. Pathways to Sustainability for Urban Environments 

Cities are the primary sources of major environmental problems, the centers of economic and 

social developments, and home to more than half of the world population.  
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While cities themselves can never be sustainable due to their overly large ecological 

footprints47, they can nevertheless contribute substantially to an anticipated future state of 

sustainability: referring to the above quote by Wu (2008, p.41), cities are the major cause of 

environmental degradation but at the same time are a congregation of large numbers of 

people from whom can emerge new solutions and pathways.  

Like an ecosystem, a city can be described by its inputs and outputs. Inputs are traditionally 

energy and natural resources, and outputs are liveability and waste. The extent and size of 

both determines a city’s ecological footprint. Presently, urban ecological footprints are 

enormous. For example in 1997/98, the Auckland region had an ecological footprint of 

2,319,940 ha but only a useful land area of 481,370 ha (Ministry for the Environment 2003a; 

McDonald & Patterson 2004). Therefore, the region requires 4.82 times its own land area to 

provide for the needs of its population – clearly an unsustainable situation.  

Based on the ecosystem concepts of inputs and outputs, two main pathways to sustainability 

can be distinguished: 

Ecosystem pathway: This pathway relies on the creation of a circular metabolism city by 

internalising inputs (providing and creating resources from within the urban environment) 

and outputs (transforming waste streams). This necessitates a reduction in inputs and outputs 

by reducing resource consumption, reusing resources, recycling resources and making 

production processes more efficient. Spatial patterns need to adjust to promote efficient 

environmental, economic and social functioning. In its extreme form this pathway creates 

urban autarky – a fully self-reliant city that is also sustainable.48 In its minimalist form, the 

pathway leads to a redesign of processes with the aim of reducing the city’s ecological 

footprint but maintaining existing consumption and economic growth patterns.  

Market-centred pathway: This pathway aims for the application of market mechanisms that 

utilise economic instruments to efficiently allocate and protect environmental services. 

Presently, cities create enormous externalities, of which pollution from urban stormwater is 

one. In this process the rural population has become marginalised, experiencing aging 

populations in many Western countries, an increasing urban-rural income divide, and rural 

ghost towns which require large subsidies for maintenance. Additionally, agricultural 
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practices have resulted in depleted and polluted environments from soil erosion, biodiversity 

loss, deforestation, as well as air, soil and water pollution. A financial re-evaluation of the 

environmentally benign provision of ecosystem services may serve to address environmental 

as well as socio-economic problems (Gutman 2007). A reversal of the environmental and 

economic exploitation of rural areas also leads to more environmental and social equity.     

Unlike an ecosystem, however, a city exhibits socio-economic forces that marginalise, 

mobilise and motivate human behaviour which can significantly impact on the environment, 

for example in relation to landscaping choice, impervious surface cover, the application of 

environmentally friendly technologies or changing demographic trends. From this follows 

that any transition of urban environments towards a future state of sustainability needs to be 

accompanied – or even initiated – by a change in individual and collective worldviews, rather 

than based solely on top-down implementation. For example, in the first pathway, the 

reduction of resource inputs at personal and collective levels requires a substantial change in 

our consumption-based culture and our reliance on economic growth. In the second pathway, 

the introduction of a market-based approach that capitalises on externalities cannot take place 

without a willingness to pay for environmentally benign provision of ecosystem services. 

Two main insights emerge. Firstly, exactly because cities are so dependent on their hinterland 

for supply of resources and uptake of waste streams, it is the relationship between the urban 

and rural that needs to be interrogated and transformed rather than a focus on urban 

sustainability per se (Gutman 2007; Wu 2008). Secondly, because individual and collective 

behaviour is the enabling factor for creating and following these pathways, every urban 

citizen has an important role to play.  

6.7. Bring It On: Paradigm Change 

The only constant is change49 and it is interesting to see just how much change is affecting us 

presently. This research has been influenced greatly by the current change in scientific 

paradigm. As has been pointed out in Chapter 3, this change is taking place across the natural 

as well as social sciences with tremendous impacts on society and perceptions and values in 

stormwater management. The expectation is that this paradigm change from the mechanistic 

to the holistic paradigm will entail the development and application of creative solutions in 
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stormwater management, some of which have been introduced throughout this thesis. In this 

section I want to discuss how the process of paradigm change unfolds and also how it can be 

supported.  

Paradigm change follows a trajectory as described in Wiek et al. (2006) or Rotmans et al. 

(2001) in three phases (pre-transition, acceleration and stabilisation). For the individual or 

collective, the change can occur consciously or unconsciously, i.e. either as a directed effort 

or as a paradoxical situation (Capra 1982; Marsden 2006). This paradox is caused by the fact 

that we may be feeling or instinctively knowing one thing but our rational mind and habitual 

behaviour pull in a different direction – a situation of cognitive dissonance as described in 

Section 4.1.3. Alternatively, being conscious of the change process means that one can 

influence this transition by enabling or inhibiting specific forces (Frantzeskaki & de Haan 

2009). 

The new paradigm is better understood by individuals and small communities than by large 

institutions with many barriers to change. It is therefore essential to “restructure our system 

of information and education, so that the new knowledge can be presented and discussed 

appropriately” (Capra 1982, p.454). Access to mass media is essential for this to occur. The 

decision about what is communicated should lie with the public. A change to the new 

paradigm also requires a new professional ethic of journalism that is based on social and 

ecological awareness. Journalists have an important role to play in analysing the complex 

underlying patterns of system behaviour, uncovering and understanding system structure as 

well as mental models, and disseminating this knowledge transparently with free access to the 

public.  

Suarez Toro (2006) points out that due to the overlap in origins of the mechanistic paradigm 

with patriarchy and capitalism, any meaningful transition away from the mechanistic 

paradigm needs to also include a deconstruction or transformation of patriarchy and 

capitalism. Again, this is based on the concept of interconnectedness and the self-

reinforcements that occur. Any attempts to apply aspects of the holistic paradigm 

superficially and in isolation will be ineffective or may become trapped in fragmentation, 

specialisation, domination and control. As Beddoe et al. (2009, p.2484) summarise “a regime 

shift cannot occur without changing worldviews, institutions and technologies” (italics in 

original).  
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Paradigm change requires substantive personal growth to take place first. We have to 

understand that our practices and worldview shapes our thinking and acting largely without 

us being aware of it. Therefore, we first need to create awareness of these processes of 

unconscious control. This is far from straightforward. What is much easier – at least in 

comparison – is to engage in the desired behaviour. Through repetition this will eventually 

overwrite existing unconscious memory and lead us on to a different path – indeed our future 

starts with the decisions we make today. 

Many researchers have outlined strategies that support paradigm change, many of which have 

been introduced throughout the thesis. I have categorised them according to the three 

transition stages in Table 6.1. 

 

Transition 

Stage 

Strategies 

Pre-transition Acquiring knowledge about the dynamic behaviour of the system, its structure particularly 

self-reinforcing and balancing feedback, our role in it, the role and behaviour of the 

institution 

Networking  

Developing trust 

Creating a shared vision and communicating it repeatedly 

Uncovering mental models in self and shared views in the group 

Uncovering tacit knowledge in its embodied and particularly not-yet-embodied form, i.e. 

presencing (Scharmer 2001) 

 “Develop and maintain a portfolio of projects, waiting for opportunities to open” (Olsson et 

al. 2006, p.16) 

Acceleration Leadership to build trust, connect people and seize windows of opportunity 

Shadow networks, i.e. informal networks (groups of people) that explore new system 

constellations (Olsson et al. 2006; van der Brugge & van Raak 2007) 

Designing and slowly implementing resilient but adaptive processes, e.g. group processes, 

collaborations, particularly with regards to communication 

Creating cooperation and transform conflict = “learning communities” (Senge & Scharmer 

1997, p.99) 

Encouraging mistakes and adapt 

Maintaining awareness of developments at larger scales (politics) 

Engaging in active learning projects or community-based social marketing projects 

Adapting organisational structure through fair, participatory processes 

Working to weaken barriers to implementation of adaptive management practice 
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Transition 

Stage 

Strategies 

Stabilisation Monitoring and evaluation of practices and transition = take time and encourage reflection 

individually and in a group 

Identifying current stage in adaptive management cycle regularly  

Developing multiple leadership roles 

Implementing creative systemic solutions that include top-down as well as bottom-up 

processes 

Providing resource to maintain the cycle 

Table 6.1: Supporting strategies for individual transition stages 

  

Disconnection is the hallmark of the mechanistic paradigm. A transition away from this 

paradigm therefore requires that we create connection at three different levels:  

Individually, the focus of the mechanistic paradigm has been on the rational mind and its 

product, scientific knowledge, disregarding other elements of our human nature, including 

emotions, intuitive knowledge and literally the awareness of our bodies as an assemblage of 

multiple forms of life. Capra (1982) argues that our culture has become too intellectual, that 

we need more experience rather than rational, intellectual analysis. Experience, not books, is 

required for personal growth. The importance of this is that if we do not learn about 

ourselves, it will be very difficult to learn about others. Meaningful change on any level starts 

from within. 

Communally, the mechanistic paradigm led to fragmentation into ever smaller groups50, the 

pursuit of individual gain, and the seeking of power and with it the control of everyone 

outside us. An understanding of our connectedness to others will reveal the absurdity of these 

behaviours and raise ethical and fairness questions. The study of emergence has also shown 

that we receive inherent additional benefit from open, trusting group interactions. The 

movement towards forming intentional communities may be seen as a more or less conscious 

endeavour to reverse the trend of fragmentation (Mulder et al. 2006). The concept of group 

consciousness has been in use for at least 30 years (Miller et al. 1981). Recently, it was 

shown that this consciousness is connected to and affects the physical world (Bancel & 

Nelson 2008). However, we are just at the beginning of understanding these events and 

largely unaware of their potential consequences. Nevertheless, group connections create 

bottom-up processes that are the cornerstone of the transition to the new paradigm.  

                                                           
50

 e.g. the extended family 
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With nature; the mechanistic paradigm directed us to see ourselves apart and above nature. 

As a result, we have adopted a controlling mindset, the consequences of which have proven 

disastrous for our and particularly other species. To support the transition to the new 

paradigm we need to create opportunities to reconnect with nature, and learn the value and 

importance of this connection early on (Louv 2008). Here, too, it is the quality of that contact 

that enables this reconnection; and the more profound the contact, the stronger the connection 

that is made. 

It is through connection, i.e. feeling and understanding ourselves as part of the whole, that we 

create conscious change toward an increased and sustained quality of life in harmony with 

nature. Stormwater management is one aspect of this quality. 
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Chapter 7: Conclusions  

 

You are going to have to figure out what it means  

to be a human being on earth at a time when every living system 

 is declining, and the rate of decline is accelerating. (…)  

Basically, the earth needs a new operating system,  

you are the programmers, and we need it within a few decades. 

Paul Hawken (2009) 

 

This last chapter rounds off the thesis as a whole by providing brief answers to the research 

questions, summarising the main insights and contributions, as well as recommending 

opportunities for further research that this study has opened up.  

 

7.1. Research Questions Answered 

This section provides answers to the research questions posed in Chapter 1. While other 

chapters have provided the background material, in Table 7.1 the reader finds a succinct 

summary. For a more in-depth discussion of answers to individual research questions the 

reader is referred to material presented in the individual chapters. 
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Objective Research Question Answer 

1 What are the short- and long-

term dynamics inherent in 

stormwater processes?  

Processes related to the creation of stormwater and its 

interaction with the land occur at many spatial and temporal 

scales. Examples of short-term dynamics are erosion processes 

and influences on the urban water cycle (increased runoff, 

flooding, lack of groundwater recharge, reduced 

evapotranspiration, etc.). Examples of long-term processes are 

delays in sediment and pollutant inflow into the estuary due to 

intermittent sediment settling. 

What short- and long-term 

dynamics and what kind of 

feedback processes are 

present in stormwater 

management processes? 

Likewise, stormwater management exhibits processes at different 

temporal scales. Examples of short-term action are the 

immediate clean-up after a pollution spill or the immediate 

impact that LID treatment devices can have on runoff quality. 

Examples of long-term processes are feedback from the 

environmental state to other stakeholders and delays due to 

participatory management practices.  

Self-reinforcing feedbacks exist as path dependency, as part of 

the urbanisation process, in diffusion processes and as part of the 

community development perspective (Section 4.5.2). In the low 

impact perspective a balancing feedback loop was identified as 

pollution targets can potentially create oscillating behaviour in 

stormwater management. Barriers to implementation of 

alternative solutions also create a balancing feedback loop. 

2 What perspectives exist on 

stormwater and its 

management?  

Three perspectives were characterised: conventional fixes, low 

impact solutions and community-led restoration. The Maori 

perspective is acknowledged but could not be investigated 

sufficiently. The research showed that these perspectives were 

held by individual stakeholders at the same time and there was 

conflict amongst the perspectives. 

Do individual stakeholder 

groups hold certain, unique 

perspectives?  

The importance of individual concepts differed widely across 

stakeholders. Similarities in perceptions were largely 

independent of the stakeholder group with a few exceptions, see 

Section 4.5.1. 

How do the perspectives 

affect past, present and 

future stormwater 

management? 

Past stormwater management was characterised by a single 

perspective: conventional fixes. Present stormwater management 

shows a transition towards the use of alternative approaches due 

to a change in values and knowledge. Future stormwater 

management needs to continue this integration and balance the 

use of each approach with the objectives of protecting public 

health and safety, and the built environment, restore 

environmental function, health and integrity, and support 

behaviour change and societal transformation. Most importantly, 

effective solutions will transform society as well as technology.  

3 What are the barriers to 

implementing 

environmentally friendly 

stormwater management 

solutions? 

Forty-four different barriers to the implementation of alternative 

stormwater management strategies in PTS catchment were 

distinguished. Many of these barriers have been shown to be 

institutional and logistical in origin. Some perspectives on barriers 

were conflicting.   

4 Where do these barriers 

originate?  

Resistance to change is mostly a societal process that can create 

conscious/active or unconscious/passive barriers. Moreover, path 

dependency creates trajectories from which it is difficult to 

escape. 
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Objective Research Question Answer 

How do these barriers 

interact?  

Barriers were found to create numerous self-reinforcing 

feedbacks, particularly within and between the institutional and 

logistical domains, resulting in persistent structures. Financial 

barriers had little reinforcing influence on other barriers.  

What are the advantages or 

disadvantages to having 

these barriers?  

Barriers may be perceived as advantageous or disadvantageous 

by different people depending on their worldviews, positions and 

objectives. A conscious engagement with barriers therefore 

implies that these perceptions and values are revealed, and 

shared visions and objectives negotiated. 

How can these barriers be 

removed most effectively? 

There are no simple solutions for these complex interactions. 

Solutions strategies will consist of several strands of action, not 

be readily apparent, utilise bottom-up as well as top-down 

processes, orientate themselves on system structure, be 

implemented slowly, and require adaptation depending on the 

speed and outcomes of environmental and societal change. The 

starting points for change are creating a sound understanding of 

the system structure and behaviour, understanding systemic 

patterns underlying series of events, uncovering mental models 

and becoming conscious of the drivers or resistances of our own 

and collective behaviour.  

Table 7.1: Succinct answers to the research questions 

 

7.2. Main Insights and Contributions 

7.2.1. Research Objective 1 – The Systemic Nature of Stormwater Management  

Understanding stormwater management as a social-ecological system is the pre-requisite for 

developing and implementing integrated solutions. Integrative approaches to management 

need to be underpinned by integrative science. Holistic problem understanding is not possible 

based on modelling that only relies on quantitative data. For contemporary stormwater 

management, simulation is purposely restricted to quantifiable and by extension physical 

issues that reinforce technocratic solutions. This would imply a move to low impact solutions 

and as a result these are now advocated by public institutions across the world. However, 

implementation is not forthcoming. One of the reasons for the lack of implementation of LID 

solutions comes from how we develop and use stormwater simulation models. A move 

towards integrative models will require the use of qualitative data, either on its own through 

qualitative modelling or in combination with quantitative simulation.  
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7.2.2. Research Objective 2 – Perspectives on Urban Stormwater Management 

Our perspectives of environmental issues frame the way we develop and implement solutions 

and actions to manage our natural environment. The most dominant perspectives in 

stormwater management have been based on a linear and technocratic worldview that often 

ignored perspectives of other stakeholders. In order to learn from past mistakes, 

understanding and engagement with diverse perspectives are required to develop more 

integrated and successful approaches to stormwater management. The existence of diverse 

perspectives on stormwater management is a contributing factor to our current failure to live 

and use our land without eroding its capacity for sustained provision of environmental 

services. 

Cognitive mapping and systems thinking methods were used successfully in this research to 

elucidate mental models and perspectives on stormwater management in Project Twin 

Streams catchment. Results show that problems and solutions regarding stormwater are 

conceptualised in different ways. This provides evidence that there are multiple ways of 

knowing and that differing values are associated with stormwater management and its role. 

The three different perspectives that were uncovered have profound influence on 

management goals, time scales and solutions for stormwater management. Critically, results 

show that none of the perspectives in themselves will lead to sustainable stormwater 

management outcomes. 

Understanding the diversity of perspectives and their wider impacts on research and 

management is only truly useful if it adds to mutual acknowledgement and respect of the 

different positions among stakeholders. This is a necessary step in reducing existing 

conflict and creating a common vision for a sustainable future. Different perspectives may 

lead to different solutions, but there are opportunities for these to complement each other. A 

transition towards this integration is crucial if we are to address present challenges in 

stormwater management and transition to a path toward sustainability.  

7.2.3. Research Objectives 3 and 4 – Barriers to Implementing Alternative 

Solutions  

Low impact solutions are currently advocated by public institutions across the world, but 

implementation is not forthcoming. Uptake of LID and community-based resource 

management is hindered by the existence of manifold barriers which may be categorised as 
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internal, institutional, educational, attitudinal, logistical, and communication barriers. These 

barriers can be understood as an indication or manifestation of underlying mechanistic mental 

models. This study provided comprehensive information on the barriers that affect 

stormwater managers in PTS catchment.  

Barriers are caused by and at the same time increase the complexity inherent in urban water 

management. This complexity impacts on management in two ways. It becomes very difficult 

for managers to develop appropriate strategies that do not create unanticipated adverse effects 

due to feedback and non-linear system behaviour. It also makes it difficult to know where to 

start the implementation of any policies developed: a case of not seeing the trees for the 

forest. Two methods were introduced that reduce this complexity and uncertainty, and inform 

managers of appropriate starting points for policy interventions. These methods allow for 

stakeholder input which can be an important factor of successful implementation. 

Furthermore, recommendations were made to guide managers in the development of creative 

and effective policies that reduce the impact that barriers have.  

7.3. Opportunities for Further Research 

7.3.1. Simulation of Water Quality Dynamics 

Extensions to the simulation are possible in several areas. Firstly, adding qualitative variables 

and/or other feedback relationships might reveal important insights into system delays and 

behaviour over time, particularly following any policy intervention. Examples include 

variables such as willingness to adopt LID measures, willingness to participate in community 

based riparian planting, willingness to reduce personal ecological footprint, willingness to 

pay for stream rehabilitation or low impact stormwater management project, satisfaction 

with LID implementation, quality of life, quality of the LID measure and its implementation, 

feeling of connectedness with nature or appreciation of environmental services. If these data 

and related causal relationships are known, they can be incorporated into the simulation by 

inventing units and measurement scales and applying these consistently throughout the 

simulation model.  

Further physical data could also be included. Sediment inflows could be added and this can 

be used to calculate zinc concentrations over time, which would allow for a comparison with 

historical data as well as predictions made elsewhere. The long time step is appropriate for 
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contaminant-load-type models. A smaller time step might shed light on processes at shorter 

time scales. On the downside, this would greatly increase the complexity of the model. Of 

particular interest for other stakeholders are the effects that stormwater has on water 

ecosystems in terms of pollution and flooding. Adding information on these effects as well as 

known thresholds of ecosystem degradation would make the simulation more interesting and 

revealing.   

The whole avenue of stakeholder input and action research opens up many opportunities for 

further research. I will suggest two here. First, the relationship between the model and 

different stakeholders could be researched. The model including its results might be more 

acceptable for some stakeholders than for others, be easier to engage with for some, or more 

interesting generally. Second, the researcher could test expectations of system behaviour (e.g. 

zinc accumulation) before and after letting participants engage with the model and run certain 

scenarios. Research has shown that participants often misperceive system dynamics even of 

simple one stock-one flow systems (Moxnes 2000, 2004), and the extent of this 

misperception could be tested on the basis of this model.  

7.3.2. Perspectives on Urban Stormwater Management 

The research described in Chapter 4 naturally leads to an extension into a comparative study. 

The comparison could take place with regards to place and time. The latter results in a 

longitudinal study which would involve a repetition of the mapping process in the same 

catchment with similar participants. The comparison would then yield insights into how 

worldviews and perspectives change over time. Performing the mapping process in a 

different catchment with similar characteristics and similar set of research participants would 

allow for a comparison across cases. Repeating this process for several catchments can 

potentially reveal insights into a transition trajectory towards more sustainable stormwater 

management practices and the determinants – institutional and social – of this change. This is 

a similar research approach to that performed in Australia by Brown (2008). 

7.3.3. Barriers to the Implementation of Alternative Solutions  

The methods introduced in Section 5.6 also provide opportunities for further research, a few 

of which have been suggested in the section already. These were the application of the 

method in an action research setting where stakeholders determine a list of barriers for 

analysis, compare their interactions and adjust their worldviews in the process. The method 
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can also be applied to an analysis of within-category interactions, performed in a different 

catchment or, again, as a longitudinal study to provide opportunities for comparison. 

It would also be possible to write and utilise a software program that automatically detects 

independent feedback loops between barriers. As has been mentioned, because of their 

independent nature, these feedback loops can be approached differently.  

The method to determine significant interactions between barriers can be refined by utilising 

a better measure of barriers’ interaction strength which would take into account the strong, 

weak and no interaction assessments. A composite measure based on the three assessments 

could also be created with the weighting determined from the data collected. 

The method to determine appropriate entry points could be refined by developing a better 

measure of barrier strength such that the identification of entry points does not depend solely 

on the number of interactions but also the strength of interactions. This could be done, for 

example, in a ratio of number of interactions to strength of interactions. 
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Appendix A – Model Equations 

These are the differential equations underlying the dynamic simulation introduced in Section 

3.2.3 on page 69. Stock equations are listed first, followed by equations for flows, auxiliaries 

and constants. 

Stocks 

dim PavedArea = (NoPavedTypes) 

init PavedArea = [2836288,453563] 

flow PavedArea = +dt*Paving 

doc PavedArea = Residential and industrial/commercial paved area. Assumption informed by 

comparison between GIS and Timperley and Reed (2008) data. Unit: sqm  

 

dim RoadArea = (NoRoadTypes) 

init RoadArea = [2074400,1163600,616800,155900,0,0] 

flow RoadArea = +dt*Roading 

doc RoadArea = Road areas of different road types. Calculated from GIS and Timperley and Reed 

(2008) estimates for road usage. Unit: sqm 

 

dim RoofAreas = (NoRoofTypes) 

init RoofAreas = [200797,522060,199896,425418,58893,551705,1728,823778,339532] 

flow RoofAreas = +dt*Roofing 

doc RoofAreas = Initial roof areas calculated from GIS and roof material estimates from 

Timperley and Reed (2008). Unit: sqm  

 

init ZincInEstuary = 0 

flow ZincInEstuary = +dt*CombinedAnnualZincLoad 

doc ZincInEstuary = Accumulation of zinc in estuary. Unit: g. 

 

Flows 

 

aux CombinedAnnualZincLoad = 

ARRSUM(ReducedLoadFromRoofs)+ARRSUM(ReducedLoadFromRoads)+ARRSUM(ReducedLoadFrom

PavedAreas)+LoadFromUrbanStreamChannel 

doc CombinedAnnualZincLoad = Combined annual zinc loads from all sources. Unit: g/year. 

 

dim Paving = (NoPavedTypes) 

aux Paving = PavedArea*PavingGrowthFactor/100 

doc Paving = Newly paved residential and industrial areas per year. Unit: sqm/year. 
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dim Roading = (NoRoadTypes) 

aux Roading = RoadArea*RoadGrowthFactor/100 

doc Roading = Annual additional roads built. Unit: sqm/year.  

 

dim Roofing = (NoRoofTypes) 

aux Roofing = IF(RoofAreas-

RoofAreas*RoofGrowthFactor/100<0,0,RoofAreas*RoofGrowthFactor/100) 

doc Roofing = Newly created roof area per year. Unit: sqm/year. 

 

Auxiliaries 

 

dim InitialLoadFromPavedAreas = (NoPavedTypes) 

aux InitialLoadFromPavedAreas = PavedArea*AnnualYieldPerPavingType 

doc InitialLoadFromPavedAreas = Annual zinc load from residential and industrial paved areas. 

Unit: g/year. 

 

dim InitialLoadFromRoads = (NoRoadTypes) 

aux InitialLoadFromRoads = RoadArea*YieldPerRoadType 

doc InitialLoadFromRoads = Annual initial zinc load on roads. Unit: g/year. 

 

dim InitialLoadFromRoofs = (NoRoofTypes) 

aux InitialLoadFromRoofs = RoofAreas*YieldPerRoofType 

doc InitialLoadFromRoofs = Annual initial zinc load on roofs. Unit: g/year. 

 

aux LoadFromUrbanStreamChannel = ZincYield*UrbanStreamArea 

doc LoadFromUrbanStreamChannel = Annual zinc load from the urban stream. Unit: g/year. 

 

dim PavedReductionFactors = (NoPavedTypes) 

aux PavedReductionFactors = 

IF(ChosenPavedManagement=1,0.3,IF(ChosenPavedManagement=2,0.4, 

IF(ChosenPavedManagement=3,0.5, IF(ChosenPavedManagement=4,0.7, 

IF(ChosenPavedManagement=5,0.5, IF(ChosenPavedManagement=6,0.6, 

IF(ChosenPavedManagement=7,0.75, IF(ChosenPavedManagement=8,0.65, 

IF(ChosenPavedManagement=9,0.4, IF(ChosenPavedManagement=10,0.25, 

IF(ChosenPavedManagement=11,0.4, IF(ChosenPavedManagement=12,0.7, 

IF(ChosenPavedManagement=13,0.2, IF(ChosenPavedManagement=14,0.15,0)))))))))))))) 

doc PavedReductionFactors = From CLM. No unit. 

 

dim ReducedLoadFromPavedAreas = (NoPavedTypes) 

aux ReducedLoadFromPavedAreas = MAX(InitialLoadFromPavedAreas-

(InitialLoadFromPavedAreas*FractionalPavedAreaTreated/100*PavedReductionFactors),0) 

doc ReducedLoadFromPavedAreas = Annual paved area zinc load taken into account the 

reduction of zinc due to management. No unit. 

 

dim ReducedLoadFromRoads = (NoRoadTypes) 

aux ReducedLoadFromRoads = MAX(InitialLoadFromRoads-

(InitialLoadFromRoads*FractionalRoadAreaTreated/100*RoadReductionFactors),0) 

doc ReducedLoadFromRoads = Annual road zinc load taken into account the reduction of zinc 

due to management. No unit. 

 

dim ReducedLoadFromRoofs = (NoRoofTypes) 
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aux ReducedLoadFromRoofs = MAX(InitialLoadFromRoofs-

(InitialLoadFromRoofs*FractionalRoofAreaTreated/100*RoofReductionFactors),0) 

doc ReducedLoadFromRoofs = Annual roof zinc load taken into account the reduction of zinc due 

to management. No unit. 

 

dim RoadReductionFactors = (NoRoadTypes) 

aux RoadReductionFactors = 

IF(ChosenRoadManagement=1,0.2,IF(ChosenRoadManagement=2,0.3, 

IF(ChosenRoadManagement=3,0.4, IF(ChosenRoadManagement=4,0.6, 

IF(ChosenRoadManagement=5,0.4, IF(ChosenRoadManagement=6,0.5, 

IF(ChosenRoadManagement=7,0.7, IF(ChosenRoadManagement=8,0.4, 

IF(ChosenRoadManagement=9,0.3, IF(ChosenRoadManagement=10,0.2, 

IF(ChosenRoadManagement=11,0.3, IF(ChosenRoadManagement=12,0.6, 

IF(ChosenRoadManagement=13,0.1, IF(ChosenRoadManagement=14,0.11,0)))))))))))))) 

doc RoadReductionFactors = From CLM. No unit. 

 

dim RoofReductionFactors = (NoRoofTypes) 

aux RoofReductionFactors = IF(ChosenRoofManagement=1,0.05, 

IF(ChosenRoofManagement=2,0.05, IF(ChosenRoofManagement=3,0.1, 

IF(ChosenRoofManagement=4,0.25, IF(ChosenRoofManagement=5,0.15, 

IF(ChosenRoofManagement=6,0.4, IF(ChosenRoofManagement=7,0.6, 

IF(ChosenRoofManagement=8,0.15, IF(ChosenRoofManagement=9,0.1, 

IF(ChosenRoofManagement=10,0.6, IF(ChosenRoofManagement=11,0.1, 

IF(ChosenRoofManagement=12,0.9,0)))))))))))) 

doc RoofReductionFactors = Reduction factors from CLM. No unit. 

 

aux UrbanStreamArea = UrbanStreamChannelLength*UrbanStreamChannelWidth 

doc UrbanStreamArea = Stream Area. Unit: sqm. 

 

aux ZincYield = 0.000035*SedimentYield 

doc ZincYield = Annual zinc yield per sqm of urban stream. From CLM. Unit: g/sqm/year. 

 

Constants 

 

dim AnnualYieldPerPavingType = (NoPavedTypes) 

const AnnualYieldPerPavingType = [0.140,0.330] 

doc AnnualYieldPerPavingType = Residential and industrial zinc yields per sqm of paving. From 

CLM. Unit: g/sqm/year. 

 

dim ChosenPavedManagement = (NoPavedTypes) 

const ChosenPavedManagement = [0,0] 

doc ChosenPavedManagement = Variable links paved area to management option. Is 0 if no 

management option for this roof type, otherwise any number between 1 and 12 signals some form 

of management. No unit. 

 

dim ChosenRoadManagement = (NoRoadTypes) 

const ChosenRoadManagement = [0,0,0,0,0,0] 

doc ChosenRoadManagement = Variable links road type to management option. Is 0 if no 

management option for this roof type, otherwise any number between 1 and 12 signals some form 

of management. No unit. 
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dim ChosenRoofManagement = (NoRoofTypes) 

const ChosenRoofManagement = [0,0,0,0,0,0,0,0,0] 

doc ChosenRoofManagement = Similar to NoPavedTypes and NoRoadTypes. Variable links roof 

type to management option. No unit.  

 

dim FractionalPavedAreaTreated = (NoPavedTypes) 

const FractionalPavedAreaTreated = [0,10] 

doc FractionalPavedAreaTreated = Fraction of paved area managed by chosen option in % of 

total. No unit. 

 

dim FractionalRoadAreaTreated = (NoRoadTypes) 

const FractionalRoadAreaTreated = [0,10,50,0,0,0] 

doc FractionalRoadAreaTreated = Fraction of road area managed by chosen option in % of total. 

No unit. 

 

dim FractionalRoofAreaTreated = (NoRoofTypes) 

const FractionalRoofAreaTreated = [0,0,0,0,0,0,0,0,0] 

doc FractionalRoofAreaTreated = Fraction of roof area managed by chosen option in % of total: 

e.g. 100 equals 100% of the area. No unit. 

 

dim PavingGrowthFactor = (NoPavedTypes) 

const PavingGrowthFactor = [1.5,1.5] 

doc PavingGrowthFactor = Growth percentage for different paved types per year. From growth 

estimates of Waitakere City Council. Unit: 1/year. 

 

dim RoadGrowthFactor = (NoRoadTypes) 

const RoadGrowthFactor = [1.5,1.5,1.5,1.5,0,0] 

doc RoadGrowthFactor = Growth percentage for different road types per year. Average annual 

growth estimate from Waitakere City Council. Unit: 1/year. 

 

dim RoofGrowthFactor = (NoRoofTypes) 

const RoofGrowthFactor = [-0.3, -0.1, -0.1, 0.75, 0.75, 1.5, 0, 0.5, 0] 

doc RoofGrowthFactor = Growth percentage for different roof types per year. Assumptions 

informed by Timperley and Reed (2008). Unit: 1/year. 

 

const SedimentYield = 6000 

doc SedimentYield = Annual suspended sediment yield per sqm of urban stream. From CLM. 

Unit: g/sqm/year. 

 

const UrbanStreamChannelLength = 75000 

doc UrbanStreamChannelLength = Length of urban stream channel. From GIS. Unit: m. 

 

const UrbanStreamChannelWidth = 4 

doc UrbanStreamChannelWidth = Average width of urban stream channel. From Timperley and 

Reed (2008). Unit: m. 

 

dim YieldPerRoadType = (NoRoadTypes) 

const YieldPerRoadType = [0.004,0.027,0.111,0.257,0.471,0.729] 

doc YieldPerRoadType = Annual zinc yield per road type per sqm. From CLM. Unit: g/sqm/year 

 

dim YieldPerRoofType = (NoRoofTypes) 
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const YieldPerRoofType = [2.240,1.340,0.200,0.280,0.200,0.020,0.020,0.000,0.020] 

doc YieldPerRoofType = Zinc yield of one sqm per year. From CLM. Unit: g/sqm/year. 
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Appendix B – Contaminant Load Model 

Annual source yields (g) per square metre of roof material and load reduction factors 

associated with management options: 

Roof Type Yield  

(g m
-2

a
-1

) 

Control Options Load  

Reduction Factor 

Galvanised steel unpainted 2.240 Dry pond  0.050 

Galvanised steel poorly painted  1.340 Wet pond 0.050 

Galvanised steel well painted 0.200 Wet extended pond 0.100 

Galvanised steel coated (Decramastic tiles) 0.280 Constructed wetland 0.250 

Zinc/aluminium unpainted (Zincalume) 0.200 Swale 0.150 

Zinc/aluminium coated (Colorsteel) 0.020 Wet pond with flocculation 0.400 

Concrete 0.020 Rain garden 0.600 

Copper 0.000 Storm-filter 0.150 

Other materials 0.020 Sand-filter 0.100 

  Painting 0.900 

  Biomediafiltration 0.600 

  Vegetative filter strips 0.100 

 

Annual source yields (g) per square metre of road in different road use classes and load 

reduction factors associated with management options: 

Road Type Yield (g m
-2

a
-1

) Control Options Load Reduction Factor 

Vehicle Days  Dry pond  0.200 

<1000 0.004433676 Wet pond 0.300 

1000-5000 0.026602059 Wet extended pond 0.400 

5000-20000 0.110841912 Constructed wetland 0.600 

20000-50000 0.257369512 Swale 0.400 

50000-100000 0.471078125 Wet pond with flocculation 0.500 

>100000 0.72941129 Rain garden 0.700 

  Storm-filter 0.400 

  Sand-filter 0.300 

  Catchpit filter 0.200 

  Porous paving 0.300 

  Biomediafiltration 0.600 
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  Vegetative filter strips 0.100 

  Catchpits 0.110 

 

Annual source yields (g) per square metre of paved area and load reduction factors associated 

with management options: 

Paved Surfaces Type Yield (g m
-2

a
-1

) Control Options Load Reduction Factor 

Residential 0.14 Dry pond  0.300 

Industrial 0.33 Wet pond 0.400 

Commercial 0 Wet extended pond 0.500 

  Constructed wetland 0.700 

  Swale 0.500 

  Wet pond with flocculation 0.600 

  Rain garden 0.750 

  Storm-filter 0.650 

  Sand-filter 0.400 

  Catchpit filter 0.250 

  Porous paving 0.400 

  Biomediafiltration 0.700 

  Vegetative filter strips 0.200 

  Catchpits 0.150 

 

Annual source yields (g) per square metre of urban stream channel: 

Urban Stream Channel    Yield (g m
-2

a
-1

) 

length x width in sqm 0.21 
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Appendix C – Area Division Process 

In a first area division the catchment was divided into residential, commercial and industrial 

areas. The size of these areas was estimated using WCC GIS of digitised land use from aerial 

photographs from the most recent records available (2005). Each GIS data point included an 

area value and zoning information: 

Class Name Frequency Total Area in 

m
2
 

Definition 

0 Error 1 5,145 Not provided 

1 Bush Living 122 3,367,878 Areas within the Waitakere Ranges in private 

ownership, generally bush-covered and smaller sites. 

3 Community 43 290,736 Town centres, suburban shopping centres and blocks 

of shops. 

4 Community 

Periphery 

7 150,886 Not provided 

6 Foothills 33 17,063,111 Area between the developed urban area westwards to 

the bush covered parts of the Waitakere Ranges. 

7 Living 182 7,389,555 Urban and suburban residential areas of the city. 

8 Living 1 31 1,034,611 Not provided 

9 Living 2 74 3,928,251 Not provided 

10 Living 3 3 34,225 Not provided 

14 Open space 179 12,756,527 Land owned by WCC, ARC or other public agencies. 

16 Special area 6 327,550 Parks, heritage areas (Corban’s Estate), marae, marina 

and colleges.  

17 Waitakere 

Ranges 

35 6,271,369 Areas within the Waitakere Ranges in private 

ownership and generally bush-covered larger sites. 

19 Working 21 1,274,266 Industrial/employment areas of the city. 

20 Working 

(Lincoln) 

8 453,594 Not provided 

99 Natural water 

body 

1431 4,631,385 Not provided 

 

The following table shows the final values for residential, commercial and industrial areas. 

These combine to 59% of the total catchment area. The remaining 41% included the 

Waitakere Ranges, open areas and water bodies which were assumed not to contribute zinc. 
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Residential 29,777,303m
2 55% of catchment area 

Industrial 1,727,860 3% of catchment area 

Commercial 441,622 1% of catchment area 

 

In a second area division, residential, commercial and industrial areas are divided into roof, 

road and paved surface areas. Estimates for these impervious areas are provided in Timperley 

and Reed (2008) based on surveys of impervious areas in Auckland City. ‘Effective’ 

imperviousness was therefore not considered in the simulation. However, a calculation of 

total roof area from GIS provided by WCC confirms that these estimates are overly 

conservative – PTS catchment has overall less impervious area as the widely more urbanised 

Auckland City.  

The total road length in PTS catchment from GIS is 251,095m.51 Assuming an average road 

width of 15m (from CLM) results in an area of 3,766,422 m2. Comparing estimates with 

available data, actual roof area is 50% of the estimate and road area is 75% of the estimate. 

Therefore, the paved area has been set at 75% of the estimate.  

The following table shows the estimated and available values for roof, road and paved areas: 

 Roof Adjusted Road Adjusted Paved Adjusted TOTAL 

Residential area 

estimate in %
52

 

19  15.3  12.7  47 

Residential area 

calculated in m
2
 

5,657,688 2,880,420 4,555,927 3,438,908 3,781,718 2,836,288 

 

29,777,303 

Industrial area 

estimate in % 

20  20  35  75 

Industrial area 

calculated in m
2
 

345,572 175,936 345,572 260,845 604,751 453,563 

 

1,727,860 

Commercial area 

estimate in % 

30  20  16  66 

Commercial area 

calculated in m
2
 

132,487 67,451 88,324 66,669 70,660 52,995 

 

441,622 

TOTAL area in m
2
 6,135,746 3,123,807 4,989,824 3,766,422 4,457,128 3,342,846 15,582,698 

Available WCC data 

– Model input 

3,123,807  3,766,422  3,342,846  10,233,075 

Comparison of 

available data to 

estimate 

0.51%  0.75%  0.75%   

 

                                                           
51

 The GIS data provided does not contain all roads in the catchment and is thus not very reliable. However, it 

can provide an indication only which is useful for making comparisons. 
52

 For example, 19% of the total residential area of 29,777,303m
2
 is roof area. 
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It was decided to use the adjusted data as model input but perform sensitivity tests with the 

original estimated roof, road and paved areas (c.f. Table 3.7 on page 78).  

In a final area division, roof areas are divided into material types, road areas are divided 

according to road usage and paved areas are divided into commercial and industrial paved 

areas. Each of these subclasses have different zinc contributions associated with it and these 

values were taken straight from the CLM, Version March 2008 (Appendix B). 

Roof Materials 

For roof materials, estimates were provided by Timperley and Reed (2008), based on a 

survey by Kingett Mitchell (2003), and used to calculate areas as shown below: 

Roof Material Res Est 

% 

Res m
2
 Ind Est 

% 

Ind m
2
 Com Est 

% 

Com 

m
2
 

TOTAL 

in m
2
 

Galvanised Steel Unpainted 3.8 109,456 86.92 152,924 12.4 8,364 270,744  

Galvanised Steel Poorly 

Painted 

17.3 498,313 4.17 7,337 24.33 16,411 522,060 

Galvanised Steel well Painted 6.7 192,988 1.86 3,272 5.39 3,636 199,896 

Galvanised Steel Tiles 14.7 423,422 0 0 2.96 1,997 25,418 

Zinc/aluminium (Zincalume) 0.77 22,179 0 0 3.78 2,550 24,729 

Coated zinc/aluminium 

(Colorsteel) 

17.3 498,313 3.76 6,615 16.3 10,995 515,922 

Copper 0.06 1,728 0 0 0 0 1,728 

Concrete 28.24 813,431 0 0 15.34 10,347 823,778 

Other 11.13 320,591 3.29 5,788 19.5 13,153 339,532 

TOTAL 100 2,880,420 100 175,936 100 67,451 3,123,807 

 

Adjustments of these source areas were required since the estimates are based on Auckland 

City data which was developed much earlier than large parts of Waitakere City. Older 

developments have a higher proportion of galvanised steel roofs while newer developments 

use more Zincalume and Colorsteel (Timperley & Reed 2008). Therefore, the source areas 

have been adjusted. Unpainted galvanised steel has been greatly reduced and Zincalume and  

Colorsteel roof types increased accordingly. These changes have been marked yellow in the 

following table: 
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Roof Material Res Est 

% 

Res m
2
 Ind Est 

% 

Ind m
2
 Com Est 

% 

Com 

m
2
 

TOTAL 

in m
2
 

Galvanised Steel Unpainted 3.8 109,456 50 87,968 5 3,373 200,797 

Galvanised Steel Poorly 

Painted 

17.3 498,313 4.17 7,337 24.33 16,411 522,060 

Galvanised Steel well Painted 6.7 192,988 1.86 3,272 5.39 3,636 199,896 

Galvanised Steel Tiles 14.7 423,422 0 0 2.96 1,997 425,418 

Zinc/aluminium (Zincalume) 0.77 22,179 18 31,669 7.48 5,045 58,893 

Coated zinc/aluminium 

(Colorsteel) 

17.3 498,313 22.68 39,902 20 13,490 551,705 

Copper 0.06 1,728 0 0 0 0 1,728 

Concrete 28.24 813,431 0 0 15.34 10,347 823,778 

Other 11.13 320,591 3.29 5,788 19.5 13,153 339,532 

TOTAL 100 2,880,420 100 175,936 100 67,451 3,123,807 

 

Road Areas 

Zinc particles accumulate on roads during times of dry weather and are then washed away in 

rain events. Below figure shows an example of particulate zinc net accumulation on 

Richardson Rd, Mt Roskill, Auckland: 

 

Road areas were taken from calculations in the second area division (column 5 in table 

showing estimated and available values for roof, road and paved areas; page 314). These data 

correspond well to Timperley and Reed (2008) who estimate that 91% of all roads are 

residential roads, and the remainder commercial and industrial. Timperley and Reed (2008) 

provide further estimates for traffic loads in these areas. The CLM prescribes different zinc 

contributions according to road usage measured in vpd (vehicles per day). WCC has some 
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traffic count data available but it is uncertain whether these cover a balanced view of road 

usage within the catchment or focus on high priority roads only. Therefore, Timperley and 

Reed (2008) estimates were used.  

There is a short section of motorway running through the bottom of the catchment (SH16) 

with an average daily traffic value of approximately 20,000 vehicles (NZ Transport Agency 

2009). The CLM estimates a width of 20m for this road usage class and the length of this 

motorway was provided by GIS data as 535m. Waitakere City does not have roads with a 

higher than 50,000vpd usage and it was assumed that this will not change over the 50 year 

time horizon as the current usage is significantly under this threshold. Calculations for road 

areas are provided below:  

  <1,000 

vpd 

1,000-5,000 

vpd 

5,000-

20,000 vpd 

20,000-

50,000 vpd 

TOTAL 

Residential - % of road area (ARC 

estimate) 

56 29 12 3 100 

Residential - area calculation in m
2
 1,925,788 997,283 412,669 103,167 3,438,908  

Industrial/Commercial - % of road 

area (ARC estimate) 

10 30 50 10 100 

Industrial/Commercial - area 

calculation in m
2
 

32,751 98,254 163,757 32,751 260,845 

+ 66,669 

Motorway – area in m
2
    10,700  

TOTAL 1,958,540 1,095,537 576,426 146,619  

 

Paved areas 

Adjusted paved area values are available from the second area calculations in the table 

showing estimated and available values for roof, road and paved areas; page 314. Note that in 

the CLM only residential and industrial paved areas are assumed to contribute zinc. The 

paved residential area is 2,836,288m2 and the paved industrial area is 453,563 m2. 

Pervious areas 

Urban stream areas contribute sediment which are contaminated with zinc from natural 

sources, for example volcanic activity (Timperley & Green 2005b). Stream channel length in 

PTS catchment has been calculated from GIS data at approximately 75km (N Trahan 2008, 

pers. comm. 30 September). Stream channel width is estimated to average 4m, which is the 

same average used by Timperley and Reed (2008). Each square meter of stream provides an 

annual load of 0.21g of zinc (values from CLM). 
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Appendix D – Research Participant Profiles 

No Group Organisation Role 

1 LG  ARC Grants Manager Finance for PTS 

Involvement with Stormwater Management:  

Allocates funding for Project Twin Streams 

 

Area of Expertise: 

Finance and budgeting 

2 Exp ARC  ARC Stormwater Engineer / Project Leader  

Involvement with Stormwater Management:  

Responsible for doing research on stormwater management methods. Provides support for any questions that 

city councils may have with regards to stormwater management techniques. Comments on Infrastructure 

Auckland grant applications. Reviews and validates work in the field such that grant money can be paid out. 

 

Area of Expertise: 

Civil engineering particularly hydraulic engineering 

3 Exp ARC  Stormwater Action Team Leader 

Involvement with Stormwater Management:  

Developed Catchment Management Plans for Auckland City Council. Now responsible for stormwater 

programme at Auckland Regional Council. 

 

Area of Expertise: 

Integrated Catchment Management Planning 

4 Exp (ARC) Consultant to Stormwater Action Team 

Involvement with Stormwater Management:  

Has been involved in implementing stormwater management for about 40 years. 

 

Area of Expertise: 

Stormwater Management 

5 D Commercial Developers Director  

Involvement with Stormwater Management:  

As director of a development company manages subdivisions, land development of 1-5 ha lots of 2-14 individual 

sites at any time on the North Island of New Zealand. Has been doing small developments in PTS catchment 

area. Management of stormwater as part of the development process. 

  

Area of Expertise: 

Urban and peri-urban developments with light timber frame constructions, single homes to small developments 

(5-6 apartments coupled with commercial). 

6 D Commercial Developers Senior Project Manager  

Involvement with Stormwater Management:  

Manages large-scale land and housing developments, for example shopping malls and new residential 

subdivisions. Stormwater issues are raised through council with resource and building consents.  

 

Area of Expertise: 

Project Management 
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No Group Organisation Role 

7 Exp EBG Consultants Consultant - Stormwater Management 

Involvement with Stormwater Management:  

As director of an environmental consulting firm has had peripheral involvement with PTS and helped in 

creating the evaluation framework. Authored the NZ onsite stormwater guideline a few years ago. Researches 

how asset management planning fits in with catchment management planning. Does training and workshops.  

 

Areas of Expertise: 

Hydrology, stormwater management, communication 

8 Exp H&G Consultants Consultant - Design & Subdivisions 

Involvement with Stormwater Management:  

As director in land management of a major engineering consultancy in New Zealand, comes in contact with 

stormwater management as part of commercial, residential, industrial subdivisions and site re-development. 

Overseas 30 engineers responsible for land development and housing construction in the Auckland area. 

 

Area of Expertise: 

Land development, civil engineering, project management 

9 Exp KM Consultants Consultant - Ecological Science 

Involvement with Stormwater Management:  

Works as a consultant in an environmental consultancy. Has performed consultancy work for PTS in the first two 

years after inception and provided ecological advice on riparian management and restoration. 

 

Area of Expertise: 

Plant ecology 

10 RE Landcare Research Scientist - Freshwater Biology  

Involvement with Stormwater Management:  

As research scientist at a research institute, creates environmental education material appropriate for PTS 

catchment in a contractor role to Waitakere City Council. Provides assessment of environmental effects in PTS 

catchment area as mandated by RMA.  

 

Area of Expertise: 

Freshwater biology 

11 Exp Landcare Research Scientist - Stormwater management 

Involvement with Stormwater Management:  

Is a research scientist in the LID team at a research institute. Does consultancy work in PTS catchment and 

researches how QBL can be integrated in CMPs. Has done area mapping. Supports communication between 

engineering and consents teams. 

 

Area of Expertise: 

Hydrology 

12 Exp Landcare Research & WaiCare WaiCare Coordinator  

Involvement with Stormwater Management:  

Works with PTS community coordinators. Monitors water quality in PTS catchment with community groups. 

 

Area of Expertise: 

Freshwater ecology particularly invertebrates 

 

 

13 D Private Developer Resident 

Involvement with Stormwater Management:  

Came in contact with stormwater management as part of a private house development in PTS catchment 

recently (owner-occupied). Has been a resident in the area for just a few years. Was a technical manager in the 

construction industry, now retired. 

 

Area of Expertise: 

Construction 
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No Group Organisation Role 

14 D Private Developer Resident 

Involvement with Stormwater Management:  

His whole family has been living in the upper parts of Oratia catchment for a long time. The parents subdivided 

the land to allow both children to build a house on it. Came in contact with the stormwater management and 

consenting process as part of the sister’s house building process. Is now facing the same process in the building 

of his house. 

 

Area of Expertise: 

Biology 

15 Res Owner Occupant Resident 

Involvement with Stormwater Management:  

Has been a resident in PTS catchment (Earthsong Eco-Neighbourhood, Swanson) for 5 years. Came in contact 

with stormwater management, in particular low impact design, as part of the development and construction of 

Earthsong. Is now retired. 

 

Area of Expertise: 

Accounting 

16 Res PTS Community Group  Group Leader 

Involvement with Stormwater Management:  

Is Project Manager/coordinator for PTS Opanuku Stream community group. Community group works to restore 

riparian margin of the Opanuku. Works to increase community involvement to ensure long-term impact. 

Area of Expertise: 

Community development, NZ native bush 

17 Res Te Kawerau a Maki (Maori) Representative Environmental Matters 

Involvement with Stormwater Management:  

Representative for Te Kawerau A Maki Iwi in environmental matters.  

 

Area of Expertise: 

Maori culture and political issues between Pakeha and Maori 

18 RE University of Auckland – Biology Scientist - Freshwater Biology & Water Quality 

Involvement with Stormwater Management:  

Associate Professor at the School of Biological Sciences. Researches structure of bio-films and how stormwater 

impacts on it.  

 

Area of Expertise: 

Biology, biochemistry 

19 RE University of Auckland - Env Science Scientist - Water quality 

Involvement with Stormwater Management:  

Senior Lecturer in SGGES. Teaches freshwater ecology and processes of environmental change. Is a director at 

Golder Assoc NZ, an environmental consultancy, and runs the ecology team. Work with council on various 

stormwater issues but mainly in assessing stream condition and health, usually based on the diversity and 

structure of invertebrate communities. 

 

Area of Expertise: 

Freshwater, streams and ponds. Assessment of stream conditions. 

20 RE University of Auckland – Geography Scientist - Physical Geography 

Involvement with Stormwater Management:  

Professor in Physical Geography in SGGES. Researches human impacts on river systems. Developed an 

application of the River Styles® framework for PTS catchment. Half a dozen ongoing research projects with 

students in PTS catchment. 

 

Area of Expertise: 

River science. River Styles® framework. 
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No Group Organisation Role 

21 Exp WCC Ecowater Asset Manager Stormwater Infrastructure 

Involvement with Stormwater Management:  

Manages WCC stormwater infrastructure to ensure smooth operations. Is team leader and responsible for 

treatment devices and capital works; the provision of technical advice on building consents, subdivision 

consents and all issues outside the Code of Practice and capital works; wastewater pump stations.  

 

Area of Expertise: 

Civil engineering, project management 

22 Exp WCC Ecowater Stormwater Catchment Planning Engineer  

Involvement with Stormwater Management:  

Project manager responsible for creating catchment management plans for areas in WCC, including PTS 

catchment.  

 

Area of Expertise: 

Stormwater planning, civil engineering, environmental engineering 

23 Exp WCC Ecowater Stormwater Infrastructure Planner 

Involvement with Stormwater Management:  

Principal Subdivision and Consents Engineer for Ecowater. Makes decisions on consents for new developments 

to ensure that stormwater is managed appropriately. 

 

Area of Expertise: 

Environmental Management 

24 LG (WCC Ecowater/PTS) Consultant – Policy 

Involvement with Stormwater Management:  

Works currently as an advisor to the Mayor of Auckland City Council. Helped set up PTS in a former role as 

Deputy Mayor in WCC. 

 

Area of Expertise: 

Politics, Sustainability 

25 LG WCC Parks Council Parks Manager 

Involvement with Stormwater Management:  

Manages WCC park land and works with PTS staff and community groups with regards to stream restoration 

projects on park land. 

 

Area of Expertise: 

Restoration ecology, public participation 

26 LG WCC PTS Community Development Coordinator 

Involvement with Stormwater Management:  

Programme Leader for the Social, Cultural and Economic Development of PTS. Works to ensure that PTS is 

implemented in a community development way. Sets up contracts with local community groups and provides 

dispute resolution. 

 

Area of Expertise: 

Community development 

 

 

 

27 LG WCC PTS Project Coordinator 

Involvement with Stormwater Management:  

Environmental Evaluation Leader for PTS. Responsible for monitoring of environmental outcomes and ensuring 

that objectives are met. Tracks progress and audits the quality of work. Does asset handling and looked after 

the development of the GIS system. 

 

Area of Expertise: 

Contract management, environmental monitoring 
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No Group Organisation Role 

28 LG WCC PTS Sustainability Manager 

Involvement with Stormwater Management:  

Environmental Programme Leader for PTS. Has managed the stream rehabilitation programme for the past 4 

years. 

 

Area of Expertise: 

Horticulture, Arborist, Landscape design and architecture 

29 LG WCC PTS Sustainable Engineering Manager  

Involvement with Stormwater Management:  

Responsibility for PTS, sustainable management of WCC quarry, development of TUSC LID model 

 

Area of Expertise: 

Electrical engineering, project management, change management 

30 LG (WCC PTS) Consultant - Community Development 

Involvement with Stormwater Management:  

External advisor to WCC for PTS. Was a councillor in Waitakere City. Helped create Ecocity brand. Established 

community development model for PTS. Resident in PTS catchment (Earthsong Eco-Neighbourhood, Swanson). 

 

Area of Expertise: 

Community development, mediation 

31 Exp (WCC PTS) Consultant - Project Engineer Policy 

Involvement with Stormwater Management:  

External consultant to WCC for PTS from the beginning. Was temporary project manager of PTS. Responsible for 

the purchase process of properties in the floodplain.  

 

Area of Expertise: 

Community development, civil engineering 
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Appendix E – Interview Guide 

Ensure there are no concerns regarding the research and ethical implications. Ask participant 

to sign consent form. 

 

General questions: 

• For the record, please state your name and job position. 

• What is your involvement stormwater management in general and Project Twin 

Streams in particular? 

• What is your area of expertise? 

 

Stormwater management in PTS catchment questions: 

• In your opinion, what are problems associated with stormwater in Project Twin 

Streams catchment? 

• For each in turn, what are the effects of these problems? (Ladder up, look for goal 

type statements and ask for opposites “rather than…?”) 

• For each in turn, what are the causes of these problems? (Ladder down) 

• What are solutions/strategies to overcoming these problems? 

• What are barriers for implementing these solutions? 

• What do you think are key concepts (variables)? 

• Can you identify feedback loops (vicious/virtuous loops)? 
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Appendix F – Stakeholder Analysis Questionnaire 

 

Do you see yourself as a stakeholder with regards to stormwater management? 

Please rate the following groups of stakeholders with regards to their power, legitimacy and 

urgency of their actions in stormwater management.  

 

Definitions of terms: 

Power - the ability to gain access to coercive, utilitarian or normative means to impose its 

will in the relationship (i.e. power to influence stormwater management) 

Legitimacy - the perception or assumption that the actions of an entity are desirable, proper or 

appropriate within some socially constructed system of norms, values, belief and definitions 

(i.e. legitimacy of their actions taken to manage stormwater) 

Urgency - the degree to which stakeholder claims call for immediate attention (i.e. 

importance of stormwater management for the stakeholder) 

 

    low    high  

WCC   

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

ARC  

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

Central Government 
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 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

Community Groups  

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

Iwi 

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

WaiCare 

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

Commercial Developers  

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

Consultants 

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

Planning – Research (Universities) 

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

Engineering and Environmental Science – Research (Universities) 

 Power   1 2 3 4 5 

 Legitimacy  1 2 3 4 5 

 Urgency  1 2 3 4 5 

 

 

Thank you for your time. 
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Appendix G – Concept Listing 

The following table provides the listing of the 1280 concepts that were extracted from the 

cognitive maps or from interview transcripts (raw data). Note that … means rather than. 

No Name 

1 water quality 

2 erosion (channel, stream margin) 

3 vegetation and habitat along the riparian margins  

4 undesirable growth of e.g. algae    

5 diversity of instream fauna     

6 food sources and habitat loss for native fish species        

7 quality and type of estuarine and marine environment         

8 invasive mangroves               

9 sediment quantity               

10 public perception               

11 sediment quality (contamination)              

12 vegetation clearance in upper catchment            

13 high velocity peak flow             

14 flooding along banks and off stream           

15 saturation of soils along stream banks           

16 debris (natural and anthropogenic)             

17 channelising of streams ... meandering            

18 selected plants ... weeds and pests           

19 new weed infestation              

20 stream flow pressure              

21 impervious surfaces               

22 run-off                

23 loss of minor tributaries and ephemeral water courses         

24 entrainment (absorption into the soil)            

25 priority of perennial ... ephemeral streams in assessment of env effects      

26 need for maintenance              

27 public policy perception              

28 develop/subdivide as much as possible            

29 consideration of ecological effects             

30 priority of stream habitat value ... utility          

31 design for urbanisation and public use with a view on economic realities ... to minimise impact in 

greenfield sites 

32 undeveloped area available              

33 LID                

34 model cumulative effects              

35 maximise returns               
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36 interpretation of policy              

37 assess streams individually ... integrated network           

38 riparian planting               

39 shear                

40 roots system/ bank stability             

41 bush planting in upper catchment            

42 TP10                

43 retrofit SW devices in brownfield sites           

44 filtration                

45 LID uptake               

46 cost                

47 awareness                

48 instream habitat               

49 chemical contamination (heavy metals etc)            

50 water temperature               

51 scouring                

52 dissolved oxygen               

53 diversity of fauna (shellfish etc)            

54 pressure to clear mangroves             

55 dredging                

56 don't want to be the first to try new things       

57 dry soil slumps              

58 time to reach stream             

59 pressure                

60 engineering ... ecological perspective             

61 need                

62 new technologies in greenfield sites            

63 clean up stormwater prior to it hitting the stream        

64 retaining flow               

65 slow flow               

66 enforcement of policy              

67 understanding and expertise in local government           

68 cases that need to go through the environment court        

69 reductionist thinking               

70 break up flow              

71 rip out plants              

72 soil type               

73 include upstream areas in PTS            

74 guidelines to achieve hydrologic neutrality            

75 place where planting takes place: close to tributaries ... top of the hill    

76 specifications and requirements (safety, visibility, etc)           

77 housing footprint               

78 aesthetically pleasing               

79 demand for large houses             

80 section size               

81 emphasis on precautionary principle             

82 enhancing current environment              

83 existing policy               

84 council wants to be confident in infrastructure used         

85 does it work?              

86 council trials LID              

87 cross council communication              
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88 integration of council policies             

89 maintenance                

91 understanding of relationships between scales (catchment scale vs site)        

92 contamination                

93 change in surface water flows            

94 erosion                

95 limited understanding of sw effects on micro and macro ecosystems       

96 different perceptions of stakeholders             

97 how to respond to sw problems           

98 communication between science and public            

99 run-off                

100 vehicle use               

101 development                

102 impervious surface area              

103 allowed industrial discharge by consent            

104 stormwater/wastewater cross-connections           

105 overflow into stormwater system             

106 toxic effects               

107 kills                

108 effects on food chain              

109 chronic effects on lifecycle (less offspring etc)          

110 diversity and structure of invertebrate communities           

111 habitat change               

112 man made changes (concrete, bank stabilisation)           

113 loss of vegetation              

114 increasing temperature               

115 decrease DO levels              

116 barriers to movement (weirs, culverts)            

117 public health concern              

118 shellfish gathering               

119 playing                

120 keeping humans safe from flooding and contamination          

121 environmentally sustainable stormwater management             

122 LID                

123 regulations need to allow for that and reflect that        

124 mind-set and value have to be attached to it        

125 education                

126 rewards and incentives for developers            

127 re-creating and re-constructing habitat             

128 clustering                

129 limited knowledge               

130 riparian planting               

131 different policy around the country but in TS same policy       

132 flooding                

133 habitat loss               

134 attracts birds               

135 ecosystem function               

137 when do we see impacts of our actions, what are the delays?     

138 building out from existing bio- diversity hotspots          

139 focus public attention on whole of catchment management ... parts of it     

140 stream rehabilitation               

141 effective allocation of funds             
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142 lack of political support             

143 source control               

144 mitigation                

145 valuing waterways               

146 manage stormwater infrastructure              

147 ICMP                

148 political barriers               

149 3 year electoral pattern             

150 no political wins with stormwater management           

151 politicians link with successful community examples           

152 recovery or change is not fast enough          

153 stormwater is not sexy/attractive             

154 focus on minimising rates increases            

155 fixing up old infrastructure             

156 funding priorities               

159 PTS                

160 community engagement               

161 provision of cycle and walk ways along streams         

162 change in perceptions              

164 social feedback               

165 build new stormwater infrastructure             

167 reticulate                

169 treatment                

171 degradation/ water quality              

172 sediment load               

173 vehicle usage               

174 pollutants/ contaminants               

175 people                

176 dumping                

177 development                

178 impermeable surface               

179 hydrological cycle               

180 accelerated flow               

181 SW run-off               

182 groundwater level               

183 base flow                

184 piping                

185 treatment                

186 earthworks                

187 erosion                

188 wash away macro invertebrates/fish             

189 ecology suffers               

190 food gathering (fish, shellfish)             

191 makes people not care             

192 not very nice to look at           

193 interaction between people and local environment           

194 horticultural land-use               

195 pesticides                

196 soil condition               

197 compaction of soil              

198 deforestation                

199 community education and awareness             
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200 get people involved              

201 regulation                

202 provide education material              

203 encourage WaiCare monitoring              

204 provide access to streams (cycle and walkways)          

205 planting                

206 resource consents               

207 uptake of green technology (water saving devices, energy efficient, building footprints)      

208 TUSC                

209 incentives                

210 cost of green technology, plants, contractors etc          

211 funding                

212 demographics                

213 socio economic status of subgroups            

214 cultures                

215 strength of community              

216 get council to accept what we are doing         

217 PTS activities               

218 promoting ourselves               

219 ease of engagement with community            

220 scope of project not well communicated           

221 follow procedures and protocols             

222 being watched               

223 time available               

224 diversity of fish and macro invertebrates            

225 behaviour                

226 community support for PTS             

227 seasons                

228 recreation                

229 demand                

230 define operational objectives better             

231 ARC resistance               

232 relationship building               

233 nutrient loads               

234 rural land-use               

235 sewage overflows               

236 public health               

237 volunteers available               

238 governance structure               

239 communication between subgroups              

240 weed control               

241 cross council communication              

242 leadership/vision                

243 incorporate LID at the planning stage           

244 wish to learn more about other areas          

245 outcome                

246 realisation that there is a need and demand         

247 outcome                

248 flooding                

249 purchase properties               

250 pollution                

251 damage                
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252 riparian restoration/re-vegetation              

253 bank stability               

254 impermeable surfaces               

255 run-off                

256 peak events               

257 PTS work               

258 erosion                

259 allow development in floodplain             

260 understanding of floodplain and flow paths           

261 public health and safety             

262 obligation of council              

263 people's behaviour               

264 tipping (point-source)               

265 awareness programs at different scales            

266 non-point sources from vehicles             

267 cost to council              

268 managing SW as the basis of social/cultural, ecological and economic well-being      

269 quality treatment (filters, wetlands, ponds etc)           

270 earn a living              

271 modify meandering patterns of streams (straightening)           

272 repair services market              

273 ecological health (immediate and marine)            

274 development                

275 provide cost effective alternatives             

276 knowledge                

277 education                

278 understanding where people can make a difference          

279 cost                

280 rainwater mgt systems at household level (attenuation and treatment)        

281 SW devices in isolation ... treatment train approach         

282 adoption of TUSC              

283 acceptance at central government level            

284 make legal requirement ... being voluntary           

285 support from greater Auckland region            

286 establish external stakeholder group to grow support and knowledge        

287 provide benefits/ financial incentives to applicants           

288 QBL ICMP               

289 quality monitoring               

290 economic opportunities for local industries            

291 knowledge and experience of creating this           

292 community input               

293 remove flood prone properties             

294 suspended sediments               

295 polluted top soil              

296 absorb chemicals               

297 frequency of events              

298 LID uptake               

299 modelling effort               

300 cost/dependence on cars              

301 more aesthetic/good design              

302 willingness to pay more rates            

303 stabilisation with rocks etc             
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304 maintain natural environments              

305 successful examples               

306 cost/benefit perception of developers             

307 attract local workforce              

308 bridge cultural diversity              

309 planting courses at local college            

310 economic uplifting               

311 emission                

312 work-life balance               

313 ARC requirements               

314 discharge consent               

315 boundary issues               

316 land-use with a neutral impact            

317 revised urban development strategy as a requirement          

318 community buy-in               

319 promotion of LID for new development           

320 beautiful habitat for people to enjoy/amenity value          

321 impacts only on small part of community          

322 behavioural change               

323 school curricula               

324 Erosion                

325 Sediment Load               

326 instable stream banks              

327 Pollutant load               

328 wash off the road             

329 pollutants from industrial sites             

330 pollutants from horticulture (load uncertain)            

331 Flooding                

332 damages property               

333 recreation reserves               

334 farming methods               

335 widening and deepening of the stream channel          

336 scarring of landscape              

337 plants uprooted               

338 sediment deposited downstream              

339 secondary flood-path away from stream            

340 threshold effects               

341 public health               

342 public safety               

343 land use                

344 plans for property              

345 cars (tyres, oil droplets, brake lining)           

346 paint                

347 rust                

348 steep stream banks              

349 maximise industrial land area             

351 contamination from past land use            

352 remediation                

353 pushes floodplain to the other side of the stream        

354 plant stream banks              

355 reinforcing stream banks (koi matting, rock)           

356 detaining SW flow and slow release through ponds, detention tanks or wetlands on council land  
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357 effectiveness of sweeper              

358 frequency                

359 controls unenforceable               

360 Re-vegetation                

361 retrofitting road network (sediment filters, ponds etc)          

362 capturing and treatment of SW on site for new developments       

363 sweeping streets               

364 available funds               

365 cooperate with past owners             

366 enforcing water sensitive urban design through the District Plan        

367 slow process               

368 different parts of council don't communicate well          

369 SW quality               

370 does not look very attractive            

371 life in estuary              

372 council wanting to buy properties            

373 uptake of offer              

374 change land use in floodplain            

375 rescue in flood event             

376 how to subdivide              

377 where to build              

378 current knowledge about floodplain             

379 historically subdivisions and development were allowed           

380 release of zinc from galvanised roofs           

381 get rid of material             

382 pollutants from industrial sites             

383 desirability of horticultural product             

384 turning over topsoil              

385 testing soil when subdividing for hotspots           

386 erosive force               

387 capturing and slow release of SW on existing sites        

388 new developments               

389 impermeable surface area              

390 time for implementation              

391 mud from building              

392 controlled through consent              

393 area available               

394 Re-profile stream               

395 horticultural activity               

396 WSUD methods rather than traditional methods           

397 management activities (PTS)              

398 degradation/ water quality              

399 pollution                

400 taking away natural foliage             

401 agricultural and horticultural activities             

402 housing development               

403 streams are dumping grounds             

404 rehabilitating streams (bringing life back) ... restoration          

405 run-off from roofs, bridges, roading            

406 planting                

407 sediment from development              

408 deforesting hills               
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409 erosion/silt from hills, stream banks             

410 leakage from sprays, fertilisers, landfill            

411 life-force/resource                

412 fishing, shellfish gathering              

413 spawning areas               

414 biota health               

415 use streams for recreation             

416 each supports the other             

417 food chain                

418 people                

419 economics                

420 people share knowledge              

421 treatment (source control)              

422 engineering type works (piping, concreting)            

423 natural rehabilitation takes time             

424 natural filtration               

425 break down leach etc             

426 stabilise banks               

427 find loopholes               

428 original and useful species ... weeds           

429 dense root structure              

430 lichen, moss will appear naturally            

431 support diverse animal life             

432 make people aware              

433 sustainable living/work in harmony with nature           

434 work on streams              

435 understand impact of own behaviour, rehabilitation needs          

436 way of living/attitude              

437 people ignore big threats because they don't believe they will be affected     

438 create walks               

439 art                

440 keep it peaceful, eventful, happy            

441 providing statistics, maps              

442 ignorance, suspicion, laziness, can't be bothered, don't want to know, resistance to change    

443 greed/profits                

444 people power (politics, management directors, developers, industry)          

445 scientific knowledge               

446 bureaucracy                

447 developer wants to maximise land area for building ... use LID      

448 avoid costs for proper dumping            

449 impervious surface               

450 fear of losing property             

451 volunteering                

452 regulating                

453 cross-council issues               

454 old infrastructure that was consented to           

455 flooding                

456 council support               

457 school curricula               

458 bureaucracy/ consenting procedures              

459 suspicion towards council activities             

460 streams crossing borders              
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461 suspicion                

462 education                

463 time available               

464 removal of weeds              

465 seasons                

466 cost                

467 good team               

468 money spent on consultation             

469 Flooding                

470 Erosion                

471 Water quality               

472 pollution                

473 public safety               

474 restricted access to property             

475 loss of business income             

476 damage to property              

477 damage to infrastructure              

478 public health               

479 SW mixes with sewage             

480 loss of natural habitat             

481 banks collapsing/stability issues              

482 sediment transport to receiving environment            

483 aquatic life               

484 degradation of receiving environment             

485 run-off from roads/roofs/ commercial car parks           

486 run-off from contaminated land             

487 planting                

488 new development               

489 rate of run-off              

490 vegetation                

491 peak velocity               

492 building in floodplain or in overland flow paths         

493 insufficient capacity of infrastructure             

494 cut-and-fill                

495 impermeable area               

496 buying properties and re-vegetate             

497 shifting properties               

498 not allowing building in floodplain or flow path (regulatory thing, code of practice)    

499 diverting flow (change overland flow path) through bunds         

500 retain soil               

501 detention/ hold peak flow back (rain tanks, ponds)          

502 quality treatment (ponds, swales, rain gardens)            

503 building materials available              

504 people used to traditional construction methods           

505 lack of education              

506 there is no profit in LID           

507 public perception, mind-set              

508 cost                

509 lifecycle cost               

510 lack of research on effectiveness            

511 affordability                

512 unwillingness to pay unless it concerns you          
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513 not enough knowledgeable people             

514 construction errors               

515 uptake of LID              

516 maintenance                

517 lot size (>1000sqm)              

518 raise building               

519 marketing                

520 establish by-laws               

521 enforcement ability               

522 community buy-in               

523 clean-up streams               

524 litter                

525 take pride               

526 ask for retrofit              

527 successful examples               

528 source control/ selected building materials            

529 QBL ICMP               

530 Network Discharge Consent              

531 current council policy              

532 consultation                

533 plant removal               

534 demand                

535 source control/selected building materials             

536 cluster housing               

537 environmental footprint               

538 PTS activities               

539 restrict land-use and intensification             

540 flooding                

541 run-off velocity               

542 absorb pollutants               

543 plant riparian margins              

544 weeds                

545 erosion                

546 too much concrete              

547 root system               

548 water quality               

549 dump garden waste              

550 educating people that they can understand what they can do that they can make a difference 

551 run-off volume               

552 councils require LID approach in new developments          

553 vision of LC              

554 deforestation                

555 pollution                

556 cars                

557 degradation of receiving environment             

558 flushes junk away              

559 safe place to swim and play           

560 shading                

561 stream habitat               

562 excavates old trash              

563 deposit new junk on stream banks            

564 lack of relationship with land            
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565 colonisation                

566 respect for indigenous flora             

567 take responsibility of own backyard            

568 financial incentives               

569 sustainable funding for PTS and environmental education          

570 funding priorities               

571 promotion effort               

572 learn about weeds              

573 water temperature               

574 urbanisation                

575 siltation                

576 ignorance (people not understanding what they can do)         

577 damage                

578 access funding for PTS             

579 food source               

580 washes away fauna              

581 dump rubbish               

582 people don't seem to respect their streams or don't care       

583 rubbish gets buried              

584 rip out plants              

585 desensitization to the natural world            

586 emphasis on human predominance and superiority           

587 connect people with their environment            

588 seeing you as part of ... disassociated from the natural world      

589 perceived dependence from the natural world           

590 including the natural world in one's spiritual life         

591 being able to control the natural world          

592 promoting quick gain without thinking about long-term consequences         

593 cultural acceptance of behaviour             

594 determined effort to eradicate and replace indigenous flora         

595 targeted as agricultural country             

596 create farmland               

597 council provides advice              

598 make it part of school education           

599 sense that it is not important enough to do anything about it     

600 bad town planning              

601 educating council staff              

602 mandatory volunteer program within organisations            

603 number of volunteers              

604 public relations effects              

605 PTS                

610 quantity                

611 flooding                

612 erosion                

613 sediment deposition               

614 contaminants                

615 quality                

616 public safety               

617 economic loss               

618 nuisance                

619 freshwater habitat               

620 kills off invertebrates              
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621 degradation of food chain             

622 aesthetics                

623 channelizing/piping of streams              

624 impervious surface               

625 run-off ... infiltration              

626 land-use change particularly urbanisation             

627 climate change               

628 detention                

629 peak flow               

630 implement low impact design ... standard design          

631 clustering                

632 leave natural areas natural             

633 source control               

634 SW treatment               

635 perceived cost               

636 City Council Codes of Practice and methods          

637 informal opposition               

638 demonstrate successfulness               

639 difference in objectives between local and regional authorities (flooding vs quality/erosion)      

640 streams become wide and shallow            

641 upstream urbanisation higher impact on peak flow          

642 compact and isolated development             

643 phasing out galvanised roofs             

644 muddled thinking and talking past one another because there is no clear-cut definition of LID 

concepts 

645 change tyre composition              

646 level of detail for design standard           

647 TP10 not prescriptive              

648 write equivalent CoP incorporating TP10 guidelines           

649 even if there is interest people get frustrated         

650 by and large District Plans allow for LID         

651 level of detail              

652 street sweeping/vacuuming systems              

653 short-term ... long-term cost             

654 city council try to run budgets           

655 ensure fish passage              

656 subsidise integrated catchment management plans            

657 know what you are managing for           

658 receiving environment               

659 acute pollution/PS               

660 chronic pollution/NPS               

661 stream recovery potential              

662 convert the right people in city councils          

663 put in DP provision that do what we want        

664 building site control              

665 ensure SW treatment              

666 25 SW treatment              

667 3 erosion               

668 behaviour of people living in the catchment          

669 small events (1/2 year)             

670 big events               

671 frequency and intensity              
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672 riparian planting               

673 bureaucracy slows everything down             

674 public awareness               

675 contaminants/ pollution               

676 flooding                

677 reduced groundwater               

678 erosion                

679 houses getting flooded              

680 damage to property              

681 increased sedimentation               

682 sediment holds pollutants              

683 stream bed changed              

684 type of invertebrates change             

685 loss of invertebrates and fish            

686 different algae regime              

687 potential biodiversity loss              

688 long-term function of ecosystem             

689 impact on food web             

690 ecosystem services (food, water, pollinators, providing niche environments)         

691 human use (shelter, food, filtered water, wood)          

692 washes out invertebrates              

693 change to stream bed             

694 impervious surfaces               

695 run-off during rain event             

696 people building               

697 compacting soils               

698 stormwater networks               

699 incorrectly hooked up              

700 dumping                

701 things washing off roads (oil, from cars, litter, paint)        

702 LID (rain gardens, swales, green roofs)            

703 reducing volume/ avoiding peak flow (rain tank) - detention         

704 reducing contaminants               

705 change behaviour               

706 awareness and education              

707 uptake of WaiCare project             

708 looking out for what is happening and reporting         

709 maintenance of stormwater network             

710 effectiveness of treatment devices             

711 using less contaminants to start with (better products, painted roofs) - source control    

712 remove from catchment to landfill            

713 high temperature               

714 treatment                

715 regulate impervious surface area and integrity of soil structure        

716 dig up roads and pavements and put in gardens to get the water into the ground (retrofit) 

717 new technologies (permeable paving)             

718 proper rubbish collecting              

719 expense                

720 limited by how much I can do          

721 uncertainty as to how well it works          

722 it might not be easily available           

723 monitor local stream              
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724 demand                

725 interest in environmental education             

726 clean up through council             

727 funding                

728 council decision               

729 education                

730 action e.g. planting or things kids want to do        

731 dry stream banks              

732 change in plants you can grow there          

733 instability                

734 development in floodplains              

735 washes out invertebrates              

736 changes to stream bed             

737 flooding downstream               

738 tail erosion               

739 development close to streams             

740 SW not managed in the past, just disposed off (piping)       

741 rate of run-off              

742 damage property               

743 harm people               

744 instream habitat               

745 smother stream floor              

746 bank instability               

747 vegetation                

748 sediment                

749 contaminants attach to sediments             

750 development                

751 land is a valuable commodity            

752 standards for flood levels based on 50yr event ... 100yr event      

753 SW seen as a nuisance ... resource to be used       

754 reticulated water as source for drinking water          

755 allow building               

756 easement (legal protection of floodplain)            

757 keep streams natural ... piping            

758 look for alternatives to pipes (soakage systems, detention tanks)        

759 work at outfall              

760 velocity of water released at pipe end          

761 number of points of exit to break up flow        

762 education (builders)               

763 need good examples              

764 education (get people to understand LID methods and why they need to be used)   

765 buy back property              

766 riparian margin               

767 get people involved in planting            

768 look after their streams             

769 plant bush on sides             

770 connection to property              

771 information                

772 proper valuation ... takeover from council           

773 cost of compliance (device, maintenance)            

774 quality of treatment devices             

775 cost of maintenance              
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776 getting information out              

777 councils doing things differently             

778 consistency ... confusion              

779 coastal ecosystem (mangroves, fish)             

780 maximise developed area              

781 remove properties in floodplain             

782 climate change               

783 perception that council asks for ever more          

784 funding                

785 resource consents               

786 willingness to pay more rates            

787 time for consenting procedure             

788 produce clear prescriptive guidelines and documentation           

789 understand when devices are effective and necessary          

790 place in catchment              

791 simplify assessment               

792 impermeable surface               

793 base flow recharge               

794 keep streams alive              

795 District Plan allowance/zoning              

796 water quality               

797 sustainable and resilient river health            

798 biophysical                

799 social connection               

800 water quantity               

801 impermeable surfaces               

802 run-off                

803 biodiversity/ ecosystem integrity              

804 economically viable               

805 physical (geomorphology, hydrology, ground cover/vegetation, topography)           

806 geochemical                

807 ecological                

808 availability of habitat              

809 lack of water retention             

810 viability of habitats              

811 ecosystem services (water to drink, navigation)           

812 recreational values               

813 aesthetic values               

814 spiritual value (relation to place)            

815 prospective or opportunity costs e.g. clean up          

816 intergenerational equity               

817 urbanisation/ development               

818 land-use historical and contemporary             

819 management past and present             

820 policy and planning              

821 on the ground action             

822 more homogenous water channels             

823 loss of vegetation              

825 erosion                

826 loss of wetlands (natural filters)            

827 contaminants from roads              

828 housing design (roof material)             
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829 PS                

830 agriculture                

831 industry                

832 herbicide/pesticide use               

833 allowed/illegal discharge               

834 population density               

835 Re-vegetation/ rehabilitation projects              

836 placement of growth areas             

837 PTS                

838 facilitating societal involvement              

839 Re-instigate and maintain wetlands             

840 change building design codes             

841 filter/ treatment               

842 NPS                

843 source control               

844 clear vision and objectives             

845 information needs and use             

846 cocoon/ knowledge transfer to managers/ to society          

847 societal will and capacity (want to make change)         

848 environmental education               

849 information management/ monitoring              

850 visibility                

851 visibility                

852 developable land available              

853 change in DP              

854 development activities               

856 RMA: definition of suitability for subdivision           

857 aggravation of land-owners as land is barred from development        

858 stormwater solution put forward             

859 cost for interest, holding cost etc           

860 accepted stormwater solution              

861 council requirements they have got so many rules they don't know how to follow them              

862 familiarity with CoP and other policy           

863 expected cost for delay in consenting           

864 design time               

865 delay in consenting process             

866 skill of consenting officer             

867 quality of implemented stormwater solution and products          

868 environmental benefits               

869 time and cost of environmentally sound proposals          

870 getting expert/consultant reports (topography of the land, design specs) in line with own 

requirements   

871 lower time and expense for standard design ... environmentally friendly design      

872 conflict we tell them what to do               

873 assessment so many criteria and the links can be tenuous               

874 ARC policy to compress development into metropolitan urban limits        

875 cost for works (less digging and machine time) and monitoring       

876 assessment people can't keep up and apply all criteria        

877 overall project costs              

878 boundary issues regulate where they are not supposed to              

879 work on knowledge base, experience, what they are told anecdotally amongst office     

880 we get that assessment based on what they feel, what they think ... based on rules 
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881 quality of assessment              

882 lack of skilled staff             

883 each rule can be subjectively perverted depending on who's reading it and whether it gets applied or 

not 

884 existing environmental problems that have not been remedied for centuries             

887 opportunities to remedy at development stage           

888 specialist reports required              

889 associated works               

890 inlet and outlet aspects of the design on site        

891 increased pressure from developers through petitions and complaints         

892 council makes it difficult to develop           

893 market value of land is less than development         

894 cost of parent site and development           

895 retain land without development             

896 generation removed from development             

897 restricted capacity to take new people in          

898 restricting the capital base             

899 application costs               

900 profit expectations and projected ROI            

901 fast track environmentally friendly development plans           

902 more important for council to avoid compromising DP ... provide consent in timely fashion   

903 disjointed LID information in CoP            

904 overall cost of method             

905 flooding                

906 hard surface               

907 urbanisation                

908 being connected with the environment            

909 take responsibility for own actions and behaviour          

910 don't think it's our problem or don't even care        

911 feel we have a right to develop          

912 littering                

913 want council to deal with everything           

914 water quality in streams             

915 synonymous with dumping ground             

916 NPS                

917 PS                

918 car use               

919 living away from work             

920 time available               

921 physically removed               

922 QBL ICMP               

923 behaviour change               

924 PTS planting work              

925 what happens in their own homes           

926 water quality in sea             

928 understanding/ knowledge               

930 education during planting events             

932 it's not easy to change behaviour if you're used to doing things     

933 stormwater management is core council responsibility           

934 ineffective public transportation              

935 employment opportunities close to home            

936 struggling to make ends meet            
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938 opportunities to think              

939 existing stormwater network only affects 40-50% of all stormwater        

940 ask the bigger questions             

941 tours through catchment              

942 respect for council              

943 want to be part of creating solutions          

944 PTS                

945 cross-council buy-in               

946 funding for community work             

947 engagement of iwi              

951 reporting incidences               

952 WaiCare program               

953 development in low lying areas            

954 city reaches tend to be lower gradient          

955 streams are slow flowing             

956 tidal influence               

957 habitat quality               

958 number and diversity of freshwater species           

959 removal of bank side vegetation            

960 straightening, realigning, concrete-lining of channels            

961 flood prevention               

962 species tolerance               

963 one-off spillages (unauthorised illegal or accidental discharge)          

964 fish kills               

965 fish species re-colonisation potential (life span, migratory species)         

966 open up the way for introduced pest          

967 people get upset              

968 sewer systems overflowing              

969 heavy rain               

970 dilution                

971 contaminants spread out very quickly            

972 severely flushed by the increased flows           

973 water quality               

974 refuge to get out of the way          

975 remove sediment               

976 remove contaminants from the bed            

977 remove algae smothering              

978 natural stream reaches upstream of the urban reaches         

979 source of natural food material            

980 invertebrates get dispersed and re-distributed ... dependent on things flying in or migrating 

upstream   

981 size of stream              

982 more silt, muddy bed             

983 shade                

984 water temperature               

985 riparian planting               

986 aesthetic                

987 corridors for wild life             

988 erosion prevention               

989 supply native leaf litter             

990 starts the whole aquatic food chain           

991 fish passage               
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992 people dumping rubbish              

993 threatening property               

994 environmental education               

995 engineering mind-set ... integrated management            

996 pipe mentality ... natural solution            

997 dense riparian planting              

998 reduces flooding               

999 reduces erosion               

1000 improves water quality              

1001 amenity                

1002 biodiversity                

1003 shaping the land              

1004 avoid pipes               

1005 make as much permeable surface as you can ... British lawn mentality     

1006 buying up houses              

1007 create a big basin that the water can flow into ... building bigger pipes   

1008 PTS                

1009 land use management              

1010 avoid residual toxins from cars etc           

1011 education                

1012 regulation                

1013 use detention/water tanks              

1014 dealing with the front end rather than at the back end      

1015 engineers have ruled for so long           

1016 political direction has changed             

1017 new interest               

1018 training is still going in the wrong direction         

1019 universities are geared up to teach the traditional methods        

1020 women are drivers              

1021 people are taught in a linear fashion ... holistically        

1022 talk about trade-offs ... win-wins            

1023 economic tools/ subsidies/incentives              

1024 make development contributions depend on impermeable surface          

1025 change the way we communicate            

1026 leadership from the council             

1027 clarity about means and ends            

1028 engaging our communities              

1029 revaluing the skills of interacting with people          

1030 positions that provide simple practical advice           

1031 language                

1032 flooding                

1033 removal of forest              

1034 building in floodplain              

1035 increases run-off               

1036 reduce evapotranspiration               

1037 transport sediment               

1038 widening stream channels              

1039 take away natural indicators             

1040 natural topography               

1041 destroy property               

1042 endanger life               

1043 unpleasant experience               
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1044 buying property               

1045 remove buildings from floodplain             

1046 understand natural system              

1047 prediction of floods              

1048 flood detention               

1049 building in catchment/ urbanisation             

1050 water quality               

1051 ecosystem health (stream, harbour)             

1052 understanding of impacts limited             

1053 riparian planting               

1054 stabilise sediment               

1055 beautify the area              

1056 community ownership and buy-in, respect of resource          

1057 engage community               

1058 decreases capacity of streams             

1059 flushing of stream banks             

1060 gross pollutants/ littering              

1061 social issues               

1062 lack of knowledge              

1063 scared of change              

1065 conform to CoP              

1066 being in harmony with the system           

1067 social choices               

1068 understanding what being in harmony means           

1069 translating vision into constructive action on the ground         

1070 statutory processes               

1071 history of reticulation              

1072 natural structure is integral to built structure          

1073 poor cousin to waste water and water supply         

1074 it's everywhere               

1075 effective management ... difficult management            

1076 other associated values and problems            

1077 intimate relation to land use            

1078 good programme logic and evaluation of effectiveness of programs        

1079 value of unpiped streams             

1080 ascertain cumulative effects              

1081 effects based regulation              

1082 precision and robustness of statutory tools           

1083 community engagement               

1084 proper investment and research             

1085 being receptive to natural solutions            

1086 complexity and multiple values             

1087 implementing natural and smart solutions            

1088 design solutions are undervalued compared with built solutions         

1089 water is the enemy             

1090 hard to protect intangible values            

1091 overreliance on pipes etc             

1092 maintenance cost               

1093 poor governance models for decentralised infrastructure           

1094 vision for design              

1095 integrate asset replacement              

1096 lack of venture capital mentality            
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1097 test design               

1098 value of infrastructure assets             

1099 conservativism ... innovation              

1100 acceptance of creeping deterioration through disempowerment           

1101 crosses so many bottom lines            

1102 encouragement from seeing effects of own actions          

1103 many stakeholders and their influence            

1104 conveyance                

1105 downstream flooding               

1106 build big ponds to detain the water          

1107 impervious surfaces               

1108 run-off                

1109 water quality               

1110 protect aquatic resources              

1111 LID                

1112 maintenance                

1113 funding                

1114 people are screaming about rates increases           

1115 quality of LID devices             

1116 lack of knowledge              

1117 council construction overview              

1118 available staff               

1119 devices that don't protect aquatic resources as much as we thought      

1120 protect natural features              

1121 rainfall                

1122 reduce amount of work done to stream channel         

1123 CoP and other institutional documents            

1124 willingness to change              

1125 developer profit motif              

1126 set priorities and vision for the land/shared goals         

1127 more success stories              

1128 strict regulatory framework with set baseline           

1129 experienced staff               

1130 effective leadership               

1131 requirement to match funding contributions            

1132 quality of staff              

1133 staff turnover               

1134 losing staff               

1135 RMA not useful for accumulative problems           

1136 people respond best to crises            

1138 ICMP                

1139 clay-based soils               

1140 difficulties with drainage              

1141 narrow mindsets               

1142 broaden their perspective              

1143 spraying                

1144 kill all those worms/life that is in the soil        

1145 retaining biodiversity               

1146 ecosystem services               

1147 ecosystem products               

1148 engagement with their environment             

1149 relaxation to inspiration              
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1150 benefits to society              

1151 we came to think about one of those things only not at all together   

1152 shaping of the land             

1153 designing of water inlets and outlets           

1154 requires management               

1155 turnover of staff              

1156 recognition of the Green Network and PTS          

1157 change in attitudes towards invasive species           

1158 increase in community groups             

1159 way planting is undertaken             

1160 horticultural ... ecological background             

1161 damage to existing habitat             

1162 change in understanding what constitutes good planting practice         

1163 people like to see the pretty plants          

1164 bring staff and contractors up to speed          

1165 reinvasion of weeds from the surrounding land          

1166 being more proactive              

1167 asking the council              

1168 influence the community through the information we make available        

1169 branding of Eco City and Green Network          

1170 pride                

1171 swim in the pool             

1172 catch eels               

1173 road works               

1174 silt got washed down             

1175 stuff chucked in              

1176 cleaning effort               

1177 rainwater                

1178 water tank               

1179 reuse of water              

1180 water going downstream              

1181 flooding                

1182 run-off                

1183 water quality               

1184 planting                

1185 root structure               

1186 stabilise banks               

1187 erosion                

1188 weed removal               

1189 negative experience with council             

1190 not want to plant just to piss the council off       

1191 available information               

1192 if it's going to cost then they won't do it       

1193 turnover of staff in council            

1194 lack of clear communication             

1195 didn't trust us to look after the waterway         

1196 buys streams off residents             

1197 engage the community through planting            

1198 make it interesting through fun, art and music         

1199 understanding an ownership of the problem and also the solution       

1200 new community development model             

1201 community organisation has to show interest before being accepted        
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1202 Arts Coordinator               

1203 economic development opportunities              

1204 reconnecting people with their streams            

1205 wish to be involved in the long-term          

1206 15km walk cycle ways             

1207 bring people in to the stream area          

1208 connect different communities              

1209 get people out of their cars           

1210 council to grasp the concept            

1211 council letting go of control            

1212 understand that engaging community takes time           

1213 seeing plants only or the broader community outcomes         

1214 Long-term governance and funding             

1215 understand the wider sustainability issues            

1216 bring about real change             

1217 helping flora and fauna to come back          

1218 water quality itself will start to improve but not until what's coming into the streams is dealt with 

1219 enabler for other projects e.g. sustainable neighbourhoods          

1220 population growth               

1221 development                

1222 suitability of areas available for development           

1223 harder to build              

1224 topography unsuitable for LID             

1225 budgets                

1226 upgrade projects               

1227 renewal projects               

1228 capacity issues               

1229 treatment devices               

1230 Inlet and outlet design             

1231 health and safety              

1232 overland flow path              

1233 erosion                

1234 implement soft solutions ... hard solutions           

1235 cost of maintenance              

1236 not tested and proven             

1237 perception of people              

1238 Protection of people for a 100 year storm         

1239 knowledge, e.g. how ponds affect the quality           

1240 good direction from ARC             

1241 can't control the private owners maintenance           

1242 detail of SW at zoning stages           

1243 analysing catchment characteristics              

1244 identify protection needs              

1245 better agreement as to what needs to be done        

1246 time to go through bureaucratic process           

1247 own agendas/ personal views             

1248 experience/skill                

1249 difference in goals              

1250 cost                

1251 projects default               

1252 lack of building sites             

1253 drive up prices              
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1254 investment for supporting infrastructure             

1255 better use of time and cost elsewhere          

1256 integration of bodies or policies            

1257 clear CMP               

1258 clear requirements for developers             

1259 costing of stormwater facilities             

1260 later contributions from any developer in the catchment         

1261 gap between the viewpoints between regional and local councils        

1262 staffing problems at council             

1263 lack of land              

1264 cost of development              

1265 delay in income              

1266 prevents getting a competitive price on market          

1267 consultant costs               

1268 delays in council process             

1269 frustration                

1270 land cost               

1271 building cost               

1272 labour is hard to come by           

1273 cost of materials              

1274 sales price               

1275 LID                

1276 maintenance                

1277 use land left for landscaping            

1278 council credit or mandatory             

1279 infrastructure within council is not in place          

1280 ideas that can speed up development process          
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Appendix H – Barrier Interactions – Pair-wise Comparisons 

 

The following tables provide the data sets for the barrier strength analysis in Section 5.6.1 on 

page 199. Note the strength variable signifies that there is a strong reinforcing relationship 

between the left and the right concept. For example, infrastructure lock-in (the existence of 

large pipe networks) strongly reinforce the problem that administrative boundaries do not fit 

with ecosystem boundaries. The rationale is that an increasing pipe network would even more 

enlarge the administrative area and respond even less to the actual hydrological unit 

(catchment). At the end of this Section, statistics are provided that show the total number of 

strong, weak or no interactions (in % and total) for each barrier category pair.  

The direction of influence is from the barrier in the left hand column to the barrier in the right 

hand column. The strength indicator denotes ‘s’ for strong reinforcement, ‘w’ for weak 

reinforcement, and ‘o’ denotes no reinforcement. 

Interactions between practical and structural barriers:  

Practical Strength Structural 

Availability of land suitable for LID w Independent technocratic policy setting and decision making 

Availability of land suitable for LID o Consultants driving the planning process 

Availability of land suitable for LID o Lack of structure for managing decentralised treatment 

devices 

Availability of land suitable for LID w Administrative inertia, bureaucracy 

Structural  Practical 

Independent technocratic policy setting and decision 

making 

o Availability of land suitable for LID 

Consultants driving the planning process o Availability of land suitable for LID 

Lack of structure for managing decentralised treatment 

devices 

o Availability of land suitable for LID 

Administrative inertia, bureaucracy o Availability of land suitable for LID 
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Interactions between practical and internal barriers: 

Internal Strength Practical 

Reductionist thinking including disconnection from the 

natural world 

o Availability of land suitable for LID 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

o Availability of land suitable for LID 

Assumption of a single reality o Availability of land suitable for LID 

Inconsistent definitions of LID, complex ideas  o Availability of land suitable for LID 

Developer perceptions about demand for LID o Availability of land suitable for LID 

Crisis is required before people act o Availability of land suitable for LID 

Entrenched practices/mindsets and resistance to change o Availability of land suitable for LID 

Infrastructure construction and expansion is more 

important than operation and maintenance 

o Availability of land suitable for LID 

Professionals are risk-averse  o Availability of land suitable for LID 

Trust versus control between local government and public o Availability of land suitable for LID 

Expectations about LID performance and cost o Availability of land suitable for LID 

Low value placed on public and place-based knowledge  o Availability of land suitable for LID 

Disrespect towards indigenous knowledge and perspective o Availability of land suitable for LID 

Cultural values preclude the acceptance and use of 

engineered devices 

o Availability of land suitable for LID 

Practical   Internal 

Availability of land suitable for LID w Reductionist thinking including disconnection from the natural 

world 

Availability of land suitable for LID o Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Availability of land suitable for LID w Assumption of a single reality 

Availability of land suitable for LID o Inconsistent definitions of LID, complex ideas  

Availability of land suitable for LID s Developer perceptions about demand for LID 

Availability of land suitable for LID o Crisis is required before people act 

Availability of land suitable for LID w Entrenched practices/mindsets and resistance to change 

Availability of land suitable for LID s Infrastructure construction and expansion is more important 

than operation and maintenance 

Availability of land suitable for LID w Professionals are risk-averse  

Availability of land suitable for LID w Trust versus control between local government and public 

Availability of land suitable for LID w Expectations about LID performance and cost 

Availability of land suitable for LID o Low value placed on public and place-based knowledge  

Availability of land suitable for LID o Disrespect towards indigenous knowledge and perspective 

Availability of land suitable for LID o Cultural values preclude the acceptance and use of engineered 

devices 

 

Interactions between political and legal barriers: 

Political Strength Legal 

Stormwater has low political priority s Lack of legislative mandate 

Stormwater has low political priority w Inconsistent policies across the region 

Stormwater has low political priority w Policies ineffective or counter-productive  

Short election time frames s Lack of legislative mandate 

Short election time frames w Inconsistent policies across the region 

Short election time frames s Policies ineffective or counter-productive  
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Non-exertion of power s Lack of legislative mandate 

Non-exertion of power w Inconsistent policies across the region 

Non-exertion of power s Policies ineffective or counter-productive  

Self-protecting knowledge-power relationships  s Lack of legislative mandate 

Self-protecting knowledge-power relationships  s Inconsistent policies across the region 

Self-protecting knowledge-power relationships  s Policies ineffective or counter-productive  

Divergent stakeholder agendas and objectives s Lack of legislative mandate 

Divergent stakeholder agendas and objectives s Inconsistent policies across the region 

Divergent stakeholder agendas and objectives s Policies ineffective or counter-productive  

Legal Strength Political 

Lack of legislative mandate s Stormwater has low political priority 

Lack of legislative mandate o Short election time frames 

Lack of legislative mandate o Non-exertion of power 

Lack of legislative mandate s Self-protecting knowledge-power relationships  

Lack of legislative mandate s Divergent stakeholder agendas and objectives 

Inconsistent policies across the region w Stormwater has low political priority 

Inconsistent policies across the region o Short election time frames 

Inconsistent policies across the region o Non-exertion of power 

Inconsistent policies across the region w Self-protecting knowledge-power relationships  

Inconsistent policies across the region s Divergent stakeholder agendas and objectives 

Policies ineffective or counter-productive  w Stormwater has low political priority 

Policies ineffective or counter-productive  o Short election time frames 

Policies ineffective or counter-productive  o Non-exertion of power 

Policies ineffective or counter-productive  w Self-protecting knowledge-power relationships  

Policies ineffective or counter-productive  s Divergent stakeholder agendas and objectives 

 

Interactions between political and structural barriers: 

Political Strength Structural and Performance-Related 

Stormwater has low political priority s Independent technocratic policy setting and decision making 

Stormwater has low political priority w Consultants driving the planning process 

Stormwater has low political priority o 

Lack of structure for managing decentralised treatment 

devices 

Stormwater has low political priority o Administrative inertia, bureaucracy 

Short election time frames s Independent technocratic policy setting and decision making 

Short election time frames w Consultants driving the planning process 

Short election time frames o 

Lack of structure for managing decentralised treatment 

devices 

Short election time frames w Administrative inertia, bureaucracy 

Non-exertion of power o Independent technocratic policy setting and decision making 

Non-exertion of power o Consultants driving the planning process 

Non-exertion of power o 

Lack of structure for managing decentralised treatment 

devices 

Non-exertion of power o Administrative inertia, bureaucracy 

Self-protecting knowledge-power relationships  w Independent technocratic policy setting and decision making 

Self-protecting knowledge-power relationships  o Consultants driving the planning process 

Self-protecting knowledge-power relationships  w 

Lack of structure for managing decentralised treatment 

devices 

Self-protecting knowledge-power relationships  s Administrative inertia, bureaucracy 

Divergent stakeholder agendas and objectives o Independent technocratic policy setting and decision making 
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Divergent stakeholder agendas and objectives o Consultants driving the planning process 

Divergent stakeholder agendas and objectives w 

Lack of structure for managing decentralised treatment 

devices 

Divergent stakeholder agendas and objectives o Administrative inertia, bureaucracy 

Structural and Performance-Related Strength Political 

Independent technocratic policy setting and decision making o Stormwater has low political priority 

Consultants driving the planning process o Stormwater has low political priority 

Lack of structure for managing decentralised treatment 

devices o Stormwater has low political priority 

Administrative inertia, bureaucracy o Stormwater has low political priority 

Independent technocratic policy setting and decision making o Short election time frames 

Consultants driving the planning process o Short election time frames 

Lack of structure for managing decentralised treatment 

devices o Short election time frames 

Administrative inertia, bureaucracy o Short election time frames 

Independent technocratic policy setting and decision making w Non-exertion of power 

Consultants driving the planning process o Non-exertion of power 

Lack of structure for managing decentralised treatment 

devices o Non-exertion of power 

Administrative inertia, bureaucracy s Non-exertion of power 

Independent technocratic policy setting and decision making w Self-protecting knowledge-power relationships  

Consultants driving the planning process o Self-protecting knowledge-power relationships  

Lack of structure for managing decentralised treatment 

devices o Self-protecting knowledge-power relationships  

Administrative inertia, bureaucracy o Self-protecting knowledge-power relationships  

Independent technocratic policy setting and decision making w Divergent stakeholder agendas and objectives 

Consultants driving the planning process w Divergent stakeholder agendas and objectives 

Lack of structure for managing decentralised treatment 

devices o Divergent stakeholder agendas and objectives 

Administrative inertia, bureaucracy o Divergent stakeholder agendas and objectives 

 

Interactions between political and communication barriers: 

Communication Strength Political 

Lack of interaction among stakeholders s Stormwater has low political priority 

Lack of interaction among stakeholders o Short election time frames 

Lack of interaction among stakeholders s Non-exertion of power 

Lack of interaction among stakeholders s Self-protecting knowledge-power relationships  

Lack of interaction among stakeholders w Divergent stakeholder agendas and objectives 

Lack of public/stakeholder support  s Stormwater has low political priority 

Lack of public/stakeholder support  o Short election time frames 

Lack of public/stakeholder support  s Non-exertion of power 

Lack of public/stakeholder support  o Self-protecting knowledge-power relationships  

Lack of public/stakeholder support  o Divergent stakeholder agendas and objectives 

Interdisciplinary communication problems of jargon, 

paradigms  o Stormwater has low political priority 

Interdisciplinary communication problems of jargon, 

paradigms  o Short election time frames 

Interdisciplinary communication problems of jargon, 

paradigms  w Non-exertion of power 
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Interdisciplinary communication problems of jargon, 

paradigms  w Self-protecting knowledge-power relationships  

Interdisciplinary communication problems of jargon, 

paradigms  s Divergent stakeholder agendas and objectives 

Lack of skill in communicating effectively with the public s Stormwater has low political priority 

Lack of skill in communicating effectively with the public o Short election time frames 

Lack of skill in communicating effectively with the public s Non-exertion of power 

Lack of skill in communicating effectively with the public w Self-protecting knowledge-power relationships  

Lack of skill in communicating effectively with the public w Divergent stakeholder agendas and objectives 

Political Strength Communication 

Stormwater has low political priority s Lack of interaction among stakeholders 

Short election time frames w Lack of interaction among stakeholders 

Non-exertion of power s Lack of interaction among stakeholders 

Self-protecting knowledge-power relationships  s Lack of interaction among stakeholders 

Divergent stakeholder agendas and objectives s Lack of interaction among stakeholders 

Stormwater has low political priority s Lack of public/stakeholder support  

Short election time frames w Lack of public/stakeholder support  

Non-exertion of power o Lack of public/stakeholder support  

Self-protecting knowledge-power relationships  w Lack of public/stakeholder support  

Divergent stakeholder agendas and objectives w Lack of public/stakeholder support  

Stormwater has low political priority o 

Interdisciplinary communication problems of jargon, 

paradigms  

Short election time frames o 

Interdisciplinary communication problems of jargon, 

paradigms  

Non-exertion of power w 

Interdisciplinary communication problems of jargon, 

paradigms  

Self-protecting knowledge-power relationships  s 

Interdisciplinary communication problems of jargon, 

paradigms  

Divergent stakeholder agendas and objectives s 

Interdisciplinary communication problems of jargon, 

paradigms  

Stormwater has low political priority w Lack of skill in communicating effectively with the public 

Short election time frames o Lack of skill in communicating effectively with the public 

Non-exertion of power w Lack of skill in communicating effectively with the public 

Self-protecting knowledge-power relationships  w Lack of skill in communicating effectively with the public 

Divergent stakeholder agendas and objectives o Lack of skill in communicating effectively with the public 

 

Interactions between political and resource-related barriers: 

Political Strength Resource-related 

Stormwater has low political priority w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Stormwater has low political priority s Lack of clear timelines, goals, and objectives  

Stormwater has low political priority s Lack of money/resources/staff = institutional capacity 

Stormwater has low political priority w Insufficient demonstration projects 

Stormwater has low political priority o Poor community capacity to participate meaningfully  

Short election time frames w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Short election time frames w Lack of clear timelines, goals, and objectives  

Short election time frames w Lack of money/resources/staff = institutional capacity 

Short election time frames o Insufficient demonstration projects 
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Short election time frames o Poor community capacity to participate meaningfully  

Non-exertion of power o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Non-exertion of power o Lack of clear timelines, goals, and objectives  

Non-exertion of power o Lack of money/resources/staff = institutional capacity 

Non-exertion of power o Insufficient demonstration projects 

Non-exertion of power o Poor community capacity to participate meaningfully  

Self-protecting knowledge-power relationships  o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Self-protecting knowledge-power relationships  w Lack of clear timelines, goals, and objectives  

Self-protecting knowledge-power relationships  w Lack of money/resources/staff = institutional capacity 

Self-protecting knowledge-power relationships  o Insufficient demonstration projects 

Self-protecting knowledge-power relationships  o Poor community capacity to participate meaningfully  

Divergent stakeholder agendas and objectives o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Divergent stakeholder agendas and objectives s Lack of clear timelines, goals, and objectives  

Divergent stakeholder agendas and objectives w Lack of money/resources/staff = institutional capacity 

Divergent stakeholder agendas and objectives o Insufficient demonstration projects 

Divergent stakeholder agendas and objectives o Poor community capacity to participate meaningfully  

Resource-related Strength Political 

Lack of leadership and/or stated vision for a sustainable water 

future o Stormwater has low political priority 

Lack of clear timelines, goals, and objectives  o Stormwater has low political priority 

Lack of money/resources/staff = institutional capacity o Stormwater has low political priority 

Insufficient demonstration projects w Stormwater has low political priority 

Poor community capacity to participate meaningfully  w Stormwater has low political priority 

Lack of leadership and/or stated vision for a sustainable water 

future o Short election time frames 

Lack of clear timelines, goals, and objectives  o Short election time frames 

Lack of money/resources/staff = institutional capacity o Short election time frames 

Insufficient demonstration projects o Short election time frames 

Poor community capacity to participate meaningfully  o Short election time frames 

Lack of leadership and/or stated vision for a sustainable water 

future w Non-exertion of power 

Lack of clear timelines, goals, and objectives  o Non-exertion of power 

Lack of money/resources/staff = institutional capacity w Non-exertion of power 

Insufficient demonstration projects w Non-exertion of power 

Poor community capacity to participate meaningfully  s Non-exertion of power 

Lack of leadership and/or stated vision for a sustainable water 

future w Self-protecting knowledge-power relationships  

Lack of clear timelines, goals, and objectives  s Self-protecting knowledge-power relationships  

Lack of money/resources/staff = institutional capacity o Self-protecting knowledge-power relationships  

Insufficient demonstration projects o Self-protecting knowledge-power relationships  

Poor community capacity to participate meaningfully  w Self-protecting knowledge-power relationships  

Lack of leadership and/or stated vision for a sustainable water 

future w Divergent stakeholder agendas and objectives 

Lack of clear timelines, goals, and objectives  s Divergent stakeholder agendas and objectives 

Lack of money/resources/staff = institutional capacity o Divergent stakeholder agendas and objectives 

Insufficient demonstration projects o Divergent stakeholder agendas and objectives 

Poor community capacity to participate meaningfully  o Divergent stakeholder agendas and objectives 
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Interactions between political and financial barriers: 

Political Strength Financial 

Stormwater has low political priority o High capital and maintenance costs 

Stormwater has low political priority s Lack of funding  

Stormwater has low political priority o Problems incorporating externalities in cost calculations 

Stormwater has low political priority o Lack of incentives and disincentives 

Short election time frames o High capital and maintenance costs 

Short election time frames o Lack of funding  

Short election time frames o Problems incorporating externalities in cost calculations 

Short election time frames o Lack of incentives and disincentives 

Non-exertion of power o High capital and maintenance costs 

Non-exertion of power o Lack of funding  

Non-exertion of power o Problems incorporating externalities in cost calculations 

Non-exertion of power o Lack of incentives and disincentives 

Self-protecting knowledge-power relationships  o High capital and maintenance costs 

Self-protecting knowledge-power relationships  w Lack of funding  

Self-protecting knowledge-power relationships  w Problems incorporating externalities in cost calculations 

Self-protecting knowledge-power relationships  w Lack of incentives and disincentives 

Divergent stakeholder agendas and objectives o High capital and maintenance costs 

Divergent stakeholder agendas and objectives s Lack of funding  

Divergent stakeholder agendas and objectives o Problems incorporating externalities in cost calculations 

Divergent stakeholder agendas and objectives w Lack of incentives and disincentives 

Financial Strength Political 

High capital and maintenance costs o Stormwater has low political priority 

High capital and maintenance costs w Short election time frames 

High capital and maintenance costs o Non-exertion of power 

High capital and maintenance costs s Self-protecting knowledge-power relationships  

High capital and maintenance costs s Divergent stakeholder agendas and objectives 

Lack of funding  o Stormwater has low political priority 

Lack of funding  o Short election time frames 

Lack of funding  w Non-exertion of power 

Lack of funding  o Self-protecting knowledge-power relationships  

Lack of funding  o Divergent stakeholder agendas and objectives 

Problems incorporating externalities in cost calculations o Stormwater has low political priority 

Problems incorporating externalities in cost calculations o Short election time frames 

Problems incorporating externalities in cost calculations o Non-exertion of power 

Problems incorporating externalities in cost calculations o Self-protecting knowledge-power relationships  

Problems incorporating externalities in cost calculations o Divergent stakeholder agendas and objectives 

Lack of incentives and disincentives s Stormwater has low political priority 

Lack of incentives and disincentives o Short election time frames 

Lack of incentives and disincentives s Non-exertion of power 

Lack of incentives and disincentives o Self-protecting knowledge-power relationships  

Lack of incentives and disincentives w Divergent stakeholder agendas and objectives 
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Interactions between political and educational barriers: 

Political Strength Educational/Knowledge 

Stormwater has low political priority o 

Conventional compartmentalised education at universities 

and in schools 

Stormwater has low political priority o Dominance of technical engineering knowledge 

Stormwater has low political priority s Lack of knowledge about environmental effects 

Stormwater has low political priority s 

Lack of knowledge and experience in implementing and 

assessing LID  

Short election time frames o 

Conventional compartmentalised education at universities 

and in schools 

Short election time frames w Dominance of technical engineering knowledge 

Short election time frames w Lack of knowledge about environmental effects 

Short election time frames w 

Lack of knowledge and experience in implementing and 

assessing LID  

Non-exertion of power o 

Conventional compartmentalised education at universities 

and in schools 

Non-exertion of power o Dominance of technical engineering knowledge 

Non-exertion of power o Lack of knowledge about environmental effects 

Non-exertion of power o 

Lack of knowledge and experience in implementing and 

assessing LID  

Self-protecting knowledge-power relationships  o 

Conventional compartmentalised education at universities 

and in schools 

Self-protecting knowledge-power relationships  s Dominance of technical engineering knowledge 

Self-protecting knowledge-power relationships  o Lack of knowledge about environmental effects 

Self-protecting knowledge-power relationships  w 

Lack of knowledge and experience in implementing and 

assessing LID  

Divergent stakeholder agendas and objectives o 

Conventional compartmentalised education at universities 

and in schools 

Divergent stakeholder agendas and objectives o Dominance of technical engineering knowledge 

Divergent stakeholder agendas and objectives o Lack of knowledge about environmental effects 

Divergent stakeholder agendas and objectives w 

Lack of knowledge and experience in implementing and 

assessing LID  

Educational/Knowledge Strength Political 

Conventional compartmentalised education at universities 

and in schools w Stormwater has low political priority 

Dominance of technical engineering knowledge s Stormwater has low political priority 

Lack of knowledge about environmental effects s Stormwater has low political priority 

Lack of knowledge and experience in implementing and 

assessing LID  w Stormwater has low political priority 

Conventional compartmentalised education at universities 

and in schools o Short election time frames 

Dominance of technical engineering knowledge o Short election time frames 

Lack of knowledge about environmental effects o Short election time frames 

Lack of knowledge and experience in implementing and 

assessing LID  o Short election time frames 

Conventional compartmentalised education at universities 

and in schools w Non-exertion of power 

Dominance of technical engineering knowledge s Non-exertion of power 

Lack of knowledge about environmental effects o Non-exertion of power 

Lack of knowledge and experience in implementing and 

assessing LID  o Non-exertion of power 

Conventional compartmentalised education at universities 

and in schools o Self-protecting knowledge-power relationships  

Dominance of technical engineering knowledge w Self-protecting knowledge-power relationships  

Lack of knowledge about environmental effects o Self-protecting knowledge-power relationships  
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Lack of knowledge and experience in implementing and 

assessing LID  o Self-protecting knowledge-power relationships  

Conventional compartmentalised education at universities 

and in schools w Divergent stakeholder agendas and objectives 

Dominance of technical engineering knowledge o Divergent stakeholder agendas and objectives 

Lack of knowledge about environmental effects s Divergent stakeholder agendas and objectives 

Lack of knowledge and experience in implementing and 

assessing LID  w Divergent stakeholder agendas and objectives 

 

Interactions between political and internal barriers: 

Internal Strength Political 

Reductionist thinking including disconnection from the 

natural world s Stormwater has low political priority 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) s Stormwater has low political priority 

Assumption of a single reality s Stormwater has low political priority 

Inconsistent definitions of LID, complex ideas  s Stormwater has low political priority 

Developer perceptions about demand for LID s Stormwater has low political priority 

Crisis is required before people act s Stormwater has low political priority 

Entrenched practices/mindsets and resistance to change s Stormwater has low political priority 

Infrastructure construction and expansion is more 

important than operation and maintenance w Stormwater has low political priority 

Professionals are risk-averse  w Stormwater has low political priority 

Trust versus control between local government and public w Stormwater has low political priority 

Expectations about LID performance and cost s Stormwater has low political priority 

Low value placed on public and place-based knowledge  w Stormwater has low political priority 

Disrespect towards indigenous knowledge and perspective w Stormwater has low political priority 

Cultural values preclude the acceptance and use of 

engineered devices o Stormwater has low political priority 

Reductionist thinking including disconnection from the 

natural world w Short election time frames 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) o Short election time frames 

Assumption of a single reality w Short election time frames 

Inconsistent definitions of LID, complex ideas  o Short election time frames 

Developer perceptions about demand for LID o Short election time frames 

Crisis is required before people act o Short election time frames 

Entrenched practices/mindsets and resistance to change o Short election time frames 

Infrastructure construction and expansion is more 

important than operation and maintenance o Short election time frames 

Professionals are risk-averse  s Short election time frames 

Trust versus control between local government and public w Short election time frames 

Expectations about LID performance and cost o Short election time frames 

Low value placed on public and place-based knowledge  o Short election time frames 

Disrespect towards indigenous knowledge and perspective w Short election time frames 

Cultural values preclude the acceptance and use of 

engineered devices o Short election time frames 

Reductionist thinking including disconnection from the 

natural world s Non-exertion of power 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) s Non-exertion of power 

Assumption of a single reality w Non-exertion of power 
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Inconsistent definitions of LID, complex ideas  w Non-exertion of power 

Developer perceptions about demand for LID o Non-exertion of power 

Crisis is required before people act s Non-exertion of power 

Entrenched practices/mindsets and resistance to change s Non-exertion of power 

Infrastructure construction and expansion is more 

important than operation and maintenance o Non-exertion of power 

Professionals are risk-averse  o Non-exertion of power 

Trust versus control between local government and public s Non-exertion of power 

Expectations about LID performance and cost w Non-exertion of power 

Low value placed on public and place-based knowledge  o Non-exertion of power 

Disrespect towards indigenous knowledge and perspective w Non-exertion of power 

Cultural values preclude the acceptance and use of 

engineered devices o Non-exertion of power 

Reductionist thinking including disconnection from the 

natural world o Self-protecting knowledge-power relationships  

Not seeing LID achieving multiple objectives (stormwater, 

urban features) w Self-protecting knowledge-power relationships  

Assumption of a single reality o Self-protecting knowledge-power relationships  

Inconsistent definitions of LID, complex ideas  w Self-protecting knowledge-power relationships  

Developer perceptions about demand for LID o Self-protecting knowledge-power relationships  

Crisis is required before people act s Self-protecting knowledge-power relationships  

Entrenched practices/mindsets and resistance to change w Self-protecting knowledge-power relationships  

Infrastructure construction and expansion is more 

important than operation and maintenance w Self-protecting knowledge-power relationships  

Professionals are risk-averse  s Self-protecting knowledge-power relationships  

Trust versus control between local government and public s Self-protecting knowledge-power relationships  

Expectations about LID performance and cost o Self-protecting knowledge-power relationships  

Low value placed on public and place-based knowledge  o Self-protecting knowledge-power relationships  

Disrespect towards indigenous knowledge and perspective o Self-protecting knowledge-power relationships  

Cultural values preclude the acceptance and use of 

engineered devices o Self-protecting knowledge-power relationships  

Reductionist thinking including disconnection from the 

natural world s Divergent stakeholder agendas and objectives 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) o Divergent stakeholder agendas and objectives 

Assumption of a single reality o Divergent stakeholder agendas and objectives 

Inconsistent definitions of LID, complex ideas  w Divergent stakeholder agendas and objectives 

Developer perceptions about demand for LID o Divergent stakeholder agendas and objectives 

Crisis is required before people act s Divergent stakeholder agendas and objectives 

Entrenched practices/mindsets and resistance to change s Divergent stakeholder agendas and objectives 

Infrastructure construction and expansion is more 

important than operation and maintenance o Divergent stakeholder agendas and objectives 

Professionals are risk-averse  o Divergent stakeholder agendas and objectives 

Trust versus control between local government and public o Divergent stakeholder agendas and objectives 

Expectations about LID performance and cost o Divergent stakeholder agendas and objectives 

Low value placed on public and place-based knowledge  o Divergent stakeholder agendas and objectives 

Disrespect towards indigenous knowledge and perspective o Divergent stakeholder agendas and objectives 

Cultural values preclude the acceptance and use of 

engineered devices o Divergent stakeholder agendas and objectives 

Political Strength Internal 

Stormwater has low political priority w 

Reductionist thinking including disconnection from the natural 

world 
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Stormwater has low political priority w 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Stormwater has low political priority o Assumption of a single reality 

Stormwater has low political priority o Inconsistent definitions of LID, complex ideas  

Stormwater has low political priority o Developer perceptions about demand for LID 

Stormwater has low political priority s Crisis is required before people act 

Stormwater has low political priority w Entrenched practices/mindsets and resistance to change 

Stormwater has low political priority o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Stormwater has low political priority w Professionals are risk-averse  

Stormwater has low political priority w Trust versus control between local government and public 

Stormwater has low political priority w Expectations about LID performance and cost 

Stormwater has low political priority s Low value placed on public and place-based knowledge  

Stormwater has low political priority w Disrespect towards indigenous knowledge and perspective 

Stormwater has low political priority o 

Cultural values preclude the acceptance and use of engineered 

devices 

Short election time frames w 

Reductionist thinking including disconnection from the natural 

world 

Short election time frames o 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Short election time frames w Assumption of a single reality 

Short election time frames w Inconsistent definitions of LID, complex ideas  

Short election time frames o Developer perceptions about demand for LID 

Short election time frames o Crisis is required before people act 

Short election time frames o Entrenched practices/mindsets and resistance to change 

Short election time frames w 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Short election time frames w Professionals are risk-averse  

Short election time frames w Trust versus control between local government and public 

Short election time frames o Expectations about LID performance and cost 

Short election time frames s Low value placed on public and place-based knowledge  

Short election time frames w Disrespect towards indigenous knowledge and perspective 

Short election time frames o 

Cultural values preclude the acceptance and use of engineered 

devices 

Non-exertion of power o 

Reductionist thinking including disconnection from the natural 

world 

Non-exertion of power s 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Non-exertion of power s Assumption of a single reality 

Non-exertion of power o Inconsistent definitions of LID, complex ideas  

Non-exertion of power s Developer perceptions about demand for LID 

Non-exertion of power o Crisis is required before people act 

Non-exertion of power w Entrenched practices/mindsets and resistance to change 

Non-exertion of power o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Non-exertion of power o Professionals are risk-averse  

Non-exertion of power s Trust versus control between local government and public 

Non-exertion of power o Expectations about LID performance and cost 

Non-exertion of power s Low value placed on public and place-based knowledge  

Non-exertion of power s Disrespect towards indigenous knowledge and perspective 

Non-exertion of power o 

Cultural values preclude the acceptance and use of engineered 

devices 
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Self-protecting knowledge-power relationships  s 

Reductionist thinking including disconnection from the natural 

world 

Self-protecting knowledge-power relationships  s 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Self-protecting knowledge-power relationships  s Assumption of a single reality 

Self-protecting knowledge-power relationships  w Inconsistent definitions of LID, complex ideas  

Self-protecting knowledge-power relationships  o Developer perceptions about demand for LID 

Self-protecting knowledge-power relationships  o Crisis is required before people act 

Self-protecting knowledge-power relationships  s Entrenched practices/mindsets and resistance to change 

Self-protecting knowledge-power relationships  o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Self-protecting knowledge-power relationships  s Professionals are risk-averse  

Self-protecting knowledge-power relationships  o Trust versus control between local government and public 

Self-protecting knowledge-power relationships  s Expectations about LID performance and cost 

Self-protecting knowledge-power relationships  w Low value placed on public and place-based knowledge  

Self-protecting knowledge-power relationships  w Disrespect towards indigenous knowledge and perspective 

Self-protecting knowledge-power relationships  o 

Cultural values preclude the acceptance and use of engineered 

devices 

Divergent stakeholder agendas and objectives o 

Reductionist thinking including disconnection from the natural 

world 

Divergent stakeholder agendas and objectives o 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Divergent stakeholder agendas and objectives s Assumption of a single reality 

Divergent stakeholder agendas and objectives s Inconsistent definitions of LID, complex ideas  

Divergent stakeholder agendas and objectives o Developer perceptions about demand for LID 

Divergent stakeholder agendas and objectives o Crisis is required before people act 

Divergent stakeholder agendas and objectives w Entrenched practices/mindsets and resistance to change 

Divergent stakeholder agendas and objectives o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Divergent stakeholder agendas and objectives o Professionals are risk-averse  

Divergent stakeholder agendas and objectives w Trust versus control between local government and public 

Divergent stakeholder agendas and objectives o Expectations about LID performance and cost 

Divergent stakeholder agendas and objectives o Low value placed on public and place-based knowledge  

Divergent stakeholder agendas and objectives o Disrespect towards indigenous knowledge and perspective 

Divergent stakeholder agendas and objectives o 

Cultural values preclude the acceptance and use of engineered 

devices 

 

Interactions between legal and structural barriers: 

Legal Strength Structural and Performance-Related 

Lack of legislative mandate s Independent technocratic policy setting and decision making 

Lack of legislative mandate o Consultants driving the planning process 

Lack of legislative mandate s 

Lack of structure for managing decentralised treatment 

devices 

Lack of legislative mandate w Administrative inertia, bureaucracy 

Inconsistent policies across the region w Independent technocratic policy setting and decision making 

Inconsistent policies across the region s Consultants driving the planning process 

Inconsistent policies across the region w 

Lack of structure for managing decentralised treatment 

devices 

Inconsistent policies across the region s Administrative inertia, bureaucracy 

Policies ineffective or counter-productive  s Independent technocratic policy setting and decision making 

Policies ineffective or counter-productive  w Consultants driving the planning process 
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Policies ineffective or counter-productive  s 

Lack of structure for managing decentralised treatment 

devices 

Policies ineffective or counter-productive  s Administrative inertia, bureaucracy 

Structural and Performance-Related Strength Legal 

Independent technocratic policy setting and decision 

making w Lack of legislative mandate 

Independent technocratic policy setting and decision 

making o Inconsistent policies across the region 

Independent technocratic policy setting and decision 

making s Policies ineffective or counter-productive  

Consultants driving the planning process w Lack of legislative mandate 

Consultants driving the planning process s Inconsistent policies across the region 

Consultants driving the planning process s Policies ineffective or counter-productive  

Lack of structure for managing decentralised treatment 

devices o Lack of legislative mandate 

Lack of structure for managing decentralised treatment 

devices o Inconsistent policies across the region 

Lack of structure for managing decentralised treatment 

devices o Policies ineffective or counter-productive  

Administrative inertia, bureaucracy s Lack of legislative mandate 

Administrative inertia, bureaucracy w Inconsistent policies across the region 

Administrative inertia, bureaucracy s Policies ineffective or counter-productive  

 

Interactions between legal and communication barriers: 

Communication Strength Legal 

Lack of interaction among stakeholders s Lack of legislative mandate 

Lack of interaction among stakeholders s Inconsistent policies across the region 

Lack of interaction among stakeholders s Policies ineffective or counter-productive  

Lack of public/stakeholder support  s Lack of legislative mandate 

Lack of public/stakeholder support  s Inconsistent policies across the region 

Lack of public/stakeholder support  s Policies ineffective or counter-productive  

Interdisciplinary communication problems of jargon, 

paradigms  o Lack of legislative mandate 

Interdisciplinary communication problems of jargon, 

paradigms  s Inconsistent policies across the region 

Interdisciplinary communication problems of jargon, 

paradigms  s Policies ineffective or counter-productive  

Lack of skill in communicating effectively with the public w Lack of legislative mandate 

Lack of skill in communicating effectively with the public o Inconsistent policies across the region 

Lack of skill in communicating effectively with the public s Policies ineffective or counter-productive  

Legal Strength Communication 

Lack of legislative mandate s Lack of interaction among stakeholders 

Inconsistent policies across the region o Lack of interaction among stakeholders 

Policies ineffective or counter-productive  s Lack of interaction among stakeholders 

Lack of legislative mandate w Lack of public/stakeholder support  

Inconsistent policies across the region s Lack of public/stakeholder support  

Policies ineffective or counter-productive  s Lack of public/stakeholder support  

Lack of legislative mandate o 

Interdisciplinary communication problems of jargon, 

paradigms  

Inconsistent policies across the region o 

Interdisciplinary communication problems of jargon, 

paradigms  

Policies ineffective or counter-productive  o 

Interdisciplinary communication problems of jargon, 

paradigms  
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Lack of legislative mandate o Lack of skill in communicating effectively with the public 

Inconsistent policies across the region o Lack of skill in communicating effectively with the public 

Policies ineffective or counter-productive  o Lack of skill in communicating effectively with the public 

 

Interactions between legal and resource-related barriers: 

Legal Strength Resource-related 

Lack of legislative mandate o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of legislative mandate s Lack of clear timelines, goals, and objectives  

Lack of legislative mandate s Lack of money/resources/staff = institutional capacity 

Lack of legislative mandate w Insufficient demonstration projects 

Lack of legislative mandate o Poor community capacity to participate meaningfully  

Inconsistent policies across the region o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Inconsistent policies across the region s Lack of clear timelines, goals, and objectives  

Inconsistent policies across the region w Lack of money/resources/staff = institutional capacity 

Inconsistent policies across the region w Insufficient demonstration projects 

Inconsistent policies across the region o Poor community capacity to participate meaningfully  

Policies ineffective or counter-productive  o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Policies ineffective or counter-productive  o Lack of clear timelines, goals, and objectives  

Policies ineffective or counter-productive  w Lack of money/resources/staff = institutional capacity 

Policies ineffective or counter-productive  o Insufficient demonstration projects 

Policies ineffective or counter-productive  o Poor community capacity to participate meaningfully  

Resource-related Strength Legal 

Lack of leadership and/or stated vision for a sustainable 

water future o Lack of legislative mandate 

Lack of clear timelines, goals, and objectives  o Lack of legislative mandate 

Lack of money/resources/staff = institutional capacity o Lack of legislative mandate 

Insufficient demonstration projects o Lack of legislative mandate 

Poor community capacity to participate meaningfully  o Lack of legislative mandate 

Lack of leadership and/or stated vision for a sustainable 

water future o Inconsistent policies across the region 

Lack of clear timelines, goals, and objectives  s Inconsistent policies across the region 

Lack of money/resources/staff = institutional capacity w Inconsistent policies across the region 

Insufficient demonstration projects o Inconsistent policies across the region 

Poor community capacity to participate meaningfully  o Inconsistent policies across the region 

Lack of leadership and/or stated vision for a sustainable 

water future o Policies ineffective or counter-productive  

Lack of clear timelines, goals, and objectives  s Policies ineffective or counter-productive  

Lack of money/resources/staff = institutional capacity w Policies ineffective or counter-productive  

Insufficient demonstration projects w Policies ineffective or counter-productive  

Poor community capacity to participate meaningfully  o Policies ineffective or counter-productive  
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Interactions between legal and financial barriers: 

Legal Strength Financial 

Lack of legislative mandate o High capital and maintenance costs 

Lack of legislative mandate s Lack of funding  

Lack of legislative mandate o Problems incorporating externalities in cost calculations 

Lack of legislative mandate w Lack of incentives and disincentives 

Inconsistent policies across the region o High capital and maintenance costs 

Inconsistent policies across the region o Lack of funding  

Inconsistent policies across the region o Problems incorporating externalities in cost calculations 

Inconsistent policies across the region o Lack of incentives and disincentives 

Policies ineffective or counter-productive  s High capital and maintenance costs 

Policies ineffective or counter-productive  o Lack of funding  

Policies ineffective or counter-productive  o Problems incorporating externalities in cost calculations 

Policies ineffective or counter-productive  o Lack of incentives and disincentives 

Financial Strength Legal 

High capital and maintenance costs o Lack of legislative mandate 

High capital and maintenance costs o Inconsistent policies across the region 

High capital and maintenance costs o Policies ineffective or counter-productive  

Lack of funding  o Lack of legislative mandate 

Lack of funding  o Inconsistent policies across the region 

Lack of funding  w Policies ineffective or counter-productive  

Problems incorporating externalities in cost calculations o Lack of legislative mandate 

Problems incorporating externalities in cost calculations o Inconsistent policies across the region 

Problems incorporating externalities in cost calculations w Policies ineffective or counter-productive  

Lack of incentives and disincentives o Lack of legislative mandate 

Lack of incentives and disincentives o Inconsistent policies across the region 

Lack of incentives and disincentives s Policies ineffective or counter-productive  

 

Interactions between structural and communication barriers: 

Structural and Performance-Related Strength Communication 

Independent technocratic policy setting and decision making s Lack of interaction among stakeholders 

Consultants driving the planning process s Lack of interaction among stakeholders 

Lack of structure for managing decentralised treatment 

devices w Lack of interaction among stakeholders 

Administrative inertia, bureaucracy s Lack of interaction among stakeholders 

Independent technocratic policy setting and decision making s Lack of public/stakeholder support  

Consultants driving the planning process s Lack of public/stakeholder support  

Lack of structure for managing decentralised treatment 

devices s Lack of public/stakeholder support  

Administrative inertia, bureaucracy s Lack of public/stakeholder support  

Independent technocratic policy setting and decision making o 

Interdisciplinary communication problems of jargon, 

paradigms  

Consultants driving the planning process w 

Interdisciplinary communication problems of jargon, 

paradigms  
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Lack of structure for managing decentralised treatment 

devices o 

Interdisciplinary communication problems of jargon, 

paradigms  

Administrative inertia, bureaucracy w 

Interdisciplinary communication problems of jargon, 

paradigms  

Independent technocratic policy setting and decision making s Lack of skill in communicating effectively with the public 

Consultants driving the planning process s Lack of skill in communicating effectively with the public 

Lack of structure for managing decentralised treatment 

devices o Lack of skill in communicating effectively with the public 

Administrative inertia, bureaucracy s Lack of skill in communicating effectively with the public 

Communication Strength Structural and Performance-Related 

Lack of interaction among stakeholders s Independent technocratic policy setting and decision making 

Lack of interaction among stakeholders w Consultants driving the planning process 

Lack of interaction among stakeholders w 

Lack of structure for managing decentralised treatment 

devices 

Lack of interaction among stakeholders o Administrative inertia, bureaucracy 

Lack of public/stakeholder support  w Independent technocratic policy setting and decision making 

Lack of public/stakeholder support  w Consultants driving the planning process 

Lack of public/stakeholder support  o 

Lack of structure for managing decentralised treatment 

devices 

Lack of public/stakeholder support  o Administrative inertia, bureaucracy 

Interdisciplinary communication problems of jargon, 

paradigms  w Independent technocratic policy setting and decision making 

Interdisciplinary communication problems of jargon, 

paradigms  w Consultants driving the planning process 

Interdisciplinary communication problems of jargon, 

paradigms  o 

Lack of structure for managing decentralised treatment 

devices 

Interdisciplinary communication problems of jargon, 

paradigms  s Administrative inertia, bureaucracy 

Lack of skill in communicating effectively with the public o Independent technocratic policy setting and decision making 

Lack of skill in communicating effectively with the public o Consultants driving the planning process 

Lack of skill in communicating effectively with the public o 

Lack of structure for managing decentralised treatment 

devices 

Lack of skill in communicating effectively with the public o Administrative inertia, bureaucracy 

 

Interactions between structural and resource-related barriers: 

Structural and Performance-Related Strength Resource-related 

Independent technocratic policy setting and decision making w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Independent technocratic policy setting and decision making w Lack of clear timelines, goals, and objectives  

Independent technocratic policy setting and decision making o Lack of money/resources/staff = institutional capacity 

Independent technocratic policy setting and decision making o Insufficient demonstration projects 

Independent technocratic policy setting and decision making w Poor community capacity to participate meaningfully  

Consultants driving the planning process w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Consultants driving the planning process w Lack of clear timelines, goals, and objectives  

Consultants driving the planning process s Lack of money/resources/staff = institutional capacity 

Consultants driving the planning process w Insufficient demonstration projects 

Consultants driving the planning process o Poor community capacity to participate meaningfully  

Lack of structure for managing decentralised treatment 

devices o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of structure for managing decentralised treatment 

devices o Lack of clear timelines, goals, and objectives  

Lack of structure for managing decentralised treatment 

devices o Lack of money/resources/staff = institutional capacity 
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Lack of structure for managing decentralised treatment 

devices s Insufficient demonstration projects 

Lack of structure for managing decentralised treatment 

devices o Poor community capacity to participate meaningfully  

Administrative inertia, bureaucracy w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Administrative inertia, bureaucracy s Lack of clear timelines, goals, and objectives  

Administrative inertia, bureaucracy s Lack of money/resources/staff = institutional capacity 

Administrative inertia, bureaucracy w Insufficient demonstration projects 

Administrative inertia, bureaucracy o Poor community capacity to participate meaningfully  

Resource-related Strength Structural and Performance-Related 

Lack of leadership and/or stated vision for a sustainable water 

future s Independent technocratic policy setting and decision making 

Lack of leadership and/or stated vision for a sustainable water 

future w Consultants driving the planning process 

Lack of leadership and/or stated vision for a sustainable water 

future o 

Lack of structure for managing decentralised treatment 

devices 

Lack of leadership and/or stated vision for a sustainable water 

future w Administrative inertia, bureaucracy 

Lack of clear timelines, goals, and objectives  o Independent technocratic policy setting and decision making 

Lack of clear timelines, goals, and objectives  s Consultants driving the planning process 

Lack of clear timelines, goals, and objectives  o 

Lack of structure for managing decentralised treatment 

devices 

Lack of clear timelines, goals, and objectives  s Administrative inertia, bureaucracy 

Lack of money/resources/staff = institutional capacity o Independent technocratic policy setting and decision making 

Lack of money/resources/staff = institutional capacity s Consultants driving the planning process 

Lack of money/resources/staff = institutional capacity s 

Lack of structure for managing decentralised treatment 

devices 

Lack of money/resources/staff = institutional capacity s Administrative inertia, bureaucracy 

Insufficient demonstration projects o Independent technocratic policy setting and decision making 

Insufficient demonstration projects o Consultants driving the planning process 

Insufficient demonstration projects o 

Lack of structure for managing decentralised treatment 

devices 

Insufficient demonstration projects o Administrative inertia, bureaucracy 

Poor community capacity to participate meaningfully  s Independent technocratic policy setting and decision making 

Poor community capacity to participate meaningfully  o Consultants driving the planning process 

Poor community capacity to participate meaningfully  s 

Lack of structure for managing decentralised treatment 

devices 

Poor community capacity to participate meaningfully  w Administrative inertia, bureaucracy 

 

Interactions between structural and financial barriers: 

Structural and Performance-Related Strength Financial 

Independent technocratic policy setting and decision making o High capital and maintenance costs 

Independent technocratic policy setting and decision making s Lack of funding  

Independent technocratic policy setting and decision making s Problems incorporating externalities in cost calculations 

Independent technocratic policy setting and decision making s Lack of incentives and disincentives 

Consultants driving the planning process o High capital and maintenance costs 

Consultants driving the planning process o Lack of funding  

Consultants driving the planning process o Problems incorporating externalities in cost calculations 

Consultants driving the planning process o Lack of incentives and disincentives 

Lack of structure for managing decentralised treatment 

devices o High capital and maintenance costs 

Lack of structure for managing decentralised treatment 

devices o Lack of funding  
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Lack of structure for managing decentralised treatment 

devices o Problems incorporating externalities in cost calculations 

Lack of structure for managing decentralised treatment 

devices o Lack of incentives and disincentives 

Administrative inertia, bureaucracy o High capital and maintenance costs 

Administrative inertia, bureaucracy w Lack of funding  

Administrative inertia, bureaucracy o Problems incorporating externalities in cost calculations 

Administrative inertia, bureaucracy o Lack of incentives and disincentives 

Financial Strength Structural and Performance-Related 

High capital and maintenance costs o Independent technocratic policy setting and decision making 

High capital and maintenance costs w Consultants driving the planning process 

High capital and maintenance costs s 

Lack of structure for managing decentralised treatment 

devices 

High capital and maintenance costs o Administrative inertia, bureaucracy 

Lack of funding  w Independent technocratic policy setting and decision making 

Lack of funding  o Consultants driving the planning process 

Lack of funding  s 

Lack of structure for managing decentralised treatment 

devices 

Lack of funding  o Administrative inertia, bureaucracy 

Problems incorporating externalities in cost calculations o Independent technocratic policy setting and decision making 

Problems incorporating externalities in cost calculations o Consultants driving the planning process 

Problems incorporating externalities in cost calculations w 

Lack of structure for managing decentralised treatment 

devices 

Problems incorporating externalities in cost calculations o Administrative inertia, bureaucracy 

Lack of incentives and disincentives o Independent technocratic policy setting and decision making 

Lack of incentives and disincentives o Consultants driving the planning process 

Lack of incentives and disincentives s 

Lack of structure for managing decentralised treatment 

devices 

Lack of incentives and disincentives o Administrative inertia, bureaucracy 

 

Interactions between structural and educational barriers: 

Structural and Performance-Related Strength Educational/Knowledge 

Independent technocratic policy setting and decision making w 

Conventional compartmentalised education at universities 

and in schools 

Consultants driving the planning process o 

Conventional compartmentalised education at universities 

and in schools 

Lack of structure for managing decentralised treatment 

devices o 

Conventional compartmentalised education at universities 

and in schools 

Administrative inertia, bureaucracy o 

Conventional compartmentalised education at universities 

and in schools 

Independent technocratic policy setting and decision making s Dominance of technical engineering knowledge 

Consultants driving the planning process o Dominance of technical engineering knowledge 

Lack of structure for managing decentralised treatment 

devices o Dominance of technical engineering knowledge 

Administrative inertia, bureaucracy o Dominance of technical engineering knowledge 

Independent technocratic policy setting and decision making s Lack of knowledge about environmental effects 

Consultants driving the planning process o Lack of knowledge about environmental effects 

Lack of structure for managing decentralised treatment 

devices o Lack of knowledge about environmental effects 

Administrative inertia, bureaucracy w Lack of knowledge about environmental effects 

Independent technocratic policy setting and decision making s 

Lack of knowledge and experience in implementing and 

assessing LID  
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Consultants driving the planning process o 

Lack of knowledge and experience in implementing and 

assessing LID  

Lack of structure for managing decentralised treatment 

devices o 

Lack of knowledge and experience in implementing and 

assessing LID  

Administrative inertia, bureaucracy w 

Lack of knowledge and experience in implementing and 

assessing LID  

Educational/Knowledge Strength Structural and Performance-Related 

Conventional compartmentalised education at universities 

and in schools s Independent technocratic policy setting and decision making 

Conventional compartmentalised education at universities 

and in schools w Consultants driving the planning process 

Conventional compartmentalised education at universities 

and in schools s 

Lack of structure for managing decentralised treatment 

devices 

Conventional compartmentalised education at universities 

and in schools s Administrative inertia, bureaucracy 

Dominance of technical engineering knowledge s Independent technocratic policy setting and decision making 

Dominance of technical engineering knowledge w Consultants driving the planning process 

Dominance of technical engineering knowledge s 

Lack of structure for managing decentralised treatment 

devices 

Dominance of technical engineering knowledge o Administrative inertia, bureaucracy 

Lack of knowledge about environmental effects w Independent technocratic policy setting and decision making 

Lack of knowledge about environmental effects o Consultants driving the planning process 

Lack of knowledge about environmental effects o 

Lack of structure for managing decentralised treatment 

devices 

Lack of knowledge about environmental effects o Administrative inertia, bureaucracy 

Lack of knowledge and experience in implementing and 

assessing LID  w Independent technocratic policy setting and decision making 

Lack of knowledge and experience in implementing and 

assessing LID  o Consultants driving the planning process 

Lack of knowledge and experience in implementing and 

assessing LID  s 

Lack of structure for managing decentralised treatment 

devices 

Lack of knowledge and experience in implementing and 

assessing LID  o Administrative inertia, bureaucracy 

 

Interactions between communication and resource-related barriers: 

Communication Strength Resource-related 

Lack of interaction among stakeholders s 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of interaction among stakeholders w Lack of clear timelines, goals, and objectives  

Lack of interaction among stakeholders s Lack of money/resources/staff = institutional capacity 

Lack of interaction among stakeholders w Insufficient demonstration projects 

Lack of interaction among stakeholders o Poor community capacity to participate meaningfully  

Lack of public/stakeholder support  w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of public/stakeholder support  o Lack of clear timelines, goals, and objectives  

Lack of public/stakeholder support  w Lack of money/resources/staff = institutional capacity 

Lack of public/stakeholder support  w Insufficient demonstration projects 

Lack of public/stakeholder support  o Poor community capacity to participate meaningfully  

Interdisciplinary communication problems of jargon, 

paradigms  s 

Lack of leadership and/or stated vision for a sustainable 

water future 

Interdisciplinary communication problems of jargon, 

paradigms  s Lack of clear timelines, goals, and objectives  

Interdisciplinary communication problems of jargon, 

paradigms  w Lack of money/resources/staff = institutional capacity 

Interdisciplinary communication problems of jargon, 

paradigms  w Insufficient demonstration projects 
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Interdisciplinary communication problems of jargon, 

paradigms  o Poor community capacity to participate meaningfully  

Lack of skill in communicating effectively with the public s 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of skill in communicating effectively with the public w Lack of clear timelines, goals, and objectives  

Lack of skill in communicating effectively with the public w Lack of money/resources/staff = institutional capacity 

Lack of skill in communicating effectively with the public w Insufficient demonstration projects 

Lack of skill in communicating effectively with the public w Poor community capacity to participate meaningfully  

Resource-related Strength Communication 

Lack of leadership and/or stated vision for a sustainable 

water future s Lack of interaction among stakeholders 

Lack of clear timelines, goals, and objectives  s Lack of interaction among stakeholders 

Lack of money/resources/staff = institutional capacity s Lack of interaction among stakeholders 

Insufficient demonstration projects w Lack of interaction among stakeholders 

Poor community capacity to participate meaningfully  s Lack of interaction among stakeholders 

Lack of leadership and/or stated vision for a sustainable 

water future s Lack of public/stakeholder support  

Lack of clear timelines, goals, and objectives  s Lack of public/stakeholder support  

Lack of money/resources/staff = institutional capacity s Lack of public/stakeholder support  

Insufficient demonstration projects s Lack of public/stakeholder support  

Poor community capacity to participate meaningfully  s Lack of public/stakeholder support  

Lack of leadership and/or stated vision for a sustainable 

water future o 

Interdisciplinary communication problems of jargon, 

paradigms  

Lack of clear timelines, goals, and objectives  w 

Interdisciplinary communication problems of jargon, 

paradigms  

Lack of money/resources/staff = institutional capacity o 

Interdisciplinary communication problems of jargon, 

paradigms  

Insufficient demonstration projects w 

Interdisciplinary communication problems of jargon, 

paradigms  

Poor community capacity to participate meaningfully  o 

Interdisciplinary communication problems of jargon, 

paradigms  

Lack of leadership and/or stated vision for a sustainable 

water future o Lack of skill in communicating effectively with the public 

Lack of clear timelines, goals, and objectives  o Lack of skill in communicating effectively with the public 

Lack of money/resources/staff = institutional capacity w Lack of skill in communicating effectively with the public 

Insufficient demonstration projects o Lack of skill in communicating effectively with the public 

Poor community capacity to participate meaningfully  w Lack of skill in communicating effectively with the public 

 

Interactions between communication and educational barriers: 

Communication Strength Educational/Knowledge 

Lack of interaction among stakeholders o 

Conventional compartmentalised education at universities 

and in schools 

Lack of interaction among stakeholders w Dominance of technical engineering knowledge 

Lack of interaction among stakeholders w Lack of knowledge about environmental effects 

Lack of interaction among stakeholders w 

Lack of knowledge and experience in implementing and 

assessing LID  

Lack of public/stakeholder support  o 

Conventional compartmentalised education at universities 

and in schools 

Lack of public/stakeholder support  s Dominance of technical engineering knowledge 

Lack of public/stakeholder support  w Lack of knowledge about environmental effects 

Lack of public/stakeholder support  w 

Lack of knowledge and experience in implementing and 

assessing LID  
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Interdisciplinary communication problems of jargon, 

paradigms  o 

Conventional compartmentalised education at universities 

and in schools 

Interdisciplinary communication problems of jargon, 

paradigms  o Dominance of technical engineering knowledge 

Interdisciplinary communication problems of jargon, 

paradigms  w Lack of knowledge about environmental effects 

Interdisciplinary communication problems of jargon, 

paradigms  w 

Lack of knowledge and experience in implementing and 

assessing LID  

Lack of skill in communicating effectively with the public o 

Conventional compartmentalised education at universities 

and in schools 

Lack of skill in communicating effectively with the public w Dominance of technical engineering knowledge 

Lack of skill in communicating effectively with the public o Lack of knowledge about environmental effects 

Lack of skill in communicating effectively with the public o 

Lack of knowledge and experience in implementing and 

assessing LID  

Educational/Knowledge Strength Communication 

Conventional compartmentalised education at universities 

and in schools s Lack of interaction among stakeholders 

Conventional compartmentalised education at universities 

and in schools s Lack of public/stakeholder support  

Conventional compartmentalised education at universities 

and in schools s 

Interdisciplinary communication problems of jargon, 

paradigms  

Conventional compartmentalised education at universities 

and in schools s Lack of skill in communicating effectively with the public 

Dominance of technical engineering knowledge w Lack of interaction among stakeholders 

Dominance of technical engineering knowledge s Lack of public/stakeholder support  

Dominance of technical engineering knowledge s 

Interdisciplinary communication problems of jargon, 

paradigms  

Dominance of technical engineering knowledge s Lack of skill in communicating effectively with the public 

Lack of knowledge about environmental effects w Lack of interaction among stakeholders 

Lack of knowledge about environmental effects s Lack of public/stakeholder support  

Lack of knowledge about environmental effects o 

Interdisciplinary communication problems of jargon, 

paradigms  

Lack of knowledge about environmental effects o Lack of skill in communicating effectively with the public 

Lack of knowledge and experience in implementing and 

assessing LID  w Lack of interaction among stakeholders 

Lack of knowledge and experience in implementing and 

assessing LID  s Lack of public/stakeholder support  

Lack of knowledge and experience in implementing and 

assessing LID  o 

Interdisciplinary communication problems of jargon, 

paradigms  

Lack of knowledge and experience in implementing and 

assessing LID  o Lack of skill in communicating effectively with the public 

 

Interactions between communication and internal barriers: 

Communication Strength Internal 

Lack of interaction among stakeholders s 

Reductionist thinking including disconnection from the 

natural world 

Lack of interaction among stakeholders s 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of interaction among stakeholders s Assumption of a single reality 

Lack of interaction among stakeholders w Inconsistent definitions of LID, complex ideas  

Lack of interaction among stakeholders s Developer perceptions about demand for LID 

Lack of interaction among stakeholders s Crisis is required before people act 

Lack of interaction among stakeholders s Entrenched practices/mindsets and resistance to change 

Lack of interaction among stakeholders o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of interaction among stakeholders o Professionals are risk-averse  
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Lack of interaction among stakeholders s Trust versus control between local government and public 

Lack of interaction among stakeholders o Expectations about LID performance and cost 

Lack of interaction among stakeholders s Low value placed on public and place-based knowledge  

Lack of interaction among stakeholders s Disrespect towards indigenous knowledge and perspective 

Lack of interaction among stakeholders o 

Cultural values preclude the acceptance and use of 

engineered devices 

Lack of public/stakeholder support  o 

Reductionist thinking including disconnection from the 

natural world 

Lack of public/stakeholder support  o 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of public/stakeholder support  s Assumption of a single reality 

Lack of public/stakeholder support  o Inconsistent definitions of LID, complex ideas  

Lack of public/stakeholder support  s Developer perceptions about demand for LID 

Lack of public/stakeholder support  w Crisis is required before people act 

Lack of public/stakeholder support  w Entrenched practices/mindsets and resistance to change 

Lack of public/stakeholder support  o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of public/stakeholder support  o Professionals are risk-averse  

Lack of public/stakeholder support  s Trust versus control between local government and public 

Lack of public/stakeholder support  o Expectations about LID performance and cost 

Lack of public/stakeholder support  s Low value placed on public and place-based knowledge  

Lack of public/stakeholder support  s Disrespect towards indigenous knowledge and perspective 

Lack of public/stakeholder support  o 

Cultural values preclude the acceptance and use of 

engineered devices 

Interdisciplinary communication problems of jargon, 

paradigms  o 

Reductionist thinking including disconnection from the 

natural world 

Interdisciplinary communication problems of jargon, 

paradigms  o 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Interdisciplinary communication problems of jargon, 

paradigms  o Assumption of a single reality 

Interdisciplinary communication problems of jargon, 

paradigms  s Inconsistent definitions of LID, complex ideas  

Interdisciplinary communication problems of jargon, 

paradigms  o Developer perceptions about demand for LID 

Interdisciplinary communication problems of jargon, 

paradigms  o Crisis is required before people act 

Interdisciplinary communication problems of jargon, 

paradigms  w Entrenched practices/mindsets and resistance to change 

Interdisciplinary communication problems of jargon, 

paradigms  o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Interdisciplinary communication problems of jargon, 

paradigms  o Professionals are risk-averse  

Interdisciplinary communication problems of jargon, 

paradigms  w Trust versus control between local government and public 

Interdisciplinary communication problems of jargon, 

paradigms  o Expectations about LID performance and cost 

Interdisciplinary communication problems of jargon, 

paradigms  w Low value placed on public and place-based knowledge  

Interdisciplinary communication problems of jargon, 

paradigms  o Disrespect towards indigenous knowledge and perspective 

Interdisciplinary communication problems of jargon, 

paradigms  o 

Cultural values preclude the acceptance and use of 

engineered devices 

Lack of skill in communicating effectively with the public o 

Reductionist thinking including disconnection from the 

natural world 

Lack of skill in communicating effectively with the public o 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of skill in communicating effectively with the public o Assumption of a single reality 

Lack of skill in communicating effectively with the public o Inconsistent definitions of LID, complex ideas  

Lack of skill in communicating effectively with the public o Developer perceptions about demand for LID 
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Lack of skill in communicating effectively with the public o Crisis is required before people act 

Lack of skill in communicating effectively with the public o Entrenched practices/mindsets and resistance to change 

Lack of skill in communicating effectively with the public o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of skill in communicating effectively with the public o Professionals are risk-averse  

Lack of skill in communicating effectively with the public s Trust versus control between local government and public 

Lack of skill in communicating effectively with the public o Expectations about LID performance and cost 

Lack of skill in communicating effectively with the public o Low value placed on public and place-based knowledge  

Lack of skill in communicating effectively with the public o Disrespect towards indigenous knowledge and perspective 

Lack of skill in communicating effectively with the public o 

Cultural values preclude the acceptance and use of 

engineered devices 

Internal Strength Communication 

Reductionist thinking including disconnection from the 

natural world w Lack of interaction among stakeholders 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) w Lack of interaction among stakeholders 

Assumption of a single reality s Lack of interaction among stakeholders 

Inconsistent definitions of LID, complex ideas  w Lack of interaction among stakeholders 

Developer perceptions about demand for LID o Lack of interaction among stakeholders 

Crisis is required before people act w Lack of interaction among stakeholders 

Entrenched practices/mindsets and resistance to change s Lack of interaction among stakeholders 

Infrastructure construction and expansion is more important 

than operation and maintenance s Lack of interaction among stakeholders 

Professionals are risk-averse  o Lack of interaction among stakeholders 

Trust versus control between local government and public s Lack of interaction among stakeholders 

Expectations about LID performance and cost o Lack of interaction among stakeholders 

Low value placed on public and place-based knowledge  s Lack of interaction among stakeholders 

Disrespect towards indigenous knowledge and perspective s Lack of interaction among stakeholders 

Cultural values preclude the acceptance and use of 

engineered devices o Lack of interaction among stakeholders 

Reductionist thinking including disconnection from the 

natural world o Lack of public/stakeholder support  

Not seeing LID achieving multiple objectives (stormwater, 

urban features) w Lack of public/stakeholder support  

Assumption of a single reality o Lack of public/stakeholder support  

Inconsistent definitions of LID, complex ideas  o Lack of public/stakeholder support  

Developer perceptions about demand for LID o Lack of public/stakeholder support  

Crisis is required before people act s Lack of public/stakeholder support  

Entrenched practices/mindsets and resistance to change s Lack of public/stakeholder support  

Infrastructure construction and expansion is more important 

than operation and maintenance o Lack of public/stakeholder support  

Professionals are risk-averse  o Lack of public/stakeholder support  

Trust versus control between local government and public s Lack of public/stakeholder support  

Expectations about LID performance and cost o Lack of public/stakeholder support  

Low value placed on public and place-based knowledge  s Lack of public/stakeholder support  

Disrespect towards indigenous knowledge and perspective s Lack of public/stakeholder support  

Cultural values preclude the acceptance and use of 

engineered devices o Lack of public/stakeholder support  

Reductionist thinking including disconnection from the 

natural world o 

Interdisciplinary communication problems of jargon, 

paradigms  

Not seeing LID achieving multiple objectives (stormwater, 

urban features) o 

Interdisciplinary communication problems of jargon, 

paradigms  

Assumption of a single reality o 

Interdisciplinary communication problems of jargon, 

paradigms  



Appendix H 

382 

Inconsistent definitions of LID, complex ideas  s 

Interdisciplinary communication problems of jargon, 

paradigms  

Developer perceptions about demand for LID o 

Interdisciplinary communication problems of jargon, 

paradigms  

Crisis is required before people act o 

Interdisciplinary communication problems of jargon, 

paradigms  

Entrenched practices/mindsets and resistance to change w 

Interdisciplinary communication problems of jargon, 

paradigms  

Infrastructure construction and expansion is more important 

than operation and maintenance o 

Interdisciplinary communication problems of jargon, 

paradigms  

Professionals are risk-averse  o 

Interdisciplinary communication problems of jargon, 

paradigms  

Trust versus control between local government and public o 

Interdisciplinary communication problems of jargon, 

paradigms  

Expectations about LID performance and cost o 

Interdisciplinary communication problems of jargon, 

paradigms  

Low value placed on public and place-based knowledge  o 

Interdisciplinary communication problems of jargon, 

paradigms  

Disrespect towards indigenous knowledge and perspective o 

Interdisciplinary communication problems of jargon, 

paradigms  

Cultural values preclude the acceptance and use of 

engineered devices o 

Interdisciplinary communication problems of jargon, 

paradigms  

Reductionist thinking including disconnection from the 

natural world w Lack of skill in communicating effectively with the public 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) o Lack of skill in communicating effectively with the public 

Assumption of a single reality s Lack of skill in communicating effectively with the public 

Inconsistent definitions of LID, complex ideas  o Lack of skill in communicating effectively with the public 

Developer perceptions about demand for LID o Lack of skill in communicating effectively with the public 

Crisis is required before people act o Lack of skill in communicating effectively with the public 

Entrenched practices/mindsets and resistance to change w Lack of skill in communicating effectively with the public 

Infrastructure construction and expansion is more important 

than operation and maintenance o Lack of skill in communicating effectively with the public 

Professionals are risk-averse  o Lack of skill in communicating effectively with the public 

Trust versus control between local government and public w Lack of skill in communicating effectively with the public 

Expectations about LID performance and cost o Lack of skill in communicating effectively with the public 

Low value placed on public and place-based knowledge  w Lack of skill in communicating effectively with the public 

Disrespect towards indigenous knowledge and perspective w Lack of skill in communicating effectively with the public 

Cultural values preclude the acceptance and use of 

engineered devices o Lack of skill in communicating effectively with the public 

 

Interactions between resource-related and financial barriers: 

Financial Strength Resource-related 

High capital and maintenance costs o 

Lack of leadership and/or stated vision for a sustainable 

water future 

High capital and maintenance costs o Lack of clear timelines, goals, and objectives  

High capital and maintenance costs s Lack of money/resources/staff = institutional capacity 

High capital and maintenance costs o Insufficient demonstration projects 

High capital and maintenance costs o Poor community capacity to participate meaningfully  

Lack of funding  o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of funding  o Lack of clear timelines, goals, and objectives  

Lack of funding  s Lack of money/resources/staff = institutional capacity 

Lack of funding  o Insufficient demonstration projects 

Lack of funding  o Poor community capacity to participate meaningfully  
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Problems incorporating externalities in cost calculations o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Problems incorporating externalities in cost calculations o Lack of clear timelines, goals, and objectives  

Problems incorporating externalities in cost calculations o Lack of money/resources/staff = institutional capacity 

Problems incorporating externalities in cost calculations o Insufficient demonstration projects 

Problems incorporating externalities in cost calculations o Poor community capacity to participate meaningfully  

Lack of incentives and disincentives o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of incentives and disincentives o Lack of clear timelines, goals, and objectives  

Lack of incentives and disincentives w Lack of money/resources/staff = institutional capacity 

Lack of incentives and disincentives w Insufficient demonstration projects 

Lack of incentives and disincentives o Poor community capacity to participate meaningfully  

Resource-related Strength Financial 

Lack of leadership and/or stated vision for a sustainable water 

future o High capital and maintenance costs 

Lack of leadership and/or stated vision for a sustainable water 

future s Lack of funding  

Lack of leadership and/or stated vision for a sustainable water 

future o Problems incorporating externalities in cost calculations 

Lack of leadership and/or stated vision for a sustainable water 

future s Lack of incentives and disincentives 

Lack of clear timelines, goals, and objectives  o High capital and maintenance costs 

Lack of clear timelines, goals, and objectives  o Lack of funding  

Lack of clear timelines, goals, and objectives  o Problems incorporating externalities in cost calculations 

Lack of clear timelines, goals, and objectives  o Lack of incentives and disincentives 

Lack of money/resources/staff = institutional capacity o High capital and maintenance costs 

Lack of money/resources/staff = institutional capacity s Lack of funding  

Lack of money/resources/staff = institutional capacity o Problems incorporating externalities in cost calculations 

Lack of money/resources/staff = institutional capacity w Lack of incentives and disincentives 

Insufficient demonstration projects o High capital and maintenance costs 

Insufficient demonstration projects w Lack of funding  

Insufficient demonstration projects o Problems incorporating externalities in cost calculations 

Insufficient demonstration projects w Lack of incentives and disincentives 

Poor community capacity to participate meaningfully  o High capital and maintenance costs 

Poor community capacity to participate meaningfully  o Lack of funding  

Poor community capacity to participate meaningfully  o Problems incorporating externalities in cost calculations 

Poor community capacity to participate meaningfully  o Lack of incentives and disincentives 

 

Interactions between resource-related and educational barriers: 

Resource-related Strength Educational/Knowledge 

Lack of leadership and/or stated vision for a sustainable water 

future w 

Conventional compartmentalised education at universities 

and in schools 

Lack of leadership and/or stated vision for a sustainable water 

future s Dominance of technical engineering knowledge 

Lack of leadership and/or stated vision for a sustainable water 

future w Lack of knowledge about environmental effects 

Lack of leadership and/or stated vision for a sustainable water 

future w 

Lack of knowledge and experience in implementing and 

assessing LID  

Lack of clear timelines, goals, and objectives  s 

Conventional compartmentalised education at universities 

and in schools 



Appendix H 

384 

Lack of clear timelines, goals, and objectives  s Dominance of technical engineering knowledge 

Lack of clear timelines, goals, and objectives  s Lack of knowledge about environmental effects 

Lack of clear timelines, goals, and objectives  s 

Lack of knowledge and experience in implementing and 

assessing LID  

Lack of money/resources/staff = institutional capacity s 

Conventional compartmentalised education at universities 

and in schools 

Lack of money/resources/staff = institutional capacity s Dominance of technical engineering knowledge 

Lack of money/resources/staff = institutional capacity s Lack of knowledge about environmental effects 

Lack of money/resources/staff = institutional capacity s 

Lack of knowledge and experience in implementing and 

assessing LID  

Insufficient demonstration projects o 

Conventional compartmentalised education at universities 

and in schools 

Insufficient demonstration projects o Dominance of technical engineering knowledge 

Insufficient demonstration projects s Lack of knowledge about environmental effects 

Insufficient demonstration projects s 

Lack of knowledge and experience in implementing and 

assessing LID  

Poor community capacity to participate meaningfully  o 

Conventional compartmentalised education at universities 

and in schools 

Poor community capacity to participate meaningfully  s Dominance of technical engineering knowledge 

Poor community capacity to participate meaningfully  o Lack of knowledge about environmental effects 

Poor community capacity to participate meaningfully  w 

Lack of knowledge and experience in implementing and 

assessing LID  

Educational/Knowledge Strength Resource-related 

Conventional compartmentalised education at universities 

and in schools w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Conventional compartmentalised education at universities 

and in schools o Lack of clear timelines, goals, and objectives  

Conventional compartmentalised education at universities 

and in schools o Lack of money/resources/staff = institutional capacity 

Conventional compartmentalised education at universities 

and in schools o Insufficient demonstration projects 

Conventional compartmentalised education at universities 

and in schools w Poor community capacity to participate meaningfully  

Dominance of technical engineering knowledge s 

Lack of leadership and/or stated vision for a sustainable 

water future 

Dominance of technical engineering knowledge o Lack of clear timelines, goals, and objectives  

Dominance of technical engineering knowledge o Lack of money/resources/staff = institutional capacity 

Dominance of technical engineering knowledge o Insufficient demonstration projects 

Dominance of technical engineering knowledge o Poor community capacity to participate meaningfully  

Lack of knowledge about environmental effects w 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of knowledge about environmental effects w Lack of clear timelines, goals, and objectives  

Lack of knowledge about environmental effects w Lack of money/resources/staff = institutional capacity 

Lack of knowledge about environmental effects o Insufficient demonstration projects 

Lack of knowledge about environmental effects o Poor community capacity to participate meaningfully  

Lack of knowledge and experience in implementing and 

assessing LID  o 

Lack of leadership and/or stated vision for a sustainable 

water future 

Lack of knowledge and experience in implementing and 

assessing LID  o Lack of clear timelines, goals, and objectives  

Lack of knowledge and experience in implementing and 

assessing LID  o Lack of money/resources/staff = institutional capacity 

Lack of knowledge and experience in implementing and 

assessing LID  o Insufficient demonstration projects 

Lack of knowledge and experience in implementing and 

assessing LID  o Poor community capacity to participate meaningfully  
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Interactions between resource-related and internal barriers: 

Resource-related Strength Internal 

Lack of leadership and/or stated vision for a sustainable 

water future 

w Reductionist thinking including disconnection from the 

natural world 

Lack of leadership and/or stated vision for a sustainable 

water future 

s Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of leadership and/or stated vision for a sustainable 

water future 

o Assumption of a single reality 

Lack of leadership and/or stated vision for a sustainable 

water future 

o Inconsistent definitions of LID, complex ideas  

Lack of leadership and/or stated vision for a sustainable 

water future 

w Developer perceptions about demand for LID 

Lack of leadership and/or stated vision for a sustainable 

water future 

s Crisis is required before people act 

Lack of leadership and/or stated vision for a sustainable 

water future 

w Entrenched practices/mindsets and resistance to change 

Lack of leadership and/or stated vision for a sustainable 

water future 

o Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of leadership and/or stated vision for a sustainable 

water future 

o Professionals are risk-averse  

Lack of leadership and/or stated vision for a sustainable 

water future 

o Trust versus control between local government and public 

Lack of leadership and/or stated vision for a sustainable 

water future 

o Expectations about LID performance and cost 

Lack of leadership and/or stated vision for a sustainable 

water future 

w Low value placed on public and place-based knowledge  

Lack of leadership and/or stated vision for a sustainable 

water future 

o Disrespect towards indigenous knowledge and perspective 

Lack of leadership and/or stated vision for a sustainable 

water future 

o Cultural values preclude the acceptance and use of 

engineered devices 

Lack of clear timelines, goals, and objectives  o Reductionist thinking including disconnection from the 

natural world 

Lack of clear timelines, goals, and objectives  o Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of clear timelines, goals, and objectives  o Assumption of a single reality 

Lack of clear timelines, goals, and objectives  o Inconsistent definitions of LID, complex ideas  

Lack of clear timelines, goals, and objectives  o Developer perceptions about demand for LID 

Lack of clear timelines, goals, and objectives  s Crisis is required before people act 

Lack of clear timelines, goals, and objectives  w Entrenched practices/mindsets and resistance to change 

Lack of clear timelines, goals, and objectives  o Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of clear timelines, goals, and objectives  w Professionals are risk-averse  

Lack of clear timelines, goals, and objectives  w Trust versus control between local government and public 

Lack of clear timelines, goals, and objectives  o Expectations about LID performance and cost 

Lack of clear timelines, goals, and objectives  o Low value placed on public and place-based knowledge  

Lack of clear timelines, goals, and objectives  o Disrespect towards indigenous knowledge and perspective 

Lack of clear timelines, goals, and objectives  o Cultural values preclude the acceptance and use of 

engineered devices 

Lack of money/resources/staff = institutional capacity o Reductionist thinking including disconnection from the 

natural world 

Lack of money/resources/staff = institutional capacity o Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of money/resources/staff = institutional capacity o Assumption of a single reality 

Lack of money/resources/staff = institutional capacity o Inconsistent definitions of LID, complex ideas  

Lack of money/resources/staff = institutional capacity o Developer perceptions about demand for LID 

Lack of money/resources/staff = institutional capacity w Crisis is required before people act 

Lack of money/resources/staff = institutional capacity o Entrenched practices/mindsets and resistance to change 
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Lack of money/resources/staff = institutional capacity o Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of money/resources/staff = institutional capacity w Professionals are risk-averse  

Lack of money/resources/staff = institutional capacity o Trust versus control between local government and public 

Lack of money/resources/staff = institutional capacity o Expectations about LID performance and cost 

Lack of money/resources/staff = institutional capacity w Low value placed on public and place-based knowledge  

Lack of money/resources/staff = institutional capacity o Disrespect towards indigenous knowledge and perspective 

Lack of money/resources/staff = institutional capacity o Cultural values preclude the acceptance and use of 

engineered devices 

Insufficient demonstration projects o Reductionist thinking including disconnection from the 

natural world 

Insufficient demonstration projects s Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Insufficient demonstration projects o Assumption of a single reality 

Insufficient demonstration projects s Inconsistent definitions of LID, complex ideas  

Insufficient demonstration projects w Developer perceptions about demand for LID 

Insufficient demonstration projects o Crisis is required before people act 

Insufficient demonstration projects w Entrenched practices/mindsets and resistance to change 

Insufficient demonstration projects o Infrastructure construction and expansion is more important 

than operation and maintenance 

Insufficient demonstration projects o Professionals are risk-averse  

Insufficient demonstration projects o Trust versus control between local government and public 

Insufficient demonstration projects s Expectations about LID performance and cost 

Insufficient demonstration projects o Low value placed on public and place-based knowledge  

Insufficient demonstration projects o Disrespect towards indigenous knowledge and perspective 

Insufficient demonstration projects o Cultural values preclude the acceptance and use of 

engineered devices 

Poor community capacity to participate meaningfully  o Reductionist thinking including disconnection from the 

natural world 

Poor community capacity to participate meaningfully  o Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Poor community capacity to participate meaningfully  o Assumption of a single reality 

Poor community capacity to participate meaningfully  o Inconsistent definitions of LID, complex ideas  

Poor community capacity to participate meaningfully  o Developer perceptions about demand for LID 

Poor community capacity to participate meaningfully  o Crisis is required before people act 

Poor community capacity to participate meaningfully  w Entrenched practices/mindsets and resistance to change 

Poor community capacity to participate meaningfully  o Infrastructure construction and expansion is more important 

than operation and maintenance 

Poor community capacity to participate meaningfully  o Professionals are risk-averse  

Poor community capacity to participate meaningfully  o Trust versus control between local government and public 

Poor community capacity to participate meaningfully  o Expectations about LID performance and cost 

Poor community capacity to participate meaningfully  s Low value placed on public and place-based knowledge  

Poor community capacity to participate meaningfully  s Disrespect towards indigenous knowledge and perspective 

Poor community capacity to participate meaningfully  o Cultural values preclude the acceptance and use of 

engineered devices 

Internal Strength Resource-related 

Reductionist thinking including disconnection from the 

natural world 

w Lack of leadership and/or stated vision for a sustainable 

water future 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

w Lack of leadership and/or stated vision for a sustainable 

water future 

Assumption of a single reality o Lack of leadership and/or stated vision for a sustainable 

water future 

Inconsistent definitions of LID, complex ideas  w Lack of leadership and/or stated vision for a sustainable 

water future 
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Developer perceptions about demand for LID o Lack of leadership and/or stated vision for a sustainable 

water future 

Crisis is required before people act s Lack of leadership and/or stated vision for a sustainable 

water future 

Entrenched practices/mindsets and resistance to change s Lack of leadership and/or stated vision for a sustainable 

water future 

Infrastructure construction and expansion is more important 

than operation and maintenance 

o Lack of leadership and/or stated vision for a sustainable 

water future 

Professionals are risk-averse  w Lack of leadership and/or stated vision for a sustainable 

water future 

Trust versus control between local government and public w Lack of leadership and/or stated vision for a sustainable 

water future 

Expectations about LID performance and cost o Lack of leadership and/or stated vision for a sustainable 

water future 

Low value placed on public and place-based knowledge  o Lack of leadership and/or stated vision for a sustainable 

water future 

Disrespect towards indigenous knowledge and perspective o Lack of leadership and/or stated vision for a sustainable 

water future 

Cultural values preclude the acceptance and use of 

engineered devices 

o Lack of leadership and/or stated vision for a sustainable 

water future 

Reductionist thinking including disconnection from the 

natural world 

o Lack of clear timelines, goals, and objectives  

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

o Lack of clear timelines, goals, and objectives  

Assumption of a single reality o Lack of clear timelines, goals, and objectives  

Inconsistent definitions of LID, complex ideas  w Lack of clear timelines, goals, and objectives  

Developer perceptions about demand for LID o Lack of clear timelines, goals, and objectives  

Crisis is required before people act s Lack of clear timelines, goals, and objectives  

Entrenched practices/mindsets and resistance to change s Lack of clear timelines, goals, and objectives  

Infrastructure construction and expansion is more important 

than operation and maintenance 

o Lack of clear timelines, goals, and objectives  

Professionals are risk-averse  w Lack of clear timelines, goals, and objectives  

Trust versus control between local government and public w Lack of clear timelines, goals, and objectives  

Expectations about LID performance and cost o Lack of clear timelines, goals, and objectives  

Low value placed on public and place-based knowledge  o Lack of clear timelines, goals, and objectives  

Disrespect towards indigenous knowledge and perspective o Lack of clear timelines, goals, and objectives  

Cultural values preclude the acceptance and use of 

engineered devices 

o Lack of clear timelines, goals, and objectives  

Reductionist thinking including disconnection from the 

natural world 

o Lack of money/resources/staff = institutional capacity 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

o Lack of money/resources/staff = institutional capacity 

Assumption of a single reality o Lack of money/resources/staff = institutional capacity 

Inconsistent definitions of LID, complex ideas  o Lack of money/resources/staff = institutional capacity 

Developer perceptions about demand for LID o Lack of money/resources/staff = institutional capacity 

Crisis is required before people act s Lack of money/resources/staff = institutional capacity 

Entrenched practices/mindsets and resistance to change w Lack of money/resources/staff = institutional capacity 

Infrastructure construction and expansion is more important 

than operation and maintenance 

o Lack of money/resources/staff = institutional capacity 

Professionals are risk-averse  w Lack of money/resources/staff = institutional capacity 

Trust versus control between local government and public o Lack of money/resources/staff = institutional capacity 

Expectations about LID performance and cost o Lack of money/resources/staff = institutional capacity 

Low value placed on public and place-based knowledge  o Lack of money/resources/staff = institutional capacity 

Disrespect towards indigenous knowledge and perspective o Lack of money/resources/staff = institutional capacity 

Cultural values preclude the acceptance and use of 

engineered devices 

o Lack of money/resources/staff = institutional capacity 

Reductionist thinking including disconnection from the 

natural world 

o Insufficient demonstration projects 
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Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

w Insufficient demonstration projects 

Assumption of a single reality o Insufficient demonstration projects 

Inconsistent definitions of LID, complex ideas  w Insufficient demonstration projects 

Developer perceptions about demand for LID w Insufficient demonstration projects 

Crisis is required before people act o Insufficient demonstration projects 

Entrenched practices/mindsets and resistance to change w Insufficient demonstration projects 

Infrastructure construction and expansion is more important 

than operation and maintenance 

w Insufficient demonstration projects 

Professionals are risk-averse  w Insufficient demonstration projects 

Trust versus control between local government and public o Insufficient demonstration projects 

Expectations about LID performance and cost o Insufficient demonstration projects 

Low value placed on public and place-based knowledge  o Insufficient demonstration projects 

Disrespect towards indigenous knowledge and perspective o Insufficient demonstration projects 

Cultural values preclude the acceptance and use of 

engineered devices 

o Insufficient demonstration projects 

Reductionist thinking including disconnection from the 

natural world 

w Poor community capacity to participate meaningfully  

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

o Poor community capacity to participate meaningfully  

Assumption of a single reality o Poor community capacity to participate meaningfully  

Inconsistent definitions of LID, complex ideas  o Poor community capacity to participate meaningfully  

Developer perceptions about demand for LID o Poor community capacity to participate meaningfully  

Crisis is required before people act o Poor community capacity to participate meaningfully  

Entrenched practices/mindsets and resistance to change s Poor community capacity to participate meaningfully  

Infrastructure construction and expansion is more important 

than operation and maintenance 

o Poor community capacity to participate meaningfully  

Professionals are risk-averse  o Poor community capacity to participate meaningfully  

Trust versus control between local government and public s Poor community capacity to participate meaningfully  

Expectations about LID performance and cost o Poor community capacity to participate meaningfully  

Low value placed on public and place-based knowledge  o Poor community capacity to participate meaningfully  

Disrespect towards indigenous knowledge and perspective o Poor community capacity to participate meaningfully  

Cultural values preclude the acceptance and use of 

engineered devices 

o Poor community capacity to participate meaningfully  

 

Interactions between financial and internal barriers: 

Financial Strength Internal 

High capital and maintenance costs w Reductionist thinking including disconnection from the 

natural world 

High capital and maintenance costs o Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

High capital and maintenance costs o Assumption of a single reality 

High capital and maintenance costs o Inconsistent definitions of LID, complex ideas  

High capital and maintenance costs s Developer perceptions about demand for LID 

High capital and maintenance costs o Crisis is required before people act 

High capital and maintenance costs w Entrenched practices/mindsets and resistance to change 

High capital and maintenance costs o Infrastructure construction and expansion is more important 

than operation and maintenance 

High capital and maintenance costs w Professionals are risk-averse  

High capital and maintenance costs s Trust versus control between local government and public 
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High capital and maintenance costs s Expectations about LID performance and cost 

High capital and maintenance costs o Low value placed on public and place-based knowledge  

High capital and maintenance costs o Disrespect towards indigenous knowledge and perspective 

High capital and maintenance costs o Cultural values preclude the acceptance and use of 

engineered devices 

Lack of funding  o Reductionist thinking including disconnection from the 

natural world 

Lack of funding  o Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of funding  o Assumption of a single reality 

Lack of funding  o Inconsistent definitions of LID, complex ideas  

Lack of funding  s Developer perceptions about demand for LID 

Lack of funding  o Crisis is required before people act 

Lack of funding  w Entrenched practices/mindsets and resistance to change 

Lack of funding  o Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of funding  s Professionals are risk-averse  

Lack of funding  s Trust versus control between local government and public 

Lack of funding  o Expectations about LID performance and cost 

Lack of funding  o Low value placed on public and place-based knowledge  

Lack of funding  o Disrespect towards indigenous knowledge and perspective 

Lack of funding  o Cultural values preclude the acceptance and use of 

engineered devices 

Problems incorporating externalities in cost calculations o Reductionist thinking including disconnection from the 

natural world 

Problems incorporating externalities in cost calculations o Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Problems incorporating externalities in cost calculations w Assumption of a single reality 

Problems incorporating externalities in cost calculations o Inconsistent definitions of LID, complex ideas  

Problems incorporating externalities in cost calculations o Developer perceptions about demand for LID 

Problems incorporating externalities in cost calculations o Crisis is required before people act 

Problems incorporating externalities in cost calculations o Entrenched practices/mindsets and resistance to change 

Problems incorporating externalities in cost calculations w Infrastructure construction and expansion is more important 

than operation and maintenance 

Problems incorporating externalities in cost calculations o Professionals are risk-averse  

Problems incorporating externalities in cost calculations o Trust versus control between local government and public 

Problems incorporating externalities in cost calculations w Expectations about LID performance and cost 

Problems incorporating externalities in cost calculations o Low value placed on public and place-based knowledge  

Problems incorporating externalities in cost calculations o Disrespect towards indigenous knowledge and perspective 

Problems incorporating externalities in cost calculations o Cultural values preclude the acceptance and use of 

engineered devices 

Lack of incentives and disincentives o Reductionist thinking including disconnection from the 

natural world 

Lack of incentives and disincentives w Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of incentives and disincentives o Assumption of a single reality 

Lack of incentives and disincentives o Inconsistent definitions of LID, complex ideas  

Lack of incentives and disincentives s Developer perceptions about demand for LID 

Lack of incentives and disincentives o Crisis is required before people act 

Lack of incentives and disincentives o Entrenched practices/mindsets and resistance to change 

Lack of incentives and disincentives o Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of incentives and disincentives o Professionals are risk-averse  
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Lack of incentives and disincentives o Trust versus control between local government and public 

Lack of incentives and disincentives s Expectations about LID performance and cost 

Lack of incentives and disincentives o Low value placed on public and place-based knowledge  

Lack of incentives and disincentives o Disrespect towards indigenous knowledge and perspective 

Lack of incentives and disincentives o Cultural values preclude the acceptance and use of 

engineered devices 

Internal Strength Financial 

Reductionist thinking including disconnection from the 

natural world 

o High capital and maintenance costs 

Reductionist thinking including disconnection from the 

natural world 

o Lack of funding  

Reductionist thinking including disconnection from the 

natural world 

s Problems incorporating externalities in cost calculations 

Reductionist thinking including disconnection from the 

natural world 

o Lack of incentives and disincentives 

   

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

o High capital and maintenance costs 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

s Lack of funding  

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

w Problems incorporating externalities in cost calculations 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

s Lack of incentives and disincentives 

Assumption of a single reality o High capital and maintenance costs 

Assumption of a single reality o Lack of funding  

Assumption of a single reality w Problems incorporating externalities in cost calculations 

Assumption of a single reality o Lack of incentives and disincentives 

Inconsistent definitions of LID, complex ideas  o High capital and maintenance costs 

Inconsistent definitions of LID, complex ideas  w Lack of funding  

Inconsistent definitions of LID, complex ideas  o Problems incorporating externalities in cost calculations 

Inconsistent definitions of LID, complex ideas  w Lack of incentives and disincentives 

Developer perceptions about demand for LID s High capital and maintenance costs 

Developer perceptions about demand for LID o Lack of funding  

Developer perceptions about demand for LID o Problems incorporating externalities in cost calculations 

Developer perceptions about demand for LID o Lack of incentives and disincentives 

Crisis is required before people act o High capital and maintenance costs 

Crisis is required before people act s Lack of funding  

Crisis is required before people act o Problems incorporating externalities in cost calculations 

Crisis is required before people act s Lack of incentives and disincentives 

Entrenched practices/mindsets and resistance to change o High capital and maintenance costs 

Entrenched practices/mindsets and resistance to change s  Lack of funding  

Entrenched practices/mindsets and resistance to change o Problems incorporating externalities in cost calculations 

Entrenched practices/mindsets and resistance to change s  Lack of incentives and disincentives 

Infrastructure construction and expansion is more important 

than operation and maintenance 

o High capital and maintenance costs 

Infrastructure construction and expansion is more important 

than operation and maintenance 

o Lack of funding  

Infrastructure construction and expansion is more important 

than operation and maintenance 

o Problems incorporating externalities in cost calculations 

Infrastructure construction and expansion is more important 

than operation and maintenance 

o Lack of incentives and disincentives 

Professionals are risk-averse  o High capital and maintenance costs 

Professionals are risk-averse  o Lack of funding  
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Professionals are risk-averse  o Problems incorporating externalities in cost calculations 

Professionals are risk-averse  o Lack of incentives and disincentives 

Trust versus control between local government and public o High capital and maintenance costs 

Trust versus control between local government and public o Lack of funding  

Trust versus control between local government and public o Problems incorporating externalities in cost calculations 

Trust versus control between local government and public o Lack of incentives and disincentives 

Expectations about LID performance and cost o High capital and maintenance costs 

Expectations about LID performance and cost w Lack of funding  

Expectations about LID performance and cost o Problems incorporating externalities in cost calculations 

Expectations about LID performance and cost o Lack of incentives and disincentives 

Low value placed on public and place-based knowledge  o High capital and maintenance costs 

Low value placed on public and place-based knowledge  o Lack of funding  

Low value placed on public and place-based knowledge  o Problems incorporating externalities in cost calculations 

Low value placed on public and place-based knowledge  w Lack of incentives and disincentives 

Disrespect towards indigenous knowledge and perspective o High capital and maintenance costs 

Disrespect towards indigenous knowledge and perspective o Lack of funding  

Disrespect towards indigenous knowledge and perspective o Problems incorporating externalities in cost calculations 

Disrespect towards indigenous knowledge and perspective o Lack of incentives and disincentives 

Cultural values preclude the acceptance and use of 

engineered devices 

o High capital and maintenance costs 

Cultural values preclude the acceptance and use of 

engineered devices 

o Lack of funding  

Cultural values preclude the acceptance and use of 

engineered devices 

o Problems incorporating externalities in cost calculations 

Cultural values preclude the acceptance and use of 

engineered devices 

o Lack of incentives and disincentives 

 

Interactions between educational and internal barriers: 

Educational/Knowledge Strength Internal 

Conventional compartmentalised education at universities 

and in schools s 

Reductionist thinking including disconnection from the 

natural world 

Conventional compartmentalised education at universities 

and in schools s 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Conventional compartmentalised education at universities 

and in schools s Assumption of a single reality 

Conventional compartmentalised education at universities 

and in schools o Inconsistent definitions of LID, complex ideas  

Conventional compartmentalised education at universities 

and in schools o Developer perceptions about demand for LID 

Conventional compartmentalised education at universities 

and in schools o Crisis is required before people act 

Conventional compartmentalised education at universities 

and in schools s Entrenched practices/mindsets and resistance to change 

Conventional compartmentalised education at universities 

and in schools o 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Conventional compartmentalised education at universities 

and in schools o Professionals are risk-averse  

Conventional compartmentalised education at universities 

and in schools s Trust versus control between local government and public 

Conventional compartmentalised education at universities 

and in schools o Expectations about LID performance and cost 

Conventional compartmentalised education at universities 

and in schools o Low value placed on public and place-based knowledge  

Conventional compartmentalised education at universities 

and in schools o Disrespect towards indigenous knowledge and perspective 
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Conventional compartmentalised education at universities 

and in schools o 

Cultural values preclude the acceptance and use of 

engineered devices 

Dominance of technical engineering knowledge s 

Reductionist thinking including disconnection from the 

natural world 

Dominance of technical engineering knowledge s 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Dominance of technical engineering knowledge s Assumption of a single reality 

Dominance of technical engineering knowledge o Inconsistent definitions of LID, complex ideas  

Dominance of technical engineering knowledge o Developer perceptions about demand for LID 

Dominance of technical engineering knowledge o Crisis is required before people act 

Dominance of technical engineering knowledge s Entrenched practices/mindsets and resistance to change 

Dominance of technical engineering knowledge s 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Dominance of technical engineering knowledge w Professionals are risk-averse  

Dominance of technical engineering knowledge s Trust versus control between local government and public 

Dominance of technical engineering knowledge w Expectations about LID performance and cost 

Dominance of technical engineering knowledge s Low value placed on public and place-based knowledge  

Dominance of technical engineering knowledge s Disrespect towards indigenous knowledge and perspective 

Dominance of technical engineering knowledge o 

Cultural values preclude the acceptance and use of 

engineered devices 

Lack of knowledge about environmental effects s 

Reductionist thinking including disconnection from the 

natural world 

Lack of knowledge about environmental effects w 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of knowledge about environmental effects s Assumption of a single reality 

Lack of knowledge about environmental effects o Inconsistent definitions of LID, complex ideas  

Lack of knowledge about environmental effects s Developer perceptions about demand for LID 

Lack of knowledge about environmental effects s Crisis is required before people act 

Lack of knowledge about environmental effects w Entrenched practices/mindsets and resistance to change 

Lack of knowledge about environmental effects s 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of knowledge about environmental effects o Professionals are risk-averse  

Lack of knowledge about environmental effects o Trust versus control between local government and public 

Lack of knowledge about environmental effects o Expectations about LID performance and cost 

Lack of knowledge about environmental effects o Low value placed on public and place-based knowledge  

Lack of knowledge about environmental effects o Disrespect towards indigenous knowledge and perspective 

Lack of knowledge about environmental effects o 

Cultural values preclude the acceptance and use of 

engineered devices 

Lack of knowledge and experience in implementing and 

assessing LID  s 

Reductionist thinking including disconnection from the 

natural world 

Lack of knowledge and experience in implementing and 

assessing LID  s 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) 

Lack of knowledge and experience in implementing and 

assessing LID  o Assumption of a single reality 

Lack of knowledge and experience in implementing and 

assessing LID  s Inconsistent definitions of LID, complex ideas  

Lack of knowledge and experience in implementing and 

assessing LID  s Developer perceptions about demand for LID 

Lack of knowledge and experience in implementing and 

assessing LID  w Crisis is required before people act 

Lack of knowledge and experience in implementing and 

assessing LID  s Entrenched practices/mindsets and resistance to change 

Lack of knowledge and experience in implementing and 

assessing LID  s 

Infrastructure construction and expansion is more important 

than operation and maintenance 

Lack of knowledge and experience in implementing and 

assessing LID  w Professionals are risk-averse  

Lack of knowledge and experience in implementing and 

assessing LID  w Trust versus control between local government and public 

Lack of knowledge and experience in implementing and 

assessing LID  s Expectations about LID performance and cost 

Lack of knowledge and experience in implementing and 

assessing LID  o Low value placed on public and place-based knowledge  
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Lack of knowledge and experience in implementing and 

assessing LID  o Disrespect towards indigenous knowledge and perspective 

Lack of knowledge and experience in implementing and 

assessing LID  o 

Cultural values preclude the acceptance and use of 

engineered devices 

Internal Strength Educational/Knowledge 

Reductionist thinking including disconnection from the 

natural world s 

Conventional compartmentalised education at universities 

and in schools 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) s 

Conventional compartmentalised education at universities 

and in schools 

Assumption of a single reality s 

Conventional compartmentalised education at universities 

and in schools 

Inconsistent definitions of LID, complex ideas  o 

Conventional compartmentalised education at universities 

and in schools 

Developer perceptions about demand for LID o 

Conventional compartmentalised education at universities 

and in schools 

Crisis is required before people act o 

Conventional compartmentalised education at universities 

and in schools 

Entrenched practices/mindsets and resistance to change s 

Conventional compartmentalised education at universities 

and in schools 

Infrastructure construction and expansion is more important 

than operation and maintenance w 

Conventional compartmentalised education at universities 

and in schools 

Professionals are risk-averse  o 

Conventional compartmentalised education at universities 

and in schools 

Trust versus control between local government and public o 

Conventional compartmentalised education at universities 

and in schools 

Expectations about LID performance and cost o 

Conventional compartmentalised education at universities 

and in schools 

Low value placed on public and place-based knowledge  w 

Conventional compartmentalised education at universities 

and in schools 

Disrespect towards indigenous knowledge and perspective s 

Conventional compartmentalised education at universities 

and in schools 

Cultural values preclude the acceptance and use of 

engineered devices o 

Conventional compartmentalised education at universities 

and in schools 

Reductionist thinking including disconnection from the 

natural world s Dominance of technical engineering knowledge 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) s Dominance of technical engineering knowledge 

Assumption of a single reality w Dominance of technical engineering knowledge 

Inconsistent definitions of LID, complex ideas  o Dominance of technical engineering knowledge 

Developer perceptions about demand for LID o Dominance of technical engineering knowledge 

Crisis is required before people act o Dominance of technical engineering knowledge 

Entrenched practices/mindsets and resistance to change s Dominance of technical engineering knowledge 

Infrastructure construction and expansion is more important 

than operation and maintenance w Dominance of technical engineering knowledge 

Professionals are risk-averse  o Dominance of technical engineering knowledge 

Trust versus control between local government and public w Dominance of technical engineering knowledge 

Expectations about LID performance and cost o Dominance of technical engineering knowledge 

Low value placed on public and place-based knowledge  s Dominance of technical engineering knowledge 

Disrespect towards indigenous knowledge and perspective s Dominance of technical engineering knowledge 

Cultural values preclude the acceptance and use of 

engineered devices o Dominance of technical engineering knowledge 

Reductionist thinking including disconnection from the 

natural world w Lack of knowledge about environmental effects 

Not seeing LID achieving multiple objectives (stormwater, 

urban features) o Lack of knowledge about environmental effects 

Assumption of a single reality o Lack of knowledge about environmental effects 

Inconsistent definitions of LID, complex ideas  o Lack of knowledge about environmental effects 

Developer perceptions about demand for LID o Lack of knowledge about environmental effects 

Crisis is required before people act o Lack of knowledge about environmental effects 

Entrenched practices/mindsets and resistance to change s Lack of knowledge about environmental effects 

Infrastructure construction and expansion is more important 

than operation and maintenance s Lack of knowledge about environmental effects 

Professionals are risk-averse  o Lack of knowledge about environmental effects 
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Trust versus control between local government and public o Lack of knowledge about environmental effects 

Expectations about LID performance and cost o Lack of knowledge about environmental effects 

Low value placed on public and place-based knowledge  w Lack of knowledge about environmental effects 

Disrespect towards indigenous knowledge and perspective w Lack of knowledge about environmental effects 

Cultural values preclude the acceptance and use of 

engineered devices o Lack of knowledge about environmental effects 

Reductionist thinking including disconnection from the 

natural world w 

Lack of knowledge and experience in implementing and 

assessing LID  

Not seeing LID achieving multiple objectives (stormwater, 

urban features) w 

Lack of knowledge and experience in implementing and 

assessing LID  

Assumption of a single reality o 

Lack of knowledge and experience in implementing and 

assessing LID  

Inconsistent definitions of LID, complex ideas  s 

Lack of knowledge and experience in implementing and 

assessing LID  

Developer perceptions about demand for LID s 

Lack of knowledge and experience in implementing and 

assessing LID  

Crisis is required before people act s 

Lack of knowledge and experience in implementing and 

assessing LID  

Entrenched practices/mindsets and resistance to change s 

Lack of knowledge and experience in implementing and 

assessing LID  

Infrastructure construction and expansion is more important 

than operation and maintenance s 

Lack of knowledge and experience in implementing and 

assessing LID  

Professionals are risk-averse  s 

Lack of knowledge and experience in implementing and 

assessing LID  

Trust versus control between local government and public w 

Lack of knowledge and experience in implementing and 

assessing LID  

Expectations about LID performance and cost s 

Lack of knowledge and experience in implementing and 

assessing LID  

Low value placed on public and place-based knowledge  o 

Lack of knowledge and experience in implementing and 

assessing LID  

Disrespect towards indigenous knowledge and perspective o 

Lack of knowledge and experience in implementing and 

assessing LID  

Cultural values preclude the acceptance and use of 

engineered devices s  

Lack of knowledge and experience in implementing and 

assessing LID  

 

The following table provides statistics that show the total number of strong, weak or no 

interactions (in % and total) for each preceding table (barrier category pair). 

Category Pair Total no. of 

comparisons 

made 

Strong 

interaction 

Strong 

interaction 

in % 

Weak 

interaction 

Weak 

interaction 

in % 

No 

interaction 

No 

interaction 

in % 

Practical to Structural 22 7 0.32 4 0.18 11 0.50 

Structural to Practical 22 3 0.14 7 0.32 12 0.55 

Internal to Practical 38 14 0.37 5 0.13 19 0.50 

Practical to Internal  38 9 0.24 17 0.45 12 0.32 

Political to Legal 24 17 0.71 7 0.29 0 0.00 

Legal to Political 24 8 0.33 6 0.25 10 0.42 

Political to Structural 66 14 0.21 16 0.24 36 0.55 

Structural to Political  66 5 0.08 12 0.18 49 0.74 

Communication to Political 20 10 0.50 3 0.15 7 0.35 

Political to Communication  20 6 0.30 8 0.40 6 0.30 

Political to Resource 48 6 0.13 13 0.27 29 0.60 

Resource to Political  48 5 0.10 14 0.29 29 0.60 

Political to Financial 42 6 0.14 5 0.12 31 0.74 

Financial to Political 42 6 0.14 5 0.12 31 0.74 

Political to Educational 30 3 0.10 13 0.43 14 0.47 

Educational to Political  30 4 0.13 9 0.30 17 0.57 

Internal to Political 114 26 0.23 39 0.34 49 0.43 

Political to Internal  114 28 0.25 28 0.25 58 0.51 

Legal to Structural 44 15 0.34 18 0.41 11 0.25 
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Category Pair Total no. of 

comparisons 

made 

Strong 

interaction 

Strong 

interaction 

in % 

Weak 

interaction 

Weak 

interaction 

in % 

No 

interaction 

No 

interaction 

in % 

Structural to Legal  44 21 0.48 16 0.36 7 0.16 

Communication to Legal 16 10 0.63 2 0.13 4 0.25 

Legal to Communication  16 6 0.38 1 0.06 9 0.56 

Legal to Resource 32 5 0.16 7 0.22 20 0.63 

Resource to Legal  32 3 0.09 8 0.25 21 0.66 

Legal to Financial 28 2 0.07 1 0.04 25 0.89 

Financial to Legal  28 1 0.04 9 0.32 18 0.64 

Structural to Communication  44 23 0.52 11 0.25 10 0.23 

Communication to Structural  44 10 0.23 12 0.27 22 0.50 

Structure to Resource 88 29 0.33 32 0.36 27 0.31 

Resource to Structure  88 18 0.20 20 0.23 50 0.57 

Structural to Financial 77 16 0.21 9 0.12 52 0.68 

Financial to Structural  77 14 0.18 14 0.18 49 0.64 

Structural to Educational 55 12 0.22 11 0.20 32 0.58 

Educational to Structural  55 16 0.29 9 0.16 30 0.55 

Communication to Logistical 32 8 0.25 15 0.47 9 0.28 

Resource to Communication  32 12 0.38 6 0.19 14 0.44 

Communication to Education 20 1 0.05 11 0.55 8 0.40 

Education to Communication  20 10 0.50 4 0.20 6 0.30 

Communication to Internal 76 21 0.28 9 0.12 46 0.61 

Internal to Communication  76 17 0.22 12 0.16 47 0.62 

Financial to Resource 56 4 0.07 2 0.04 50 0.89 

Resource to Financial 56 4 0.07 6 0.11 46 0.82 

Resource to Education  40 21 0.53 8 0.20 11 0.28 

Education to Resource  40 3 0.08 12 0.30 25 0.63 

Resource to Internal  152 24 0.16 21 0.14 107 0.70 

Internal to Resource  152 17 0.11 37 0.24 98 0.64 

Financial to Internal 133 29 0.22 18 0.14 86 0.65 

Internal to Financial  133 15 0.11 11 0.08 107 0.80 

Education to Internal  95 40 0.42 16 0.17 39 0.41 

Internal to Education  95 31 0.33 21 0.22 43 0.45 
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Appendix I – Barrier Ranking (Strong) 

 

This appendix lists the calculation results of percentages and ranks for strong barrier pairs. 

The first table below shows the percentages of ‘strong’ pair-wise influences between 

categories (similar to Table 5.5 on page 202). The percentages were colour-coded according 

to bands (60-75% dark orange, 40-59% medium orange, and 20-39% light orange). 

 

  Physical Political Legal Structural Communication Resource Financial Education Internal 

Physical   ` ` 0 ` ` ` ` 14 

Political `   73 15 35 12 10 15 24 

Legal ` 33   58 33 20 17 ` ` 

Structural 0 5 42   63 20 19 19 ` 

Communication ` 40 75 13   25 ` 6 29 

Resource ` 12 13 40 45   15 60 11 

Financial ` 20 8 19 ` 10   ` 14 

Education ` 20 ` 38 56 5 `   45 

Internal 0 29 ` ` 23 10 14 36   
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The following table shows a ranking of the strong pair-wise interaction data based on average 

ranks (similar to Table 5.6): 

% Rank Category Pair % Rank Category Pair % Rank Category Pair 

75 1 Communication to Legal 29 17.5 Internal to Political 14 34 Practical to Internal 

73 2 Political to Legal 25 19 Communication to Resource 13 36.5 Communication to Structural 

63 3 Structural to Communication 24 20 Political to Internal 13 36.5 Resource to Legal 

60 4 Resource to Education 23 21 Internal to Communication 12 38.5 Political to Resource 

58 5 Legal to Structural 20 23.5 Financial to Political 12 38.5 Resource to Political 

56 6 Education to Communication 20 23.5 Education to Political 11 40 Resource to Internal 

45 7.5 Education to Internal 20 23.5 Legal to Resource 10 42 Financial to Resource 

45 7.5 Resource to Communication 20 23.5 Structural to Resource 10 42 Internal to Resource 

42 9 Structural to Legal 19 27 Financial to Structural 10 42 Political to Financial 

40 10.5 Communication to Political 19 27 Structural to Financial 8 44 Financial to Legal 

40 10.5 Resource to Structural 19 27 Structural to Education 6 45 Communication to Education 

38 12 Education to Structural 17 29 Legal to Financial 5 46.5 Education to Resource 

36 13 Internal to Education 15 31 Political to Education 5 46.5 Structural to Political 

35 14 Political to Communication 15 31 Political to Structural 0 49 Practical to Structural 

33 15.5 Legal to Communication 15 31 Resource to Financial 0 49 Internal to Practical 

33 15.5 Legal to Political 14 34 Financial to Internal 0 49 Structural to Practical 

29 17.5 Communication to Internal 14 34 Internal to Financial      
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